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Preface
This is the Third Edition of the ANSI/CAN/UL 1973, Standard for Batteries for Use in Stationary and Motive

Auxiliary Power Applications.

UL is accredited by the American National Standards Institute (ANSI) and 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/CAN/UL 1973 Standard is under confinuous maintenance, whereby each revisio
in compliande with the requirements of ANSI and SCC for accreditation of a Standards
Organization|
publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

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

Comments gr proposals for revisions on any part of the Standafdymay be submitted to UL
Proposals should be submitted via a Proposal Request_in/ UL's On-Line Collaboratiy
Development System (CSDS) at http://csds.ul.com.

UL's Standafds for Safety are copyrighted by UL. Ngither a printed nor electronic copy d
should be alfered in any way. All of UL's Standardsiand all copyrights, ownerships, and rig
those Standgrds shall remain the sole and exclusite property of UL.

To purchase |UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToQrder.aspx or call tollfree 1-888-853-3503.

h is approved
Development

In the event that no revisions are issued for a period of four years.fromp the date of

be in French
ire additional

L at any time.
e Standards

f a Standard
hts regarding

This Edition pf the Standard has been formally approved by the UL Standards Technical Panel (STP) on

Batteries Used in Stationary and'in Light Electric Rail Applications, STP 1973.

This list repre¢sents the STR 1973 membership when the final text in this standard was ballot
time, changes in the mémbership may have occurred.

STP 1973 Membership

ed. Since that

Name Representing Interest Category Reg

ion

Abbassi, Mathher

NYC Department of Buildings

AHJ

USA

Amin, Anujkumar

CSA Group

Testing and Standards

Ontario, Canada

Balash, Gary East Penn Mfg Co Inc Producer USA

Barnable, Brian BMO Financial Group Commercial/lndustrial User Ontario, Canada

Barrett, James Enel-X Producer USA

Brooks, William Brooks Engineering LLC General USA

Broom, Ken Novonix Battery Technology Producer Nova Scotia, Canada
Solutions

Byczek, Rich Intertek Testing and Standards USA

STP 1973 Membership Continued on Next Page
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STP 1973 Membership Continued

Name Representing Interest Category Region

Chatwin, Troy GE Transportation A Wabtec Producer USA
Company

De Lucia, Thomas Powin Energy Producer USA

Dong, Jiaqi Shanghai Truron Testing Testing and Standards China
Technology

Edley, Steve Zinc8 Energy Solutions Producer British Columbia, Canada

Florence, Laurie ULLLC Testing and Standards USA

Furukawa, Akio TDK Corp Supply Chain Japan

Ginder, David Enersys Producer USA

Greiner, Michagl MGA Research Testing and Standards USA

Higgins, Stever Surrette Battery Producer Bfitish’Columbia, Canada
Jordan, Diana appas Underwriters Laboratories Inc. STP Chair — Non-voting USA
Kawakami, Kaguyuki Panasonic Producer Japan
Kluge, Richard Ericsson Inc Commercial/Industrial User USA
Lang, Scott Honeywell International Inc Supply Chain USA
Lechner, Larry IIf-dOne Moli Energy (Canada) Produgen British Columlpia, Canada
t
Lee, Jaeseung LG Chemical LTD Producer South Horea
Maniraguha, Mgthode General USA
McCormick, Jopathan Tesla Motors Inc Producer USA
McKean, Colin Canadian Battery Association General Ontario, anada
Nagaoka, Yosh|yuki Sumitomo Electric Industries Producer USA
LTD
Okafor, Chukwijiemeka American Electric Power Commercial/Industrial User USA
Service Corp
Onnerud, Per Cadenza Innovation Inc Supply Chain USA
Petrakis, Nicholas FDNY AHJ USA
Pomerleau, Gu Blue Soldtions Canada Inc Producer British Columlpia, Canada
Powell, Doug General USA
Rogers, James Bay: State Inspectional Agency AHJ USA
Ryu, ShinHwan TUV Rheinland Korea Testing and Standards South Korea
Savage, Micha¢l City of Rio Rancho AHJ USA
Savinell, Roberl Case Western Reserve General USA
University
Schnakofsky, Alejandro Wartsila Supply Chain USA
Song, Tony Invenergy Commercial/Industrial User USA
Szymczyk, Rick eCamion Inc Producer Ontario, Canada

Thompson, Gary

Toronto Hydro-Electric System
LTD

Commercial/Industrial User

Ontario, Canada

VanHeirseele, Megan Underwriters Laboratories Inc. STP Project Manager — Non- USA
voting

Venkataramana, Vikash | Jinko Solar Supply Chain USA

Wages, Joseph International Association of AHJ USA

Electrical Inspectors

STP 1973 Membership Continued on Next Page
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STP 1973 Membership Continued

Name Representing Interest Category Region

Warner, Nick Energy Storage Response General USA
Group

Wills, Robert Integrid, LLC General USA

Xiao, Jerry SGS-CSTC Standards Testing and Standards China
Technical Services Co LTD

Xie, Fei Institute Of Physics Chinese General China
Academy Of Sciences

Xu, Hongbin Guangzhou MCM Certification Testing and Standards China
And Tncfing ColTD

Yan, Xiao Shanghai University Of General Chipa
Engineering Science

Yin, Shaowen BYD Co LTD Producer Chipa

International|Classification for Standards (ICS): 29.220
For further information on UL standards, please contact:

Underwriters| Laboratories Inc.
171 Nepean [Street, Suite 400
Ottawa, Ontario K2P 0B4
Phone: 1-613.755.2729

E-mail: ULC$tandards@ul.com
Web site: ul.¢rg

This Standargd is intended to be used for conformity assessment.

The intende]i primary application of\this standard is stated in its scope. It is important tp note that it
remains the fesponsibility of the user-of the standard to judge its suitability for this particular gpplication.

CETTE[NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE.
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INTRODUCTION
1 Scope

1.1 These requirements cover battery systems as defined by this standard for use as energy storage for
stationary applications such as for PV, wind turbine storage or for UPS, etc. applications. These systems
shall be installed in accordance with NFPA 70, C22.1, or other applicable installation codes.

1.2 These requirements also cover battery systems as defined by this standard for use in light electric
rail (LER) applications and stationary rail applications such as rail substations. These systems are
intended for installation within either the ra|l car or W|th|n a sheltered statlonary location such as a ralil

substation. Th .
for recharging and are mtended for dlrect or |nd|rect connectlon to the rail power lines.
systems are [intended for balancing loads during peak hours, serving as an energy storage

regenerative|breaking of the trains, and as a source of emergency power to move trains tp

station during power outages.

1.3 These fequirements are also applicable to batteries for use in vehicle.auxiliary power (
that are utilied in recreational vehicles and other vehicles to provide power for various app|
as lighting and appliances. These batteries are not used for traction pewer in the vehicles, s
for traction power are to be evaluated to UL/ULC 2580 and UL/ULEC 2271 as applicable to
motive appligation.

1.4 Annex B of this standard includes requirements specific'to sodium-beta type technolog
of this standlard includes requirements specific to flowing electrolyte technologies. Anr
standard includes requirements specific to vented and valve regulated lead acid and nig
batteries. Arjnex | of this standard includes requirements specific to mechanically rechar

batteries.

1.5 This standard evaluates the battery-gystem's ability to safely withstand simulated abu
This standand evaluates the system ‘based upon the manufacturer's specified charge &
parameters.

1.6 This standard does not evaluate the performance (i.e. capacity measurements (
discharge conditions) or reliability (i.e. capacity measurements under various environmental
these devicep.

1.1 is_a‘boundary diagram example for a battery system for this application. F
gram example for a module for this application.

1.7 Figure
boundary dig

irce of energy

JThese battery
device during
the nearest

AP) systems
ications such
ince batteries
the intended

ies. Annex C
ex H of this
kel cadmium
ged metal-air

se conditions.
nd discharge

nder various
conditions) of

igure 1.2 is a
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Figure 1.1

Components of a battery system

Stationary or LER Envi t
Cooling System nvironmen
A A A
|
|
Stationary or LER ¥ Y
System Control Battery Thermal 1 t_\
i ermal Mgm
unt System o Sub Systegm
1 Enclosure A _ | Stationary or LER
E : h o Structure
\ i
m—
) |
Stationary or {ER .
Low Voltage - Iéovt\)/ golttage |
System ub System e 1
— !
A |
............................ \ |
; -
Y
Stationary or LE Module*
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System D i Hazardous Voltage
Inverter/Converter/CHarger Sub System Key - Bqundary Types
~«——1» Physical
- — — 1 » Material
---ee -» Data”

~a—-—1-»  Energy*

* Data & Engrgy includes physical
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su0992e

Figure 1.2

Module — boundary diagram

Module Sub System

Céll and Retainer Assembly

Cell-to-Cell
Inter-connect
Assembly

Module -|Module
Interconects
(Hazardous Voltage Sub System)

Cell

Cell ( Low Voltage $ub System
Temperature | »| Cell & Module Profection Controls
Cell Sensors L Voltage/Tempergture Sensing

Cell

i

|

Cell Retention P
(Frame) Module restraints, Base

y 7y Tray, Tab Isolation Board
\ (Battery Pack Structure)
) -
Cooling Channel
Assembly
4
|
~ < Key - Boundary Types
-e«——— Physical
Coolant Distrubution Thermal .
Management - ———» Material

(Thermal Management) System

R »  Data*

~—-—-—»  FEnergy*

* Data & Energy includes physical
su0991b input & output of cable and connector
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2 Components

2.1 A component of a product covered by this standard shall comply with the requirements for that
component. See Annex A for a list of standards covering components generally used in the products
covered by this standard. A component shall comply with the CSA, UL, and/or ULC standards as

appropriate for the country where the product is to be used.

3 Units of Measurement

3.1 Values and their respective units of measurement that are stated without parentheses constitute the
requirement of the standard and those in parnnfhneae constitute nvplanainry or Qpprnvimafn nformation.
4 Undated|References

4.1 Any undated reference appearing in the requirements of this standard ‘shall be ipterpreted as
referring to the latest edition of the reference, including all revisions and amendments.

5 Normatiye References

5.1 The following standards are referenced in this standard, and-pertions of these referenged standards
may be essential for compliance. Battery systems covered{ by this standard shall comply with the
referenced installation codes and standards as appropriate forthe country where the battery system is to
be used. When the battery system is intended for use in more than one country, the battery system shall
comply with the installation codes and standards for all.eQuntries where it is intended to be uged.
American Spciety of Mechanical Engineers (ASME) Codes

ASME B31.3|, Process Piping Code

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

ASME BPV{, Boiler and Pressture*Vessel Code

American Society for Testing and Materials (ASTM) Standards

ASTM D543 Standard Practices for Evaluating the Resistance of Plastics to Chemical Reagé¢nts

ASTM D638, Standard Test Method for Tensile Properties of Plastics

ASTM D4490, Standard Practice for Measuring the Concentration of Toxic Gases or Vapors Using

Detector Tub

es

ASTM D4599, Standard Practice for Measuring the Concentration of Toxic Gases or Vapors Using Length-
of-Stain Dosimeters

CSA Group

Standards

CSA C22.1, Canadian Electrical Code, Part | Safety Standard for Electrical Installations

CAN/CSA-C22.2 No. 0, General Requirements — Canadian Electrical Code, Part I

CSA C22.2 No. 0.15, Adhesive Labels
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CAN/CSA-C22.2 No. 0.17, Evaluation of Properties of Polymeric Materials

CAN/CSA-C22.2 No. 0.2, Insulation Coordination

CSAC22.2N

CSAC22.2N

CAN/CSA C2

CSAC22.2N

0. 0.8,Safety Functions Incorporating Electronic Technology
0.94.2, Enclosures for Electrical Equipment, Environmental Considerations
2.2 No. 107.2, Battery Chargers

0. 113, Fans and Ventilators

CSA C22.2 N
Requirement.

CAN/CSA-E6

Requirement$

CAN/CSA-CZ
Part 1: Safety

Institute of B
IEEE 693, Re
IEEE 1625, R

IEEE 1635/A
Stationary Ap

IEEE 1725, R
Internationa
ICC IBC, Inte

Internationa

0. 60335-2-29, Household and Similar Electrical Appliances — Safety — Paft) 2¢
b for Battery Chargers

0730-1, Automatic Electrical Controls for Household and Similan.Use — Pa

p

2.2 No. 62368-1, Audio/Video, Information and Communication Technology
Requirements

lectrical and Electronics Engineers (IEEE) Standards
commended Practice for Seismic Design of Substations
echargeable Batteries for Multi-Cell Mebile Computing Devices

SHRAE Guideline 21, Guide for'the Ventilation and Thermal Management of|
plications

echargeable Batteries for-Cellular Telephones
Code Council (ICC)
rnational Building Code

Electrotechnical Commission (IEC) Standards

| Lo} Il 'H Dot Toaok WKh Qaolt Aot

9 Particular

it 1: General

Fquipment —

Batteries for

IEC 60068-2
Solution)

| T 4 T« . 2: Toat o L (D
Jo, LITTVITUTNITTTICTIitdar IGOUIIH I drt <. IrCoto TCoto T\U, 9IdIt 1vIilot, Uy\l”U (UUU

¢fum Chloride

IEC 60068-2-64, Environmental Testing — Part 2-64: Tests — Test Fh: Vibration, Broadband Random and

Guidance

IEC 60364-6,

Low-Voltage Electrical Installations — Part 6: Verification

IEC 60417 Database, Graphical Symbols for Use on Equipment

IEC 60529, D

egrees of Protection Provided by Enclosures (IP Code)

IEC 60664-1, Insulation Coordination for Equipment Within Low-voltage Supply Systems — Part 1:
Principles, Requirements and Tests
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IEC 60812, Analysis Techniques for System Reliability — Procedures for Failure Mode and Effects Analysis

(FMEA)

IEC 61000-4-2, Electromagnetic Compatibility (EMC) — Part 4-2: Testing and Measurement Techniques —

Electrostatic

Discharge Immunity Test

IEC 61000-4-3, Electromagnetic Compatibility (EMC) — Part 4-3: Testing and Measurement Techniques —
Radiated, Radio-Frequency, Electromagnetic Field Immunity Test

IEC 61000-4-4, Electromagnetic Compatibility (EMC) — Part 4-4: Testing and Measurement Techniques —
Electrical Fast Transient/Burst Immunity Test

IEC 61000-4L5, Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measurement
Surge Immunity Test

IEC 61000-416, Electromagnetic Compatibility (EMC) — Part 4-6: Testing and Méasurement
Immunity to Conducted Disturbances, Induced by Radio-Frequency Fields

IEC 61000-4{8, Electromagnetic Compatibility (EMC) — Part 4-8: Testing and Measurement
Power Frequency Magnetic Field Immunity Test

IEC 61025, Rault Tree Analysis (FTA)

IEC 61373, Railway Applications — Rolling Stock Equipment— Shock and Vibration Tests
IEC 61508 (all parts), Functional Safety of Electrical/Electronic/Programmable Electronic S
Systems

IEC TR 626p0-4, Secondary Lithium-lon Cells for the Propulsion of Electric Road Vehig
Candidate Afternative Test Methods for-thie‘Internal Short Circuit Test of IEC 62660-3

Internationdl Standards Organization (ISO) Standards

ISO 7000, G
ISO 9227, C

ISO 13355,

raphical Symbals for Use on Equipment — Registered Symbols
prrosion_Tests in Artificial Atmospheres — Salt Spray Tests

Packaging — Complete, Filled Transport Packages and Unit Loads — Vern

Techniques —

Techniques —

Techniques —

afety-Related

les — Part 4:

ical Random

Vibration Ted

t

ISO 13849 (all parts), Safety of Machinery — Safety-Related Parts of Control Systems

ISO 26262 (all parts), Road Vehicles — Functional Safety

National Ele

ctrical Manufacturers Association (NEMA)

NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum)

National Fire Protection Association (NFPA) Codes and Standards

NFPA 2, Hydrogen Technologies Code
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NFPA 68, Explosion Protection by Deflagration Venting

NFPA 69, Explosion Prevention Systems

NFPA 70, National Electrical Code

National Inst

itute for Occupational Safety and Health (NIOSH)

Manual of Analytical Methods

Occupational Safety and Health Standards (OSHA)

Evaluation G

Lidelines for Air Sampling Methods Utilizing Spectroscopic Analysis

Society of Automotive Engineers (SAE) Standards

SAE J2464,
and Abuse Tg

Telcordia

GR-63-CORH

UL Standards

UL 50E, Encl
UL 94, Tests
UL 157, Gash
UL 263, Fire
UL 507, Elect
UL 546, Cond

UL 583, Elect

Flectric and Hybrid Electric Vehicle Rechargeable Energy Storage System (R
sting

, Network Equipment — Building System (NEBS)-Requirements: Physical Proted

psures for Electrical Equipment, Environmental Considerations

for Flammability of Plastic Matetials for Parts in Devices and Appliances
ets and Seals

[ests of Building Construction and Materials

ric Fans

uctor Términation Compounds

ric-Battery-Powered Industrial Trucks

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

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

ESS) Safety

tion

UL 746E, Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and
Materials Used in Printed Wiring Boards

UL 810A, Electrochemical Capacitors

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

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

UL 1012, Power Units Other Than Class 2

UL 1310, Class 2 Power Units

UL 1562, Transformers, Distribution, Dry-Type — Over 600 Volts

UL 1642, Lithium Batteries

UL 1741, Inpverters, Converters, Controllers and Interconnection System Equipment‘for Use With

Distributed B
UL 1974, Ev
UL 1989, Stg
UL 1998, So
UL 2054, Ho
UL/ULC 227

UL 2416, Al
Rack Systen

UL 2436, Sp
UL/ULC 258
UL 5500, Re

UL 9540A, 1
Systems

UL 60335-2

nergy Resources

bluation for Repurposing Batteries

ndby Batteries

tware in Programmable Components

Lisehold and Commercial Batteries

, Batteries for Use in Light Electric Veehicle (LEV) Applications

dio/Video, Information and Communication Technology Equipment Cabinet, E
S

I Containment for Stationaryl.ead Acid Battery Systems
), Batteries for Use in Electric Vehicles
mote Software Updates

[est Method“for Evaluating Thermal Runaway Fire Propagation in Battery En

-29,VHousehold and Similar Electrical Appliances — Safety — Part 2-2

nclosure and

ergy Storage

9: Particular

Requiremen

£ Daots O
O U DAtucery wridrycro

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

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

ULC/ORD-C583, Guide for the Investigation of Electric Battery Powered Industrial Trucks

US Department of Defense (DOD) Standards

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

6 Glossary

6.1

BATTERY — A general term for either a single cell or a group of cells connected together either in a

series and/or

6.2 BATTER
active protec
which preve
conditions of

6.3 BATTER
may not cont
the dominant
as atype ofh

6.4 BATTEHR
and circuitry 1
pack.

6.5 CAPAC
contained in

circuitry. Althg
capacitor pac|

6.6 CAPAC
charged battg

paraliel contiguration.

Y MANAGEMENT SYSTEM (BMS) — A battery control circuit with activeyand p
ion devices that monitors and maintains the cells within their safeceperating
hts overcharge, overcurrent, overtemperature, under-temperature and o
he cells.

Y PACK — Batteries that are ready for use, contained in a protéective enclosure,

hin protective devices, cooling systems and monitoring circuitry. Although batt
energy storage device in the pack, the battery packsmay include electrochemig
ybrid pack.

elated to the pack such as cooling systems; disconnects or protection devices ¢

A protective enclosure, with or’*without protective devices, cooling systems, an
ugh electrochemical capacitors may be the dominant energy storage device in
k may include batteries as a‘type of hybrid pack.

TY, RATED (C,) =~The total number of ampere-hours that can be withdrawry

temperature as declared by the manufacturer.

6.7 CASCA
when:

DING «{ Thee runaway failure or thermal propagation of a battery system or b3

a) O

ogrammable
region; and
verdischarge

which may or
bries may be
al capacitors

Y SYSTEM — Consists of a pack (i.e. battery, capacitor or hybrid pack) and extg¢rnal controls

xternal to the

TOR PACK - Electrochemical capacitors that are ready for use in a battery system,

d monitoring
the pack, the

from a fully

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

ttery module

h:\H’nry cell is friggnrnd into r\nfnefrnphir\ failure and this cell causes t

he failure of

neighboring cells; and/or

b) Continued thermal propagation of catastrophic cell failures until part of or the entire system is on

fire or

causing excessive hazardous gas generation or leakage of hazardous liquids.

6.8 CASING — The container that directly encloses and confines the contents of a cell, monobloc battery
or electrochemical capacitor.

6.9 CELL - The basic functional electrochemical unit containing an assembly of electrodes, electrolyte,
separators, container, and terminals. It is a source of electrical energy by direct conversion of chemical

energy.

6.10 CELL, CYLINDRICAL - A cell format with a rigid case that has straight parallel sides and a round
cross section.
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6.11

CELL, POUCH - A cell format with a flexible laminate case that is typically, but not limited to a

prismatic shape, and that can have its tabs on the same side or on opposite sides of each other.

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

6.13 CELL, SECONDARY — A cell that is intended to be discharged and recharged many times in

accordance with the manufacturer's recommendations.

6.14 CELL BLOCK — One or more cells connected in parallel.

6.15 CHARGING - The appllcat|on of electrlc current to battery or capamtor termmals WhICh results in a

Faradic reactior
case of the ¢|

6.16 CHA
charging vol

IGING, CONSTANT CURRENT (CC) —
age is allowed to vary.

Charging mode where currentyis ‘held g

6.17 CHAR
charging curi

GING, CONSTANT VOLTAGE (CV) -
ent is allowed to vary.

Charging mode where veltage is held g

6.18 COMBUSTIBLE VAPOR CONCENTRATION — A concentration in air greater than 25 §
flammable limit (LFL) of the flammable vapor being measured. or’a concentration that can
accordance With 7.1.

6.19 CRITICAL SAFETY — Any devices or circuits provided to protect against hazardo
where the fai

ure of the device results in a hazardous:condition as defined in UL 991.

6.20 DUT < Device under test.

6.21 ELEC
typically stored as a result of non-Faradaic reactions at the electrodes. (A subset of el
capacitors refferred to as an "asymmetric" type have non-Faradaic reactions at one electrode
reactions at the other electroded:A"highly-porous surface of the electrodes increases the su
holding charge resulting in much larger capacitance and energy density. Electrochemical ca
from common 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”, "super capacitor”, and "EDLC".

Fergy or in the
place.
onstant while

onstant while

o of the lower
be ignited in

us conditions

TROCHEMICAL CAPACITOR'— An electric energy storage device where electfical charge is

pctrochemical
and Faradaic
rface area for
pacitors differ
c with charge
ther common
bctrochemical

6.22 ENCLB et e
protection to the pack/system s contents

NOTE: A flow battery stack is not considered an enclosure if protected by the outer enclosure of the system.

6.23 END-OF-DISCHARGE VOLTAGE (EODV) (Cell)

ovid€s mechanical

— The voltage, under load, of the cell at the end of

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

discharge typical for lithium ion chemistries.

6.24 EXPLOSION — A violent release of energy that produces projectiles or a pressure wave from the

DUT and results in DUT contents being forcibly expelled through a rupture in the enclosure or

6.25 FIRE - The sustained combustion of the DUT's contents as evidenced by flame, heat,

or other damage of materials.

casing.

and charring
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6.26 FLOWING ELECTROLYTE BATTERY — A rechargeable battery that stores its active materials, in
the form of liquid aqueous electrolytes, external to the battery. The electrolytes, which serve as energy
carriers, are pumped through two half cells separated by an ion-permeable separator, which provides
separation of the two electrolytes while still allowing for the passage of ions during charging and
discharging. Charging and discharging results in a chemical reduction reaction in one electrolyte and an
oxidation reaction in the other electrolyte. lons selectively pass through the separator membrane to
complete the redox reaction. When in use the electrolytes are continuously pumped in a circuit between
reactor and storage tanks. Three commercially available flowing electrolyte batteries technologies, two of
which are zinc-based and a third, the vanadium redox types, are described below:

a) ZINC AIR - A flowing electrolyte battery technology that has one active aqueous electrolyte
contalnlng metal part|cles Durlng charglng zinc partlcles are generated from a zmcate solution in
) flto a storage

is pumped

»)

e

through the reactor interface (flow battery stack) where the zinc particles gambine
oxygen from the surrounding air to form zincate.

b) ZINC BROMINE — A flowing electrolyte battery technology thatnhas zinc at
electrgde and bromide at the positive electrode with an aqueous solution containing
and other compounds contained in two separate reservoirs. During)charging, energy

e again with

the negative
zinc bromide
is stored as

zinc nmetal within the cell and polybromide in the cathode reservoir. During dischargg, the zinc is
oxidizgd to zinc oxide and the bromine is reduced to bromides
c) VANADIUM REDOX — A flowing electrolyte battery.te€hnology that contains vanadium salts in
various stages of oxidation in a sulfuric acid, or in ‘& 'mixture of sulfuric and hydrpchloric acid
electrglyte. Charging and discharging the battery changes the oxidation state of the[vanadium in
the elgctrolyte solutions.

6.27 FULLY|CHARGED - A battery system, packi’module or cell which has been charged tp its full state

of charge (SQC) as specified by the manufacturer.

6.28 FULLY| DISCHARGED - A battery‘system, pack, module or cell, which has been disgharged to its

end-of-discha

rge voltage (EODV) as specified by the manufacturer.

6.29 HAZARDOUS VOLTAGE-*~"A sinusoidal voltage exceeding 42.4 Vpeak or 60 Vdc is considered
hazardous.
6.30 INSULATION LEVELS - The following are levels of electrical insulation:

a) BASIC.INSULATION - Insulation to provide basic protection against electric shock.

b) DCUBEHEINSUEAHON—Insttation—comprising—both—basic—insttation—and—supplementary

insulation.

¢) 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 insulation system that provides a degree of protection
against electric shock equivalent to double insulation under the conditions specified in this
standard. The term "insulation system" does not imply that the insulation has to 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.
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6.31 LEAKAGE — A condition where liquid escapes through an opening in a designed vent or through a
rupture or crack or other unintended opening and is visible external to the device under test.

6.32 LIGHT ELECTRIC RAIL (LER) — A term used to specify a commuter train that obtains all of its
motive energy from electricity.

6.33 LIMITED POWER CIRCUIT — A circuit supplied by a power source that meets SELV limits and
whose power and current are further limited in accordance with the Limited Power Source Test of UL 2054.
A limited power source is equivalent to a Class 2 circuit in accordance with Article 725 of NFPA 70 or
Section 16 of C22.1. A similar concept to limited power is the term "low-voltage limited energy" (LVLE) as

defined in Section 16 of UL 583 or ULC/ORD-C583.

6.34 LITHI
insertion/ext
an electrolyt
form and hag

6.35 LITHI
anode mater

NOTE: These ¢

6.36 MAIN
power to ac
equivalent sq

6.37 MANU
as a manufa
production tg
as routine te

6.38 MATE
moisture ont
with hot ai
polycarbonat

6.39 MATE
moisture col
moisture is e
hygroscopic

£

UM ION CELL - A rechargeable cell where electrical energy is deri
ction reactions of lithium ions between the anode and the cathode. The(lithi
that typically consists of a lithium salt and organic solvent compound in lliquid
either a hard metal casing or a flexible polymeric pouch casing.

UM METAL CELL - A rechargeable battery technology that.employs lithium
al.

blls may be referred to as solid state batteries if they employ a solid polymeric or ceramic electrolyte.

5 SUPPLY (AC) — An ac power distribution system external to the equipment

urces such as motor-driven generators and @ninterruptible power supplies.

FACTURING PRODUCTION LINE TESTING — Testing at the manufacturer's
cturing check of their production.\Depending upon the testing, it either can
st, or can be a periodic check ar@ampling of production. This testing is sometim
bting.

D its molecular structure if exposed to ambient air, and internal moisture canng
alone. Examples™ of hygroscopic materials are: nylon, ABS, acrylic,
e, PET, and PBT.

RIAL, NON-HYGROSCOPIC — A material that does not have an affinity for moi
ected is-adsorbed on the surface, typical moisture collection is due to cond
asily removed by passing a sufficient stream of warm air over the material. Exa
Materials are: polyethylene, polypropylene, polystyrene, PVC.

b

d from the
ion cell has
or gel or solid

metal as the

for supplying

powered equipment. Examples of ac mains:supply include public or privaté utilities and

facilities used
be a 100 %
es referred to

RIAL, HYGROSCOPIC ~-A material that has a strong affinity to attract moisture, will absorb

t be removed
polyurethane,

sture and any
bnsation, and
mples of non-

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

6.41

METAL-AIR BATTERY — An electrochemical battery that uses an anode made from pure metal and

an external cathode of ambient air, typically with an aqueous or aprotic electrolyte. Primary, reserve,
electrically rechargeable, and mechanically rechargeable metal-air battery configurations have been
explored and developed. The metals that have been considered for use in metal-air batteries are calcium,
magnesium, lithium, aluminum, and iron.

6.42 METAL-AIR BATTERY, MECHANICALLY RECHARGEABLE — A metal-air battery designed with a
means to remove and replace the discharged anodes or discharge products (such as reacted electrolyte)
with new ones for recharging. The battery essentially functions as a primary battery and the air electrodes
operate only in a discharge mode. During discharging of a metal-air electrochemical cell, an oxygen
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reduction reaction occurs in the ambient air cathode while the metal anode is oxidized. The discharged
anode or discharge products can be recharged or reclaimed external to the cell. Commercially available
mechanically rechargeable metal-air batteries are Zn-Air batteries and Al-Air batteries.

6.43 MODULE — A subassembly consisting of a group of cells or electrochemical capacitors connected
together either in a series and/or parallel configuration (sometimes referred to as a block) with or without
protective devices and monitoring circuitry. A module is a component of a battery system. See Figure 1.2.

6.44 MONOBLOC (MULTI-CELL) BATTERY — A battery design that contains series connected cells in a
common vessel construction, with a vent assembly or valve assembly and shared hardware.

6.45 MOSQOC

6.46 NICK
has a nickel

L CELL — A general term for a nickel cadmium or nickel metal hydride recharggable cell that
ydroxide positive electrode and either a cadmium metal or metal hydride/negative electrode

and that has

6.47 NORM

& liquid alkaline (i.e. KOH) electrolyte.

AL OPERATING REGION — That region of voltage, current, and, temperature w

cell or electiochemical capacitor can safely be charged and discharged repetitively th

anticipated lif

. The manufacturer specifies these values, which are thén used in the safety

ithin which a
roughout its
evaluation of

the device ahd may vary as the device ages. The normal operating region will include the following
parameters fqr 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.

NOTE: [This temperature is measured on the cell casing.

b) DISCHARGE TEMPERATURE LIMITS = The upper and lower limits of temperature
the manufacturer for discharging the c€ll/capacitor.

NOTE:
¢) ENI

d) MA
region

e) MA
specif

f) UP

[his temperature is measured on‘the cell casing.
D OF DISCHARGE VOLTAGE — Refer to 6.23.

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

ed by the’/cell/capacitor manufacturer.

PER "LIMIT CHARGING VOLTAGE - The highest charging voltage limit in

specified by

nal operating
temperature.

XIMUM-_DISCHARGING CURRENT — The maximum discharging current rate, which is

the normal

opera

INg region specified by the cell/capacitor manufacturer. This value ma

y vary with

temperature.

6.48 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.

6.49 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.

6.50 PROTECTIVE DEVICES, PASSIVE — Devices provided to prevent hazardous conditions that do not
require electrical energy in order to detect the condition and operate. Examples of a passive protective
devices would be fuses, thermal snap switches and fluid level switches.


https://ulnorm.com/api/?name=UL 1973 2022.pdf

FEBRUARY 25, 2022 ANSI/CAN/UL 1973 25

6.51 RESTRICTED ACCESS LOCATION — Location where access to the energy storage system is
limited to trained service personnel or others trained to understand the restrictions associated with the
system such as access to hazardous parts and precautions to be followed around the equipment. Access
to restricted access locations shall be secured by a tool such as a lock and key or other means that is
controlled by a person(s) responsible for the location.

6.52 ROOM AMBIENT — Considered to be a temperature in the range of 25 £5 °C (77 19 °F).

6.53 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, which occur during an explosion.

Y EXTRA LOW VOLTAGE CIRCUIT (SELV) — A circuit that exhibits voltagés Jhat are not in
pbse in Table 6.1 and are safe to touch both under normal operating conditions and after a
An extra low voltage (ELV) is equivalent to SELV under normal conditions (ngt single fault)

6.54 SAFE
excess of th
single fault.
only.

Table 6.1
SELYV Voltage Limits

Voltage limits

Normal Single fault

Openiicircuit voltage with generally sinusoidal sh
Vpeak, 30 Vrms or 60 Vdc with excursions up to
120 Vdc for periods up to 200 ms

lape of 42.4
71 Vpeak or

Open circuit vg
Vpeak, 30 Vrm

Itage with generally sinusoidal shape of 42.4
s or 60 Vdc

In Canada, se¢ 6.29.

and ceramic
ing are two

6.55 SODIUM-BETA (HIGH TEMPERATURE) CELLS - Cells that utilize metallic sodium
beta-aluming solid electrolyte and that\operate at elevated temperatures. The folloy
commercial technologies under this group:

a) SQPDIUM NICKEL CHEORIDE CELL — A rechargeable cell that has sodium a
electrpde, a positive electrode that may consist of nickel, nickel chloride or sodium g

5 its negative
hloride and a

ceramic beta-alumina solid electrolyte. The normal operation of the cell is within 3 temperature
rangd of 270 — 350.°C (518 — 662 °F) so that the active materials are in a molter] state and to
ensure ionic conductivity.

The normal
-) so that the

active materials are in a molten state and to ensure ionic conductivity.

6.56 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: Examples of sodium ion cells are Prussian Blue cells or transition metal layered oxide cells.

6.57 STATE OF CHARGE (SOC) — The available capacity in a battery system, pack, module or cell
expressed as a percentage of rated capacity.
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6.58 THERMAL RUNAWAY - The incident when an electrochemical cell increases its temperature
through self-heating in an uncontrollable fashion. The thermal runaway progresses when the cell’s
generation of heat is at a higher rate than the heat it can dissipate. This may lead to fire, explosion and
gassing.

6.59 TOXIC VAPOR RELEASE - A release of vapor(s) in a concentration in excess of the Occupational
Safety and Health Administration (OSHA) 8-h time-weighted-average (TWA) permissible exposure limit,
which corresponds to the National Institute of Safety and Health (NIOSH) 10 h per day, 40 h per week
permissible exposure limits.

In Canada, the limit values may vary between agencies.

6.60 VENTI
vapor, smoke

CONSTRUCT

7 General

7.1 Non-me
7.1.1 Polym
Enclosure Re

Exception Ng
applications 3
building into 3

Exception No
the 20 mm en

NG — A condition when the cell electrolyte and/or battery/capacitor solvent j

or aerosol from a designed vent or through a sealing edge.

[ION

tallic materials

quirements table, Table 4.1, Path Ill, of UL 746C.except as modified by this stan

. 1: Polymeric materials utilized for light-electric rail (LER) enclosures for mo

n enclosure or compartment within the,train.

. 2. LER enclosure parts for metive and VAP applications may alternatively be
d-product flame tests in accordance with UL 746C.

eric materials employed for enclosures shall comply with the requirements as o

hall have a minimum flammability of V=1 or better, in accordance with UL 94 ij

5 emitted as

utlined in the
dard.

ive and VAP
intended for

evaluated to

7.1.2 The factors taken into consideration when an enclosure is being judged are as fq
nonmetallic enclosure, all of these\factors shall be considered with respect to thermal aging.
stability of a golymeric enclosure’/is addressed by compliance to the mold stress relief distortio

llows. For a
Dimensional
n test.

a) Registance to.ifmpact;
b) Crush resistance;

c) Abrjormal operations;

d) Severe conditions; and

e) Mold-stress relief distortion.

7.1.3 The polymeric materials employed as enclosures and insulation shall be suitable for the anticipated
temperatures encountered in the intended application. Pack 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 UL 746B.

7.1.4 The pack enclosure materials intended to be exposed to sunlight in the end use application shall
comply with the UV Resistance and the Water Exposure and Immersion tests in accordance with UL
746C.


https://ulnorm.com/api/?name=UL 1973 2022.pdf

FEBRUARY 25, 2022 ANSI/CAN/UL 1973 27

7.1.5 Polymeric materials used as direct support for live parts other than those circuits determined non-
hazardous (i.e. limited power circuits) shall comply with the insulation requirements of UL 746C.

Exception: Polymeric materials used as direct support for live parts that meet the requirements for
“Safequards Against Fire Under Normal Operating Conditions and Abnormal Operating Conditions,”
Clause 6.3, of UL 62368-1/CSA C22.2 No. 62368-1, or the requirements for “Safeguards Against Fire
Under Single Fault Conditions,” Clause 6.4, of UL 62368-1/CSA C22.2 No. 62368-1 are considered
acceptable. Where specified in the reference document that components must meet the relevant IEC
component standards, those components shall meet the applicable CSA or UL Standards.

7.1.6 Polymeric tanks, piping and housings containing only electrolyte and sensors in flow batteries shall
have a flammabhility rating of HB or better in accordance with Ul 94

7.1.7 Printg

Exception: T
energy circu
material doe

7.1.8 Gask
are exposed

7.2 Metalli

7.2.1 Metal
achieve corr
found in UL §

7.2.2 Cond
electrochemi
is an evaluat

d wiring boards shall have a flammability rating of V-0 or V-1 in accordancewith
his requirement does not apply to printed wiring boards connected only-in low-vQ
(s (LVLE) where the deterioration or breakage of the bond between-a conductor
5 not result in a risk of fire or electric shock.

bts and Seals relied upon for safety shall be determined suitable for the temp
to and other conditions of use. Compliance is determined by the applicable tests

C parts resistance to corrosion

pack enclosures shall be corrosion resistant. A suitable plating or coating

0E/C22.2 No. 94.2.

Lctive parts in contact at terminals and connections shall not be subject to co
cal action. Combinations above the line in Table D.1 of Annex D shall be avoide
on that demonstrates that'the potential for corrosion is negligible for the particul

materials andl design. See Annex D.

7.3 Enclosures

7.3.1 Thee
physical abu
to persons. (

nclosure of abattery system shall have the strength and rigidity required to resis
ses thatitwill be exposed to during its intended use, in order to reduce the risk g
ompliance is determined by the tests of this standard.

UL 94.

ltage, limited-
and the base

eratures they
of UL 157.

process can

Dsion resistance. Additional guidance onvmethods to achieve corrosion protgction can be

:Lrosion due to

unless there
ar connection

t the possible
f fire or injury

7.3.2 A too

be the minim

W~ H EYSN 9 H ] ol £ £ L et 12N ] H
VIUVIUIIIH are e vriarnoedar GUVGIILCIHC Ul A 'JIIUID, OUICWUTTVTOT, TTIdURNodAvy, Ul olll

um mechanical capability required to open the enclosure.

ilar tool, shall

7.3.3 Openings in the enclosure shall be designed to prevent inadvertent access to hazardous parts.
Compliance is determined by the Tests for Protection Against Access to Hazardous Parts Indicated by the
First Characteristic Numeral, Clause 12 of IEC 60529 or CAN/CSA-C22.2 No. 60529, for a minimum IP
rating of IP2X or IPXXB, and C22.1, the Enclosure Selection Table for Nonhazardous Locations, Table 65.
(Evaluation per IEC 60529 or CAN/CSA-C22.2 No. 60529, Clause 12, consists of the use of the IEC
articulate probe applied with a force of 10 N £10 %).

Exception: For battery systems intended for location in restricted access locations only per 6.51,
hazardous parts may be contacted with the articulate probe, but shall be located or guarded to prevent
unintended contact by service or other trained personnel. Such equipment shall be provided with
installation instructions in accordance with 45.3 and marked in accordance with 44.14.
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7.3.4 Openings in the enclosure shall be constructed to prevent accumulation of flammable gases that
could lead to a hazardous condition from concentrations of hydrogen gas due to electrolysis of aqueous
electrolytes for applicable battery technologies, such as vented or valve regulated lead acid and nickel
batteries and applicable electrochemical capacitor technologies, greater than 25 % of the LFL of hydrogen
(equivalent to 1 % concentration in a volume of air). Ventilation openings shall have a minimum opening
area of:

A =0.005NCs(cm*)

Where
A=
N = Nuimber of cells in battery
Cs = Qapacity of battery at the 5-h rate (Ah)

that there is

Exception: T

he area of ventilation openings can be reduced if it can be demonstrated

sufficient ventilation within the battery to prevent hydrogen accumulations”above 25 % df the LFL of
hydrogen.
7.3.5 Packg| intended for installation where they may be exposed to moisture either through rain,

splashing wa
accordance V

fer or immersion shall be evaluated for their intended resistance to ingress o
vith IEC 60529 or CAN/CSA-C22.2 No. 60529,yor as outlined in NFPA 70, A

f moisture in
rticle 110, or

Section 2 of £22.1 for enclosure type designation and UL, 50E/C22.2 No. 94.2, or NEMA 250. See also
Section 39.

7.4 Wiringfand terminals

7.4.1 General

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

7412 Aw
without strain
parts exceed

ring splice @r,connection shall be mechanically secure and shall provide elecfrical contact
on conneetions and terminals. Wiring shall be secured and routed away from sHarp edges or
ng insulation. Openings in compartments through which insulated wiring is ropited shall be
smooth and wellsrounded or provided with protective insulating bushings or grommet to prevent abrasion.
Wiring conneftions between various parts of a battery module/pack and accessories shall routed and
secured to prevent the potential for short circuit conditions to occur.

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

7.4.1.4 An external battery 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 application.

7.4.1.5 External non-detachable cords and leads that are accessible in the end use installation shall be
provided with strain relief that prevents strain to internal conductors under pull and push-back conditions.
Compliance is determined by the tests of 26.4 and 26.5.
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7.41.6 Plugs and receptacles shall be rated for the intended voltage, current, temperature, and if
applicable, for disconnect under load conditions.

7.4.1.7 Battery system cables shall be rated for their anticipated service including voltage, current,
temperature and environment. External cords for hazardous voltage circuits shall be jacketed to prevent
wear to internal conductors and rated and provided with insulation suitable for the intended applications.

7.4.1.8 In multiway plugs and sockets, and wherever shorting could otherwise occur, means shall be
provided to prevent contact between parts in SELV circuits or parts at hazardous voltage due to loosening
of a terminal or breaking of a wire at a termination. Compliance is checked by inspection, by measurement
and, where necessary, by the following test. A force of 10 N (2.25 Ibf) is applied to the conductor near its
termination paint. The conductor shall not break away or pivot on its terminal to the extent that spacings
are reduced pelow the values specified in 7.5.

7.4.1.9 Wirlng compartments and wiring terminals provided for connection of the-battgry system to
external circyits shall be constructed as outlined below:

a) A fleld wiring compartment in which supply connections are to be made shall be Igcated so that
the cgnnections will be accessible for inspection after the unit is instaliéd as intended.

b) A knockout in a sheet-metal enclosure shall be secured and-shall be removable without undue
deformation of the enclosure. The knockout shall be surrounded by a flat surface to accommodate
seating of a conduit bushing or locknut of the appropriatésiZe.

c) An|outlet box, terminal box, wiring compartment;.in which field connections are made shall be
free ffom any sharp edges including screw threads) a burr, a fin or moving part of the like that may
abrade the insulation on conductor or otherwisexdamage wiring.

d) A field wiring terminal or lead shall bérated for the connection of a conductor ¢r conductors
having a minimum ampacity rating of 125 % of the rating of the unit.

e) The distance between the end ©fthe connection point of a field installed wire and {he wall of the
enclopure toward which the wireis to be directed, shall be in accordance with Table 312.6 (A) or (B)
of NFPA 70.

7.4.2 Beads and ceramic/insulators

7.4.2.1 Begds and similar ceramic insulators on conductors shall:

a) Be so fixed or supported that they cannot change their position in such a way that a hazard
would be\created; and

b) Not rest on sharp edges or sharp corners.

7.4.2.2 If beads are located inside flexible metal conduits, they shall be contained within an insulating
sleeve, unless the conduit is mounted or secured in such a way that movement in normal use would not
create a hazard. Compliance is checked by inspection and, where necessary, by the following test. A force
of 10 N (2.25 Ibf) is applied to the insulators or to the conduit. The resulting movement, if any, shall not
create a hazard in the meaning of this standard.
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7.5 Spacings and separation of circuits
7.5.1 General

7.5.1.1 Electrical circuits within the pack at opposite polarity shall be provided with reliable physical
spacing to prevent inadvertent short circuits (i.e. electrical spacings on printed wiring boards, physical
securing of un-insulated leads and parts, etc.). Insulation suitable for the anticipated temperatures and
maximum voltages shall be used where spacings cannot be controlled by reliable physical separation.

7.5.1.2 Electrical spacings in circuits shall be based upon the grade of insulation required as outlined in
the Insulation Materials and Requwements Clause 5.4 of UL 62368- 1/CSA C22.2 No. 62368 1, and shall

comply with Cle 2
For the approprlate poIIutlon degree of the mtended enwronment see 7 5.2 and

No. 62368-1.

Exception Ng.

may be use
overvoltage g
mains conne
rectifier unles
category can|
determined b

Exception No
1 the alterna
Determining

(300 V RMS)

Exception No
may be appli

1: As an alternative to these spacing requirements, the spacing requirémen
. For determination of clearances, a dc source such as a battery does

ategory as outlined in the section for Components of UL 840 unless charged t
cted rectifier, then the overvoltage category should be the same as that req
s the rectifier uses galvanic isolation. If galvanic isolation js\employed, then the
be reduced to the next lower overvoltage category. The anticipated polluti
the design and application of the battery system or subassembly under evalua

2: As an alternative to the clearance values outlined in UL 62368-1/ CSA C22.

Clearances for Insulation in Circuits Connected to an AC Mains not Exceeding
Annex X, of UL 62368-1/CSA C22.2 No."62368-1 may be applied.

3: As an alternative to these spag¢ing requirements, the spacing requirementg
bd instead. When using this table) maximum working voltages of circuits can b

five method for determining minimum clearances in the Annex for Alternative

fs in UL 840,
not have an
hrough an ac
uired for the
> overvoltage
bn degree is
ion.

2 No. 62368-
Method for
420 V peak

of Table 7.1
b determined

through the tgst of Section 23. See the note_in Table 7.1 regarding adjustment for spacings where double

or reinforced

Exception Ng.

instead.

nsulation is required.

4: As an alternative, clearances and creepage distances per IEC 60664-1 c3

Table 7.1
Electrical Spacings

n be applied

Minimum spacings?

Through air Over surface
Between parts of opposite polarity, Between parts of opposite polarity,
live and non-current carrying parts live and non-current carrying parts
Circuit ratings and live and ground connections and live and ground connections
\Y mm (in) mm (in)
30— 50° 1.6 (1/16) 1.6 (1/16)
51-150 3.2(1/8) 6.4 (1/4)
151 —-300 6.4 (1/4) 9.5 (3/8)
301 -660 9.5 (3/8) 12.7 (1/2)
661 — 1000 19.1 (3/4) 19.1 (3/4)
1001 — 1500 21.6 (7/8) 30.5 (1-1/4)

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Minimum spacings?®

Through air Over surface

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

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

Circuit ratings and live and ground connections and live and ground connections

\' mm (in) mm (in)

that the values

@ The spacings in this table are suitable between live parts and conductive non-current carrying parts separated by basic insulation
only or between basically insulated conductive non-current carrying parts and accessible parts separated by supplemental
insulation. Spacings between hazardous voltage parts and accessible parts requiring double or reinforced insulation will require

outlined in the table be doubled. Refer to 7.6 regarding required insulation levels.

b Spacings at t
that there is ng

hese voltages may be decreased from those indicated in the table if it can be determined through-tes
hazard.

t or analysis

7.5.1.3 Con
unless they g

7514 An
of a circuit 0
use of separ:
parts.

7.5.1.5 Theg
the casing of
levels is am
Dielectric Vo
circuits at o
encapsulatio

7516 UL
enclosure, in
creepage dis

7517 Wh
the clearanc
but choosing
table of UL §
insulation, is
to withstand

ductors of circuits operating at different potentials shall be reliably separated frg
re each provided with insulation acceptable for the highest potentiahinvolved.

nsulated conductor shall be reliably retained so that it cannet ‘cohtact an uninsu
perating at a different potential. Some examples include ¢lamping or routing g
bting barriers of insulating material or other means that’provides permanent sep

re are no minimum spacings applicable to parts.where insulating compound ¢
a compound or subassembly if the distance,through the insulation, at voltages
nimum of 0.4-mm (0.02-in) thick for supplementary or reinforced insulation, ar
tage Withstand Test. There is no minindum insulation thickness requirement fo
[ below SELV levels for basic or.functional insulation. Some examples in
n, and vacuum impregnation.

B40 shall not be used for clearances between an uninsulated live part and the w
cluding fittings for conduit or armored cable. UL 840 shall not be used for the g
tance at field wiring terminals.

en determiningcthe’clearance for double or reinforced insulation in accordance
bs of reinforced. insulation shall be dimensioned corresponding to the rated imj
one step/higher in the preferred series of values in the Minimum Clearances fi
40 than that specified for basic insulation. If the impulse withstand voltage reqy
othefithan a value taken from the preferred series, reinforced insulation shall bg
160\% of the impulse withstand voltage required for basic insulation.

m each other

lated live part
f conductors,
aration of the

bmpletely fills
above SELV
d passes the
r insulation of
tlude potting,

alls of a metal
learance and

with UL 840,
bulse voltage,
or Equipment
ired for basic
dimensioned

7.5.1.8 When determining the creepage for double or reinforced insulation in accordance with UL 840,
the creepage distances for reinforced insulation shall be twice the creepage distance required for the basic
insulation as determined in UL 840.

7.5.1.9 When determining the electrical spacing according to 7.5.1.1, a battery circuit that has no direct
connection to a primary circuit and derives its power from a transformer or converter shall be considered a
secondary circuit. The phase-to-ground rated system voltage used in the determination of mains transient
voltage in UL 62368-1/CSA C22.2 No. 62368-1 or the rated impulse voltage in UL 840 shall be the rated
supply voltage of the charging equipment for the battery.

7.5.1.10 For batteries intended for installation at high altitudes (i.e. 2000 m and above), see the
Multiplication Factors for Clearances and Test Voltages table of UL 62368-1/CSA C22.2 No. 62368-1 or
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the Altitude Correction Factors for Clearance Correction table of IEC 60664-1 for multiplication factors to

be applied to

clearance values.

7.5.2 Overvoltage categories applied for electrical creepage and clearance determination

7.5.2.1

When determining the creepage and clearance requirements from 7.5.1.2, the overvoltage

categories for the battery systems shall be determined based on how the batteries are connected to the
supply mains. For equipment or circuits energized from the mains, four categories are considered:

a) Category IV applies to equipment permanently connected at the origin of an installation
(upstream of the main distribution board). Examples are electricity meters, primary overcurrent
protection equipment and other equipment connected directly to outdoor open lines;

b) Category Il applies to equipment permanently connected in fixed installations(do
and including, the main distribution board). Examples are switchgear and otherequ
industfial installation;

c) Category Il applies to equipment not permanently connected to the fixed installatig
are appliances, portable tools and other plug-connected equipment;.and

d) Category | applies to equipment connected to a circuit where measures have b

reduc

7.5.2.2 For
be applied fo
(such as fron
that prevents|

batteries, Ovgrvoltage Category Il shall be applied.

7.5.3 Pollufion degree for electrical creepage and clearance determination

7.5.3.1 With
utilize when d

a) Pol
by ha
SO as

b) Pol
due to

transient overvoltages to a low level.

stationary battery systems, Overvoltage Category.llt is applied. Overvoltage Ca
" a stationary battery system that is isolated ffom an Overvoltage category lll s
an Overvoltage category Il PCS) through ah isolated transformer or protected
transient overvoltage conditions. For véhicle auxiliary power batteries and o

reference to 7.5.1.2, thefollowing are conditions for determining the polluti
etermining creepage and-clearance distances. See also examples noted in Tabl

ution Degree 1 —No-pollution or only dry, non-conductive pollution. Normally, thi
ing components and subassemblies adequately enclosed by enveloping or her
o exclude dust and moisture.

ution Degree 2 — Only non-conductive pollution that might temporarily becom
occasional condensation.

wnstream of,
ipment in an

n. Examples

een taken to

egory Il may
upply source
in a manner
h board LER

bn degree to
b 7.2.

S is achieved
metic sealing

e conductive

c) Pol

ution nngrnn 3 _ Qllhjnnf to_conductive pnllll’rinn, or to dr\]/ non-conductive. pd

llution which

could become conductive due to expected condensation.

d) Pollution Degree 4 — Pollution that generates persistent conductivity through conductive dust or
rain and snow.
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Table 7.2
Examples of the Provision of Pollution Degree Environments

Pollution degree Method of achievement

PD3 a) If installed outdoors, the use of an enclosure meeting IPX4 or Type 3R; or
b) If indoor installed, no climate conditioning provided to prevent condensation.
Reduction of PD3 to PD2 a) Indoor installation with climate conditioning provided and where condensation is not expected;
or
b) Outdoor installation provided with climate conditioning, which prevents condensation and
conductive dust within an enclosure rated IPX4 or Type 3R; or
c) An enclosure meeting IP54 per IEC 60529 or Type 3 per UL 50E and no internally generated
conptamination—oc
d)  The use of an enclosure meeting IPX7 or IPX8 per IEC 60529 or Type 6 orTypge 6P per UL

50E.

With a PD2 environment, an enclosure subjected to an IP5X dust test of IEC 60529 o)
test of UL 50E, Clause 8.4.1 and that has no internally generated contamination.

Reduction of D2 to PD1 I the outdoor

D1 Control of the environment at the insulation surface to allow Pollution'Degree 1 can b
by the methods in UL 62368-1/CSA C22.2 62368-1 (for example, encapsulation, pott

or conforming coating per UL 746E.

P accomplished
ng or coating)

Reduction to A

7.6 Insulatjon levels and protective grounding and bonding
7.6.1 Hazafdous voltage circuits shall be insulated from accessible conductive parts and circuits as
outlined in 7.p.2 through the following:
a) Bapic insulation and provided with a protective ‘grounding system for protection in the event of a
fault of the basic insulation; or
b) A gystem of double or reinforced insulation; or
¢) A gombination of (a) and (b).
7.6.2 Safety extra low voltage (SELV) circuits as defined in 6.54 that are insulated from accessible

conductive p
7.6.3 Batte

7.6.4 Acce
that could b

arts through functional'insulation only are considered accessible.

ries that rely upon protective grounding, shall comply with 7.6.4 — 7.6.9

bsible non-current carrying metal parts of a battery system with hazardous vo
bcome_ live in the event of an insulation fault, shall be bonded to the equig

Itage circuits,
ment ground

terminal.

7.6.5 Parts of the protective grounding system shall be reliably secured in accordance with 7.4.1.2 and
provided with good metal-to-metal contact. All connections shall be secured against accidental loosening
and shall ensure a thoroughly good connection. The resistance between the protective conductive
terminal of 7.6.8 and the accessible non-current carrying conductive parts outlined in 7.6.2 shall not
exceed 0.1 Q.

7.6.6 With reference to 7.6.5, when connecting conductive parts to be bonded, paint or coatings in areas
of contact shall be removed or paint piercing lock washers shall be used with securement bolts or screws
to provide good metal to metal contact. Thread-locking sealants, epoxies, glues, or other similar
compounds, and solder alone shall not be used as a securement means as these are not considered
reliable. In addition, rivets, hinges (unless metal-to-metal piano type hinges), and parts that may be
removed as a result of servicing shall not be relied upon as connections for ensuring continuity of the
protective grounding and bonding system.
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7.6.7 With reference to 7.6.5, methods of securement considered reliable and ensuring good metal-to-

metal contact

can consist of the following methods:

a) Terminal blocks;

b) Pressure connectors, grounding lugs and similar grounding and bonding equipment connectors;

c) Exothermic welding processes;

d) Machine screw-type fasteners that engage not less than two threads or are secured with a nut;

and

e) Thread-forming machine screws that engage not less than two threads in the enclosure.

7.6.8 The npain ground terminal of the protective grounding system shall be identified b

following:
a)Ag
b)Ag
C)Ag

d) The
othery

7.6.9 Conddy
intended faul
Grounding cg
C221.

reen-colored, not readily removable terminal screw with a hexagonahhead;

reen-colored, hexagonal, not readily removable terminal nut;

7.7 Transf

7.71 Trans
for overload

7.7.2 Trans

een colored pressure wire connector; or

word "Ground" or the letters "G" or "GR" or the gretinding symbol (IEC 60417,
ise identified by a distinctive green color.

ctors, relied upon for the protective groundifig and bonding system, shall be siz
currents and if insulated, the insulation 'shall be green or green and yellow stn
nductors shall be sized in accordance:with Article 250.122 of NFPA 70 or R

ormers shall be evaluated in accordance with UL 1562, UL 1310 or an equiva
onditions, and shall have suitable insulation for the circuits they are connected t

ormers in low valtage circuits can alternatively be evaluated in accordance with |

y one of the

No. 5019) or

ed to handle
ped in color.
le 10-810 of

ent standard
D.

6.6

7.7.3 Transformers shiall be provided with overcurrent protection on the primary side of the transformer

and sized in
7.8 System

7.8.1

ccordance with Article 450 of NFPA 70 or Section 26 of C22.1.

A safety analysis consisting of a hazard identification, risk analysis and risk evaluation shall be

conducted on the device under test. This safety analysis shall determine which parts of the system are
safety related through an existing methodology such as outlined 7.8.2. This approach should determine
the hazard scenarios and define mitigation mechanisms. This safety analysis shall identify safety circuits
or software that address each hazardous condition and consider the performance of each safety circuit or
software. The following conditions in (a) — (c) shall be considered unless sufficient justification (e.g.
additional safety analysis) is provided by the manufacturer that these conditions are not hazardous. The
following conditions in (a) — (c) shall be considered at a minimum, but are not limited to:

a) Battery cell over-voltage and under-voltage;

b) Battery over-temperature and under-temperature; and
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c) Battery over-current during charge and discharge conditions.
7.8.2 Documents that can be used as guidance for the safety analysis include:
a) IEC 60812;
b) IEC 61025;
c) MIL-STD-1629A; and
d) IEC 61508, all parts.
7.8.3 The ||a:yo;o of F8-+isttitizedto ;dcllt;fy allt;u;patcd fattts—ithe oyotcul whict—eguld lead to a
hazardous cpndition and is validated by compliance with 7.9. 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/proteftion circuit in
addition to sipgle faults elsewhere that could lead to a hazardous condition.
7.9 Protective circuit and controls
7.9.1 Active protective devices shall not be relied upon for critical safety and shall comply with one of the
following in (f) — (c) and comply with 7.9.2 and 7.9.3 as applicable=Refer to 6.49 and 6.50 fof definitions of

active and pa
a)Th

b) Th
loss d

c) Th
of the

Exception :
Integrity Levd
(all parts), m
critical safet)
additional sa
reduction lev

7.9.2 Active protective devices relied upon for safety as noted in 7.9.1, shall be evaluated i

with:

ssive protective devices.
by are provided with a redundant passive protéctive device;

by are provided with redundant active pratection that remains functional and er
f power to, or failure of the first level of.active protection; or

active circuit.

ergized upon

by remain fully operational or fail safe upon loss of power to, or under a single fault condition

A\ctive protective deviceS that comply with IEC 61508 (all parts), meeting minimum Safety

bl (SIL) “27, ISO 13849°(all parts), meeting minimum performance level (PL) “c”,
inimum of Automative Safety Integrity Level (ASIL) “C” are permitted to be ré
. The SIL, PL,-or-ASIL for a safety function may be reduced if the manufact
fety analysis, ‘e’g. Layer of Protection Analysis (LOPA), showing that the
el has been reduced by other measures used within the battery system.

or ISO 26262
blied upon for
urer provides
required risk

n accordance

a) The Failure-Mode and Effect Analysis (FMEA) requirements in UL 991 (Section 7);

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

c¢) The Protection Against Faults to Ensure Functional Safety requirements (Class B requirements)
in CSA C22.2 No. 0.8 (Section 5.5) to determine compliance and identify tests necessary to verify
single fault tolerance.

7.9.3

With reference to 7.9.1, software relied upon for safety shall comply with:

a) Software Class 1 requirements of UL 1998;

b) Software Class B requirements of CSA C22.2 No. 0.8; or
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c) The Controls Using Software requirements (Software Class B requirements) in UL 60730-1
(Clause H.11.12) or CAN/CSA E60730-1.

7.9.4 Software and its associated hardware determined critical to safety that can be updated remotely
shall meet the requirements outlined in UL 5500.

7.9.5 Battery systems shall be protected against all hazards identified in the safety system safety
analysis of 7.8.

7.9.6 With reference to 7.9.5, if relied upon for maintaining the cells within their safe operating limits, the

battery management system (BMS) shall ma|nta|n cells within the specmed ceII voltage and current limits

reviewing sa
protective cir
breakers or o
required to bg

7.9.7 With 1
limit or shut
hazardous s
function or gg
the system sh
and the syste

7.9.8 Solid

flety circuits to determine that cell operating region limits are maintained; tole

cuit/component shall be considered in the evaluation. Components_such as
her devices and parts determined necessary for safe operation of the battery sy,
provided in the end use installation, shall be identified in the installation instruct

eference to 7.9.5 and 7.9.6, if safe operating limits are exceeded, a protectivg

down the charging or discharging to prevent excursions beyond these lim
enario occurs, as determined in 7.8.1, the system<shall continue to provid
to a safe state (SS) or risk addressed (RA) state. Af\the safety function has be
all remain in the safe state or risk addressed state tntil the safety function has b
M has been deemed safe to operate.

state circuits and software controls, relied upon as the primary safety protec

evaluated andl tested to verify electromagnetic immuaity in accordance with Section 27.

Exception: Sq
circuits and s

7.9.9 Batter
provided with
device to be

possible to th
load if applic3
shall not requ
of either a m4g

lid state circuits and software need not comply if it can be demonstrated that t
bftware are not relied upon asthe primary safety protection.

y systems with hazardous-voltage circuits, including outputs of 60 V or greater, s

a manual disconngét device or be provided with installation instructions for th
brovided during installation of the system. The disconnect device shall be locate
e battery system terminals and it shall be rated for the application including disc
ble. The disconnect device shall disconnect both poles of the circuit. The manu
ire the use‘of a special tool or equipment to be operated. The disconnect device]
nually-operated switch or circuit breaker.

Exception Nq.

the specified
tion. When
nces of the
uses, circuit
tem that are
ons.

circuit shall
its. When a
e the safety
en damaged,
een restored

ion, shall be

he solid state

hall either be
e disconnect
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bnnect under
Al disconnect
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ection to the

1.)A battery system having either a plug or receptacle or connector for conn

output circuit may be provided without an additional disconnect means. The plug, receptacle and
connectors used for this purpose shall be investigated in accordance with UL 1682 and rated for current
interruption suitable for the circuit. The required spacing to the hazardous voltage circuits shall be
maintained when the plug or receptacle or connector is disconnected.

Exception No. 2: A flow battery that can be turned off such that no circuits remain at hazardous voltage are
not required to have a manual disconnect device.

7.9.10 Fuses provided for battery overcurrent protection including short circuit protection shall be
evaluated for both short circuit and overload conditions. Fuses that are evaluated for short circuit
conditions only (type aR fuses), shall be provided with supplementary protection (e.g. the BMS) to ensure
protection under overcurrent conditions in ranges below those covered by these types of fuses.
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7.9.11  Protective components of battery modules intended for series connection in battery systems shall
be rated for the maximum voltage of the intended battery system.

7.10 Cooling/thermal management system

7.10.1 Battery systems that rely upon integral thermal management systems to prevent overheating shall
be designed to shutdown upon failure of the thermal management system unless it can be demonstrated,
that the thermal management system failure does not result in a hazardous situation. Compliance is
determined by the Failure of the Cooling/Thermal Stability System Test of Section 24.

7.10.2 Piping, hose, and tubing used to contain liquid shall be resistant to chemical degradation from the
||qu|d it conts ihe, aswell as aother |iq||ir1e rnaenhahly |i|1n|y tocontact such parfe du |ring nvpnr\fed life of the

equipment. |
mechanical 3

7.10.3  With
shall comply
toxic fluids,

greater than

shall have the strength and material characteristics necessary to withstand th
nd environmental stresses. Compliance is determined as outlined in 7.11.4»

reference to 7.10.2, piping containing fluids in accordance with the, scope of
with the applicable requirements of that code. ASME B31.3 applies to piping
lammable fluids, fluids damaging to human tissue, and nonhazardous fluids
15 psi (105 kPa) or temperatures lower than —29 °C (=20 °F)opgreater than 186

7.10.4 Piping, hose, and tubing containing liquids, shall be routed/and secured to preven

could result i

7.10.5 Fan
UL 507.

Exception: Fi
of 26.1.

7.10.6 Batt
system, shal
fault analysis
hazardous si

7.10.7 Tem

h a fire, explosion or shock hazard.

5 or blowers utilized for air-cooling systems shall comply with the applicable re

bns located in SELV or ELV dc circuits need not be evaluated if shown to compl,

bry systems that rely on integral heaters to maintain operating temperatures
be designed to shutdown upon failure of the heaters unless it can be demonst
and if necessary an.abnormal operation test, that the heater failure does n
fuation.

perature controls’'for heaters used to maintain the operating temperature rang

e anticipated

ASME B31.3,
that contains
at pressures
°C (366 °F).

leakage that

uirements in

v with the test

bf the battery
rated through
ot result in a

e of a battery

system during cold ambient conditions shall be positioned such that they monitor the system temperature
and are minimally affected by the outside ambient. For example, temperature controls or reguilators should
normally be Ipcated:away from outside vents.

7.11 Electn

| . I bi

7.11.1 Parts that contain electrolyte, such as piping, hose, and tubing shall be resistant to chemical
degradation from the electrolyte. Electrolyte containing parts shall have the strength and material
characteristics necessary to withstand the anticipated mechanical and environmental stresses.
Compliance is determined through review of material datasheets and where determined necessary, an
immersion test (using the electrolyte as the test liquid) in accordance with the Volume Change Test after
Immersion of UL 157 for elastomeric materials or the Test for Resistance of Polymeric Materials to
Chemical Reagents in UL 746A for other than elastomeric materials, (same as ASMT D543, Test Method
1), as applicable to the material and part being tested. Elastomeric parts in contact with electrolyte shall be
subjected to the volume change and extraction test after 70-h immersion in the electrolyte in accordance
with UL 157. The volume change shall be minus 1 to plus 25 % and extraction (change in weight) no
greater than 10 %. Plastics other than elastomeric parts in contact with electrolyte shall be subjected to an
immersion for 168 h at room temperature followed by a check for volume and weight change in
accordance with ASTM D543, Procedure | method. The percentage of change of volume shall not be
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greater than 2 % of the original and the change in weight shall be no not increase more than 25 % or
decrease more than 10 % of the original value.

Exception No

. 1: See Annex C for material requirements for flowing electrolyte systems.

Exception No. 2: Not applicable to individual cell or capacitor casings and materials that have been
evaluated to appropriate component requirements per 7.12.

7.11.2 Piping, hose, and tubing containing electrolyte, shall be routed and secured to prevent leakage

that could res

7.11.3 Parts
the tests of S

Exception: Sq

7.11.4 Relie
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the relief val
Section 37.
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6.
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pperate in accordance with their specifications for start to discharge (i.e. press
e or rupture membrane starts to relieve pressure). Compliance is determined b
his requirement does not apply to relief valves or rupture members integra
ery such as a VRLA type battery.

blief valves and ruptures members stamped with.the ASME approval mark for
brdance with the ASME Boiler and Pressure Vessel Code need not be subjecte

ssure-relief device shall have its discharge opening located and directed so tha
Il not deposit moisture on bare live parts or on insulation or components t
affected by the discharge. It shallhave a start to discharge (i.e. pressure at wh
re membrane starts to relieve pressure) rating adequate to relieve the pressure.

ill port of the electrolyte containment of a monobloc system shall be designe
illage of electrolytesduring the electrolyte filling.

batteries shall be provided with a means for spill control such as a spill contain
ctrolyte spills® The spill containment shall be sufficient to handle electrolyte spil
See Spill Containment Systems, Section C6, for means to determine compliang

ng“eléctrolyte batteries shall be provided with a means of leak detection that

determined by

in a battery
ure at which
y the tests of
to a cell or
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battery and electrochemical capacitor)

7.12.1 Sealed nickel metal hydride cells shall comply with the cell tests of the Testing Required for Cells
table of UL 2054 in addition to the requirements of this standard. Cells shall be provided with specifications
for use (charging and discharging), installation, storage and disposal.

Exception No. 1: The overall dimensions of the projectile test aluminum test screen may be increased
from those outlined in UL 2054 to accommodate large cells intended for stationary and LER applications,
but the flat panels of the test screen shall not exceed a distance of 305 mm (12 in) from the cell in any
direction.
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Exception No. 2: The overall external resistance for the short circuit test shall be less than or equal to 20
mQ.

Exception No. 3: The crush test shall be a bar crush test rather than a flat plate crush using a bar with a
15-cm (5.9-in) diameter if the flat plate crush test per UL 2054 is insufficient to create a crush condition in

the cell as determined by (a) — (c) below. The force shall be applied until one of the following occurs:

a) A voltage (OCV) drop of one-third of the original cell voltage occurs;

b) A deformation of 15 % or more of initial cell dimension occurs; or

¢) A force of 1,000 times the weight of cell is reached.

Exception N
monobloc bg
battery. If prd
requirements

Exception N¢
from 5 samp

Exception N
rather than 1

7.12.2 Sec
required in 44

7.12.3 Sec
circuits and ¢
include, but 4

b. 4: Nickel metal hydride or nickel cadmium cells that are sealed and forme
ttery, need only comply with the requirements of this standard as part. of th
vided with a pressure release vent or flame arrester, the nickel battery shall cq
outlined in 7.12.8.

. 5: Sample numbers tested for each test based upon UL 2054.test program ma
es tested to 2 samples tested.

D min.

bndary lithium cells shall comply with the requirements outlined in Annex E, and
.15 and 44.16. Cells shall be provided witlrspecifications as outlined in 45.7.

pndary lithium cell design shall ensure sufficient safety measures to mitigate
ther hazardous conditions during_the life of the cells. Safety measures to maint
re not limited to, the following:

) as part of a
e assembled
mply with the

ny be reduced

p. 6. During the heating test, the samples are held for~30 min at the maximuny temperature

be marked as

internal short
ain cell safety

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

b) Sufficient sizing of the negative electrode active materials to cover the positive el¢ctrode active
matetjials;

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

d) The-use-of apprupriatc pi’utcbtiun mechanisms-stchas separator shutdown; plutcutive Coatings
and electrolyte additives, etc.; and

e) The use of separators with sufficient strength, thermal properties and that are sized to prevent
short circuit between the positive and negative electrodes during charge and discharge over the life

of the cells.

7.12.4 With reference to 7.12.3, compliance to (a) — (e) is determined through a review of the cell
construction as part of a tear down analysis, a review of documentation on the cell construction and
components, and the cell tests of Annex E.

7.12.5 Sodium-beta cells and batteries shall comply with the cell tests outlined in Annex B. Cells shall be
provided with specifications for use (charging and discharging), installation, storage and disposal.
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7.12.6 Flowing electrolyte stacks and battery systems shall comply with the requirements outlined in
Annex C.

7.12.7 With reference to 7.12.6, flowing electrolyte battery systems shall be designed to mitigate shunt
currents. Imbalance conditions and the potential for corrosion of the electrolyte containment parts may
occur as a result of excessive shunt currents in a flowing electrolyte battery system. The flowing electrolyte
battery manufacturer shall demonstrate through analysis and data that shunt currents have been mitigated
as a result of the system design.

7.12.8 Batteries employing pressure release valves or flame arrestors shall comply with the pressure
release test or the flame arrester test of UL 1989 in addition to the requirements of this standard. See

Annex H for

lternative criteria for vented or valve requlated lead acid or nickel cadmium ba

tteries. Cells

and multi-cell
installation, st

7.12.9 Elect
810A in addit

7.12.10 Sog
with Annex E
outlined in 45

7.13 Repur|

7.13.1 Battg
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See also 44.3.

PERFORMA
8 General

8.1 Unlessi
charge (MOS

standard. After charging and'prior to testing, the samples shall be allowed to rest for a maxim

8 hatroom a

Exception: Fq
test, the rest {

monobloc batteries shall be provided with specifications for use (charging and
orage and disposal as outlined in Annex H.

rochemical capacitor cells and modules shall comply with the requirements o
on to the requirements of this standard.

ium ion cells (e.g. Prussian Blue cells or transition metal layered oxide cells)
and be marked as required in 44.15 and 44.16. Cells shaltbe provided with spej
7.

posed cells and batteries

ries and battery systems using repurposed cells and batteries shall ens
arts have gone through an acceptable process for repurposing in accordance v

NCE

discharging),

utlined in UL

shall comply

cifications as

ure that the
ith UL 1974.

hdicated otherwisethe device under test (DUT) shall be at the maximum operational state of

0OC), in accordance with the manufacturer's specifications, for conducting the

mbient.

r seeondary lithium ion cells or batteries in which temperature is not a depen
ime'may be extended to 36 h, but shall not be less than 90 % MOSOC.

tests in this
um period of

Hency on the

8.2 Unless otherwise indicated, fresh samples (i.e. not more than 6 months old) representative of
production shall be used for the system level tests described in Sections 15 — 42. The test program and
number of samples to be used in each test is shown in Table 8.1.

Exception No. 1: At the agreement of the manufacturer, DUT samples may be re-used for more than one
test if not damaged in a manner that would affect test results. Minor repairs can be made to samples such
as replacement of fuses, eftc. in order to reuse samples for multiple tests.

Exception No. 2: For repurposed batteries and battery systems, the “repurposing manufacturing date” is
the date of manufacture used to determine the 6 month threshold.
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Table 8.1

Tests and Sample Requirements for Battery Systems and Packs

Test Section Number of samples?
Electrical Tests
Overcharge® 15 1
High Rate Charge® 16 1
Short Circuit® 17 1
Overload Under Discharge® 18 1
Overdischarge Protection® 19 1
Temperature and-Qperating Limits Check® 20 1
Imbalanced Charging® 21 1
Dielectric Voltgge Withstand 22 1 Use-Temperafure Sample
Continuity 23 1,Use Temperafure Sample
Failure of Cooljng/Thermal Stability System® 24 1
Working Voltage Measurements® 25 1
Locked-Rotor Jest (Low Voltage D.C. Fans/Motors In Secondary 26.1 b
Circuits)
Input 26.2 b
Leakage Currgnt 26.3 b
Strain Relief 26.4 b
Push-Back Relief 26.5 b
Low Voltage T|ansformer Evaluation 26.6 b
Electromagn4tic Immunity Tests
Electrostatic Dlscharge 27.2 b
Radio-Frequerjcy Electromagnetic Field 27.3 b
Fast Transient{Burst Immunity 27.4 b
Surge Immunity 27.5 b
Radio-Frequerjcy Common Mode 27.6 b
Power Frequefhcy Magnetic Field 27.7 b
Operational Vgrification 27.8 b, H
Mechanical Tests
Vibration (LER|Motive and VAP Applications) 28 1
Shock (LER Mptive and VAP Applications)® 29 1
Crush (LER Mgtive/and VAP Applications)® 30 1
Static Force 31 1
Impact 32 1
Drop Impact (rack mounted module) 33 1
Wall Mount Fixture/Handle Test® 34 1 (mounting fixture)
Mold Stress 35 1
Pressure Release 36
Start-to-Discharge 37
Environmental Tests
Thermal Cycling (LER Motive and VAP Applications)® 38 1
Resistance to Moisture® 39 1

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Test Section Number of samples?
Salt Fog® 40 1
External Fire Exposure for Projectile Hazards Test® 41 1

Tolerance To Internal Cell Failure Tests

Single Cell Failure Design Tolerance® 42 1

Material Tests

~
=N
o

20-mm end product flame test (LER Motive and VAP Applications)
(Note: not conducted if minimum V-1)

Parts in contactwitirefectrotyte 7111 o
@ See Exception No. 1 in 8.2 for re-use of samples for tests.

® Need only evdluate parts/area under test and not complete battery system.

¢ Testing may bk conducted on subassemblies if determined representative of the complete battery system.
4 Parts or sampjes in accordance with ASTM test methods.

€ This check of naximum working voltage values is needed when using the spacing criteria of Table'7.1.
This test is cojducted on modules or subassembilies intended for field installation in rack-mount or similar equipment.
9 This test is copducted on battery system with wall-mount fixtures only.

" Operational Vgrification conducted on all samples used in 27.2 — 27.7.

8.3 All tests| unless noted otherwise, are conducted in a room ambient 25 £5 °C (77 19 °H). Tests shall
be conducted with the DUTs heated to normal operating temperatures unless indicated othprwise in the
test. For thosg tests that require the DUT to reach thermal‘equilibrium, thermal equilibrium is ¢onsidered to
be achieved [if after three consecutive temperature, measurements taken at intervals of 10 % of the
previously elgpsed duration of the test but not less¢han 15 min, indicate no change in temperature greater
than £2 °C (36 °F).

8.4 Thermofouples shall be attached to'the central component cell or module during the [system level
tests in Secfions 15 — 42. Temperatures shall also be measured on any components| affected by
temperature in the control circuit during the tests of 9.1 and 9.2. Temperature shall be megasured using
thermocouplgs consisting of wires hot larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG (0.05
mm?) connedted to a potentiomeéter-type instrument. Temperature measurements shall be made with the
measuring jumction of the thermocouple held tightly against the component/location being measured.

8.5 Unless [noted pthierwise in the individual test methods, the tests shall be followgd by a 1-h
observation time priorto concluding the test and temperatures shall be monitored in accordance with 10.2.

9 Determin

9.1 In addition to visible signs of fire, non-compliant test results for fire shall also include an evaluation
for combustible vapor concentrations during testing if there is the potential for combustible vapor
concentrations based upon the technology and design of the battery system. For detection of potential
combustible vapor concentrations that may be emitted during testing, a gas monitor suitable for detecting
25 % of the lower flammability limit (LFL) of the evolved gases being measured. A minimum of two
sampling locations where concentrations may occur such as at vent openings or vent ducts shall be used
for taking measurements.

Exception: As an alternative to using gas detection measurement to determine if there are combustible
vapor concentrations, non-compliant tests results for fire may include an evaluation for potential
combustible vapor concentrations with the use of a minimum of two continuous spark sources. The
continuous spark sources shall provide at least two sparks per second with sufficient energy to ignite
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natural gas and shall be located near anticipated sources of vapor such as vent openings or at the vent
duct.

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

10 Important Test Considerations

10.1 The tests contained in this standard may result in explosions, fire and emissions of combustible

and/or toxic vapors, leakage of hazardous chemicals as well as electric shock. It is important that
personnel use extreme caution when conducting any of these tests and that they be protected from flying

fragments, |
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he results of the test.

hat result in oneor more of the following conditions as noted in Table 12.1 and
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Table 12.1
—_ Non-Compfiant TestResuits
Tests? Non-compliant results
Overcharge E,F,CV,S LRP
High Rate Charge E,F,C,V,S,L,R,P
Short Circuit E,F,C,V,S L RP
Overload Under Discharge E,F,C,V,S L RP
Overdischarge Protection E,F.C,V,S,LLR,P
Temperature and Operating Limits Check E,F,C,V,S,L,R,P
Imbalanced Charging E,FC,V,S,LLRP

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Tests? Non-compliant results
Failure of Cooling/Thermal Stability System E,FC,V,S,LLR,P
Electrostatic Discharge E,FC,V,S,LLR,P
Radio-Frequency Electromagnetic Field E,F,C,V,S,LLR,P
Fast Transient/Burst Immunity E,F,C,V,S,LLR,P
Surge Immunity E,FC,V,S,LLR,P
Radio-Frequency Common Mode E,FC,V,S,LLR,P
Power Frequency Magnetic Field E,FC,V,S,LLR,P
Operational Vefification E,FC,V,S,LLR R
Vibration (LER Motive and VAP Applications) E,F,C,V,S,L.R,P
Shock (LER Mdtive and VAP Applications) E,F,C,V,S/LR,P
Crush (LER Mative and VAP Applications) E/R CV
Static Force E,FCV,S,LLR,P
Impact EwF,C,V,S,LLR,P
Drop Impact E,F,C,S LRP
Thermal Cycling (LER Motive and VAP Applications) E,F,C,V,S,L,R,P
Resistance to Mloisture E,FC,V,S,LLR,P
Salt Fog E,F,C,V,S,LLR,P
External Fire Exposure for Projectile Hazards Test E
Single Cell Failfire Design Tolerance® E,F

Non-compliant Results Key:
E — Explosion
F — Fire

C — Combustible vapor concentrations

V — Toxic vapor{release® (in buildings or LER passenger compartments)

S — Electric shdck hazard (dielectric breakdown)

L — Leakage (external to enclosure of DUT)

R — Rupture (of| DUT enclosure exposing hazardous parts as determined by 7.3.3)

P — Loss of profection control®

@ For tests that pvaluate ofie specific part of the DUT such as the mold stress, continuity, dielectric voltage withstand| working
voltage measurements, wall mount fixture, pressure release, start-to-discharge, and the Section 26 tests on electriclcomponents;
only those compliance eriteria noted in the tests method need be applied. See also individual tests for additional resrlts criteria

details.
® During the singTe cell falure design folerance test, an internal fire shall not spread o outside of the DUT enclosure.

¢ A toxic vapor release is a hazard if there is potential for persons to be exposed to it. Toxic vapor release is defined in 6.59 for all
tests with the exception of the crush test. In the case of the crush test for an LER application, toxic vapor release is considered to
have occurred with the release of vapor(s) in a concentration in excess of the Emergency Response Planning Guidelines ERPG
Level 2. ERPG-2 defines this as: "The maximum airborne concentration below, which it is believed that nearly all individuals could
be exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms which
could impair an individual's ability to take protective action." See Section 13.

4 Loss of protection controls — Failure of software and/or electronic controls, discrete control devices or other built-in electrical
protection components relied upon for safety and that remain in the circuit during the test, to operate as intended.

12.2 For the following tests, if the DUT is still operational after the test (a user replaceable fuse may be
replaced or user resettable device such as an accessible circuit breaker, etc. reset), it shall be subjected to
a minimum single charge/discharge cycle in accordance with the manufacturer's specifications. No non-
compliant results as outlined in Table 12.1 shall occur during the charge/discharge cycle of a still
operational DUT.
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a) Overcharge;

b) Short Circuit;

c¢) Overdischarge Protection;

d) Imbalanced Charging;

e) Failure of Cooling/Thermal Stability System;
f) Electrostatic Discharge;

g) Radio-Frequency Electromagnetic Field;

h) Fagt Transient/Burst Immunity;

i) Surge Immunity;

j) Radio-Frequency Common Mode;
k) Poyer Frequency Magnetic Field;
[) Opgrational Verification;

m) Vibration;

n) Shpck;

o) Impact or Drop Impact;

p) Static Force;

q) Thermal Cycling;

r) Salf Fog; and

s) Resistance to Moisture.

NOTE: If the tests of (f) — (I) may b& derne on the battery management system only and not the whole battery system
13 Determ|nation of Toxic Emissions

13.1 For thpse.systems for which venting from cells or capacitors could result in the emission of toxic
gases as defermined by an analysis of the outgassed substances, the concentration of toxic|gases during
the destructive testing noted in Table 12.1 shall be monitored using one of the sampling methods noted
below and as outlined in 13.2. Analysis of the outgassed substances can be obtained through review of
MSDS sheets and/or analysis of the outgassed substances. 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.

a) ASTM D4490;
b) ASTM D4599;
c) OSHA Evaluation Guidelines for Air Sampling Methods Utilizing Spectroscopic Analysis; or

d) NIOSH Manual of Analytic Methods.
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13.2 To determine the concentration of toxic emissions, testing shall be conducted in a closed test
chamber of known volume large enough to contain the DUT. Results obtained from continuous sampling
the emissions during testing shall be scaled to estimate the anticipated exposure and concentration of
toxic materials within either the passenger compartment of a light electric rail (LER) or the anticipated
smallest room in which the system can be installed. For walk-in units, continuous monitoring shall also be
conducted in the interior of the system enclosure. The results for stationary applications shall be further
scaled to consider a 0.5 air changes per hour (ACH) ventilation rate. The 0.5 ACH represents allowable
low ventilation rated for construction.

Exception: Stationary systems intended for installation outdoors only and that are not walk-in units are
exempted from this monitoring. Stationary systems and systems for LER applications are also exempted
from these requirements if provided with a ventilation system or otherwise designed to prevent exposure
to toxic vapornreleases and vents vapors to a safe location.

14 Measur¢ment Equipment Accuracy

14.1 Unlesq noted otherwise in the test methods, the overall accuracy of‘measured vglues of test
specificationg or results when conducting testing in accordance with this,_standard, shall lbe within the
following values of the measurement range:

a) +1 %o for voltage;
b) £3 % for current;
c) 4 Yo for watts;

d) 2 [C (£3.6 °F) for temperatures at or below200 °C (392 °F), and +3 % for temperptures above
200 °¢ (392 °F);

e) 0.1 % for time;
f) £1 % for dimension;
g) £3 o for Ah;

h) 4 % for Wh.
ELECTRICAL TESTS

15 Overchgrge Test

151 The purpsse of this test is to evaluate a thnr\J/ Q\J/efnm'e nhilify towithstand an overcharge
condition.

15.2 Afully discharged DUT (i.e. discharged to the manufacturer's specified EODV) shall be subjected to
an overcharge resulting from a single fault condition in the charging protection/control circuit of the system
that could lead to an overcharge condition. See Section 11 for a description of a single fault condition.
Single fault conditions can be applied to both passive and active protective devices. During test, the
voltage of the cells shall be measured. The test supply equipment used for charging the DUT shall be
sufficient to create an overcharge of the DUT to at least 110 % of the maximum specified charging voltage.
The charging rate used shall be the manufacturer’s specified maximum charging rate.

Exception No. 1: Overcharge 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 No. 2: Components in circuits evaluated for reliability (i.e. evaluated for functional safety in
accordance with 7.9) need not be subjected to single fault conditions.

15.3 The test shall continue until ultimate results occur followed by an observation period per 8.5.
Ultimate results are considered to have occurred when one of the following occurs:

a) The sample charging is terminated by the protective circuitry whether it is due to voltage or
temperature controls or if the DUT reaches 110 % of its maximum specified charging voltage limit.
Exceeding the manufacturer's specified charging limit is considered a non-compliant result. The
DUT is monitored per 8.5 and 10.2; or

b) Battery system failure occurs as evidenced by explosion, fire or other identifiable non-compliant
resultsper Tapte 12-1-

15.4 During the test, detection methods as outlined in Section 9 shall be used to detect the presence of
combustible |vapor concentrations if determined necessary. If required based ,upon systém design or
installation, enting of toxic releases shall be continuously monitored during thetesting per Section 13.

15.5 Ifthe DUT is operational after the overcharge test it shall be subjected‘to a discharge|and charging
cycle in accqrdance with the manufacturer's specifications. See 12.2 for détails regarding uger resettable
devices. An ¢bservation period per 8.5 is then conducted.

15.6 At thel conclusion of the observation period, the samples shall be subjected to an ['as received"
dielectric volfage withstand test in accordance with Section-22. The DUT shall be examined for signs of
rupture and gvidence of leakage.

15.7 As a result of the overcharge test, the maximum charging voltage measured on the cells or modules
shall not exgeed their normal operating region//Also, the following in (a) — (h) are considered non-
compliant results. For additional information on hon-complying results refer to Table 12.1.

a) E 4 Explosion;

b) F { Fire;

c) C 4 Combustible vapor'concentrations;

d) V 1 Toxic vapor telease;

e) S 1 Electric'shock hazard (dielectric breakdown);

f) L- Leakage (external to enclosure of DUT);

g) R — Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

h) P — Loss of protection controls.
16 High Rate Charge

16.1 The purpose of this test is to evaluate a battery system's ability to protect against a high rate charge
condition at currents over the battery maximum charging current specification.

16.2 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 in accordance
with 7.9). During the test, the current and voltage of the cells shall be measured. The test supply
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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 batteries.

Exception: 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.

16.3 The high rate charging of the DUT shall continue until ultimate results occur followed by an
observation period per 8.5. Ultimate results are considered to have occurred when one of the following

OCcCurs:

a) The sample charging is terminated by the protective circuitry whether it is due to current, voltage

perature controls. The DUT is monitored per 8.5 and 10.2; or

ortem

b) Bat
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16.4 During
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a) E —|Explosion;

b) F —[Fire;

c) C —|Combustible vapor concentrations;

d) V —|Toxic\vapor release;

e) S —'Eleetric-shockhazardH(dietectric-breakdown):

f) L — Leakage (external to enclosure of DUT);

g)R-
h)P -

17 Short Ci

17.1

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.

rcuit Test

This test shall be conducted on a fully charged DUT (MOSOC per 8.1) with parallel connected cells

or modules to determine its ability to withstand an external short circuit. DUTs with only series connections
(i.e. no parallel connections of cells or modules) are tested at the cell or module level if determined to be
equivalent to testing at the system level.
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Exception: Short circuit testing on a subassembly may be conducted instead of the complete battery
system if determined to be representative of the battery system.

17.2 The sample shall be short-circuited by connecting the positive and negative terminals of the sample
with a shorting device having resistance as low as practicable. In all cases the resistive circuit load shall
have a maximum total resistance of 20 mQ, as measured from the DUT terminals. For battery systems,
the short circuit discharge profile at the terminals for current and time shall be recorded and compared with
the manufacturer's specified value in 44.4.

17.3 The direct short circuit test shall also be conducted on the battery module if it is intended to be
installed or replaced in the field. The output of the battery module sample shall be short-circuited with a

shorting device having resistance as low as practicable with a maximum total resistance of 20 mQ.
17.4 Tests [shall be conducted at room ambient. The samples shall reach thermal equilibrium
temperature ps outlined in 8.3 before the terminals are connected.
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17.6 During
fault using a
Section 11 f
passive and

Exception: @
considering §
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17.10 As a result of the short circuit test, the following in (a) — (h) are considered non-compliant results.
For additional information on non-complying results refer to Table 12.1.

a) E — Explosion;

b) F — Fire;

c) C — Combustible vapor concentrations;

d) V — Toxic vapor release;

e) S — Electric shock hazard (dielectric breakdown);

fiL -

Leakage (external to enclosure of DUT);
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g) R — Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

h) P — Loss of protection controls.

Exception: For modules that do not have integral short circuit protection controls, the compliance criteria is
(a) and (b) above only.

17.11  For battery systems, the measured maximum short circuit current and duration at that maximum
value shall not be greater than the specified value of 44.4.

18 Overload Under Discharge

18.1 This test shall be conducted on a fully charged DUT (MOSOC per 8.1) with parallel/cohnected cells
or modules tp determine its ability to withstand an overload discharge condition. DUTs with only series
connections (i.e. no parallel connections of cells or modules) may be tested at the_cell or module level if
determined tq be equivalent to testing at the system level.

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

18.2 Conditlon 1 is the overload above the specified maximumidischarge current of thg battery, but
below the BMS overcurrent protection (secondary protection) in aceerdance with 18.3 — 18.5.

18.3 With re¢ference to 18.2, the positive and negative terminals of the DUT is to be conmected to the
external discharging equipment. The fully charged DUT'shall then be discharged at a curfent equal to
90 % of the rgted overcurrent protection value of the BMS (secondary protection).

18.4 With rdference to 18.2, the test shall be centinued 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 file or explosion ha's occurred.

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 (secondary protedtion).

18.5 With referenceto18-2, during the test, samptes supplied with protective devices im 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 Section 11 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 7.9) need not be subjected
to single fault conditions.

18.6 Condition 2 is the overload above the BMS overcurrent protection, but below the primary
overcurrent protection in accordance with 18.7 — 18.9.
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18.7 With reference to 18.6, the positive and negative terminals of the DUT shall be connected to the
external discharging equipment. The DUT shall then be discharged at a current equal to 135 % of the main
fuse rating.

Exception No. 1: If the secondary overcurrent protection is a contactor, switch or similar disconnecting
device, which has been investigated for an overload current higher than 135 % of the primary overcurrent
protector rating, then the test shall be conducted at a discharge current of 150 % of the primary
overcurrent protector rating.

Exception No. 2: If the secondary overcurrent protection has be investigated for an overload current higher

than 150 % of the primary overcurrent protector rating, then the condition 2 test can be waived.

18.8 With reference to 18.6, the test shall be continued until:

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

b) The protection in the circuit has operated and the temperature on the center ce

of chargelits

I/module has

peaked or reached a steady state condition and 7 h has elapsed; or

c) A fire or explosion has occurred.
18.9 With reference to 18.6, 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
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18.13 As a result of the overload test, the following in (a) — (h) are considered non-compliant results. For
additional information on non-complying results refer to Table 12.1.

a) E — Explosion;

b) F — Fire;

c) C — Combustible vapor concentrations;
d) V — Toxic vapor release;

e)S—

Electric shock hazard (dielectric breakdown);
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f) L — Leakage (external to enclosure of DUT);

g)R-
h)P —

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.

19 Overdischarge Protection Test

19.1

This test shall be conducted on a fully charged sample (MOSOC per 8.1) to determine the DUTs

ability to withstand an overdischarge condition and is conducted with all discharge protection circuitry for
both temperature and minimum voltage connected to prevent irreparable cell damage. During the test,
active protective devices shall be subjected to single fault conditions, unless the protection circuit has

been tested f
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Loss of protection controls.
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20 Temperature and Operating Limits Check Test

20.1 This test is conducted to determine whether or not the cells/modules of the DUT are being
maintained within their specified operating limits (including voltage and current at specified temperature)
during maximum charge and discharge conditions. During this test, it shall also be determined as to
whether or not temperature sensitive safety critical components are being maintained within their
temperature ratings based upon the maximum operating temperature specifications of the DUT as well as
a determination that temperatures on accessible surfaces are not exceeding safe limits.

Exception: Temperature and operating limits check test on a subassembly may be conducted instead of a
complete battery system if determined to be representative of the battery system.

20.2 A fully
upper limit ch

discharged DUT (i.e. discharged to EODV) shall be conditioned within a chamber set to the
arging temperature specifications of the DUT. After being stabilized at that'temperature (refer
ed maximum

to 8.3), the

charging pafameters. The DUT shall then be subjected to maximum normal charging wh

voltages ang
Temperature
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temperature
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DUT shall be connected to a charging circuit input representative of anticipa

currents on modules until it reaches the manufacturer's specified fully charg
5 shall be monitored on temperature sensitive components including cells.

p. 1:  If the DUT is unable to be tested in a chamber, it can be tested 3

of 25 °C 15 °C (77 °F £9 °F). If tested at ambient temperatures during
measurement T shall not exceed:
TS Tmax_ (Tma_ Tamb)

e temperature of the given part measured under the prescribed test.
5 the maximum temperature specified for compliance with the test.
5 the ambient temperature)during the test.

the maximum ambient temperature permitted by the manufacturer's specifica
), whichever is.greater.

. 2: Ifthe’design of the DUT and its controls result in worse case normal charg
at ambient (i.e. due to thermostats or other controls lowering the charge leve
test'shall be conducted at ambient temperature of 25 °C £5 °C (77 °F £9 °F).
re sensitive components shall not exceed T,,,,.

le monitoring
ed condition.
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the test, the

tion or 25 °C

ng conditions
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20.3 While still in the conditioning chamber, the chamber temperature shall be set to the upper limit
discharging temperature specifications of the DUT if different from the charging temperature. The fully
charged DUT (MOSOC per 6.1) shall then be discharged in accordance with the manufacturer's maximum
rate of discharge down to the manufacturer's specified end of discharge condition while monitoring voltage
and current on modules. Temperatures shall be monitored on temperature sensitive safety critical
components including cells. Temperatures on accessible surfaces are also monitored.

Exception No. 1: If the DUT is unable to be tested in a chamber, it can be tested at an ambient
temperature of 25 °C 5 °C (77 °F +9 °F). If tested at ambient temperatures during the test, the
temperature measurement T shall not exceed:

r< Tmax_(Tm

a 7:mlb)
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Where:

Tisth

e temperature of the given part measured under the prescribed test.

T max IS the maximum temperature specified for compliance with the test.

T.mp IS the ambient temperature during the test.

Tma is the maximum ambient temperature permitted by the manufacturer's specification or 25 °C
(77 °F), whichever is greater.

Exception No. 2:

If the design of the DUT and its controls result in worse case normal discharging

conditions whesa faohng atambient ‘/l_n_ due to thermostats or other controls. Inl/l/nrlng the nhor-harge rate at

elevated amh
Temperatures

ient), the test shall be conducted at ambient temperature of 25 °C +5 °C (7
on temperature sensitive components shall not exceed T,,,,.

7 °F 9 °F).
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Loss of protection controls.
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Table 20.1

Temperature Limits — Components

Part

Maximum temperature, T, °C (°F)

Synthetic rubber or PVC insulation and external wiring

— without temperature marking

— with temperature marking

75 (167)

The temperature marking

Components, insulation, and thermoplastic materials a

Cell casing

b

@ Temperatures measured on components and materials shall not exceed the maximum temperature rating for that component or

material including internal cells.

® The cell casirlg temperature shall not exceed the manufacturer’s recommended maximum temperature.

Table 20.2
Temperature Limits — Surfaces

Maximum tempeérature, T,,., °C (°F)
Accessible surface Metal Plastic®
Accessible parts held continuously during normal use 55 (131 75 (167)
Accessible surfaces held or touched for short periods only 60/140) 85 (185)
Accessible surfaces which may be touched 70 (158) 95 (203)

@ Temperature$ measured on accessible plastic enclosure surfaces shall hot exceed the temperature ratings of the|materials.

21 Imbalanced Charging Test

21.1 This tgst is to determine whether or notya battery system with series connected cellsfmodules can
maintain the [cells/modules within their specified operating parameters if it becomes imbalanced.

Exception N¢. 1: Testing may be conducted at a subassembly level if that is representative |of the battery

system.

Exception Np. 2: Testing ‘may be conducted on an alternate configuration if it can be [shown to be

representatije for the battery system.

21.2 A fully] charged’DUT (MOSOC per 8.1) shall have all of its modules/cells with the exgeption of one
discharged t¢ its'specified fully discharged condition. The undischarged module/cell shall be discharged to

approximately 50 % o pecified state of charge

charging.

dition prior to

21.3 The sample shall then be charged in accordance with the manufacturer's maximum normal
charging specifications. Charging shall continue until end of charge conditions and the DUT reaches
thermal equilibrium. The voltage of the partially charged module/cell shall be monitored during the
charging to determine if its voltage limits are being exceeded. During the test, active protective devices
shall be subjected to single fault conditions, unless the protective circuit has been tested for functionality in

accordance with 7.9.

21.4 During the test, a detection method as outlined in Section 9 shall be used to detect the presence of
combustible vapor concentrations as determined necessary. If required based upon system design or
installation, venting of toxic releases shall be continuously monitored during the testing per Section 13.
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21.5 |If the DUT is operational after the test it shall be subjected to a discharge and charging cycle in
accordance with the manufacturer's specifications. See 12.2 for details regarding user resettable devices.
An observation period per 8.5 is then conducted.

21.6 At the conclusion of the observation period, the DUT shall be subjected to an "as received" dielectric
voltage withstand test in accordance with Section 22. The DUT shall be examined for signs of rupture and
evidence of leakage.

21.7 The maximum voltage limit of the module/cell shall not be exceeded when charging an imbalanced
DUT. Also, the following in (a) — (h) are considered non-compliant results. For additional information on
non-complying results refer to Table 12.1.

a) E —|Explosion;

b) F —|Fire;

c) C —|Combustible vapor concentrations;

d) V —|Toxic vapor release;

e) S —|Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g) R —|Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

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

221 This tgst is an evaluation of the electrical spacings and insulation at hazardous voltage circuits
within the batjery system.

22.2 Circuity exceeding 42.4 V peak or 60 Vdc shall be subjected to an electric strength test in
accordance with UL 62368-1/CSA.C22.2 No. 62368-1, Clause 5.4.9.

Exception: S¢miconductors or similar electronic components liable to be damaged by application of the
test voltage may be bypassed or disconnected.

22.3 The test voltage shall be applied between the hazardous voltage circuits of the DJUT and non-

ng\eonductive parts that may be accessible and low voltage circuits separated from

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

22.5 |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.

22.6 The test voltages shall be applied for a minimum of 1 min between all the hazardous circuits of the
battery and accessible parts or circuits. Technologies that are required to be at an elevated operating
temperature in order to be active, such as sodium-beta chemistries, shall be in a hot state prior to
disconnection and applying the test potential.
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22.7 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).

22.8 If the battery system contains hygroscopic materials that may affect spacings, this test is repeated
with the DUT or with the subassembly of the DUT containing the hygroscopic materials subjected to
humidity conditioning of UL 62368-1/CSA C22.2 No. 62368-1, Clause 5.4.8. As a result of this testing,

there shall be no dielectric breakdown as outlined in 22.7.

23 Continuity Test

23.1 This t
system that
battery syst

conductors, ¢quipment, or the earth to the electrical supply source.

23.2 Analt
and bonding
means vary
default meth

23.3 Theg

two parts of the system that are measured in accordance with)the continuity test of 23.4 and 4

23.4 The v
200 % of the
time-current
point closest
fault current
the battery s
shall have a

23.5 The
system.

23.6 The rg¢sistance.shall be calculated from the measured voltage drop and current. Th
all be less than or equal to 0.1 Q.

resistance sh

bst evaluates the continuity of the protective grounding and bonding systef
s intended to provide an electrically conductive path from the point of a~grod
em or its representative parts or components through normally " non-cu

brnate test method outlined in 23.7 may be used if the construgtion of the protect
system adheres to the construction methods outlined in 7Z.6.5 — 7.6.7. If the
from that outlined in 7.6.6 and 7.6.7, the fault current method outlined in 23.3
pd for evaluating the suitability of the protective grounding system.

ounding system of an battery system shall have:no'more than 0.1-Q resistance

bltage drop in a protective grounding system is measured after applying a t
rating of the overcurrent protection device rating, for a duration corresponding td
characteristic of the overcurrent protection device. If the duration for 200 % is
on the time-current characteristicyshall be used. The overcurrent protective de
n the protective grounding system, and is either provided in the battery system
stem and specified in the\installation instructions. The supply used to provide th
no load voltage not exceeding 60 Vdc.

oltage drop measSurement is made between any two conductive parts of t

23.7 To che

bf the battery
nd fault on a
rrent-carrying

jve grounding
connections
— 23.6 is the

between any
3.5.

pst current of
200 % of the
5 not given, a
vice limits the
or external to
e test current

he grounding

e determined

] between two

points on the bonding connect|ons usmg a milli-ohmmeter. The measured re5|stance between any two
bonding connections shall be less than or equal to 0.1 Q.

24 Failure

241

of Cooling/Thermal Stability System

cooling/thermal stability system.

The purpose of this test is to determine if the battery system can safely withstand a failure in the

Exception: Testing may be conducted at a subassembly level if that is representative of the battery
system.

24.2 The DUT shall be fully discharged to the manufacturer's end of discharge condition EODV and then
conditioned at maximum specified operating ambient for a period of 7 h or until thermally stable per 8.3,
whichever is shorter. While still in the conditioning chamber, the DUT, with its cooling/thermal stability
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system disabled shall then be charged at its maximum specified charge rate until completely charged or
until operation of a protective device.

24.3 The DUT shall be fully charged (MOSOC per 8.1) and then conditioned at maximum specified
operating ambient for a period of 7 h or until thermally stable per 8.3, whichever is shorter. While still in the
conditioning chamber, the DUT, with its cooling/thermal stability system disabled shall then be discharged
at the maximum discharge rate until it reaches its specified end of discharge condition or until operation of
a protective device.

24.4 During the test, one of the detection methods outlined in Section 9 shall be used to detect the
presence of combustible vapor concentrations. If required based upon system design or installation,

venting of tox

¢ releases shall be continuously monitored during the testing per Section 13

245 |If the I
accordance W
An observatid

246 Atthe
voltage withs
leakage.

247 The tg
specified ope

248 Asar
non-complian

DUT is operational after the test it shall be subjected to a discharge and~charn
ith the manufacturer's specifications. See 12.2 for details regarding user|resett
n period per 8.5 is then conducted.

conclusion of the observation period, the DUT shall be subjected to an "as receiv
and test per Section 22. The DUT shall be examined for, sighs of rupture and

st method of 24.2 — 24.6 shall be repeated withthe DUT conditioned at {
rating ambient.

bsult of the failure of cooling/thermal stabijlity test, the following in (a) — (h) ar
t results. For additional information on non-complying results refer to Table 12.1

ging cycle in
hble devices.

ed" dielectric
evidence of

he minimum

e considered

a) E —|Explosion;

b) F —|Fire;
c) C —|Combustible vapor congentrations;

d) V —|Toxic vapor release;
e) S —|Electric shock hazard (dielectric breakdown);
fyL-1
9)R-

h) P -

L eakage (external to enclosure of DUT);

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Lass of prnfnr‘finn controls

25 Working Voltage Measurements

25.1 This test is to measure the working voltage of a battery system.

25.2 The working voltage between live parts of opposite polarity, live and dead metal parts, live parts and
a metal enclosure, and live and ground connections under both normal charging and discharging
conditions as specified by the manufacture is measured.

25.3 The dead metal parts and metal enclosure shall be assumed to be connected to the negative
terminal of the system for testing purpose.
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25.4 The values obtained during the measurements outlined in 25.2 shall be used to verify electrical
spacings criteria per 7.5.

26 Tests on Electrical Components

26.1

26.1.1

Locked-rotor test for low voltage dc fans/motors in secondary circuits

The purpose of this test is to determine if a low voltage dc fan or motor does not present a hazard

in a locked rotor condition. Fans complying with UL 507 are considered to comply with this requirement

without test.

2612 As
tissue paper
approximate

26.1.3 The
or until stead

26.1.4 The

26.2 Input
26.2.1 The
control or an
of 26.2.2.

26.2.2 The
to the test vq
current or w

rated/specifi¢d value of the device.

1 £ 4l £ 4 H 1 <l <l o pu | | - <l ko
MPIC Ul tic Tdarm U TTTUtUN 1o PJ1IaLTU UTT d WUUUTTT DUdld, WITICIT 1o CUVETTU WILT A
and the sample in turn is covered with a single layer of bleached cotton c
y 40 g/m?.

sample is then operated at the voltage used in its application and with-its rotor
y conditions are established per 8.3, whichever is the longer.

e shall be no ignition of the tissue paper or cheesecloth.

input current draw of a control or accessory separate from the pack such as a m
accessory control evaluated independent from-a system, shall be subjected to

current or watts input to an ac mainstsupplied unit, when connected to an ac s
ltage specified in Table 26.1 shall not be more than 110 % of the rated/specifi
hits input draw of a dc supplied unit, when connected to a dc supply, shall n

ingle layer of
heesecloth of

ocked for 7 h

ains supplied
the input test

pply adjusted
bd value. The
bt exceed the

Table 26.1
AC Test Voltages
Device rating Test supply voltage

(Vac) (Vac)
110-120 120
220 - 240 240
254 - 277 277
380 -415 415
440 - 480 480
560 — 600 600

26.3 Leakage current

26.3.1 For separate controls or other accessories of the system that are cord connected and supplied by
ac mains circuits, the controls shall comply with the Protective Touch Voltage, Touch Current and
Protective Conductor Current test of UL 62368-1/CSA C22.2 No. 62368-1, Clause 5.7.
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26.4 Strain relief test

26.4.1 The purpose of this test is to determine if the strain relief means for a non-detachable accessible
cord prevents damage or displacement upon being pulled.

26.4.2 The battery system or accessory provided with a strain relief shall withstand without damage to
the cord or conductors and without displacement, a direct pull of 156 N (35 Ibf) applied to the cord for 1
min. Supply connections within the equipment shall be disconnected from terminals or splices during the
test when applicable. If the strain relief is mounted in a polymeric enclosure or part, the test is conducted

after the mold stress test after the part has cooled to room temperature.

26.4.3 Asa

ectors. Inner

conductors m
26.5 Push-
26.5.1 The

provides ade
connections 4

rasult of the null force there was no damaae or disnlacement of internal con
1 7 ) 1

ay not elongate more than 2 mm (0.08 in) from the pre-test position.
back relief test

purpose of this test is to determine if the strain relief of a non-detachable ac
Juate protection to connections and prevent hazardous displacement of intern
s a result of push back.

26.5.2 A product shall be tested in accordance with 26.5.3 and_26{5.4 without occurrence

following con
a) Sul
b) Exp

c) Req
or

d) Dar

26.5.3 The
the product 3
further than 2

26.5.4 Whe
bushing. The
buckles or thg

jitions:
jecting the supply cord to mechanical damage;
osing the supply cord to a temperature higher than that for which it is rated;

ucing spacings (such as to a metal.strain-relief clamp) below the minimum req

haging internal connections er.eomponents.

supply cord shall be held 25.4 mm (1 in) from the point where the cord or lead ¢
nd is then to be pushed back into the product. When a removable bushing, w
5.4 mm (1 in) is present, the bushing shall be removed prior to the test.

n the bushing‘is an integral part of the cord, then the test shall be carried out b,
cord shall be pushed back into the product in 25.4-mm (1-in) increments U
force-to push the cord into the product exceeds 26.7 N (6 Ibf).

tessible cord
al wiring and

of any of the

uired values;

merges from
hich extends

y holding the
ntil the cord

26.5.5 The

26.5.6

4
1.

] =i L [ H laotadl + Aot H L H Y~ T AN =~
u'J'le CUTU o'l veTriar Ilpulatcu APV IvIAI R BRIl Nl v UUIII}JIIGI IUC WILIT 2 V. J.

stress test after the part has cooled to room temperature.

26.6 Low voltage transformer evaluation

26.6.1

If the strain relief is mounted in a polymeric enclosure or part, the test is conducted after the mold

The purpose of this test is to determine that transformers located in low voltage circuits (i.e. < 60

Vdc) do not present a fire hazard under overload conditions. Transformers complying with UL 1310 or
equivalent standard and evaluated under overload conditions are considered to comply with these
requirements without further testing.

26.6.2 If the tests in this section are conducted under simulated conditions on the bench, these
conditions shall include any protection device that would protect the transformer in the complete
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equipment. Tests shall be conducted under ambient laboratory conditions. A sample of the transformer is
placed on a wooden board, which is covered with a single layer of tissue paper, and the sample in turn is
covered with a single layer of bleached cotton cheesecloth of approximately 40 g/m? (1.18 oz/yd?).

26.6.3 If a transformer has more than one secondary winding or a tapped secondary winding, separate
tests shall be conducted for each winding, or each section of a tapped winding, with the other windings
loaded or unloaded as may occur in service unless it can be determined that one condition will produce the
most unfavorable results.

26.6.4 A resistive load that will draw three times the normal input current or maximum obtainable output
current, whichever is less, shall be connected directly to the transformer secondary winding with the

transformer

onnected to the voltage of the circuit the transformer will be installed in. The transformer shall

be operated
a)Un
b) Fo

c) Fo

26.6.5 As3g
burning or ch

27 Electro

271 Gene
27.1.1 Acti
controls, etc
immunity to
test procedu
more severe

27.1.2 Eac
managemen

27.1.3 Duri
cycle in accq
12.1 shall oc

continuously:
il ultimate conditions are observed, including opening of a thermal cutoffor-a sin
7 h if temperatures stabilize or cycling of an automatically reset pretector occur:

50 cycles of resetting a manually reset protector.

result of the overload test, there shall be no emission of molten metal or fire as
arring of the cheesecloth indicator or tissue paper.

magnetic Immunity Tests

al

) relied upon as the primary safety protection in 7.8 — 7.9 shall demonst
blectromagnetic interference by.complying with the tests specified in 27.2 — 2|
res and levels specified in other standards may be used, but only if they are
than the test proceduresand levels specified below.

n test shall beginSwith an operational DUT. The DUT may consist of onl
system, if thatis'the only part of the battery system that will be impacted.

hg specifictests as indicated in 27.2 — 27.7, the DUT shall be subjected to a cha

cur daring the charge/discharge cycle.

Exception: It

hilar device;

p

or

evidenced by

e protective devices (e.g. batterymanagement systems, solid state circlits, software

ate sufficient
7.7. Alternate
equivalent or

y the battery

rge/discharge

rdance(with the manufacturer's specification. No non-compliant results as oufjined in Table

. feif , e - , ]

the test.

27.1.4 After each test in 27.2 — 27.7, the DUT shall be inspected to verify that it is still operational and in
compliance with Table 12.1. This may require Operational Verification (27.8) of the DUT if it is not possible
to determine that it is fully operational by inspection. If the DUT is no longer operational, a failure analysis
shall be conducted to determine the reason for the failure and to verify that the DUT has failed safely in
accordance with Table 12.1. A DUT that is no longer operational shall not be used on any remaining test.

27.1.5 In addition, after all tests in this section have been completed, all samples used during the tests
specified in 27.2 — 27.7 shall comply with the Operational Verification in 27.8.
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27.2 Electrostatic discharge

2721

procedure specified in IEC 61000-4-2.

27.2.2 The following test levels shall be used:

a) +6 kV contact discharge; and

b) £8 kV air discharge.

27.2.3 After

the test, the DUT shall comply with 27.1.4.

The DUT shall demonstrate immunity to electrostatic discharges in accordance with the test

27.3 Radio

27.3.1 The
with the test

2732 Thef
a) 10
b)3V

27.3.3 Durir

27.3.4 After|

frequency electromagnetic field

DUT shall demonstrate immunity to radio-frequency electromagnetic-fields in
rocedure specified in IEC 61000-4-3.

ollowing test levels shall be used:
/m from 80 MHz to 1 GHz, 1 kHz (80 % AM); and

m from 1.4 GHz to 6.0 GHz, 1 kHz (80 % AM).
g the test, the DUT shall comply with 27.1.3,

the test, the DUT shall comply with 27.4:4.

27.4 Fast tnansient/burst immunity

2741 The
test procedur:

27.4.2 The
connected to
pack, the test
(c). Otherwis

specified in ().

PUT shall demonstrate imimdnity to electrical fast transients/bursts in accordd
b specified in IEC 61000474,

following test leyvels in (a) — (c) shall be used. If the DUT has a DC pow|
an AC/DC converter such as a power supply or charger that is an integral part
shall be conducted on the AC input of the AC/DC converter using the test levq
p, the testsshall be conducted on the DC power input port of the DUT using

~

accordance

nce with the

er input port
bf the battery
| specified in
he test level

a) On

sighal/control ports intended to be connected to cables longer than 3 m (118 in

L +1 kV (5/50

ns,5

b) On

Hz)capacitive ctamp shattbe used;

input and output DC ports, £1 kV (5/50 ns, 5 kHz); and

¢) On input and output AC ports, £2 kV (5/50 ns, 5 kHz).

27.4.3 After the test, the DUT shall comply with 27.1.4.
27.5 Surge immunity
27.5.1 The DUT shall demonstrate immunity to surges in accordance with the test procedure specified in

IEC 61000-4-5.
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27.5.2 The following test levels in (a) — (c) shall be used. If the DUT has a DC power input port
connected to an AC/DC converter such as a power supply or charger that is an integral part of the battery
pack, the test shall be conducted on the AC input of the AC/DC converter using the test level specified in
(c). Otherwise, the test shall be conducted on the DC power input port of the DUT using the test level

specified in (b).

a) For I/O signal/control ports intended to be connected to long-distance cables longer than 30 m

(98.4

ft), which leave the building, and/or are for outdoor use, +1 kV line-to-ground;

b) For input and output DC ports, £0.5 kV line-to-line, and 1 kV line-to-ground; and

c¢) For input and output AC ports, £1 kV line-to-line, and £2 kV line-to-ground.

27.5.3 Afte
27.6 Radio

27.6.1 The
with the test

27.6.2 The
connected tg
pack, the tes
(c). Otherwig

[ the test, the DUT shall comply with 27.1.4.
-frequency common mode

DUT shall demonstrate immunity to radio-frequency conducted ‘disturbances i
brocedure specified in IEC 61000-4-6.

following test levels in (a) — (c) shall be used. If the"DUT has a DC pow
an AC/DC converter such as a power supply or charger that is an integral part
t shall be conducted on the AC input of the AC/DE converter using the test lev
e, the test shall be conducted on the DC power input port of the DUT using

h accordance

er input port
of the battery
bl specified in
the test level

specified in (p).
a) For 1/0 signal/control ports intended to be connected to cables longer than 3 m (118 in), 10 V
(150 kHz to 80 MHz, 1 kHz, 80 % AM);
b) For input and output DC ports, 10 V(150 kHz to 80 MHz, 1 kHz, 80 % AM); and
c) For input and output AC ports; 10*V (150 kHz to 80 MHz, 1 kHz, 80 % AM).
27.6.3 During the test, the DUT shall comply with 27.1.3.

27.6.4 Afte

27.7 Powe

27.71 The

r the test, the DUTshall comply with 27.1.4.
r-frequency-magnetic field

DUT shall demonstrate immunity to power-frequency magnetic fields in accord

ance with the

test procedu

e'specified in IEC 61000-4-8.

27.72 The

test level of 10 A/m shall be used.

27.7.3 During the test, the DUT shall comply with 27.1.3.

27.7.4 After the test, the DUT shall comply with 27.1.4.

27.8 Operational verification

27.8.1

comply with the following.

After the tests in 27.2 — 27.7 have been completed, all samples used during these tests shall
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27.8.2 The manufacturer shall declare the anticipated performance of all safety functions performed by
active protective devices.

27.8.3 The manufacturer shall provide test procedures to verify that each of the safety functions
performed by active protective devices is working correctly. This may include, for example, execution of a
full charge/discharge cycle, or verification of correct safety function performance by simulation.

27.8.4 The test procedures specified in 27.8.3 shall be performed with each DUT in the following
conditions:

a) Fully-charged; and

b) Fully-discharged.

27.8.5 During the test procedures specified in 27.8.3 — 27.8.4, each DUT shall exhibit one of|the following
behaviors:

a) No |oss of safety functions; or

b) Trapsition to an appropriate state to ensure safe operation of the.DUT. This could irjclude a DUT
that has lost its ability to charge or discharge as long as safety isThiaintained.

27.8.6 If requndant methods of protection are provided for a safety function to comply with 7.9.1, each
method of prgtection shall be evaluated to determine if it functions as intended.

MECHANICAL TESTS
28 Vibratioh Test (LER Motive and VAP Applications)

28.1 The puUrpose of this test is to determihe’the battery system's resistance to anticipated vibration in
LER motive and VAP installations and. applies only to those systems intended for installation in these
applications.

28.2 The sgmple shall be secured to the testing machine by means of a rigid mount, which supports all
mounting surfaces of the sample:

Exception: The sample‘'may be mounted within a mounting fixture representative of the intended end use
application.

28.3 The fully.charged sample (MOSOC per 8.1) shall be subjected to a vibration test in acdordance with
the SimulateGtong tife—Testing at increased Random Vibratiom tevels Tests of 1EC 61373, for the

appropriate Category and Class of equipment as determined by the intended rail installation. (Category
and Class of equipment is defined in IEC 61373.)

Exception: Batteries intended for VAP applications shall be subjected to the Vibration Endurance Test of
UL/ULC 2271 or UL/ULC 2580.

28.4 The DUT shall be subjected to vibration in 3 mutually perpendicular directions. During the test the
OCV of the DUT and temperatures on the center cell/module shall be monitored for information purposes.

28.5 During the test, one of the detection methods outlined in Section 9 shall be used to detect the
presence of combustible vapor concentrations. If required based upon system design or installation,
venting of toxic releases shall be continuously monitored during the testing per Section 13.
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28.6 If the DUT is operational after the test it shall be subjected to a discharge and charging cycle in
accordance with the manufacturer's specifications. See 12.2 for details regarding user resettable devices.
An observation period per 8.5 is then conducted.

28.7 Atthe conclusion of the observation period, the DUT shall be subjected to an "as received" dielectric
voltage withstand test in accordance with Section 22. The DUT shall be examined for signs of rupture and
evidence of leakage.

28.8 As a result of the vibration test, the following in (a) — (h) are considered non-compliant results. For
additional information on non-complying results refer to Table 12.1.

a) E — Explosion;

b) F 4 Fire;

c) C 4 Combustible vapor concentrations;

d) V + Toxic vapor release;

e) S + Electric shock hazard (dielectric breakdown);

f) L —Leakage (external to enclosure of DUT);

g) R+ Rupture (of DUT enclosure exposing hazardous parts’as determined by 7.3.3);

h) P 4 Loss of protection controls.
29 Shock Test (LER Motive and VAP Applications)

29.1 The purpose of this test is to determine the battery system's resistance to anticipated [shock in LER
motive and |VAP installations and appliesilonly to those systems intended for installation in these
applications.

29.2 The sample shall be secured to the testing machine by means of a rigid mount, which supports all
mounting suffaces of the sample)'During the test, temperatures on the center module are monitored for
information gurposes.

Exception No. 1: Thissample may be mounted within a mounting fixture representative of the intended
end-use rail @pplication:

Exception N¢. 2: 'Batteries intended for VAP applications shall be subjected to the Shock Tgst of UL/ULC
2271 or UL/UHE-2586-

29.3 A fully charged sample (MOSOC per 8.1) shall be subjected to a shock test in accordance with IEC
61373 for the appropriate Category and Class of equipment as determined by the intended rail installation.
(Category and Class of equipment is defined in IEC 61373.)

Exception: This test may be conducted at the module level if it can be shown that testing shall be
representative of the battery system.

29.4 Both positive and negative direction shocks shall be applied in each of 3 mutually perpendicular
directions for a total of 18 shocks.
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29.5 During the test, one of the detection methods outlined in Section 9 shall be used to detect the
presence of combustible vapor concentrations. If required based upon system design or installation,
venting of toxic releases shall be continuously monitored during the testing per Section 13.

29.6 |If the DUT is operational after the test it shall be subjected to a discharge and charging cycle in
accordance with the manufacturer's specifications. An observation period per 8.5 is then conducted.

29.7 Atthe conclusion of the observation period, the DUT shall be subjected to an "as received" dielectric
voltage withstand test in accordance with Section 22. The DUT shall be examined for signs of rupture and
evidence of leakage.

29.8 As a resultof the-shock i'nci‘7 the fnllr\\luing n (Q) (h) are considered-non nnmplian results. For
additional infgrmation on non-complying results refer to Table 12.1.

a) E —|Explosion;

b) F —|Fire;

c) C —|Combustible vapor concentrations;

d) V —|Toxic vapor release;

e) S —|Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g) R—{Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

h) P —|Loss of protection controls.
30 Crush Test (LER Motive and VAP Applications)

30.1 This tgst is conducted on a fully charged battery system intended for LER motive and VAP
applications tpb determine its ability to withstand a crush that could occur during an accidenf and applies
only to those pystems intended ferlinstallation in these applications.

30.2 A sample shall be crushed between a fixed surface and a ribbed test platen in accordance with the
test fixture described innSAE J2464, with the following exceptions as noted below. Packs with 3 axes of
symmetry, arg subjected to 3 mutually perpendicular directions of press. A different samplg of the DUT
may be used for eagh crush.

H 4 Tha oo H . Lo fa tha NIIT olholl b 400 L0 N
EXCepthn N L TTTC TTTIAAITTTUITT TUTVT GVVIIGU Warc ourT orndir oG TUU U NIV,

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

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

Exception No. 4: A subassembly may be tested instead of a complete battery system if it can be
demonstrated to be equivalent to testing a complete battery system.

30.3 A detection method as outlined in Section 9 shall be used to detect the presence of combustible
vapor concentrations within the sample. Venting of gases may occur, but shall not exceed ERPG-2 levels
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using the measurement methods outlined in Section 13. The sample shall be subjected to an observation
period and the examined.

30.4 As a result of the crush test, the following in (a) — (d) are considered non-compliant results. For
additional information on non-complying results refer to Table 12.1.

a)E-
b) F —
c)C—-

Explosion;
Fire;

Combustible vapor concentrations;

d)V
31

311 Thep

static force tH

31.2 Thee

N for a perig
means of a s
However, thi

Ibs). If the D
a discharge

period per 8.]

31.3 Ifdee
detection m
concentratio

continuously

31.4 After

withstand te

Static F

Toxicvanorrelease.
P -

orce Test

Irpose of this test is to determine if the enclosure has sufficient strength to safe
at may be applied to it.

nclosure of a fully charged DUT (MOSOC per 8.1) shall withstand a steady force
d of 5 s, applied in turn to the top, bottom and sides ofthe enclosure fitted tq
uitable test tool providing contact over a circular planesurface 30 mm (1.2 inch
5 test is not applied to the bottom of an enclosure having a mass of more tha

and charging cycle in accordance with the *manufacturer's specifications. A
b is then conducted.

med necessary (i.e. due to design of-System and anticipation of venting of cell
thods outlined in Section 9 shall\be used to detect the presence of comi
s. If required based upon systém design or installation, venting of toxic rele
monitored during the testing'per Section 13.

;

he observation period, the DUT shall be subjected to an "as received" diel
5t in accordance with. Section 22. The DUT shall be examined for signs o

y withstand a

of 250 N £10
the DUT, by
) in diameter.
n 18 kg (39.7

UT is operational after completion of the application of the static force, it shall bg subjected to

h observation

5), one of the
ustible vapor
ases shall be

ectric voltage
rupture and

nt results. For

evidence of Ipakage.
31.5 As aresult of the-static force test, the following in (a) — (h) are considered non-complia
additional infprmation-0n non-complying results refer to Table 12.1.

a) E 4 Explosion;

b) F —Fire;

¢) C — Combustible vapor concentrations;

d) V — Toxic vapor release;

e) S — Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g)R-
h) P —

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.
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32 Impact Test

32.1 The purpose of this test is to evaluate the mechanical integrity of the enclosure and its ability to
provide mechanical protection to the battery system contents.

32.2 A fully charged sample (MOSOC per 8.1) shall be subjected to a minimum of three impacts of 6.8 J
(5 ft-Ib) on any surface that can be exposed to a blow during intended use. The impact shall be produced
by dropping a steel sphere, 50.8 mm (2 inches) in diameter, and weighing 535 g (1.18 Ib) from a height, H,
of 1.29 m (50.8 in). For surfaces other than the top of an enclosure, the steel sphere shall be suspended
by a cord and swung as a pendulum, dropping through the vertical height of 1.29 m (50.8 in), with the
product being impacted placed against a restraining vertical wall. See Figure 32.1. A different sample may
be used for each impact

Figure 32.1
Impact Test
Q\ SPHERE
| START
| POSITION
|
|
H | SPHERE
[ N START
| POSITION
| —
| SPHERE x
| IMPACT a
! / POSITION \%
L
¥ — \% H
N
2
TEST I
SAMPLE \Q TEST
S SAMPLE
z IMPACT POSITION

RIGID SUPPORTING SURFACE / \\
// S S S SSSSS RIGID SUPPORTING SURFACE
010 AN NNV NN

— H in figure indigates the vertical distance the sphere must travel to produce the desired impact, 1.29 m (50.8 in).
— For the ball-pepdulum impact test the_sphere shall contact the test sample when the string is in the vertical position ps shown.
— The DUT shall fest on a concrete floor=An equivalent non-resilient supporting surface may be used.
— The backing syrface shall consist of 19-mm (3/4-in) plywood over a rigid surface of concrete.
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32.3 If the DUT is operational after the impacts it shall be subjected to a discharge and charging cycle in
accordance with the manufacturer's specifications. An observation period per 8.5 is then conducted.

32.4 During the test, one of the detection methods outlined in Section 9 shall be used to detect the
presence of combustible vapor concentrations. If required based upon system design or installation,
venting of toxic releases shall be continuously monitored during the testing per Section 13.

32.5 After the observation period, the DUT shall be subjected to an "as received" dielectric voltage
withstand test in accordance with Section 22. The DUT shall be examined for signs of rupture and
evidence of leakage.

32.6 As a result-of the impact-test-the following-in{(a)
. 15 7 J =7
additional infprmation on non-complying results refer to Table 12.1.

(h) are-considered-non r\r\mpllant results. For

a) E 4 Explosion;

b) F { Fire;

c) C 4 Combustible vapor concentrations;

d) V + Toxic vapor release;

e) S 1 Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g) R+ Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

h) P 4 Loss of protection controls.
33 Drop Injpact Test
33.1 Modules that are intended for field*installation into rack mount or similar equipment ar¢ subjected to
a drop impagt test to determine that no hazard exists as a result of an inadvertent drop during installation
or removal.
33.2 After heing equilibrated at room temperature per 8.3, a fully charged module/compongnt pack shall
be dropped ffom a minimum height of 100 cm (39.4 in) for products weighing 7 kg (15.4 Ibs) or less, 10 cm
(3.9 in) for pfoducts(weighing >7 kg (15.4 Ibs), but less than 100 kg (220.5 Ibs), and 2.5 cm (0.98 in) for

products wei
produce adv

phing=>100 kg (220.5 Ibs), to strike a concrete or metal surface in the position
ersevresults and in a manner most representative of what would occur during

most likely to
maintenance

and handlingd

[removal of the hanr\J/ e\]/efnm dllring nstallation and Qnr\/ir‘ing The orientatid

n of the drop

shall be determined by the testing personnel from an analysis of the installation and servicing instructions.
If using a metal test surface, it should be provided with some manner of insulation such as insulating film
that will prevent inadvertent short circuiting to the surface but will not affect test results.

33.3 The sample shall be dropped a minimum of one time. However, if only one drop test is performed, it
shall not be a flat drop. If one drop test is a flat drop, then at least one other test shall be performed that is
not a flat drop.

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

33.5 After the drop, if the DUT is operational it shall be subjected to a discharge and charging cycle in
accordance with the manufacturer's specifications. An observation period per 8.5 is then conducted.
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33.6 At the conclusion of the observation period, an "as received" dielectric voltage withstand test in
accordance with Section 22. The DUT shall be examined for signs of rupture and evidence of leakage.

33.7 A spark ignition source or gas monitoring as outlined in Section 9 shall be used to detect the
presence of combustible vapor concentrations within the sample immediately after the drop and repeated
in the instance of increasing temperatures.

33.8 As a result of the drop impact test, the following in (a) — (g) are considered non-compliant results.
For additional information on non-complying results refer to Table 12.1.

a) E — Explosion;

b) F —[Fire;

c) C —|Combustible vapor concentrations;

d) S —|Electric shock hazard (dielectric breakdown);
e) L —Leakage (external to enclosure of DUT);
fIR-—

g)P-

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3); a

Loss of protection controls.

34 Wall Mount Fixture/Support Structure/Handle Test
34.1 A wall mounting apparatus of a wall mounted battery system, a battery support structyre such as a
stationary battery system rack, the support structure for a flow batteries stack(s), or a handle(s) provided
for handling pf a field/rack installed module/pacKk{shall have sufficient strength to suppoit the battery

system or allg

Exception: TH
weight of the

34.2 The w
accordance W
system is adq
direction. The
supported by

w for carrying of module/pack. Compliance is determined by the test below.

is test can be waived for abattery rack complying with UL 2416 and rated for|
batteries to be supported.

bll mounting apparatus or other support structure and battery system shall b
ith the manufacturer's specifications. A force equal to three times the weight

itionally appliedto the center of the mounting apparatus or support structure in
force shallbe held for 1 min. For modules/packs with a carrying handle(s), the
the carrying handles and a force equal to three times the weight of the DUT i

the intended

b installed in
bf the battery
a downward
DUT shall be
5 additionally

applied in a d
distributed be

ownward direction. If more than one carrying handle is provided, the added weight shall be
tweer the handles.

34.3 As a result of the applied force, there shall be no damage to the mounting apparatus or support
structure and the securement means when testing the wall mounting fixture or supporting structure. As a
result of the applied force, there shall be no damage to handles or the handle mounting/securement
means of the DUT.

35 Mold Stress Test

35.1 The purpose of this test is to determine if an enclosure made from molded polymeric material can
withstand an accelerated aging test without compromising the safety of the enclosure.

35.2 One complete fully discharged sample (discharged to the manufacturer's specified EODV) shall be
placed in a full-draft circulating-air oven maintained at a uniform temperature of at least 10 °C (18 °F)
higher than the maximum temperature of the enclosure measured during the Temperature and Operating
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Limits Check Test in Section 20, but not less than 70 °C (158 °F). The sample shall remain in the oven for
7h.

35.3 After removal from the oven the DUT shall be subjected to an observation period per 8.5. After the
observation period, the sample shall be subjected to an "as received" dielectric voltage withstand test in
accordance with Section 22. The DUT shall be examined for signs of rupture and evidence of leakage.

35.4 As a result of the mold stress conditioning, the sample shall show no evidence of mechanical
damage, such as cracking of the enclosure exposing hazardous parts or reducing electrical spacings or

leakage of electrolyte from the enclosure.

36 Pressu

36.1 Thep
damage to t
technologies
valves.

36.2 Asam
the pressure

36.3 A chd
manufacture

36.4 Resul
rupture or led

37 Start-Tq

371 The p
pressure reli

ro-Release-Test

ne battery system and its electrolyte containment. This test is applicable’to v3
such as valve regulated lead acid batteries and for nickel systems’with re

ple of the battery/cell shall be submerged in a container of mineral oil. For large
relief valve needs to be submerged.

rging current shall be caused to flow at an <{ncreased rate (to be spe
) until bubbles are observed to rise from the pressure relief valve.

s are acceptable if gas is released normally.:@nd the electrolyte containment sys
k and the DUT’s casing is not ruptured.

-Discharge Test

urpose of this test is to determine the average start to discharge pressure o
bf valve not provided withman*ASME stamp and rating.

37.2 Acali
pressure of
system durin

373 To d

samples of t
which the va
is considere

rated pressure gatige having a range of at least 150 % of the anticipated maxi
e pressure relief.valve shall be installed to indicate pressures developed with
test.

erming( the start-to-discharge pressure setting of a pressure-relief valve, 6
e valvershall be subjected three times to a gradually increasing air pressure. TH
ve begins to open shall be recorded. The start-to-discharge pressure setting of

Lirpose of this test is to ensure that the resettable pressure relief valve @perates to prevent

Ive regulated
settable relief

batteries only

cified by the

tem does not

f a resettable

mum working
in the battery

ach of three
e pressure at
each sample

37.4 The start-to-discharge value mentioned in 37.3 is the highest average value for the three samples

tested.

37.5 The start-to-discharge pressure shall be in the range of 90 — 100 % of its assigned start-to-
discharge pressure setting.
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ENVIRONMENTAL TESTS
38 Thermal Cycling Test (LER Motive and VAP Applications)

38.1 This test determines the electrical energy storage system's ability to withstand temperature
fluctuations that may be anticipated during the end-use application. This test is only applicable to LER
motive and VAP applications.

38.2 A fully charged battery system (MOSOC per 8.1) shall be placed in a test chamber and subjected to
the following cycles in (a) — (e). At the conclusion of the cycling, the samples shall remain at room

temperature, 25 £5 °C (77 £9 °F) for 24 h.

a) Raising the chamber-temperature to 75 +2 °C (167 3.6 °F) within 30 min and m3
tempefrature for 6 h.

b) Redlucing the chamber temperature to 20 +2 °C (68 +3.6 °F) within 30 piinyand ma
tempefrature for 2 h.

c) Redlucing the chamber temperature to minus 40 +2 °C (minus 40,£3.6 °F) within

maint
d) Rai

e) Req

Exception Ng.

temperature

exposures sh
reach therma
times noted i

Exception No
storage syste

38.3 If the [
accordance W

38.4 During
presence of
venting of tox|

ining this temperature for 6 h.
5ing the chamber temperature to 20 +2 °C (68 3.6 °E):within 30 min.

eating the sequence for a further 9 cycles.

1: Temperatures may need to be held for’longer periods for those larger sy
btabilization may take longer. The time required in this case for systems that r
ould be based upon the time it takes far the temperature on internal cells withi
equilibrium per 8.3 plus 1 additional-hour. This time shall never be less than
(a) — (d) above.

2: Testing may be conducted at a subassembly level if that is representative
m.

DUT is operational after the test, it shall be subjected to a discharge and char
ith the manufacturer's specifications. An observation period per 8.5 is then cond

the test,~one of the detection methods outlined in Section 9 shall be used

combustible vapor concentrations. If required based upon system design of

c releases shall be continuously monitored during the testing per Section 13.

intaining this

intaining this

30 min and

stems where
bquire longer
n the DUT to
the exposure

bf the energy

ging cycle in
ucted.

o detect the
installation,

38.5 At the conclusion of the observation period, the sample is then subjected to an "as received"
dielectric voltage withstand test in accordance with Section 22. The DUT shall be examined for signs of
rupture and evidence of leakage.

38.6 As a result of the thermal cycling test, the following in (a) — (h) are considered non-compliant
results. For additional information on non-complying results refer to Table 12.1.

a) E — Explosion;
b) F — Fire;
c) C — Combustible vapor concentrations;

d) V — Toxic vapor release;
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e)S—

fiL—

g)R-
h) P —

39 Resista

39.1
moisture anti

Electric shock hazard (dielectric breakdown);
Leakage (external to enclosure of DUT);
Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.

nce to Moisture Test

cipated in the end use.

The purpose of this test is to determine that the battery system can safely withstand exposure to

39.2 Witht
based upon
shall be inst3

ne DUT in its normal operating orientation, it shall be subjected to a moisture 'r
ts IP rating in accordance with IEC 60529 or CAN/CSA-C22.2 No. 60529y The b

where they mpay be subjected to flooding conditions, the IP rating will need to minimally coven

the DUT is ¢
accordance

perational after the conditioning, it shall be subjected to a discharge and cha
vith the manufacturer's specifications. An observation period per,8.5 is then con

Exception N¢. 1: Enclosures with Enclosure Type Ratings as identified-in NFPA 70, Article 1

20f C22.1, g
IP Code.

re subjected to the environmental testing outlined in"tJl. 50E/C22.2 No. 94.2, r:

Exception N¢. 2: Testing may be conducted at a subassembly level if that is representative

storage systé

39.3 During
presence of
system desig
per Section 1

PIm.

the test, one of the detection methods outlined in Section 9 shall be used
combustible vapor concentrations™if venting of cells is anticipated. If required
n or installation, venting of toxic:releases shall be continuously monitored duri
3.

bsistance test
attery system

lled and connected as intended for this test for the end use application., For batfteries located

immersion. If
rging cycle in
Hucted.

10, or Section
bther than the

of the energy

to detect the
based upon
hg the testing

ed" dielectric

39.4 Atthe|conclusion of the observation period, the DUT shall be subjected to an "as recei
voltage withgtand test in accordance with Section 22. The DUT shall be examined for signs ¢f rupture and
evidence of |pakage.
39.5 As a result of theresistance to moisture test, the following in (a) — (h) are considered mpon-compliant
results. For gdditional information on non-complying results refer to Table 12.1.

a) E 4 Explosion;

b) F — Fire;

c) C — Combustible vapor concentrations;

d) V — Toxic vapor release;

e) S — Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g)R-
h) P —

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.
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40 Salt Fog Test

40.1 This test determines the electrical energy storage system's ability to safely withstand anticipated
exposure to a salt fog conditions due to use near marine environments, and would apply to those
stationary systems installed near sea environments whose internal components may be exposed to
deterioration from salt fog through openings in the enclosure. This test would not apply to those systems
not intended to be installed near marine environments as indicated in the installation instructions or whose
enclosure is designed to prevent ingress of moisture with protection against corrosion (e.g. UL/INEMA 4X).

40.2 A fully charged electrical energy storage system (MOSOC per 8.1) shall be subjected to the test
method per IEC 60068-2-52, with a severity level of 1 or 2 depending upon the application and location of
installation.

Exception: Alsample at the subassembly level that would be representative of the battery Sy
used for this fest.

stem may be

40.3 If the DUT is operational after the conditioning, it shall be subjected to.a’discharge and charging

cycle in acco

40.4 During
presence of

system desig
per Section 1|

40.5 Atthe
voltage withs
evidence of g

dance with the manufacturer's specifications.

the cycling, one of the detection methods outlined in Section 9 shall be used
combustible vapor concentrations if venting of cells.is{anticipated. If required
n or installation, venting of toxic releases shall be continuously monitored durin
B. An observation period per 8.5 is then conducted.

conclusion of the observation period, the DUTshall be subjected to an "as receiv
and test in accordance with Section 22., The DUT shall be examined for signs o
akage.

40.6 As a result of the salt fog test, the following in (a) — (h) are considered non-complian

additional infq
a)E-
b)F -
c)C-
d)V-
e)S—

rmation on non-complying results refer to Table 12.1.
Explosion;

Fire;

Combustiblewvapor concentrations;

Toxic vapor release;

Electric shock hazard (dielectric breakdown);

to detect the
based upon
g the cycling

ed" dielectric
f rupture and

t results. For

f) L — Leakage (exfernal to enclosure of DUT);

g)R-
h)P —

41

411

Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.

External Fire Exposure for Projectile Hazards Test

The purpose of this test is to determine that a battery system will not explode as evidenced by

projectiles landing beyond the test perimeter as a result of being exposed to a hydrocarbon pool fire

simulating an

external fire exposure that may occur.

Exception No. 1: The battery system may be subjected to the External Fire Exposure Test in UL/ULC

2580 instead

of the method outlined in 41.3.
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Exception No. 2: Testing may be conducted on a representative subassembly rather than a complete
battery system if determined that equivalent results to testing a battery system can be obtained.

Exception No. 3: If the secondary lithium cells employed in the system comply with the projectile test of
Section E9, the system is exempted from this test. This test is not applicable to systems employing lead
acid or similar monobloc aqueous electrolyte batteries.

Exception No. 4: This test does not apply to systems intended for outdoor use only that are mounted on a
non-combustible surface such as a concrete pad that extends a minimum of 91.4 cm (3 ft) beyond the

perimeter of the battery system.

41.2 This

ind or other

environment
the range of

41.3 Afully
min. The fue

414 Thep
prevent warg
accommodat
above the le

sides of the fested-device are exposed to the flame. The pan:shall exceed the horizontal pr¢

DUT by 20 ta

41.5 There
fuel to prote
added as ne
whole area 0

41.6 A suitable means to extinguish.thefire in the fuel pan within 15 s, or remove the batte

the fire, shal
DUT from o

underestimated.

417 TheD
the heptane.

st shall he conducted in _a controlled enﬂ'ing fraa from the offacts of

| factors that may affect the test. The ambient temperature during the testing Ji
D °C t0 46 °C (32 °F to 114.8 °F).

charged DUT at normal operating temperature is subjected to a hydrocarbon p
used shall be heptane or similar hydrocarbon fuel.

hn, which provides the fire containment, shall be constructed of steel of sufficier
ing during the course of the 20-min test. The pan shall be sized in relation to th
e the fuel and water levels. The walls of the pan shall not project more than

50 cm (7.9 t0 19.7 in).

should be approximately 15.24 cm (6 in)of water in the pan prior to adding the
ct the fuel pan and to provide for consistent flame output during the test. The
eded during the test to provide sufficient fuel for the test duration. The fire s
f the pan during whole fire expasare.

be provided. This may be accomplished by drawing a cover over the pan, or
er the pan or remoVving the pan as putting the fire out may be difficult and {

UT shall beully supported and centered above the fire containment pan above
The DUT support structure shall be robust enough to withstand the weight of th

duration of t
cover the di
approximate

ne testiwithout allowing the DUT to lean or topple. The pan shall be sized lar|
ension of the DUT, and shall be of a sufficient height so that the bottom surface
50 cm (19.7 in) from the top fuel surface in the pan. See Figure 41.1 for details|

s to be within

ool fire for 20

t thickness to
e DUT and to
8 cm (3.1 in)

vel of the fuel at the start of the test. The pan dimensions shall be sized to ensure that the

jection of the

hydrocarbon
fuel shall be
hall cover the

ry from above
y moving the
hould not be

the surface of
e DUT for the
ge enough to
of the DUT is
of set up.



https://ulnorm.com/api/?name=UL 1973 2022.pdf

76 ANSI/CAN/UL 1973 FEBRUARY 25, 2022

Figure 41.1

Thermal Exposure for Explosion Hazards Test Set-Up

B

bu1387b
A—Pan B-DUT
C — Supporting [Structure D -50 cm(19.7 in)
E —Fuel F — Water
G-15.24cm (¢ in) H—-8¢cm (3.1in)
| - Fuel Port J*Fuel supply port — centered on long side of pgn

41.8 During| the test, the temperature of, the cells or modules within the DUT may be monitored for
information plirposes.

41.9 After the 20-min fire exposure.the fire shall be extinguished, and the DUT shall be subjected to a
hose down i} accordance with-4$.10 to represent fire fighter response the system may b¢ exposed to
during a fire] At the conclusion of the hose down, there shall be a one hour observation period in
accordance Wwith 8.5.

41.10 The hattery.shall be subjected to a low impact hose stream delivered through a 38 mhm (1-1/2 in)
fog nozzle sgt at a.discharge angle of 30° with a nozzle pressure of 517 kPa (75 psi) and a minimum
discharge of #:7 L/s (75 gpm). The tip of the nozzle shall be a maximum of 1.5 m (5 ft) from [the center of
the exposed surface of the DUT. The minimum duration of the fow impact ose stream test shall be 6.5
s/m? (0.60 s/ft?). The outer surface of the DUT shall be identified as the exposed area, as the hose stream
must traverse this area during its application. To prevent potential for exposure to projectiles, the
technician conducting the hose down portion of the test shall do so behind a protective barrier.

41.11 To determine that an explosion hazard has resulted, the DUT with pan fire test set up shall be
centered within a circular inner perimeter marked on the floor with paint or a similar marking material. The
marking shall be no wider than 12 mm (0.47 in) and the size of the circular inner perimeter area marking
shall be no greater than 1.0 m (3.3 ft) from the outer edge of the longest side of the DUT.

41.12 For protection from projectiles during the test, the DUT, test set up, and inner perimeter marking
shall be enclosed within a protective test chamber that can contain the projectiles or within an outer
perimeter consisting of a protective barrier wall of a noncombustible material such as masonry or concrete
and wall thickness suitable for containing projectiles during the test. The walls of the test chamber or the
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outer perimeter shall be located a minimum of 1.5 m (4.95 ft) from the inner perimeter marking to prevent
the possibility of projectiles bouncing off the walls and back into the inner perimeter.

41.13 As a result of this test, there shall be no explosion of the DUT that results in projectiles falling
outside of the circular inner perimeter described in 41.11. See Table 12.1 for additional details.

TOLERANCE TO INTERNAL CELL FAILURE TESTS

42 Single Cell Failure Design Tolerance

42.1

General

42.1.1 The
cell failure, v
manufacturin
possibility th
single cell fai

42.1.2 The
in the field f
simulation of
heating or m
failure are o
conducted a4

42.2 Single cell failure design tolerance (lithium.ion)

!

4221 Alit
runaway of t
to the heatin
module) sha
hazard as eV

42.2.2 Any
example, th
overcharge,
for inducing
subassembly
establish a

hich led to a hazardous event. The cell failures in these incidents were\the r
g defects or insufficient cell or battery design or a combination ofc-both. Sin
bt a cell may fail within a battery system, the battery system shall-be designeg
ure from propagating to the extent that there is fire external to the\DUT or an ex{

cell failure mechanism used for this testing shall reflect what'is known or anticig
br a given technology. If the cell failure mechanism cafnot be exactly replic
what is known to occur in the field through the use.6f an external stress su
echanical force shall be utilized for the test. Example's of methods to simulatg
utlined in Annex F. Multiple tests and possiblexmultiple failure methods ma
part of the analysis before a final methodology for testing is determined.

ium ion battery system shall be designed to mitigate a single cell failure leadin
at cell. With lithium ion batteries;it is often the effects of propagation to surroun
j effect of the initial cell failure;that leads to hazardous events. The DUT (e.g. b
| be designed to preventa single cell thermal runaway failure from creating
denced by fire propagation outside of the DUT and/or an explosion.

number of methods can be used to produce a single cell thermal runawa
brmal runaway-in cells can be achieved through the use of heaters, nai
btc. The testing agency is responsible for selecting and demonstrating an appro

of cells”to evaluate the cell failure and effects to surrounding cells. Durin
Suitable failure method, temperatures should be taken on the cell casings,

measured fo

e have been field incidents with various battery technologies that have been Jzttributed toa

psult of either
ce there is a
to prevent a
losion.

ated to occur
ated, a close
Ch as applied
a single cell
y need to be

j to a thermal
ding cells due
ttery pack or
a significant

y failure. For
penetration,
briate method

thermal-rdnaway. It is recommended to evaluate a candidate method first yising a small

y an effort to
and voltages

[ information purposes. See Annex F for guidance on several methods of induci

hg cell failure.

The method chosen shall be agreed upon by the testing agency.

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

42.2.4 Once a suitable method of cell failure has been determined, the fully charged DUT (MOSOC per
8.1) shall be subjected to the single cell failure tolerance test, which consists of inducing a fault in one
internal cell that is within the DUT, until cell failure resulting in thermal runaway as defined in 6.58 occurs,
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and determining whether or not that failure produces a significant external hazard or whether or not that
failure does not cause the failure of neighboring cells. If cascading occurs, the cascading shall not
propagate beyond the DUT. Prior to choosing the specific cell to fail, an analysis of the DUT design to
determine the cell location considered to have the greatest potential to lead to a significant external hazard
shall be conducted, taking into consideration the cell's proximity to other cells and materials that may lead
to potential for propagation. If it can impact the results, the sample shall be at the maximum specified
temperature during charging and operation with some tolerance as necessary for movement of the sample
outside of the chamber during testing, but within 10 °C (18 °F) for cells just before inducing the
mechanism to create thermal runaway. Once the thermal runaway is initiated, the mechanism used to
create thermal runaway is shut off or stopped and the DUT is subjected to a 24-h observation period.

Exception No. 1: Testing may be repeated on another sample with a cell in a different location within the
DUT if it is ngt clear which location represents the worst case scenario. The location of the-fdiled cell shall
be documentged for each test.

Exception Ng. 2: Testing may be conducted on a representative subassembly cohsisting of
modules and surrounding representative environment, if it can be demaonstrated that
propagation beyond the subassembly. When testing at the module or subassembly level,

one or more
there is no
tonsideration

needs to be nade of the vulnerability to combustion of those components surrounding the r
final assembly. Temperatures on DUT external surfaces and surfaces of.parts in contact wit,
DUT in the final assembly, shall be monitored to determine if excessive temperature on th
parts could result in a potential for propagation within the full<battery system. If there a
temperatures|on the surfaces that may lead to potential for propagation, testing shall be rep
adjacent components in place of a complete battery system,

42.2.5 Tem

nodule in the
h or near the
ese adjacent
re excessive
pated with all

the DUT and

eratures on the failed cell and surrounding. cells, external enclosure surfaces of
the supporting surface are to be monitored and reported for information purposes.
4226 Asa
the DUT.

result of the testing of 42.2, there shall be no fire propagating from the DUT orn explosion of

42.3 Single|cell failure design tolerance (other technologies)

42.3.1 Other technologies such as lithium metal, sodium sulfur and sodium nickel chloridel where there
may not be enough field data regarding their tolerance to single cell failure events, are to be subjected to a
single cell failure test methed similar to 42.2, except as modified as noted below. The failu:I mechanism
for these tecHnologies may be different than that of lithium ion and thermal runaway may or npjay not result
from the cell failure. )Similar to lithium ion, when choosing a cell failure technique, [t should be
representative of what can occur in the field for the particular technology. The failure mechagnism chosen
shall consider-fajldres due to potential cell manufacturing defects for that technology ang/or cell and

battery desig vident under
the individual cell safety testing.

42.3.2 For other technologies, similarly as with lithium ion, it is recommended to evaluate a candidate
method first using a small subassembly of cells to evaluate the cell failure and effects to surrounding cells.
During an effort to establish a suitable failure method, temperatures should be taken on the cell casings,
and voltages measured for information purposes. See Annex F for guidance on several methods of
inducing cell failure. The method chosen shall be agreed upon by the testing agency.

42.3.3 When a suitable worse case representative method for cell failure has been determined, the DUT
is to be subjected to the internal cell failure occurring in the location within the DUT considered most
vulnerable to the potential for propagation. The DUT shall be in a condition that reflects its operating
parameters at the worst moment such a failure could occur. For example, the DUT shall be at its nominal
operating temperature. During the test, temperatures shall be monitored in critical locations such as
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adjoining cells during the test to record the rise in temperature due to the internal failure. Temperatures on
the external enclosure surfaces of the DUT and the supporting surface shall also be recorded for
information purposes. If no thermal runaway occurs as a result of the single cell failure, the test is stopped
when the DUT temperature has stabilized or reaches ambient room temperature, and the DUT is
subjected to a 24-h observation period. If a thermal runaway is initiated, the mechanism used to create
thermal runaway is shut off or stopped and the DUT is subjected to a 24-h observation period.

Exception No. 1: Testing may be repeated on another sample with a cell in a different location within the
DUT if it is not clear which location tested represented the worst case scenario. The location of the failed
cell is to be documented for each test.

Exception N
modules an
propagation

one or more
) surrounding representative environment, if it can be demonstrated thaf there is no
beyond the subassembly. When testing at the module or subassembly level, |consideration

needs to be
final assemb

4234 Asz
of the DUT.

42.3.5 Tem
the supportin

made of the vulnerability to combustion of those components surroundihg,the
Y.

result of the testing per 42.3.3, there shall be no fire propagating from the DU

peratures on the failed cell and surrounding cells, extefnal enclosure surfaces o
g surface are to be monitored and reported for information purposes. The numb

fail due to propagation from the triggering cell shall be documented.

MANUFACT

43 Genera

43.1 Manuf

URING AND PRODUCTION LINE TESTS

acturers of battery systems shall. have documented production process controlg

continually nponitor the following key elemients of the manufacturing process that can affe

shall include
a)Su

b) As

43.2 Batter
controls utiliZ

Exception: T

corrective/preventative action' to address defects found affecting these key elem
bply chain control; and

Eembly processes:

y systems jshall be subjected to 100 % production screening to determine th
ed for.gafety are functioning.

his check of the safety controls can be conducted on subassemblies or comp

odules in the

[ or explosion

f the DUT and
er of cells that

5 in place that
ct safety, and
ents:

at any active

onents of the

system before final assembly.

43.3 An "as received" dielectric voltage withstand test as outlined in the Dielectric Voltage Withstand
Test, Section 22 shall be conducted on 100 % production of Assemblies/packs with circuits exceeding 60
Vdc or42.4 V peak as outlined in Section 22.

Exception: The time for the test may be reduced to 1 s if the test voltage values are increase by 2.4 times
the values in Section 22 or as outlined in the routine test criteria of the Electric Strength Test of UL 62368-
1/CSA C22.2 No. 62368-1, Clause 5.4.9.

43.4 A continuity check of the grounding system using a milliohmmeter or other method, shall be
conducted on 100 % production employing protective grounding. The continuity check shall determine that
measurements made on any two points of the grounding system do not exceed 0.1 Q.
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43.5 Each resettable non-ASME coded pressure-relief valve shall be tested by the manufacturer for the
start-to-discharge pressure by subjecting the pressure-relief valve to a gradually increasing air pressure
until the valve begins to open. The start-to-discharge pressure shall be in the range of 90 — 100 % of its
rated start-to-discharge pressure rating.

MARKINGS
44 General
Advisory Note: In Canada, there are two official languages. Therefore, it is necessary to have CAUTION,
WARNING, and DANGER /nstruct/ons and mark/ngs in both Eng//sh and French. Annex G lists acceptable

pecified in this
be provided

d markings shall be permanent. Examples of permanent marking are ink stamping,
engraving anf if adhesive labels, compliance to UL 969 or CSA C22.2 No. 015 for the surface adhered
and conditions of use. Markings required by this standard including nameplate markings per #4.2 and any
cautionary markings shall be legible, provided in text color that contrasts.with the background color and
visible upon ipstallation of the battery system.

44.2 Batteri
marking whic
and electrical
system termi
also be mark

44.3 Batteri
“Repurposed

44 4 Battery
short circuit ¢

445 Battery
code that do¢g

446 A batt
equivalent: "U

bs shall be marked with the manufacturer's name, trade name, trademark or othg
h may identify the organization responsible forthe*product, part number or M
ratings in volts dc and capacity in Ampere-heurs or Watt-hours and chemistry
als shall be marked to indicate whether they’are positive (+) or negative (-). Thg
d with its IP rating.

or “Second Life” and “UL 1974

systems shall be marked\with the maximum short circuit current and duration
Lrrent) at the system output terminals.

systems shall also be marked with the date of manufacture, which may be in
s not repeat within 20 years.

bry system. intended for use with specific chargers shall be marked with the
se Only(" ) Charger".

br descriptive
bdel number,

The battery
battery shall

bs and Battery systems using repurpesed batteries in accordance with 7.13, shall be marked

at maximum

the form of a

following or

447 A batte

ry cyefnm evaluated for prnfnni‘inn ngainef ingrnee of moisture per 73 ’-'\, shal

be provided

with the appropriate IP Code rating.

448 Systems shall be marked with a cautionary marking indicating to read all instructions before
installation, operation and maintenance of the system. This marking may be in the form of the symboil(s)
for example: ISO 7000, "caution" Symbol No. 434 (exclamation point inside triangle) followed by the "read
instruction manual" Symbol No. 790 (open book). If using symbols, their meaning shall be explained in the
instruction manual.

449 Systems that must be operated in a certain orientation for safe operation, shall be provided with
markings indicating the correction orientation of the system.

4410 Systems shall be marked with a warning marking indicating risk of electrocution near hazardous
voltage battery terminals.
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4411 Systems with replaceable fuses, shall be marked with rating and type of fuse for replacement. The
marking shall be located near the fuseholder.

4412 Separable accessories and controls which are intended for connection to the mains supply shall
be provided with markings that include the manufacturer’'s name, part number of the accessory and
electrical ratings in voltage, frequency, phase if applicable, and current or watts.

4413 A ground terminal shall be marked as outlined in 7.6.8.

44 .14 Additional warning markings for battery systems located in restricted access locations such as
warnings regarding hazardous moving or electrical parts, hot surfaces, etc., to alert service or other
trained pers nnel and prn\lnnf h979rrlc, shall he prn\lirlnr{ on-the haﬂ'nry defﬁme inlocations where they

will be visiblg those persons having access to the location.

44.15 With|reference to 7.12.2, a secondary lithium cell shall be legibly and permanently marked with:

a) The manufacturer's name, trade name, or trademark or other descriptive marking| by which the
orgarfization responsible for the product may be identified;

b) A qgistinctive catalog, model or designation number or the equivalent; and

c) The date or other dating period of manufacture not exceeding any three consecutive months.

Exception N¢. 1: The manufacturer's identification may be in-atraceable code if the product is identified by
the brand or frademark owned by a private labeler.

Exception Np. 2: The date of manufacture may be abbreviated; or may be in a nationglly accepted
conventionallcode or in a code affirmed by the manufacturer, provided that the code:

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

b) Does not require reference tothe production records of the manufacturer to determine when the
prodyct was manufactured.

4416 With|reference to 44.15,)if a manufacturer produces a cell at more than one factory, ¢ach cell shall
have a distinftive marking to.identify it as the product of a particular factory.

4417 Required markings for single cells and multi-cell/monobloc vented and valve regulgted lead acid
and nickel cadmium.batteries shall be legibly and permanently marked in accordance with|44.1 with the
following included:;

a) The manufacturer's name, trade name or trademark, model designation, and month and year of
manufacture;

Exception: The date of manufacture may be in the form of a code that does not repeat in 10 years.
b) The statement "Warning: Risk of fire, explosion, or burns. Do not disassemble, heat above
XX °C (or °F), or incinerate." (Where XX is the cell or battery’s maximum temperature
specification.)

Exception: This statement may be included in the instructions provided with the cell or battery,
rather than be marked on the battery.

c) Battery type (e.g. valve regulated lead-acid battery) and rated nominal voltage and capacity; and

d) Positive and negative leads or terminals indicated by (+) and (-).
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INSTRUCTIONS

45 General

451 Components of a battery system shall be provided with a complete set of instructions for proper

installation and use in a battery system. These instructions shall include normal operating specifications.

452 Systems shall be provided with complete instructions for installation in the end use application.
Installation instructions shall include the following along with any other instructions necessary for the safe
and correct installation of the system and its accessories in the intended end use:

a) In ing and other

measyres necessary for safe installation of the battery system;

b) Th nd debris or

acces

necessary housing requirements for protection against ingress of maisture ¢
5 by persons;

c) Ver
LFL;

tilation requirements to prevent accumulation of hydrogen greater'than 25 %| of hydrogen

fuses, circuit
NFPA 70 or

d) Prgtective components and devices required in the end use€installation such as
breakgrs, wiring, and other devices such as disconnect devices in accordance with
C22.1} See 7.9.9;

e) Cirg
such 3

uit diagrams and instructions for proper connection of the system and any ancjllary devices

s separate controllers, monitoring devices, etc.;
f) Warhings and instructions regarding the battery electrolyte;

ructions regarding any commissioning tests and checks necessary before placing system
rvice;

g) Ins
into s¢g

h) Tabje or list, etc. of symbols used and their meanings;

i) The
(IBF),
curren

necessary information to complete an arc flash/blast analysis, including bolted fault current
1/2 bolted fault current (1/2 IBF), protective device clearing time, and protéctive device
t interrupt capability at a minimum, if applicable to the system; and

j) If ag
and m
resistg
requir

plicable, thesmanufacturer shall provide information on design considerations
inimum’ system configurations, such as number of modules installed in serig
nce,“and maximum inductance to prevent arc flash incident energy from e
bments of Personal Protective Equipment Category 4 per NFPA 70E or CSA Z44

or maximum
s, maximum
ceeding the
2-15.

453 Battery systems intended for installation in a restricted access location per 6.51 shall have
installation instructions indicating this with instructions defining the type of location required, its
restrictions, signage and other information to be provided.

45.4 A system shall be provided with instructions for the proper use including charging and discharging,
storage, recycling and disposal. These instructions shall include temperature limits, charging and
discharging limits as well as instructions regarding the use of any controls or monitoring systems.

455 A system shall include the following statements or equivalent:
a) An attention word, such as "DANGER," "WARNING," or "CAUTION."

b) A brief description of possible hazards.
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c) A list of actions to take to avoid possible hazards regarding disposal of the system such as do
not crush, disassemble, dispose of in fire, or similar actions.

45.6 The system shall be provided with a maintenance manual that includes a schedule for maintenance
of the system and accessories including a check of wiring and connections, etc. The maintenance manual
shall include necessary safety precautions regarding handling or conducting maintenance on the system
and its connections and accessories.

45.7 Cells shall be provided with a complete set of instructions that include operating region
specifications for charging and discharging including current temperature range and voltages, installation
instructions, storage of batteries and disposal instructions. Guidance on cell specification information that

should be pr

458 Thei
shall indicat
with Article 4

459 Install
indicate tha
specification
current and
out of condit
1741, UL 60
No. 62368-1

with the batte

4510 The
indicate that
ungrounded

4511 Insta
acid and nic

shall be prov
70 or Sectior

45.12
marking of 44

45.13 Vent

Insta
battery/cell §

stallation instructions for vented and valve regulated lead acid and nickelcadn
that the batteries and components of the battery systems shall be installed i
0 or 706 of NFPA 70 or Section 64 of CSA C22.1.

tion instructions for vented and valve regulated lead acid and.nickel cadmium
the charging system for these batteries shall prevent charging outside g
through the use of voltage (and temperature for VRLA)monitoring and con
mperature monitoring and controls. The system may<also use current monitor
on specifications. The instructions shall indicate that\chargers shall comply with
835-2-29/CSA C22.2 No. 60335-2-29, CAN/CSA:C22.2 No. 107.2, or UL 62368
Instructions for the battery system shall providejinformation on a specific charg
ry system if the charger is relied upon to maintain the battery system safety.

instructions for vented and valve regilated lead acid and nickel cadmium |
battery systems exceeding 60 Vdg'shall be provided with a disconnecting

lation instructions for single-cells and multi-cell/monobloc vented and valve r
el cadmium batteries shall be provided with instructions indicating that servics
ided as applicable to.the end product battery system in accordance with Article
64 of CSA C22.1-

lation instructions for vented and valve regulated lead acid and nickel ca
ystems shall'include the short circuit current output from the battery system ra
1.4,

pdilead acid or nickel cadmium cell and battery installation instructions shall indi

conductors in accordance with Article 480 of NFPA 70 or Section 64 of CSA C22.

25.

ium batteries
h accordance

batteries shall
f the battery
trols, or both
ng to prevent
UL 1012, UL
1/CSA C22.2
er to be used

atteries shall
means for all
1.

bgulated lead
e disconnects
480 of NFPA

dmium multi-
ther than the

cate the need

for spill control in accordance with the building, fire and installation codes.

45.14 The instructions for vented and valve regulated lead acid and nickel cadmium cells and batteries
shall indicate that ventilation to address any hydrogen off gassing shall be in accordance with the local fire
and installation codes.

45.15 The instructions for open rack vented and valve regulated lead acid and nickel cadmium battery
systems shall indicate that these racks shall be installed in restricted access locations or be installed within
a protective enclosure that prevents access in accordance with the end use application.

45.16

Instructions for vented and valve regulated lead acid and nickel cadmium cells and batteries shall

indicate recommended wiring for battery connections, the minimum clearance between cells and batteries
on the racks and any type of protection device.
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45.17 Instructions for vented and valve regulated lead acid and nickel cadmium cells and batteries shall
include maintenance instructions for maintaining the cells and batteries in safe operating condition through
the life of the cell and battery including electrolyte maintenance if applicable, examination of terminals and
casings for damage, etc.

45.18 |If lead acid and nickel cadmium cells and batteries are intended for installation in an end use that
utilizes protective grounding, the installation instructions shall recommend that the grounding and bonding
system be checked after the completion of the assembly to ensure that the resistance is less than or equal
to 0.1 Q.

45.19 The instructions provided with lead acid and nickel cadmium cells and batteries shall indicate the
maximum voltage of the end use system they can be installed in. If the voltage in the end use is exceeded,
then the instructions shall recommend a repeat of the dielectric voltage withstand test of the [assembly for
the higher voltage.
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Annex A (Normative)
A1 Standards for Components

A1.1 The CSA Group and UL standards listed below are used for evaluation of components and features
of products covered by this standard. Components shall comply with all the applicable CSA Group and UL
component standards. These standards shall be considered to refer to the latest edition and all revisions
published to that edition.

CSA Group Standards

C22.2 No. 14, Industrial Control Equipment

C22.2 No. 49, Flexible Cords and Cables

C22.2 No. 64, Wire Connectors

C22.2 No. 78, Wires and Cables, Thermoplastic-Insulated

C22.2 No. 137, Equipment and Lead Wires

C22.2 No. 143, Electrical Quick-Connect Terminals

C22.2 No. 148, Terminal Blocks

C22.2 No. 182.1, Plugs, Receptacles, and Cable Conngctors, of the Pin and Sleeve Type
C22.2 No. 182.3, Special Use Attachment Plugs,-Réceptacles and Connectors

C22.2 No. 235, Supplementary Protectors

C22.2 No. 248.1, Fuses, Low Voltage. —)Part 1: General Requirements

CAN/CSA-C22.2 No. 60947-4-1;"Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and
Motor-Startels — Electromechanical Contactors and Motor-Starters

CAN/CSA-E®61131-2, Programmable Controllers — Part 2: Equipment Requirements and Tests

UL Standards

UL 44, Thermoset-Insulated Wires and Cables

UL 62, Flexible Cords and Cables

UL 66, Fixture Wire

UL 83, Wires and Cables, Thermoplastic-Insulated

UL 98B, Enclosed and Dead-Front Switches for Use in Photovoltaic Systems

UL 248-1 (and all applicable parts), Low-Voltage Fuses — Part 1: General Requirements

UL 248-13, Low-Voltage Fuses — Part 13: Semiconductor Fuses
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UL 252, Compressed Gas Regulators

UL 310, Terminals, Electrical Quick-Connect

UL 429, Electrically Operated Valves

UL 444, Communications Cables

UL 467, Grounding and Bonding Equipment

UL 486A-486

B, Wire Connectors

UL 489, Mold
UL 489F, Mol

UL 489G, Mg
1000 Volts A(

UL 498, Attag
UL 499, Elect
UL 508, Indus
UL 508A, Ind
UL 514A, Me
UL 796, Print
UL 796F, Fle
UL 857, Busv
UL 991, Tests

UL 1004-1, R

pd-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosur:
Hed-Case Circuit Breakers and Molded-Case Switches for Use with Battery Pow

lded-Case Circuit Breakers, Molded-Case Switches, and Circuit:Bréaker Encld
C and 650 — 1500 Volts DC

hment Plugs and Receptacles
ric Heating Appliances
trial Control Equipment
strial Control Panels
allic Outlet Boxes
pd-Wiring Boards
ible Materials Interconnect Constructions
ays
for Safety-Related Controls Employing Solid-State Devices

ptating-Electrical Machines — General Requirements

UL 1053, Grog

S
er Supplies

sures, 650 —

und-Fault Sensing and Relaying Equipment

UL 1059, Terminal Blocks

UL 1063, Wires and Cables, Machine-Tool

UL 1077, Supplementary Protectors for Use in Electrical Equipment

UL 1434, Thermistor-Type Devices

UL 1441, Coated Electrical Sleeving

UL 1577, Optical Isolators

UL 1581, Reference Standard for Electrical Wires, Cables, and Flexible Cords
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UL 1598, Luminaires

UL 1653, Ele

UL 1682, Plu

ctrical Nonmetallic Tubing

gs, Receptacles, and Cable Connectors, of the Pin and Sleeve Type

UL 1861, Power-Operated Chemical Pumps

UL 1977, Connectors for Use in Data Signal and Power

UL 2238, Cable Assemblies and Fittings for Industrial Control and Signal Distribution

UL 2419, Elg
UL 2591, Ba
UL 2726, Ba

UL 2734, Co

UL 4127, Loy Voltage Battery Cable

ctrically Conductive Corrosion Resistant Compounds
tery Cell Separators
tery Lead Wire

hnectors and Service Plugs for Use with On-Board Electrical\/ehicle (EV) Charg

ing Systems

UL 4128, Intércell and Intertier Connectors for Use in Electrochemical Battery System Applications

UL 4248-1, A
UL 9703, Dig
UL 60691, T

UL 60730-2
Requiremen

UL 60730-2
Requiremen

UL 60947-1,

UL 60947-44
Electromech

useholders — Part 1: General Requirements
tributed Generation Wiring Harnesses
nermal-Links — Requirements an@Application Guide

L6, Automatic Electrical-"Controls for Household and Similar Use — Part
s for Automatic Electrical-Pressure Sensing Controls Including Mechanical Reqt

9, Automatic Eléctrical Controls for Household and Similar Use — Part 2
s for Temperattre Sensing Controls

L ow-Voltage Switchgear and Controlgear — Part 1: General Rules

1, Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Mo
bnjcal Contactors and Motor-Starters

2: Particular
irements

-9: Particular

for-Starters —

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

UL 61058-1,

UL 61131-2,

Switches for Appliances — Part 1: General Requirements

Programmable Controllers — Part 2: Equipment Requirements and Tests
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Annex B (Normative)
Test program for sodium-beta battery cells

B1 General

B1.1 Battery systems that employ sodium-beta cells and batteries shall comply with the applicable
construction and test requirements outlined in this standard. They shall additionally be subjected to the
requirements of this Annex.

B1.2 Table B.1 outlines the tests and sample number of cells for the tests of this Annex. Refer to Table
8.1 for the sample numbers of batteries used in battery tests.

Table B.1
Cell Samples for Tests
Test Section Number of fresh cells Number offcycled cells
Electrical
Cell short circui B2.1.1 2 2
Cell abnormal dharging B2.1.2 2 2
Mechanical
Cell shock® B2.2.1 1
Cell vibration B2.2.2 1
Environmenta
Cell heating B2.3.1 2 2
Cell temperature cycling B2.3.2 1
@ A small battery module may be used.

B2 Cell Tests
B2.1 Electrjcal
B2.1.1 Cellishort circuit

B2.1.1.1 Two as received fully charged cells and two fully charged cells previously subjected to
charge/discharge cyclingoutlined in B2.1.1.2 shall comply with the short circuit test of B2.1.1.8.

B2.1.1.2 The cycled cells shall be cycled continuously in accordance with the mpnufacturer's
specifications. The specifications shall be such that the full capacity of the cell is utilized and the number of
cycles accumulated shall be at least equal to 25 % of the advertised cycle life of the cell or cycled
continuously for 90 days, whichever is shorter. Cycling shall be done either individually or in groups. The
cell is then recharged prior to testing.

B2.1.1.3 Each test sample shall be short-circuited by connecting the positive and negative terminals to a
resistance load of less than or equal to 20 mQ. The testing is conducted at room ambient 25 15 °C (77
19 °F) with the cell heated to its normal operating temperature. Testing is continued until the cell is fully
discharged and the temperature returns to operating ambient. The test is repeated with the short circuit
condition applied first and then the cell heated to its normal operating temperature.

B2.1.1.4 As aresult of the short circuit, the cell shall not explode or catch fire.
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B2.1.2 Cell abnormal charging

B2.1.2.1 Two as received fully charged cells and two fully charged cells previously subjected to
charge/discharge cycling outlined in B2.1.1.2 shall comply with the abnormal charging test of B2.1.2.2 —
B2.1.2.4.

B2.1.2.2 Cells shall be discharged to the manufacturer’s specified end of discharge conditions. Each test
sample, at its specified operating temperature, shall be subjected to a constant current charging at the
specified maximum charging current Ic until the maximum (abnormal) charging voltage as specified by the
manufacturer is reached. Then the charging is continued using constant voltage charging at the maximum
(abnormal) charging voltage for 7 h.

B2.1.2.3 ermﬂn-mﬂcmmfdeﬁte-maerduﬁngﬁheﬁesbﬂﬁﬂeﬁ-ivrepeaedm-mples with a
charging inplits below the trip point of the protective device.

B2.1.2.4 Ag a result of the abnormal charging, there shall be no fire or explosion.
B2.2 Mechanical
B2.2.1 Cell shock test

B2.2.1.1 Affresh sample of cell or fully charged small battery medule (per MOSOC of 8.1] shall comply
with the shodk test as outlined below.

B2.2.1.2 THe sample shall be secured to the testing machine by means of a rigid mount, which supports
all mounting|surfaces of the sample. Each sample shallthe subjected to a total of three shpcks of equal
magnitude. TThe shocks shall be applied in each of three mutually perpendicular directions fqgr a total of 18
shocks unlegs the sample has only two axes of symimetry, in which case only two directions [are tested for
a total of 9. The parameters of the shock applied-are as noted in the Table B.2 below. The shocks shall be
applied with the sample at room temperature of 25 °C 15 °C (77 °F £9 °F). At the conclusion of the shock
testing the sample is operated (i.e. charged/discharged) at its normal operating temperature|for 1 cycle to
determine if it has been made hazardousas-a result of the shock conditioning.

Table B.2
Shock Testing Parameters
Sample type Waveform type Peak acceleration Pulse dufation, ms
Cell Half sine 150 g 3
Small battery module Half sine 509 1
B2.2.1.3 The Oalllp:cb shaltnot CAp=udc orcatchfire—Hhe-maximummass pclucllt toss—of the cell shall

be 0.1 %. For sodium sulfur type cells, the cell casing temperature shall be equal or less than that of a
fresh cell when cycled.

B2.2.2 Cell vibration

B2.2.2.1 One fresh sample of the cell shall be subjected to simple harmonic motion with an amplitude of
0.8 mm (1.6 mm total maximum excursion).

B2.2.2.2 The frequency shall be varied at a rate of 1 Hz/min between 10 and 55 Hz, and return in not
less than 90 min or more than 100 min. The cell is tested in three mutually perpendicular directions unless
it has only two axes of symmetry, in which case it is only to be tested perpendicular to each axis. The
vibration conditioning shall be at an ambient of 25 +5 °C (77 9 °F). At the conclusion of the testing, the
cell shall be operated (i.e. charged/discharged) for 1 cycle at it normal operating temperature to determine
if it is hazardous after being subjected to the vibration conditioning.
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B2.2.2.3 The cells shall not explode or catch fire. The maximum mass percent loss of the cell shall be
0.1 %. For sodium sulfur type cells, the cell casing temperature shall be equal or less than that of a fresh
cell when cycled.

B2.3 Environmental
B2.3.1 Cell heating

B2.3.1.1 Two fresh cells and two cells previously subjected to the charge discharge cycling of B2.1.1.2
were subjected to the cell heating test of B2.3.1.2.

B2.3.1.2 The cells shall be placed in an air circulating oven or gravity convection oven. The temperature
shall be raisgd from an ambient of 25 £5 "C (77 9 'F) at a rate of 5 £Z "C/min (7.5 £3.6| °F/min) to a
temperature ¢f 25 +2 °C (77 £3.6 °F) above the maximum operating temperature of the cell and held for 30
min. The test|s then discontinued.

B2.3.1.3 As|a result of the heating, there shall be no fire or explosion.
B2.3.2 Cellftemperature cycling
B2.3.2.1 Orle fresh cell shall be subject to the temperature cycling test.of B2.3.2.2.

B2.3.2.2 Thg sample shall be placed in a test chamber and subjected to the following cycles|

a) Raising the chamber temperature to 85 +2 °C (185)£3.6 °F) within 30 min and mgintaining this
temperature for 4 h.

b) Reducing the chamber temperature to 20 £2 °C (68 £3.6 °F) within 30 min and mgintaining this
tempefrature for 2 h.

¢) Redlucing the chamber temperaturé_to minus 40 £2 °C (minus 40 +3.6 °F) within 30 min and
maintaining this temperature for 4 h.

d) Raiging the chamber tempefature to 20 +2 °C (68 +£3.6 °F) within 30 min.

e) Repeating the sequencefor 9 additional cycles for a total of 10 cycles.

B2.3.2.3 After the tenth cycle the cell shall be operated (i.e. charged/discharged) for ong cycle at its
normal operafing temperature.

B2.3.2.4 Thg celkshall not explode or catch fire. The maximum percent mass loss of the|cell shall be
0.1 %. For sddium,sulfur type cells, the cell casing temperature shall be equal or less than that of a fresh
cell when cycled
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Annex C (Normative)
Test program for flowing electrolyte batteries

C1 General

C1.1 Battery systems consisting of flowing electrolyte batteries shall comply with the applicable
construction and test requirements of this standard. They shall additionally be subjected to the
requirements outlined in this Annex.

Exception: The Overdischarge Protection Test, Imbalanced Charging Test, and Drop Impact Test are not
conducted on flowing electrolyte systems.

C1.2 The spmple criteria for the cell stack tests is outlined in Table C1.1.

Cell Stack SamglL; for Tests
Test Section Number of cell stacks tested
Vibration of cell stack C4.1 1
Shock test on ¢ell stack (drop impact C4.2 1
exception)
High temperatiire test on cell stack Cc4.3 1
Short circuit tegt on cell stack C4.4 1

C2 Materigls Containing Electrolyte — Resistance to Deterioration from Fluids

C21 Parts
Compliance
strength of t
received con

containing electrolyte shall be resistant to deteriorations from the fluids fthey contain.
s determined by the testing outlined in C2.2 and C2.3. As a result of the testing, the tensile
bsted materials shall not be iéss than 80 % of the tensile strength of the matgrial in the as
dition.

C2.2 Thre¢

accordance
standard lab

under test sh

C2.3 Nine g

samples sha
(122 °F)in a
be removed

as-received samples of materials conditioned as described in C2.3 shall
with ASTM D638 Prior to tensile strength testing, the samples shall be cor
temperature of 23°C (73.4 °F), 50 % humidity for 40 h. The tensile strength of
all be recordéd.

samples shall be immersed in the test liquid representative of the electrolyte con
| be ¢onditioned for 7 days, three for 30 days and three for 60 days at a temper
fullsdfaft air-circulating explosion-proof oven. Following the exposure tests the

o aven-andfram-thao tact Loag piA th am ~Aas ned-atao-ciandard ok naor.

be tested in
ditioned at a
the materials

tained. Three
hture of 50 °C
samples shall

tha o) ditio m
O tCove T o T o o tC ot ot oommamtomn U atra- StarnaardaiotCroct

ature of 23 °C

(73.4 °F), 50 % humidity for 40 h prior to tensile testing. Samples are evaluated from each of the exposure
times for tensile strength and compared with as-received samples. The 60 day exposure test may be

waived depe

nding upon the results of samples subjected to the 30 day exposure.

C2.4 Gaskets and seals which contain the electrolyte shall be subjected to the volume change and
extraction, tensile strength and elongation after 70 h immersion in the electrolyte at a temperature of 50 °C
(122 °F) in accordance with UL 157. Prior to mechanical testing, the samples shall be cooled by use of a
container of the electrolyte at 23 °C (73.4 °F) for 30 min. The tensile strength and elongation shall be a
minimum of 60 % of the as received values and the volume change of minus 1 to +25 % of the as received

values and e

xtraction (change in weight) no greater than 10 %.
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C3 Materials Containing Electrolyte — Temperature Exposure

C3.1 Parts containing electrolyte shall be suitable for intended temperature use. Compliance is
determined by the testing of C3.2 and C3.3. As a result of the oven aging, the part shall not show signs of
deterioration such as cracking or embrittlement. The tensile strength of the conditioned part shall not be
less than 80 % of the tensile strength of the as received part.

C3.2 Three as-received samples of materials conditioned as described in C3.3 shall be tested in
accordance with ASTM D638. Prior to tensile strength testing, the samples shall be conditioned at a
standard lab temperature of 23 °C (73.4 °F), 50 % humidity for 40 h. The tensile strength of the materials
under test shall be recorded.

C3.3 Six sa = = ;
and three for[90 days at a temperature of 70 °C (158 °F). Following the oven conditioping
shall be remgved from the oven and then conditioned at a standard lab temperature of, 23

for 45 days
the samples
"C (73.4 °F),
50 % humidi

times for tens

Exception Ng
temperature (

Exception Ng
temperature (

C3.4 Gaskg

for 40 h prior to tensile testing. The samples are evaluated from each| of the
le strength and compared with as-received samples.

. 1: As an alternative test method, the part shall be conditioned for 30 and
f80 °C (176 °F) in a full-draft air-circulating oven.

. 2: As an alternative test method, the parts shall be’conditioned for 15 and
f90 °C (194 °F) in a full-draft air-circulating oven.

ts and seals which contain the electrolyte shall be subjected to the air oven agi

157. The test
exposure te
conditioned

temperature shall be in accordance with Table4.3 of UL 157 and based upon th
peratures in the end use application. Fellowing oven conditioning, the sam
a standard lab temperature of 23 °C (734 °F), 50 % humidity for 16 h prior t

conditioning

60 days at a

30 days at a

ng test of UL
e anticipated
bles shall be
Db tensile and

elongation tegting. The tensile strength and elongation after oven aging shall be a minimum df 60 % of the

as received values.

o the lower
specified by
ordance with

C3.5 Gasket and seals used in electrdlyte containment systems shall be subjected
temperature test of UL 157 for minus 40:°€ (minus 40 °F), or the lowest ambient temperature
the manufactprer, but not higher than'0_SC (32 °F), with no visible evidence of cracking in acg
the test criterip of UL 157.

C4 Flowing Electrolyte Cell Stack Tests
C4.1 Vibration of cell stack

C4.1.1 One
C4.1.2 and
extent that re

prdance with
naged to the

sample of a flowing electrolyte cell stack shall be subjected to vibration in acc
4.1,3. As a result of the vibration conditioning, the cell stack shall not be dar
suttsTmteaks—SeeTable €11

C4.1.2 The DUT shall mounted to a vibration text fixture and subjected to a simple harmonic motion with
an amplitude of 0.76 mm, and a total maximum excursion of 1.52 mm. The frequency is varied at the rate
of 1 Hz/min between the limits of 10 Hz and 55 Hz. The entire range of frequencies (10 Hz to 55 Hz) and
return (55 Hz to 10 Hz), is traversed in 90 £5 min for each mounting position (direction of vibration). The
vibration is applied in each of three mutually perpendicular directions.

Exception: Another method of vibration representative of the transport conditions of the cell stack such as
ISO 13355, or IEC 60068-2-64, etc. may be used if determined to be more suitable for the size and design
of the stack.

C4.1.3 At the conclusion of the vibration conditioning, the DUT shall be checked for leaks by subjecting it
to the leakage test C5.2.
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C4.2 Shock test on cell stack

C4.2.1 One sample of a flowing electrolyte cell stack shall be subjected to the shock test in accordance
with C4.2.2 and C4.2.3. As a result of the shock conditioning, the cell stack shall not be damaged to the
extent that results in leaks. See Table C1.1.

C4.2.2 The DUT shall be secured to a test machine by means of a rigid mounts supporting all surfaces of
the cell stack. Each DUT shall be subjected to a total of three shocks of equal magnitude. The shocks shall
be applied in each of three mutually perpendicular directions. For each shock the DUT shall be accelerated
in such a manner that during the initial 3 ms, the minimum average acceleration is 75 g (where g is the
local acceleration due to gravity). The peak acceleration shall be between 125 and 175 g.

Exception: Where-tismot-practicattoconduct-a—shocktest-omthe DU duetoits—size-or—ca nﬁguration, it
may be subjécted to a drop impact test in accordance with Section 31 instead.

C4.2.3 At the conclusion of the shock conditioning or impact test, the DUT shall be checked for leaks by
subjecting it {o the leakage test C5.2.

C4.3 High temperature test on cell stack

C4.3.1 0Ong sample of the flowing electrolyte cell stack shall be subjected to the high temperature test in
accordance yith C4.3.2 and C4.3.3. As a result of the high tempefature conditioning, the cgll stack shall
not be damaged to the extent that results in leaks. See Table C1-.

C4.3.2 The|DUT shall be conditioned for 7 h in an air circulating temperature chamber at a temperature
of 10 £2 °C (50 3.6 °F) plus the maximum temperature rating of the cell stack or 70 +2 °C (158 +3.6 °F),
whichever is|greater.

C4.3.3 At the conclusion of the high temperature_conditioning, the DUT shall be allowed tg cool to room
ambient and|then it shall be checked for leaks by subjecting it to the leakage test of C5.2.

C4.4 Short circuit test on cell stack

C4.4.1 A cell stack shall be subjected to a short circuit test to a total external resistance df less than or
equal to 20 mQ until the cell stack is completely discharged, or the operation of an intedral protective
device or other results. See Table C1.1.

C4.4.2 As aresult of thesshort circuit test, there shall be no fire or explosion.

C5 Flowing Electrolyte Battery System Tests
C5.1 Hyer&eptess«re(est

C5.1.1 Electrolyte containment vessels where there is the potential for gas pressure build up having a
pressure-times-volume value greater than 200 kPa-L (7.67 psi-gal), and pressure greater than 50 kPa
(7.25 psi), shall be subjected to a hydraulic pressure test as described in C5.1.2. As a result of the test, the
vessel shall not burst, leak, rupture, fracture, or permanently (plastic) deform.

Exception No. 1: Where unmarked pressure vessels are not able to be hydraulically tested, compliance
shall be verified by other applicable tests, such as an air pneumatic test at the same test pressure as for
the hydraulic test.

Exception No. 2: Piping systems under the scope of ASME B31.3, shall be subjected to ultimate strength
and leakage testing in accordance with that code.
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C5.1.2 The test pressure shall be the maximum pressure specified by the manufacturer multiplied by five
or 1.5 times the operating pressure of a pressure relief device, whichever is greater. A pressure-relief
device which is used to limit the maximum pressure shall be inactive during the test. The pressure shall be
raised gradually to the specified test value and held at that value for 1 min.

C5.2 Leakage test

C5.2.1 Leakage from fluid-containing parts shall not result in the risk of fire, electric shock, or injury to
persons. As a result of the leakage test, the following in (a) — (h) are considered non-compliant results:

a) E — Explosion;

b) F — Fire;

c) C —|Combustible vapor concentrations;

d) V —[Toxic vapor release;

e) S —|Electric shock hazard (dielectric breakdown);

f) L — Leakage (external to enclosure of DUT);

g) R —|Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

h) P —|Loss of protection controls.

C5.2.2 Compliance is determined by subjecting the parts<tora fluid pressure of 1.5 times the maximum
pressure (if testing with liquid) or 1.1 times the maximuny,pressure (if air pneumatic testing) of intended
use during opleration of the system. There shall be no leaks as a result.

C5.3 Electrplyte blockage tests

C5.3.1 Punp failure/blockage during charging

C5.3.1.1 A pump failure or potential 'eléctrolyte blockage from another cause during charging may lead to
an overchargge condition in a flowing electrolyte battery system.

C5.3.1.2 The Overcharge (test of Section 15 shall additionally consider, for flowing elgctrolyte type
battery systems, an overcharge condition that can result from an electrolyte pump failure off other cause
leading to eleftrolyte line blockage.

C5.3.2 Punip failure/blockage during discharging

C53.21 A
to an overdischarge condition in an flowing electrolyte battery system.

rge may lead

C5.3.2.2 A test shall be conducted to evaluate any hazards resulting from an electrolyte pump failure or
electrolyte blockage during a maximum constant current discharge.

C5.3.2.3 As a result of the pump failure/blockage during discharging test, the following in (a) — (h) are
considered non-compliant results. For additional information on non-complying results refer to Table 12.1.

a) E — Explosion;
b) F — Fire;
c) C — Combustible vapor concentrations;

d) V — Toxic vapor release;
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e)S -

fyL—-

g)R-
h)P -

Electric shock hazard (dielectric breakdown);
Leakage (external to enclosure of DUT);
Rupture (of DUT enclosure exposing hazardous parts as determined by 7.3.3);

Loss of protection controls.

C5.4 Short circuit test

C5.4.1

When conducting the short circuit test of Section 17 on the system, the electrolyte flow rate shall

be maintained at a constant rate during the test, until the protection operates, the system is discharged or
other ultimate results occur to end the test.

C5.5

C5.5.1 Sys
electrolyte fly

C5.5.2 The
battery shall

C5.5.3 The
mega ohmm

accessible conducting parts including the equipment grounding-circuit, for 1 min.

Exception: T
Verification,
using this me

C5.6 Failu

C5.6.1
system shall

C6 Spill Containment Systems

C6.1 If spil
containment

materials and parts.of the system shall be subjected to the applicable tests of UL 2436.

Exception: T

Insulation resistance

When conducting the failure, of.the cooling/thermal stability system test of Section 2

ems shall have sufficient insulation resistance to prevent hazards associated W
ids traveling through the system.

resistance of insulation used on hazardous voltage circuits,'within the flowi
be greater than or equal to 1 MQ when conducting the test af C5.5.3.

insulation resistance shall be measured using high impedance measuring eq
oter) after applying a voltage of 500 Vdc betweenithe live parts of the circuit u

he insulation resistance test of IEC 6036456, Low voltage electrical installati
can be conducted instead. Compliance «criteria is in accordance with the IEC 6
thod.

e of the cooling/thermal stability system test

be tested at ambient temperature rather than tested in a test chamber.

containment\systems such as containment vessels and/or absorption pillows
absorptien-or neutralization of electrolyte spills from a flowing electrolytg

b3ts) involving exposure to or use of electrolyte other than sulfuric acid shall be

ith energized

ng electrolyte

uipment (e.g.
nder test and

bns — Part 6:

0364-6 when

4, the battery

are used for

battery, the

modified from

those of UL

436 based upon the electrolyte, utilized in the flowing electrolyte system under test.
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D1

D1.1

Annex D (Normative)

Metal compatibility

General

For combinations that fall above the line in Table D.1, an evaluation on the parts can be conducted

to determine suitability. Protection methods such as coatings can be used, but will need to be evaluated.

D1.2 The evaluation method shall consist of a comparison of the part to evaluate with a similar part using
construction that is below the line of Table D.1, after corrosion conditioning such as a salt fog conditioning
in accordance with ASTM B117, ISO 9227 or similar method. Measurements of the properties of the

connection p
before and af
part being e
bond/mechan

D1.3 Thed
reduced perf
greater than {

D1.4 As an
with sealing t
galvanic corrg

er conditioning with a comparison of the results. Properties to measure willdep
valuated, but could include resistance, temperatures on the part during
ical strength as applicable to the type of connection.

hat of the comparison design.

sion without additional evaluation.

bther approach, a coating with known properties, suctras one evaluated to U
ne area to prevent moisture exposure can be used to.establish acceptable protg

Aris (design under consideration as well as comparison design) under test-shall be made

end upon the
bperation, or

bterioration of the devices under evaluation shall not result in unaeceptable properties (i.e.
brmance that would result in malfunction of the connection)«nor shall the det

erioration be

L 546, along
ction against



https://ulnorm.com/api/?name=UL 1973 2022.pdf

FEBRUARY 25, 2022 ANSI/CAN/UL 1973 97

Table D.1
Metal Compatibility Table

@
L
(7]
s S5 S
» 5 23 &z
o 8 5 3 =% = £
> w - @9 -
22 5= T £ 58 =g 88 £
‘£ - 4 £ 2 32 5®
EES SN e 3 3 5 = 3 5% 5§ 8% 3 S35 £
g3 s 8§22 © s 8 & v 25 58 5 2% @ 55 =
55 s £6 E § 2 <& ® § § 52 £ & Bt 5 & &8 T
ST c oc = b=l = = =1 o = PNt 2T o =T .= = =2 © o
= E N BN < o < = a 4 S S I®w O hB Z @ s O 0]
0 05 055 |07 08 085 0.9 10 1.05 11 115 125 135 14 145 16 165 17 175 | Magnesium, magnesium alloys
0 0.05 0.2 03 035 0.4 05 0.5 0.6 0.65 0.75  0.85 0.9 0.95 1.1 115 12 1.25 Zinc, zinc alloys
0 015 025 03 035 045 05 055 0.6 07 08 08 09 105 1.1 115 1.2 #~\80.4in/20 Zn on steel,
Zn on ifon or steel
0 01 015 02 03 035 04 045 055 (065 07 075 09 095 1.0 ~1.05 Aluminjum
0 005 01 02 025 03 035 045 055 0.6 [065 08 085 0.9, *095 | Cdon gteel
0 005 015 02 025 0.3 04 05 055 06 075 98,085 09 | A/Mgdloy
0 01 015 02 025 035 045 05 055 | 0% 075 08 0.85 | Mild stgel
0 005 01 015 025 035 04 045 Duralufnin
0 005 0.1 0.2 03 035,/ 04 Lead
0 0.05 015 025, 03 035 Cr on gteel, soft solder
0 0.1 02 025 03 Cron Ni on steel, tin on steel,
12% Cf stainless steel
0 01 015 02 035 04 045 05 High Cf stainless steel
0 0.05 01 025 03 035 04 Coppet, copper alloys
0 005 02 025 03 035 | Silvergolder,
austenttic stainless steel
0 015 02 025 03 Ni on sfeel
0 005 01 015 | Silver
0 0.05 0.1 Rh on Ag on Cu,
silver/gpld alloy
0 0.05 | Carbor
0 Gold, gjatinum
su0803c
Ag = Silver Mg = Magnesium
Al = Aluminiuni Ni = Nickel
Cd = Cadmium Rh = Rhodium
Cr = Chromium Zn =Zinc
Cu = Copper

Note — Corrosion due to electrochemical action between dissimilar metals which are in contact is minimized if the combined
electrochemical potential is below about 0.6 V. In the above table the combined electrochemical potentials are listed for a number of
pairs of metals in common use; combinations above the dividing line should be avoided.
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Annex E (Normative)
Cell Test Program
E1 General
E1.1

The following shall be used to evaluate lithium ion cells or other secondary lithium cells.

E1.2 Samples used for testing shall be representative of production. The number of samples used for
each test and the pass/fail criteria for testing is outlined in Table E.1. As an alternate, the lithium ion cell
test program outlined in Sections E10 — E11 may be used.

E1.3 Prior {o conditioning in E1.4, two samples from the total set of samples as representative samples
shall be subjected to the capacity check per E2.2 to confirm the capacity of the samples.is|cofrect.

E1.4 Prior [to testing, the samples shall be conditioned by first dischargingy them |down to the
manufacturel’s specified end point voltage and then charging them to the manufacturer's specified upper
limit charging voltage using the manufacturer's specified maximum charging\current. Samples shall be
charged at the upper temperature limit of the charging operating region and.the lower limit of the charging
operating region for those tests as identified in Table E.1. During charging;-a minimum of on¢ temperature
is measured jon the surface of the cell centered on the cell. For prismatic cells, this would be pn the largest
flat surface.

Table E.1 o
Test Samples and Results Criteria
Number of samples
conditioned at Number of samples
upper limit conditioned at lower
temperature per limit temperature Total samples ) .
Test Section E1.4% per E1.4 tested Compliance
Short Circuit E3 1 1 2 No: fife or explosion
Cell Impact E4 1 1 2 No: fife or explosion
Drop Impact ES — — 2 No: fife or explosion
Heating E6 1 1 2 No: fife or explosion
Overcharge E7 1 1 2 No: fife or explosion
Forced E8 - - 2 No: fire or explosion
Discharge
Projectile E9 - - 2(4) No:|projectiles in
accprdance with
E9.2.

@ The upper linit temperature, lower limit temperature, upper limit charging voltage, maximum charging current, distharge current
and end point voltage parameters used for conditioning of cell samples are specified by the cell manufacturer.

® Those cells not complying with the Projectile Test of E9 can be used in batteries that comply with the Thermal Exposure for
Explosion Hazards Test of Section 41.

¢ Test results for compliance criteria is defined in E12.2.

E1.5 Some lithium cells are capable of exploding when the tests described in this Annex are conducted.
It is important that personnel be protected from the flying fragments, explosive force, sudden release of
heat, and noise that results from such explosions. The test area shall be well ventilated to protect
personnel from possible harmful fumes or gases.

E1.6 As an additional precaution, the temperatures on the surface of the cell casings shall be monitored
in accordance with E1.7 during the tests described in this Annex. All personnel involved in the testing of
lithium cells shall be instructed never to approach a lithium cell while the surface temperature exceeds
90 °C (194 °F) and not to touch the lithium cell while the surface temperature exceeds 45 °C (113 °F).
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E1.7

In accordance with E1.6, the surface temperatures of the cell casing shall be measured as follows:

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

b) The temperature measurements on the cells shall be made with the measuring junction of the
thermocouple held tightly against the metal casing of the cell.

Exception: Placing the thermocouple on a thin piece of paper or label is an acceptable practice.

E1.8 For protection, the Projectile Test in E9 shall be conducted in a room separate from the observer or
within an appropriate containment chamber.

E2 Precon&itioning and Capacity Check

E2.1 Preco

E2.1.1 The

conducted on secondary lithium metal (i.e. lithium metal anode) cells. Lithium ion cells

subjected to ¢

E2.1.2 Secq
19 °F). The ¢
such that the
least equal tg
shorter. Cycli

E2.2 Capadity check

E2.2.1 Prior
be checked in

E2.2.2 For
conducted on

Exception : F
may be cond
discharged d
manufacturer

E2.2.3 The
to a specified

nditioning
charge/discharge cycling preconditioning in E2.1.2 shall be)done before

harge/discharge cycle preconditioning.

ndary lithium metal (i.e. lithium metal anode) cells shall.be conditioned at 25 °C

full rated capacity of the cell is utilized and the ndmber of cycles accumulate
25 % of the advertised cycle life of the cell or cycled continuously for 90 days,
ng shall be done either individually or in groups:Cells shall be recharged prior to

to conducting testing, the capacity-of the lithium ion and lithium metal cells to b
accordance with E2.2.2 — E2.2.5.by selecting two samples from the total set of

testing and
need not be

+5°C (77 °F

Ells shall be continuously cycled as specified by theinmanufacturer. The specification shall be

d shall be at
whichever is
testing.

b tested shall
samples.

secondary lithium metal"(i.e. lithium metal anode) cells, this capacity che¢ck shall be

preconditioned secondary lithium metal cells per E2.1.

or secondary lithium metal cells subjected to preconditioning per E2.1, the cg
ucted during the preconditioning of these secondary lithium metal cells by
apacity duting’ the first few cycles. This capacity confirmation may be
shippinginspection by checking the capacity discharge curve shipped with the 3

cell.shall be discharged at 25 °C 15 °C (77 °F £9 °F) at a constant current of 0.2
end”of discharge voltage. The cell shall then be charged in a room ambient

pacity check
checking the
done in the
amples.

C rate, down
temperature,

25 °C 5 °C {
cell shall then

be allo_wed té stabilize at room ambient per 6.52.

“harged. The

E2.2.4 With the cell in the fully charged condition, the cell shall be discharged at a constant current
discharge in accordance with the cell manufacturer’s specifications down to the end of discharge voltage.
The duration of the discharge shall be monitored and the measured capacity of the cell shall be calculated
to three significant figures.

E2.2.5 For cells to be used for the test program outlined in this Annex, their measured capacity shall
equal or exceed the rated specifications. All samples shall be subjected to the capacity check test if any
representative sample does not meet this criteria. The cells not meeting this criteria shall be excluded from
testing.
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E3 Short Circuit

E3.1 Fully charged, conditioned cells are stored in an ambient temperature of 25 °C +5 °C (77 °F 9 °F)
until their casing reaches ambient temperature, and then subjected to a short circuit condition using an
external resistance of < 20 mQ.

E3.2 The external resistance shall be applied to the cell terminals for 7 h or until temperatures on the cell
cool to within £10 °C (18 °F) of ambient conditions.

E3.3 The sample and compliance criteria shall be in accordance with Table E.1.

E4 Cell Impact

E4.1 Fully ¢harged, conditioned cells shall be subjected to an impact test as outlined.in)E1[1.4. The cells
shall be at arj ambient temperature of 25 °C 15 °C (77 °F +9 °F) prior to testing.
E4.2 The sample and compliance criteria shall be in accordance with Table E.#;

E5 Drop Impact

At concrete or
to testing.

E5.1 Fully ¢gharged cells shall be dropped three times from a height of'1 m (3.3 ft) onto a fl
metal surfac¢. The cells shall be at an ambient temperature of 25°€'+5 °C (77 °F £9 °F) prior

E5.2 The ceglls shall be dropped in a manner that the impacts.occur in random orientations.

E5.3 After

period beforg

completion of the impacts, the cells shall\be’subjected to a minimum one hoy
being examined.

r observation

E5.4 The spmple and compliance criteria shall-be in accordance with Table E.1.

E6 Heating

E6.1 Fully ¢harged, conditioned cells shall be subjected to a heating test as outlined in E11.J7.

E6.2 The sample and compliance criteria shall be in accordance with Table E.1.

E7 Overcharge

E7.1 Fully ¢harged-conditioned cells shall be discharged in accordance to manufacturer's gpecifications
down to the $pecified end point voltage. The test is conducted in an ambient of 25 °C 5 °C|(77 °F 19 °F)

and with the
temperature

elfcasing at an ambient of 25 °C +5 °C (77 °F +9 °F) at the start of the test Th

voltage and

of the cell shall be monitored during the test.

E7.2 The cells are charged with a constant current at the maximum specified charge current until the
voltage of the cell reaches 120 % of the maximum specified charge voltage value or 130 % State of
Charge (SOC), whichever is reached first. The charge is then terminated while the cell temperature
continues to be monitored. The test is concluded when the cell temperature drops and returns to £10 °C
(18 °F) of the test ambient.

E7.3 The sample and compliance criteria shall be in accordance with Table E.1.
E8 Forced Discharge

E8.1 Fully charged cells shall be discharged in accordance to manufacturer's specifications down to the
specified end point voltage. The test is conducted in an ambient of 25 °C £5 °C (77 °F 19 °F).
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E8.2 The discharged cells are subjected to a forced discharge at a constant current 1.0 /; A for 90 min
with the discharge voltage limit not to exceed the numerical value of the upper limit charging voltage
specified for the cell. If the discharge voltage limit is reached before the 90 min, the cell shall be
discharged at a constant voltage discharge equal to the manufacturer’s determined low voltage cutoff, with
the current decreasing as necessary until the 90 min time period is reached.

E8.3 The sample and compliance criteria shall be in accordance with Table E.1.
E9 Projectile

E9.1 Two fully charged cells shall be subjected to the projectile test criteria as outlined in E11.10.

E9.2 As a result of the projectile test, the cells there shall not be an explosion of the cell
projectiles with sufficient force to penetrate the test cage screen.

5 resulting in

ALTERNATIVE TEST PROGRAM FOR SECONDARY LITHIUM CELLS
E10 General

E10.1 This
that comply W
testing shall &
criteria for tes

Cell test program may be used to evaluate secondary lithium ‘cells for use in baftery systems
ith this standard instead of the test program outlined in Sections E1 — E9. Samples used for
e representative of production. The number of samples used for each test and the pass/fail
ting shall be as outlined in Table E.2.

E10.2 Som
important th

aI
and noise th

from possible

E10.3 Asarn

lithium cells are capable of exploding when‘the tests described below are co
personnel be protected from the flying fragments, explosive force, sudden rel
t results from such explosions. The test.area shall be well ventilated to protd
harmful fumes or gases.

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

nducted. It is
pase of heat,
ct personnel

be monitored

in accordancg with E10.4 during the tests described below. All personnel involved in the tesling of lithium

cells shall bg
(194 °F) and

E10.4
follows:

In ag

a) By

instructed never to approach a lithium cell while the surface temperature ex

not to touch the lithium cell while the surface temperature exceeds 45 °C (113 °F).

hermocouples consisting of wires not larger than 0.21 mm? (24 AWG) and not

0.05 mm? (30 AWE) and a potentiometer-type instrument; and

b) Wit

n the Measuring junction of the thermocouple held tightly against the metal casin

ceeds 90 °C

cordance with E10:3," the surface temperatures of the cell casing shall be measured as

smaller than

g of the cell.

Exception: PI

cing tne tnerrmocoupie orr a trirn piece or paper oriaber'ls ar acceptable practic

C.

E10.5 For protection, the Projectile Test in E11.10 shall be conducted in a room separate from the
observer or within an appropriate containment chamber.

E10.6 Secondary lithium metal (i.e. lithium metal anode) cells shall be conditioned in accordance with
E2.1 prior to the testing.

E10.7 The capacity of the samples for all lithium chemistries shall be confirmed in accordance with E2.2
prior to testing.
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E11 Tests
E11.1 Short-circuit test

E11.1.1 Each test cell shall be short-circuited by connecting the positive and negative terminals with a
resistance load of less than or equal to 20 mQ. The temperature of the cell case shall be recorded during
the test. The short circuit shall be applied until the cell case temperature has returned to +10 °C (£18 °F) of
ambient temperature.

E11.1.2 Tests shall be conducted at 55 +5 °C (131 19 °F). The samples shall reach equilibrium at
55 15 °C (131 19 °F), as applicable, before the terminals are connected.

E11.1.3 Thg sample and compliance criteria shall be as noted in Table E.Z.
E11.2 Overcharge test
E11.2.1  The cell shall be subjected to the overcharge test as outlined in E11.2¢2,

E11.2.2 A gell shall be subjected to a constant current charge at the maximum specified charging current
until the cell[ reaches 120 % of its maximum specified charge voltage limit or it reaches |130 % SOC,
whichever cgmes first.

E11.2.3 The sample and compliance criteria shall be in accordance with Table E.2.
E11.3 Crush test

E11.3.1 A gell shall be subjected to a bar crush using“a bar with a 15-cm (5.9-in) diameter,| The force for
the crushing|shall be applied by a hydraulic ram ©r*similar force mechanism. The force shgll be applied
until one of the following in (a) — (c) occurs. Once\the maximum force has been obtained, the(force shall be
released.

a) A voltage (OCV) drop of one-third of the original cell voltage occurs;
b) A deformation of 15 % or more (in the direction of the crush) of initial cell dimensionoccurs; or

c) A force of 1000 times the weight of cell is reached.

E11.3.2 A ¢ylindrical, peuch or prismatic cell shall be crushed with its longitudinal axis parallel to the
crushing apparatus. Each sample shall be subjected to a crushing force in only one direction pnd the crush
shall be conducted-only on the wide side of a pouch or prismatic cell. Separate samples sh3ll be used for
each test. Sde also, E11.3.3 and E11.3.4.

E11.3.3 With reference to E11.3.2, for other than pouch cells, the crush shall be applied in the center of
the cells.

E11.3.4 With reference to E11.3.2, for pouch type cells, the crushing force shall be applied on the casing
near where the cell tabs exit. If the positive and negative tabs are on opposite sides, the crush force shall
be applied on the casing near where the negative tab exits.

E11.3.5 sample and compliance criteria shall be in accordance with Table E.2.
E11.4 Impact test

E11.4.1 A cell shall be placed on a flat surface. A 15.8 £0.1-mm (5/8 +0.004-in) diameter bar shall be
placed across the center of the sample. A 9.1 £0.46-kg (20 £1-Ib) weight shall be dropped from a height of
610 £25 mm (24 11 in) onto the sample. See Figure E.1.
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Figure E.1
Impact test

A — Steel impact
B — Weight supp
C — Containment
D -9kg (20 Ib)
E - Cell

F —16-mm (5/8-i
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h) diameter bar

cell shall be impacted with its longitudinal axis'parallel to the flat surface and
jinal axis of the 15.8-mm (5/8-in) diameter-¢urved surface lying across the ce
prismatic and pouch cells, only the wide" side shall be impacted. Each sa
nly a single impact. Separate samples-shall be used for each test.

sample and compliance criteriaghall be in accordance with Table E.2.
k test
cell shall be secured, to the testing machine by means of a rigid mount which

aces of the cell. Each cell shall be subjected to a total of three shocks of equg
hall be appliedin;each of three mutually perpendicular directions unless it has g
n which caséronly two directions shall be tested. Each shock shall be applied
face of thecell.

eachitshock, the cell shall be accelerated in such a manner that during the in

erpendicular

r:v‘Ler of the test

ple shall be

supports all
| magnitude.
nly two axes
n a direction

tial 3 ms the
). The peak

acceleration g

E11.5.3 The sample and compliance criteria shall be in accordance with Table E.2.

E11.6 Vibration test

E11.6.1

mm (0.06 in) total maximum excursion].

C (77 19 °F).

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

E11.6.2 The frequency shall be varied at the rate of 1 Hz/min between 10 and 55 Hz, and return in not
less than 90 nor more than 100 min. The cell shall be tested in three mutually perpendicular directions. For
a cell that has only two axes of symmetry, the cell shall be tested perpendicular to each axis.

E11.6.3 At the end of the vibration conditioning, the open circuit voltage (OCV) of the cell is measured
and compared with the pre-test value.
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