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Preface

This is the Third Edition of ANSI/CAN/UL/ULC 2580, Standard for Safety for Batteries for Use In Electric

Vehicles.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO). ULC Standards is accredited by the
Standards Council of Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This ANSI/

approved im compliance with the requirements of ANSI and SCC for accreditation” of

Developme
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Annex C, id

In Canada,
and English
markings arj

This joint
supersedes
Comments

should be s
(CSDS) at h
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CAN/UL/ULC 2580 Standard is under continuous maintenance, whereby-~eac

t Organization. In the event that no revisions are issued for a period ef four ye
cation, action to revise, reaffirm, or withdraw the standard shall be inijtiated.

nex B, Annex D, and Annex E are identified as Normative, as\such, form manda3

bntified as Informative, is for information purposes only.

there are two official languages, English and French. All safety warnings must
. Attention is drawn to the possibility that some Canadian authorities may requi
d/or installation instructions to be in both official languages.

A\merican National Standard and National Standard of Canada is based o
the Second Edition of UL 2580 and the First Edition of CAN/ULC-S2580-13.

br proposals for revisions on.any part of the Standard may be submitted at any tim

ttps://csds.ul.com.

Itered in any_Wway. All of UL’s Standards and all copyrights, ownerships, and righ
ards shall remain the sole and exclusive property of UL .

UL Standards, visit the UL Standards Sales Site at
hepulstandards.com/ HowToOrder.aspx or call tollfree 1-888-853-3503 .
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tory parts of

be in French

re additional
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e. Proposals

Ibmitted via a Proposal Request in the On-Line Collaborative Standards Developinent System

a Standard
ts regarding

This Edition of the Standard has been formally approved by the UL Standards Technical Panel (STP) on
Batteries for Use in Electric Vehicles, STP 2580.

This list represents the STP 2580 membership when the final text in this standard was balloted. Since that
time, changes in the membership may have occurred.
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INTRODUCTION
1 Scope

1.1 These requirements cover electrical energy storage assemblies such as battery packs and
combination battery pack-electrochemical capacitor assemblies and the subassembly/modules that make
up these assemblies for use in electric-powered vehicles as defined in this standard.

1.2 This standard evaluates the electrical energy storage assembly’s ability to safely withstand simulated
abuse conditions and prevents any exposure of persons to hazards as a result of the abuse. This standard
evaluates the electric energy storage assembly and modules based upon the manufacturer’s specified
assembly's

interaction With other control systems within the vehicle.

1.3 This sfandard does not evaluate the performance or reliability of these devices.

1.4 This sfandard does not include requirements for the evaluation of battefies’for light ele¢tric vehicles
such as ele¢trical assist bicycles, wheel chairs, electric scooters and similardevices as defingd in UL/ULC
2271.

2 Components

2.1 Except as indicated in 2.2, a component of a product cavered 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. A compdnent shall comply with the Standards of CSA or
UL Standards as appropriate for the country where the product is to be used.

2.2 A component is not required to comply with-a specific requirement that:

a) Irjvolves a feature or characteristic not required in the application of the comppnent in the
product covered by this standard; or

b) Is|superseded by a requirement in this standard.
3 Units off Measurement

3.1 Valueg stated without parentheses are the requirement. Values in parentheses are eXplanatory or
approximate¢ information. The values given in Sl (metric) units shall be normative.

4 Undateql References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

5 Reference Publications

5.1 Throughout this standard, the CSA and ULC standard references apply to products intended for use
in Canada, while the UL standard references apply to products intended for use in the United States.
Combined references are commonly separated by a slash (" /").

5.2 The following standards are referenced in this standard, and portions of these referenced standards
as identified in this standard may be essential for compliance.
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ASTM Standards

ASTM D4490, Standard Practice for Measuring the Concentration of Toxic Gases or Vapors Using
Detector Tubes
ASTM D4599, Standard Practice for Measuring the Concentration of Toxic Gases or Vapors Using Length-

of-Stain Dos

imeters

Canada Motor Vehicle Safety Standards (CMVSS)

Document No. 305, Motor Vehicle Safety Regulations (C.R.C., c. 1038) Electrolyte Spillage and Electrical
Shock Protection (Standard 305)

CSA Group

CAN/CSA-C
CSA-C22.2

CAN/CSA-C
CAN/CSA-C

Standards

P2.2 No. 0.17, Evaluation of Properties of Polymeric Materials

No. 0.2, Insulation Coordination

P2.2 No. 94.2, Enclosures for Electrical Equipment, Environmental Considerations
P2.2 No. 60950-1, Information Technology Equipment Safety —Rart 1: General Re

Federal Motor Vehicle Safety Standards

FMVSS 49 @
IEC Standar

IEC 60068-2
IEC 60068-2
Cycle)

IEC 60068-1
Solution)
IEC 60417,
IEC 60812,
(FMEA)

IEC 61025, |
IEC 61508,
(all parts)
IEC 62061,

FR 571 305, Electric-Powered Vehicles: Electrolyte\Spillage and Electrical Shock
ds

-27, Environmental Testing — Part 2-27: Tests — Test Ea and Guidance: Shock
-30, Environmental Testing — Part 2430: Tests — Test Db: Damp Heat, Cyclic (

Sraphical Symbols for Use on' Equipment
\nalysis Techniques for-System Reliability — Procedure for Failure Mode and Effe

Fault Tree Analysis\(FTA)
Functional Safety’of Electrical/Electronic/Programmable Electronic Safety-Relaf

Safety of\Machinery — Functional Safety of Safety-Related Electrical, El¢

Programm
IEC 62660-
and Abuse

, Secondary lithium-lon Cells for the Propulsion of Electric Road Vehicles — Part
sting

quirements

Protection

(12 h+ 12 h

-52, Environmental Testing — Part 2: Tests — Test Kb: Salt Mist, Cyclic (Sodiim Chloride

cts Analysis

ed Systems
ictronic and

P: Reliability

a{e Electronic Control Systems

IEC TR 62660-4, Technical Report for Secondary Lithium-lon Cells for the Propulsion of E
Vehicles — Part 4: Candidate Alternative Test Methods for the Internal Short Circuit Test of IEC 62660-3

IEEE Standards

IEEE 1625, Rechargeable Batteries for Multi-Cell Mobile Computing Devices
IEEE 1725, Rechargeable Batteries for Cellular Telephones

ISO Standards

ectric Road

ISO No. 7010, Graphical Symbols — Safety Colours and Safety Signs — Registered Safety Signs
ISO 6469-1, Electrically Propelled Road Vehicles — Safety Specifications — Part 1: Rechargeable Energy
Storage System (RESS)
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ISO 13849-1, Safety of Machinery — Safety-Related Parts of Control Systems — Part 1: General Principles

for Design
ISO 26262,

Road Vehicles — Functional Safety (all parts)

NEMA Standards

NEMA 60529, Degrees of Protection Provided by Enclosures (IP Code)

National Institute for Occupational Safety and Health (NIOSH) Standards

NIOSH Manual of Analytic Methods

NFPA Stan
NFPA 70, M

Occupation

OSHA Evalliation Guidelines for Air Sampling Methods Utilizing Spectrascopic Analysis

SAE Standards

SAE ARP47
Systems an
SAE J1739,
and Effects
SAE J2380,
SAE J2464
and Abuse

UL Standarnds

UL 50E, En
UL 94, Test
UL 583, Ele
UL 746B, P
UL 746C, P
UL 810A, E
UL 840, Ins

Hards
ational Electrical Code

al Safety and Health Administration (OSHA) Standards

61, Guidelines and Methods for Conducting the~Safety Assessment Process on (
0 Equipment

Potential Failure Mode and Effects Analysis.in Design (Design FMEA), Potential
Analysis in Manufacturing and Assembly:Processes (Process FMEA)

Vibration Testing of Electric Vehicle Batteries

festing

Closures for ElectricalNEquipment, Environmental Considerations

b for Flammability of Plastic Materials for Parts in Devices and Appliances
ctric-Battery-Powered Industrial Trucks

blymeric Materials — Long Term Property Evaluations

blymeric'Materials — Use in Electrical Equipment Evaluations

ectrochémical Capacitors

ilatiorn’ Coordination Including Clearances and Creepage Distances For Electrical

UL 969, Ma

Civil Airborne

Failure Mode

Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System (RESS) Safety

Equipment

'I(ing andl nhpling defnme

UL 991, Tests for Safety-Related Controls Employing Solid-State Devices

UL 1642, Lithium Batteries

UL 1973, Batteries for Use in Light Electric Rail (LER) Applications and Stationary Applications
UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2054, Household and Commercial Batteries

UL 2251, Plugs, Receptacles and Couplers for Electric Vehicles

UL/ULC 2271, Batteries for Use in Light Electric Vehicle (LEV) Applications

UL 60730, Automatic Electrical Controls for Household and Similar Use — Part 1: General Requirements

UL 60950-1

, Information Technology Equipment Safety — Part 1: General Requirements
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US Department of Defense (DOD) Standards

MIL-STD-1629A, Procedures for Performing a Failure Mode, Effects, and Criticality Analysis

6 Glossary

6.1 BATTERY PACK - Batteries that are ready for use in a electric powered vehicle, contained in a

protective enclosure, with protective devices, with a battery management system, and monitoring circuitry,
with or without cooling systems. See Figure 6.1.

Figure-6-1

Electric energy storage assembly — system boundary diagram

Vehicle Cooling System

Environment

A A
|
|
v

1

\J

Vehicle

Hybrid/EV
System Contol EESA
Unit Enclosure Tgi[,m;;sl\g;n t
!
Vehicle !
Low Voltagd < L o aorage !
Systom Sub System LNy — —-5
‘ |
) |
|
+
Y
] \éehwl\? | Module*
azars(y):tse m° % la——- F-— - Hazartous
(Motor/Charggr) suzoslt;s%Zm

su0992d

I

o Strufture

Key - Bounglary Types

-+———| Physical
-+ — — — »| Material
--nmme »| Data”

~4—-—--»| Energy*

* Data & Energy ificludes physical
input & output of caple and connector

6.2 CAPACITOR PACK — Electrochemical capacitors that are ready for use in a electric powgred vehicle,

contained in a protective enclosure, with or without protective devices, cooling systems, and monitoring
circuitry. See Figure 6.2.
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Module — Boundary Diagram

Figure 6.2

Module Sub System

( \
Cell and Retainer Assembly

Cell

Cell-to-Cell
Inter-connect
Assembly

Temperature L

l Cell '

Coolant Distrupution
(Thermal Management)

su0991b

6.3 CAPACITY, RATED (C,) — The total number of ampere-hours that can be withdrawn
charged battery at a specific discharge. rate to a specific end-of-discharge voltage (EODV) 3

l Cell '

Module - Module

Interconnects
)

(Hazardous Voltage Sub System

Sensors |

{
L

Low Voltage Sub System
Cell & Module Protection Controls
Voltage/Temperature Sensing

Cell Retention D
(Frame) Module'restraints,|Base
y 7y =1 _Tray, Tab Isolation Board
| (Battery Pack Strugture)
L \<
Cooling Channel
Assembly
1
< Key - Bqundary Types
Thermal ~—> Physical
Management -« —— 1 » Material
System - . Data*
------- o ata
~&—-—1-» Energy*
* Data & Endrgy includes physical
input & output pf cable and connector

temperaturg as declared by the manufacturer.

6.4 CASING - The container-that directly encloses and confines the electrolyte and electrg
or electrochemical capacitor;

6.5 CELL { The basicfunctional electrochemical unit (sometimes referred to as a battery) g
electrode agsembly, (electrolyte, separators, container, and terminals. It is a source of electrig

direct convgrsion-6f chemical energy.

from a fully
t a specified

des of a cell

ontaining an
al energy by

nd a round

6.6 CELL,LCYLINDRICAL = A cell format with-a rigir'l case that has cfrnighf pnrnllnl sides

cross section.

6.7 CELL, POUCH - A cell format with a flexible laminate case that is typically a prismatic shape, and
that can have its tabs on the same side or on opposite sides of each other.

6.8 CELL, PRISMATIC — A cell format with a rigid case that has a rectangular shape.

6.9 CHARGING — The application of electric current to battery or capacitor terminals, which results in a
Faradic reaction that takes place within the battery that leads to stored electro-chemical energy or in the
case of the capacitor, due to electrical charge being stored without a chemical reaction taking place. For
electric vehicle applications, charging of the electric energy storage assembly can occur through one or
more of the following methods:
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a) Regenerative braking which utilizes energy from regenerative brakes.

b) Off board charging which utilizes an ac to dc charger, a dc charger, or an inductive charger
external to the vehicle.

¢) On board charging which utilizes a charger on the vehicle to convert the ac mains supply to dc
for charging. Charge energy can be provided external to vehicle or by an on board generator

(term

ed Extended Range EV).

6.10 CHARGING, CONSTANT CURRENT (CC) — Charging mode where current is held constant while
charging voltage is allowed to vary within defined parameters.

6.11 CHAR
charging cur|

6.12 DUT -

6.13 ELECQ
pack or corf
vehicle mot
managemen

6.14 ELE(Q
batteries or
powered vel
such as induy

6.15 ELEGC
typically sto
capacitors rg
reactions at
for holding
differ from c
charge occuy
common ng

"electrochenpical double layer-capacitor" and "super capacitor".

6.16 ENCL
mechanical

GING, CONSTANT VOLTAGE (CV) — Charging mode where voltage is held o
rent is allowed to vary within defined parameters.

- Device under test.

TRIC ENERGY STORAGE ASSEMBLY (EESA) — A battery pack,‘€lectrochemig
hbination battery/electrochemical capacitor pack that providés“electric energy
ve power. This assembly can include the cooling and_:\entilation systems
t systems. See Figure 6.1.

TRIC POWERED VEHICLE — An on-road or offiroad vehicle that uses ele
other electric energy storage assemblies as a.source of energy for motive po
icles cover, but are not limited to, road passenger vehicles and heavy duty off rq
strial trucks.

TROCHEMICAL CAPACITOR — An eléctric energy storage device where electrid
ed as a result of non-Faradaic reactions at the electrodes. (A subset of eleq
ferred to as an "asymmetric" type-have non-Faradaic reactions at one electrode 3
the other electrode.) The unique porous surface of the electrodes increases the 3
harge resulting in much (arger capacitance and energy density. Electrochemicg
pmmon electrolytic capacitors in that they employ a liquid rather than a solid di
rring at the liquid-solid*interface of the electrodes when a potential is applied.
mes for an electrochemical capacitor are "double layer capacitor”, "ultra

brotection to the assembly's contents.

nstant while

al capacitor
for electric
and battery

Ctricity from
ver. Electric
ad vehicles

al charge is
trochemical
nd Faradaic
urface area
| capacitors
electric with
Some other

capacitor",

OSURE(-)The protective outer cover of the electric energy storage assembly that provides

6.17 END-

DE-DISCHARGE VQLTAGE (an\/) ((‘pll) —The \/nltngn, under a Qpnr‘ifipd load,

of the cell at

the end of discharge. The EODV may be specified by the manufacturer, as in the case of a voltage-

terminated d

ischarge typical for lithium ion chemistries.

6.18 EODV MONITORING (Cell) — EODV monitoring is typically provided at the pack/electric energy
storage assembly level by the battery management system.

6.19 EXPLOSION — A violent release of energy that produces projectiles or a pressure wave from the
DUT and results in DUT contents being forcibly expelled through a rupture in the enclosure or casing.

6.20 FIRE — The sustained combustion of the DUT's contents as evidenced by flame, heat and charring
or other damage of materials.
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6.21

charged to its full state of charge (SOC) as specified by the manufacturer.

FULLY CHARGED - An electric energy storage assembly, pack, module or cell which has been

6.22 FULLY DISCHARGED - An electric energy storage assembly, pack, module or cell, which has been
discharged to its end-of-discharge voltage (EODV) as specified by the manufacturer.

6.23 HAZARDOUS ENERGY - Available power level of 240 VA or more, having a duration of 60 s or

more, oras

tored energy level of 20 J or more, at a voltage of 2 V or more.

6.24 HAZARDOUS VOLTAGE - Voltage exceeding 30 Vrms/42.4 VVpeak or 60 V dc.

6.25

a)B
shod
of th

b) O
insul

c) F{
equi
howd

d) R
agai
stan
hom

supg

[«

.

e)
insul

6.26 LEAK
well as thro
test.

6.27 LIMIT
whose pow
equivalent t
power is the

INSULATION LEVELS — The following are levels of electrical insulation:

ASIC INSULATION — A single level of insulation to provide basic protection ag
k. Basic insulation alone may not provide protection from electric shock.in‘the eve
b insulation.

OUBLE INSULATION - Insulation comprising both basic insulation and su
ation.

bment. Functional insulation by definition does not¢protect against electric sh
bver, reduce the likelihood of ignition and fire.

FINFORCED INSULATION — Single insulatiori. system that provides a degree

nst electric shock equivalent to double .insulation under the conditions speq
jard. The term "insulation system" does-nhot imply that the insulation has t
bgeneous piece. It may comprise several layers that cannot be tested as basic in
lementary insulation.

UPPLEMENTARY INSULATION — Independent insulation applied in additi
ation in order to reduce the.risk of electric shock in the event of a failure of the bas

[AGE — A condition where liquid electrolyte escapes through the opening of a desi
igh a rupture or craek or other unintended opening and is visible external to the

[ED POWER-CIRCUIT — A circuit supplied by a power source that meets SEL
er and ‘current are further limited in accordance with UL 2054. A limited pow
b a Class 2 circuit in accordance with Article 725 of the NFPA 70. A similar conc
term “low-voltage limited energy” (LVLE) as defined in Section 16 of UL 583.

hinst electric
ht of a failure

pplementary

UNCTIONAL INSULATION — Insulation that is necessary only for the correct funcfioning of the

ock. It may,

bf protection
ified in this
b be in one
sulation and

bn to basic
¢ insulation.

gned vent as
levice under

\/ limits and
er source is
ept to limited

6.28 LITHIUM ION CELL — A rechargeable cell where electrical energy is derived from the
insertion/extraction reactions of lithium ions between the anode and the cathode. The lithium ion cell has
an electrolyte that typically consists of a lithium salt and organic solvent compound in liquid or gel or solid
form and has either a hard metal casing or a flexible polymeric pouch casing.

6.29 MANUFACTURING PRODUCTION LINE TESTING — Testing at the manufacturer's facilities used
as a manufacturing check of their production. Depending upon the testing, it either can be a 100%
production test, or can be a periodic check or sampling of production. This testing is sometimes referred to
as routine testing.

6.30 MAXIMUM WORKING VOLTAGE — The highest voltage to which the insulation or component under
consideration is or can be subjected to when the equipment is operated under conditions of normal use.
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6.31

MODULE - A subassembly consisting of a group of cells or electrochemical capacitors connected

together either in a series and/or parallel configuration (sometimes referred to as a block) with or without
protective devices and monitoring circuitry. A module is a component of an electric energy storage
assembly. See Figure 6.2.

6.32 MONOBLOC BATTERY — A multi-cell battery design that contains a common pressure vessel

construction,

a single vent line assembly, and shared hardware.

6.33 MOSOC - Maximum Operating State of Charge.

6.34 NICKEL CELL — A general term for a nickel cadmium or nickel metal hydride rechargeable cell that

has a nickel
and that has

6.35 NORMAL OPERATING REGION — That region of voltage, current, and temperature wi
rochemical capacitor can safely be charged and discharged repetitively thjoughout its

cell or elec
anticipated |

the device and may vary as the device ages. The normal operating region will include t

parameters f

a) CH
the

b DIS
the

c) EN

d) M
regio

e) M
speci

f) UH
operd
temp

6.36 PROT
require eled
managemen

hydroxide positive efectrode and either a cadmium metal or metal hydride negati
a liquid alkaline (i.e. KOH) electrolyte.

fe. The manufacturer specifies these values, which are then used\in’the safety ¢

or charging and discharging as specified by the manufacturer:

HIARGING TEMPERATURE LIMITS — The upper and lower Timits of temperature,

CHARGE TEMPERATURE LIMITS — The upper-and lower limits of temperature,
anufacturer for discharging the cell/capacitor, T his temperature is measured on th

D OF DISCHARGE VOLTAGE — Refer t0,6:17.

AXIMUM CHARGING CURRENT —.The maximum charging current in the norm
h, which is specified by the cell/capacitor manufacturer. This value may vary with t

fied by the cell/capacitor manufacturer.

PER LIMIT CHARGING VOLTAGE - The highest charging voltage limit in
ting region specified by the cell/capacitor manufacturer. This value may
erature.

ECTIVE.COMPONENTS, ACTIVE — Devices provided to prevent hazardous co
trical-energy in order to operate. An example of an active control would b
t system (BMS).

e electrode

thin which a

valuation of
ne following

specified by

anufacturer for charging of the cell/capacitor. This temperature is measured on the¢ casing.

specified by
e casing.

al operating
emperature.

AXIMUM DISCHARGING .CURRENT — The maximum discharging current rafe, which is

the normal
vary with

hditions that
£ a battery

6.37 PROTECTIVE COMPONENTS, PASSIVE - Devices provided to prevent hazardous conditions that
do not require electrical energy in order to operate. An example of a passive protective device would be a
fuse.

6.38 ROOM AMBIENT — Considered to be a temperature in the range of 25 £5°C (77 £9°F).

6.39 RUPTURE — A mechanical failure of the DUT's enclosure/casing from either internal or external
causes, that results in spillage and/or exposure of internal contents of the DUT, but does not result in
projectiles and violent energy release such as occurs during an explosion.

6.40 SAFETY CRITICAL CIRCUITS/COMPONENTS — Those circuits or discrete components that are
relied upon for safety as identified in the safety analysis of Section 13.


https://iecnorm.com/api/?name=33f3943b12abd08b1d1f34018c086f98

JUNE 28, 2022 ANSI/CAN/UL/ULC 2580 19

6.41 SODIUM NICKEL CHLORIDE CELL — A rechargeable cell that has a sodium negative electrode, a
positive electrode that consists of nickel, nickel chloride and sodium chloride and a ceramic beta alumina
electrolyte. The normal operation of the cell is within a temperature range of 270°C — 350°C (518°F —
662°F) so that the active materials are in a molten state and to ensure ionic conductivity.

6.42 STATE OF CHARGE (SOC) — The available capacity in an electrical energy storage assembly,
pack, module or cell expressed as a percentage of rated capacity.

6.43 THERMAL RUNAWAY (CELL) — A condition where an increase in temperature of the cell results in
exothermic reactions that further increases the cell temperature due to increased reactions within the cell.
A thermal runaway often leads to a destructive result such as a fire or explosion when the heat cannot be

safety dissif

6.44 TOXI
identified to|
level 2.

a)E
near
irrev
take

6.45 TOXI
concentratidg
Administrati
to the Natio
limit. Methoj
concentratidg

6.46 VEHI
and/or obje
industrial try

6.47 VEHI
objects on
autos, truck

6.48 VEN]
or aerosol fi

|
dlcu.

C GAS RELEASE (CRASH/NONOPERATIONAL LEVELS) — A release)of
Kic substance that is categorized as an Emergency Response Planning Guidel

RPG-2 defines this as: "The maximum airborne concentration below which it is
y all individuals could be exposed for up to one hour without”experiencing o
ersible or other serious health effects or symptoms which could impair an individy

C GAS RELEASE (OPERATIONAL LEVELS).—<A release of vapor that

n of an identified toxic substance in excess~of the Occupational Safety
pon (OSHA) 8-h time-weighted-average (TWA) permissible exposure limit, which
hal Institute of Safety and Health (NIOSH)10-h per day 40-h per week permissi
ds for determination of this limit are outlined in Section 23. In addition, the tox
n levels should not exceed the NIOSH<short term exposure limits (STELS) or ceili

CLE, OFF ROAD — A motorized conveyance that is not intended for transpor
cks, farming equipment, ¢onstruction equipment.

CLE, ON ROAD —A*motorized conveyance that is intended for transporting
bublic roads including the highway systems. Examples of such devices would b

5, buses, etc.

[ING — A condition when the cell electrolyte and/or battery solvent is emitted as
om a-designed vent or through a sealing edge.

6.49 VOLE

protective action." Methods for determination of this limit'are outlined in Section 23.

vapor of an
nes (ERPG)

believed that
r developing
al's ability to

results in a
and Health
corresponds
ble exposure
c substance
ng limits.

ling persons

cts on public roads including'the highway systems. Examples of such devicés would be

bersons and
e passenger

apor, smoke

ate.

CONSTRUCTION

7 Non-Metallic Materials

7.1

The materials employed for enclosures shall comply with the applicable enclosure and insulation

requirements outlined in CAN/CSA-C22.2 No. 0.17 / UL 746C, Path Il of the table for Enclosure
Requirements, Table 4.1, except as modified by this standard.

7.2 Polymeric materials employed for enclosures shall have a minimum flame rating of V-1 in

accordance

with CAN/CSA-C22.2 No. 0.17 / UL 94.
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Exception: The enclosure may alternatively be evaluated to the 20 mm end product flame test in
accordance with CAN/CSA-C22.2 No. 0.17 / UL 746C.

7.3 The following factors, items (a) — (e), shall be taken into consideration when an enclosure is being
judged. For a nonmetallic enclosure all of these factors are to be considered with respect to thermal aging.
Dimensional stability of a polymeric enclosure is addressed by compliance to the mold stress relief
distortion test.

a) Resistance to impact;

b) Crush resistance;

c) A
d) Se

e) Md

7.4 The po

have a Relative Thermal Index (RTI) with impact suitable for temperatures encountered in the

but no less t

7.5 Polyme
comply with
CAN/CSA-C

7.6 Materig
would result
standard. Ing

7.7 Gaskef
exposed to 3

8 Metallic

8.1 Metal (g
corrosion re
CAN/CSA-C
applications,

hormal operations;
vere conditions; and

Id-Stress Relief Distortion.

ymeric materials employed shall be suitable for temperatures encountered. Encl

pnan 100°C (212°F), as determined in accordance with CAN/CSA-C22.2 No. 0.17 /

ric enclosure materials intended to be exposed to-sunlight in the end-use appl
the UV Resistance and the Water Exposuresand Immersion tests in acco
2.2 No. 0.17 / UL 746C.

Is employed as electrical insulation in the;assembly shall be resistant to deter
in an electrical shock or other safety hazard. Compliance is determined by the
ulated wiring is subjected to the requirements outlined in Section 10.

s and seals relied upon for safety shall be determined suitable for the temperatu
nd other conditions of use.

Parts Resistance to Corrosion

ack enclosures shall be corrosion resistant. A suitable plating or coating process
sistance. Additional guidance on methods to achieve corrosion protection can
P2.2 No., 942/ UL 50E. UL 583 is the end use application standard for off road ing
and requires that the battery enclosure be 1.35-mm (0.053-in) thick minimum.

bsures shall
application,
UL 746B.

cation shall
rdance with

oration that
tests of this

res they are

can achieve

be found in
ustrial truck

8.2 Metalli

L pack enclosures may be provided with an insulating liner to prevent shortin

hj of battery

conductors. TFusing an insulafing Tiner for this purpose, the insulafing Tiner shall consist of non-moisture
absorbent materials that have a temperature rating suitable for temperatures within the enclosure during
operation of the pack. The insulating liner shall meet the Dielectric Voltage Withstand Test and Isolation
Resistance Test.

8.3 Conductive parts in contact at terminals and connections shall not be subject to corrosion due to
electrochemical action. Combinations above the line in Table E.1 of Annex E shall be avoided.

Exception: Dissimilar metal combinations above the line may be chosen if provided with a coating to
prevent corrosion such as silver or other protective coating determined to be sufficient for this purpose.
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9 Enclosures

9.1 Openings in the enclosure of an electric energy storage assembly shall be designed to prevent
inadvertent access to hazardous parts as installed in the vehicle. Compliance is determined by the Tests
for Protection Against Access to Hazardous Parts Indicated by the First Characteristic Numeral, Clause 12
of NEMA 60529, for a minimum IP rating of IP2X with consideration of the device as it is installed in the
vehicle. (Evaluation per NEMA 60529, Clause 12, consists of the use of the IEC articulate probe applied
with a force of 10 N £10%).

Exception: For batteries that are intended for removal from the vehicle for external charging or
replacement with a charged battery rather than being charged while installed in the vehicle, compliance is

determined
installed in

9.2 The p
servicing or

9.3 Vent g
materials in

94 Thee
materials as

4o L hgar s Jo L H N ol N i ol FH £ 4l ol
UIT ric TICUUITC CTICTYy oturdytc aosoCITiDy WILIT ariu vwitriout CUTNISIdcTatiorr ur tric-u

he vehicle.

ack shall be designed to prevent inadvertent access to hazardous voltage ci
other handling of the electric energy storage assembly.

penings or ventilation systems shall be located to prevent the dispersion of g3
o the vehicle passenger compartment during an abnormal release.

hergy storage assembly shall comply with its IP rating for ingress of fluids and
determined by NEMA 60529. See Section 41.

evice as it is

rcuits during

ses or toxic

bther foreign

Exception: The enclosure may alternatively be evaluated in‘accordance with UL 50E.

10 Wiring|and Terminals

10.1  Wiring shall be insulated and acceptable for the purpose, when considered with respect to
temperaturg, voltage, and the conditions of 'service to which the wiring is likely to be subjected within the
equipment.

10.2 Wiring for hazardous voltage shall be readily distinguishable from low voltage wiring harnesses

through the
of hazardou

be colored primarily orange (i-e. solid orange or orange background with striping), or enclosq

boxes with |

Exception:
comply with

use of orange colored insulation or orange wiring harness jacketing or covers. I
s voltage circuits-that are not provided with orange wiring harness covers or jacke

azardous yoltage warning labels such as ISO No. 7010-W012.

Batteries»used in electric-battery-powered industrial trucks complying with UL 5
this'requirement.

ternal wiring
ts, shall also
d in junction

83 need not

10.3

Internal wiring shall be routed, supported, clamped or secured in a manner that reduces the

likelihood of excessive strain on wire and on terminal connections; loosening of terminal connections; and
damage of conductor insulation. In safety critical circuits, for soldered terminations, the conductor shall be
positioned or fixed so that reliance is not placed upon the soldering alone to maintain the conductor in
position.

10.4 An uninsulated live part, including a terminal, shall be secured to its supporting surface by a method
other than friction between surfaces so that it will be prevented from turning, shifting in position, reducing
electrical spacings or creating a short circuit.

10.5 An external terminal for connection to the vehicle shall be designed to prevent inadvertent shorting.
An external terminal shall be designed to prevent inadvertent misalignment or disconnection when
installed in the vehicle.
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10.6 A hole by which insulated wires pass through a metal wall shall be provided with a smoothly
rounded bushing or shall have smooth surfaces, free of burrs, fins, sharp edges, and the like, upon which
the wires may bear, to prevent abrasion of the insulation.

10.7 The external terminals of an electric energy storage assembly intended for removal from the vehicle
for charging, shall be evaluated to either the no load endurance test or endurance with load test as
applicable to the end use application in accordance with UL 2251, without being subjected to the exposure

to contaminants.

1"

Spacings and Separation of Circuits

11.1  Electr|
to prevent in
uninsulated
used where

11.2 Electr
spacings as
UL 60950-1,
11.5.

Exception N
CSA-C22.2
does not h
Components
pollution deg
subassembl)

Exception N
60950-1, th
alternative
Determining
applied.

Exception N
the clearanc

Cal circults within the pack at opposite polarity shall be provided with refiable phys
advertent short circuits (i.e. electrical spacings on printed wiring boards, physica
eads and parts, etc.). Insulation suitable for the temperatures and maximum.volta
5pacings cannot be controlled by reliable physical separation.

cal spacings in circuits shall have the following minimum oven surface and
putlined in Table 11.1 or the spacings requirements outlined in GAN/CSA-C22.2 N
the clause for Clearances, Creepage Distances and Distances Through Insulatig

b. 1: As an alternative to the spacing requirements.of Table 11.1, the spacing req

No. 0.2/ UL 840, may be used. For determination-of clearances, a dc source such

hve an overvoltage category as outlined in«CSA-C22.2 No. 0.2 / and the
in UL 840 unless charged through a sourc€ connected to a mains supply. The
ree is determined by the design and application of the electrical energy storage
under evaluation.

b. 2: As an alternative to the clearance values outlined in CAN/CSA-C22.2 No. 6
e clause for Clearances, Creepage Distances and Distances Through Ins
method for determining minimum clearances in the Annex for Alternative
Minimum Clearances, Anhex G, of CAN/CSA-C22.2 No. 60950-1 / UL 6095

D. 3: For electric_energy storage assemblies where external leakage of electrolyte
b and creepage distances of Clause 6.2 of ISO 6469-1, apply.

Table 11.1
Electrical spacings

ical spacing
securing of
ges shall be

through air
p. 60950-1 /
n. See also

Lirements in
as a battery
section for
anticipated
hssembly or

0950-1 / UL
ulation, the
Method for
D-1 may be

may occur,

Circuit ratings

Minimum spacings

Through air Over surface

Between parts of opposite polarity,
live and non-current carrying parts
and live and ground connections

live and non-current car

Between parts of opposite polarity,

and live and ground connections

rying parts

\ mm (in) mm (in)
30-50* 1.6 (1/16) 1.6 (1/16)
51-150 3.2(1/8) 6.4 (1/4)
151 -300 6.4 (1/4) 9.5 (3/8)
301 -660 9.5 (3/8) 12.7 (1/2)

Table 11.1 Continued on Next Page
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Table 11.1 Continued

Circuit ratings

Minimum spacings

Through air

Between parts of opposite polarity,
live and non-current carrying parts

and live and ground connections
mm (in)

V] mm (in)

Over surface

Between parts of opposite polarity,
live and non-current carrying parts
and live and ground connections

661 — 1000 19.1 (3/4) 19.1 (3/4)

that there is n

* Spacings at these voltages may be decreased from those indicated in the table if it can be determined through test or analysis

o hazard.

11.3 Cond
unless they

114 Anin
a circuit op€g

11.5 Therd
casing of a
above 30 V]
passes the
There is no
basic or fun

12

121 Hazqg
outlined in 1|

Insulation Levels and Protective Grounding

are each provided with insulation acceptable for the highest voltage involved:

sulated conductor shall be reliably retained so that it cannot contactan‘uninsulate
rating at a different voltage.

are no minimum spacings applicable to parts where insulating compound compl
compound or subassembly if the distance through the insulation, at voltages abo
rms is a minimum of 0.4-mm (0.02-in) thick for supplémentary or reinforced ins
Dielectric Voltage Withstand Test, Section 30 and the Isolation Resistance Test
minimum insulation thickness requirement for, insulation of circuits at or below §
Ctional insulation. Some examples include potting, encapsulation, and vacuum img

rdous voltage circuits shall be _ipsulated from accessible conductive parts an
2.2 through the following:

uctors of circuits operating at different voltages shall be reliably separated.from each other

d live part of

etely fills the
ve 60 Vdc or
sulation, and
Section 31.
0 Vdc or for
regnation.

d circuits as

a) Basic insulation and providéd,with a protective grounding system for protection in the event of a

fault
b) A

c)A

12.2 Safet
and single

of the basic insulation; or,
system of double_ar reinforced insulation; or

combinationefi(a) and (b).

y extrajjow voltage (SELV) circuits (i.e. circuits at or below 60 Vdc or 48 Vrms U
faulf conditions) that are insulated from accessible conductive parts throug

nder normal
h functional

insulation o

iy are considered accessible.

12.3 Parts of the protective grounding system shall be reliably secured in accordance with 10.3 and
provided with good metal-to-metal contact. The impedance from the various bonding conductors and
connections to the main ground terminal shall have a maximum resistance of 0.1 Q as determined by the
test of Section 32.

12.4 The main ground terminal of the protective grounding system shall be identified by one of the

following:
a)A
b) A

c)A

green-colored, not readily removable terminal screw with a hexagonal head;
green-colored, hexagonal, not readily removable terminal nut;

green colored pressure wire connector; or
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d) The word "Ground" or the letters "G" or "GR" or the grounding symbol IEC 60417, No. 5019
(upside down tree within a circle) or otherwise identified by a distinctive green color.

12.5 Conductors, relied upon for the protective grounding and bonding system, shall be sized to handle
intended fault currents and if insulated, the insulation shall be green or green and yellow striped in color.

13 System Safety Analysis

13.1  An analysis of potential hazards (including an FMEA) shall be conducted on the device under test to
determine that events that could lead to a hazardous condition have been identified and addressed
through design or other means. This analysis shall include interfaces with the vehicle systems as well as
access by fifstresponders and Service personner.

13.2 Docuinents that can be used as guidance for the safety analysis include:

a) IEC 60812;

b) IEC 61025;

c) SAE ARP4761;

d) SAE J1739;

e) MIL-STD-1629A;

f) IEC 61508 (all parts);

g) ISO 26262 (all parts); and

h) ISP 13849-1, the Determination of Required Performance Level (PLr) annex.
13.3 The gnalysis of 13.1 is utilized tocidentify anticipated faults in the system which could lead to a
hazardous cpndition and the types and levels of protection provided to mitigate the anticipated faults. The

analysis shg
faults or sh
mechanisms
requirement
present a hal

a thermal rupaway condition within a cell due to a latent cell defect or other causes.

13.4 When

Il consider single fault conditions in the protection circuit/scheme as part of the
bll identify the appropriate level of safety and determine that the protective
meet that level of'safety, depending upon the approach taken. The analysis shall
that the cells remain within their safe operating regions under normal conditions
zard under fault conditions in accordance with Section 14, but does not address t

conducting the analysis of 13.1, active devices shall not be relied upon for ¢

unless:

anticipated
circuits and
address the
and do not
he impact of

itical safety

a) Th

ey are provided with a redundant passive protection device;

b) They are provided with redundant active protection that remains functional and energized upon
loss of power/failure of the first level active protection;

c) They are determined to fail safe upon loss of power to the active circuit; or

d) The protective circuit has been shown to comply with the appropriate IEC 61508 Safety Integrity
Level (SIL), IEC 62061 Safety Integrity Level Claim Limit (SIL CL), ISO 26262 Automotive Safety
Integrity Level (ASIL), or ISO 13849-1 Performance Level (PL) as determined by the safety

analy

sis.

13.5 Devices relied upon for critical safety as noted in 13.4 shall be tested for functionality in accordance
with appropriate functional safety requirements and evaluated through the tests of this standard.
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Evaluation shall consider the effects of EMC on the electronic and programmable electronic safety system
as outlined in these standards. Functional safety criteria can be found in one of the following standards as

appropriate

to the design of the electronic and software protection scheme:

a) UL 991 and UL 1998;

b) UL 60730, the annex for Requirements for Electronic Controls;

c) IEC 61508 (all parts);

tain cells or
temperature

d) IEC 62061;
e) 1ISO-26262-(all-parts)-or
f) ISO 13849-1.
14 Protective Circuits
14.1 The electric energy storage assembly protective circuits shall be designed to main
electrochengical capacitors within their normal operating region for voltagé, current, and
during chage and discharge. Sufficient monitoring and control circtits shall be provided to prevent

overchargin
safety analy
parameters

14.2 If no
discharging
Section 13,
excursions
electrochem

14.3 The ¢lectric energy storage assembly that has hazardous voltage circuits shall be prg

hazardous
disconnect §

a)D
b) Lg

as Cl
asseg

g, overdischarging and otherwise using cells outside of their safety operating para
sis of these circuits per Section 13 shall consider telerances of the control circ
to ensure that cell operating parameters are not exceeded during operation.

'mal limits are exceeded, the protective circuit shall limit or shut down the

are exceeded, the protective circuit shall shut down the charging or dischargin
beyond safety limits. Compliance is.determined through a review of the pack
ical capacitor data and through the testing of this standard.

voltage manual disconnect)for servicing or access in the event of a vehicle g
bhall meet the following criteria:

sconnects both poles of the hazardous voltage circuit or circuits if multiple packs;

cated in a manner to disconnect the electric energy storage assembly circuit in h
ose as possible to the positive and negative output terminals of the electrical en
mbly depending upon the design/configuration of the electric energy storage asse

c) RTquire manual action to break the electrical connection;

meters. The
uit operating

charging or

to prevent excursions beyond normal operating limits. If safety limits, as defermined per

g to prevent
and cell or

vided with a
ollision. The

lf or located
ergy storage
mbly;

d) Di

sconnection is physically verifiable;

e) When engaged, it does not create exposed conductors capable of becoming energized while
exposed and is insulated to prevent shock hazard during actuation;

f) Capable of disconnecting the hazardous voltage circuit under full load conditions at least one

time;

and

Exception: For batteries that are intended for removal from the vehicle for external charging or
replacement with a charged battery rather than being charged while installed in the vehicle, the
disconnecting means shall ensure a no load condition prior to disconnecting and connecting of the
hazardous voltage circuit under full load for the anticipated service life of the connector-battery
without hazard.
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g) Able to be accessible and to be operated without the use of a tool or other special protective
equipment (i.e. flash protection) in the event of a collision.

14.4
parts from th

e hazardous voltage circuit of the electrical energy storage assembly, it shall:

If a hazardous voltage automatic disconnect device is provided to isolate accessible conductive

a) Not be able to be reset automatically although it may be able to be reset deliberately upon
clearing of the fault;

b) Be located near the pack terminals;

c) Be capable of handling full load disconnects of the hazardous voltage circuit that it is isolating;

d) Ng

e) Pr

15 Cooling/Thermal Management Systems

15.1 Battel
the cooling s
does not res

15.2 Piping
degradation
withstand thq

15.3 Piping
could result

16 Celis (H

16.1 Cells
Compliance
protection sH

16.2 Secor
in either Ann

16.3  With

t result in a hazardous condition upon automatic actuation;

pvide isolation detection of 100 Q/V or greater.

y packs that rely upon integral cooling systems shall be designed to shut down up
ystem unless it can be demonstrated through analysis andctest that the cooling sy
LIt in a hazardous situation.

, hose, and tubing used to contain liquid suchias coolant shall be resistant
from the liquid it contains. It shall have the strerigth and material characteristics n
b anticipated mechanical and environmental stresses.

, hose, and tubing containing liquids,sshall be routed and secured to prevent |
n a fire, explosion, or shock hazard.

battery and Electrochemical Capacitor)

is determined by the.requirements in this section and by the tests of this standar
ould be verified to(be Vvalid at the battery level also.

dary lithium,eells including lithium ion cells shall comply with 16.3, the requiremg
ex B or Anfiex D, and be marked as required in 44.8 and 44.9.

eference to 16.2, secondary lithium cell design shall ensure sufficient safety n

mitigate inte

on failure of
stem failure

to chemical
ecessary to

cakage that

Shall be designed to safely’withstand anticipated abuse conditions for vehicular applications.

d. Cell-level

nts outlined

neasures to

nalshort circuits and other hazardous conditions during the life of the cells. Safe

Yy measures

to maintain cell safety include, but are not limited to, the following:

a) The appropriate choice and placement of insulation. IEEE 1625 and IEEE 1725 provide
guidance on placement and application of insulation within cells and general cell design safety

consi

derations;

b) Sufficient sizing of the negative electrode active materials to cover the positive electrode active
materials;

c) Proper placement of insulation and separation of parts at opposite polarity including insulation
and placement of tabs to prevent inadvertent short circuits during the life of the cell;

d) The use of appropriate protection mechanisms such as separator shutdown, protective coatings
and electrolyte additives, etc.; and
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e) The use of separators with sufficient strength, thermal properties and that are sized to prevent
short circuit between the positive and negative electrodes during charge and discharge over the life
of the cells.

16.4 With reference to 16.3, compliance to (a) — (e) is determined through a review of the cell
construction as part of a tear down analysis, a review of documentation on the cell construction and

components, and the cell tests of Annex B or D.

Table 16.1

Cell Tests from UL 1642
Table deleted

16.5 Nickd
modification

Exception N
from those (
of the test s

Exception N
mQ.

Exception N
156-cm (5.9-

a)A
b) A

c)A

Exception N
heating test

Exception N
samples pe

Exception N

| based cells shall comply with the cell requirements in UL 2054 per Tab|
s as outlined in Exception No. 1 — 6 below.

utlined in UL 2054 to accommodate large cells intended for EV,applications but tf
creen shall not exceed a distance of 305 mm (12 in) from the‘cell in any direction.

0. 2: The overall external resistance for the short circuit test shall be less than o

0. 3: The crush test shall be a bar crush testrather than a flat plate crush using|
n) diameter. The force is to be to be applied-until one of the following occurs first:

voltage (OCV) drop of one-third of the ‘eriginal cell voltage occurs; or
deformation of 15% or more (in the’direction of the crush) of initial cell dimension @

force of 1000 times the weightof cell is reached.

0. 4: For cells whose\weight is greater than 500 g (1.1 Ibs), the maximum tempg
shall be held for 30 min rather than 10 min.

0. 5: The, sample numbers for cell testing are to be reduced from 5 samples
 test.

0.,6:_Nickel based cells that are sealed and formed as part of a monobloc batte

o. 1: The overall dimensions of the projectile test aluminum test/screen may be increased

e flat panels

r equal to 20

a bar with a

ccurs; or

rature of the

per test to 2

Y, need only

comply with|thétest requirements of this standard as part of the assembled battery/module.
Table 16.2
Cell Tests from UL 2054
UL 2054 test UL 2054 reference
Short-Circuit Test 9.1-9.6
Abnormal Charging Test 10.7-10.9
Crush Test Section 14
Impact Test Section 15
Shock Test Section 16

Table 16.2 Continued on Next Page
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Table 16.2 Continued

UL 2054 test UL 2054 reference
Vibration Test Section 17
Projectile Test Section 22
Heating Test Section 23
Temperature Cycling Test Section 24

16.6 Sodium nickel metal chloride cells shall comply with the requirements for sodium beta battery cells
outlined in Annex B of UL 1973.

16.7 Lead
valve) and th

16.8 Delet¢

16.9 Electn
810A.

17 Manufgacturing and Production Line Testing and Production‘Quality

17.1 Asser]
controls utiliz

17.2 A diel
conducted o

in Section 3(.

Exception N
voltage of 2.
of the circuit

Exception N
(without hum

17.3 Acon
on 100% ¢

Acid batteries shall comply with the pressure release test (if provided with a press
e flame arrester test (if provided with a flame arrestor) of UL 1989.

D

d

pchemical capacitor cells shall comply with the single capacitor requirements ou

hblies/packs shall be subjected to 100% production screening to determine tha
red to maintain cells within normal operating parameters are functioning.

ectric withstand test as outlined in the Dielectric Voltage Withstand Test, Section
h 100% production of Assemblies/packs,with circuits exceeding 60 Vdc or 30 Vrms

b. 1: The time for the production Dielectric Withstand Test can be reduced to 1
4 times the rated voltage of the circuit if using an ac test voltage or 3.4 times the r;
if using a dc test voltage.

D. 2: An isolation ‘resistance test in accordance with Section 31, in an as-receiv
idity conditioning)’may be conducted in lieu of the Dielectric Voltage Withstand Te

finuity chieck of the grounding system using an ohmmeter or other method, shall b
roduction employing protective grounding. The continuity check shall det

measuremeTts made on any two points of the grounding system do not exceed 0.1 Q.

sure release

tlined in UL

t any active

30 shall be
as outlined

5 with a test
hted voltage

bd condition
St

e conducted
ermine that

17.4 Manufacturers of electric energy storage assemblies and electric vehicle cells shall have
documented production process controls in place that continually monitor and record the following key
elements of the manufacturing process that can affect safety, and shall include measured parametric limits
enabling corrective/preventative action to address defects (out of limit parameters) found affecting these
key elements:

a) Su
b) As

pply chain control; and

sembly processes.
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PERFORMANCE

18 General

18.1 Unless indicated otherwise, electric energy storage assemblies shall be at the maximum operating
state of charge (MOSOC), in accordance with the manufacturer’s specifications, for conducting the tests in
this standard. After charging and prior to testing, the samples shall be allowed to rest for a maximum

period of 8 h at room ambient.

18.2 Fresh samples (i.e. not more than 6 months old) representative of production are to be used for the
tests described in Sections 25 — 43. The test program and number of samples to be used in each test is

shown in Taple 18-1-

Table 18.1

Tests and sample requirements for electric energy storage assemblies andCcompone

energy storage assemblies

ht electric

Test Section Number of EESA sgdmples?
Electrical Tepts
Overcharge?) 25 1
Short Circuit? 26 1
Overdischarge Protection? 27 1
Temperature 28 1
Imbalanced ¢harging 29 1
Dielectric Volfage Withstand 30 (Use Temperature gample)
Isolation Resistance 31 (Use Temperature qample)
Continuity 32 (Use Temperature sJampIe)
Failure of Cogling/Thermal Stability 33 1
System
Mechanical Tests
Rotation® ©) 34 1
Vibration Endurance® 35 1
Shock® 9 36 1
Drop? 37 1
Crush® 38 1
Environmental Tests
Thermal Cycljng® 39 1
Salt Spray? 40 1
Immersion® 41 1
External Fire Exposure® © 42 1
Single Cell Failure Design Tolerance® 43 1
Material Tests
20-mm End Product Flame Test (Note: 71 3 test specimens of the part under test
Not conducted if minimum V-1) (polymeric enclosure sample)

made to samples such as replacement of fuses, etc. in order to reuse samples for multiple tests.

@) The same sample is used for the tests of Sections 28, 30, 31, and 32. Samples from other tests may be re-used for multiple tests
if still intact so that their re-use does not affect the test outcome and the manufacturer is in agreement. Minor modifications can be

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Test Section

Number of EESA samples?

° Test may be
9 Testing may

®) Applicable to assemblies employed in off road vehicles not subject to Motor Vehicle Safety Regulations (C.R.C., c. 1038)
Technical Standards Document No. 305 / FMVSS 305 tests.

conducted with assembly mounted in a representative framework of vehicle.
be conducted on a representative subassembly.

©) Applicable to assemblies that contain cells that do not meet projectile test requirements of this standard.

18.3 Unless noted otherwise in the test method, assemblies shall be tested with cooling systems and
controls functioning.

18.4 All tes

18.5 Unles|
observation
20.2.

ts, unless noted otherwise, are to be conducted in a room ambient, 25 £5°CA77, J_rl)°F).

5 noted otherwise in the individual test methods, the tests shall_be followe
time prior to concluding the test and temperatures are to be monitdred in acco

18.6 Ther

o
central corrr%onent module when monitoring for general conditions” of the electric ene
assembly. Téemperature shall be measured using thermocouples €onsisting of wires not largs

mm? (24 AW

potentiometer-type instrument. Temperature measurements are‘to be made with the measurin

the thermocq

Exception: R
assembly an
compromise

19 Determlination of Potential for FireHazard

19.1 In add
for potential
sources as d

a) TH
energ
open

couples are to be attached to the central component modulé or as near as po

G) (i.e. Type J special or Type K) and not smallerthan 0.05 mm? (30 AWG) cor

uple held tightly against the component/location-being measured.

or general safety monitoring of temperatlres (i.e. monitoring for general tempera

f from the testing.

ition to visible signs of fire, non-compliant tests results for fire shall also include a
flammable concepfrations of vapors with the use of a minimum of two contin
escribed below:

e continuous:spark sources are to provide at least two sparks per second w
y to ignitesnatural gas and are to be located near anticipated sources of vapor S
ngs oratthe vent duct.

d by a 1-h
rdance with

5sible to the
rgy storage
er than 0.21
nected to a
j junction of

fure state of

d not for compliance data), the onboard temperature monitoring system may be utilized if not

N evaluation
uous spark

th sufficient
uch as vent

Exception: A

gas monitor suitable for detecting 25% of the lower flammability limit of the ev

blved gases

measuring at a minimum of two sampling locations may be used instead of the spark sources.

19.2 Additional precautions shall be taken during tests requiring this analysis due to the potential for
flammable gas concentrations that may occur within the test room or chamber.

20 Important Test Considerations

20.1 The tests contained in this standard may result in explosions, fire and emissions of flammable
and/or toxic fumes as well as electric shock. It is important that personnel use extreme caution when
conducting any of these tests and that they be protected from flying fragments, explosive force, and
sudden release of heat and noise that could result from testing. The test area is to be well ventilated to
protect personnel from possible harmful fumes or gases. Test facilities shall be equipped to contain,

mitigate, and exhaust toxic fumes and particulate matter that may be generated during the tests of this
standard including the External Fire Exposure Test of Section 42. See also 19.2.
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20.2 As an additional precaution, the temperatures on surfaces of the DUT are to be monitored during
the tests per 18.6. All personnel involved in the testing of electric energy storage assemblies are to be
instructed to never approach the DUT until temperatures are falling and are below 45°C (113°F). The OCV
of the DUT are to be monitored also during testing if possible for information purposes.

21 Single Fault Conditions

21.1 Where there is a specific reference to a single fault condition in the individual test methods, the
single fault is to consist of a single failure (i.e. open, short or other failure means) of any component in the
electrical energy storage assembly that could occur as identified in the system safety analysis of Section
13 and that could affect the results of the test.

22 Test RLsuIts

221 Testg that result in one or more of the following conditions as definedin Section 6 shall be
considered [as non-compliant for the test as noted in Table 22.1. Details of passing resultg criteria are
provided in the individual test methods.

Table 22.1
Noncompliant test results

Non-complignt results Designation Tests?

Explosion E All tests

Fire F All tests except external firg exposure

Combustible Concentrations C All tests except external firg exposure
and single cell failure desigp tolerance

Rupture (enclosure) R All tests except external firg exposure,
single cell failure design tolerance and
crush

Leakage (extgrnal to enclosure) L All tests except external firg exposure,
single cell failure design tolerance and
crush

Venting® V All tests except crush, drop}, rotation,

immersion, external fire exposure, and
single cell failure design tolerance:

* Operational leve] limit if
applicable (i.e. vepting into
passenger compaftment) when
using analysis methods per
Section 23 for all ests.

Crushdroparmdrotatiomrtests include

the following ventilation check:

» Crash/Nonoperational level
limit: Toxic gas release of
ERPG-2 or greater when using
analysis methods per Section

23.
Electric shock hazard (resistance below S All tests (if hazardous voltage) except
isolation resistance limits) immersion, external fire exposure, and

single cell failure design tolerance

Loss of protection controls® P All tests except external fire exposure,
single cell failure design tolerance, crush,
and immersion

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Non-compliant results Designation Tests?

@ For tests that evaluate one specific part of the DUT such as the mold stress, continuity, dielectric voltage withstand, isolation
resistance and material tests only those compliance criteria noted in the tests method need be applied. See individual tests for
additional compliance criteria details.

b Loss of protection controls — A failure of software and/or electronic controls, discrete control devices or other built-in electrical
protection that results in a hazardous event during the after test cycling when operational.

¢ Vapors from internal cell venting as a result of testing are allowed to exit the enclosure only through intended exhaust openings
and not into the passenger compartment. If venting into the passenger compartment can occur, analysis per Section 23 shall be
conducted. See also definitions regarding toxic gas release in 6.44 and 6.45.

22.2 For the following tests, if the DUT is still operational after the test (a fuse may be [replaced or
resettable device reset), it shall be subjected to a minimum single charge/discharge cyele.in [accordance
with the manjufacturer's specifications. The DUT shall operate as intended.

a) Overcharge;

b) Short Circuit;

c) Overdischarge Protection;

d) Impalanced Charging;

e) Fajlure of Cooling/Thermal Stability System;
f) Rofation;

g) Vibration Endurance;

h) Shock;

i) Drgp;
j) Temperature Cycling; and

k) Sajt Spray.

22.3 For thiose tests where rupture is identified as a non-compliant results, the DUT shall be ¢xamined at
the conclusipn of the-test for evidence of rupture that would result in potential exposure tq hazardous
voltage circlits and\hazards materials such as electrolyte. When determining exposure tq accessible
hazardous c|rcuits or materials, the criteria outlined in 9.1 shall be applied.

23 Determination of Toxic Emissions

23.1 Toxic emissions, as defined in 6.44 and 6.45, through openings other than exhaust openings during
testing are not allowed or limited to ERPG-2 levels or OSHA TWAs, STELS and ceiling limits in those tests
as identified in Table 22.1. Manufacturers shall provide analysis as outlined in Section 4.1.4 of SAE J2464
if there is potential for toxic gas release into the passenger compartment during the tests of this standard.
If analysis indicates the potential for toxic gas release within the passenger compartment, monitoring
during testing shall be conducted using one of the following or equivalent techniques as determined
applicable in (a) — (d) below. For some toxic substances, multiple values are provided for TWAs, STELs
and ceiling limits. The lowest published values shall be used for determining compliance.

a) ASTM D4490;

b) ASTM D4599; or
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¢) The OSHA Evaluation Guidelines for Air Sampling Methods Utilizing Spectroscopic Analysis.

d) The NIOSH Manual of Analytic Methods.

Exception: No cell venting as a result of testing is considered a compliant result without additional
monitoring as noted above.

23.2 To determine the concentration of toxic emissions, testing is to be conducted in a closed test
chamber of known volume large enough to contain the DUT. Results obtained from sampling the
emissions shall be scaled to estimate the anticipated exposure and concentration of toxic materials within
the passenger compartment.

24 Tolerances

24.1 Unless noted otherwise in the test methods, the overall accuracy of controlled’ of meagured values
when condycting testing in accordance with this standard, shall be within the following tolerang¢es:

a) +1% for voltage;
b) +1% for current;

c) +2°C (x3.6°F) for temperatures at or below 200°C (392°F), and £3% for tempergtures above
200°C (392°F);

d) £0.1% for time;

e) +1% for dimension.

24.2 Thesg tolerances comprise the combined accuracy of the measuring instryments, the
measuremeint techniques used, and all other sources of error in the test procedure.

ELECTRICAL TESTS
25 Overcharge Test

25.1 This fest is intended to/evaluate a EESA and its associated protection circuitry ability|to withstand
an overcharge condition

Exception: Dvercharge testing on a subassembly may be conducted instead of the complete EESA if
determined [fo bé representative of the EESA.

25.2 Afully discharged sample (i.e. discharged to the manufacturer’s specified EODV) is to be subjected
to the maximum specified charging rate of the battery assembly with a single fault condition in the charging
circuit of the pack that could lead to an overcharge condition. See Section 21 for a description of a single
fault condition. The charging parameters utilized for this test are to be based upon the maximum designed
charging parameters for the intended vehicle application. See 6.9.

25.3 The test is to continue until ultimate results occur. Ultimate results are considered to have occurred
when one of the following occurs:

a) The sample charging is terminated by the protective circuitry whether it is due to voltage or
temperature controls. The DUT is monitored per 18.5 and 20.2; or

b) Where an automatic interrupt function fails to operate, or no such function for the charging is
provided and the DUT is charged to 110% of its rated charge capacity or a manufacturer-specified
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limit. (reaching 110% of the rated charge capacity or the manufacturer-specified charging limit
would be considered as a failure of the overcharge evaluation); or

c) EESA failure occurs as evidenced by explosion, fire.

25.4 During the test, a spark ignition source as outlined in Section 19 shall be used to detect the
presence of flammable concentrations of gases within the sample.

25.5 At the conclusion of the test and after cooling to near ambient, the samples shall be examined for
signs of damage and subjected to an "as received" isolation resistance test in accordance with 31.2(a).

25.6 Ther
There shall
designated
assembly er
results are a

25.7 Ifthe

aha“ bC 1o UVidUI 1T Uf ﬁIG Ul UAP:UD;UII. ThG IIIiII;IIIuIII iauiatiuu IUD;DtdIIbU bhd“
be no venting of vapors external to the electric energy storage assemblyexg
entilation systems or openings. There shall be no rupture of the electricyens
closure or visible evidence of leakage of electrolyte external to the enclosuré. No
5 noted in Table 22.1.

reset), it shall be subjected to a discharge and charging cycle in accordance with the m3

specification
26 Short(

26.1 Thist
withstand an

Exception:
determined

26.2 Thes
with a circuit

26.3 Testin
of the short

26.4 Tests
before the te

26.5 The {

5. The DUT shall operate as intended.

ircuit Test

external short circuit.

bhort circuit testing on a subassembly-may be conducted instead of the compl
0 be representative of the EESA.

ample is to be short-circuited by-connecting the positive and negative terminals of
load having a total circuit résistance less than or equal to 20 mQ.

g is repeated at a load\that draws a maximum current no less than 15% below tf
ircuit protection.

are to be conducted at room ambient. The samples are to reach equilibrium
rminals are‘connected.

ample’ is to be completely discharged (i.e. discharged until near zero state g

energy is de

e 100 Q/V.
ept through
rgy storage
h-complying

DUT is operational after the overcharge test (fuses may be replaced’and/or resettable devices

nufacturer's

pst is to be conducted on fully charged samples{MOSOC per 18.1) to determine their ability to

bte EESA if

the sample

€ operation

emperature

f chargelits

pleted), and/or the temperature on the center module has peaked or reached a

steady state

condition and 7 h has elapsed or a fire or explosion has occurred.

26.6 During the test, samples supplied with protective devices shall be subjected to a single component
fault using any single fault condition that may be determined to occur during discharge conditions. See
Section 13 for details regarding single fault conditions.

26.7 During the test, a spark ignition source as outlined in Section 19 shall be used to detect the
presence of flammable concentrations of gases within the sample.

26.8 At the conclusion of the test and after cooling to near ambient, the samples shall be examined for
signs of damage and subjected to the "as received" isolation resistance test in accordance with 31.2(a).
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26.9 There shall be no evidence of fire or explosion. The minimum isolation resistance shall be 100 Q/V.
There shall be no venting of vapors external to the electric energy storage assembly except through
designated ventilation systems or openings. There shall be no rupture of the enclosure or visible evidence
of leakage of electrolyte external to the enclosure. Non-complying results are as noted in Table 22.1.

26.10 If the DUT is still operational after the short circuit test (fuses may be replaced and/or resettable
devices reset), it shall be subjected to a charge and discharge cycle in accordance with the manufacturer's
specification. The DUT shall operate as intended.

27 Overdischarge Protection Test

271
ability to wi
both tempe

per 18.1) 1o determine the DUTs
stand an overdischarge condition and is conducted with all discharge protectiof circuitry for
ature and minimum voltage connected to prevent irreparable cell damage.

Exception:
EESA if det

Dverdischarge protection testing on a subassembly may be conducte@-instead of
prmined to be representative of the EESA.

he complete

27.2 The

maximum d
the minimur
for an additi

27.3 Durin
presence off

27.4 At thg
signs of dan

27.5 The |
There shall
shall be no
designated
of leakage d

27.6 If theg
overdischar

manufacturer's specifications. The DUT shall operate as intended.

PDUT is to be subjected to a constant discharging current "at' the manufacture
scharge rate. The DUT is to be discharged until the passive protection device(s) 3
h cell voltage/maximum temperature protection is activated, or the DUT has bee
bnal 30 min after it has reached its specified normaldiseharge limits, whichever co

g the test, a spark ignition source as outlined-in Section 19 shall be used t
flammable concentrations of gases within thesample.

hage and subjected to the "as received" isolation resistance test in accordance wit

protection device(s) shall activate to prevent cells from going below their cut-off
be no evidence of fire or explosion. The minimum isolation resistance shall be 10
venting of vapors external-to the electric energy storage assembly enclosure ex
ventilation systems er'‘openings. There shall be no rupture of the enclosure or visi

DUT is stillfoperational (fuses may be replaced and/or resettable devices reg
he protection test, it shall be subjected to a charge and discharge cycle in accorda

28 Tempefrature Test

r's specified
re activated,
n discharged
mes first.

b detect the

b conclusion of the test and after cooling to near ambient, the samples shall be ¢xamined for

n 31.2(a).

voltage limit.
D Q/V. There
cept through
ble evidence

f electrolyte externalito the enclosure. Non-complying results are as noted in Tablg 22.1.

et) after the
nce with the

28.1

This test is conducted to determine whether or not the modules and their cells are being maintained

within their specified operating limits during maximum charge and discharge conditions of the pack. During
this test, it shall also be determined as to whether or not temperature sensitive safety critical components
in the pack including cells are being maintained within their temperature ratings based upon the maximum
operating temperature limits of the pack.

28.2 A fully discharged EESA (i.e. discharged to EODV) is to be conditioned within a chamber set to the
upper limit charging temperature specifications of the EESA. After being stabilized at that temperature (i.e.
all cell temperatures are estimated to be within £10°C (x18°F) of the chamber temperature for 1 h), the
DUT is to be connected to a charging circuit input representative of anticipated maximum charging
parameters. The DUT shall then be subjected to maximum normal charging while monitoring voltages and
currents on modules until it reaches the manufacturer's specified fully charged condition. Temperatures
shall be monitored on temperature sensitive components including cells.
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28.3 While still in the conditioning chamber, and after allowing temperatures to stabilize (i.e. all cell
temperatures are estimated to be within £10°C (x18°F) of the chamber temperature for 1 h), the fully
charged DUT (MOSOC per 18.1) shall then be discharged in accordance with the manufacturer's
specifications down to the manufacturer's specified end of discharge condition while monitoring voltage
and current on modules. Temperatures shall be monitored on temperature sensitive safety critical
components including cells.

28.4 The charge and discharge cycles are then repeated for a total of 5 complete cycles of charge and
discharge.

28.5 The manufacturer's specified limits (voltage, current and temperatures measured) shall not be

exceeded dy
exceed their

29

29.1 This t
cells/module

29.2 A fully
discharged f
approximate|
charging.

29.3 The s
voltage of th
limits are be

29.4 Durin
presence of

29.5 Atthe
of damage a

29.6 There
be 100 QM
designated
of leakage o

Imbalanced Charging Test
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specifications.

s within their specified operating parameters if it becomes imbalanced.

charged EESA (MOSOC per 18.1) shall have all of its modules with the exce
o its specified fully discharged condition. The undischarged module shall be di
y 50% of its specified state of charge (SOC) toccreate an imbalanced condi

ample shall then be charged in accordange with the manufacturer’s specifig
e partially charged module shall be monitored during the charging to determine
ng exceeded.

) the test, a spark ignition source as outlined in Section 19 shall be used tg
flammable concentrations of gases within the sample.

conclusion of the test and-after cooling to near ambient, the DUT shall be examin
hd subjected to an "as\received" isolation resistance test in accordance with 31.2(

shall be no evidence of fire or explosion. The minimum isolation resistance of th
. There shallbe no venting of vapors external to the EESA enclosure exc
entilation~systems or openings. There shall be no rupture of the enclosure or visik
electrolyte external to the enclosure. Non-complying results are as noted in Table

29.7 The n

ts shall not

st is to determine whether or not a EESA with series connected modules can maintain the

btion of one
scharged to
ion prior to

ations. The
f its voltage

detect the

ed for signs

h).

e DUT shall
ept through
le evidence
22.1.

haximum voltage limit of the module shall not be exceeded when charging an

imbalanced

EESA.

29.8

If the DUT is still operational (fuses may be replaced and/or resettable devices reset) after the

imbalanced charging test, it shall be subjected to a discharge and then a charge cycle in accordance with
the manufacturer's specifications. The DUT shall operate as intended.

30 Dielectric Voltage Withstand Test

30.1

the electric energy storage assembly.

This test is an evaluation of the electrical spacings and insulation at hazardous voltage circuits of

30.2 Circuits at 60 Vdc or higher shall be subjected to a dielectric withstand voltage consisting of a dc

potential of 1

414 times twice rated voltage.
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Exception No. 1: An essentially sinusoidal ac potential of 60 Hz at twice rated voltage may be applied
instead of the dc potential.

Exception No. 2: Semiconductors or similar electronic components liable to be damaged by application of
the test voltage may be bypassed or disconnected.

30.3 The test voltage is to be applied between the hazardous voltage circuits of the DUT and non-current
carrying conductive parts that may be accessible or connected to accessible parts of a vehicle.

30.4 The test voltage is also to be applied between the hazardous voltage charging circuit and charging
connections of the DUT and the enclosure/accessible non-current carrying conductive parts of the DUT.

he live in the
nd metal foil

30.5 |If the|
event of an
in contactw

accessible parts of the DUT are covered with insulating material that may bécof
nsulation fault, then the test voltages are applied between each of the live-parts 3
th the accessible parts.

30.6 The fest voltages shall be applied for a minimum of 1 min. The test)voltage shoul
between the positive terminal or negative terminal and the accessible nonzeurrent carrying p

i be applied
art in turn, to

avoid short gircuiting between the positive and negative terminals.

30.7 There shall be no evidence of a dielectric breakdown (breakdown of insulation resulting in a short
through insulation/arcing over electrical spacings) as evidenged by an appropriate signal from the
dielectric withstand test equipment as a result of the applied test voltage.

31 Isolation Resistance Test

31.1 This fest is intended to determine that insulation provides adequate isolation of hazarglous voltage

circuits fron

hygroscopid.

31.2 The g

W accessible conductive parts of the electric energy storage assembly and th

at it is non-

Clause 6.1.3

lectric energy storage assembly shall be subjected to Isolation resistance test of

of ISO 64691, with the following exceptions:

a) T
cond

esting is to be _conducted with the DUT in the as-received condition (i.e.
itioning prior to measurements); and

no humidity

b) Te
the f

sting is to‘be-conducted after conditioning the DUT in accordance with IEC 6006
bllowing.parameters:

B8-2-30 using

1) Variant 1;

2) At maximum temperature of 55 +2°C (131 £3°F); and

3) 6 cycles.

31.3 As an exception to the method outlined in ISO 6469-1, an insulation resistance test using a dc
voltage applied to the circuit under test may be conducted. For this method, the insulation resistance is to
be measured using a megohmmeter after application of a dc voltage for 1 min that is higher than the circuit
under test. (i.e. at least have the working voltage of the high voltage dc bus or circuit under test if higher).

31.4 The DUT is to be in the fully charged state for both (a) and (b) in 31.2.
31.5 For condition 31.2(b), the DUT shall be placed within the chamber so that it is oriented in the

manner in which it will be installed in the vehicle. Upon completion of the 6th cycle the sample shall be
subjected to a controlled recovery in accordance with Recovery, Clause 9, of IEC 60068-2-30. The
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isolation resistance measurements shall be made within 30 min of completion of the controlled recovery
phase.

31.6 For both (a) and (b) of 31.2 and 31.3, the isolation resistance divided by the maximum working
voltage of the circuit under test, shall be at least 100 Q/V for dc and 500 Q/V for ac or for circuits

containing both ac and dc parts.

32 Continuity Test

32.1
assembly.

This test evaluates the continuity of the protective grounding system of the electric energy storage

32.2 The ¢
resistance b
of 32.3 and

32.3 The
150% of the
used to prov

324 The
assembly.

32.5 The r¢sistance shall be calculated from the measuredwoltage drop and current.

rounding system of an electric energy storage assembly shall have no more
btween any two parts of the system that are measured in accordance withythe cg
p2.4.

oltage drop in a protective grounding system is measured aftef Japplying a teg
maximum current of the circuit under test or 25 A, whicheveris greater, for 5 s.
de the test current is to have a no load voltage not exceeding 60 Vdc.

oltage drop measurement is made between any twe exposed conductive

than 0.1-Q
ntinuity test

t current of
The supply

arts of the

33 Failure|of Cooling/Thermal Stability System Test

33.1 This test attempts to evaluate the electrical energy storage assembly’s ability to safely|withstand a
failure in the|cooling/thermal stability system.

33.2 The QUT is to be fully discharged to the manufacturer's end of discharge condition EODV and then
conditioned @t maximum specified operating ambient for a period of 7 h. While still in the ponditioning
chamber, thI DUT, with its cooling/thermal stability system disabled is to then be charged at ifs maximum
specified charge rate until completely charged or until operation of a protective device.

33.3 The DUT is to be_fully charged (MOSOC per 18.1) and then conditioned at maximym specified
operating ambient for)ya period of 7 h. While still in the conditioning chamber, the DUT, with its

cooling/therr
reaches its s

nal stability system disabled is to then be discharged at the maximum discharge
pecified end of discharge condition or until operation of a protective device.

rate until it

33.4 During the test, a spark ignition source as outlined in Section 19 shall be used to detect the
presence of flammable concentrations of gases within the sample.

33.5 At the conclusion of the test and after cooling to near ambient, the DUT shall be examined for signs
of damage and subjected to an "as received" isolation resistance test in accordance with 31.2(a).

33.6 There shall be no evidence of fire or explosion. The minimum isolation resistance shall be 100 Q/V.
There shall be no venting of vapors external to the electric energy storage assembly except through
designated ventilation systems or openings. There shall be no rupture enclosure or visible evidence of
leakage of electrolyte external to the enclosure. Non-complying results are as noted in Table 22.1.

33.7 The test method of 33.2 — 33.6 shall be repeated with the DUT conditioned at the minimum
specified operating ambient.
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Exception: The tests at minimum ambient as outlined may be waived if it can be determined through
analysis that no hazard will result in charging and discharging at minimum ambient without the
cooling/thermal stability system functioning. (i.e. sodium nickel metal chloride system is not energized in
cold states).

33.8 If the DUT is still operational (fuses may be replaced and/or resettable devices reset) after the
Failure of Cooling/Thermal Stability System Test, it shall be subjected to a discharge and then a charge

cycle in accordance with the manufacturer's specifications. The DUT shall operate as intended.

MECHANIC

34 Rotati¢n Test

341 Asa
an overturn

Exception N
6.47 subjec
Electrolyte §
571 305, ne

Exception N
end use veh

34.2 The 4
shall be cd
directions. [
perpendicul
detect the p
and after cg
"as received

Exception: f
343 Asa
gas release

are as noteq

34.4 If the

ALTESTS

ple of the electric energy storage assembly shall be subjected to a 360%rotatio
d vehicle.

ed to a rollover test in accordance with the Motor Vehicle Safety.Regulations (C.R
bpillage and Electrical Shock Protection (Standard 305), Document No. 305, / FM
ed not be subjected to this test.

0. 2: The sample may be mounted within a mounting fixture representative of
icle application.

ample charged to MOSOC of 18.1, shall berotated at a continuous rate of 90°/
nducted subjecting the sample to a 360° rotation in 3 mutually perpendicy
DUTs with only 2 axes of symmetry, such as cylindrical designs are subjected {
br directions of rotation. A spark ignition source as outlined in Section 19 shal
resence of flammable concentrations of gases within the sample. At the conclusid

" isolation resistance test inaccordance with 31.2(a).
Flooded lead acid batteries are not subjected to this test.

result of the rotations, there shall be no evidence of fire or explosion. There sha

in Table22.1.

n to simulate

o. 1: Electric energy storage assemblies intended for use in on‘toad vehicles as defined in

.C., c. 1038)
VSS 49 CFR

fhe intended

15 s. Testing
lar different
O 2 mutually
be used to
n of the test

oling to near ambient, the packs shall be examined for signs of damage and subjected to an

| be no toxic

as defined,in'®.44. The minimum isolation resistance shall be 100 Q/V. Non-complying results

DUT s still operational (fuses may be replaced and/or resettable devices res

rotation test

et) after the

, it.is to be subjected to a charge and discharge cycle in accordance with the manufacturer's

specifications. The DUT shall operate as intended.

35 Vibration Endurance Test

35.1 The test is intended to evaluate the electric energy storage assembly's ability to withstand
simulated vibration that would occur over the life of the device. The sample is to be fully charged (MOSOC
per 18.1) for this test.

35.2 A sample of the electric energy storage assembly is subjected to a vibration endurance test in
accordance with the anticipated end application vehicle vibration profile. In the absence of this information,
the vibration method outlined in SAE J2380, shall be used.
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Exception No. 1: This test may be conducted at the module level for those electric energy storage
assemblies intended for use in applications larger than passenger vehicles. The module level testing shall
be representative of the electric energy storage assembly. The vibration profile used shall be from SAE
J2380.

Exception No. 2: Electric energy storage assemblies intended for installation in off-road vehicles evaluated
to UL 583 may instead be vibration tested in accordance with ISO 6469-1. The vibration shall be
conducted in an ambient temperature of 25 +5°C (77 +9°F) throughout the test rather than varying the
temperature.

35.3 During the test the OCV of the sample and temperatures on the center module shall be monitored
for informatig

M purposes:

35.4 Aspa
concentratio

rk ignition source as outlined in Section 19 shall be used to detect the presence df flammable

ns of gases within the sample.

35.5 The s
cooling to n
received" isg

35.6 Therg
There shall
designated
assembly en
results are a

35.7 If the
vibration tes

amples shall be examined 8 — 24 h after testing. After the 8 —24°h rest perid
bar ambient, the samples shall be examined for signs of damage and subjecte
lation resistance test in accordance with 31.2(a).

shall be no evidence of fire or explosion. The minimuniisolation resistance shall
be no venting of vapors external to the electric energy storage assembly exg
entilation systems or openings. There shall be no rupture of the electric eng
closure or visible evidence of leakage of electralyte external to the enclosure. No
5 noted in Table 22.1.

DUT is still operational (fuses may be“replaced and/or resettable devices res
, it is to be subjected to a charge and-discharge cycle in accordance with the m3

d and after
d to an "as

be 100 Q/V.
ept through
rgy storage
h-complying

bt) after the
nufacturer's

specifications. The DUT shall operate as intended.

36 Shock Test

36.1 Thist
mechanical

bst is meant to determine whether or not the electric energy storage assembly can|withstand a

bhock that may occunwhen in use in an electric vehicle.

36.2 The s
mounting su
information

pmple is to-besecured to the testing machine by means of a rigid mount, which
faces of-thie sample. During the test, temperatures on the center module are n
urposes.

supports all
onitored for

Exception: Tihe_sample may be mounted within a mounting fixture representative of the intendled end use
vehicle application.

36.3 A fully charged sample (MOSOC per 18.1) is to be subjected to the half sine wave shock test in
accordance with IEC 60068-2-27, with the parameters as outlined in Table 36.2. The samples shall be
examined for signs of damage 6 — 24 h after the shocks have been applied and after the sample has
approached ambient temperature.

Exception No. 1: This test may be conducted at the module level for those electric energy storage
assemblies intended for use in applications larger than passenger vehicles. The module level testing shall
be representative of the electric energy storage assembly.

Exception No. 2: For electric energy storage assemblies intended for installation in off-road vehicles
evaluated to UL 583, the DUT may instead be subjected to mechanical shock testing with parameters as
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shown in Table 36.1. The shocks shall be applied in all 6 spatial directions for a prismatic DUT and 3
spatial directions for cylindrical DUT.

Table 36.1
Shock parameters for off-road vehicles
DUT weight Pulse shape Acceleration Duration Number of shocks
<12kg half-sinusoidal 50 g, 11 ms 3 L directions
>12 <100 kg - 254, 15 ms 3 L directions
> 100 kg or System? - 109, 20 ms 3 L directions
@ Pack with sgparate modules previously tested individually to the appropriate higher shock level.

Table 36.2
Shock parameters

Number of
shocks in

Total number of positive and

mutually negative Total number of
Pulse duration, perpendicular direction of each shocks per
Waveform Peak acceleration ms axes fortest axis sample
Half sine whve 2549, 15 3 3 18
36.4 A spark ignition source as outlined in Section 19(shall be used to detect the presence ¢f flammable

concentratigns of gases within the sample.

36.5 After
isolation res

36.6 Ther¢ shall be no evidence of fire'or explosion. The minimum isolation resistance shall

There shall
designated
assembly e
results are g

36.7 If the
shock test,
specificatior

the 6 — 24 h rest period and after cooling to near ambient, the samples shall be sU
istance test in accordance with 31:2(a).

be no venting of vapors external to the electric energy storage assembly ex
ventilation systems._or openings. There shall be no rupture of the electric en
hclosure or visible evidence of leakage of electrolyte external to the enclosure. Nd
s noted in Table 22.1.

DUT is(still operational (fuses may be replaced and/or resettable devices res

s{The DUT shall operate as intended.

bjected to in

be 100 Q/V.
cept through
ergy storage
n-complying

et) after the

t is fo"be subjected to a charge and discharge cycle in accordance with the manufacturer's

37 Drop Test

371

(EESA) is subjected to an inadvertent drop during installation or removal from the vehicle.

This test is intended to evaluate whether a hazard exists when a electric energy storage assembly

37.2 After being equilibrated at room temperature, an electric energy storage assembly at MOSOC per
18.1 is to be dropped from a minimum height of 1.0 m (3.3 ft) to strike a flat concrete surface in the position
most likely to produce the adverse results and in a manner and height most representative of what would
occur during maintenance and handling/removal of the EESA during servicing.

37.3 With reference to 37.2, if only one drop test is performed, it shall not be a flat drop. If the EESA is
intended to be installed or removed in a horizontal direction, a drop with the DUT slanted at a 10° angle
with pack edge impacted, should be considered.
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37.4 With reference to 37.2, if one drop test is a flat drop, then at least one other test shall be performed
that is not a flat drop.

37.5 The sample is to be dropped a minimum of one time.

37.6 The concrete surface is to be at least 76-mm (3-in) thick and shall be large enough in area to cover
the DUT.

37.7 The samples shall be examined for signs of damage within a time frame of 6 — 24 h after dropping.
During the test, temperatures shall be monitored. If the sample returns to or remains near ambient, an

isolation resistance test in accordance with 31.2(a) is to be conducted.

37.8 A spark ignition source as outlined in Section 19 shall be used to detect the presence'qf flammable
concentratiopns of gases within the sample immediately after the drop and repeatedhin’the|instance of
increasing tgmperatures.

37.9 There shall be no evidence of fire or explosion. There shall be no toxiC)gas release as defined in
6.44. The minimum isolation resistance shall be 100 Q/V.

Exception: kor energy storage assemblies intended for removal, from the vehicle for charging and
replacement] the total number of drops shall be a minimum of 3 time&on a single sample. In addition to the
criteria, thene shall be no damage of the enclosure that wodldvallow hazardous voltage |parts to be

accessed wi

37.10
drop test, it
specification

38 Crush

38.1 Thist
withstand a

th the articulate finger evaluation of 9.2 on the DUT;

If th¢ DUT is still operational (fuses may be replaced and/or resettable devices res

is to be subjected to a charge and discharge cycle in accordance with the ma
5. The DUT shall operate as intended.

[est

pst is conducted on a fully'charged electric energy storage assembly to determing
rush that could occur during a vehicle accident.

38.2 A sample shall be crushed between a fixed surface and a ribbed test platen in accorda

text fixture d
symmetry, a
may be useg

Exception N

escribed in SAEJ2464, with the following exceptions as noted below. Packs wi
Fe subjected to 3 mutually perpendicular directions of press. A different sample
for eachcrush.

D. 1 “Fhe maximum force applied to the DUT is to be 100 £6 kN.

bt) after the
nufacturer’s

its ability to

nce with the
h 3 axes of
of the DUT

Exception No. 2: EESAs with only 2 axes of symmetry, such as cylindrical designs are subjected to 2
mutually perpendicular directions of press.

Exception No. 3: The DUT may be installed in a protective framework representative of what is provided in

the vehicle.

38.3 A spark ignition source as outlined in Section 19 shall be used to detect the presence of flammable
concentrations of gases within the sample.

38.4 The samples shall not explode or catch fire. There shall be no toxic gas release as defined in 6.44.

ENVIRONMENTAL TESTS
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39 Thermal Cycling

39.1 This test determines the electrical energy storage assembly’s ability to withstand exposure to
rapidly changing environments such as when the vehicle is entering or exiting a heated garage after being
in a cold environment, or during transport etc. without evidence of damage that could lead to a hazardous
event.

39.2 A fully charged electrical energy storage assembly (MOSOC per 18.1) shall be subjected to the
thermal shock test of SAE J2464, except that the temperature extremes are from 85 +2°C to -40 +2°C

(185 +3°F to —40 +3°F).

Exception:
assembly.

39.3 Atth
discharge d
replaced an
signs of da
31.2(a).

39.4 Ther¢ shall be no evidence of fire or explosion. The minimumdsolation resistance shall

There shall
designated
assembly e
results are 4

estling may be conducted at the module level that IS representative oOr the en

b conclusion of the tests, the sample is returned to ambient and then-subjected
ycled in accordance with the manufacturer's specifications if still operational (fu
d/or resettable devices reset). The DUT shall operate as intended«The sample is §
Mmage and is then subjected to an as received isolation resistance test in accq

be no venting of vapors external to the electric €nergy storage assembly ex
ventilation systems or openings. There shall bé\no rupture of the electric en
hclosure or visible evidence of leakage of electrolyte external to the enclosure. Ng
s noted in Table 22.1.

brgy storage

to a charge
ses may be
pxamined for
prdance with

be 100 Q/V.
cept through
brgy storage
n-complying

40 Salt Spray Test

40.1 This fest determines the electrical enefgy storage assembly's ability to safely withstang anticipated
exposure to|a salt mist conditions due to either to vehicle use near marine environments, or diie to salt de-
icing utilized on roads during winter menths.

40.2 A fully charged electrical energy storage assembly (MOSOC per 18.1) shall be subjected to the test
method per|IEC 60068-2-52, with ‘a severity level of 6.

Exception N
assembly m

Exception N

o. 1: A sample at the module level that would be representative of the electric en
ay be usedor this test.

0.,2: JThis test may be modified to a severity level of 1 for those EESAs not in

installed in

ergy storage

ended to be

riunderbody location but may have some exposure to salt fog.

Exception No. 3: This test may be waived for those EESAs not intended to be located where they will be
subject to salt exposure, such as those EESAs that are provided with an enclosure that prevents salt fog
exposure (i.e. IP67) and not intended to be installed in an underbody location, or those EESAs intended
for use on off-road vehicles evaluated to UL 583 that are not exposed to salted roads or marine
applications.

Exception No. 4: This test may be waived on an EESA whose enclosure has been evaluated for outdoor
use and resistance to corrosion (i.e. NEMA Type 4X or 6P) per UL 50E.

40.3 If the DUT is still operational (fuses may be replaced and/or resettable devices reset) after the salt
spray test, it is to be subjected to a charge and discharge cycle in accordance with the manufacturer's
specifications. The DUT shall operate as intended followed by an observation period.
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40.4 At the conclusion of the tests, the sample is examined for signs of damage and shall be subjected to
an as received isolation resistance test in accordance with 31.2(a).

40.5 There shall be no evidence of fire or explosion. The minimum isolation resistance shall be 100 Q/V.
There shall be no venting of vapors external to the electric energy storage assembly except through
designated ventilation systems or openings. There shall be no rupture of the electric energy storage
assembly enclosure or visible evidence of leakage of electrolyte external to the enclosure. Non-complying

results are as noted in Table 22.1.

41

411 This t
(i.e. underbg
rating. See 9
18.1) and ig
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41.2 With t
with the outp
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Exception: 1
assembly.

41.3 Asar

42 External Fire Exposure Test

421 Thep
explosion as
assembly.

Exception N
D, the assen

Exception N

Immersion Test

BST 1S INntended Tor thoSE Electric energy storage assemblies intended Tor potentia
dy location). Other applications shall be evaluated based upon their environment
.4. This test is conducted on a fully charged electrical energy storage assembly (

intended to determine its resistance to temporary immersion in watef ffom fl

he DUT in its normal operating orientation and with switches/contactors in closed

ut cable connected representative of the end use vehicle application (with the opg
tside of the water), it shall be subjected to the immersion. he DUT is to be imm
weight NaCl in H,0) at room temperature for a minimtm of 1 h or until any visib
H. The water depth is to be sufficient to completely submerge the DUT.

lesting may be conducted at the module levelthat is representative of the eng

urpose of this test is to determine an electrical energy storage assembly's ability tq

D. 1: If the célls ' employed in the assembly comply with the projectile test in Annex
nbly is exempted from this test.

0. 2:J)Testing may be conducted at the module level that is representative of

storage assq

| immersion
b| protection
MOSOC per
poding of a

bosition and
osite end of
brsed in salt
le reactions

rgy storage

esult of the immersion, there shall be no-fire or explosion. Non-complying results gre as noted
in Table 22.1.

b prevent an

a result of exposure.fora simulated fuel or vehicle fire external to the electrical engrgy storage

B or Annex

the energy

mbly.

Exception No. 3: The "Exposure to Fire" test of ISO 6469-1 may be conducted as an alternative to this
test.

42.2 A fully charged electrical energy storage assembly (MOSOC per 18.1) shall be subjected to a
uniform fire source along the length of the assembly at its bottom surface. The center of the fire source
shall be placed at the center of the assembly. Any fuel may be used as the fire source as long as it
provides the specified temperatures for the test as outlined in 42.4 for the duration of the test.

42.3 During the test, surface temperatures on the DUT enclosure shall be monitored. Thermocouples on
the enclosure shall be placed 25 mm (1 in) from the bottom of the assembly. Metallic shielding shall be
used to prevent direct flame impingement on thermocouples.
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42.4 Within 5 min of ignition, at least one thermocouple shall indicate a minimum temperature of 590°C
(1094°F). The test is concluded when this minimum temperature indication of 590°C (1094°F) has been
maintained for 20 min.

42.5 To determine that an explosion hazard has resulted, the DUT with fire test set up, is to be centered
within a circular inner perimeter area marked on the floor/supporting surface with paint or a similar marking
material. The marking is to be no thicker than 12 mm (0.47 in) and the size of the circular inner perimeter
area marking is to be no greater than 1.0 m (3.3 ft) from the outer edge of the longest side of the DUT. The
DUT, test set up and inner perimeter markings are to be enclosed within an outer perimeter consisting of a
protective barrier wall of a non-combustible material and wall thickness suitable for containing projectiles
during the test. The outer perimeter is to be located approximately 1.5 m (4.9 ft) from the circular inner
perimeter

arking
g~

426 As a
outside of th

result of this test, there shall be no explosion of the DUT that results in proje
e circular inner perimeter described in 42.5.

ctiles falling

TOLERANQGE TO INTERNAL CELL FAILURE TESTS

43 Single|Cell Failure Design Tolerance

43.1 Gengral
43.1.1 Sin
designed to
or an explog

tem shall be
)l to the DUT

ce there is a possibility that a cell may fail within a'battery system, the battery sys
prevent a single cell failure from propagating to‘the extent that there is fire externa
ion.

43.1.2 The cell failure mechanism used for this testing shall reflect what is known or anticipated to occur

in the field
simulation d
heating or 1
failure are
conducted 4

43.2 Sing

4321 Al
runaway of

for a given technology. If the cell failure mechanism cannot be exactly replicg
f what is known to occur in thefield through the use of an external stress suc
hechanical force shall be utilized for the test. Examples of methods to simulate
putlined in Annex C. Multiple”tests and possible multiple failure methods may
s part of the analysis before a final methodology for testing is determined.

e cell failure design tolerance (lithium ion)

hium ion batftery system shall be designed to mitigate a single cell failure leading
hat cell. With lithium ion batteries, it is often the effects of propagation to surround

ted, a close
h as applied
a single cell
need to be

to a thermal
ing cells due

to the heating effect:of the initial cell failure that leads to hazardous events. The DUT (e.g. battery pack or

module) sh

pll be designed to prevent a single cell thermal runaway failure from creating

a significant

hazard as e

videnced by fire propagation outside of the DUT and/or an explosion.

43.2.2 Any number of methods can be used to produce a single cell thermal runaway failure. For
example, thermal runaway in cells can be achieved through the use of heaters, nail penetration,
overcharge, etc. It is recommended to evaluate a candidate method first using a small subassembly of
cells to evaluate the cell failure and effects to surrounding cells. During an effort to establish a suitable
failure method, temperatures should be taken on the cell casings, and voltages measured for information
purposes. See Annex C for guidance on several methods of inducing cell failure.

43.2.3 The details of the method used when analyzing the cell’s reaction that can impact the results are
to be documented. For example, if heating the cell to achieve failure: e.g. the type of heater and its
dimensions, location on the cell where the heater is placed and how it is placed, maximum temperature
attained including temperature ramp rate, length of time until reaction, temperatures on cell and voltage,
state of charge of the cell at the beginning of the heating phase, etc. The test article shall be
representative of the actual battery configuration and any modifications should not significantly impact the
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test results. For example, if overcharge is to be carried out, the heat conduction path between tabs shall
not be hindered as that may reduce the severity of the test.

43.2.4 Once a suitable method of cell failure has been determined, the fully charged DUT (MOSOC per
18.1) shall be subjected to the single cell failure tolerance test, which consists of inducing a fault in one
internal cell that is within the DUT, until cell failure resulting in thermal runaway as defined in 6.43 occurs,
and determining whether or not that failure produces a significant external hazard or whether or not that
failure does not cause the failure of neighboring cells. If cascading occurs, the cascading shall not
propagate beyond the DUT. Prior to choosing the specific cell to fail, an analysis of the DUT design to
determine the cell location considered to have the greatest potential to lead to a significant external hazard
shall be conducted, taking into consideration the cell’s proximity to other cells and materials that may lead

to potential

for-nronaaation—f it can impnact the-results the sample-shall he at the - maximi
—propagatoR—H—H—cahR—HRpacttRe— HHS—H3 SHRPT AeH—B8—at—8— a1

m specified

temperature
outside of th
mechanism
observation

Exception N
DUT ifitis n|
be documen

Exception N
modules an|
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needs to be
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DUT in the
parts could
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adjacent con

43.2.5 Tem
information

43.2.6 As
explosion of

43.3 Single cell failure design tolerance (other technologies)

43.3.1 Oth

during charging and operation with some tolerance as necessary for movement o
e chamber during testing, but within £5°C (£9°F). Once the thermal runaway \is

beriod.

b. 1: Testing may be repeated on another sample with a cell in a different locatic
ot clear which location represents the worst case scenario. The,location of the fa
fed for each test.

p. 2: Testing may be conducted on a representativesubassembly consisting of
d surrounding representative environment, if it ¢an be demonstrated that
beyond the subassembly. When testing at the.module or subassembly level, ¢
made of the vulnerability to combustion of these components surrounding the m
ly. Temperatures on DUT external surfaces.and surfaces of parts in contact with
inal assembly, shall be monitored to determine if excessive temperature on the
result in a potential for propagation ‘within the full battery system. If there an
5 on the surfaces that may lead to potential for propagation, testing shall be repe
hponents in place of a complete battery system.

peratures on the failed (cell and surrounding cells are to be monitored and
urposes.

h result of the testing of 43.2, there shall be no external fire propagating from
the DUT withinsspecific time.

britechnologies such as lithium metal, sodium sulfur and sodium nickel chlori

the sample
nitiated, the

used to create thermal runaway is shut off or stopped and the DUT is subjected to a 1-h

n within the
ed cell is to

bne or more
there is no
bnsideration
odule in the
or near the
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ated with all

reported for

the DUT or

de shall be
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. The failure

subjected to

o + H 1
o oSTgrieCCIm antr Tt STTmC ot oA (U ro Z; CACCPTOS TioudmoUasS TotCU—oCiOv

mechanism for these technologies may be different than that of lithium ion and thermal runaway may or
may not result from the cell failure. Similar to lithium ion, when choosing a cell failure technique, it shall be
representative of what can occur in the field for the particular technology. The failure mechanism chosen
shall consider failures due to potential cell manufacturing defects for that technology and/or cell and
battery design deficiencies that could lead to latent failures of the cell, and that would not be evident under
the individual cell safety testing.

43.3.2 For other technologies, a candidate method shall be evaluated first using a small subassembly of
cells to evaluate the cell failure and effects to surrounding cells. During an effort to establish a suitable
failure method, temperatures shall be taken on the cell casings, and voltages measured for information
purposes. See Annex C for guidance on several methods of inducing cell failure.
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43.3.3 When a suitable worse case representative method for cell failure has been determined, the DUT
shall be subjected to the internal cell failure occurring in the location within the DUT considered most
vulnerable to the potential for propagation. The DUT shall be in a condition that reflects its operating
parameters at the worst moment such a failure could occur. For example, the DUT shall be at its nominal
operating temperature. During the test, temperatures shall be monitored in critical locations such as
adjoining cells during the test to record the rise in temperature due to the internal failure. If no thermal
runaway occurs as a result of the single cell failure, the test is stopped when the DUT temperature has
stabilized or reaches ambient room temperature, and the DUT is subjected to a 24-h observation period. If
a thermal runaway is initiated, the mechanism used to create thermal runaway is shut off or stopped and
the DUT is subjected to a 1-h observation period.

on within the
of the failed

Exception
DUT ifitis
cell is to be

o——TJesting-may-be-repeated-on-anothersample-with-a—cell-in-a-different-locati
not clear which location tested represented the worst case scenario. The location
Hocumented for each test.

Exception N
modules af
propagation
needs to be
final assem|

43.34 As
of the DUT.

MARKINGS

0. 2: Testing may be conducted on a representative subassembly censisting of
id surrounding representative environment, if it can be demofsirated that
beyond the subassembly. When testing at the module or subassémbly level, g
made of the vulnerability to combustion of those components stifrounding the m

Dly.

A result of the testing per 43.3.3, there shall be no fire_propagating from the DUT]

44 Markings

441 Req
either comp
labels shall

44.2 Elect
trademark,

part numbe
volts dc and
battery/elec
capacitor ag

44.3 Elect
require the

ired markings shall be permanent: If the markings are on adhesive labels, the

comply with the Label Permanence Test of UL/ULC 2271.

ric Energy Storage Assemblies are to be marked with the manufacturer’'s name,
pr other descriptivé marking which may identify the organization responsible for
, or model numben The assemblies shall also be marked with their electrical rating
Ah or Wh, and-marked with their chemistry (i.e. lithium ion, ni-cad etc.) for battel
rochemical/capacitor assemblies and marked in volts dc and farads for ele
semblies.

The marking shall be

ric’énergy storage assemblies intended for off road applications such as industrir

markings would be the following or equivalent "Use Only (__) Charger”.

lone or more
there is no
onsideration
bdules in the

or explosion

labels shall

y with the requirements of UL\969 for the surface adhered to and anticipated expgsures or the

trade name,
the product,
s in nominal
y and hybrid
ctrochemical

| trucks that
ple of such
visible to the

user, including after installation, if the ESSA is not removed for charging. If applicable, the installation
instructions shall indicate the need to include this charging marking on the external surface of the vehicle
near the exposed charging connection. See 45.3. Additional markings are not required on the EESAs if the
charger plugs and receptacles are uniquely keyed, and for vehicles that use communications between
vehicle and charger or other methods to prevent charging by non-approved chargers.

44.4 Electric energy storage assemblies are to be also marked with the date of manufacture, which may
be in the form of a code that does not repeat within 10 years.

445 All external terminals and connections shall be provided with identification and if applicable, polarity
markings.
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44.6 The point of connection to the charger grounding system shall be identified by the word "Ground" or
the letters "G" or "GR" or the grounding symbol (IEC 60417, No. 5019) or otherwise identified by a
distinctive green color.

44.7 The electric energy storage assembly that contains hazardous voltage circuits shall be marked with
the following or be marked with the electric shock hazard symbol ISO 3864 No. 5036 (lightning bolt within
a triangle):

In Canada:

In English: "Warning: Hazardous Voltage Circuits"; and

In French: « Attention: Circuits a tension élevée »
In the United States:

"Warning: Hazardous Voltage Circuits".

44.8 With eference to 16.2, a secondary lithium cell shall be legibly and permanently marked with:

a) ThHe manufacturer’s or supplier's name, trade name, or trademark or other descripfive marking
by which the organization responsible for the product may beddentified;

b) A dlistinctive catalog, model or designation number or the equivalent; and
¢) The date or other dating period of manufacture not.exceeding any three consecutive months.

Exception No. 1: The manufacturer’s identification may be in a traceable code if the product is
identlfied by the brand or trademark owned by:a private labeler.

Exception No. 2: The date of manufacture may be abbreviated; or may be in a nationafly accepted
conventional code or in a code affirmed by the manufacturer, provided that the code:

a) Does not repeat in less;than 10 years; and

b) Does not require\reference to the production records of the manufacturer tp determine
when the product was manufactured.

44.9 With reference t0-44.8, if a manufacturer produces a cell at more than one factory, each cell shall
have a distinctive marking to identify it as the product of a particular factory.

INSTRUCTIONS

45 Instructions

45.1 Electric energy storage assemblies shall be provided with instructions for installation and integration
into the end use vehicle.

45.2 Electric energy storage assemblies shall be provided with instructions for the proper use including
charging and discharging, storage, replacement, recycling, and disposal.

45.3 For electric energy storage assemblies intended for off road vehicle applications that are not
removed from the vehicle for charging and are intended to be used with a specific charger per 44.3,
installation instructions shall indicate that a marking per 44.3 be located near the accessible charging port
of the vehicle where the marking will be visible to the user charging the vehicle.
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45.4 Electric energy storage assemblies intended for removal and charging outside of the vehicle shall
be provided with instructions for the safe handling including removal and insertion of assembly into the
vehicle and during charging and instructions for storage of fully charged assemblies.

45.5 Electric vehicle cells shall include specifications for the safe operation of the cell in the EESA
including cell operating parameters, installation requirements, etc. Guidance on cell specification
information that should be provided on cells can be found in the Cell Specification Sheet, Annex E of IEEE
1625.

45.6 The instructions for an electric energy storage assembly employing vented batteries such as vented
lead acid batteries, shall indicate that indoor charging facilities be provided with ventilation in accordance
with the locatcodes:
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ANNEX A (NORMATIVE)
Standards for Components
A1 Component Standards
A1.1 The CSA and UL standards listed below are used for evaluation of components and features of

products covered by this standard. Components shall comply with all the applicable CSA and UL
component standards. These standards shall be considered to refer to the latest edition and all revisions

published to

CSA Standas

that edition.

rds

CSA-C22.2
CSA C22.2 |
CAN/CSA-C
CSA-C22.2
CSA C22.2 |
CSA-C22.2
CSAC22.2 1
CAN/CSA-C
CSA-C22.2
CSA-C22.2
CSA-C22.2
CSA-C22.2
CSAC22.2 1
CAN/CSA-C
CAN/CSA-C
CAN/CSA-C
Motor-Starte
CAN/CSA-C
CAN/CSA-E

UL Standarg

UL 50E, Enc
UL 62, Flexil
UL 66, Fixtu
UL 83, Wires
UL 94, Tests
UL 157, Gas
UL 248-1, Fi
UL 248-13, A

No. 0.2, Insulation Coordination

No. 0.15, Adhesive Labels

P2.2 No. 0.17, Evaluation of Properties of Polymeric Materials

No. 14, Industrial Control Equipment

No. 49, Flexible Cords and Cables

No. 65, Wire Connectors

No. 75, Wires and Cables, Thermoplastic-Insulated

P2.2 No. 94.2, Enclosures for Electrical Equipment, Environmental Considerations
No. 127, Equipment and Lead Wires

No. 153, Electrical Quick-Connect Terminals

No. 158, Terminal Blocks

No. 235, Supplementary Protectors

No. 248.1, Fuses, Low Voltage — Part 1: GeneraNRequirements

P2.2 No. 248.13, Fuses, Low Voltage — Part-13: Semiconductor Fuses

P2.2 No. 248.14, Fuses, Low Voltage — Part-14: Supplemental Fuses

P2.2 No. 60947-4-1, Low-Voltage Switchgear and Controlgear — Part 4-1: Cor
rs — Electromechanical Contactors and-Motor-Starters

P2.2 No. 60950-1, Information Technology Equipment Safety — Part 1: General Re
51131-2, Programmable Controllers — Part 2: Equipment Requirements and Tests

s

osures for Electrical ' Equipment, Environmental Considerations
ple Cords and Cables
'e Wire
and Cables,~TFhermoplastic-Insulated
for Flammability of Plastic Materials for Parts in Devices and Appliances
kets and.Seals
ses{ Low Voltage — Part 1: General Requirements
FUS€Es, Low Voltage — Part 13: Semiconductor Fuses

UL 248-14, F

tactors and

quirements

Eicac | ow \/naltanao
=OW—Ortage

Daort 14- Sunnlamaontal Fricac
HSES ot —oHPPEAIeHETHSES

UL 310, Electrical Quick-Connect Terminals
UL 486A-486B, Wire Connectors

UL 498, Atta

chment Plugs and Receptacles

UL 508, Industrial Control Equipment

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations

UL 796, Prin

ted-Wiring Boards

UL 796F, Flexible Materials Interconnect Constructions
UL 810A, Electrochemical Capacitors

UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment
UL 969, Marking and Labeling Systems

UL 991, Tests for Safety-Related Controls Employing Solid-State Devices
UL 1059, Terminal Blocks

UL 1063, Wires and Cables, Machine-Tool
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UL 1077, Supplementary Protectors for Use in Electrical Equipment

UL 1434, Thermistor-Type Devices

UL 1577, Optical Isolators

UL 1642, Lithium Batteries

UL 1682, Plugs, Receptacles, and Cable Connectors, of the Pin and Sleeve Type
UL 1973, Batteries for Use in Light Electric Rail (LER) Applications and Stationary Applications

UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2054, Household and Commercial Batteries

UL 2251, Plugs, Receptacles and Couplers for Electric Vehicles

UL 2726, Battery Lead Wire

UL 2733, Surface Vehicle On-Board Cable

UL 60947-4-1, Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-Starters —
Electromechanical Contactors and Motor-Starters

UL 60947-52, Low-voltage Switchgear and Controlgear — Part 5-2: Control Circuit Devices,ahd Switching
Elements — Proximity Switches

UL 60950-1} Information Technology Equipment Safety — Part 1. General Requirements
UL 61131-2| Programmable Controllers — Part 2: Equipment Requirements and Tests
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B1

B1.1

ANNEX B (NORMATIVE)

Test Program for Secondary Lithium Cells

General

The cell test program outlined in this annex shall be used to evaluate secondary lithium cells for use

in EESAs that comply with this standard. Samples used for testing shall be within 6 months of production.
The number of samples used for each test and the pass/fail criteria for testing is outlined in Table B3.1. As
an alternate, the Alternative Test Program for Secondary Lithium Cells outlined in Annex D may be used.

B1.1.1 Bef

secondary lif

B1.2 The 1

below.

B1.3 Thec

B1.4 Somd

It is importa
heat, and n

personnel frq

B1.5 As an
in accordand
shall be inst
and not to to

B1.6 In acq

a) By
0.05

b) Th
thern

Exception: H

ore testing, the charge/discharge cycling conditioning per Annex D shall be cgnducted on

hium metal (i.e. lithium metal anode) cells.

lest Conditions of IEC 62660-2, shall be applied for the test program outlined in

apacity of the cells shall be determined as outlined in the Capacity' Check of D2.2.

nt that personnel be protected from the flying fragments, explosive force, sudde
pise that results from such explosions. The test area, shall be well ventilate
m possible harmful fumes or gases.

additional precaution, the temperatures on the<surface of the cell casings shall b

ructed never to approach a lithium cell while the surface temperature exceeds 9
uch the lithium cell while the surface temperature exceeds 45°C (113°F).

ordance with B1.5, the surface temperatures of the cell casing shall be measured

thermocouples consisting of-wifes not larger than 0.21 mm? (24 AWG) and not
mm? (30 AWG) and a potentiometer-type instrument; and

ocouple held tightly~against the metal casing of the cell.

lithium cells are capable of exploding when the tests described in Section B2 arg

e with B1.6 during the tests described in B2, All personnel involved in the testing g

e temperature measurements on the cells shall be made with the measuring jur

Section B2

conducted.
h release of
i to protect

e monitored
f lithium cell
D°C (194°F)

as follows:

smaller than

ction of the

Placing the thermocouple with a thin piece of paper or label between the thermdcouple and

casing of the cell withenough pressure on the thermocouple to ensure an accurate and repeatable
reading, is ah acceptable practice.

B1.7 For protection, the Projectile Test in B2.10 shall be conducted in a room separate from the
observer.

B2 Tests

B2.1 Vibration Test

B2.1.1

B2.1.2 The sample and compliance criteria is as noted in Table B3.1.

B2.2 Shock Test

B2.2.1

The cell shall be subjected to the Vibration, Mechanical Test as outlined in IEC 62660-2.

The cell shall be subjected to the Mechanical Shock, Mechanical Test as outlined in IEC 62660-2.
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B2.2.2 The sample and compliance criteria is as noted in Table B3.1.
B2.3 Drop Test

B2.3.1 The cell shall be charged in accordance with the manufacturer’s specifications as outlined in the
General Charge Conditions, Electrical Measurement section of IEC 62660-2, and then subjected to a drop
test as outlined in B2.3.2.

B2.3.2 The cell shall be dropped from a height of 1.0 m (3.28 ft) onto a flat concrete surface. The DUT is
to be dropped three times with the orientation of the DUT in each drop varied so that it impacts the floor in
a different manner for each drop. The cell is to be subjected to an observation period of 1 h and then
examined to determine compliance.

B2.3.3 The¢ sample and compliance criteria is as noted in Table B3.1.

B2.4 Crush Test

B2.4.1 The cell shall be subjected to the Crush, Mechanical Test as outlined in [/EC 62660-2.
B2.4.1.1 Hor other than pouch cells, the crush shall be applied in the cénter of the cells.

B2.4.1.2 Hor pouch type cells, the crushing force shall be applied on the casing near where|the cell tabs
exit. If the ppsitive and negative tabs are on opposite sides, the. crush force is to be applied gn the casing
near where the negative tab exits.

B2.4.2 The sample and compliance criteria is as noted-in‘Table B3.1.
B2.5 Heating Test

B2.5.1 The cell shall be subjected to the High Temperature Endurance, Thermal Test as odtlined in IEC
62660-2.

B2.5.2 The¢ sample and compliance criteria is as noted in Table B3.1.
B2.6 Temperature Cycling Test
B2.6.1 The cell shall bétsubjected to the Temperature Cycling, Thermal Test as outlined in I§C 62660-2.

B2.6.2 The¢ sample.and compliance criteria is as noted in Table B3.1.

B2.7 External'Short Circuit Test

B2.7.1 The cell shall be subjected to the External Short Circuit, Electrical Test as outlined in IEC 62660-
2.

B2.7.2 The sample and compliance criteria is as noted in Table B3.1.
B2.8 Overcharge Test
B2.8.1 The cell shall be subjected to the overcharge test as outlined in B2.8.1.1.

B2.8.1.1 A cell shall be subjected to a constant current charge at the maximum specified charging
current until the cell reaches 120% of its maximum specified charge voltage limit or it reaches 130% SOC,
whichever comes first.


https://iecnorm.com/api/?name=33f3943b12abd08b1d1f34018c086f98

54

ANSI/CAN/UL/ULC 2580

JUNE 28, 2022

B2.8.2 The

sample and compliance criteria is as noted in Table B3.1.

B2.9 Forced Discharge Test

B2.9.1

The cell shall be subjected to the Forced Discharge, Electrical Test as outlined in IEC 62660-2.

Exception: This test is not required if it can be determined that overdischarge is reliably prevented by a
control system meeting the requirements of 13.4 that prevents overdischarge of cells and that monitors at

the cell level

in the end use vehicle system.

B2.9.2 The sample and compliance criteria is as noted in Table B3.1.

B2.10 Projectile Test

B2.10.1 Th
for samples

B2.10.2 Es
the center of
254 mm (1i

B2.10.3 Th
rates shall b

B2.10.4 A
metal scree
constructed
each directid

Exception N
those outling
test screen 9

Exception N
supporting S
greater than
noncombust
beyond the

e cell shall be subjected to the projectile test as outlined B2.10.2 — B2.10.6. See

Table B3.1

And results criteria.

ch test sample cell shall be placed on a screen that covers a 102-mim (4-in) diameter hole in

a platform table. The screen shall be constructed of steel wiré\mésh having 20 o
n) and a wire diameter of 0.43 mm (0.017 in).

e screen shall be mounted 38-mm (1-1/2-in) above adVieker type burner. The fuel

penings per

and air flow

b set to provide a bright blue flame that causes the supporting screen to glow a bright red.

eight-sided covered wire cage, 610-mm (24-in).across and 305-mm (12-in) high

ning shall be placed over the test sample.~Sée Figure B2.1. The metal screen
from 0.25-mm (0.010-in) diameter aluminum wire with 16 — 18 wires per 25.4 1
n.

D. 1: The overall dimensions of the projectile test aluminum test screen may be inc
d above to accommodate large cells intended for EV applications, but the flat p
hall not exceed a distance of' 305 mm (12 in) from the cell in any direction.

D. 2: The projectile test cage may be replaced by a visible circular perimeter ma
urface located 0.5~m1*(19.7 in) from the longest side of the cell. The marking

made from
ng shall be
nm (1 in) in

reased from
anels of the

rking on the
shall be no

5-mm (0.2-in) thick’ The test set up shall be located within a protective enclosufe/room with

ible surfaces lecated a distance from the test perimeter marking where any projeg
st perimetermarking can be safely contained.

tiles that fall
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Figure B2.1
Test apparatus for projectile test

$3106¢ —= S

A—12.7 x 12.7-mm (1/2 x 1/2-in) angle, top and bottom
B — 6.4-mm (1/4-in) diameter rod, 305-mm (12-in) long, threaded both ends, bolted between top and bottom frames

C —102-mm (4-in) diameter hole in table

D — 610-mm (24-in) or < 305 mm (12 in) from edge of cell
E — Flat screen cover

F —305 mm (12in)

G — Burner — Meker type burner

H — Fuel
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