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UL Standard
ANSI/CAN/U

Third Edition

for Safety for Batteries for Use In Light Electric Vehicle (LEV) Applications,
L/ULC 2271

, Dated September 14, 2023

Summary of Topics

This new edition of ANSI/CAN/UL/ULC 2271, Standard for Batteries for Use In Light Electric Vehicle
(LEV) Applications, dated September 14, 2023 includes the following changes:

— Modification of the normal operation conditions and cycle number during Temperature

Test;

—Cla
UL/U

_Up

- Ad
Anne

- Ad

- Add
high
Sec

- Add
Circu

- Add
sectic

t;In 24

ble 33 1

ification of the scope to better distinguish what is covered under UL/ULC
C 2580; 1.1, 1.4, 5.2, 6.1, 6.2, 6.14, 6.25, 6.29, 6.32, 6.40, 16.2, 16.3,.and 16.8

0271 versus

ates to Functional Safety criteria; 6.34, 6.35, 6.36 and Section1§

itional guidance on protection of corrosion between dissimilar metals; 5.2
B, B1, and Table B.1

ition of requirements for when repurposed batteriés are used; 5.2, Section

ion 46, Annex C, and Table C.1

ition of a High Rate Charge Test that evaluates the safety when charging a
than the specified maximum level, Table 18.1, Section 21, 21.2, Table 21.1

[ a rate
and

It Test; 6.32, Table 18.1, 21:1,21.2 and Section 26

ition of a Single Cell Failure Design Tolerance Test for large size batteries;
n Table 21.1 and Section 45.

— Replaced reference to UL 60950-1 with UL 62368-1 throughout the Standard.

— Repllaced reference to ISO 12405-1 with ISO 6469-1 throughout the Standard.

ition of the Overload Under Discharge Test to replace the "soft short” in the Short

Table 18.1

— Cor

rections to Manufacturing and Production Line Testing and inclusion of a 1

00% check

on active controls relied upon for safety; 1/.2, 17.4.

— Addition of a normal operation limit check in Overcharge and Overdischarge Test; 23.3,
23.6, 27.2 and 27.5

— Addition of a grounding continuity test; Section 14 and Section 32

— Editorial revisions throughout the Standard.

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated

April 7, 2023

and July 14, 2023.
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ULSE provides this Standard "as is" without warranty of any kind, either expressed or implied, including
but not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will ULSE be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if ULSE or an authorized ULSE representative has been advised of the
possibility of such damage. In no event shall ULSE's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim

Users of the ¢lectronic versions of UL's Standards for Safety agree to defend, indemnify,land hold ULSE
harmless froh and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's feqs) resulting from any error or deviation introduced while purchaser\is‘storing pn electronic
Standard on the purchaser's computer system.
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Preface

This is the Third Edition of ANSI/CAN/UL/ULC 2271, Standard for Batteries for Use In Light Electric

Vehicle (LEV

) Applications.

ULSE 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/G
approved in
Developmen
date of publig

Annex B, anc
Annexes A a

In Canada, t

AN/UL/ULC 2271 Standard is under continuous maintenance, whereby eat
compliance with the requirements of ANSI and SCC for accreditation of
Organization. In the event that no revisions are issued for a period-of four y
ation, action to revise, reaffirm, or withdraw the standard shall be initiated.

Annex C are identified as Normative, as such, form mandatoryparts of this Sta
nd C are identified as Informative for the United States.

here are two official languages, English and Freneh. All safety warnings must

and English.
markings an

This joint

supersedes, the Second Edition of UL/ULC 2271;

Comments

Proposals slould be submitted via a:Proposal Request in the Collaborative Standards

System (CSI[

Our Standardls for Safety are copyrighted by ULSE Inc. Neither a printed nor electronic copy

should be al
those Stand4

This Edition
Use in Electr]

Attention is drawn to the possibility that some~Canadian authorities may requ
/or installation instructions to be in both official fanguages.

erican National Standard and National Standard of Canada is based

proposals for revisions on any'part of the Standard may be submitted to ULS
DS) at https://csds.ul.com.
ered in any way,All of our Standards and all copyrights, ownerships, and rig
rds shall remain the sole and exclusive property of ULSE Inc.

pf the Standard has been formally approved by the Technical Committee (TC) fg
¢ Vehicles, TC 2580.

h revision is
a Standards
ears from the

ndard.

be in French
ire additional

bn, and now

E at any time.
Development

of a Standard
hts regarding

r Batteries for

This list represents the TC 2580 membership when the final text in this Standard was balloted. Since that

time, change

s in the membership may have occurred.

TC 2580 Membership

Name Representing Interest Category Region
Bender, Curtis Tennant Co Supply Chain USA
Bowman, Rebecca Consumer USA
Buoniconti, Ralph SABIC Supply Chain USA
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TC 2580 Membership Continued on Next Page
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This Standard is intended to be used for conformity assessment.

The intended primary application of this Standard is stated in its scope. It is important to note that it
remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET

ANGLAISE
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INTRODUCTION
1 Scope

1.1 These requirements cover electrical energy storage assemblies (EESAs) such as battery packs and
combination battery pack-electrochemical capacitor assemblies and the subassembly/modules that make
up these assemblies for use in light electric-powered vehicles (LEVs) as defined in this Standard. This
Standard also covers a battery management system (BMS) that provides protection and control for the

EESA.

1.2 This Standard does not evaluate the performance or reliability of these devices.

1.3 This St
vehicles, su
including hig
industrial tru
Batteries for

1.4 This St

and motive quxiliary power applications, which are covered under the)Standard for Batter

Stationary ar

hndard does not include requirements for the evaluation of EESAs intended-for
hways, and starter batteries and heavy duty off road vehicles such as battery po

cks, earth moving or construction equipment, which are covered’\under the
Use in Electric Vehicles, UL/ULC 2580.

andard does not include requirements for evaluation of EESAS intended for usg

d Motive Auxiliary Power Applications, UL 1973.

ise in electric

h as on-road passenger vehicles and motorcycles intended for use onypublic roadways

iwered ride-on
Standard for

b in stationary
es for Use in

efined in the

se; and

1.5 These frequirements do not cover equipment for usenin hazardous locations as d
National Elegtrical Code, NFPA 70.
2 Compongnts
2.1 A component of a product covered by this ‘Standard shall:
a) Comply with the requirements for-that component as specified in this Standard;
b) Be|used in accordance with.its rating(s) established for the intended conditions of u
c) Belused within its established use limitations or conditions of acceptability.
NOTE: See Annex A for_avlist of Standards covering components generally used in the prodlucts covered
by this Standard.
2.2 A component. of a product covered by this Standard is not required to comply w

component r

bguirement that:

th a specific

a) Involves a feature or characteristic not required in the application of the component in the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately investigated when forming part of another component, provided the component is

used

within its established ratings and limitations.

2.3 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.4 A component that is also intended to perform other functions such as overcurrent protection, ground-
fault circuit-interruption, surge suppression, any other similar functions, or any combination thereof, shall
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comply additionally with the requirements of the applicable standard(s) that cover devices that provide
those functions.

3 Units of Measurement

3.1 Values 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 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be

H £ H 4 4l lat 4 P £ il ot pu | 4 pu | ol
Interpreted agrererrmgiomnetatesreaton-orthatrcoae-or-stanaara:

5 Referenced Publications

5.1 Throughout this Standard, the CSA and ULC standard references apply toproducts intgnded for use
in Canada, wWhile 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 follpwing standards are referenced in this Standard, and portions of these referenced standards
as identified ip this Standard may be essential for compliance.

ASTM B117, Standard Practice for Operating Salt Spray (Fog).Apparatus

CSA C22.2 Np. 0.15, Adhesive Labels

CSA C22.2 Np. 0.17, Evaluation of Properties of Polymeric Materials

CSA C22.2 Np. 0.2, Insulation Coordination

CSA C22.2 Np. 94.2, Enclosures for Elettrical Equipment, Environmental Considerations

CSA C22.2 No. 62368-1, Audio/Video, Information and Communication Technology Equipmient — Part 1:
Safety Requifements

CSA E6073(0-1, Automatic Electrical Controls for Household and Similar Use — Parl 1: General

(12 h + 12 h

IEC 60068-2-64, Environmental Testing — Part 2-64: Tests — Test Fh: Vibration, Broadband Random
IEC 60417, Graphical Symbols for Use on Equipment
IEC 60529, Degrees of Protection Provided by Enclosures (IP Code)

IEC 60812, Analysis Techniques for System Reliability — Procedure for Failure Mode and Effects Analysis
(FMEA)

IEC 61025, Fault Tree Analysis (FTA)
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IEC 61508-1, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-Related Systems

Part 1: Gene

ral Requirements

ISO 6469-1, Electrically Propelled Road Vehicles — Safety Specifications — Part 1: On-Board
Rechargeable Energy Storage System (RESS)

ISO 7010, Graphical symbols — Safety Colours and Safety Signs — Registered Safety Signs

ISO 9227, Corrosion Tests in Artificial Atmospheres — Salt Spray Test

ISO 13849-1, Safety of Machinery — Safety-Related Parts of Control Systems — Part 1: General Principles

for Design

ISO 13849-2
ISO 26262-1
MIL-STD-161

SAE J1739,
Mode and Ef

SAE J2464,
and Abuse Ti

UL 50E, Enci
UL 94, Tests
UL 546, Con
UL 746B, Po
UL 746C, Po
UL 810A, Elg

UL 840, Insu|

Safety of Machinery — Safety-Related Parts of Control Systems — Part 2:\Validg
Road Vehicles — Functional Safety (all parts)
POA, The Procedures for Performing a Failure Mode, Effects, and’Criticality Anal,

The Potential Failure Mode and Effects Analysis in Design (Design FMEA), Po
fects Analysis in Manufacturing and Assembly ProceSses (Process FMEA)

Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System (4
bsting

osures for Electrical Equipment, Environmental Considerations

for Flammability of Plastic Materijals for Parts in Devices and Appliances
Huctor Termination Compouhds

lymeric Materials — Long Term Property Evaluations

lymeric Materials Use in Electrical Equipment Evaluations
ctrochemical Capacitors

ation-Coordination Including Clearances and Creepage Distances For Electrica

tion

VSis

fential Failure

RESS) Safety

Equipment

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

UL 1973, Batteries for Use in Stationary and Motive Auxiliary Power Applications

UL 1974, Evaluation pour la transformation des batteries

UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2251, Plugs, Receptacles and Couplers for Electric Vehicles

UL/ULC 2580, Batteries for Use in Electric Vehicles
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UL 60730-1, Automatic Electrical Controls — Part 1: General Requirements

UL 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1: Safety
Requirements

6 Glossary

6.1 BATTERY MANAGEMENT SYSTEM (BMS) — A battery control circuit with active protection devices
that monitors and maintains the cells within their specified operating region; and which prevents

overcharge, overcurrent, overtemperature, under-temperature and overdischarge conditions of the cells.

TN DRDATLI

6.2 CAPAC
battery at a

temperature as declared by the manufacturer.

6.3 CASING

or electrochemical capacitor.

6.4 CELL -
electrode asq
direct convers

6.5 CELLB
6.6 CELLS

6.7 CHARG
Faradic react
case of the ¢
light electric
methods:

a) Reg

b) Off|
extern

c) On

for charging:

Tl taotal | £ o o ot | +hlaal £,
'L INATLLD = TTIC U Al TIUTTTIVTT UT dITIPTTTTTIUUT O thiat Lall VT WILNJUrawlit 1mulihT d

specific discharge rate to a specific end-of-discharge voltage (EODV), at

b — The container that directly encloses and confines the electrolyte] 'and electr

The basic functional electrochemical unit (sometimes referred’to as a battery)
embly, electrolyte, separators, container, and terminals. Itis a source of electri
ion of chemical energy.

ANK — One or more cells connected in parallel.
TRING — One or more cells connected in series.

ING — The application of electric curfent to battery or capacitor terminals, whic
on that takes place within the battery that leads to stored electro-chemical en
pacitor, due to electrical charge-being stored without a chemical reaction taki
ehicle applications, chargingof the EESA can occur through one or more of

enerative braking which utilizes energy from regenerative brakes.

board charging, ywhich utilizes an ac-to-dc charger, a dc charger, or an indu
al to the vehicle.

board.charging which utilizes a charger on the vehicle to convert the ac mains

;

fully charged
a specified

bdes of a cell

ontaining an
al energy by

h results in a
rgy or in the
g place. For
the following

ctive charger

supply to dc

6.8 CHAR

charging voltage is allowed to vary.

ING, CONSTANT CURRENT (CC) — Charging mode where current is held constant while

6.9 CHARGING, CONSTANT VOLTAGE (CV) — Charging mode where voltage is held constant while
charging current is allowed to vary.

6.10 DUT -

6.11

Device under test.

ELECTRIC ENERGY STORAGE ASSEMBLY (EESA) — A battery pack, electrochemical capacitor

pack or combination battery/electrochemical capacitor pack that provides electric energy for electric
vehicle motive power. This assembly can include the cooling and ventilation systems and battery
management systems.


https://ulnorm.com/api/?name=UL 2271 2023.pdf

SEPTEMBER 14, 2023 ANSI/CAN/UL/ULC 2271 13

6.12 ELECTRIC MOTORCYCLE - An electric motor vehicle having a seat or saddle for the use of the
rider and designed to travel on not more than three wheels in contact with the ground, but excluding a
tractor. An electric motorcycle is intended for use on public roadways including highways.

6.13 ELECTRIC SHOCK HAZARD — A potential for exposure of persons to hazardous voltages circuits
through direct contact from openings in protective enclosures and/or insufficient insulation between

hazardous voltage circuits and accessible parts.

6.14 ELECTRIC SCOOTER - A device weighing less than one hundred pounds that:

a) Has handlebars, a floorboard or a seat that can be stood or sat upon by the operator, and an

electric motor;

b) Cah be powered by the electric motor and/or human power; and

c) Ha
by the

5 a maximum speed of no more than 20 mph on a paved level surface when p
electric motor.

bwered solely

6.15 ELEC

TROCHEMICAL CAPACITOR — An electric energy storage device where electtical charge is

typically sto

d as a result of non-Faradaic reactions at the electrodes (A subset of el

capacitors referred to as an "asymmetric" type have non-Faradaic reactions at one electrode

bctrochemical
and Faradaic

reactions at [the other electrode.) The porous surface of the eleetrodes increases the sufface area for

holding charge resulting in much larger capacitance and energy density. Electrochemical ca
from commop electrolytic capacitors in that they employ a liquid rather than a solid dielectri
occurring at the liquid-solid interface of the electrodes when’a potential is applied. Some o
names for ah electrochemical capacitor are "double layer capacitor", "ultracapacitor”, "el
double layer capacitor" and "super capacitor".

6.16 ELECJTROLYTE LEAKAGE — A condition:where liquid electrolyte escapes through ar
designed vent as well as through a rupture or(crack or other unintended opening in the casing
of a cell or cgpacitor and is visible externakto the DUT.

6.17 ENCLPOSURE — The outer cover'of the EESA that provides protection to its contents.
6.18 END-

end of dischg
measured in

DF-DISCHARGE \WVOLTAGE (EODV) — The voltage, under load, of the cell or
rge. The EODVamay be specified, as in the case of a voltage terminated discha
the case of‘a-time-controlled discharge.

6.19 EXPL
DUTand res

DSION=—A violent release of energy that produces projectiles or an energy
Ilts.inthe DUT’s contents being forcibly expelled through a rupture in the enclos

pacitors differ
c with charge
ther common
bctrochemical

opening in a

or enclosure

pattery at the

rge, or simply

ave from the
ire 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.

6.21
full state of charge (SOC).

FULLY CHARGED - An EESA which has been charged per the manufacturer’s specifications to it

6.22 FULLY DISCHARGED — An EESA, which has been discharged, according to the manufacturer’s

specifications, to its specified end of discharge voltage (EODV).
6.23 HAZARDOUS VOLTAGE - Voltage exceeding 30 Vrms/42.4 Vac peak or 60 Vdc.

6.24 INSULATION LEVELS - The following are levels of electrical insulation:
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a) BASIC — A single level of insulation that provides protection against electric shock. Basic
insulation alone may not provide protection from electric shock in the event of a failure of the
insulation.

b) DOUBLE INSULATION - Insulation comprising both basic insulation and supplementary
insulation.

c) FUNCTIONAL INSULATION - Insulation that is necessary only for the correct functioning of the
equipment. Functional insulation by definition does not protect against electric shock. It may,
however, reduce the likelihood of ignition and fire.

d) REINFORCED INSULATION Single |nsulat|on system that prowdes a degree of protection

= c : = ! ecified in this
Standard. The term "|nsulat|on system does not |mply that the |nsulat|on has D be in one
homogeneous piece. It may comprise several layers that cannot be tested as basic insulation and
supplementary insulation.

e) SUPPLEMENTARY INSULATION - Independent insulation applied® in addition to basic
insulation in order to reduce the risk of electric shock in the event of a failure of the basic insulation.

6.25 LIGHT|ELECTRIC VEHICLE (LEV) — A light duty on-road or off-road vehicle that uses|electricity as
its source of gnergy for motive power, which is not considered suitable for use on highway gystems. The

following are examples of LEVs:

a) Elegtric bicycles;

b) Elegtric scooters as defined in 6.14;

c) Ele¢tric wheel chairs;

d) Golf carts;

e) All-ferrain vehicles;

f) Nontride-on industrial material’handling equipment;
g) Unmanned aerial vehicles (UAVs);

h) Ridg-on floor care\machines; and

j) Pergonal e-mobility devices.

EECSA

NOTE: A LEV is het I|m|ted to the examples glven above Any EESA used in an LEV that meets the above definition|can be covered

by this Standard bnte

forit
O HST—=T=oAT

6.26 MODULE - A subassembly consisting of a group of cells or cells and electrochemical capacitors
connected together either in a series (cell string) and/or parallel configuration (cell bank) with or without
protective devices and monitoring circuitry. A module is a component of a pack.

6.27 MONOBLOC BATTERY — A multi-cell battery design that contains a common pressure vessel
construction, a single vent line assembly, and shared hardware.

6.28 MOSOC — Maximum operating state of charge. See 18.1

6.29 MOTORCYCLE — A motor vehicle having a seat or saddle for the use of the rider and designed to
travel on not more than three wheels in contact with the ground, but excluding a tractor. A motorcycle is
intended for use on public roadways including highways.
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6.30 NORMAL OPERATING REGION — That region of voltage, current and temperature within which a
cell or electrochemical capacitor can be safely charged and discharged repetitively throughout its
anticipated life. The manufacturer specifies these values, which are then used in the safety evaluation of
the device and may vary as the device ages. The normal operating regions will include the following

parameters for charging and discharging as specified by the manufacturer:

a) CHARGING TEMPERATURE LIMITS — The upper and lower limits of temperature, specified by
the manufacturer for charging of the cell/capacitor. This temperature is measured on the casing.

b) DISCHARGE TEMPERATURE LIMITS — The upper and lower limits of temperature, specified by
the manufacturer for discharging the cell/capacitor. This temperature is measured on the casing.

c) EN

d) M
Speci

e) M/

regiom, which is specified by the cell/capacitor manufacturer. This value may vary with

f) UR

operit

temp

6.31 PACK
consist of a 1

a) PA
enclo
with g

b) PA

a profective enclosure, with or without protective devices, cooling systems, and monit

6.32 PERS
rechargeablsg
handle for gr

6.33 PRIM
control systg
secondary of

D OF DISCHARGEVOLTAGE —Referto 6518

AXIMUM DISCHARGING CURRENT — The maximum discharging current 1
ied by the cell/capacitor manufacturer.

XIMUM CHARGING CURRENT — The maximum charging current in the nor

PER LIMIT CHARGING VOLTAGE — The highest charging voltage limit i

rature.

— General term for either a battery pack or capacitor pack as defined below. A
ybrid systems containing both batteries and capacitors.

CK, BATTERY - Batteries that are ready for use in an LEV, contained in
sure, with protective devices, with a-battery management system, and monitg
r without cooling systems.

CK, CAPACITOR - Electrochemical capacitors that are ready for use in an LEV

ONAL E-MOBILITY BEVICE — A consumer mobility device intended for a sing
electric drive trainthat balances and propels the rider, and which may be pr
asping while riding="This device may or may not be self-balancing.

\RY OVEREURRENT PROTECTION — The safety device or circuit that is parf
m intended to prevent an overcurrent hazard, and which typically operate
supplemental protection operates, examples are fuses or circuit breakers.

ate, which is

mal operating
temperature.

h the normal

ing region specified by the cell/capacitor manufacturer. This value may vary with

back can also

a protective
ring circuitry,

, contained in
bring circuitry.

e rider with a
pvided with a

of the safety
s before any

6.34 PRIMARY SAFETY PROTECTION — The safety device or circuit that is part of the safety control
system intended to prevent a hazard, and which operates before any secondary or supplemental
protection operates.

6.35 PROTECTIVE DEVICES, ACTIVE - Devices provided to prevent hazardous conditions that require
electrical energy in order to operate. An example of an active control would be a battery management
system (BMS) that has monitoring and control functions.

6.36 PROTECTIVE DEVICES, PASSIVE - Devices provided to prevent hazardous conditions that do not
require electrical energy in order to operate. Examples of passive protective devices would be fuses,

thermal snap switches.

6.37 ROOM AMBIENT - Considered to be a temperature in the range of 25 +5 °C (77 19 °F).
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6.38 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.

6.39 SAFETY CRITICAL CIRCUITS/COMPONENTS — Those circuits or discrete components that are
relied upon for safety as identified in the safety analysis of 15.1.2.

6.40 SODIUM ION CELLS - Cells that are similar in construction to lithium ion cells except they utilize
sodium as the ion of transport with a positive electrode consisting of a sodium compound, and carbon or
similar type anode with an aqueous or non-aqueous electrolyte and with a sodium compound salt
dissolved in the electrolyte.

NOTE: Exampleg of sodium ion cells are Prussian Blue cells or transition metal layered oxide cells.

6.41 STATH OF CHARGE (SOC) — The available capacity in a pack, module or ‘cell expressed as a
percentage of rated capacity.

CONSTRUCTION
7 Non-Metallic Materials

7.1 The materials employed for enclosures shall comply withy the applicable enclosure fequirements
outlined in CSA C22.2 No. 0.17 / UL 746C, Path Ill of thexEnclosure Requirements Table, except as
modified by this Standard.

7.2 Polymetic materials employed for enclosures ‘shall have a minimum flame rating of V-1 in
accordance wWith CSA C22.2 No. 0.17 / UL 94.

Exception: The enclosure may alternatively~-.be evaluated to the 20 mm end product flame test in
accordance with UL 746C.

7.3 The following factors in (a) — (e) are taken into consideration when an enclosure employing
nonmetallic materials is being judgéd. For a nonmetallic enclosure all of these factors are to be considered
with respect fo thermal aging. Dimensional stability of a polymeric enclosure is addressed by compliance
to the mold sfress relief test.Suitability to factors (a) — (e) below may be determined by theg tests of this
Standard.

a) Registance\te impact;

b) Crush resistance;

¢) Abnormal operations;
d) Severe conditions; and

e) Mold-Stress Relief Distortion.

7.4 The polymeric materials employed for enclosures and insulation shall be suitable for anticipated
temperatures encountered in the intended application. EESA enclosures shall have a Relative Thermal
Index (RTI) with impact suitable for temperatures encountered in the application but no less than 80 °C
(176 °F), as determined in accordance with CSA C22.2 No. 0.17 / UL 746B.

7.5 The enclosure materials intended to be directly exposed to sunlight and rain in the end use
application shall comply with the UV Resistance and the Water Exposure and Immersion tests in
accordance with CSA C22.2 No. 0.17 / UL 746C.


https://ulnorm.com/api/?name=UL 2271 2023.pdf

SEPTEMBER 14, 2023 ANSI/CAN/UL/ULC 2271 17

7.6 Materials employed as electrical insulation in the assembly shall be resistant to deterioration that
would result in an electrical shock, fire or other safety hazard. Compliance is determined by the tests of
this Standard. Materials employed for direct support of live parts at hazardous voltage, shall additionally
meet the direct support insulation criteria outlined in the Material Property Considerations table in CSA
C22.2 No. 0.17 / UL 746C unless employed as part of a component that has been evaluated to a suitable
component standard. Insulated wiring is subjected to the requirements outlined in Section 10.

7.7 Gaskets and Seals of the EESA relied upon for safety, shall be determined suitable for the
environmental conditions and chemical substances they are anticipated to be exposed to in their end use.

8 Metallic Parts Resistance to Corrosion

8.1 Metal
materials sha

a) Co

b) Brg
8.2 Ferrous
painting, gal

with the 600
protection ag

8.3 Metallid

the enclosur¢. If using an insulating liner for this purpese; the insulating liner shall consist of

absorbent
operation.

8.4 Condud
electrochemi
is an evaluat

materials angl design. See Annex B

9 Enclosu

9.1 Theen
abuses that
persons.

FESA enclosures shall be corrosion resistant. Metal enclosures made,. 0f
Il be considered to comply with the corrosion resistance requirements:

pper, aluminum, or stainless steel; and

nze or brass, either of which containing at least 80 % copper.

enclosures for indoor application shall be protected *against corrosion b
anizing, or other equivalent means. Ferrous enclosures for outdoor application
hour salt spray testin CSA C22.2 No. 94.2 / UL 50E{Additional methods to achi
cording to CSA C22.2 No. 94.2 / UL 50E can be aceepted.

EESA enclosures may be provided with an insulating liner to prevent shorting

aterials that have a temperature rating suitable for temperatures within the

tive parts in contact at terminals”and connections shall not be subject to cor

on that demonstrates that the potential for corrosion is negligible for the particul

es

Closure of@nEESA shall have the strength and rigidity required to resist the pos
t will be_exposed to during its intended use, in order to reduce the risk of fi

the following

y enameling,
shall comply
eve corrosion

bf live parts to
non-moisture
pack during

rosion due to

cal action. Combinations abovye the line in Table B.1 of Annex B shall be avoided unless there

ar connection

sible physical
e or injury to

9.2 A tool
minimum me

providing the mechanical advantage of a pliers, screwdriver, or similar tool,
chanical capability required to open the enclosure.

shall be the

9.3 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 IEC 60529, for a minimum IP rating of IP3X with consideration of the device as it is installed in the
vehicle. Evaluation per IEC 60529, Clause 12, consists of the use of the 2.5 mm Test Rod, shown in Figure
9.1, applied with a force of 10 N £10 %.

Exception: For EESAs that are intended for removal from the vehicle for external charging or replacement
with a charged EESA by the user rather than being charged while installed in the vehicle, compliance is
determined on the electric energy storage assembly with and without consideration of the device as it is
installed in the vehicle.
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Note: The handlg

© IEC. Figure 9.
IEC. No part of {

the USNC.

Figure 9.1
IEC 2.5 mm Test Rod

Test rod 2.5 mm diameter, 100 mm long

Sphere 35+ 0.2

+0.05

w
[7 Approx. 100 ——— |le—— 100+ 02 ——»] g
o
_e L
Handle ‘ Rigid test rod /

(Insulating material) (Metal)

Edges free from burrs

Stop face
(Insulating material)

su1505

dimensions (g 10 and 20) are not critical.

is material may be copied or reproduced in any form or made publicly available without the prior

Permission to use Figure 3-C from Table 6 of IEC 60529 was provided(By Standards Council of Canada. No furthe

permitted withou

9.4 Opening
accordance
Provided by |
by the Water

prior written approval from Standards Council of Canada.

s in the enclosure shall be designed to prevent ingress of water as installed in
vith intended use and IP rating in accordance with Standard for Degrees

Enclosures (IP Code), IEC-80529 with a minimum rating of IPX3. Compliance i
Exposure Test (IP code rating) in Section 42.

10 Wiring dnd Terminals

10.1 Wiring
temperature,
equipment.

10.2 Interns

shall be insulated and acceptable for the purpose, when considered wit

I“wiring shall be routed, supported, clamped or secured in a manner that

| is reproduced from Figure 3-C from Table 6 of IEC 60529, Ed<2/1':2001 with permission of the U

NC on behalf of
ritten consent of

reproduction is

he vehicle in
bf Protection
5 determined

N respect to

voltage, and'the conditions of service to which the wiring is likely to be subjected within the

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.

10.3 Connections to the cells shall be made in a manner that does not result in damage to the cells or
protection assembly. For example, connections made using high heat processes, such as solder, shall not
be used on direct connections to the cell terminals without proper processes and controls as this could
result in damage to the cell as a result of heat transfer during soldering. To prevent damage to cells or
protective devices, connections between cells and electronic protective devices should be made using the
connection sequences recommended by the protective device manufacturer.
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10.4 An EESA external terminal shall be designed to prevent inadvertent shorting. An external terminal
shall be designed to prevent inadvertent misalignment or disconnection when installed in its end use
vehicle.

10.5 For all EESAs, an external terminal for charging shall be designed to prevent an inadvertent
shorting and misalignment and a reverse polarity connection. For EESAs that are intended for removal
from the vehicle for external charging or replacement with a charged EESA, the external terminal for
discharging shall be designed to prevent inadvertent shorting, a reverse polarity connection and a
misalignment.

10.6 For EESAs that are intended for removal from the vehicle for external charging or replacement with

a charged EESA by the user, the external terminal for discharging and any other external ferminals with
hazardous voltage shall be designed to prevent access by the user. Compliance is determined by use of
the articulatd test finger shown in Figure 10.1. The articulate test finger requirement deesngt apply to the
manual discgnnection for servicing device as outlined in 15.1.5.
Figure 10.1
Articulate Probe
Stop plate
= 180
80
‘ 60
‘ A30 36°50' 1 Cylindrical
[ (el (T2 e
HO | e e = =
\ N / ‘ - _) @ | i /L b R=2
10 A-A B-B
: 250 | SECTIQN
1 - [=— 20—
[ o T Spherical
! pherica
All Qimensions in OT(_ ‘ i /
Ntillimeters gl @_ jl;IJ %%éjﬁ
- | 142 R=4
c secTion <C
pal20-1 L |

10.7 The external terminals of an EESA 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 the Standard for Plugs, Receptacles and Couplers for Electric Vehicles, UL
2251 without being subjected to the exposure to contaminants.

10.8 A hole by which insulated wires pass through an internal or external opening in the enclosure 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.
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10.9 Wiring for hazardous voltage shall be readily distinguishable from low voltage wiring harnesses
through the use of orange colored insulation or orange wiring harness jacketing or covers. Internal wiring
of hazardous voltage circuits that are not provided with orange wiring harness covers or jackets, shall also
be colored primarily orange (i.e. solid orange or orange striped), or enclosed in junction boxes with
hazardous voltage warning labels such as ISO No. 7010, No. W001 (i.e. lightning bolt within triangle).

11 Fuses
11.1 Fuses used in an EESA shall be acceptable for current and voltage which are likely to be subjected.

11.2 For user replaceable fuses, a fuse replacement marking shall be located adjacent to each fuse or

fuse holder,
marking app|
characteristic
Information ¢
instructions.

12 Handles
12.1 An inte

supporting th
product to wh

13 Electrical Spacings and Separation of Circuits

13.1 Electri
spacing to pi
securing of U
voltages shal

13.2 Electri
spacings as ¢
62368-1, the

Exception No
CSA C22.2N

Exception No
occur, the cle

5 such as time delay or breaking capacity are necessary, the type shallcalso

e weight of the pack without breakage of the handle,.its securing means, or th

ies, and giving the fuse ratings. Where user replaceable fuses with( sy

n proper fuse replacement of user replaceable fuses shall also 'be incl

gral handle(s) or other lifting mechanism used for picking the pack up shall b

ch the handle is attached. Compliance is determined'by Section 38, Handle Lo4

al circuits within the EESA at opposite“polarity shall be provided with reli
event inadvertent short circuits (i.e.c€lectrical spacings on printed wiring boal
ninsulated leads and parts, etc.).-Insulation suitable for the anticipated temp
be used where spacings cannetbe controlled by reliable physical separation.

tal spacings in circuits /shall have the following minimum over surface and
utlined in Table 13.1 or the spacings requirements outlined in CSA C22.2 No.
Clauses for "Clearances," 5.4.2, and "Creepage Distances," 5.4.3.

0. 0.2 or ULS840 may be used.

2: Feorelectric energy storage assemblies where external leakage of liquid el

ron-the fuse hnlrlnr’ orin-—another location prr\\lldnrl that-it-is—obvious—towhich fuse the

pecial fusing
be indicated.

uded in the

e capable of

at part of the

ding Test.

ble physical
rds, physical
eratures and

through air
52368-1 / UL

1: As an alternative to the spacing requirements of Table 13.1, the spacing requirements in

betrolyte may

brance and creepage distances of Clause 6.2 of ISO 6469-1 apply.

Table 13.1
Electrical Spacings
Voltage Through Air Over Surface
\'/ mm (in) mm (in)
0-50° 1.6 (1/16) 1.6 (1/16)
Live part_s and dead _mc_etal pa_rts that are separated 51—130 3.2 (1/8) 4.8 (3/16)
by Functional or basic insulation
131 -300 6.4 (1/4) 9.5 (3/8)
Accessible dead metal parts and dead metal parts 0-50% 1.6 (1/16) 1.6 (1/16)
separated from live parts by basic insulation only —

Table 13.1 Continued on Next Page
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Table 13.1 Continued

Voltage Through Air Over Surface
Vv mm (in) mm (in)
this ordinarily is a spacing resulting from 51 -130 3.2(1/8) 4.8 (3/16)
supplementary insulation 131 —300 6.4 (1/4) 9.5 (3/8)
) ) 0-50% 3.2(1/8) 3.2 (1/8)
Live parts and accessible dead metal parts
separated by double insulation or by reinforced 51-130 4.8 (3/16) 6.4 (1/4)
insulation 131-300 12.7 (112) 12.7 (112)
@ Spacings at these voltages may be decreased from those indicated in the table if it can be determined through test or analysis
that there is no-hazatd I\i e circuits sl |lr__\'r_\|inrl h\]/ limited POWEL-SOLHCesS-as defined.in the Circuits Intended for lnterco. nection with
Building Wiring Annex of CSA C22.2 No. 62368-1 / UL 62368-1).
13.3 There|are no minimum spacings applicable to parts where insulating compound’completely fills the
casing of a gompound or subassembly if the distance through the insulation, at-veltages abgve 60 Vdc or

above 30 Vr|
passes the [l

There is no minimum insulation thickness requirement for insulation of circuits at or below

basic or func

13.4 Condd
through the
requirements

insulated conductor shall be reliably retained so that it camnot contact an uninsulated live p

operating at

13.5 Fords
Enclosures n

ms is a minimum of 0.4-mm (0.02-in) thick for supplementary or réinforced in
Dielectric Voltage Withstand Test, Section 30 and the Isolation Resistance Tes

ional insulation. Some examples include potting, encapsulation, and vacuum im
ctors of circuits operating at different voltages shalMbe reliably separated fro
unless they are each provided with insulation<aeceptable for the highest voltag
h different voltage.

termination of spacing, Overvoltage category Il and pollution degree 3 are appl
neeting IP54 or IPX7 per IEC 60529 are considered pollution degree 2. Hermetig

encapsulate

enclosures, or coated printing-wiring boards in compliance with the Printed

Coating Perfprmance Test of CSA C22:2\No. 0.2 or UL 840 are considered pollution degree 1.

13.6 CSA (€22.2 No. 0.2 or UL 840 shall not be used for the clearance and creepage dig
wiring terminals. When determining the clearance for double or reinforced insulation in acq
CSA C22.2 No. 0.2 or UL 840) the clearances of reinforced insulation shall be dimensioned g

to the rated i
Clearances
the impulse

series, reinfqrced insulation shall be dimensioned to withstand 160 % of the impulse with
required for|basic insulation. When determining the creepage for double or reinforced

pulse voltage, but choosing one step higher in the preferred series of values in
r Equipment table of CSA C22.2 No. 0.2 or UL 840 than that specified for basi
ithstand-voltage required for basic insulation, is other than a value taken from

sulation, and
[, Section 31.
60 Vdc or for
pregnation.

m each other

use of mechanical securements such as batriers or wire ties to mainlain spacings

involved. An
art of a circuit

ed to EESAs.
ally sealed or
Wiring Board

tance at field
ordance with
orresponding
the Minimum
C insulation. If
the preferred
stand voltage
insulation in

accordance with CSA C22.2 No. 0.2 or UL 840, the creepage distances for reinforced insulation shall be
twice the creepage distance required for the basic insulation as determined in CSA C22.2 No. 0.2 or UL

840.
14 Insulation Levels and Protective Grounding
14.1 Hazardous voltage circuits shall be insulated from accessible conductive parts and safety extra low

voltage (SELV) circuits as outlined in 14.2 through the following:

a) Basic insulation and provided with a protective grounding system for protection in the event of a
fault of the basic insulation; or

b) A system of double or reinforced insulation; or

¢) A combination of (a) and (b).
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14.2 Safety extra low voltage (SELV) circuits (i.e. circuits at or below 60 Vdc or 48 Vrms under normal
and single fault conditions) that are insulated from accessible conductive parts through functional
insulation only are considered accessible.

14.3 If relying upon a protective grounding system (i.e. grounding of an accessible metal enclosure), it
shall comply with 14.4 — 14.6.

14.4 Parts of a protective grounding system shall be reliably secured in accordance with 10.2 and
provided with good metal-to-metal contact of the grounded parts of the EESA to the vehicle. The
impedance from the various bonding conductors and connections to the main ground terminal shall have a

maximum resistance of 0.1 Q. Compliance can be determined by Section 32, Grounding Continuity Test.

14.5 The main ground terminal of the protective earthing ground system shall be identified
following:
a) A green-colored, not readily removable terminal screw with a hexagonalhead;
b) A gfeen-colored, hexagonal, not readily removable terminal nut;
c) A green colored pressure wire connector; or
d) The word "Ground" or the letters "G" or "GR" or the grounding symbol (IEC 60417
upsidg down "tree" in circle) or otherwise identified by a distinctive green color.
14.6 Condugtors, relied upon for the protective grounding<and bonding system, shall be siz
intended faulf current. If insulated, the insulation shall be-green or green and yellow striped in
15 Safety Analysis
15.1 General
15.1.1 A safety analysis consisting of ;@ hazard identification, risk analysis and risk evalug

conducted or]
safety related
hazard sceng
software that
software. Th
additional sa
following con

a) Bat

the device under test. This safety analysis shall determine which parts of the
through an existing.methodology such as outlined 15.1.2. This approach shall g
rios and define-mitigation mechanisms. This safety analysis shall identify safg
address each hazardous condition and consider the performance of each sa

following,‘conditions in (a) — (c) shall be considered unless sufficient just
ty analysis) is provided by the manufacturer that these conditions are not haj
litions.in-(a) — (c) shall be considered at a minimum, but are not limited to:

ery/cell over-voltage and under-voltage;

by one of the

, No. 5019 —

ed to handle
color.

tion shall be
b system are
etermine the
ty circuits or
ety circuit or
fication (e.g.
rardous. The

b) Battery over-temperature and under-temperature; and

c) Battery over-current during charge and discharge conditions.

15.1.2 Documents that can be used as guidance for the safety analysis include:
a) IEC 60812;
b) IEC 61025;
c) SAE J1739;
d) MIL-STD-1629A;
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e) IEC 61508-1, and all parts;

f) 1ISO 13849-1 and ISO 13849-2.

15.1.3 The analysis of 15.1.1 is utilized to identify anticipated faults in the system which could lead to a
hazardous condition and is validated by compliance with 15.2. The analysis shall consider the reliability of
any monitoring components and systems and any communication systems providing information to the
controls that can affect safety. The analysis shall consider single fault conditions in the protection circuit in
addition to single faults elsewhere that could lead to a hazardous condition.

15.1.4 A hazardous voltage EESA shall have a manual disconnect to prevent inadvertent access to
hazardous voltage parts during servicing or during a collision. The manual disconnect shall:

a) Digconnect both poles of the hazardous voltage circuit;

b) Bel accessible and able to be operated without the use of a tool in the.event of|a collision or
during servicing;

c) Refyuire manual action to break the electrical connection;

d) Enpure disconnection is physically verifiable and can includeiactual removal of tHe EESA from
the veghicle or unplugging the EESA connector/plug; and

e) W:Len engaged (i.e. under disconnection), it does_net create exposed conductofs capable of
becoming energized and is insulated to prevent a shock*hazard during actuation.

15.1.5 If a hazardous voltage automatic disconnect.dévice is provided to isolate accessiljle conductive
parts from the hazardous voltage circuit of the EESAit shall:

a) Ngt be able to be reset automatically although it may be able to be reset delilberately upon
clearipg of the fault;

b) Digconnect both poles of the-hazardous voltage circuit;

c) Be[capable of handlingwfull load disconnects of the hazardous voltage circuit that|it is isolating;
and

d) No} result in a hazardous condition upon automatic actuation.
15.2 Protegtive circuits and controls

15.2.1 Actiye.protective devices shall not be relied upon for critical safety and shall comp]y with one of
the following in (@) — (c) and comply with 15.2.2 and 15.2.3 as applicable. Refer to 6.35 and 6.36 for
definitions of active and passive protective devices.

a) They are provided with a redundant passive protective device;

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

c¢) They remain fully operational or fail safe upon loss of power to, or under a single fault condition
of the active circuit.

Exception : Active protective devices that comply with IEC 61508 (all parts), meeting minimum Safety
Integrity Level (SIL) "2", or ISO 13849 (all parts), meeting minimum performance level (PL) "c", or ISO
26262 (all parts), minimum of Automotive Safety Integrity Level (ASIL) "C", are permitted to be relied upon
for critical safety. The SIL, PL, or ASIL for a safety function may be reduced if the manufacturer provides
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additional safety analysis (e.g. Layer of Protection Analysis (LOPA)) showing that the required risk
reduction level has been reduced by other measures used within the battery system.

15.2.2 Active protective devices relied upon for safety as noted in 15.2.1, shall be evaluated in
accordance with:

a) The Failure-Mode and Effect Analysis (FMEA) requirements in UL 991;

b) The Protection Against Internal Faults to Ensure Functional Safety requirements in UL 60730-1
or CSA E60730-1 (Clause H.27.1.2); or

c) The Protection Against Faults to Ensure Functional Safety requirements (Class B requirements)

FaYaYe ol N .9 (O
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single

15.2.3 With
a) UL
b) Soff

c) Thg Controls Using Software requirements (Software Class’ B requirements) in
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15.2.4 Batte
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the specified
When review
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reference to 15.2.1, software relied upon for safety shall comply with:
1998;

ware Class B requirements of CSA C22.2 No. 0.8; or

e H.11.12) or CSA E60730-1.
ry systems shall be protected against all hazards identified in the safety analysis

reference to 15.2.4, if relied upon for maintaining the cells within their specif

to protect against overcharge and over-discharge. The BMS shall also maintai
temperature limits providing protection from overheating and under temperatu
ng safety circuits to determine that cell operating region limits are maintained,
circuit/component shall be considered in the evaluation. Components such as
ther devices and parts determined necessary for intended operation of the b3
'ed to be provided in the end use LEV, shall be identified in the installation instru

reference to 15:2:4'and 15.2.5, if specified operating limits are exceeded, a pro
hut down thewcharging or discharging to prevent excursions beyond operating li
enario oecurs, as determined in 15.1.1, the system shall continue to provig
to a safe) state (SS) or risk addressed (RA) state. If the safety function has be
all remain in the safe state or risk addressed state until the safety function has b
m has'been deemed acceptable to operate.

ary to verify
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of 15.1.1.
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een restored

15.2.7 Solid state circuits and software controls, relied upon as the primary safety protection, shall be
evaluated and tested to verify electromagnetic immunity in accordance with the Electromagnetic Immunity
Tests of UL 1973 if not tested as part of the functional safety standard evaluation.

Exception: Solid state circuits and software need not comply if it can be demonstrated that the solid state
circuits and software are not relied upon as the primary safety protection.

16 Cells, Electrochemical Capacitors, and Repurposed Cells and Batteries

16.1 Cells and electrochemical capacitors shall be designed to safely withstand anticipated abuse
conditions for vehicular applications. Compliance is determined by the requirements in 16.2 — 16.8 and by
the tests of this Standard.
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16.2 Lithium ion and other lithium based cells shall comply with the requirements for secondary lithium
cells in UL/ULC 2580, including compliance with all the performance tests for cells.

16.3 Nickel metal hydride cells and other nickel based cells shall comply with the nickel cell requirements
of UL/ULC 2580, including compliance with all the performance tests for cells.

Exception: Nickel metal hydride cells and other nickel based cells that are sealed and formed as part of a
monobloc battery, need only comply with the requirements of this Standard as part of the assembled
battery.

16.4 Sodium nickel metal chloride cells shall comply with the requirements for sodium beta battery cells
outlined in thg B slis )

16.5 Batter
(e.g. valve r
pressure relg

es employing re-closable pressure release valves on the external enclgsure
bgulated lead acid batteries) or flame arresters on vented batteries, shall co
ase test or the flame arrester test of UL 1989.

of the battery
mply with the

16.6 Electrpchemical capacitors shall comply with the single capacitor requirements outlinefd in UL 810A.

16.7 Sodiu
the sodium i
for secondar

m ion cells (e.g. Prussian Blue cells or transition metal, layered oxide cells) sha
bn cell requirements of UL/ULC 2580 (identical to the~performance and markin
lithium cells in UL/ULC 2580), including complianc¢e with all the performance te

| comply with
j requirement
sts for cells.

16.8 Batterjes and battery systems using repurposed.cells and batteries shall engure that the
repurposed parts have gone through an acceptable procéss for repurposing in accordance yith UL 1974.
See also 46.11.

17 Manufagturing and Production Line Testing

17.1 EESAB shall be subjected to 100°% production screening as described in 17.2[ and 17.3 to
determine the acceptability of spacing; insulation and grounding system in production.

17.2 A dielg¢ctric withstand testas outlined in the Dielectric Voltage Withstand Test in Sectipn 30 shall be

conducted o 100 % production.of EESAs with working voltage exceeding 60 Vdc or 30 Vrmg/42.4 Vpeak.

Exception N s. If the value

of the voltag

1: Thedimée for the production Dielectric Withstand Test can be reduced to 1
in Section 30 is increased as follows:

¢

a) 2.4 times the circuit voltage for those circuits not connected to dc as outlined in Sedtion 30; and

b) 1200 plus 2.4 times the circuit voltage for those circuits connected to ac as outlined in Section
30.

Exception No. 2: The isolation resistance test of Section 31 can be conducted in lieu of the dielectric
withstand test.

17.3 A continuity check of the grounding conductors using an ohmmeter or other method shall be
conducted on 100 % production employing protective grounding. The continuity check shall determine that
the resistance of the protective grounding system does not exceed 0.1 Q.

17.4 Assemblies/packs shall be subjected to 100 % production screening to determine that any active
controls utilized to maintain cells within normal operating parameters are functioning.
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17.5 Manufacturers of EESAs 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) Supply chain control; and

b) Assembly processes.
PERFORMANCE

18 General

18.1 Unlesq indicated otherwise, batteries shall be fully charged to the maximum dpergting state of
charge (MOJOC) in accordance with the manufacturer’s specifications for conducting’ the| tests in this
Standard. After charging and prior to testing, the batteries shall be allowed to rest fora maximjum period of
8 hat25 15 °C (77 19 °F).

18.2 Unlesd otherwise indicated, fresh samples representative of production” are to be used for the tests
described in this Standard. The test program and number of samples to.be used in each tedt is shown in
Table 18.1.

Table 18.1
Tests and Sample Redquirements

Test Section Number of samples®®

Electrical Tests

Overcharge 23 1 EESA
High Rate Charge 24 1 EESA
Short Circuit 25 1EESA
Overload Undef Discharge 26 1 EESA
Overdischarge 27 1 EESA
Temperature 28 1 EESA
Imbalanced Charging 29 1 EESA
Dielectric Voltage Withstand 30 1 EESA
Isolation Resistance 31 1 EESA

Mechanical TeFts

1
Vibration Endurance 33 TEESA

Shock 34 1 EESA

Crush (on road) 35 1 EESA

Drop 36 1 EESA

Mold Stress 37 1 EESA

Handle Loading 38 1 EESA

Roll Over 39 1 EESA

Strain Relief Tests (Cord Anchorages) 40 2 test specimens of the part under test or complete
EESA

Environmental Tests

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Test Section Number of samples® ®

Immersion Test 41 1 EESA

Water Exposure Test (IP code rating) 42 1 EESA

Thermal Cycling 43 1 EESA

Material Tests

20-mm End Product Flame Test (Note: Not 7.2 3 test specimens of the part under test (polymeric

conducted if minimum V-1) enclosure sample)

Label Permanence 44 1 test specimen of the part under test (label adhered to
end use surface)

Single Cell F*Iure Design Tolerance Test

Single Cell Failure Design Tolerance Test 45 1 EESA

@ Samples fron different tests may be re-used for multiple tests if still intact so that its re-use does not affectthe tes
the manufactufer is in agreement. Minor modifications can be made to samples such as replacement'of fuses, etc.
reuse sampleg{for multiple tests.

b Testing can b conducted on a subassembly of the EESA if determined to be representative.

I results and
n order to

18.3 All teg
noted otherw
allowed to of

ts, unless noted otherwise, are conducted in a room ambient 25 £5 °C (77 £
ise in the test method, the cooling systems or other-auxiliary systems of the E
erate during the test if they can affect the outcomefof the test.

18.4 Tempgrature shall be measured using thermocouples consisting of wires not larger tf
(24 AWG) and not smaller than 0.05 mm? (30 AWG)éonnected to a potentiometer-typ
Temperaturel measurements are to be made with the measuring junction of the thermocoup
against the gomponent/location being measured. For those tests that require the sample to
equilibrium (also referred to as steady state conditions), thermal equilibrium is considered to
after three cpnsecutive temperature measurements taken at intervals of 10 % of the previ
duration of the test but not less than 15:min, indicate no change in temperature greate
(£3.6 °F).

18.5 Wherg there is a specifie.reference to a single fault condition in the individual test
single fault ig to consist of a single failure (i.e. open, short or other failure means) of any con
EESAs that ¢ould occur and-affect the results of the test. This fault is implemented in conjun

O °F). Unless
FESA may be

an 0.21 mm?
e instrument.
le held tightly
feach thermal
be achieved if
busly elapsed
r than +2 °C

methods, the
ponent in the
ction with the

test being conducted (i.€-:overcharge, short circuit, etc.) or may be conducted as part of a verification of a

protective circuit. A protective component determined to be reliable may remain in the circuit

faulted. A rgliable_protective component is one that has been evaluated to its applicabl

without being
e component
5 been shown

corresponding hazards and risk analysis.

18.6 The tests contained in this Standard may result in explosions, fire and emissions
and/or toxic fumes as well as electric shock. It is important that personnel use extreme cauti

defined by a

of flammable
on and follow

local and regional worker safety regulations 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. As an

additional precaution, the temperatures on surface of at least one cell/module within the DUT and the OCV
of the DUT are to be monitored during the test for safety and information purposes. All personnel involved

in the testing are to be instructed to never approach the DUT until temperatures are fall
returned to within ambient temperatures.

ing and have
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18.7 Unless noted otherwise in the individual test methods, the tests shall be followed by a minimum 1-h
observation time prior to concluding the test and temperatures are to be monitored in accordance with
18.6.

19 Combustible Concentrations

19.1 Where a system analysis indicates that venting/off gassing from cells or capacitors could result in
combustible concentrations because of the system’s chemistry (i.e. vented batteries) or design, the
evaluation for combustible concentrations during the tests of this Standard shall be determined through
the methods outlined in 19.2. If it can be determined through examination of the cells after testing that they

did not vent as a result of the test, the system is in compliance with these criteria.

19.2 For dgtection of potential flammable concentrations that may be emitted during ’te
monitor suitalple for detecting 25 % of the lower flammability limit of the evolved gases being
minimum of
ducts shall bg used for taking measurements.

Exception: A$ an alternative to using gas detection measurement to determine if there a
concentratiorls, non-compliant tests results for fire may include an eyaluation for potenti
concentratioris of vapors with the use of a minimum of two continuous: spark sources. Th
spark source$ are to provide at least two sparks per second with sufficient energy to ignite n
sufficient eneygy to ignite the potential vapor if more energy is required for ignition than wou
to ignite natufal gas) and are to be located near anticipated seurces of vapor such as vent o
the vent duct.

19.3 Additignal precautions shall be taken during tests requiring this analysis due to the
concentrations that may occur within-the test room or chamber.

ment Equipment Accuracy
20.1  Unless

specifications
following valu

noted otherwise in the-test methods, the overall accuracy of measured v
or results when condueting testing in accordance with this Standard shall |
es of the measuremént range:

o for voltage;
o for current;

C) 2
200 °C

C (£8:6.°F) for temperatures at or below 200 °C (392 °F) and £3 % for temper
(392°F);

sting, a gas
measured. A

o sampling locations where concentrations may occur such as at vent openings or vent

e flammable
bl flammable
e continuous
htural gas (or
d be needed
benings or at

potential for

hlues of test
be within the

atures above

d) £0.1 % for time; and

e) 1 % for dimension.
21 Post Test Cycle

21.1 EESAs that are operational after the following tests (a fuse may be replaced or rese

ttable device

reset) shall be subjected to a minimum of one cycle of charging and discharging in accordance with the

manufacturer's specifications to determine that there is no non-compliant results as outlined
for that test:

a) Electrical Tests - Overcharge, short circuit, overdischarge protection, imbalanced c
rate charge;

in Table 21.1

harging, high
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b) Mechanical Tests — Vibration, shock, roll over, drop test for EESAs intended to be removable by
the user; and

c¢) Environmental Tests — Water exposure, and thermal cycling.

21.2 For those tests where rupture is identified as a non-compliant result, the DUT shall be examined at
the conclusion of the test for evidence of rupture that would result in potential exposure to hazardous
voltage circuits and hazards materials such as electrolyte. When determining exposure to accessible
hazardous circuits or materials, the criteria outlined in 9.3 shall be applied.

Table 21.1
Not -uu---pliaﬂ‘t—'Fest-Resuﬂs

Non-compliart results Designation Tests?

Explosion E All tests

Fire F All tests

Combustible Goncentrations (if applicable to C All tests except immersion’and single cell failure design

technology) tolerance

Rupture (encldsure) R All tests exceptrerush, drop test for EESAs jntended for
service handling only and single cell failure|design
tolerance

Electrolyte Legkage (external to enclosure) L All tests except immersion and single cell failure design
tolerance

Venting \% All tests except short circuit, crush, drop tegt for EESAs
intended for service handling only and immersion

Electric shock hazard (resistance below S All tests (if hazardous voltage) except single cell failure

isolation resistance limits or dielectric design tolerance

breakdown)

Loss of protecfion controls® P All tests except crush, drop test for EESAs intended for
service handling only, and immersion, immersion, and
single cell failure design tolerance

@ For tests thatlevaluate one specific part of the DUT such as the mold stress, dielectric voltage withstand, isolation|resistance,
strain relief, hgndle strength, and label permanence tests; only those compliance criteria noted in the tests method heed be
applied. See individual tests for additional compliance criteria details.

b Loss of proteftion controls — A failure.of software and/or electronic controls, discrete control devices or other built}in electrical
protection that|results in a hazardeus event.

NOTE: No need to verify theyprotection function of the single faulted protection device after test.

22 Resultj Criteria

22.1 See Table 21.1 for results criteria for tests outlined in this Standard and Section 6 for definitions of
the non-compliance results terms. See also individual tests methods for any additional details.

ELECTRICAL TESTS
23 Overcharge Test

23.1 This test is intended to evaluate an DUT’s ability to withstand an overcharge condition under a
single fault in the charging control circuitry that could result in an overcharge condition.

23.2 Afully charged sample is to be discharged at a 0.2 C constant discharge rate or a higher discharge
rate permitted by the manufacturer to the manufacturer’s specified EODV. The DUT is then subjected to a
constant current charging at the manufacturer’s maximum specified charging rate and under a single fault
condition in the circuitry that directly controls the charging line of the DUT that could lead to an overcharge
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condition. Protective devices that have been determined reliable may remain in the circuit and circuits that
have been determined reliable may remain active without being faulted as noted in 18.5. During test, the
voltage of the cells shall be measured. For information purposes, temperatures are to be monitored on the
cell/module where temperatures may be highest.

23.3 If BMS reduces the charging current to a lower value near the end of charging phase, the sample
shall be charged continually with the reduced charging current until ultimate results in 23.4 occur.

23.4 The test is to be continued until the voltage has reached 110 % of the maximum specified voltage
limit and monitored temperatures return to ambient or steady state conditions and an additional 2 h has
elapsed, or explosion/fire occur. If the DUT is operational after the test, it shall be subjected to a minimum
of one charg i ifi | be followed

by an observition period per 18.7.

tuits shall be

23.5 Atthe
subjected to

conditioning),
236 Asar

conclusion of the observation period, the samples with hazardous voltage cir
a Dielectric Voltage Withstand Test or Isolation Resistance /Test (with

sult of the overcharge test, the maximum charging voltage\measured on the g

but  humidity

ells shall not

exceed theirI considered a

non-complian

ormal operating region. Also, any of the following resultsqin~(a) — (h) below are
t results. See also Table 21.1 and Section 22.

a) E —|Explosion;

b) F —|Fire;

c) C —|Combustible Concentrations (if applicable‘to technology);

d) R —|Rupture (enclosure);

e) L —Electrolyte Leakage (external to'enclosure);

f) V — Venting;

g) S —|Electric shock hazard(resistance below isolation resistance limits or dielectric breakdown);
h) P —|Loss of protection controls.

24 High Rate Charge<Test

24.1 The pu
system agai
cells.

rpase of this test is to evaluate a battery system's ability to protect the cells i

st g high rate. Phnrgn condition at currents nypnnding the maximum ﬁharging d

n the battery
urrent of the

24.2 Afully discharged DUT (i.e. discharged to the manufacturer's specified EODV) shall be subjected to
a high rate charge. There shall be a single fault condition on overcurrent charge protection devices or
controls unless they have been evaluated for reliability (i.e. evaluated for functional safety criteria
considering single fault conditions in accordance with Section 15). During the test, the current and voltage
of the cells shall be measured. The test supply equipment used for charging the DUT shall be sufficient to
provide a current that is 20 % greater than the maximum specified charging rate for the battery system.

Exception 1: High rate charge testing on a subassembly may be conducted instead of the complete battery
system if determined to be representative of the battery system.
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Exception 2: If the overcurrent protection limit for the battery system is higher than 120 % of the maximum
specified charging rate for the battery system, then the test supply current used for charging the DUT shall
provide a current that is 5 % greater than the overcurrent protection limit for the battery system.

24.3 The high rate charging of the DUT shall continue until ultimate results occur followed by an

observation period per 18.7. 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 current, voltage
or temperature controls. The DUT is monitored per 18.6; or

b) Battery system failure occurs as evidenced by explosion, fire or other identifiable non-compliant
resultsper Table Z1T-1.

24.4 During the test, detection methods as outlined in Section 19 shall be used to detect thg presence of
combustible yapor concentrations if determined necessary.

245 |If the DUT is operational after the high rate charge test, it shall be subjected to a discharge and
charging cydle in accordance with the manufacturer's specifications. See\2%.1 for details rg¢garding user
resettable dgvices. An observation period per 18.7 is then conducted.

24.6 At thel conclusion of the observation period, the samplesshall be subjected to an ['as received"
Isolation Redistance Test in accordance with Section 31. The DUT shall be examined for signs of rupture
and evidencg of leakage.

24.7 As a fesult of the high rate charge test, the battery protection circuit (e.g. BMS) shall detect the
overcharging current and shall prevent the cells inside the battery system from being chafrged over the
maximum charging current of the cell. In additién, any of the following results in (a) — (h) below are
considered g non-compliant results. See also Table 21.1 and Section 22.

a) E 1 Explosion;

b) F { Fire;

c) C 4 Combustible Concentrations (if applicable to technology);
d) R 1 Rupture (englosure);

e) L 4 Electrolyte Leakage (external to enclosure);

f) V —[Venting

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

h) P — Loss of protection controls

Exception: The overcharging current may exceed the maximum charging current for a short duration
(within a few seconds) which is within the delay time of the BMS detection.

25 Short Circuit Test
251 This test evaluates a DUT'’s ability to withstand a short circuit condition.

25.2 A fully charged sample of the DUT is to be short-circuited by connecting the positive and negative
terminals of the sample with a circuit load having a total resistance of less than or equal to 20 mQ.
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25.3 Samples are to be subjected to an external short under a single fault condition in the protection
circuit of the DUT that could impact the external short. Protective devices that have been determined
reliable may remain in the circuit and circuits that have been determined reliable may remain active
without being faulted as noted in 18.5.

25.4 The sample shall be discharged until the sample has returned to ambient temperature or fire or
explosion occurs. Temperatures shall be measured on the DUT for monitoring purposes.

25.5 If the DUT is operational after the test, it shall be subjected to a minimum of one charge/discharge
cycle at the manufacturer’'s maximum specified values. The test shall be followed by an observation period
per 18.7.

25.6 At the ponclusion of the test and after cooling to near ambient, the samples that contatn hazardous
voltage circuits shall be subjected to a Dielectric Voltage Withstand Test or Isolation Registance Test
(without humifdity conditioning).

25.7 As a result of the short circuit test, any of the following results in (a) —«(g)/below are ponsidered a
non-compliant result. See also Table 21.1 and Section 22.

a) E —|Explosion;

b) F —|Fire;

c) C —[Combustible Concentrations (if applicable to technology);
d) R —|Rupture (enclosure);

e) L —Electrolyte Leakage (external to enclostire);

f) S — Electric shock hazard (resistance-below isolation resistance limits or dielectric breakdown);

g) P —|Loss of protection controls.
26 Overloafd Under Discharge Test
26.1 This tept shall be conducted on a fully charged DUT (MOSOC per 18.1).

Exception: Overload under discharge testing on a subassembly may be conducted instead of the complete
battery system if detérmined to be representative of the battery system.

26.2 Conditlon 1" is the overload above the specified maximum discharge current of thg battery, but
below the BMS overcurrent protection in accordance with 26.3 — 26.5.

26.3 With reference to 26.2, the positive and negative terminals of the DUT are to be connected to the
external discharging equipment. The fully charged DUT shall then be discharged at a current equal to
90 % of the rated overcurrent protection value of the BMS.

26.4 With reference to 26.2, the test shall be continued until:

a) The DUT has been completely discharged (i.e. discharged until near zero state of chargelits
energy is depleted);

b) The protection in the circuit has operated and the temperature on the center cell/module has
peaked or reached a steady state condition and 7 h has elapsed; or

c) A fire or explosion has occurred.
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Exception: The overload condition 1 can be waived if the maximum discharge current of the battery is
equal to or higher than 90 % of the overcurrent protection value of the BMS.

26.5 With reference to 26.2, during the test, samples supplied with protective devices in the discharge
circuit shall be subjected to a single component fault using any single fault condition that may be
determined to occur during discharge conditions. See 18.5 for details regarding single fault conditions.
Single fault conditions can be applied to both passive and active protective devices.

Exception: Overcurrent protection components in circuits evaluated for reliability (i.e. evaluated for
functional safety criteria considering single fault conditions in accordance with 18.5) need not be subjected

to single fault conditions.

26.6 Condi
overcurrent

26.7 With 1
external disc
fuse or circui

Exception N
disconnectin
overcurrent

current of 15

Exception N
similar disco
overcurrent fg

26.8 Withr

a) Th
energ

b) Th

ion 2 is the overload above the BMS overcurrent protection, but below
rotection (typically fuse or circuit breaker) in accordance with 26.7 — 26.9.

eference to 26.6, the positive and negative terminals of the DUT shall be con
harging equipment. The DUT shall then be discharged at a currentequal to 135
breaker rating.

D. 1: If the actuating device of BMS overcurrent protection is a contactor, sw.
h device, which has been evaluated for an overload cartent higher than 135 %
brotector (fuse or circuit breaker) rating, then theytest shall be conducted a
D % of the primary overcurrent protector (fuse or-gircuit breaker) rating.

p. 2: If the actuating device of BMS overclitrent protection (such as a contad
hnecting device) has been evaluated for.anoverload current higher than 150 %
rotector (fuse or circuit breaker) rating,~then the condition 2 test can be waived.

bference to 26.6, the test shall be ¢ontinued until:

e DUT has been completely’discharged (i.e. discharged until near zero state
y is depleted);

e protection in the-€ircuit has operated and the temperature on the center ce

peakgd or reached assteady state condition and 7 h has elapsed; or

C)Af

26.9 With n
circuit shall

re or explosion has occurred.

eference to 26.6, during the test, samples supplied with protective devices in
be“subjected to a single component fault using any single fault condition

the primary

nected to the
P of the main

tch or similar
Df the primary
[ a discharge

tor, switch or
Of the primary

of chargelits

I/module has

he discharge
that may be

...... P o I~ P-4 HI

determined

+ raaardin
TU.J 1TUlN Ut udiio |Uya|u|||

g single fault

conditions. Single fault conditions can be applied to both passive and active protective devices.

Exception: Overcurrent protection components in circuits evaluated for reliability (i.e. evaluated for
functional safety criteria considering single fault conditions in accordance with 18.5) need not be subjected
to single fault conditions.

26.10 If the DUT is operational after the overload under discharge test, the DUT shall be subjected to a
charge and discharge cycle in accordance with the manufacturer's specifications. See 21.1 for details
regarding user resettable devices. An observation period per 18.7 shall then be conducted.

26.11 At the conclusion of the observation period, the samples shall be subjected to the "as received"
isolation resistance test in accordance with Section 31. The DUT shall be examined for signs of rupture
and evidence of leakage.
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26.12 As a result of the overload under discharge test, any of the following results in (a) - (g) below are
considered a non-compliant results. See also Table 21.1 and Section 22.

a)E-
b) F —
c)C-
d)R -

e)L—

Explosion;

Fire;

Combustible Concentrations (if applicable to technology);
Rupture (enclosure);

Electrolyte Leakage (external to enclosure);

f)S -
g P-
27 Overdis

27.1 This te
circuitry fault

27.2 The fu
discharging ¢
the DUT that
reliable may

without being faulted as noted in 18.5. During test;\the voltage of the cells shall b

Temperatures

27.3 The tg
protective de
steady state,
a minimum of
be followed b

274 Atthe

subjected to an Isolation Resistance Test (without humidity conditioning) or a Dielectric Volta

Test.

Electric shock hazard (resistance below isolation resistance limits or dielectric-br]

Loss of protection controls.
charge Test

st is intended to evaluate a DUT’s ability to withstand an_overdischarge und
condition.

ly charged sample is to be subjected to a constantydischarging current at t
urrent specified by the manufacture under a single\fault condition in the dischar

remain in the circuit and circuits that have been determined reliable may r

shall be measured on a cell/module for'monitoring purposes.

st is to be continued until the sample is fully discharged to a near zero vol
ices remaining in the circuit operate, and the monitored temperatures return {
pr explosion and/or fire occurs.”If the DUT is operational after the test, it shall bg
one charge/discharge cycle at the manufacturer’s maximum specified values. ]
y an observation period per 18.7.

conclusion of the.observation period, the samples with hazardous voltage cir

275 Asar
not exceed
considered a

a)E-
b) F —
c)C-
d)R -

e)L—-

sult ©f-the overdischarge test, the minimum discharge voltage measured on t
heir\normal operating range. Also, any of the following results in (a) — (K

eakdown);

er protection

he maximum
jing circuit of

could lead to an overdischarge condition. Protective devices that have been determined

Bmain active
B measured.

age state or
0 ambient or
subjected to
[he test shall

uits shall be
je Withstand

he cells shall
) below are

Explosion;

Fire;

Combustible Concentrations (if applicable to technology);
Rupture (enclosure);

Electrolyte Leakage (external to enclosure);

f) V — Venting;

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);
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h) P — Loss of protection controls.
28 Temperature Test

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 EESA.
During this test, it shall also be determined as to whether or not temperature sensitive safety critical
components and temperature sensitive materials in the DUT are being maintained within their temperature
ratings based upon the maximum operating temperature limits of the DUT. Temperatures on accessible

surfaces, which may be contacted by the user, are also monitored.

28.2 A fullydi arged-DU e—discharged-to-EQD s-to-be-conditioned-within-a-champber set to the
upper limit charging temperature specifications of the EESA. After thermal stabilization in.the|chamber, the
DUT is to be connected to a charging circuit input representative of anticipated maximum charging

parameters.
currents on
Temperature
accessible s

Exception: I
charging par
shall be chan

28.3 While
DUT shall t
manufacture
until the DU
safety critica

28.4 The c
charge and
maximum ce|

28.5 During
component ¢
operating reg

28.6 During
shall not of
measured) s

he DUT shall then be subjected to maximum normal charging while monitoring
cells/modules until it reaches the manufacturer’s specified fully charg
shall be monitored on temperature sensitive components including cells ang
rfaces.

the maximum charging parameters vary with temperattre, the correspondg
ameters and temperature shall be clearly specified in the charging instructions,
ged under the most severe charging parameters.

still in the conditioning chamber, and after allowing temperatures to stabilize, the
hen be discharged in accordance with the manufacturer’s specifications
’s specified end of discharge condition while monitoring voltage and current on

components including cells and onsahy user accessible surfaces.

harge and discharge cycles-are then repeated for a minimum total of 2 comp)
Hischarge, until consecutive-charge and discharge cycles do not continue to
| temperature more than2°C (3.6 °F).

ells is monitoréd)to determine that they are not outside of the specified cell m
on.

the temperature test in 28.2 — 28.4, thermal protection and overcurrent prote
erate,” the manufacturer’s specified limits for cells (voltage, current and

voltages and
ed  condition.
on any user

nce between
and the DUT

fully charged
down to the
cells/modules

I reaches its specified EODV. Temperatures shall be monitored on temperature sensitive

ete cycles of
increase the

the temperature\test, the voltage and current during discharge and charging of the

anufacturer’s

ction devices
temperatures
measured on

pallnot be exceeded during the charging and discharging cycles. Temperatures

components shall not exceed their specifications. See Table 28.1 and Table 28.2 for surface and
component temperature limits.
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Table 28.1

Temperatures on Components

Maximum temperatures on components (T ax)

— with temperature marking

Part °C (°F)
Synthetic rubber or PVC insulation of internal and external wiring
— without temperature marking 75 (167)

Temperature marking

Components, insulation and thermoplastic materials

a

Cell casings

b

or material.

& The temperatyresTeasured-ormrcomponentsardmateriats sttt ot exceedthe maximum T termperatore ratimg-forthat component

® The internal cgll case temperature shall not exceed the manufacturer’s recommended maximum temperature.

Table 28.2
Temperatures on User Accessible Surfaces
Maximum surface temperatures
Glass, porcelain and
Metal vitreous materials Plastig and rubber?
Accessible suffaces °C (°F) °C(°F) °C (°F)
Handles, knobd, grips, etc., continuously held in 55 (131) 65 (149) 75 (167)
normal use
Handles, Knobg, grips, etc. held or touched for short 60 (140) 70 (158) B5 (185)
periods only
External surfacgs of equipment which may be 70 (158) 80 (176) P5 (203)
touched®
Parts inside eqliipment which may be touched® 70 (158) 80 (176) D5 (203)

pfovide thigihfermation.

@ For each matgrial, account shall be taken of the data for that material to determine the appropriate maximum tempgrature.

b For areas on the external surface of equipmeht’and having no dimension exceeding 50 mm (2.0 in), and which arel not likely to
be touched in nprmal use, temperatures Up.to’'100 °C (212 °F) are permitted.

¢ Temperatures|exceeding the limits dre\permitted provided that the following conditions are met:

1) Unintentional contact with such a part is unlikely;

2) The part haS)ia'marking indicating that this part is hot. It is permitted to use the symbol (6041-1-IEC{5041) to

28.7 At the|cenclusion of the observation period, the samples with hazardous voltage cir¢uits shall be

subjected to an Isolation Resistance Test (without humidity conditioning) or a Dielectric Voltage Withstand

Test.

28.8 As aresult of the temperature test, any of the following results in (a) — (h) below are also considered

a non-compliant result. See also Table 21.1 and Section 22.

a) E — Explosion;

b) F — Fire;

c) C — Combustible Concentrations (if applicable to technology);

d) R — Rupture (enclosure);

e) L — Electrolyte Leakage (external to enclosure);
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f) V- Venting;

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

h) P — Loss of protection controls.
29 Imbalanced Charging Test

29.1
within their specified operating parameters if it becomes imbalanced.

29.2 A fully charged DUT shall have all of its cells with the exception of one cell/cell block

This test is to determine whether or not an DUT with series connected cells can maintain the cells

discharged to

its specified fully discharged condition. The undischarged cells shall be discharged to appro
of its specifi¢d state of charge (SOC) to create an imbalanced condition prior to chargihg.
protective devices that have been determined reliable may remain in the circuit and circuits th
determined reliable may remain active without being faulted as noted in 18.5.

29.3 The DUT shall then be charged in accordance with the manufacturer’s specifications.

imately 50 %
For this test,
at have been

he voltage of

the partially [charged cells shall be monitored during the charging to determine if its voltage limits are

exceeded. If the DUT is operational after the test, it shall be subjected to a mini
charge/dischiarge cycle at the manufacturer’s maximum specified values.

29.4 At the| conclusion of the observation period, the samples with hazardous voltage cir
subjected to jan Isolation Resistance Test (without humidity cenditioning) or a Dielectric Voltz
Test.

29.5 The maximum voltage limit of the cells shall not exceed the manufacturer’s spe
addition, any of the following results in (a) — (h)\bélow are considered a non-compliant re
Table 21.1 apd Section 22.

a) E 4 Explosion;
b) F 4 Fire;
c) C 4 Combustible Concentrations (if applicable to technology);

d) R + Rupture (en¢losure);

e)L

Electralyte Leakage (external to enclosure);

f) V- Venting;

mum of one

icuits shall be
ge Withstand

cifications. In
sult. See also

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

h) P — Loss of protection controls.
30 Dielectric Voltage Withstand Test

30.1
within the DUT.

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

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

potential of twice the rated voltage times 1.414.

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

instead of the dc potential.
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Exception No. 2: For those circuits connected to an ac mains supply, the test voltage shall be an
essentially ac potential of 60 Hz at 1,000 V plus twice the rated voltage. If using a dc potential, the test
voltage shall be 1.414 time the ac test potential value of 1,000 V plus twice the rated voltage.

Exception No. 3: 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.

30.4 The test voltage is also to be applied between the hazardous voltage charging circuit and the
enclosure/acgessible-non=-current r\grr\]/ing conductive pgrfe ofthe DLIT

30.5 If the gccessible parts of the DUT are covered with insulating material that may becore live in the
event of an insulation fault, then the test voltages are applied between each of the live parts and metal foil
in contact with the accessible parts. The metal foil shall be wrapped tightly around and in intimate contact
with the accegssible part. The foil is to be drawn tightly across any openingyin’the enclogure or other
accessible pgrts to form a flat plane across such opening. See Figure 30.1.

Figure 30.1

Method of Covering Enclosures with Foil for Measurement and Tests

&
o s
T
o Y Tw
o &
& &
2
™~

ENCLOSURE

IILLQ;°&aO OPENING IN

Ze ENCLOSURE

METAL FOIL

sb0722

30.6 The test voltages shall be applied for a minimum of 1 min with the cells/modules disconnected to
prevent charging during application of the voltage.

30.7 The test equipment shall consist of a 500 VA or larger capacity transformer, the output voltage,
which is variable and which is essentially sinusoidal if using ac test method a dc output if using a dc test
method. There is no trip current setting for the test equipment since the test is checking for insulation
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breakdown, which results in a large increase of current. Setting a trip current may result in a false failure of
this test, as it may not be indicative of insulation breakdown.

Exception: A 500 VA or larger capacity transformer need not be used if the transformer is provided with a
voltmeter that directly measures the applied output potential.

30.8 There shall be no evidence of a dielectric breakdown (breakdown of insulation resulting in a short
through insulation/arcing over electrical spacings) as evidenced by an appropriate signal from the
dielectric withstand test equipment as a result of the applied test voltage. Corona discharge or a single
momentary discharge is not regarded as an dielectric breakdown (i.e. insulation breakdown).

31

Isolatiop-Resistance-Test

31.1 Isolatjon resistance method for systems rated 120 V and above

31.1.1  This|
circuits from

31.1.2 The
6.1.3 of ISO
for both (a) a

a) Tg
condi

b) Te
the fo

31.1.3 For
manner in wj|
subjected to

test is intended to determine that insulation provides adequate isolation of hazal
hccessible conductive parts of the DUT and that the insulation is non<hygroscopi

electric energy storage assembly shall be subjected to Isolation resistance t
5469-1, with the following exceptions in (a) and (b). The DUT is to be in the fully
nd (b):

sting is to be conducted with the DUT in the “as-received condition (i.e.
ioning prior to measurements); and

bting is to be conducted after conditioning.the DUT in accordance with IEC 600
lowing parameters:

1) Variant 1;
2) At maximum temperatureof 55 +2 °C (131 +3 °F); and

3) 6 cycles.

condition 31.1.2(b), the DUT shall be placed within the chamber so that it is o
hich it will be installed in the vehicle. Upon completion of the 6th cycle the sa
a controlled\recovery in accordance with Recovery, Clause 9, of IEC 600
stance measurements shall be made within 30 min of completion of the contrg

isolation resi
phase.
31.1.4 For

rdous voltage
C.

st of Clause
charged state

no humidity

58-2-30 using

riented in the
mple shall be
68-2-30. The
lled recovery

oth (a) and (b) of 31.1.2, the isolation resistance divided by the maximum wor

ing voltage of

the circuit under test, shall be at least 100 Q/V for dc systems and 500 Q/V for ac systems or combined ac
and dc systems.

31.2 Isolation resistance method for systems rated below 120 V (insulation resistance method)
31.2.1 This test is intended to determine that insulation of the DUT provides adequate isolation of

hazardous voltage circuits from accessible conductive parts of the DUT and that the insulation is non-
hygroscopic.

31.2.2 A DUT with accessible parts shall be subjected to an insulation resistance test between the
positive terminal and accessible dead metal parts of a DUT. If the accessible parts of the DUT are covered
with insulating material that may become live in the event of an insulation fault, then the test voltages are
applied between each of the live parts and metal foil in contact with the accessible parts as shown in 30.5

and Figure 30.1.
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31.2.3 The insulation resistance shall be measured after a 60-s application with a high resistance
voltmeter using a 500 Vdc potential applied for at least 1 min to the locations under test.

31.2.4 The test shall be repeated on a sample subjected to the Humidity Conditioning in accordance with
CSA C22.2 No. 62368-1 / UL 62368-1, Clause 5.4.8. Measurements shall be made with the sample still in
the chamber.

31.2.5 The measured insulation resistance between the positive terminals and accessible parts of the

DUT shall be at least 50,000 Q.

32 Groundi

ng Continuity Test

32.1 This te|
evaluates the

32.2 The gpounding system of an electric energy storage assembly shall have no more

resistance be

continuity of the protective grounding system.

tween any two parts of the system that are measured in accordance with the @

St applies to the electric energy storage assembly having a protective groundingl; system and

e than 0.1-Q
ontinuity test

of 32.3 and 32.5.

32.3 The vqltage drop in a protective grounding system is measured  after applying a tgst current of
150 % of the maximum charging current of the circuit under test o258 A, whichever is greatef, for 5 s. The
supply used tp provide the test current is to have a no load voltage not exceeding 60 Vdc.

32.4 The voltage drop measurement is made betweeniany two exposed conductive |parts of the
assembly.

32.5 There

MECHANICAL TESTS

33 Vibratio

33.1 This tg
The test shal

by the manufacturer and verified to the LEV application.

Exception: TH

33.2 The D

bistance shall be calculated from the measured voltage drop and current.

h Endurance Test

st evaluates the DUF’s ability to withstand vibration that may occur from its ug
be performed in accordance with ISO 6469-1, or in accordance with a test prg

e test.i§ 1o be carried out at room ambient without temperature variation.

UT_shall be securely mounted to a vibration test platform in a manner simila

e in an LEV.
file specified

to how it is

mounted in the end use LEV. The DUT shall be subjected to a random vibration sequentially along three
perpendicular axes as defined in Table 33.1.
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Table 33.1
Test Parameters for Vibration Endurance Test (Generic)

Frequency PSD PSD
Axis Hz 9%Hz (m/s?)?/Hz
Z (vertical) 5 0.0049 0.0481
10 0.0061 0.5774
15 0.0392 0.3849
200 0.00004 0.0004
rms 0.269 g 2.64 m/s?
Y (transverse) 5 0.0196 01925
15 0.0294 0.2887
50 0.0029 0.0289
200 0.00004 0.0004
rms 0.256 g 2.51|m/s?
X (longitudinal 5 0.0029 0.0289
20 0,0294 0.2887
200 0.00006 0.0006
rms 0.238g 2.34{m/s?

33.3 The DUT shall be subjected to the vibration ifveach axis for 12 h. For each axis the fr

be varied fropn 5 Hz to 200 Hz with power spectrakdensity (PSD) as outlined in the Table 33.1].

33.4 |If the DUT is operational after the test,it shall be subjected to a minimum of one cha

bquency shall

rge/discharge

cycle at the manufacturer’s maximum specified values. The test shall be followed by an obsefvation period

per 18.7.

33.5 At the| conclusion of the observation period, the samples with hazardous voltage circuits shall be
subjected tq a Dielectric (Voltage Withstand Test or Isolation Resistance Test (witfout humidity

conditioning

33.6 As a fesult ‘of-the vibration endurance test, any of the following results in (a) — (h) below are

considered g non-compliant result. See also Table 21.1 and Section 22.

a) E — Explosion;

b) F —Fire;

c) C — Combustible Concentrations (if applicable to technology);
d) R — Rupture (enclosure);

e) L — Electrolyte Leakage (external to enclosure);

f) ) V — Venting;

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

h) P — Loss of protection controls.
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34 Shock Test

34.1 This test is intended to determine whether or not the DUT can withstand a mechanical shock that
may occur when in use in an LEV.

34.2 The fully charged sample is to be secured to the testing machine by means of a rigid mount, which
supports all mounting surfaces of the sample. Temperatures on the center cell are monitored for
information purposes.

Exception: For the test, the DUT may be mounted in a fixture representative of the mounting means used
in the end use vehicle.

34.3 The sgmple is to be subjected to mechanical shock testing with parameters as shown|in Table 34.1
or according o a test profile determined by the customer and verified to the LEV application| The shocks
are to be applied in all 6 spatial directions for prismatic DUT and 3 spatial directions for eylindrjcal DUT.

Table 34.1
Shock Parameters
DUT Weight Pulse shape Acceleration Duration Number of shocks
<12 kg half-sinusoidal 50 gn 11 ms 3 L firections
>12 <104 kg - 25¢g 15 ms 3 L firections
> 100 kg or System? - 109 20 ms 3 L firections
@ Pack with sepprate modules previously tested individually to the appropriate higher shock level.

34.4 During| the test the OCV of the sample ahd temperatures on the center cell(s/modyles) may be
monitored for|information purposes.

34.5 |If the DUT is operational after thextest, it shall be subjected to a minimum of one charge/discharge
cycle at the manufacturer’s maximum'specified values. The test shall be followed by an observation period
per 18.7.

34.6 At the|conclusion of the observation period, the samples with hazardous voltage cir¢uits shall be
subjected to| a Dielectric,»Voltage Withstand Test or Isolation Resistance Test (withput humidity
conditioning),

34.7 As a result. of the shock test, any of the following results in (a) — (h) below are consifered a non-
compliant result-See also Table 21.1 and Section 22.

a) E — Explosion;

b) F — Fire;

c) C — Combustible Concentrations (if applicable to technology);

d) R — Rupture (enclosure);

e) L — Electrolyte Leakage (external to enclosure);

f) V — Venting;

g) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

h) P — Loss of protection controls.
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35 Crush Test

35.1 This test is conducted to determine the DUT’s ability to withstand a crush that could occur during a
vehicle accident. This test is only applicable to on road LEVs such as scooters and motorcycles that could
be involved in a vehicle crash.

35.2 This test is conducted on a fully charged DUT.
35.3 A sample shall be crushed between a fixed surface and a ribbed test platen. The platen shall have

semi-cylindrical intruders that have a 75-mm (2.95-in) radius and placed 30-mm (1.2-in) from one another
across the face of the platen as shown in Figure 35.1.

Figure 35.1
Crush Test Platen

1 1
w u i
75-mm (4.95 in) 3@-mm (1.2 in)

su1504

35.4 The spmple is to be subjected to a crushing force that deforms the DUT by 50 % Hut no greater
force than 1000 times weight of the DUT or 100 kN, whichever comes first. The crushing fforce is to be
applied at a fate of approximately 1.5 cm/s upon first contact with the sample. The crush is td be applied in
each of 3 mutually perpendicular directions with the ribs centered on the sample in each diregtion of press.

Exception N¢. 1: BUTs with only 2 axes of symmetry, such as cylindrical designs are subjected to mutually
perpendiculdr direetions of press.

Exception No. 2: The DUT may be installed in a protective framework representative of what is provided in
the vehicle.

35.5 Each sample shall only subject to one crush. The force shall be increase from zero to a maximum
force value (i.e. 1,000 times the weight of the DUT or 100 kN) or when the maximum of 50 % deformation
is achieved, whichever comes first and then it is removed. Monitoring for information purposes per 18.6
should be conducted during the test.

35.6 At the conclusion of the observation period, the samples are examined for electrolyte leakage and
samples with hazardous voltage circuits shall be subjected to a Dielectric Voltage Withstand Test or
Isolation Resistance Test (without humidity conditioning).

35.7 As aresult of the crush test, any of the following results in (a) and (e) below are considered non-
compliant results. See also Table 21.1 and Section 22.
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a)E -
b) F—
c)C—-

Explosion;
Fire;

Combustible Concentrations (if applicable to technology);

d) L — Electrolyte Leakage (external to enclosure);

e) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

36 Drop Test

36.1 Dropt
36.1.1 This
inadvertent d

36.1.2 A ful
strike a flat cg
of the DUT &
enough in arg
one normal ¢
be subjected
per 18.6 shol

Exception: D
be conditiong

prior to condiicting the drop test, which shall be conducted immediately after removing the §

the cold cond|

36.1.3 Ifthe
cycle at the m
per 18.7.

36.1.4 After|
Isolation Res

36.1.5 Ther
accessed by

est-forEESAs-intended-to-beremovable-by-thetset

test is intended to evaluate whether a hazard exists when an DUTAis)sub
op during lifting or handling by the user when charging or replacement; etc.

y charged DUT is to be dropped three times from a height of 1(0_ £0.01 m (39
ncrete surface in a manner most representative of what would eccur during liftin
y the user. The concrete surface shall be at least 76-mm*(3-in) thick and s

harge/discharge cycle in accordance with the manufacturer’s specifications. T
to an observation period per 18.7 and then examined. Monitoring for informat
Id be conducted during the test.

UTs employing plastic enclosures that are.intended for use in 0 °C (32 °F) tempg
d for a minimum of 3 h at 0 °C (32 °F) [or temperature specified if lower than

tioning.

DUT is operational after the-test, it shall be subjected to a minimum of one char
anufacturer’'s maximum spéecified values. The test shall be followed by an obser

the examination,_the DUTs shall be subjected to a Dielectric Voltage Withs
stance Test (without humidity conditioning) if applicable.

b shall e no damage of the enclosure that would allow hazardous voltagg
Ise of-the articulate test finger shown in Figure 9.1 and test pin shown in Figure

jected to an

4 +0.4 in) to
g or handling
hall be large

a to cover the DUT. If the DUT is operational after the drop,)it is to be subject to @ minimum of

he DUT shall
on purposes

bratures shall
0 °C (32 °F)]
amples from

ge/discharge
vation period

tand Test or

parts to be
10.1.

sidered non-

36.1.6 As a-resuitof-the—drop—test—anyof-thefollowingresultsin{a)—(g)betow-are—<cot
compliant. See also Table 21.1 and Section 22.

a) E — Explosion;

b) F — Fire;

c) C — Combustible Concentrations (if applicable to technology);

d) R — Rupture (enclosure);

e) L — Electrolyte Leakage (external to enclosure);

f) S — Electric shock hazard (resistance below isolation resistance limits or dielectric breakdown);

g)P-

Loss of protection controls.
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36.2 Drop test for EESAs intended for service handling only

36.2.1 This test is intended to evaluate whether a hazard exists when a DUT is subjected to an
inadvertent drop during installation or removal from the vehicle.

36.2.2 After being equilibrated at room temperature, a fully charged DUT 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 DUT during servicing.

36.2.3 If only one drop test is performed, it shall not be a flat drop, and if one drop test is a flat drop, then
at least one gthertestshallbe. pnrfnrmnd that is nat 2 flat Hrnp

36.2.4 The|DUT is to be dropped a minimum of one time.

36.2.5 The
cover the DU

concrete surface is to be at least 76-mm (3-in) thick and shall b€ large enoy
T.

gh in area to

36.2.6 The|DUT shall be examined within a time frame of 6 — 24 & “after dropping. Dyring the test,
temperatureg shall be monitored. If the DUT returns to or remains (near ambient, a Dielgctric Voltage
Withstand Tgst or Isolation Resistance Test (without humidity conditiéning) is to be conducted.
36.2.7 As g result of the drop test, any of the following results in (a) — (e) are considered npn-compliant.
See also Table 21.1 and Section 22.

a) E 4 Explosion;

b) F { Fire;

c) C 4 Combustible Concentrations (if\@pplicable to technology);

d) L { Electrolyte Leakage (external to enclosure);

e) S 1 Electric shock hazard. (resistance below isolation resistance limits or dielectric greakdown).

37 Mold Stress Relief Test

37.1 This t¢
thermoplasti
and resultin

ed or formed
ing operation

st is intended to evaluate whether any shrinkage or distortion exist on a molg
enclesure due to release of internal stresses caused by the molding or form
fhe.exposure of hazardous parts or reduction of electrical spacings.

37.2 The sample is to be placed in a full-draft circulating-air oven maintained at a uniform temperature of
70 °C (158 °F). The samples are to remain in the oven for 7 h.

Exception: If the maximum temperature, T, recorded on the DUT thermoplastic enclosure parts, obtained
during the normal temperature test of Section 28 exceeds 60 °C (140 °F), then the oven temperature is to
be maintained at a temperature equal to T +10 °C (18 °F).

37.3 To prevent hazards from overheating energized cells, samples shall be fully discharged prior to
conditioning.

37.4 After careful removal from the oven, the sample shall be allowed to cool to room temperature and
then examined. After the examination, the samples shall be subjected to a Dielectric Voltage Withstand
Test or Isolation Resistance Test (without humidity conditioning).
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