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INTRODUCTION
1 Scope

1.1 These requirements cover primary (nonrechargeable) and secondary (rechargeable) lithium
batteries for use as power sources in products. These batteries contain metallic lithium, or a lithium alloy,
or a lithium ion, and may consist of a single electrochemical cell or two or more cells connected in series,
parallel, or both, that convert chemical energy into electrical energy by an irreversible or reversible
chemical reaction.

1.2 These requirements cover lithium batteries intended for use in technician-replaceable or user-

replaceable

1.3 These
used in a pro
that complies

onlications
PP

requirements are intended to reduce the risk of fire or explosion when_lithidm

with the requirements applicable to such product.

batteries are

duct. The final acceptability of these batteries is dependent on their use in-a complete product

1.4 These fequirements are also intended to reduce the risk of injury to persons due to firg¢ or explosion

when user-re

placeable lithium batteries are removed from a product and discarded.

1.5 These

equirements cover technician-replaceable lithium battefies that contain 5.0 g (0

of metallic lithium. A battery containing more than 5.0 g (0.18)02) of lithium is judged or

compliance
and testtod

1.6 These
metallic lithiu
containing m
further exam
uses.

1.7 These
battery or its
access to thq

2 General

2.1

ith the requirements in this standard, insofar as.they are applicable, and furthe|
termine whether the battery is acceptable for its-intended uses.

equirements cover user-replaceable lithiom batteries that contain 4.0 g (0.13
m with not more than 1.0 g (0.04 oz) of‘'metallic lithium in each electrochemical

nation and test to determine whether the cells or batteries are acceptable for
requirements do not cover the toxicity risk that may result from the ingestio

contents, nor the risk. of injury to persons that may occur if a battery is cut op
metallic lithium.

Units df measurement

18 0z) or less
the basis of
I examination

0z) or less of
cell. A battery

ore than 4.0 g (0.13 oz) or a cell-containing more than 1.0 g (0.04 oz) lithiunp may require

heir intended

h of a lithium
en to provide

2.1.1 Valu

approximate
2.2 Termin

2.2.1
replaceable |

fotad auth ot oot
o OlALlTU WILNTUUL parcliu

information.

h ra-th racramant\/alt H
IMMCOT O aArc uUic 1TCyYuirTITiTlit. valuto 1

ology

ithium batteries.

2.3 Components

2.31

xplanatory or

The terms "lithium battery(ies)" and "battery(ies)" refer to both user-replaceable and technician-

A component of a product covered by this standard shall comply with the requirements for that

component. See Annex A for a list of standards covering components generally used in the products
covered by this standard.
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2.3.2 A protective device shall be used within the ratings of the device. A protective device shall be
evaluated as part of the "Whole Cell" or "Whole Battery" evaluation in accordance with the performance

requirements
3 Glossary

3.1

outlined in this standard.

For the purpose of this standard the following definitions apply.

3.2 BATTERY — General term for (1) A single cell, or (2) a group of cells connected together either in a

series and/or

parallel configuration. May be ready for use or may be an installed component.

N DAL

3.3 BATTER

protective de

3.4 BATTEHR
rechargeable

3.5 BATTEHR
accordance W

3.6 BATTEHR
and replacen
the product.

3.7 BATTEHR
replacement

3.8 CASING
(i.e. AA, C, O
battery. The o

3.9 CELL,

electrodes, el
direct conver
battery pack.

3.10 CELL
discharging i
the cell manu

A o otd | P - <l £, P ol HPEDA | l
I TAAUIN T M\ Uallcly WITIUIT TO |cauy U UotT, LU anmicu 11t d ||y|u CIrIvIVoUIT, W

ices.

Y, PRIMARY — A battery which can only be discharged once. It is not de
and must be protected from a charging current.

Y, SECONDARY - A battery that is intended to be dischargedand recharged n
ith the manufacturer's recommendations.

Y, TECHNICIAN-REPLACEABLE — A battery intended-for use in a product in v
ent of the battery will be done only by a person who*has been trained to servi

Y, USER-REPLACEABLE — A battery intended for use in a product in which
bf the battery may be done by the user.

b — The outer rigid can or flexible_pouch of an individual cell or of a single cell
, etc.) battery that contains thé.internal components of that cell or single cell

COMPONENT — The* basic functional electrochemical unit containing an
ectrolyte, containeriterminals, and usually separators, that is a source of electri
sion of chemical ‘energy. May be ready for use, or may be provided as a cor

OPERATING REGION (lithium ion systems) — The conditions during ¢
which-the cell operates within its voltage and current and temperature range ag
facturer. See Figure 3.1 for a graphic representation of the cell operating region.

th or without

s5igned to be

hany times in

vhich service
ce and repair

service and

standardized
standardized

asing form factors noted for cells in this standard are cylindrical, prismatic, coin and pouch.

assembly of
cal energy by
nponent of a

harging and
specified by
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Figure 3.1
Diagram Representing an Example of a Cell Operating Region

(from the Battery Association of Japan)

3.1
capacity, as s

3.12 COMH
conditions. G

3.13 CURKR
condition.

3.14 DISC}

CHARGED, FULLY — A battery is cdnsidered fully charged when the maximum amou

T4 ~ T, : Low temperature range
T, ~ T3 : Standard temperature range
- Ty ~ T4 : High temperature range
g Maximum charging current (Ic)
5
@]
o
£
(2] o e o ; (o PRy
© OpTTatiing NCgtoir (CUTTreiTt)
5 Charging current, which is I
applied outside of standard i
temperature range | i
l Y
o
o
S
I PR
> L )
o Upper limit of charging voltage
E R ] T
> I
c fae-------53 - A - -
5 Operating Region (Valtage)
i i
i i
1 1
1 1
Y Y
T

T

su0997
bpecified by the manufacturer; is stored in the battery.

ONENT, CURRENT:LIMITING — Any component employed to limit current du
urrent-limiting components include resistors, fuses, or thermal cutoffs.

ENT, ABNORMAL CHARGING — Charging current to a primary cell or batte

1ARGED, COMPLETELY — A primary cell or battery is considered completely

nt of electrical

ing abnormal

'y under fault

discharged if

the closed ci

rclit voltage is less than 0 2 V. when connected to a 100-0 resistive load and th

short-circuit

current has been reduced to less than 1 mA.

3.15 DISCHARGE, FORCED - Discharge of a battery by connection in series with an external power

source so as

to drive the battery into polarity reversal.

3.16 DISCHARGED, FULLY — A condition of the battery representing depletion of 100% of its rated
capacity (for a primary cell or battery) or depletion to its end-point-voltage as specified by the manufacturer
(for a secondary cell or battery).

3.17 DISCHARGED, HALF — A battery is considered half discharged when half of the battery's rated
electrical capacity has been drained from it.

3.18 EXPLOSION — When the cell or battery contents are forcibly expelled and the cell or battery casing
is torn or split into two or more pieces.
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3.19 MATERIAL, TOXIC — Any material having a toxic hazard rating of 2, moderate, in the Sax
Dangerous Properties of Industrial Materials reference book or related reference guide.

3.20 MAXIMUM CHARGING CURRENT (lithium ion systems) — The maximum charging current in the

cell operating

3.21

region, which is specified by the cell manufacturer.

sealed flexible pouch rather than a rigid casing.

3.22 ROOM TEMPERATURE — Approximately 23°C (73°F).

POUCH CELL — A cell which is often prismatic in shape and whose contents are enclosed within a

3.23 UPPERtHMHTFEHARGHINGYOETAGE (:;th;ulll ton DyOtCIIID) —The h;yhcat uhaly;lly Oltage in the
cell-operating region specified by the cell manufacturer. This value is specified by the gell fnanufacturer

and although
specified for {

3.24 VENTI
designed ven

CONSTRUCT
4 General

41 Casing
411
which it may
battery shall
without result

41.2 Acell
A tool provid
capable of op

it is a maximum limit, it may be lower than the maximum charging.voltag
he abnormal charging test.

NG — When the battery or cell electrolyte is emitted as a liquidy. droplets, or
t or through a seal.

[ION

The casing of a lithium battery shall have the strength and rigidity necessary to resist f

be subjected, without resulting in:ddrisk of fire. The casing of a user-replac
have the strength and rigidity necessary to resist the abuses to which it may
ng in a risk of injury to persons.

pf a user-replaceable battery shall be in a rigid casing of sufficient strength to pr
ng the mechanical advantage of a pliers, screwdriver, or hacksaw shall be
ening the user-replaceable cell casing, if opening of the casing will expose meta

Exception: This requirement.does not apply to a cell containing less than 0.02 g (0.0007

metal.

4.2 Electro

yte

e parameter

bapor from a

he abuses to
eable lithium
be subjected

pvent flexing.
he minimum
lic lithium.

bz) of lithium

4.21

A user-replaceable battery shall not contain pressurized vapor or Tiquid that could spray materials

into the eyes or leak more than 5 mL of liquid when the battery casing is punctured under normal
laboratory conditions, 23 +2°C (73 +3.6°F).

4.3 Use

4.3.1

A lithium battery shall be protected from abnormal charging currents during use. A battery tested

and found acceptable for the charging current, I (see Section 11), under fault conditions specified by the
manufacturer, shall be protected from larger charging currents in the end product application by:

a) Two blocking components, such as diodes; or

b) One blocking component and one current limiting component, such as a resistor or a fuse.
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The current limiting component shall limit the charging current to one-third the value used in the Abnormal
Charging Test, Section 11.

Exception No. 1: Charge protection in the battery circuit is not required in end product applications where
a battery cannot be subjected to a charging current, such as a battery operated device.

Exception No. 2: Protection components are not required for specific applications where a battery has
been tested and found not to have a risk of explosion.

Exception No. 3: A rechargeable battery requires only a current limiting component, not a blocking
component.

PERFORMAlNCE
5 General

5.1 Technigian-replaceable batteries
5.1.1 Techn
Section 12,

multicell app

ician-replaceable lithium cells or batteries are to be tested«as’described in Sec
-orced-Discharge Test, is applicable only to cells intended to be used in seri
ications such as battery packs. For multicell installations, also see 5.3.1.

ions 10 — 20.
es-connected

5.1.2 Wher

14, or the R
aluminum te
replaceable

from, any conditions shown to cause a fire or explasion.

5.1.3 Cells
Temperature
not leak or v¢
mass loss ex

a fire or explosion occurs as a result of the Crush Test, Section 13, the Impact]
ound Bar Crush Test, Section 14A, or the_cell or battery ruptures to the e
st cage is penetrated during the Projectile Test, Section 20; the use of t
Cell or battery shall be restricted to applications in which it is not exposed to, g

and batteries subjected to the Shock Test, Section 15, Vibration Test,
Cycling Test, Section 18, and-Low Pressure (Altitude Simulation) Test, Section
ent. For these tests, unacceptable leakage is determined to have occurred wher,
ceeds the values shown in Table 5.1, Venting and leakage mass loss criteria.

Table 5.1
Venting and Leakage Mass Loss Criteria

Test, Section
tent that the
ne technician
r is protected

Section 16,
19, shall also
the resulting

Mass-of cell or battery Maximum mass % loss

Not more than 1 g 0.5
ML Utildll1.09:1”\.1‘IIUtIIIUIUﬁIdIIG.Gy 02
More than 5.0 g 0.1

5.2 User-replaceable batteries

5.21

User-replaceable lithium cells or batteries are to be tested as described in Sections 10 — 20.

Section 12, Forced-Discharge Test, is applicable only to cells intended to be used in series-connected,
multicell applications such as battery packs. In addition to complying with the requirements for a technician
replaceable cell or battery as specified in 5.1.1, a user-replaceable cell or battery shall not explode or
ignite when subjected to the Crush Test, Section 13, or the Impact Test, Section 14. A user-replaceable
battery shall comply with the requirements for Sections 10 — 20 and with the applicable construction
requirements outlined in Section 4. Secondary lithium cells shall not be considered user-replaceable.
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5.2.2 Sets of five specimens each are to be used for the Projectile Test, Section 20; see Table 6.1. When
only one specimen from a set of five does not comply with the requirements, another set of five specimens
is to be tested. All specimens from this second set shall comply with the requirements.

5.3 Multicell installations

5.3.1 A technician-replaceable or user-replaceable cell intended for use in multicell installations or
battery packs shall also be tested as described in 10.3 and Section 12. No fire or explosion shall occur as
a result of these tests. In addition, batteries subjected to the test described in 10.3 shall meet the
requirements as described in 5.1.1 and 5.2.1 for a cell or battery subjected to the Short-Circuit Test,
Section 10.

6 Samples

6.1 Fully chprged primary cells or batteries and primary cells or batteries that haye been conditioned by
partial or complete discharge, or both, are to be used for the tests described in\Sections 10 — 20. The
number of sgmples to be used in each test for a primary cell or battery is shown in Table |6.1. When a
group of cells or batteries of different sizes, but similar chemistries, is involved, sedlected sizes
representative of the range are to be tested.

Table 6.1
Number of Batteries to be Used in Each Test for Primary Batteries

Conditioning of batteries
Clpmplete
Test Fully-charged One half discharged? digcharged
Electrical Testp
Short-Circult®
at room temp erature 5 5 -
at 55°C (131°F) 5 5 -
Abnormal Jharge 5 5 5
Forced-Dis¢harge® 5 5 -
Mechanical Tepts
Crush 5 5 -
Impact/Roupd Bar Crush? 5 5 -
Shock 5 5
Vibration 5 5
EnvironmentalTests
Heating 5 5 -
Temperature Cycling 5 5 5
Low Pressure (Altitude Simulation) 5 5 5

Fire Exposure Test®
Projectile 5(10) - -
2 Only cells with a liquid cathode, such as thionyl chloride or sulfur dioxide, are conditioned by one-half discharge.

® For multi cell use, see 10.3.
¢ For series use only, see 12.2 for details on samples.

9 For cylindrical cells and prismatic cells, use the Impact Test, Section 14; for pouch cells use either the Impact Test, Section 14 or
the Round Bar Crush Test, Section 14A.

¢ The projectile test may be waived on those primary cells intended for only technician replacement applications (i.e. liquid
cathode types).
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6.2 Fully charged secondary cells or batteries and secondary cells or batteries that have been
conditioned by charge-discharge cycling are to be used for the tests described in Sections 10 — 20. The
number of samples to be used in each test for a secondary cell or battery is shown in Table 6.2. When a
group of cells or batteries of different sizes, and similar chemistries is involved, selected sizes
representative of the range are to be tested.

Number of Batteries to be Use-{jait::%gfh Test for Secondary Batteries
Batteries
conditioned by
charge-discharge
Test Fully charged cycling
Electrical Tesfs
Short-Circyit®
at roonp temperature 5 5
at 55°¢ (131°F) 5 5
Abnormal Charge 5 5
Forced-Digcharge® 5 5
Mechanical Te¢sts
Crush? 5 5
Impact/Rofind Bar Crush® 5 5
Shock 5 5
Vibration 5 5
Environmentgl Tests
Heating 5(10)° 5(10)°
Temperature Cycling 5 5
Low Presslre (Altitude Simulation) 5 5
Fire Exposurg Test
Projectile® 5(10) -
2 For multicell yise, see 10.3.
® For series usk only, see 12.2 for details on samples.
¢ For lithium iop cells due to need totest cells conditioned at the operating region boundaries per 6.3 — 6.5.
4 For cylindricgl cells and pfismatic cells, use the Impact Test, Section 14; for pouch cells use either the Impact Tes{, Section 14 or
the Round Bar|Crush Test,\Section 14A.
¢ Five more samples‘may be retested if there is a noncompliance in the first set of five tested.

6.3 Prior to conducting the testing in Section 17, the lithium ion cell samples shall be pre-conditioned as
outlined in 6.4 and 6.5.

6.4 For the heating test of Section 17, two sets of five lithium ion cell samples are to be fully discharged
(i.e. to the manufacturer's specified end point voltage). The samples are then placed in a test chamber and
conditioned for 1 to 4 h (5 samples at the upper temperature limit and 5 samples at the lower temperature
limit of the operating region) as outlined in Table 6.3.
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Table 6.3
Standard Conditioning and Charging Parameters for Lithium lon Cells
Upper limit charging Maximum charging Upper temperature Lower temperature

Chemistry voltage current limit® limit®

Vdc A °C (°F) °C (°F)

Lithium cobalt oxide 4.25 Specified by the 45 (113) 10 (50)
systems manufacturer

other® Specified by the Specified by the c d

manufacturer manufacturer

@ Shown as "T5" in Figure 3.1.
® Shown as "T," in Figure 3.1.

temperature li
¢ Manufactures|

stability of the
results of the he

¢ If the manufadturer's specified upper temperature limit is greater than 45°C (113°F), use the manufacturer's spédifi
temperature linit plus 5°C (9°F), otherwise use 45°C (113°F).

9 If the manufadturer's specified lower temperature limit is less than 10°C (50°F), use the manufacturer's spécified Id

it minus 5°C (9°F), otherwise use 10°C (50°F).
that specify a higher upper limit charging voltage or charging temperatures above or/bélow standard

established forinthium cobalt oxide systems, are to provide data such as test results and other engineering analysisrrupporting the

stem at these other specified standard charging parameters. Ultimately compliance will be determi
ating test of Section 17.

ed upper

wer

limits

ed by the

6.5 While st

ill in the test chamber set at the temperature limits,+4he samples are charged (

the upper tenpperature limit and 5 samples at lower temperaturedimit) at the specified maxin

current and
Charging is g

Lpper limit charging voltage per Table 6.3, using a constant voltage charg
ontinued until the charge current is reduced to-the specified end of charge c(

0.05 times th¢ charge current).

7 Conditioning of Samples

71

711 Prima
that provide
temperature.
by one-half di

7.1.2 Forsdg

Dischange

'y batteries are to be completely discharged by connecting their terminals thro
the desired level of discharge within 60 days. Batteries are to be dischar
Cells with a liquid cathode such as thionyl chloride or sulfur dioxide, shall also bg
Scharge.

lid electralyte and other types of primary lithium batteries that cannot be dischar

days becaus

b of the small currents they inherently produce, longer discharge times plus

recommendefl.diseharge procedures are to be followed so as to obtain the required discharg

b samples at
um charging
ing method.
nditions (i.e.

ugh resistors
ped at room
e conditioned

jed within 60
discharge at
anufacturer's
e level in the

higher tempsFratures may be used to obtain the desired level of discharge. The m

minimum time-

7.2 Charge-discharge cycling

7.21

Secondary cells are to be conditioned at 25°C (77°F). Cells are continuously cycled as per the

manufacturer's specifications. The specification shall be such that the full rated capacity of the cell is
utilized and the number of cycles accumulated shall be at least equal to 25% of the advertised cycle life of
the cell or cycled continuously for 90 days, whichever is shorter. Cycling is to be done either individually or
in groups. Cells are to be recharged prior to testing as indicated in Table 6.2.

8 Important Test Considerations

8.1 Some lithium batteries are capable of exploding when the tests described in Sections 10 — 20 are
conducted. It is important that personnel be protected from the flying fragments, explosive force, sudden
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release of heat, and noise that results from such explosions. The test area is to be well ventilated to
protect personnel from possible harmful fumes or gases.

8.2 As an additional precaution, the temperatures on the surface of the battery casings shall be
monitored during the tests described in Sections 10, 11, 12, 13, and 14. All personnel involved in the
testing of lithium batteries are to be instructed never to approach a lithium battery while the surface
temperature exceeds 90°C (194°F) and not to touch the lithium battery while the surface temperature

exceeds 45°C (113°F).

8.3 For protection, the Projectile Test, Section 20 is to be conducted in a room separate from the

observer.

9 Temperakure Measurements

9.1
(0.21 mm?) 3

9.2 The tern
thermocoupl

Exception: P|

TESTS FOR

ELECTRICAL TESTS

10 Short-Gircuit Test

10.1 Each

terminals of {he battery with a circuit load having a resistance load of 80 +20 mQ. The temp

battery case
obtained, or
temperature
not reach 0.
battery (cell)

10.2 Tests
reach equilib

nd not smaller than 30 AWG (0.05 mm?) and a potentiometer-type instrument.

hperature measurements on the batteries are to be made with. the measuring j
e held tightly against the metal casing of the battery.

acing the thermocouple on a thin piece of paper or labél.is an acceptable practig

TECHNICIAN-REPLACEABLE AND USER-REPLACEABLE BATTERIES

est sample battery, in turn, is te be short-circuited by connecting the positive

is to be recorded during,the test. The battery is to discharge until a fire o
until it has reached .a‘completely discharged state of less than 0.2 V and the
has returned to £10°C*(x18°F) of ambient temperature. The voltage at the end o
PV due to operation of protective devices in the circuit. The return to near a
casing in an indication of ultimate results.

are to bbeconducted at 20 +5°C (68 £9°F) and at 55 +5°C (131 £9°F). The bg
Fium at-20 +5°C or 55 +5°C, as applicable, before the terminals are connected.

Temperatures are to be measured by thermocouples consisting of wires not larger than 24 AWG

Linction of the

e.

and negative
erature of the
explosion is
battery case
f the test may
mbient of the

tteries are to

10.3 A batt

eTy 15 10 be testedindividuatty untess the manufacturer indicates thatitis nten

led for use in

series or parallel. For series or parallel use, additional tests on five sets of batteries are to be conducted
using the maximum number of batteries to be covered for each configuration.

10.4 When an overcurrent protective device activates during the test, the test shall be repeated with the
battery supply connected to the maximum load that does not cause the protective device to open.
Protective devices that are relied upon to meet the compliance criteria for the short circuit test shall comply
with 2.3.1.

10.5 The samples shall not explode or catch fire.
11 Abnormal Charging Test

11.1  Primary cells or batteries shall comply with 11.2 - 11.7.
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11.2 Cells or batteries conditioned in accordance with Table 6.1, as applicable, are to be used for this
test. The batteries are to be tested in an ambient temperature of 20 £5°C (68 +9°F).

11.3 Each test sample battery is to be subjected to a charging current of three times the current I,
specified by the manufacturer by connecting it in opposition to a dc-power supply. The specified charging
current is to be obtained by connecting a resistor of the specified size and rating in series with the battery.
The test charging time is to be calculated using the formula:

_25C

CETA

In which:
t. is the charging time in hours;
C is the capacity of the cell/battery in ampere-hours; and

I is the maximum charging current, in amperes, specified by the manufacturer.
The minimum charging time is to be 7 h.

Exception: Al the manufacturer's discretion, test currents greater'than the specified three ffmes rated I,
can be applie[ to expedite the test timeframe, with the minimum.charging time as 7 h.

11.4 When p non-resettable overcurrent or protectivecdevice operates during the test, the|test is to be
repeated at @ charge current below the level that_the protective device operates. When|a resettable
protective deyice operates during the test, the protector is allowed to reset to a total of 10 cycles; or until
the appropriate charging time has been completed; but not less than 7 h. Protective devices that are relied
upon to meetfthe compliance criteria for the abnormal charging test shall comply with 2.3.1.

11.5 The samples shall not explode or gatch fire.
11.6  Secondlary cells or batteries:shall comply with 11.7 — 11.10.

11.7 Cells gr batteries conditioned in accordance with Table 6.2, as applicable, are to be Jused for this
test. The battgries are to)be tested in an ambient temperature of 20 £5°C (68 £9°F).

11.8 Each tgst sample battery is to be discharged at a constant current of 0.2 C/1 h, to a manufacturer
specified disgharge endpoint voltage. The cell or battery is then to be charged with a constant maximum
specified outputvottage—and=acurrenttimitof threetimesthe maximumchargingcorrent, 15, specified by
the manufacturer. Charging duration is to be 7 h or the time required to reach the manufacturer's specified
end-of-charge condition, whichever is greater.

11.9 When a non-resettable overcurrent or protective device operates during the test, the test shall be
repeated at an overcharging current below the level that the protection device operates. When a resettable
protective device operates during the test, the protector is to be allowed to reset to a total of 10 cycles; or
until the appropriate charging time has been completed, but not less than 7 h. Protective devices that are
relied upon to meet the compliance criteria for the abnormal charging test shall comply with 2.3.1.

11.10 The samples shall not explode or catch fire.
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12 Forced-Discharge Test

12.1 This test is intended for cells that are to be used in series-connected, multicell applications, such as
battery packs.

12.2 A fully discharged cell is to be force-discharged by connecting it in series with fully charged cells of
the same kind. The number of fully charged cells to be connected in series with the discharged cell is to
equal the maximum number less one of the cells to be covered for series use. Five cells are to be fully
discharged, at room temperature.

12.3 Once the fully discharged cell is connected in series with the specified number of fully charged cells
the resultant hgﬂ'nry pgr\l{ istaobha shart circuited

12.4 The ppsitive and negative terminals of the sample are to be connected with a résistance load of 80
120 mQ. The sample is to discharge until a fire or explosion is obtained, or untit it has reached a
completely discharged state of less than 0.2 V and the battery case temperature.has returmed to +10°C
(18°F) of ampient temperature. The voltage at the end of the test may not reach-0.2 V due tp operation of
protective dgvices in the circuit. The return to near ambient of the cell casing is an indicatipn of ultimate
results.

12.5 When|an overcurrent protective device operates during the-test, the test shall be repgated with the
battery supply connected to the maximum load that does not\cause the protective deyice to open.
Protective dgvices that are relied upon to meet the compliance criteria for the forced discharge test shall
comply with 2.3.1.

12.6 The samples shall not explode or catch fire.

MECHANICALTESTS
13 Crush Test

13.1 A battery is to be crushed betwéeen two flat surfaces. The force for the crushing is to be applied by a
hydraulic ranm or similar force mechanism. The flat surfaces are to be brought in contact with the cells and
the crushinglis to be continued until an applied force of 13 £1 kN (3000 £224 Ibs) is reached. Once the
maximum folce has been obtained it is to be released.

13.2 A cylindrical, pouch or prismatic cell is to be crushed with its longitudinal axis pardflel to the flat
surfaces of the crushing apparatus. A prismatic cell is also to be rotated 90° around its longitdinal axis so
that both the|wide.and narrow sides will be subjected to the crushing force. Each sample is td be subjected
to a crushingforce inonly one direction. Separate samples are to be used for each tes

Exception: For lithium ion systems, a cylindrical, pouch or prismatic cell is to be crushed with its
longitudinal axis parallel to the flat surfaces of the crushing apparatus. Each sample is to be subjected to a
crushing force in only one direction. Test only the wide side of pouch and prismatic cells.

13.3 A coin or button battery is to be crushed with the flat surface of the battery parallel with the flat
surfaces of the crushing apparatus.

13.4 The samples shall not explode or catch fire.


https://ulnorm.com/api/?name=UL 1642 2022.pdf

16 UL 1642 OCTOBER 12, 2022

14 Impact Test

14.1 A test sample battery is to be placed on a flat surface. A 15.8 £0.1-mm (5/8 +0.004-in) diameter bar
is to be placed across the center of the sample. A 9.1 £0.46-kg (20 +1-Ib) weight is to be dropped from a
height of 610 £25 mm (24 %1 in) onto the sample. See Figure 14.1.

Figure 14.1

Impact Test

¢

A

A EH D
N
ﬁ
L F
sm1025b

14.2 A cylindrical, pouch-or prismatic cell is to be impacted with its longitudinal axis parallel to the flat
surface and perpendieular to the longitudinal axis of the 15.8-mm (5/8-in) diameter curved [surface lying
across the cgnter of\the test sample. A prismatic cell is also to be rotated 90° around its longitudinal axis
so that both the wide and narrow sides are subjected to the impact. Each sample is to be subjected to only
a single impagt:Separate samples are to be used for each test.

Exception No. 1: For lithium ion systems, a cylindrical, pouch or prismatic cell is to be impacted with its
longitudinal axis parallel to the flat surface and perpendicular to the longitudinal axis of the 15.8-mm (5/8-
in) diameter curved surface lying across the center of the test sample. Each sample is to be subjected to
only a single impact. Test only the wide side of pouch and prismatic cells.

Exception No. 2: Pouch cells not evaluated to this test, and with a capacity greater than 300 mAh, shall
comply with the Round Bar Crush Test in Section 14A.

14.3 A coin or button battery is to be impacted with the flat surface of the test sample parallel to the flat
surface and the 15.8-mm (5/8-in) diameter curved surface lying across its center.

14.4 The samples shall not explode or catch fire.
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14A Round Bar Crush Test

14A.1  With reference to Exception No. 2 in 14.2, pouch cells not evaluated with the Impact Test in
Section 14 and with a capacity greater than 300 mAh shall be evaluated with this test.

14A.2 The sample shall be fully charged with the method recommended by the manufacturer.

14A.3 The sample shall be positioned on a flat surface with a 25 +1 mm (1 +0.039 in) diameter steel
round bar placed on top of the sample. The edge of the bar is to be aligned with the top edge of the cell
body, with the longitudinal axis of the bar perpendicular to the tab of the cell. The bar shall extend beyond
the width of the test sample on each side by at least 5 mm (0.197 in) as shown in Figure 14A.1. A preload

measured in

pressure of Q-4

14A.5 and th

NOTE: A sampl
motion, to elimir|

14A.4 For (
the crush for
of samples fq

14A5 After
thickness of
Measuring M
the Standarg
Secondary L
Secondary G

0.6 N/em?2 (ﬁ 58 _ 087 pei) shall ho npplinr{ bhefore the campln thickness i

b crush force in 14A.6 is applied. See 14A.4.

E may be taped, glued or clamped to the flat surface, avoiding obstructing the round bar placemen|
ate any unevenness between the sample and the flat test surface.

ells with the positive tab and negative tab on opposite sides, the bar placement
Ce application in 14A.6 are applied on each side of the cell nearthe tabs, using
r each side.

the bar placement per 14A.3 or 14A.4 and the préload pressure is applied p
the sample shall be measured allowing a tolerance of +0.1 mm (£0.039 i
ethod of Cell Thickness in the Annex for Dimensions of the Cell with a Laminatg

for Secondary Cells and Batteries Containing Alkaline or Other Non-Acid
thium Cells and Batteries for Portable Applications — Part 3: Prismatic and Cylin
ells, and Batteries Made from Them, IEC 61960-3.

14A.6 A crysh force shall be applied onto the round bar, with a crushing direction of 90 +1

crushing dire
vertical direg

ction and round bar and the crushing direction and test platform. The displa
tion shall be measured. The moving speed of the crush plate is to be no

I and crush plate

in 14A.3 and
A different set

er 14A.3, the
n), using the
Film Case in
Electrolytes —
drical Lithium

between the
tement in the
greater than

0.1 mm/s (0.p04 in/s). The displacement of the crush plate shall be stopped and held for 30 § once the cell
deformation feaches 13 £1% of the cell thickness (starting from the preload thickness measyred in 14A.5)
or the crush [force reaches the-force value in Table 14A.1, whichever comes first. See Figyre 14A.1 and
Figure 14A.2
14A.7 The pample shall'not explode or catch on fire.
Table 14A.1
Round Bar Crush Test Crush Force
Cell width Force
mm (in) kN (Ibf)
0<25 (0<0.98) 1 (224.8)
>25<30 (>0.98<1.18) 3 (674.4)
>30<40 (>1.18 < 1.57) 4 (899.2)
>40<50 (>1.57<1.97) 5 (1124.0)
>50<60 (>1.97 2.36) 6 (1348.9)
>60<65 (>2.36 <2.56) 7 (1573.7)
>65<70 (>2.56 <2.76) 8 (1798.5)
>70<75 (>2.76 2.95) 10 (2248.1)
>75 (>2.95) 13 (2922.5)
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Figure 14A.1
3D Model of Round Bar Crush Test

su4529

Figure 14A.2
Set Up of Round Bar Crush Test

Speed of
crush plate
0.1 mm/s
(0.004 in/s)

Crush plate

/

225 +1 mm
Edge of round bar (1£0.039in)

\ ‘ Round bar

-

Tab

su4530

15 Shock Test

15.1 The cell is to be secured to the testing machine by means of a rigid mount which supports all
mounting surfaces of the cell. Each cell shall be subjected to a total of three shocks of equal magnitude.
The shocks are to be applied in each of three mutually perpendicular directions unless it has only two axes
of symmetry in which case only two directions shall be tested. Each shock is to be applied in a direction
normal to the face of the cell. For each shock the cell is to be accelerated in such a manner that during the
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initial 3 ms the minimum average acceleration is 75 g (where g is the local acceleration due to gravity).
The peak acceleration shall be between 125 and 175 g. Cells shall be tested at a temperature of 20 + 5°C

(68 + 9°F).

15.2 The samples shall not explode or catch fire. In addition, the sample shall not vent or leak as
described in 5.1.1.

16 Vibration Test

16.1
mm (0.06 in)

total maximum excursion].

A battery is to be subjected to simple harmonic motion with an amplitude of 0.8 mm (0.03 in) [1.6

16.2 The fr
than 90 nor n
battery that h

16.3 The s
described in

ENVIRONMLI
17 Heating

17.1 A batt
20 +5°C (68
a temperatu
temperature
(212°F), the
1+3.6°F) abo
chemistry, th

17.2 The samples shall not explode or catch fire.

18 Tempern

18.1

a) R3

The batteries are)to be placed in a test chamber and subjected to the following cycles:

bquency is to be varied at the rate of 1 Hz/min between 10 and 55 Hz, and-fefx
nore than 100 min. The battery is to be tested in three mutually perpendiculardir
as only two axes of symmetry, the battery is to be tested perpendicular.to €ach 3

amples shall not explode or catch fire. In addition the samplé shall not ve
b.1.1.

ENTAL TESTS

Test

+9°F). The temperature of the oven is to be¥aised at a rate of 5 +2°C (9 +3.6°F)
re of 130 +2°C (266 13.6°F) and remain for 10 min. The sample shall rg
(20 £5°C) and then be examined. For batteries specified for temperatures
conditioning temperature shall be-increased from 130 +2°C (266 +£3.6°F), to
ve the manufacturers maximum’ specified temperature. For a battery of
b conditioning temperature shall be increased to a maximum of 170 +2°C (338 +

ature Cycling Fest

rn in not less
ections. For a
Xis.

nt or leak as

ery is to be heated in a gravity convection or_cirCulating air oven with an initial t¢gmperature of

per minute to
turn to room
above 100°C
30 +2°C (86
lithium metal
B3.6°F).

isingsthe” chamber-temperature to 70 £3°C (158 +5°F) within 30 min and maintaining this
tempTrature for 4 h.

b) Reducing the chamber temperature to 20 £3°C (68 +5°F) within 30 min and maintaining this
temperature for 2 h.

¢) Reducing the chamber temperature to minus 40 +3°C (minus 40 +5°F) within 30 min and

maint
d)Ra

e)Re

aining this temperature for 4 h.
ising the chamber temperature to 20 £3°C (68 +5°F) within 30 min.

peating the sequence for a further 9 cycles.

f) After the 10th cycle, storing the batteries for a minimum of 24 h, at a temperature of 20 +5°C (68

+9°F)

prior to examination.

18.2 The samples shall not explode or catch fire. In addition, the samples shall not vent or leak as
described in 5.1.1.
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