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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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