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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LEAD-ACID STARTER BATTERIES -
Part 1: General requirements and methods of test

FOREWORD

2018

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising

fis. To

alll national electrotechnical committees (IEC National Committees). The object of IEC is")to/ promote
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, TechnicallSpecific

tions,

Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation~1EC collaborates glosely

with the International Organization for Standardization (ISO) in accordance withyconditions determined by

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible for’the way in which they are used or fgr any

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their‘ynational and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

the latter.
IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible fpr any

sefvices carried out by independent certification bodies.
All users should ensure that they have,the latest edition of this publication.

Nq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper
mgmbers of its technical committees’ and IEC National Committees for any personal injury, property dam

s and
hge or

otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

Attention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Atiention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
paent rights..]IEC-shall not be held responsible for identifying any or all such patent rights.

This|redline version of the official IEC Standard allows the user to identify the cha
made to”the previous edition. A vertical bar appears in the margin wherever a ch
has been made. Additions are in green text, deletions are in strikethrough red text.

bns is

ect of

nges
ange
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International Standard IEC 60095-1 has been prepared by IEC technical committee 21:

Seco

ndary cells and batteries.

This eighth edition cancels and replaces the seventh edition published in 2006. This edition
constitutes a technical revision.

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

a) charge acceptance test;

b) cranking-performance-test;
c) charge retention test; and
d) epdurance test added.

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

FDIS Report on voting
21/974/FDIS 21/987/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the réport on voting indicated in the above table.
This document has been drafted in accordance with theMSO/IEC Directives, Part 2.
A list of all parts in the IEC 60095 series, published under the general title Lead-acid starter
battefies, can be found on the IEC website.
The ¢ommittee has decided that the contents of this document will remain unchanged untjil the
stability date indicated on the IEC website' under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the, document will be
e regconfirmed,
e withdrawn,
e re¢placed by a revised.edition, or
e amended.

IMPORTANT"— The 'colour inside' logo on the cover page of this publication indicates

thal it( contains colours which are considered to be useful for the corfect

underfstanding of its contents. Users should therefore print this document usinfg a

colourprimter:
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LEAD-ACID STARTER BATTERIES —

Part 1. General requirements and methods of test

1 Scope

2018

This part of IEC 60095 is applicable to lead-acid batteries with a nominal voltage of 12 V,

used
for a
calle

This

O

O

This

This
refer
scop

This

* 9
e e

for sg¢veral classes of starter batteries:

e a

e a

2 N

The
contg
cited
any @

primarily as a power source for the starting of internal combustion engines, lighting

J "starter batteries".

document is applicable to batteries for the following purposes:

htteries for passenger cars;

htteries for commercial and industrial vehicles.

document defines many general properties of leadyacid batteries. Single sections ca
bnced in other parts of the IEC 60095 series eyei if the application is excluded i
b of this document.

document specifies the:

bneral requirements;

5sential functional characteristics;«relevant test methods and results required,

ccording to the general type of application;
ccording to the type of product.

lormative reférences

ollowing.documents are referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.

and

Lxiliary equipment of internal combustion engine vehicles. These batteries are commonly

document is not applicable to batteries for other purposes,sueh as the starting of railcar
intermal combustion engines or for motorcycles and other poweérssport vehicles.

N be
h the

their
dition

appties. For undated references, the latest edition of the referenced document (inclyiding

IEC 60050-482, International Electrotechnical Vocabulary — Chapter 482: Primary
secondary cells and batteries

and

IEC 60095-2, Lead-acid starter batteries — Part 2: Dimensions of batteries and dimensions
and marking of terminals

IEC 60095-4, Lead-acid starter batteries — Part 4: Dimensions of batteries for heavy-trueks
vehicles
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Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-482 and the
following apply.

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

add

3.1

resses:

IEC Electropedia: available at http://www.electropedia.org/

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

3

flooded battery

3.2
enh

Y
lead-jacid battery having a cover provided with one or more openings through WQ'SC gag
prod{icts may escape N

>
,'\~
nced flooded battery Ogj

EFB pattery

floo

cyclimg capability compared to standard flooded batteries

Q
ded lead-acid battery with additional special design features@significantly improv

O
&
&

3.3

valve regulated lead-acid battery <<

VRLA battery ?

lead-acid battery which is closed under normal con@[i ns but which has an arrangemen

allows the escape of gas if the internal pressures\@eeds a predetermined value

Note 1 to entry: The VRLA battery cannot receive %&on to the electrolyte and after activation of dry-cH

VRLA
N

Note 4 to entry: In VRLA batteries the electrc&@’is immobilized.

3.4
abs

AGM| battery N
VRLA battery in which the eg%

3.5
gel

xO
orbent glass mat battery, C\)j‘\

trolyte is immobilized by absorption in a glass mat

-

O

battery C)

VRLA battery @éh the electrolyte is immobilized by fixing as a gel

Designation of starter batteries — Electrolyte density a

fon Y

eous

b the

that

arged

[@fcircuit voltage

4.1

Battery Designation according to type

Batteries are designated according to their type, as follows:
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e flooded batteries (vented);

e enhanced flooded batteries, EFB;

° \'

4.2

Lead
activ
acco
ready

4.3

The
1,27

NOTE|
check

veregtatedlead-acid-batteries—VREA;
absorbent glass mat batteries, AGM;

gel batteries.

Dry-charged batteries

hted by filling with the defined electrolyte indicated by internah\er external mar
ding to the manufacturer's activation instructions. After actiyation, these batterie
to use.

Electrolyte density and open circuit voltage

Hensity of the electrolyte in all fully charged vented batteries shall be in the ran
kg/l to 1,30 kg/l at 25 °C unless otherwise specified by the manufacturer.

For valve-regulated batteries, the electrolyte is¢not accessible and, therefore, its density can
bd.

The ¢pen circuit voltage (OCV) at 25 °C, of fully charged batteries after a minimum 24 h 3

on o
.

The
such
1,28
batte

New

in

ben circuit, shall be in the range .0f"12,70 V to 12,90 V for vented types and 12
hum to 13,10 V for valve regulateditypes unless otherwise specified by the manufact

manufacturer shall specify the value and tolerance of the electrolyte density or O(Q
information is not available, vented battery testing shall be carried out with a dens
kg/l +£ 0,01 kg/l at 25 °€Jor an OCV of 12,76 V £ 0,06 V at 25 °C and valve regu
ry testing shall be carried out with a minimum OCV of 12,80 V.

Condition on _delivery

vented. batteries may be supplied either:

asstate ready for use, or

£illo ol +

acid batteries may be supplied in a dry-charged state. Dry-chagged batteries can be

S or
b are

je of

ot be

tand
80V
urer.

V. If
ty of
lated

pu | la ol L la PUAY ey 4+ lo 1 4+ Lok Tl Al -
a ury-tihiargtlu (Ul LITaryc-Luriotiveu) stalt 11Ul Ty Willt TITUUTUTYy LT, TTIT UTTISItY U

f the

electrolyte to fill these batteries before use (unless otherwise recommended by the
manufacturer) shall be:

1,28 kg/l £ 0,01 kg/l at 25 °C;

Valve-regulated batteries are normally supplied in a state ready for use.
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6 General requirements

6.1

6.1.1

Identification, labelling

General

Batteries-acecording-te complying with this document shall bear the following characteristics on
at least the top or one of their four sides.

6.1.2 The identification of manufacturer or supplier
The flame of the manufacturer or supplier shall be indicaied. A
A\
NOTELIn some countries_the class is indicated-bv the batterv numberina svstem-In-these nacm\hnm is nd-need
NOTFEHnA-some—countries,the-class-is-indicated-by-the-battery-numberingsyste these-casgs; there-is-ng-need
to-inelpde the class-on-the label- |
N+
: %1
6.1.3 Nominal voltage: 12 V QOJ
The pominal voltage of 12 V shall be indicated. Q)Q
—elther20-hourcapacity-C (Ah); << @)
——of reserve-capacity C,,{(min)- Q
NOTElLIn caomeae countries tha canacitv is indicatad hu the h\\nru numbering svustem In theacsa cases thard is no
NOTEHn-some—countries,—the—capacity-is-indicated-by-the_baltery numberin g-sys se-casestherd-isno
Z
6.1.4 Capacity or reserve capacig&?ee 7.1.2) and nominal cranking current (see 71.1.1)
Thre¢ options are possible for ti{gﬁnnﬂcatlon and labelling of capacity (or reserve cap4city)
and mominal cranking current::
W
Optipn 1:
e 2D h capacity C(@‘!)
o With nomln anking current .. (A) (see 7.1.1 and 9.3.1) defined at -18 °C| with
Uos 2 éand Uggs 2 6,0 V (under 1../0,6).
Optipn 2(%
o resaie capacity RC (minutes):;

e with nominal cranking current I.. (A) (see 7.1.1 and 9.3.1) defined at -18 °C with

U

3052 7,20 V.

Option 3:

e 20 h capacity C,q (Ah);

e with nominal cranking current I.. (A) (see 7.1.1 and 9.3.1) defined at -18 °C with

U

NOTE

305> 7,20 V.

These three options are in accordance with the present use in the different areas in the world.

The preferred version is Option 1.
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6.1.5 Production date code

Batteries shall be marked with the date of production. This can be part of a more complex
code.

6.1.6 Safety labelling

If under national regulations, coloured safety symbols are required to be used, they should
follow the design as set out in Annex C, Clause C.1.

Howgver, to be in compliance with some national regulations, additional wording _or ,special
labelling can be used (for example, the safety label for North America area shown ‘igd~Anrex C,
Clausge C.2).

6.1.7 Recycling labelling

Battdries shall be marked for separate collection and recycling, if&equired by local |area
reguliations.

6.1.8 Valve-regulated batteries

VRLA batteries shall be marked using the term "VRLA". In addition it is recommended that
Valvg-regutated VRLA batteries shall bear special indication-mentionirg that the battery|shall
not ble opened.

EXAMPLE: "VRLA - Do not open"
6.2 | Marking of the polarity

The |terminals shall be identified accerding to the requirements of IEC 60095-2 or of
IEC $0095-4.

6.3 Fastening of the battery

Where batteries are fastened to the vehicle by means of integral parts (for example, bottom
ledges), these shall be in compliance with the requirements of IEC 60095-2 and of
IEC 60095-4.
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7 Functional characteristics

7.1  Electrical characteristics
7.1.1 The cranking performance is the discharge current I, as indicated by the

manufacturer according to the option chosen (Option 1 or Option 2), which a battery can
supply according to 9.3.

7.1.2 The capacity of a starter battery is defined for a temperature of 25 °C + 2 °C.

Itm \ be indicated |"\\JI the manufacturer as either:

[ ]
>

pbminal 20 h capacity &, C,, or

[ ]
>

bminal reserve capacity €, , RC,.

The pominal 20 h capacity C,, is the electric charge in ampere hours (Ah) that a battery can
supply with a current:

l,=Cn,/20h (A)

until the terminal voltage falls to U; = 10,50 V.

The pffective 20 h capacity C, shall be determined by discharging a battery with conjstant
currgnt 1,to U;= 10,50 V (see 9.1). The resultant dischdrge time, in hours, is used for the
verif|,at|on of C,,.

The hominal reserve capacity €, , RC, is the period of time (in minutes) for which a battery
can maintain a discharge current of 25 A to a cut-off voltage U; = 10,50 V.

The effective reserve capacity G, o RC, shall’be determined by discharging a battery with the
consjant current | = 25 A to U = 10 50 ¥V, (see 9.2). The resultant discharge time, in minjutes,
is usgd for the verification of €, , RC,;:

NOTE| For the correlation (relationship)of C_ and €, , RC , see Annex A.

7.1.3 The charge acceptance is expressed as the current I, which a partially discharged
battery accepts at 0 °C and ‘a constant charging voltage of 14,40 V.

7.1.4 The charge_retention is—defined-as rated by the cold cranking performance gf the
charged and filled" battery after storage on open circuit under defined conditiorls of
temperature and-time (see 9.5).

7.1.5 The endurance test consists of two parts:

7 1 cLa 4L H 4 + 4+ o) loilid £ L b 4+ £
LBCE= "ras = 5 e urc  CUITusSIuUIm St TTPICStIiS e auiity Ul d  Jdtiery |19 PETTUTTI lcpcated
overcharge/storage periods (see 9.6.1.1).

71.5.2 ethe cycling test represents the ability of a battery to perform repeated
discharge/recharge cycles and long rest periods on open circuit. This ability shall be
tested by a series of cycles and rest periods under specified conditions after which the
cold cranking or the capacity performances shall be determined (see 9.6.1.2 or 9.6.2).
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The water consumption test checks if the battery can keep its performance under extended
exposure to heat and overcharge conditions. It is measured as loss of weight during
overcharge of a fully charged battery and is defined as g/Ah C, (see 9.7).

7.2 Mechanical characteristics

7.2.1 Vibration resistance represents the ability of a battery to maintain service under
periodic or irregular acceleration forces. Minimum requirements shall be verified by a tﬁt (see

9.8).
Qv

7.2.2 Electrolyte retention is the ability of a battery to retain the electrolyte uq%kr spetified

phys|cal conditions (see 9.9). (1/
/\..
8 General test conditions QO‘)
Q
8.1 Sampling of batteries ©

Samples shall be tested not later than: ’\\.Q

N

e 4p days after the production date Q@\e manufacturer in the case of filled batteries;

e 6P days after the production da&@of the manufacturer in the case of dry-charged batteries.

N
8.2 P—r—ep&#a(—i—e-n—e#—%%—(—e&&Charging method — Definition of a fully
charged battery .
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Battgries shall be considere Eﬁgully charged if they have undergone the charging procedures.
Priorfto the first capacity te: e battery charge shall be limited to 16 h.
If not specified diffefently by the battery manufacturer, the batteries that will be tgsted
accofding to this do@ment shall be charged according to Table 1.
OQ Table 1 — Charging method
PAN

) @ttery type Voltage U, Current Time Remarkp
FIoode@\%tteries with size in 16,00 V0,05V |51 24 h (16 h)?
accordance with TEC 60095-2
Flooded batteries with size in 16,00V £0,05V (51, 20 h (16 h)? Step 1
accordance with IEC 60095-4 .

no limitation I 4 h Step 2

Valve-regulated batteries VRLA 14,80V £0,05V (51, 24 h (16 h)?
a& A charging time of 16 h is sufficient after a cranking performance test and prior to the first capacity check.

All charges shall be performed with batteries in a water bath at 25 °C + 2 °C.
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Test equipment

8.3

8.3.1 Measuring instruments
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Table 2 — Accuracy of test equipment

Parameter Accuracy of test equipment
Current for cold cranking tests 0,5 %
Current for other tests 1 % full-scale with a minimum accuracy of +30 mA
Voltage + 0,04 V
Temperature +1°C
Time +1ls
Density of electrolyte < 0,005 kg/I
Weidht of battery + 1 g below 30 kg
+ 5 g above 30 kg

The instruments used for measuring time shall be graduated in hours, minutés,and seconfgs.

8.3.2 Water bath

If a test needs to be carried out in a water bath, the following con@itions shall be fulfilled] The
terminal base of the battery shall be at least 15 mm but not mo¥€ than 25 mm above the \ater
surface level. If several batteries are in the same water bathfhen the distance between them
and glso the distance to the walls of the bath shall be at least 25 mm.

Minirhum soak time for batteries in the water bath is _4\h)

If noy stated differently in the individual test description, the tolerance for the temperatyre of
the water bath is £2 °C.

It is recommended to cover the surfacgtof the water with floating elements using testing
temperatures of 40 °C or more. This\i#proves the thermal isolation against air and ayoids
evappration of water.

8.3.3 Environmental chamer

If a tpst needs to be cargied out in an environmental chamber, the batteries are placed jn an
air gpseous phase at-{he requested temperature and tolerance; the wind velocity neafr the
battefy shall not be mpre than 2,0 m/s.

Minirhum time {g~batteries in the environmental chamber before the test beginning is 8 h|

8.4 | TeSt'sequence

8.4.1 Batteries filled and r‘hargm‘l

a) Initially, the batteries are subjected to the following series of tests:
— first Cg or €, ;RC, check;
— first cranking performance test;
— second Cg or €, ;RC, check;
— second cranking performance test;
— third Cg or &, ;RC, check;
— third cranking performance test.

For C, or RC, and the cranking performance, the specified values shall be met in at least
one of the relevant discharges above.

It is not necessary to complete the sequence if the specified values are achieved on the
first or second test.
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NOTE The choice between testing C_ or RC, is the decision of the customer or user.

b) The tests according to Table 3 shall be carried out only if batteries have complied with the
previous tests, and not later than one week after completion of the first part.

Table 3 — Test/Battery sequence

oot oo
kS 2 3 4 5 6
1st20-h-capacity X
Lelrpsopiecnnaelis x x x
o )
+ ¢ 8 X X X X X X
2nrd_20 h capacity X X X
2rd_reserve capacity >4 % >4
o )
o cranking N X X % X X
320 h capacity X X X
3rd_reserve-capacity X X X
3rd eran('ng
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Step Test Battery
Reference
No.1 | No.2 | No.3 | No.4 | No.5 | No. 6

0 Cranking performance for dry charged 8.4.2 and 9.10 v v v v v v
batteries

1 Initial charge prior to test 8.2 v v v

2 First 20 h capacity or 9.10r9.2 v v v Cyy
First reserve capacity

3 First cranking performance according to 9.3.1 v v v v v v
Option 1 or Option 2

4 Second 20 h capacity 9.10r9.2 () () [V Cxhr!| M (9 )
Second reserve capacity

5 Second cranking performance according to [9.3.1 () ) () () () )
Option 1 or Option 2

6 Third 20 h capacity 9.10r9.2 ) () |V Cypd (M) () (V)
Third reserve capacity

7 Third cranking performance according to  [9.3.1 ) ) (V) (V) ) (V)
Option 1 or Option 2

8 Cranking performance — very cold climate (9.3.2

9 Corrosion test 9.6.1.1

10 Endurance in cycle test 9.6.1.2 or v

9.6.2

11 Charge retention 9.5 v

12 Charge acceptance 9.4 v

13 Electrolyte retention 9.9 4

14 Vibration resistance 9.8 v

15 Water consumption 9.7 v

Key

— V]test to be fulfilled.

— (v]): test to be fulfilled only if the/previous identical test carried out failed.

Battely no. 3 shall perform ¢hg“Mull sequence of 3 tests with 20 h capacity before the charge acceptance test in

8.4.2 Dryscharged or conserved-charge batteries

a) IrI\itiaIIy, the batteries are subjected to:

—L_initial rranking pprfnrmanr‘p after fiIIing with plpr‘trnlytp (Qpp o] 10)

b) The tests according to Table 3 shall be carried out only if the batteries have complied with
the-previeds test mentioned in a) and no more than one weekafter the said test.

9 Tests methods

9.1 20 h capacity check Cg

911 Throughout the duration of the tests, the battery shall be placed in a water bath at a
temperature of 25°C+2°C, in accordance wrth 8 3. 2 —'Fhe—terwaal—base—ef—the—ba&ery—shaﬂ
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912 The battery shall be discharged with the current I, (calculated according to 7.1.2) kept
constant at +2 % of the nominal value until the terminal voltage falls to 10,50 V £ 0,05 V.
The duration t (h) of the discharge shall be recorded. The beginning of the discharge shall
take place between 1 h to 5 h after the completion of charging according to 8.2.

The battery temperature, measured in one of the middle cells, if applicable, shall be
25 °C % 2 °C before the discharge begins.

9-1-3 The capacity C, is as follows:

C.=txT, (Ah)

Caoglc=C 1 H—0:0F—251

9.2 | Reserve capacity check-G, o RC,

924 Throughout the duration of the tests, the battery shall he placed in a water bath| at a
temperature of 25 °C +2°C,in accordance with 8.3. 2 lh&te#weaLbas&eL#ebaﬁewshaH

9.2.21 The battery shall be discharged with a cutrent (25 + 0,25) A—+=-21-9% until the terminal
voltape falls to 10,50 V + 0,05 V. The duration™t (in minutes) of the discharge shall be
recofded. The beginning of the dischargecshall take place between 1 h to 5 h aftef the
completion of charging according to 8.2.

NOTE| The battery temperature, measured in one of the middle cells, if applicable, shall be
25 °Q¢ = 2 °C before the discharge ‘hegins.

S, ¢ RCy =t (min)

Gy ook oc-=CrasFl—0,009(F—25)

9.3 | Cranking performance test

9.3.1 Cranking performance test — Standard temperature (=18 "C)
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C + 1 °C until the temperature of the middle cells has reache 8°Czx1°C.

enerally accepted that the required temperature will bse\\g@hieved after a minimum p
h in the cooling environmental chamber.

pattery shall then be discharged, either withi outside the cooling chamber, v

after the end of the cooling period with a \q nt I, (see 7.1.1). This current shg

constant to within + 0,5 % during the dlschb\
Z

10 s discharge, the terminal voltage§f§\hall be recorded and the current shall be cu

)
oltage U; shall be not less than 7&0 V.
xO
arest period of 10 s+ 1 s@h’e test shall be continued as follows:
N

battery shall then ,be, discharged at 0,6 I... The current shall be kept consta
h + 0,5 % during&discharge. The discharge shall be terminated when the ba
e reaches 6 \/-The discharge time (t'g/) at 0,6 I.. to 6 V shall be recorded in sec

tage disc if runat 0,6 I, i.e. itis given, in seconds, by the following equation

O
3

cce

|l be
re of

eriod

Vithin
1l be

t off.

nt to
\ttery
bnds.
f the

10s
tgy =t'gy +——=tzsy +17S
\<</ v =tev+gg =lev

Requirements: the battery shall comply with the following requirement: tg,, 2 90 s.

Option 2:

After a rest period of 24 h up to 72 h after preparation according to 8.2, the battery shall be
placed in a cooling environmental chamber with (forced) air circulation at a temperature of
=18 °C £ 1 °C until the temperature in one of the middle cells has reached -18 °C = 1 °C.

It is generally accepted that the required temperature will be achieved after a minimum period

of 24

h in the cooling chamber.
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The battery shall then be discharged, either within or outside the cooling environmental
chamber, within 2 min after the end of the cooling period with a current I, (see 7.1.1). This
current shall be kept constant to within + 0,5 % during the discharge.

After 30 s discharge, the terminal voltage Usyq 5 shall also be recorded and the current shall
be cut off.

Requirements: the battery shall comply with the following requirement: U¢zq 2 7,2 V.

9.3.2 Cranking performance test — Very cold climates

Thisntest shall be performed only if the battery is specified for very cold climate applicatiJ)n by
the manufacturer.

The fest method is the same as defined above in Option 2 for standard temperatures with{

e cpoling environmental chamber temperature = -29 °C £ 1 °C;
dc for very cold climate+ated-on-the-batterylabel specified by the manufacturer.

9.3.3 High current discharge test at low temperature

After[ a rest period of up to 72 h, the battery shall be plated’ in a cooling environmjental
chanlber with (forced) air circulation at a temperature of <18-°C = 1 °C until the temperpture
of th¢ middle cells has reached -18 °C £ 1 °C.

It is generally accepted that the required temperatufe will be achieved after a minimum priod
of 24} h in the cooling environmental chamber.

The Jpattery shall then be discharged, eitlier within or outside the cooling environmfental
chanber within 2 min after the end of {th€ cooling period with a current 0,6 I, (sep I
definjtion in 7.1.1, Option 1). This curtgnt shall be kept constant to within +0,5 % during the
discHarge.

After[30 s discharge, the terminalvoltage U, ¢ shall be recorded and the current shall be cut
off.

Reqyirements: if not stated differently in the previous test, the voltage U, 4 shall be nof less
than 7,20 V.

9.4 | Charged@cgceptance test

941 The _test shall be carried out on batteries which have been charged in accordance with

82222%%%&%&4’4@5}@#8%4—9%

9-4-2 The battery shall be placed in a water bath at a temperature of 25 °C + 2 °C, according

9-4-3 The battery shall be discharged at a current I:

IO = Cezo /10 h (A) for 5 h.

The value C, shall be taken as the maximum value C, of the three previous discharges in
accordance with 9.1.
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9-4-4 Immediately after the discharge, the battery shall be cooled at a temperature of
0°C = 1°C for a minimum of 20 h or until the temperature of one of the middle cells has
reached 0 °C = 1 °C.

9.4.5 At this temperature of 0 °C + 1 °C, the battery shall be charged at a constant voltage of
14,40V £ 0,10 V.

After 10 min, the charging current I, shall be recorded.

9.5 Charge retention test

¢n
p Ko

o ©
=gl
Y/
z

o}

<<

9 5 2 Aftar this storaage neriod—the hatterv-shall be submitted without rechafeael to-a crahking

A HertHHS-StoragepeHoathebattery-shatbe-Subitte g Whottrechatrge—toa—-craking

mance-test-at—18°C-and-a—current—=0,6-1 ;Fh&veltage after 30-< (|| ) shd be
peFig ~lee 30s.

L;L

A fully charged battery (according to 8.2), with, its vent plugs firmly in place and a cleap dry
surface, shall be stored at 40 °C £ 2 °C ons@dpen circuit for 21 days. No connecting clamps or
cablgs shall be attached to the terminals,

After| this storage period, the battery shall be submitted, without recharge, to a crapking
perfgrmance test at —18 °C and a“current |1 = 0,6 I...The voltage after 30 s (U35 ) shall be
reconded.

Reqgyirements:

>

brmal batteries/({N\y’and low water loss batteries (L): Uz 528 V;

e very low water\loss batteries (VL): Uzg 28,5 V.
9.6 Endutance test for batteries

9.6.1 Corrosion test

9.6.1.1 General

The corrosion test unit is as follows.

9.6.1.1 o The test shall be carrled out on fuIIy charged batterles in accordance with 8. 2%

9.6.1.2 o The battery shall be placed in a water bath maintained at a temperature of

60 °C + 2 °C, accordlng to the mstallatlon descrlbed in 8 3.2. —'Fhe—te#wnal—base—ef—the—ba&e%y
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9.6.1.3 « The battery, maintained at 60 °C + 2 °C, shall be charged at a constant voltage of
14,00 V + 0,10 V, for a period of 13 days.

9.6-1-4 e The battery shall be stored on open circuit, still at 60 °C £ 2 °C, for a period of 13
days. No connecting clamps or cables shall be attached to the terminals.

9.6-1.5 e The battery shall be cooled toreach 25 °C + 2 °C. Purified water shall be added, if
possible, to maintain the electrolyte level in accordance with the manufacturer's
recommendations (this does not apply to VRLA batteries).

9—6—1—6 The battery shaII then be recharged in accordance WI'[h 8. 2—2—evented—batterres)—er
Vi a for 6 h.

9.-6-117 » The battery, maintained at 25 °C + 2 °C, shall be stored for a rest period of 20~h

9-6-14-8 « The battery shall be discharged with a current of 0,6 1. at 25 °C + 2 °C for30 s| The
30 s poltage shall be recorded.

9.6-1110  The-whole-sequence-9.6-1-1t0-9.6-1.8 This corrosion tesf{-lUnit shall be repeated

and the test shall be terminated when the battery voltage reaches less than 7,2 V at 30 g with
a curpent of 0,6 I in cranking test at 25 °C + 2 °C{see-9-6-1-8).

The pumber of corrosion test units to apply is mentioned inTable 6.



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

—23—

IEC 60095-1:2018 RLV © |IEC 2018

Pl ® . =
¢ 3 : L 2
% d & :
A)"J L (.
S 1823 g
g %3 1
: riisy oF
2 Fia 21903 9 ¢
o7 P4 P
33 0 LE2IF
.mm hnu . i D © g MN
P R - »
D P £ N 9 12 )
@ [ 3
r o /0 &P FDF ©
- & QJ Ll Fgd o
P b Av d : o
= @ @
D g L
s i ] V + b g m-
@ [0)) . > d I C
Y [ d D m:
[¢)] D @ ® D o
£% . ;
5 T g d
.r.. o N D X 4 mv
53 , 237 ]
- d
|nm J [¢)] ’ “. g @ s
P X3 2
N [ @ ¥ B P ..n.m
> = >
> T 02 < O
29 ] 5 5 -
o F ) L@ b e
Mm H . @ %nm . d ©) ®
G @ - R % 5 P &
O D +b -  d
= - pary <+ g nm
=7 5 ® dF DD g =
T o 12 2328s
LS 27 64 o2 . £
.mW = - D (@) =
pan or » D =
¢ 8 Bx BE9P
Mw oL wv ..n._w s P ; mM
= O . mW A% [0)) o' o = P Mw
d T T ov £ q ge!
4 o N [©) 5 D oL
a (0] ® [e0] T d o)
d ) (&) < Hl .9 @)
9 o =+ x = \L g a Q@
3 83 23 ETS G
e T ® A D J ; a
p %. H = MW e -..a‘ d 9 s
d T o ) ®3 2 T g d T
¢ v o b Q2 R L D
P» ~ & nw o) O 4 r >
¥ oI b & T Gt @ @
+ & D ¢ D> P d
P P : T o o I O > @
T D E- o) : g
¢ o2 2 @ @ P o
4 3 Lo+ fen D d
- w e ¢ H g o D GM
@ DD @ D 5 +r
F @ > = O d q
P_HmT T qs g ) @
N ) P NIEEE I
S £ S Sq G g @
o O = o o g d 3



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

IEC 60095-1:2018 RLV © |IEC 2018

—24 -

oling

20 h
Zo+

=

\=a~

with
WHHR

ot

A

f
(o]
&
3
&
&
2
®©
d

4
e
+
g
)
o
7
b
D
=
3
p
o
3
u.
TE
2
6
b
b
‘D

vt roTrctuan

12  The hattarv chall thean hae discharaed after the nKr,Qf tha coolina neriod with o

o=

A4 LRa N

tHC— ooy pTrioa

S

e—-aiSCRalrgea—aed
hatterv terminale shall he meashred

LIRA-2 )

(Y-

T ioattCry oot

tCHHHaro—otrat— i1 Hcas

OUO O UtroTiarg Tty

7Yttt

O

e

tHat vy O T o go o T aCooTraartTy

Pattceo

tcot—ottatt

e

=X

DT oartcu Uwr o

-

whaola tacst nariod
1o+€

ot

watar hathl ot o
Wated

n-—a
R—

hae nlacad
pe—pracea

shall

tC—oattTry orart

tha hattarv

PeTToth

e v tTot

oy Trout

=

TV C Tt C o aroU tricoiotalntco to e v ano o tic—oatoiai oatjreaot

N

TC T otarrtcT

uhits]

chamber with (forced) air circtlation-at a teamnerature of

SrHar et

96
Sa

O~

06313 After 20 < of discharoe the voliage ar-rncclx

=4

O

9 641 The test shall becarried Monn hatteries that have heen charaed-in-accordanc

=4

\S4

O

9642 Throuahoutthe

thenlthe distance he

LA B



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

—25_

IEC 60095-1:2018 RLV © |IEC 2018

O Iz o - ) o)
< e w LS 2

[e] -~ S
3 @ Tosd : g

A o ) 4 N -

Vu o © ® o = : 2

d SELT 3

ea N B4 5

+ d D =y

== (3 < D ()] .m"

O D §) € Y D E

K ;\Q ¢ oL g 5 T

¢ el TR 5 3
.m“ oxn T o D &

@ & @ T

o] 3 oL T @ > Q D I o)
()} o P < D O

4t R o T ® mmu

= D v o *F 5 ° (<}

b (< o DT o -

b P B gL O ® &

) & [ ) o) o $

b < @ (4] < d >

. 3 L T o : <
4w T Eo) = @ © d T
t 3 : FE LK A

5 4 = fEd2 T @

P g r21 ¢ : =

o © L ) c D -

) e D £ 2 mM P g 3
K ) Q. D - ® H & 5
= @ Mw 2 ++ @ ® )

8 £ N o~ < T <7 o
qr D g O @ a ©

n ..m_w_ - + ° mu D

h - . e - o ..m.n D .mw

12 . e r g -

5 @ & o HeEP & @

3 <5 d

D o © F Q) D b [N} |
K is & o U @ P 5

-3 o O° o - 3
¥ ﬁw Mw x-._ Lo jen ) o

3 o) & Mﬁ £ 3 ¢

B - J 2 D Q@ D

P @ A .,nw\. &= q o P

5 o o) ! 2 2 '
£ ¢ NS ROR: 3 4 5 4

C P £ o Far)

h ++ =+ < = 4
4 M @ > g b o ® g !
+ = N © q g Kes
+ & & 2 E g & g

L & 13 ENO) m D g

w = <. ) - @D 3
B4 d a 3o q T 9
* ) ) o) K. @ A

J =+ ++ g v 2 g

5 ® © D d @ g
4+ o) < mW ¢ 4 @

q

b D @ I P& 3 b d
E H - T3 E
b3 @ N - o F b8 T @ S/
A Y& & 5. ! ) 25 P B )

- @ @ © & o) ©
D g A . ) o o) .
H o) o oI b fe)



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

9.6.1.2 Endurance in cycle test

The tests shall be carried out on fully charged batteries in accordance with 8.2.
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Table 4 — Parameters cycle test

Battery size Test temperature Charging voltage Constant Charging rat

according to: current

U | CR

io

IEC 60095-2 +40°Cx2°C 14,4 V for VRLA | 1,08

n

15,6 V for flooded

IEC 60095-4 +25°C+2°C 15,6 V 2,51 1,10

The
temp

The

state
be te|

Only
batte
mant

The
cycle

Step
this
termi

Step
of 5

OncH

Step
conti

baotiar, . ball L Bla P2 TN ITEP-C P U “W-N 3 H
DattCTy  Strarr - ot practto—1rT— o vwwatcT oot aS oac

erature as stated in Table 4.

harging voltage U and charging ratio CR defined as: \Cb

CR — 2Crch P
C, )
QQ
0 in Table 4 shall be used if not otherwise specified by the@ ufacturer of the batte

sted.
R

for batteries having a normal water loss requirement, ‘purified water shall be added t
'y as necessary during the test to maintain the ctrolyte level in accordance wit
facturer's recommendations. Q

N\

patteries shall be connected to a test devj se\where they undergo a series of cycles.
consists of the following steps. \\'Q

1: discharge the battery for 2 h wjth’a constant current of I =5 I . The cut-off criterid

at a

ry to

D the
h the

Fach

n for

est is the voltage during th(=O scharge. If it drops below 10,5V the test shalll be

nated. x>

<

N\ : ]
2: recharge the batter f\' maximum 5 h with a constant voltage and a current limifation

.- Record the rechgw capacity C,. (Ah) during the charging.

the charging r@atjo’CR reaches the specified value of Table 4, stop the charging.

.

3: if the %& ging ratio CR is lower than specified in Table 4 after completion of St
hue to @ arge the battery in a second step with a constant current as specifi

Tablg

b 4 he charging ratio CR reaches the required value or until the maximum dud

ep 2,
ed in
ation

of 1 Ir fQ/ is step is reached.
N

Perform Steps 1 to 3 as long as the voltage during discharge is above the limit or until the
number of cycles of the requirement level is reached as defined in Table 6.

A following high current discharge test in accordance with 9.3.3 shall be performed without
any preceding recharge of the battery.

The number of cycles to apply is mentioned in Table 6.

The requirement for the capacity test (with a preceding charging according to 8.2) is:

Co20,5Cyy
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9.6.2 Optional endurance cycle test for passenger car batteries — Maximum capacity
100 Ah

The test shall be carried out on batteries that have been charged in accordance with 8.2.

Throughout the whole test period, the battery shall be placed in a water bath according to
8.3.2 at a temperature of 40 °C + 2 °C.

Purified water should be added to the electrolyte as required during the cycling portion of the

test with the exception of those batteries described as "low water loss", "very low water loss",
or VRLA.

The patteries shall be connected to a device where they undergo a continuous.'serig¢s of
cycles, with each cycle comprising:
a) aldischarge for240s+1sat25A +0,1A;

b) fellowed, within 10 s, by a charge for 600 s +1s at the maximumi\charge currept of
5 A + 0,1 A with a maximum charge voltage of 14,80 V + 0,03 V;

N

with |the interval between the charge and the discharge period§\not exceeding 10 g, for
100 h *12 h.

The pattery, maintained at the temperature of 40 °C, shall be stored on open circujt for
betwgen 65 h to 70 h.

With |the battery at the temperature selected 40 %€, 'discharge at |, cranking amps for (30 s.
The ferminal voltage at 30s (U ) shall be ¢goorded together with the number of cycles
descfibed.

The battery should be replaced on the cy€ling test without a separate charge, starting op the
“chaige" portion "b)" of the cycle.

The ¢ycling test should be considered complete when the terminal voltage at 30 s (Ujg|s) of
the granking test falls to below7,20 V. The number of cycles shall be determined by plgtting
the 30 s (U ) voltage valués versus the cycle values. The point where the line crgsses
7,20 |V shall be the cycleweported for that battery.

The fhumber of cyclés)to apply is mentioned in Table 6.

9.7 | Water,eonsumption test

This fest@pplies only to vented batteries.

9-7-1"The batery, after being charged according 10 8.2, shail be cieaned, dried and weighed
to an accuracy of £ 0,05 % (W1).

972 The battery shall be placed in a water bath maintained at a temperature of 40 °C + 2 °C
according to the-same-conditions-as-nr-9-6-1 provisions of 8.3.2.

9.7.3 The battery shall be charged at a constant voltage of 14,40 V £ 0,05 V (measured
across the battery terminals) for a period of 500 h.

974 Immediately after this overcharge period, the battery shall be weighed under the same
conditions as-i-9-7-% initially, with the same scales (W2).
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975 The ratio (W1-W2)/C,C,, shall be calculated and compared against the requirements
listed in-Clause-10 Table 6.

NOTE

9.8

It is possible to carry out this test with a different temperature than 40 °C (for example 60 °C); see the
correlation formula between temperatures in Annex B.

Vibration resistance test

9.8.1 After charging according to 8.2, the battery shall be stored for 24 h at a temperature of
25°C+2°C.

2Nning

of a frequency of 30 Hz £ 2 Hz, these vibrations being as neatly sinusoidal as possible.

The mmaximum acceleration on the battery shall reach the, value Z (see Table-6 5).

NOTE]

984
withd

The
be te

Tha battarvy chall ha factanad riaidh: ta tha tahla of thao vihration tactar Thao foct
ZrHe—Pattey—SHarr—ee—aSte e a+Hgtary—e—+h teotre—o+—tHte— ettt oH—teSter—rre—1aSt

be of the same type as that used on a vehicle and secured by either:
e bottom hold-downs or ledges on the lower part of the container and suitable*hold-
amps and bolts with M8 thread, tightened to a torque of between 15 Nm and‘25 Nm,

N angle-iron frame covering the upper edges of the battery case/cover,assembly
inimum width of X-mm-{see-table-5} 15 mm for batteries according to ,[EC 60095-2 a
B mm for batteries according to IEC 60095-4, connected to the~vibration table by
crewed rods with M8 thread, tightened to a torque of between 8 Nm"and 12 Nm.

The battery shall be subjected for a period of T (h) (see Tahle=6 5) to a vertical vibr

The battery temperature throughout the vibration shall be between 20 °C and 30 °C|

After a maximum of 4 h after the end _of, the vibration, the battery shall be subje]
ut recharge, to a discharge at a temperature of 25 °C + 2 °C with a current | = 1.

erminal voltage after 30 s (U;q g) 'discharge shall be recorded. The discharge shall
rminated.

Battery class
A C B
15-mm 33-mm
2-h 8-h
30 ms—=2+1 ms=2 50 ms—=2=1+ms-2

Hown
or

for a
nd of
four

ation

cted,

then

Table 5 — Vibration resistance — Levels V1 to V3

Requirement level
Parameter
V1 V2 V3
Period of vibration, T 2h 2h 20 h
Maximum acceleration on the battery, Z 30 ms™2 60 ms2 60 ms™2

The requirement level V1 to V3 should be chosen according to customer application needs;
however V3 is limited to applications that need extremely high vibration resistance.
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Electrolyte retention test

2018

9.9.1 After charging according to 8.2, the battery shall be stored for 4 h on open circuit at a

temp

erature of 25 °C + 2 °C.

9.9.2 If necessary, the electrolyte level of each cell shall be adjusted to the maximum with

purifi

ed water. The external surfaces of the battery shall be cleaned and dried.

9.9.3 The battery shall then be tilted in each of the four directions at intervals of not less than

30 s

between each tilting as follows:

a) the battery shall be tilted through 45" from the vertical In a maximum period of 1 s;

b) the battery shall be maintained in this position for 3 s;

c) the battery shall be returned to the vertical position in a maximum period of 1cs,

994
of elq

9.10

9107
mant
25 °(

o]
mant
be di

The
then

10 H

The |

Throughout the tests described above, the battery-must shall be examined for any
ctrolyte leaking from the battery. The observations shall be recorded.

Cranking performance for dry-charged (or conserved-charge)batteries after
activation

1 The dry-charged battery and a sufficient amount {of-electrolyte supplied by
facturer, or according to the manufacturer's specifications, shall be store
+ 2 °C for at least 12 h (before filling).

2 The battery shall be filled with its electrolyte up to the level indicated by
facturer. After a rest period of 20 min at the .same ambient temperature, the battery
scharged at a current | = I for 30 s.

voltage after a discharge period of 30's (U, ) shall be recorded. The discharge
be terminated.

Requirements

equirements applicable*to essential functional characteristics are summarized in Tak

sign

the
d at

the
shall

shall

le 6.



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

IEC 60095-1:2018 RLV © |IEC 2018 -31-

Table 6 — Summary of requirements

- . Conc, - ;
) . Co>Crn : : )
Crankingperformance test (9-3) Yyg>F5V
-18°Cor-29-°C{if specified) Ygg s> F2V
fo — A0 <
-total-time > 90 s =(30/0,6 s + 40 s)

] i e {94y fea>24,
Chargd retention (9.5} Ugg >80V
Endurgnce Loty

g _ . . -

g ) _ . . -
Cycling-test-3 {9-6-4) = * & B aa i e e P
Cyelind-test 4 (40-°C- & 75°C) {9-6-5) Numberof cycles& 34*Crn— 581 b Or-higherif spedifi
Water-£onsumption 97y
Normalbatteries (N} —no-requirement
Low wdterloss batteries (L) — e
Very-lopw-water-loss-batteries (VL) —<d-g/Ah
Vibratidn (9-8) Yoo > 72V

. .

] e e e
activation (9-10) Ygg > 2V
Fer—beh%eﬁr—eﬁe and-the-crankingperformance, the specified values-shall be - met-in
a_This{formula-apphes-for-C,y-from-60-Ah-to-220-Ah
B T ARt



https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

— 32 —

IEC 60095-1:2018 RLV © |IEC 2018

Functional
characteristics

See paragraph

Requirements

Comments

20 h capacity 9.1 C.2Cy For batteries rated in Ah
Reserve capacity 9.2 RC, 2 RC, For batteries rated in reserve
capacity
Cranking performance test 9.3.1 Option 1 (for batteries rated in
-18 °C Ah)
Upps2750V tg,,290s
Option 2 (for batteries rated in
reserve capacity)
Ugp 27,20V
Cranlting performance test 9.3.2 Ugge 27,20V Optional
-29 °C
Charge acceptance 9.4 lea 2 21,
Charge retention 9.5 Ugps28,0V
Normfal batteries (N) and
Low Water loss batteries
(L)
Charge retention 9.5 Uyps285V
Very |low water loss
battefies (VL)
Corrdsion test 9.6.1.1 Number of units
=4
Endufance in cycle test 9.6.1.2 Flooded (veniéd)
= 60 cycles
VRLA 2250 cycles
Optiopal endurance in 9.6.2 Nywher of cycles = 34 x RC_ — | Optional
cycle|test 58¢%
Watef consumption 9.7 No requirement
Normfal batteries (N)
Wate| consumption Nl Maximum 4 g/Ah
Low Water loss batteries
(L)
Watef consumption 9.7 Maximum 1 g/Ah
Very Jow water loss
battefies (VL)
Vibrafion 9.8 Uggs27,2V
Electfolyte retention 9.9 No evidence of liquid on the
vent plugs (or from the single
point vent outlet)
Cranitina performance 9.10 Ugg 272V

after activation

For both C, or RC, and the cranking performance, the specified values shall be met in at least one of the three

relevant discharges above (see 9.1, 9.2, and 9.3).
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Annex A
(normative)

Correlation between C, and-C¢rn RC,

The value of €, , RC,, (in minutes) may be estimated from C, (in ampere hours) using the
following equation:

S, ,RC,=B(C)~

wherp
a =| 1,182 8 for flooded batteries, or 1,120 1 for valve-regulated batteries;
B =| 0,773 2 for flooded batteries, or 1,133 9 for valve-regulated batteries.

Reciprocal equation:

Ch=0(5.,RCy

wherp
y =| 0,845 5 for flooded batteries, and 0,892 8 for valve-regulated batteries;
6 =| 1,242 9 for flooded batteries, and 0,893 9 for valyve‘regulated batteries.
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Annex B
(informative)

Water consumption test — Conversion of
test temperatures and test durations

General

This document recommends that the water consumption test be performed according to 9.7 at

40 °c—erha—mmmdmmmmew . ging
voltape of 14,4V is used it is possible to convert the results from the 60 °C test 4

10 °C

cond|tions following Arrhenius law and a compensation reflecting possible differerQérir
duration. o
N
>
B.2 | Conversion formula N
GD,
O
500h 1 P
Wiy = — x WL
40 = X Wheo Q@

wherp \Q/
WL 49 is the water loss result according to IEC 6009§1ther 500 h charging with 14,4

40 °C;
WLg is the water loss result according to re%&al standard after d hours charging

14,4 V at 60 °C; D
d

is the duration of 60 °C test proced\ltke)in hours.
N

Q
¥

test

V at

with
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Annex C
(rormative informative)

Safety labelling

C.1 Definition of the six coloured symbols

A &) LA

IEC 2515/2000

If coloured safety symbols are required to be used by nationakregulations, they should [refer
to the¢ designs in accordance with 1ISO 7010.

Table C.1 — Definition of safety symbol§c¢according to ISO 7010

Reference Description Graphical symbol
ISO 010 P003:2011-05 No open flame; Firé\@pen ignition
source and smokKihg prohibited
IEC 2516/2000
ISO 010 M004:2011-05 Wear eye protection
ISO 010 P036:2012-06 No children allowed
ISO y010 W023:20%1:05 Warning; Corrosive substance
ISO y04e M002:2011-05 Refer to instruction manual/booklet
ISO 7010 W002:2011-05 Warning; Explosive material

The individual symbols shall have common dimensions, as shown in Figure C.1, with—a
minimum dimensions of 10 mm.
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A\

10 mm

Figure C.1 — Symbol dimensions

(YELLOW)— Explosive gas

C.2 | Safety labelling — Label for.North America area

For ipformation, specific safety lab&ling is used in North America: see Figures C.2 and C|3.
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A DANGER POISON

= FLUSH EYES
(E, IMMEDIATELY
WITH WATER
SULFURIC GET
ACID

CAN CAUSE

NO

* SPARKS

EXPLOSIVE

INDNESS OR iNJURY s * SMOKING SEVERE BURNS
P OUT OF REACH OF CHILDREN DO NOT TIP KEEP VENT CAPS TIGHT AND LEVEL

1EC

Figure C.2 — Safety labelling — Label for North America.area,
former version (still valid)

S+
T‘

FLUSH EYES
SULFURIC ACID IMMEDIATELY

CAN CAUSE WITH WATER.
BLINDNESS OR

GET MEDICAL
SEVERE BURNS. HELP FAST

el REALD DO NOT OPEN
THE REACH .
OF CHILDREN, INSTRUCTIONS.

Figure C.3 — Safety Tabelling — Label for North America area, new version

SHIELD EYES.

EXPLOSIVE GASES

CAMN CAUSE BLINDMESS
* SMOKING

OR INJURY.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LEAD-ACID STARTER BATTERIES —
Part 1. General requirements and methods of test

FOREWORD

2018

national electrotechnical committees (IEC National Committees). The object of IEC isg”)to/ pr

end and in addition to other activities, IEC publishes International Standards, TechnicallSpecific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

rested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible forhe way in which they are used or fd
miginterpretation by any end user.

4) In|]order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in theirynational and regional publications. Any diver
befween any IEC Publication and the corresponding pational or regional publication shall be clearly indicg
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, aecess to |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have,the latest edition of this publication.

7) N( liability shall attach to IEC or its\directors, employees, servants or agents including individual exper
members of its technical committees’ and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

8) Atfention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

9) At{ention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
patent rights,.IEC-shall not be held responsible for identifying any or all such patent rights.

Interpational” Standard IEC 60095-1 has been prepared by IEC technical committe
Secondary’cells and batteries.

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising

bmote
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tional
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gence
ted in
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br any
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r IEC
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ect of

e 21:

This eighth edition cancels and replaces the seventh edition published in 2006. This edition

constitutes a technical revision.

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

edition:

a) charge acceptance test;

b) cranking performance test;
c) charge retention test; and
d) endurance test added.


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

IEC 60095-1:2018 © IEC 2018 -5-

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

FDIS Report on voting

21/974/FDIS 21/987/RVD

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

A list

batteries, can be found on the IEC website.

The
stabi

the specific document. At this date, the document will be

°
-

q

e wlithdrawn,

e amended.

A bilingual version of this publication may be issued at-a\later date.

of all parts in the IEC 60095 series, published under the general title Lead-acid's

ity date indicated on the IEC website under "http://webstore.iec.ch" in the-data relat

confirmed,

placed by a revised edition, or

arter

ommittee has decided that the contents of this document will remain unchanged untjil the

ed to

IMP]
that
und

colour printer.

ORTANT — The 'colour inside’ logo en'‘the cover page of this publication indic3
it contains colours which are. considered to be useful for the cor
erstanding of its contents. Usgers should therefore print this document usin

ites
fect

g a
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LEAD-ACID STARTER BATTERIES —

Part 1. General requirements and methods of test

1 Scope

This part of IEC 60095 is applicable to lead-acid batteries with a nominal voltage of 12 V,
used|primarily as a power source for the starting of internal combustion engines, lighting} and
for apxiliary equipment of internal combustion engine vehicles. These batteries are commonly
callegl "starter batteries".

This document is applicable to batteries for the following purposes:

O

. htteries for passenger cars;

O

. htteries for commercial and industrial vehicles.

This document is not applicable to batteries for other purposes,-sueh as the starting of railcar
intermal combustion engines or for motorcycles and other power'sport vehicles.

This document defines many general properties of lead>acid batteries. Single sections cgn be
referenced in other parts of the IEC 60095 series even. if the application is excluded in the
scopg of this document.

This document specifies the:

e ggeneral requirements;

o epsential functional characteristics;.felevant test methods and results required,
for sg¢veral classes of starter batteries:

Q

ccording to the general type of application;
e agcording to the type_ of product.

2 Normative references

The following_ documents are referred to in the text in such a way that some or all of|their
contgnt constitutes requirements of this document. For dated references, only the edition
cited|appties. For undated references, the latest edition of the referenced document (incléiding
any gmendments) applies.

IEC 60050-482, International Electrotechnical Vocabulary - Chapter 482: Primary and
secondary cells and batteries

IEC 60095-2, Lead-acid starter batteries — Part 2: Dimensions of batteries and dimensions
and marking of terminals

IEC 60095-4, Lead-acid starter batteries — Part 4: Dimensions of batteries for heavy vehicles

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-482 and the
following apply.


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1

flooded battery

lead-acid battery having a cover provided with one or more openings through which gaseous
products may escape

3.2
enhgnced flooded battery
EFB pattery

flooded lead-acid battery with additional special design features to significantlydmprove the
cyclimg capability compared to standard flooded batteries

3.3
valve regulated lead-acid battery
VRLA battery

lead-acid battery which is closed under normal conditions but whi€¢h has an arrangemeni that
allows the escape of gas if the internal pressure exceeds a predefermined value

Note 1 to entry: The VRLA battery cannot receive addition to the eleCtrolyte and after activation of dry-cljarged
VRLA

Note 7 to entry: In VRLA batteries the electrolyte is immobilized.

3.4
absaorbent glass mat battery

AGM)| battery

VRLA battery in which the electrolyte is imimobilized by absorption in a glass mat

3.5
gel battery
VRLA battery in which the electrolyte is immobilized by fixing as a gel

4 Designation of starter batteries — Electrolyte density and open circuit
oltage

<

4.1 | Designation according to type

Battdries are*designated according to their type, as follows:

o flpoded batteries (vented);

e enhanced flooded batteries, EFB,;

e valve regulated lead-acid batteries, VRLA;
— absorbent glass mat batteries, AGM;
— gel batteries.

4.2 Dry-charged batteries

Lead-acid batteries may be supplied in a dry-charged state. Dry-charged batteries can be
activated by filling with the defined electrolyte indicated by internal or external marks or
according to the manufacturer's activation instructions. After activation, these batteries are
ready to use.


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3
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Electrolyte density and open circuit voltage

The density of the electrolyte in all fully charged vented batteries shall be in the range of

1,27

kg/l to 1,30 kg/l at 25 °C unless otherwise specified by the manufacturer.

NOTE For valve-regulated batteries, the electrolyte is not accessible and, therefore, its density cannot be
checked.

The open circuit voltage (OCV) at 25 °C, of fully charged batteries after a minimum 24 h stand
on open circuit, shall be in the range of 12,70 V to 12,90 V for vented types and 12,80 V to
13,10 V for valve regulated types unless otherwise specified by the manufacturer.

The
such
1,28
batte

New

in

[ ]
305

Valvg

6 (

6.1
6.1.1

Batte
top o

6.1.2

The pame of(the manufacturer or supplier shall be indicated.

6.1.3

manufacturer shall specify the value and tolerance of the electrolyte density or-O(
information is not available, vented battery testing shall be carried out with a~dens
kg/l +£ 0,01 kg/l at 25 °C or an OCV of 12,76 V £ 0,06 V at 25 °C and valve“regu
ry testing shall be carried out with a minimum OCV of 12,80 V.

Condition on delivery

vented batteries may be supplied either:

a state ready for use, or

a dry-charged (or charge-conserved) state not filled with electrolyte. The density ¢
ectrolyte to fill these batteries before use (unless’ otherwise recommended by
anufacturer) shall be:

1,28 kg/l + 0,01 kg/l at 25 °C;
b-regulated batteries are normally supplied in a state ready for use.
beneral requirements

Identification, labelling
General

ries complying withsthis document shall bear the following characteristics on at leaq
r one of their four-sides.

The identification of manufacturer or supplier

Nominal voltage: 12 V

V. If
ty of
lated

f the
the

t the

The nominal voltage of 12 V shall be indicated.

6.1.4

Capacity or reserve capacity (see 7.1.2) and nominal cranking current (see
7.1.1)

Three options are possible for the identification and labelling of capacity (or reserve capacity)
and nominal cranking current:

Option 1:

e 20 h capacity C,q (Ah);
e with nominal cranking current I.. (A) (see 7.1.1 and 9.3.1) defined at -18 °C with

U

10s 2 7,5V and Ugys 2 6,0 V (under 1../0,6).
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Option 2:

e reserve capacity RC (minutes);

e with nominal cranking current I.. (A) (see 7.1.1 and 9.3.1) defined at -18 °C with
Uzgs 27,20 V.

Option 3:

e 20 h capacity C,q (Ah);

e with nominal cranking current I.. (A) (see 7.1.1 and 9.3.1) defined at -18 °C with
L >720V
< .

[OU

NOTE| These three options are in accordance with the present use in the different areas in the world.

The preferred version is Option 1.

6.1.5 Production date code

Battgdries shall be marked with the date of production. This can be part of a more complex
code

6.1.6 Safety labelling

If unfler national regulations, coloured safety symbols argirequired to be used, they should
follow the design as set out in Annex C, Clause C.1.

Howgver, to be in compliance with some national regulations, additional wording or special
labelling can be used (for example, the safety label for North America area shown in Annex C,
Clause C.2).

6.1.7 Recycling labelling

Battdries shall be marked for separate collection and recycling, if required by local [area
reguliations.

6.1.8 Valve-regulated batteries

VRLA batteries shall be-marked using the term "VRLA". In addition it is recommended that
VRLA batteries shall-bear special indication that the battery shall not be opened.

EXAMPLE: "VRLAy~Do not open"
6.2 | Marking of the polarity

The [tebminals shall be identified according to the requirements of IEC 60095-2 ¢r of
|IEC ¢ 00054

A—A- 2= o

6.3 Fastening of the battery

Where batteries are fastened to the vehicle by means of integral parts (for example, bottom
ledges), these shall be in compliance with the requirements of IEC 60095-2 and of
IEC 60095-4.


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3
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A The cranking performance is the discharge current |
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Functional characteristics

Electrical characteristics

ccr as indicated by the

manufacturer according to the option chosen (Option 1 or Option 2), which a battery can
supply according to 9.3.

7.1.

Itm \ be indicated h\J/ the manufacturer as either:

2 The capacity of a starter battery is defined for a temperature of 25 °C + 2 °C.

>

bminal 20 h capacity C,q, or

=]

bminal reserve capacity RC,,.

The pominal 20 h capacity C, is the electric charge in ampere hours (Ah) that a battery can

supply with a current:

until the terminal voltage falls to U; = 10,50 V.

I,_C,/20h (A)

The pffective 20 h capacity C, shall be determined by, discharging a battery with conjstant
currgnt 1,to U;= 10,50 V (see 9.1). The resultant disSgharge time, in hours, is used for the

verification of C,,.

The pominal reserve capacity RC,, is the perigd*of time (in minutes) for which a battery can

maintain a discharge current of 25 A to a cut<off voltage U; = 10,50 V.

The gffective reserve capacity RC, shall be determined by discharging a battery Wiﬂl‘l the

constant current | = 25 A to U; = 10,50'V (see 9.2). The resultant discharge time, in min
is used for the verification of RC,,,

NOTE| For the correlation (relationship) of C and RC , see Annex A.

7.1

7.1

utes,

.3 The charge acceptance is expressed as the current I, which a partially discharged
battery accepts at 0 °C and a constant charging voltage of 14,40 V.

A4 The charge retention is rated by the cold cranking performance of the charged and

filled| batteryafter storage on open circuit under defined conditions of temperature and|time

(see .5).

7.1.

5 The endurance test consists of two parts:

the corrosion test represents the ability of a battery to perform repeated
overcharge/storage periods (see 9.6.1.1).

the cycling test represents the ability of a battery to perform repeated discharge/recharge
cycles and long rest periods on open circuit. This ability shall be tested by a series of
cycles and rest periods under specified conditions after which the cold cranking or the
capacity performances shall be determined (see 9.6.1.2 or 9.6.2).


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3
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7.1.6 The water consumption test checks if the battery can keep its performance under
extended exposure to heat and overcharge conditions. It is measured as loss of weight during
overcharge of a fully charged battery and is defined as g/Ah C, (see 9.7).

7.2 Mechanical characteristics

7.2.1 Vibration resistance represents the ability of a battery to maintain service under
periodic or irregular acceleration forces. Minimum requirements shall be verified by a test (see
9.8).

7.2.2 Electrolyte retention is the ability of a battery to retain the electrolyte under specified
phys|cal conditions (see 9.9).

8 (General test conditions

8.1 | Sampling of batteries
Samples shall be tested not later than:

e 4b days after the production date of the manufacturer in the case-of filled batteries;

e 6P days after the production date of the manufacturer in the'case of dry-charged batteries.
8.2 | Charging method — Definition of a fully charged battery

Battdries shall be considered as fully charged _if ythey have undergone the chafging
procgdures. Prior to the first capacity test, the battery charge shall be limited to 16 h.

If not specified differently by the battery manufacturer, the batteries that will be tésted
accofding to this document shall be charged+according to Table 1.

Table ¥~ Charging method

Battery type Veltage U, Current Time Remarkp
Flooded batteries with size in 16,00V £0,05V |51 24 h (16 h)?
accorflance with [EC 60095-2
Flooded batteries with size in 16,00V £0,05V |51, 20 h (16 h)? Step 1
accorflance with [EC 60095-4 .
no limitation I 4 h Step 2
Valvefregulated batteries VRLA 14,80V £0,05V |51 24 h (16 h)?

a Afharging time’ef 16 h is sufficient after a cranking performance test and prior to the first capacity check

All ctrarges shall be performed with batteries in a water bath at 25 °C = 2 °C.

8.3 Test equipment
8.3.1 Measuring instruments

The range of instruments used shall be appropriate for the magnitude of the parameters to be
measured. The minimum accuracy of test equipment is given in Table 2.


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3
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Table 2 — Accuracy of test equipment

Parameter Accuracy of test equipment
Current for cold cranking tests 0,5 %
Current for other tests 1 % full-scale with a minimum accuracy of +30 mA
Voltage + 0,04V
Temperature +1°C
Time t1ls
Density of electrolyte < 0,005 kg/l
Weight of battery + 1 g below 30 kg
+ 5 g above 30 kg

The instruments used for measuring time shall be graduated in hours, minutés,and seconfgs.

8.3.2 Water bath

If a test needs to be carried out in a water bath, the following conditions shall be fulfilled] The
terminal base of the battery shall be at least 15 mm but not more than 25 mm above the ater
surfajce level. If several batteries are in the same water bath‘then the distance between them
and also the distance to the walls of the bath shall be at least 25 mm.

Minimum soak time for batteries in the water bath is 4\h)

If not stated differently in the individual test description, the tolerance for the temperatdre of
the water bath is £2 °C.

It is recommended to cover the surfacei'of the water with floating elements using testing
tempgratures of 40 °C or more. This\iinproves the thermal isolation against air and ayoids
evappration of water.

8.3.3 Environmental chamber

If a tpst needs to be carried out in an environmental chamber, the batteries are placed jn an
air gpseous phase at-the requested temperature and tolerance; the wind velocity nealr the
battery shall not be more than 2,0 m/s.

Minimum time for-batteries in the environmental chamber before the test beginning is 8 h|

8.4 | TesSt;'sequence

8.4.1 Batteries filled and r‘hargprl

a) Initially, the batteries are subjected to the following series of tests:
— first C, or RC, check;
— first cranking performance test;
— second C, or RC, check;
— second cranking performance test;
— third C, or RC, check;
— third cranking performance test.

For C, or RC, and the cranking performance, the specified values shall be met in at least
one of the relevant discharges above.


https://iecnorm.com/api/?name=5fe6df5d0f5801eaf8d36ca755cb80f3

IEC 60095-1:2018 © IEC 2018 - 13-
It is not necessary to complete the sequence if the specified values are achieved on the
first or second test.

NOTE The choice between testing C_ or RC, is the decision of the customer or user.

b) The tests according to Table 3 shall be carried out only if batteries have complied with the
previous tests, and not later than one week after completion of the first part.

Table 3 — Test sequence

Step Test Battery
Reference
No.1 | No.2 | No.3 | No.4 | No.5 | No.6

0 Cranking performance for dry charged 8.4.2 and 9.10 v v v v v v
batteries

1 Initial charge prior to test 8.2 v v v

2 First 20 h capacity or 9.10r9.2 v v v Cyy
First reserve capacity

3 First cranking performance according to 9.3.1 v v v 4 4 v
Option 1 or Option 2

4 Second 20 h capacity 9.10r9.2 ) (VINY Cho| ) ) )
Second reserve capacity

5 Second cranking performance according to |9.3.1 () ) () () () )
Option 1 or Option 2

6 Third 20 h capacity 9.10r9.2 ) () | YCyhx!| M ) )
Third reserve capacity

7 Third cranking performance according to  (9.3.1 ) () ) ) ) ()
Option 1 or Option 2

8 Cranking performance — very cold climate |9:32

9 Corrosion test 9.6.1.1

10 Endurance in cycle test 9.6.1.2 or v

9.6.2

11 Charge retention 9.5 v

12 Charge acceptance 9.4 v

13 Electrolyte retention 9.9 4

14 Vibration resistance 9.8 v

15 Water consumptioh 9.7 v

Key

— V]test to be fulfilled.

— (v]): test'to be fulfilled only if the previous identical test carried out failed.

Battefy“no? 3 shall perform the full sequence of 3 tests with 20 h capacity before the charge acceptance fest in

8.4.2 Dry-charged or conserved-charge batteries
a) Initially, the batteries are subjected to:
— initial cranking performance after filling with electrolyte (see 9.10).

b) The tests according to Table 3 shall be carried out only if the batteries have complied with
the test mentioned in a) and no more than one week after the said test.
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9 Tests methods

9.1 20 h capacity check Cg

Throughout the duration of the tests, the battery shall be placed in a water bath at a
temperature of 25 °C £ 2 °C, in accordance with 8.3.2.

The battery shall be discharged with the current I, (calculated according to 7.1.2) kept
constant at +2 % of the nominal value until the terminal voltage falls to 10,50 V £ 0,05 V.
The duration t (h) of the discharge shall be recorded. The beginning of the discharge shall
take place between 1 h to 5 h after the completion of charging according to 8.2.

The |battery temperature, measured in one of the middle cells, if applicables shall be
25 °Q¢ = 2 °C before the discharge begins.

The ¢apacity C, is as follows:

Co=txl, (Ah)

9.2 | Reserve capacity check RC,

Throlighout the duration of the tests, the battery shall cbe“placed in a water bath|at a
tempgrature of 25 °C £ 2 °C, in accordance with 8.3.2.

The battery shall be discharged with a current (25 £/0,25) A until the terminal voltage fafls to
10,50 V £ 0,05 V. The duration t (in minutes) of\the discharge shall be recorded.| The
beginning of the discharge shall take place ‘between 1 h to 5 h after the completign of
charging according to 8.2.

The |battery temperature, measured. in,"one of the middle cells, if applicable, shajl be
25 °Q¢ £ 2 °C before the discharge begins.

RC, =t (min)

9.3 | Cranking performance test
9.3.1 Cranking performance test — Standard temperature (-18 °C)

Option 1:

After|a restperiod of 24 h up to 72 h after preparation according to 8.2, the battery shall be
placqd n-a cooling environmental chamber with (forced) air circulation at a temperature of
-18 {C¥'1 °C until the temperature of the middle cells has reached -18 °C + 1 °C.

It is generally accepted that the required temperature will be achieved after a minimum period
of 24 h in the cooling environmental chamber.

The battery shall then be discharged, either within or outside the cooling chamber, within
2 min after the end of the cooling period with a current I, (see 7.1.1). This current shall be
kept constant to within £ 0,5 % during the discharge.

After 10 s discharge, the terminal voltage U; shall be recorded and the current shall be cut off.
The voltage U; shall be not less than 7,50 V.

After a rest period of 10 s £ 1 s, the test shall be continued as follows:
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