United Nations STiseiac.10ic.32010081

‘/V/ \QV SecrEtariat Distr.: General
\\/l ‘\/) 20 September 2010
S

Original: English

Committee of Experts on the Transport of Dangeroussoods
and on the Globally Harmonized System of Classifidaon
and Labelling of Chemicals

Sub-Committee of Experts on the Transport of Dangeyus Goods

Thirty-eighth session

Geneva, 29 November—7 December 2010
Item 5 of the provisional agenda
Electric storage systems

Testing of lithium batteries and cells — proposal drafted by
the ad hoc intersessional working group

Transmitted by the experts from France and PRBA

Introduction

1. Since November 2008 a working group on thertgsdif lithium batteries and cells

met four times. The first meeting was held in Wagton, DC in November 2008, and was
chaired by Dr. Charles Ke from the United StatedAnferica, and led to a proposal for
further work (see informal document UN/SCETDG/3471Bb)

2. Based on the proposals of that working groupsthie-Committee adopted a working
program at its thirty-fourth session containing tif@lowing working items (see
ST/SG/AC/C.3/68, para. 39):

€)) Re-evaluation of criteria for the thermal t@sR);

(b)  Examination of the test method for the imgast (T.6) and consideration of
alternative test methods;

(c) Review of definitions and terminology in secti38.3 of the Manual of Tests
and Criteria, in the light of other recognized starls;

(d)  Resistance requirements of the external stiogtit tests (T.5);

-

In accordance with the programme of work of the-Eommittee for 2009-2010 approved by the
Committee at its fourth session (refer to ST/SG/AGCIR68, para. 118 (c) and ST/SG/AC.10/36,
para. 14).
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(e)  Vibration and shock tests (T.3 and T.4) asliagpto different sizes of
batteries; and

4] Overcharge tests for battery assemblies, dadfication of definitions for
cells, batteries, modules and assemblies.

3. Based on this program, three further meetingb@fvorking group were held:
- Paris 20—22 April 2009

- Kyoto 9-11 November 2009
- Washington, DC - 18-20 May 2010

These three sessions were chaired by Mr. Pfauvadelert from France and
Chairman of the Sub-Committee. PRBA offered to takee of the secretariat for the
working group.

4, Therefore, this proposal is presented by Frammk PRBA, but it contains all the
changes to the UN Manual of Tests and Criteridifbium batteries that have been agreed
to during the three sessions of the working grazgmcerning items listed in the work
program.

5. In addition, the working group identified twoipts for further improvements:

€)) It was noted that many test procedures wége part of IEC standards.
Experts from the industry that also took part ie thork at IEC level invited the Sub-
Committee to work in close relation with IEC in erdto ensure proper harmonization
between standards and regulation.

(b)  The working group did not finish the develaggrhof a new genuine “internal
short circuit test.” Further research and techgicll improvement are necessary to reach
that goal. The working group had the opportunityst@are some information about that
aspect with some IEC technical committees, and samestry experts proposed to
continue the work on this point in cooperation WHC. If some work goes on within IEC
working groups, proper participation of Sub-Comeastexperts should be made possible. If
the Sub-committee agrees that work could resudt imoposal for a new additional internal
short circuit to be introduced in the test reginoe fthium batteries during the next
biennium. However, it was noted that in the intetime the improvements to test T6
would partly cover the issue of mechanically induagernal short circuit.

Proposal

6. The working group agreed on many changes tosgaben 38.3 of the UN Manual
of Tests and Criteria concerning scope, definitidast procedures, and test requirements.
As these changes appear in many paragraphs, tivtafeciheir understanding, the proposed
amendments have been identified by tracked chandle annex to this document.

7. Some of them required extensive discussions seeeral sessions of the working

group. The background for these amendments caolelfin the reports of the different

meetings. These reports, as well as the workingsagubmitted by the participants may be
found on PRBA's website:

http://www.prba.org/prba/Laws_and_Regulations/D&fashx

8. In order to facilitate the reading of the progddsy experts that have not taken part to
the working group, the reports and places to chiedelation with each amendment are
mentioned in brackets and bold text after eactigdlamended paragraph or section.

9. The Sub-Committee is invited to consider the raaneents as proposed in the
annexed text for adoption and inclusion in the mewsed edition of the manual of tests
and criteria.
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Annex

Amendments to Sub-section 38.3 of the Manual ofeBts and
Criteria

(Note: Comments in bold refer to the relevant backgrounthe different working groups
reports and are not part of the text proposeddopton)

38.3 Lithium metal and lithium ion batteries
38.3.1 Purpose

This section presents the procedures to be follofeedhe classification of lithium metal
and lithium ion cells and batteries (see UN Nos9(B03091, 3480 and 3481, and the
applicable special provisions of Chapter 3.3 ofMwalel Regulations).

38.3.2 Scope

38.3.2.1 All cell types shall be subjected to Tol t.6 and T.8 tests. All non-
rechargeable battery types, including those contba$eoreviously tested cells, shall be
subjected to T.1 to T.5. All rechargeable batteypes, including those composed of
previously tested cells, shall be subjected tot®.I.5 and T.7. In addition, rechargeable
single cell batteries with overcharge protectioallshe subjected to T.7. A component cell
that is not transported separately from the batieig part of needs only to be tested
according to T.6 and T.8. A component cell thatamsported separately from the battery
shall be tested as a cell.

(COMMENT: see working group report Kyoto November 2009 point 1 and working
group report Washington May 2010 point 3 and pointl7 decision 16)

38-3.2.88.3.2.2 Lithium metal and lithium ion cells andtbdaes shall be subjected to
the tests, as required by special provisions 188 280 of Chapter 3.3 of the Model
Regulations prior to the transport of a particutatl or battery type. Cells or batteries
which differ from a tested type by:

€)) For primary cells and batteries, a change afenthan 81 g or 20% by mass,
whichever is greater, to the cathode, to the anoidi® the electrolyte;

(b)  For rechargeable cells and batteries, a chamgeminal energy inVatt-
hours of more than 20% or an increase in nominkhge of more than 20%; or

(c) A change that would lead to failure of anytioé testsnateriallyaffectsthe
testresults

shall be considered a new type and shall be sigtj¢o the required tests.

NOTE: the type of change that might be consideredfferdrom a tested type, such that it
might lead to failure of any of the test resultaynmclude, but is not limited to:

(a) A change in the material of the anode, thehodé, the separator or the
electrolyte;

(b) A change of protective devices, including ek and software;

(c) A change of safety design in cells or baterseich as a venting valve;

(d) A change in the number of component cells; and

(e) A change in connecting mode of component cells
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(COMMENT: see working group report Paris April 2009 para. 9 and annex I)

In the event that a cell or battery type does neétnone or more of the test requirements,
steps shall be taken to correct the deficiencyediciincies that caused the failure before
such cell or battery type is retested.

38.3.2.88.3.2.3  For the purposes of classification, the followdgfinitions apply:

Aggregate lithium contertheans the sum of the grams of lithium contentaioetd by the
cells comprising a battery.

Battery means—onetwo or more cells which are electrically connected tbge-by
permanent-meansincluding-caseterminals—an#ingafitted with devices necessary for
use, for example, case, terminals, marking andeptive devices. A single cell battery is
considered a “cell” and shall be tested accordinthé testing requirements for “cells” for
the purposes of the Model Regulations and this Mb¢&ee also the definition for “cell”).

(COMMENT: see working group report Paris April 2009 para. 11 and annex |, and
working group report Kyoto November 2009 point 2)

NOTE: Units that are commonly referred to as "battergcks”, "modules” or "battery
assemblies" having the primary function of provigasource of power to another piece of
equipment are for the purposes of the Model Reguiatand this Manual treated as
batteries.

Button cell or batterymeans a round small cell or battery when the divheaght is less
than the diameter.

Cell means a single encased electrochemical unit (osiéiy® and one negative electrode)
which exhibits a voltage differential across itott@rminals. Under the Model Regulations
and this Manual, to the extent the encased eldwraical unit meets the definition of
"cell* herein, it is a "cell", not a "battery", raglless of whether the unit is termed a
"battery" or a "single cell battery" outside of thi®del Regulations and this Manual.

Component celineans a cell contained in a battery.

Cycle means one sequence of fully charging and fullgldisging a rechargeable cell or
battery.

Disassemblymeans a vent or rupture where solid matter frosnart of a cell or battery
penetrates a wire mesh screen (annealed aluminuenwith a diameter of 0.25 mm and
grid density of 6 to 7 wires per cm) placed 25 amaa from the cell or battery.

Effluentmeans a liquid or gas released when a cell oefyatents or leaks.

Fire means that flames are emitted from the test cdihttery.

(COMMENT: see working group report Paris April 2009 para.1l1 and annex I, and
working group report Washington May 2010 point 4)

First cyclemeans the initial cycle following completion of alanufacturing processes.

Fully chargedmeans a rechargeable cell or battery which has bktrically charged to
its design rated capacity.

Fully dischargedneans either:

a primary cell or battery which has been electiycdischarged to remove 100% of
its rated capacity; or

a rechargeable cell or battery which has beenr@alty discharged to its endpoint
voltage as specified by the manufacturer.
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Large batterymeans a lithium metal battery or lithium ion battevith a gross mass of
more than 12 kg.

heu*—mtmg@f—mere%han—lé@—\ﬂdell W|th a gross mass of more than [500]

(COMMENT: see working group report Paris April 2009 para. 11 and annex | — the
500g value is kept in square brackets and needs be checked based on data provided
by industry)

Leakagemeans the visiblescape of electrolyte or otheraterial from a cell or battery or
the loss of material (except battery casing, hawdiievices or labels) from a cell or battery
such that the loss of mass exceeds the valueshile Ta

(COMMENT: see working group report Paris April 2009 para. 11 and annex 1)

Lithium contentis applied to lithium metal and lithium alloy celdnd batteries, and for a
cell means the mass of lithium in the anode offauim metal or lithium alloy cell, which
for a primary cell is measured when the cell isaim undischarged state and for a
rechargeable cell is measured when the cell iy ftlarged. The lithium content of a
battery equals the sum of the grams of lithium enohtontained in the component cells of
the battery.

Lithium ion cell or batterymeans a rechargeable electrochemical cell orryattewhich
the positive and negative electrodes are bothdatation compounds (intercalated lithium
exists in an ionic or quasi-atomic form with théite of the electrode material) constructed
with no metallic lithium in either electrode. AHium polymer cell or battery that uses
lithium ion chemistries, as described herein, ggifated as a lithium ion cell or battery.

Mass losgneans a loss of mass that exceeds the valuedla-38-3-2:-2 below.

Table 1: Mass loss limit

MassM of cell or battery Mass loss limit
M<1g 0.5%
lg<M<75¢ 0.2%
M>75q 0.1%

NOTE: In order to quantify the mass loss, the followprgcedure is provided:

Mass loss (%) = % x 100
1

where M is the mass before the test and iBithe mass after the test. When mass
loss does not exceed the values in Table-381.R2.2hall be considered as "no mass

loss".
Fable-38:3.2.2:- Mass-oss-hmit
MassM-ofcell-or-battery Mass-loss-imit
M=<1lg 9-5%
lg=M<5¢g 02%
M>5¢ 01%

(COMMENT: see working group report Paris April 2009 point b, annex I, and
working group report Kyoto November 2009 point 4)

Nominal energy in watt hourseans the energy value of a cell or battery detsununder
specified conditions and declared by the manufactuiThe nominal energy is calculated
by multiplying nominal voltage by rated capacity.
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Nominal voltaganeans the approximate value of the voltage use@smnate or identify a
cell or battery.

Open circuit voltagemeans the voltage across the terminals of a cdbattery when no
external current is flowing.

(COMMENT: see working group report Paris April 2009 para. 11, annex |)

Primary_cell or batterymeans a cell or battery which is not designed dcelectrically
charged or recharged.

Prismatic cell or batterymeans a cell or battery whose ends are similaraleaind parallel
rectilinear figures, and whose sides are paraltelng.

Protective devicemeans devices such as fuses, diodes and cumraterl which interrupt
the current flow, block the current flow in one alition or limit the current flow in an
electrical circuit.

Rated capacitymeans the capacity, in ampere-hours or milliamjpergs, of a cell or
battery as measured by subjecting it to a loadpé&sature and voltage cut-off point
specified by the manufacturer.

NOTE: The following IEC standards provide guidance andthodology for determining
the rated capacity.

(1) 1EC 61960 (First Edition 2003-12) : Secondaglle and batteries containing
alkaline or other non-acid electrolytes — Second#hium cells and batteries for portable

applications
(2) 1IEC 62133 (First Edition 2002-11): Secondaglle and batteries containing

alkaline or other non-acid electrolytes — Safetgueements for portable sealed secondary
cells, and for batteries made from them, for usgdrtable applications

(3) [IEC 62660-1 Ed. 1 in preparation: Secondanyttbees for the propulsion of
electric road vehicles — Part 1: Performance tegtiar lithium-ion cells]

(COMMENT: see working group report Washington May 2010 point 5)

Rechargeable cell or battenpeans a cell or battery which is designed to keetetally
recharged.

Rupture means the mechanical failure of a cell containebattery case induced by an
internal or external cause, resulting in exposurespillage but not ejection of solid
materials.

Short circuitmeans a direct connection between positive andtivegterminals of a cell or
battery that provides a virtual zero resistancé fat current flow.

Single cell batteryneans a single electrochemical unit fitted withides necessary for use,
for example, case, terminals, marking and protedafievices.

(COMMENT: amendment related to the change in the dfnition of battery - see also
working group report Washington point 17 decision B)

Small batterymeans a lithium metal battery or lithium ion batteith a gross mass of not
more than 12 kg.

Small cellmeans a cell with a gross mass of not more thao] [&.
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(COMMENT: see working group report Paris April 2009 para. 11 and annex | — the
500g value is kept in square brackets and needs be checked based on data provided
by industry)

Typemeans a particular electrochemical system andigddydesign of cells or batteries.
Undischarged means a primary cell or battery thatriot been wholly or partly discharged.

Ventingmeans the release of excessive internal pressured cell or battery in a manner
intended by design to preclude rupture or disassemb

Watt-hour rating expressed in Watt-hours, is calculated by myliiig) a cell's or battery's
rated capacity, in ampere-hours, by its nominatiags.

38.3.3 When a cell or battery type is to be testeder this sub-section, the number and
condition of cells and batteries of each type tadsted are as follows:

(@) When testing primary cells and batteries undsts T1 to T5 the following
shall be tested in the quantity indicated:

® ten cells in undischarged states;

(i)  ten cellsin fully discharged states;

(i)  four small batteries in undischarged states;
(iv)  four small batteries in fully discharged state
(v)  four large batteries in undischarged stated; an
(vi)  four large batteries in fully discharged state

(b)  When testing rechargeable cells and battanieder tests T. to T5 the
following shall be tested in the quantity indicated

0] ten cells at first cycle, in fully charged saf
(i) four small batteries at first cycle, in fulgharged states;
(i) four small batteries after 50 cycles endingfully charged states;

(iv) two large batteries at first cycle, in fulhjharged states; and (v) two
large batteries after 25 cycles ending in fullyrgeal states.

(c)  When testing primary and rechargeable celideurtest T6, the following
shall be tested in the quantity indicated:

0] for primary cells, five cells in undischargethtes and five cells in
fully discharged states;

(i)  for component cells of primary batteries, fieells in undischarged
states and five cells in fully discharged states;

(i)  for rechargeable cells, five cells at firsyate at 50% of the design
rated capacity; and

(iv)  for component cells of rechargeable batteffieg, cells at first cycle at
50% of the design rated capacity.
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(COMMENT: consequential amendment due to changes im6)

(d)

When testing rechargeable batteries or reelsdnlg single cell batteries

under test T7, the following shall be tested in the quantitgiocated:

(e)

0] four small batteries at first cycle, in fullyrarged states;

(i)  four small batteries after 50 cycles endindulty charged states;
(i) two large batteries at first cycle, in fulsharged states; and

(iv)  two large batteries after 25 cycles endinduiily charged states.

Batteries not equipped with overcharge protectimat tire designed for use
only in a battery assembly, which affords such getion, are not subject to
the requirements of this test.

When testing primary and rechargeable celts @mponent cellsinder test

T.8, the following shall be tested in the quantitglicated:

()

® ten primary cells in fully discharged states; o

(i) ten primary component cells in fully dischadgstates; and

) (i) ten rechargeable cells, at first cycle in fuligaharged states;
and
(iv) ten rechargeable component cells, at firgtle in fully

discharged states;

Gi-(v) ten rechargeable cells after 50 cycles endirfglip discharged
states; and

(vi) _ten rechargeable component cells, after 56lesy ending in fully
discharged states.

When testing a battery assembly in which thgragate lithium content of all

anodes, when fully charged, is not more than 508 ¢n the case of a lithium ion battery,
with a Watt-hour rating of not more than 6 200 \Ahadtirs, that is assembled frem-cells or
batteries that have passed all applicable testspattery assembly in a fully charged state
shall be tested under tests3TT4 and T5, and, in addition, test T.in the case of a
rechargeable battery assembly. For a rechargdmditery assembly, the assembly shall
have been cycled at least 25 cycles.

(COMMENT: consequential amendments due to changes ithe testing of component
cells see 38.3.2.1)

When batteries that have passed all applicable et electrically connected to form a
battery assembly in which the aggregate lithiumteohof all anodes, when fully charged,

is more than 500 g, or in the case of a lithium battery, with a Watt-hour rating of more

than 6 200 Watt-hours, that battery assembly do¢seed to be tested if it is equipped
with a system capable of monitoring the batteryeassy and preventing short circuits, or

over discharge between the batteries in the asgeanil any overheat or overcharge of the
battery assembly.

38.3.4

Procedure

Each-cell-and-battery-type-shall-be-subjected-$tsthto-8. Tests_T1 to T5 shall be

conducted in sequence on the same cell or batt€egts_T6 and_T8 shall be conducted



ST/SG/AC.10/C.3/2010/81

using not otherwise tested cells or batteries.t Tésmay be conducted using undamaged
batteries previously used in Testd To T5 for purposes of testing on cycled batteries.

(COMMENT: consequential amendment, see 38.3.2.1)
38.34.1 Test T.1: Altitude simulation

38.34.1.1 Purpose

This test simulates air transport under low-pressanditions.
38.3.4.1.2  Test procedure

Test cells and batteries shall be stored at a yresd 11.6 kPa or less for at least six hours
at ambient temperature (20 £ 5 °C).

38.3.4.1.3  Requirement

Cells and batteries meet this requirement if thef@o mass loss,] no leakage, no venting,
no disassembly, no rupture and no fire and if thenocircuit voltage of each test cell or
battery after testing is not less than 90% of dkage immediately prior to this procedure.
The requirement relating to voltage is not applieato test cells and batteries at fully
discharged states.

(COMMENT: the reference to mass loss may be deletess a consequence to the new
definition for leakage where it is referred to it )

38.3.4.2 Test T.2: Thermal test
38.34.2.1 Purpose

This test assesses cell and battery seal integmiyinternal electrical connections. The test
is conducted using rapid and extreme temperatuapges.

38.3.4.2.2  Test procedure

Test cells and batteries are to be stored foraat Isix hours at a test temperature equal to
7572+ 2 °C, followed by storage for at least six hoats test temperature equal to - 40 +
2 °C. The maximum time interval between test tenafpee extremes is 30 minutes. This
procedure is to be repeated-10-times! 10 total cycles are completafter which all test
cells and batteries are to be stored for 24 houesrdient temperature (20 £ 5 °C). For
large cells and batteries the duration of exposutbe test temperature extremes should be
at least 12 hours.

(COMMENT: test procedure T2 see working group repot Paris April 2009 point b,
and working group report Kyoto November 2009 point4)

38.3.4.2.3  Requirement

Cells and batteries meet this requirement if thef@o mass loss,] no leakage, no venting,
no disassembly, no rupture and no fire and if thenocircuit voltage of each test cell or
battery after testing is not less than 90% of dkage immediately prior to this procedure.
The requirement relating to voltage is not applieato test cells and batteries at fully
discharged states.

(COMMENT: see comment under 38.3.3.1.3)
38.3.4.3 Test T.3: Vibration

38.34.3.1 Purpose

This test simulates vibration during transport.
38.3.4.3.2  Test procedure
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Cells and batteries are firmly secured to the ofatf of the vibration machine without

distorting the cells in such a manner as to falthftransmit the vibration. The vibration

shall be a sinusoidal waveform with a logarithmieesp between 7 Hz and 200 Hz and
back to 7 Hz traversed in 15 minutes. This cybl@lse repeated 12 times for a total of 3
hours for each of three mutually perpendicular ntimgnpositions of the cell. One of the

directions of vibration must be perpendicular te thrminal face.

The logarithmic frequency sweep shall differ fols€@nd batteries up to 12 kg (cells and
small batteries), and for batteries 12 kg and ere#drge batteries).

For cells and small batteries—asfolows:from 7 Hz a peak acceleration of } i3
maintained until 18 Hz is reached. The amplitg¢hen maintained at 0.8 mm (1 6 mm
total excursion) and the frequency increased umtippeak acceleration of 8, gccurs
(approximately 50 Hz). A peak acceleration of,8sgthen maintained until the frequency
is increased to 200 Hz.

For large batteries: from 7 Hz to a peak accetmratf 1 g is maintained until 18 Hz is
reached. The amplitude is then maintained at 8 (6 mm total excursion) and the
frequency increased until a peak accelerationgfdtcurs (approximately 25 Hz). A peak
acceleration of 2,gs then maintained until the frequency is increlase200 Hz.

(COMMENT: test procedure T3 see working group repot Paris April 2009 point d,
and working group report Kyoto November 2009 point8)

38.3.4.3.3  Requirement

Cells and batteries meet this requirement if thef@o mass loss,] no leakage, no venting,
no disassembly, no rupture and no fire during gstand after the test andiffthe open
circuit voltage of each test cell or battery dihedfter testing_in its third perpendicular
mounting positioris not less than 90% of its voltage immediatelyoptd this procedure.
The requirement relating to voltage is not applieato test cells and batteries at fully
discharged states.

(COMMENT: test requirement see working group report Kyoto November 2009 point
7 and working group report Washington May 2010 poin 12 - see also comment under
38.3.3.1.3)

38.34.4 Test T.4: Shock

38.34.4.1 Purpose

This test simulates possible impacts during trarispo
38.3.4.4.2  Test procedure

Test cells and batteries shall be secured to #tengemachine by means of a rigid mount
which will support all mounting surfaces of eachtteattery. Each cell or battery shall be
subjected to a half- sine shock of peak accelaerabib150 g and pulse duration of 6
milliseconds. Each cell or battery shall be sulgi@cto three shocks in the positive
direction followed by three shocks in the negatirection of three mutually perpendicular
mounting positions of the cell or battery for aataif 18 shocks.

However, large cells and large batteries shall dilgested to a half-sine shock of peak
acceleration of 50 (gand pulse duration of 11 milliseconds. Each cellbattery is
subjected to three shocks in the positive directidlowed by three shocks in the negative
direction of each of three mutually perpendicularumting positions of the cell for a total
of 18 shocks.

38.3.4.4.3  Requirement
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Cells and batteries meet this requirement if thef@o mass loss,] no leakage, no venting,
no disassembly, no rupture and no fire and if thenocircuit voltage of each test cell or
battery after testing is not less than 90% of dkage immediately prior to this procedure.
The requirement relating to voltage is not applieato test cells and batteries at fully
discharged states.

(COMMENT: see comment under 38.3.3.1.3)
38.3.4.5 Test T.5: External short circuit
38.345.1 Purpose

This test simulates an external short circuit.
38.3.4.5.2  Test procedure

The cell or battery to be tested shall be tempesastabilized so that its external case
temperature reaches 55 + 2 °C and then the cdblatiery shall be subjected to a short
circuit condition with a total external resistarafdess than-®,1 ohm at 55 + 2 °C. This
short circuit condition is continued for at leasteohour after the cell or battery external
case temperature has returned to 55 + 2 °C. Therckattery must be observed for a
further six hours for the test to be concluded.

38.3.4.5.3 Requirement

Cells and batteries meet this requirement if tegternal temperature does not exceed 170
°C and there is no disassembly, no rupture andradfiring the test andithin six hours
ofafterthis test.

(COMMENT: test requirement see working group report Kyoto November 2009 point
7 and working group report Washington May 2010 poin 12)

38.3.4.6 Test T.6: Impact/ Crush
38.34.6.1 Purpose

TFhis-test-simulates—an-impathese tests simulate mechanical abuse from an imgpac

crush that may result in an internal short circuit.

38.3.4.6.2 Test procedure — Impact (applicableylimdrical cells greater than 20 mm in
diameter)

The sample cell or component cell is to be plaged dlat smooth surface. A 15.8 nin
0.1mm diameter, at least 6 cm long, or the longiésiension of the cell, whichever is
greater, Type 316 stainless steel bar is to beedlacross the centre of the sample. A 9.1 kg
+ 0.1 kg mass is to be dropped from a height of @.5tcm at the intersection of the bar
and sample in a controlled manner using a neardniess, vertical sliding track or channel
with minimal drag on the falling mass. The verti¢adck or channel used to guide the
falling mass shall be oriented 90 degrees fronhtiréezontal supporting surface.

The test sample is to be impacted with its longitabaxis parallel to the flat surface and
perpendicular to the longitudinal axis of the 1@ +0.1mm diameter curved surface
lying across the centre of the test sample. Eaafpke is to be subjected to only a single

impact.

38.3.4.6.3  Test Procedure — Crush (applicableismatic, pouch, coin/button cells and
cylindrical cells not more than 20 mm in diameter)

A cell or component cell is to be crushed betweem flat surfaces. The crushing is to be
gradual with a speed of approximately 1.5 cm / thatffirst point of contact. The crushing
is to be continued until the first of the threeiops below is reached.

11
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1. The applied force reaches 13 k¥N).78 kN;

Example: The force shall be applied by a hydratdim with a 32 mm diameter
piston until a pressure of 17 MPa is reached oryideaulic ram.

2. The voltage of the cell drops by at least 100; mV

3. The cell is deformed by 50% or more of its arajithickness.

Once the maximum pressure has been obtained, tteearops by 100 mV or more, or
the cell is deformed by at least 50% of its ori¢jiéckness, the pressure shall be released.

A prismatic or pouch cell shall be crushed by apwythe force to the widest side. A
button/coin cell shall be crushed by applying thecé on its flat surfaces. For cylindrical
cells, the crush force shall be applied perpendidal the longitudinal axis.

Each test cell or component cell is to be subjetdeshe crush only. The test sample shall
be observed for a further 6 h. The test shall ddocted using test cells or component
cells that have not previously been subjected ieraests.

38.3.46.4 Requirement

Cells and component cells meet this requiremerihéfr external temperature does not
exceed 170 °C and there is no disassembly and@dldiring the test and within six hours
after this test.

(COMMENT: test procedure T6 see working group repot Paris April 2009 point f,
working group report Kyoto November 2009 point 9, ad working group report
Washington May 2010 point 7)

38.3.4.7 Test T.7: Overcharge
38.34.7.1 Purpose

This test evaluates the ability of a rechargeald¢teby to withstand an overcharge
condition.

38.3.4.7.2  Test procedure

The charge current shall be twice the manufacturecommended maximum continuous
charge current. The minimum voltage of the teatldle as follows:
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(@)  when the manufacturer's recommended chardgageols not more than 18V,
the minimum voltage of the test shall be the lessetwo times the maximum charge
voltage of the battery or 22V.

(b)  when the manufacturer's recommended chargageis more than 18V, the
minimum voltage of the test shall be 1.2 timesrtteximum charge voltage.

Tests are to be conducted at ambient temperatliree duration of the test shall be 24
hours.

38.3.4.7.3  Requirement

Rechargeable batteries meet this requirement ietteeno disassembly and no fire during
the test andavithin seven days-ddfterthe test.

(COMMENT: test requirement see working group report Kyoto November 2009 point
7 and working group report Washington May 2010 poin 12)

38.3.4.8 Test T.8: Forced discharge
38.34.8.1 Purpose

This test evaluates the ability of a primary oreahargeable cell to withstand a forced
discharge condition.

38.3.4.8.2  Test procedure

Each cell shall be forced discharged at ambienpé&ature by connecting it in series with a
12V D.C. power supply at an initial current equal the maximum discharge current
specified by the manufacturer.

The specified discharge current is to be obtaingdtdnnecting a resistive load of the
appropriate size and rating in series with the ¢efit Each cell shall be forced discharged
for a time interval (in hours) equal to its ratexpacity divided by the initial test current (in
ampere).

38.3.4.8.3  Requirement

Primary or rechargeable cells meet this requirenfetiere is no disassembly and no fire
during the test andithin seven days-ddfterthe test.

(COMMENT: test requirement see working group report Kyoto November 2009 point
7 and working group report Washington May 2010 poin 12)
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