SECTION 38

38.3 Amend to read as follows:
"38.3 Lithium metal and lithium ion batteries
38.3.1 Purpose

This section presents the procedures to be fotldeethe classification of lithium metal and
lithium ion cells and batteries (see UN Nos. 303091, 3480 and 3481, and the applicable special
provisions of Chapter 3.3 of the Model Regulations)

38.3.2 Scope

38.3.2.1 All cell types shall be subjected to télsts to T.6 and T.8. All non-rechargeable battery
types, including those composed of previously testells, shall be subjected to tests T.1 to T.9. Al
rechargeable battery types, including those contba$ereviously tested cells, shall be subjectedests
T.1 to T.5 and T.7. In addition, rechargeable €ngell batteries with overcharge protection shal b
subjected to test T.7. A component cell that istremisported separately from the battery it is pareeds
only to be tested according to tests T.6 and T.&omponent cell that is transported separately ftioen
battery shall be tested as a cell.

38.3.2.2 Lithium metal and lithium ion cells andtbdes shall be subjected to the tests, as ratjuire
by special provisions 188 and 230 of Chapter 3.3hef Model Regulations prior to the transport of a
particular cell or battery type. Cells or battensch differ from a tested type by:

(@) For primary cells and batteries, a change ofemban 0.1 g or 20% by mass,
whichever is greater, to the cathode, to the anadi® the electrolyte;

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

(c) A change that would lead to failure of anylud tests,
shall be considered a new type and shall be sialj¢c the required tests.

NOTE: The type of change that might be considered fferdirom a tested type, such that it might
lead to failure of any of the test results, mayude, but is not limited to:

(& A change in the material of the anode, théadé, the separator or the electrolyte;
(b) A change of protective devices, including kaark and software;

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

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

(e) A change in connecting mode of component cells

In the event that a cell or battery type does negtnone or more of the test requirements, stepktehtaken
to correct the deficiency or deficiencies that emuthe failure before such cell or battery typeetested.

38.3.2.3 For the purposes of classification, thieddng definitions apply:

Aggregate lithium contembeans the sum of the grams of lithium content eoeathby the cells comprising a
battery.
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Batterymeans two or more cells which are electrically amted together and fitted with devices necessary
for use, for example, case, terminals, marking jprudective devices. A single cell battery is corsidl a
"cell" and shall be tested according to the testemuirements for "cells" for the purposes of thedél
Regulations and this Manual (see also the defimiiio "cell”).

NOTE: Units that are commonly referred to as "battery k&i¢ "modules” or "battery assemblies"
having the primary function of providing a sourck ppwer to another piece of equipment are for the
purposes of the Model Regulations and this Mamealtéd as batteries.

Button cell or batteryneans a round small cell or battery when the dieegght is less than the diameter.
Cell means a single encased electrochemical unit (osiéygoand one negative electrode) which exhibits a
voltage differential across its two terminals. Unttee Model Regulations and this Manual, to theseixthe
encased electrochemical unit meets the definitidlea|" herein, it is a "cell”, not a "battery"egardless of
whether the unit is termed a "battery" or a "singhl battery" outside of the Model Regulations dhid
Manual.

Component celineans a cell contained in a battery.

Cyclemeans one sequence of fully charging and fullgldisging a rechargeable cell or battery.
Disassemblymeans a vent or rupture where solid matter frognant of a cell or battery penetrates a wire
mesh screen (annealed aluminium wire with a diane#t®.25 mm and grid density of 6 to 7 wires per)c
placed 25 cm away from the cell or battery.

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

Fire means that flames are emitted from the test cddhtery.

First cyclemeans the initial cycle following completion of mlanufacturing processes.

Fully chargedmeans a rechargeable cell or battery which has blstrically 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 beenraalty discharged to its endpoint voltage as
specified by the manufacturer.

Large batterymeans a lithium metal battery or lithium ion batteith a gross mass of more than 12 kg.
Large cellmeans a cell with a gross mass of more than 500 g.

Leakagemeans the visible escape of electrolyte or otregerral from a cell or battery or the loss of miater
(except battery casing, handling devices or ladetsh a cell or battery such that the loss of mas=eds
the values in Table 38.3.1.

Lithium contentis applied to lithium metal and lithium alloy celand batteries, and for a cell means the
mass of lithium in the anode of a lithium metallithium alloy cell, which for a primary cell is mgared
when the cell is in an undischarged state and foechargeable cell is measured when the cell iy ful
charged. The lithium content of a battery equaésgbm of the grams of lithium content containedhia
component cells of the battery.
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Lithium ion cell or batterymeans a rechargeable electrochemical cell orrlgatiewhich the positive and
negative electrodes are both intercalation comps(imercalated lithium exists in an ionic or quagimic

form with the lattice of the electrode material)nstructed with no metallic lithium in either eleude.

A lithium polymer cell or battery that uses lithiuion chemistries, as described herein, is regulaka
lithium ion cell or battery.

Mass lossneans a loss of mass that exceeds the valuedbia 3&.3.1 below.

Table 38.3.1; Masslosslimit

Mass M of cdl or battery Mass loss limit
M<1lg 0.5%
lg<M<75¢g 0.2%
M>75¢g 0.1%
NOTE: In order to quantify the mass loss, the followprgcedure is provided:

—M=M)_ 100

Mass loss (%) = M
1

where M is the mass before the test and idthe mass after the test. When mass loss does
not exceed the values in Table 38.3.1, it shatdesidered as "no mass loss".

Nominal energy or Watt-hour ratingxpressed inwatt-hours, means the energy value of a cell adiebat
determined under specified conditions and declasethe manufacturer. The nominal energy is caledlat
by multiplying nominal voltage by rated capacitypesssed in ampere-hours.

Nominal voltageneans the approximate value of the voltage usddsmnate or identify a cell or battery.

Open circuit voltaganeans the voltage across the terminals of a cddatiery when no external current is
flowing.

Primary cell or battery means a cell or battery whichasdesigned to be electrically charged or recharged

Prismatic cell or batteryneans a cell or battery whose ends are similaigleand parallel rectilinear figures,
and whose sides are parallelograms.

Protective devicemeans devices such as fuses, diodes and cumrétdrs which interrupt the current flow,
block the current flow in one direction or limiteleurrent flow in an electrical circuit.

Rated capacityneans the capacity, in ampere-hours or milliamperes, of a cell or battery as measured
by subjecting it to a load, temperature and voltageoff point specified by the manufacturer.

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

(1) IEC 61960 (First Edition 2003-12) : Secondarglls and batteries containing
alkaline or other non-acid electrolytes — Secondéhjum cells and batteries for portable applicatis;

2 IEC 62133 (First Edition 2002-10): Secondarglle and batteries containing
alkaline or other non-acid electrolytes — Safetguieements for portable sealed secondary cells, famd
batteries made from them, for use in portable ajapions;

3) IEC 62660-1 (First Edition 2011-01): Secondétigium-ion cells for the propulsion
of electric road vehicles — Part 1: Performancdites

Rechargeableell or battery means a cell or battery whichasigned to be electrically recharged.
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Rupturemeans the mechanical failure of a cell containebaitery case induced by an internal or external
cause, resulting in exposure or spillage but nettajn of solid materials.

Short circuitmeans a direct connection between positive anativegterminals of a cell or battery that
provides a virtual zero resistance path for curfiem.

Single cell batterymeans a single electrochemical unit fitted witides necessary for use, for example,
case, terminals, marking and protective devices.

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 tharg500

Typemeans a particular electrochemical system andiqgadydesign of cells or batteries.
Undischargedmeans a primary cell or battery that has not vdsally or partly discharged.

Ventingmeans the release of excessive internal pressome dr cell or battery in a manner intended by
design to preclude rupture or disassembly.

Watt-hour rating seeNominal energy

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 to be testecésifollows:

(@) When testing primary cells and batteries undsts T.1 to T.5 the following shall be
tested in the quantity indicated:

(i)  ten cells in undischarged states;

(i)  ten cells in fully discharged states;

(i)  four small batteries in undischarged states;
(iv) four small batteries in fully discharged stsit

(v) four large batteries in undischarged stated; an

(vi) four large batteries in fully discharged state

(b)  When testing rechargeable cells and battendemtests T.1 to T.5 the following shall
be tested in the quantity indicated:

()  ten cells at first cycle, in fully charged s;

(i)  four small batteries at first cycle, in fulgharged states;

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

(v) two large batteries after 25 cycles endinguityfcharged states.

(c) When testing primary and rechargeable celdeurtest T.6, the following shall be
tested in the quantity indicated:

() for primary cells, five cells in undischargesfates and five cells in fully
discharged states;

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

(e)

(f)

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

(iv) for component cells of rechargeable batterie® cells at first cycle at 50% of
the design rated capacity.

When testing rechargeable batteries or rechbigesingle cell batteries under test T.7,
the following shall be tested in the quantity iradex:

()  four small batteries at first cycle, in fullyharged states;

(i)  four small batteries after 50 cycles endindlly charged states;

(i) two large batteries at first cycle, in fulgharged states; and

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

Batteries not equipped with overcharge protecti@t tire designed for use only in a

battery assembly, which affords such protectioa,rat subject to the requirements of
this test.

When testing primary and rechargeable cellsa@mponent cells under test T.8, the
following shall be tested in the quantity indicated

()  ten primary cells in fully discharged states;

(i) ten primary component cells in fully dischatjstates;

(i) tenrechargeable cells, at first cycle itlywdischarged states;

(iv) tenrechargeable component cells, at firgleyn fully discharged states;
(v) ten rechargeable cells after 50 cycles entlirfglly discharged states; and

(vi) ten rechargeable component cells after 50esyending in fully discharged
states.

When testing a battery assembly in which thgragate lithium content of all anodes,
when fully charged, is not more than 500 g, ohim ¢ase of a lithium ion battery, with

a Watt-hour rating of not more than 6 200 Watt-sotimat is assembled from batteries
that have passed all applicable tests, one battsgmbly in a fully charged state shall
be tested under tests T.3, T.4 and T.5, and, intiaddtest T.7 in the case of a

rechargeable battery assembly. For a rechargeattteryp assembly, the assembly
shall have been cycled at least 25 cycles.

When batteries that have passed all applicable &gstelectrically connected to form a battery mbde in
which the aggregate lithium content of all anoddsen fully charged, is more than 500 g, or in thsecof a
lithium ion battery, with a Watt-hour rating of neothan 6 200 Watt-hours, that battery assembly does
need to be tested if it is equipped with a systapable of monitoring the battery assembly and priveg
short circuits, or over discharge between the battén the assembly and any overheat or overchafrjee

battery assembly.

38.34

Procedure

Tests T.1 to T.5 shall be conducted in sequencth®rsame cell or battery. Tests T.6 and
T.8 shall be conducted using not otherwise teswls ©r batteriesTest T.7 may be conducted using
undamaged batteries previously used in tests TT15idor purposes of testing on cycled batteries.
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38.34.1 Test T.1: Altitude simulation
38.34.1.1 Purpose

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

Test cells and batteries shall be stored at aspresf 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 them leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit agh of each test cell or battery after testingoisl@ss than
90% of its voltage immediately prior to this proaesl The requirement relating to voltage is notliapple
to test cells and batteries at fully dischargetkesta

38.3.4.2 Test T.2: Thermal test
38.3.4.2.1 Purpose

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

38.3.4.2.2 Test procedure

Test cells and batteries are to be stored fogastIsix hours at a test temperature equal to72
+ 2 °C, followed by storage for at least six hoatsa test temperature equal to - 40 £ 2 °C. Theimmax
time interval between test temperature extrem@&$ iminutes. This procedure is to be repeated L@ttbtal
cycles are complete, after which all test cells dadteries are to be stored for 24 hours at ambient
temperature (20 +£5 °C). For large cells and biaethe duration of exposure to the test tempezatur
extremes should be at least 12 hours.

38.3.4.2.3 Requirement

Cells and batteries meet this requirement if themo leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit agh of each test cell or battery after testingoisl@ss than
90% of its voltage immediately prior to this proaesl The requirement relating to voltage is notliapple
to test cells and batteries at fully dischargetkesta

38.3.4.3 Test T.3: Vibration
38.3.4.3.1 Purpose

This test simulates vibration during transport.
38.3.4.3.2 Test procedure

Cells and batteries are firmly secured to thef@lat of the vibration machine without
distorting the cells in such a manner as to falthfislansmit the vibration. The vibration shall besinusoidal
waveform with a logarithmic sweep between 7 Hz @00 Hz and back to 7 Hz traversed in 15 minutes.
This cycle shall be repeated 12 times for a tdt& loours for each of three mutually perpendicut@unting

positions of the cell. One of the directions ofreifton must be perpendicular to the terminal face.

The logarithmic frequency sweep shall differ foland batteries with a gross mass of not more ftfakg
(cells and small batteries), and for batteries witiross mass of more than 12 kg (large batteries).
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For cells and small batteries: from 7 Hz a pealelgcation of 1 gis maintained until 18 Hz is reached. The
amplitude is then maintained at 0.8 mm (1 6 mml texaursion) and the frequency increased until akpe

acceleration of 8 goccurs (approximately 50 Hz). A peak acceleratb® g, is then maintained until the

frequency is increased to 200 Hz.

For large batteries: from 7 Hz to a peak accelemadf 1 g is maintained until 18 Hz is reached. The
amplitude is then maintained at 0.8 mm (1.6 mml texaursion) and the frequency increased until akpe
acceleration of 2 . goccurs (approximately 25 Hz). A peak acceleratbf g, is then maintained until the

frequency is increased to 200 Hz.

38.3.4.3.3 Requirement

Cells and batteries meet this requirement if themo leakage, no venting, no disassembly,
no rupture and no fire during the test and aftertdst and if the open circuit voltage of each tedit or
battery directly after testing in its third perpendar mounting position is not less than 90% efvibltage
immediately prior to this procedure. The requiretnetating to voltage is not applicable to testi<eaind
batteries at fully discharged states.

38.3.4.4 Test T.4: Shock
38.3.4.4.1 Purpose

This test simulates possible impacts during trartsp
38.3.4.4.2 Test procedure

Test cells and batteries shall be secured todsing machine by means of a rigid mount
which will support all mounting surfaces of eacstteattery. Each cell or battery shall be subjetbeal half-
sine shock of peak acceleration of 15@&gd pulse duration of 6 milliseconds. Each celbaitery shall be
subjected to three shocks in the positive directidiowed by three shocks in the negative direcbhhree
mutually perpendicular mounting positions of th# cebattery for a total of 18 shocks.
However, large cells and large batteries shalligested to a half-sine shock of peak acceleraiiodO g,
and pulse duration of 11 milliseconds. Each cellbattery is subjected to three shocks in the pasiti
direction followed by three shocks in the negatiieection of each of three mutually perpendicular
mounting positions of the cell for a total of 1&sks.
38.3.4.4.3 Requirement

Cells and batteries meet this requirement if themo leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit agh of each test cell or battery after testingoisl@ss than
90% of its voltage immediately prior to this proaesl The requirement relating to voltage is notliapple
to test cells and batteries at fully dischargetkesta
38.3.4.5 Test T.5: External short circuit
38.3.4.5.1 Purpose

This test simulates an external short circuit.
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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 céltbery shall be subjected to a short circuit coowiwith
a total external resistance of less than 0.1 ohBbat 2 °C. This short circuit condition is contatlifor at
least one hour after the cell or battery exteragedemperature has returned to 55 + 2 °C.

38.3.4.5.3 Requirement

Cells and batteries meet this requirement if theeiternal temperature does not exceed
170 °C and there is no disassembly, no rupturenarfde during the test and within six hours aftes test.

38.3.4.6 Test T.6: Impact / Crush
38.3.4.6.1 Purpose

These tests simulate mechanical abuse from ancingparush that may result in an internal
short circuit.

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

The sample cell or component cell is to be plamed flat smooth surface. A 15.8 mm +
0.1mm diameter, at least 6 cm long, or the longesension of the cell, whichever is greater, Tyd® 3
stainless steel bar is to be placed across theecehthe sample. A 9.1 kg + 0.1 kg mass is to topped
from a height of 61 + 2.5 cm at the intersectiorthef bar and sample in a controlled manner usingaa
frictionless, vertical sliding track or channel wiminimal drag on the falling mass. The verticalck or
channel used to guide the falling mass shall bented 90 degrees from the horizontal supportintaser

The test sample is to be impacted with its lordjital axis parallel to the flat surface and
perpendicular to the longitudinal axis of the 1m#é + 0.1mm diameter curved surface lying across the
centre of the test sample. Each sample is to heded to only a single impact.

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

A cell or component cell is to be crushed betwwen flat surfaces. The crushing is to be
gradual with a speed of approximately 1.5 cm/datfirst point of contact. The crushing is to batewed
until the first of the three options below is reedh

(@) The applied force reaches 13 kN + 0.78 kN;

Example: The force shall be applied by a hydcaam with a 32 mm diameter piston
until a pressure of 17 MPa is reached on the hyidream.

(b) The voltage of the cell drops by at least 0@, or
(c) The cell is deformed by 50% or more of itgyoral thickness.

Once the maximum pressure has been obtainedpttage drops by 100 mV or more, or the
cell is deformed by at least 50% of its originatkimess, the pressure shall be released.

A prismatic or pouch cell shall be crushed by wimgl the force to the widest side. A

button/coin cell shall be crushed by applying tbecé on its flat surfaces. For cylindrical cellse tcrush
force shall be applied perpendicular to the lordital axis.
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Each test cell or component cell is to be subgetieone crush only. The test sample shall be
observed for a further 6 h. The test shall be cotatliusing test cells or component cells that haoste
previously been subjected to other tests.

38.346.4 Requirement

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

38.3.4.7 Test T.7: Overcharge
38.3.4.7.1 Purpose

This test evaluates the ability of a rechargebhbtéery 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 test &leaas follows:

(&) when the manufacturer's recommended char@iageois not more than 18V, the
minimum voltage of the test shall be the lessetwaf times the maximum charge
voltage of the battery or 22V.

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

Tests are to be conducted at ambient temperatbeeddration of the test shall be 24 hours.
38.3.4.7.3 Requirement

Rechargeable batteries meet this requirementifetis no disassembly and no fire during
the test and within seven days after the test.

38.3.4.8 Test T.8: Forced discharge
38.3.4.8.1 Purpose

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

38.3.4.8.2 Test procedure

Each cell shall be forced discharged at ambienpégature by connecting it in series with a
12V D.C. power supply at an initial current equalthe maximum discharge current specified by the
manufacturer.
The specified discharge current is to be obtaineddmnecting a resistive load of the appropriare sind
rating in series with the test cell. Each cell kbal forced discharged for a time interval (in l®uequal to
its rated capacity divided by the initial test euntr (in ampere).
38.3.4.8.3 Requirement

Primary or rechargeable cells meet this requirénfetiere is no disassembly and no fire
during the test and within seven days after thie tes
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