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PREFACE

This is the harmonized CSA Group and UL standard for General Requirements for Battery-Powered
Appliances. It is the first edition of CSA C22.2 No. 023, and the second edition of UL 2595. This edition
of UL 2595 supersedes the previous edition published on May 22, 2013.

This harmonized standard was prepared by the CSA Group and Underwriters Laboratories Inc. (UL).

This standard is considered suitable for use for conformity assessment within the stated scope of the
standard.

This standart
jurisdiction of
Strategic Ste
the CSA Tec

—was Teviewed Dy the CSA—Subcommittee o Batteries and Battery - Systems, under the
the CSA Technical Committee on General Requirements, CE Code, Part'lDfand the CSA
ering Committee on Requirements for Electrical Safety, and has been formally| approved by
hnical Committee.

This standardl has been approved by the American National Standards Institute’ (ANSI) as|an American
National Starjdard.
Application of Standard
Where refere
considered a

nce is made to a specific number of samples to-be tested, the specified number is to be
minimum quantity.

Note:
it remd

Level of Harr
This standarg
An identical

differences rd

except for ed

Reasons for

Athough the intended primary application of this standard is stated in its scope, it is important to ng

nonization

is published as an identical standard for CSA Group and UL.
Sstandard is a standard(that is exactly the same in technical content excep
sulting from conflicts_in.codes and governmental regulations. Presentation is

torial changes.

Differences From IEC

This standard is the(result of many source documents including IEC 60745-1 Ed. 4.0 b:2

62841-1 Ed.

1.0. This standard is not based on a single IEC document.

ins the responsibility of the users of the standard to judge its suitability for their particular purposg.

te that

h

t for national
vord for word

006 and IEC

Interpretatio

S

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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IEC Copyright

For CSA Group, the text, figures, and tables of International Electrotechnical Commission Publication IEC
60745-1 Ed. 4.0b:2006, Hand-Held Motor-Operated Electric Tools — Safety — Part 1: General
Requirements and IEC 62841-1 Ed. 1.0: 2014, Standard for Safety for Electric Motor-Operated Hand-Held
Tools, Transportable Tools And Lawn And Garden Machinery — Safety — Part 1: General Requirements,
copyright 2006 and 2014 respectively, are used in this standard with the consent of the International
Electrotechnical Commission.

For UL, parts of this text have been taken from or adapted from IEC 60745-1 Ed. 4.0b:2006, Hand-Held
Motor-Operated Electric Tools — Safety — Part 1: General Requirements and IEC 62841-1 Ed. 1.0: 2014,
Standard for Safety for Electric Motor-Operated Hand-Held Tools, Transportable Tools And Lawn And
Garden MacHinery — Safety — Part 1. General Requirements, copyright 2006 and 2014 yegpectively are
used in this gtandard with the consent of the IEC and the American National Standards.Ingtitute (ANSI).
The IEC coplyrighted material has been reproduced with permission from ANSI. Additional information
regarding thg permission from ANSI can be found in Annex F. ANSI should be cbntacted fegarding the
reproduction |of any portion of the IEC material. Copies of IEC Publication 60745-1 and 62$41-1 may be
purchased frgm ANSI, 25 West 43rd Street, 4th Floor, New York, New York, 10036, (212) $42- 4900.
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1 Scope

1.1 This standard applies to battery operated appliances. This standard applies to appliances
incorporating detachable, integral and separable battery packs. The maximum rated voltage for
appliances and battery packs is 75 V d.c.

1.2 This standard also applies to battery-powered appliances that are also operated and/or charged
directly from the mains or a non-isolated source, including appliances provided with integral battery
chargers. The additional considerations for these constructions are contained in Additional Requirements
for Battery Operated Appliances with a Connection to Mains or a Non-isolated Source, Clause 22.

1.3 These requirements are structured so as to be used in conjunction with an end product standard.

These requi
appliance ind

1.4 These rg
product. Wit
requirements
powered verg

1.5 Conditiops of use of the product that are the basis for test and,other evaluations in the

retained and

1.6 Battery ¢
standard are|
therefore are
considered td

1.7 Battery (
charger are t
the end-prod
construction

1.8 When e\
given to the

such in this 3
fulfill an effeg

1.9 Since b4
charging and
other standa

emenis are not ntended to provide comprehensiveé evaluaiion of a batt
ependent of an end-product standard.

quirements only address the potential risks unique to the utilization of a’batte
N the exception of appliances that also have a mains or non-isolated §
replace or modify the requirements associated with risk of fire and electric sh

applied, as far as practicable, to these products emplaying a battery supply.

perated appliances not able to be connected:te, mains connected power co
not considered to be grounded (class 1) ofdouble-insulated (class II), ap
not required to have basic, supplementary (@r reinforced insulation. Electric sh
exist only between parts of opposite polarity.

acks for appliances covered unden this standard intended to be charged by 3
D be evaluated by this standard and the requirements for protection against elg
uct standard. When evaluating” a battery pack for protection against electr
hnd test requirements areto-be assessed with the battery fitted to the intende

aluating the risk of fire- associated with detachable battery packs, considerat
act that these battery packs are unattended energy sources and have been
tandard. Detachable battery packs evaluated by this standard are therefore

tive protection,against the risk of fire equivalent to that of the end-product star

ions of the appliance in the end product standard. See Indetit A in Table D1.1.

bry operated

y supply in a
ource, these
bck for mains

standard are

vered by this
pliances and
pck hazard is

non-isolated
ctric shock of
¢ shock, the
l charger.

on has been
evaluated as
considered to
dard.

ttery packs for appliances are submitted to different use patterns (such as ro

gh use, high

discharging currents) their safety can be evaluated only by this standard and not by using
dsfor battery packs, such as the Standard for Household and Commercial [Batteries, UL

2054, unless

otherwise mdicated i thisstarndard:

1.10 This standard does not apply to the safety of battery chargers themselves. However, this standard
covers the safe functioning of lithium-ion battery systems.
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1.11 This standard also addresses requirements covering the use of lithium-ion cells employed in battery

systems in appliances. The following is considered within the context of these requirements

a) These requirements address the risk of fire or explosion of these batteries but do not cover

any possible hazards associated with toxicity nor potential hazards associated with
transportation or disposal.

b) Battery systems covered by these requirements are not intended to be serviced
user.

by the end

c) These requirements are intended to provide comprehensive evaluation of a battery only if

used in products covered by this standard.

d) TILese requirements refer to and require parameters supplied in reference to.thg
estalllish conditions for safe use of those cells. Those parameters form the basis o
criterla for a number of tests contained herein. This standard does not indep&ndent]
the spfety of cells. These parameters, taken as a set, constitute the “Spegified Ope]
Regipn” for a cell. There may be several sets of specified operating fegion(s).

1.12 This stz
user, and thig

ndard is not intended to apply to appliances using general. purpose batteries in
standard alone will not be sufficient to ensure all hazards_are considered for th

“battery pack

D .

cells that
acceptance
ly evaluate
rating

stalled by the
ese products’

1.13 These equirements do not consider the effect of special.applications (such as medicgl appliances)

or special en

1.14 These
appliances s

vironments (such as hazardous locations).

equirements have not been assessed foctheir suitability for product categori
ich as information technology equipment, telecommunications, laboratory e

alarm, secur
respect to th

ty systems, emergency lighting, and”audio-video apparatus, and may be ing
se categories.

bs other than
uipment, fire
omplete with

1.15 These Jrequirements address thelsafety of battery systems during storage and dise including

discharge anfd charge. These requirements are only considered to be supplementary requ
respect to the risk of fire and electric shock in battery chargers. The safety of battery
appliances atle covered by other.standards such as the Standard for Power Units Other Tha
1012, the Stgndard for Battery-Chargers, CAN/CSA C22.2 No. 107.2, the Standard for C
Units, UL 13[L0, the Standard for Power Supplies With Extra-Low-Voltage Class 2 Outpu
C22.2 No. 2p3, or thérStandard for Information Technology Equipment — Safety — Pal
i , UL 60950-1 and CAN/CSA C22.2 No. 60950-1.

rements with
chargers for
h Class 2, UL
ass 2 Power
ts, CAN/CSA
t 1. General

end-product

to be construed to imply equivalence to end-product requirements. Conditions or req
end-product standards are to prevail over the conditions or requirements of this stan
otherwise indicated in this standard.

itions are not
uirements of
dard, unless
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1.17 This standard is not intended to cover appliances using lithium-metal type cells, and this standard
alone will not be sufficient to ensure all hazards are considered for these types of cells. Lithium-ion cells
are not lithium-metal cells.

2 General

2.1 Units of measurement

2.1.1 The values given in SI (metric) units shall be normative. Any other values given shall be for
information purposes only.

2.2 Normative references

2.2.1 The following documents, in whole or in part, are normatively referenced in this_decu

indispensabl
references, t

2.2.2 For prg
CSA Group §

CAN/CSA C3
General Req

CAN/CSA C4
Evaluation of

CSA C22.2 N
Industrial Co

CSA C22.2 N
Low Voltage

CSA C22.2 N
Low Voltage

CSA C22.2 N
Low Voltage

CSA C22.2 N
General Use

for its application. For dated references, only the edition cited applies.
e latest edition of the referenced document (including any amendments) appl

ducts intended for use in Canada, general requirements are given in CAN/CSA
tandards

2.2 No. 0
Lirements — Canadian Electrical Code, Part |

2.2 No. 0.17
Properties of Polymeric Materials

0. 14
ntrol Equipment

0. 66.1
Transformers — Part 1: Géneral Requirements

0. 66.2
Transformers — Palt2: General Purpose Transformers

0. 66.3
Transformers — Part 3: Class 2 and Class 3 Transformers

0. 1071
Roweér Supplies

ment and are
For undated
es.

-C22.2 No. 0.

CAN/CSA C22.2 No. 107.2
Battery Chargers

CAN/CSA C22.2 No. 223
Power Supplies With Extra-Low-Voltage Class 2 Outputs

CAN/CSA C22.2 No. 60950-1
Information Technology Equipment — Safety — Part 1: General Requirements
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CAN/CSA E60384-14
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification - Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains

CAN/CSA E62133
Secondary Cells and Batteries Containing Alkaline or Other Non-acid Electrolytes — Safety Requirements
for Portable Sealed Secondary Cells, and for Batteries Made from Them, for Use in Portable Applications

CSA Component Acceptance Notice No. 5A
Component Acceptance Service for Optocouplers and Related Devices

CSA TIL No. CA-3A
Component ficceptance Requirements for PTC Thermistors for Overcurrent Protection in Electrical and
Electronic Equipment

UL Standard$

UL 94
Tests for Flafnmability of Plastic Materials for Parts in Devices and Appliances

UL 508
Industrial Coptrol Equipment

UL 969
Marking and |Labeling Systems

UL 1012
Power Units Other Than Class 2

UL 1310
Class 2 Power Units

UL 1434
Thermistor-Type Devices

UL 1577
Optical Isolafors

UL 2054
Household ahd Commercial Batteries

UL 2089
Vehicle Battery Adapters (2011 edition)

UL 5085-1
Low Voltage Transformers — Part 1: General Requirements

UL 5085-2
Low Voltage Transformers — Part 2: General Purpose Transformers

UL 5085-3
Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers
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UL 60384-14
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains

UL 60950-1
Information Technology Equipment — Safety — Part 1: General Requirements

UL 62133

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety Requirements
For Portable Sealed Secondary Cells, and for Batteries Made from Them, for Use in Portable Applications

IEC Standards

IEC 60065
Audio, Video| and Similar Electronic Apparatus-Safety Requirements

IEC 60384-14
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Spe¢ification — Fix¢d Capacitors
for Electromggnetic Interference Suppression and Connection to the Supply Mains

IEC 60384-16
Sectional Spgcification: Fixed Metallized Polypropylene Film Dielectric D.C. Capacitors

IEC 60695-21{11
Fire Hazard [resting — Part 2-11: Glowing/Hot-Wire Based. Test Methods - Glow-Wire Flammability Test
Method for Ejnd-Products

IEC 60695-2{13
Fire Hazard| Testing — Part 2-13: Glowing/Hot-Wire Based Test Methods — Glow-Wire Ignition
Temperature|(GWIT) Test Method for Materials

IEC 60695-10-2
Fire Hazard Yesting — Part 10-2: Abnarmal Heat — Ball Pressure Test

IEC 60695-11-10
Fire Hazard Yesting — Part 11:10: Test Flames — 50 W Horizontal and Vertical Flame Test Methods

IEC 60730-1]2010
Automatic Elgctrical (\Controls — Part 1: General Requirements

IEC 61000-442
Electromagnetic—Compatibitity (Erc)— Part 24=2—Testing and -Measarerernt Techmgues — Electrostatic

Discharge Immunity Test

IEC 61032
Protection of Persons and Equipment by Enclosures — Probes for Verification

IEC 61056-1
General Purpose Lead-Acid Batteries (Valve-Regulated Types) — Part 1: General Requirements,
Functional Characteristics — Methods of Test
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IEC 61951-1

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Portable Sealed
Rechargeable Single Cells — Part 1: Nickel-Cadmium

IEC 61951-2

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Portable Sealed
Rechargeable Single Cells — Part 2: Nickel-Metal Hydride

IEC 61960

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Secondary Lithium
Cells And Batteries For Portable Applications

ISO Standard

ISO 3864-2
Graphical Sy
Labels

ISO 7000
Graphical Sy

ISO 12100
Safety of Ma

ISO 13849-1
Safety of Ma

3 Terms and
3.1 For the
3.2 APPLIAN
consists of h
is assumed f
include prodd

3.3 BATTER

3.4 BATTER|
appliance for
recycling pur

S

Imbols — Safety Colours and Safety Signs — Part 2: Design Principles ‘For P

mbols For Use On Equipment — Registered Symbols

Chinery — General Principles for Design — Risk Assessment and Risk Reductio

Chinery — Safety-Related Parts of Control Systems — Part 1: General Principle:
Definitions

urpose of this standard, the following definitions apply.

CE — A product, which«is-hot a component of another product, whose p

p refer to an appliance-that derives its operating power from a battery. Appli
cts or vehicles intended for the transport of people or cargo.

Y — Assembly.of one or more cells intended to provide electrical current to the
Y, INTEGRAL — Battery which is contained within the appliance and is not rem

charging purposes. A battery that is to be removed from the appliance fg
peSes only is considered to be an integral battery.

roduct Safety

S

5 for Design

imary output

bat, light, mechanical mation, or the movement of air. Within these requirements, appliance

ances do not

appliance.

bved from the
r disposal or

3.5 BATTERY PACK, DETACHABLE - Battery which is contained in a separate enclosure from the
appliance and is intended to be removed from the appliance for charging purposes.

3.6 BATTERY PACK, SEPARABLE - Battery which is contained in a separate enclosure from the
appliance and is connected to the appliance by a cord.
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3.7 BATTERY SYSTEM — Combination of a battery, the charging system, the appliance and the
interfaces between them as existing during operation of the appliance or during charging.

3.8 Cs RATE — Current, in amperes, that a cell or battery can be discharged at for 5 h to the voltage
cut-off point specified by the cell manufacturer. This is equal to the Cs capacity divided by 5 hours where
Cs is measured in accordance with Secondary Cells and Batteries Containing Alkaline or Other Non-Acid
Electrolytes — Secondary Lithium Cells and Batteries for Portable Applications, IEC 61960; Secondary
Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Portable Sealed Rechargeable
Single Cells — Part 1: Nickel-Cadmium, IEC 61951-1; or Secondary Cells and Batteries Containing
Alkaline or Other Non-Acid Electrolytes — Portable Sealed Rechargeable Single Cells — Part 2:
Nickel-Metal Hydride, IEC 61951-2.

3.9 CELL —[Basic funcfional electrochemical unit containing an assembly of electrode$, electrolyte,
container, tefminals, and usually separators that is a source of electrical energy by direct'tonversion of
chemical engrgy.

3.10 CELL, BEALED - Cell where the gases generated from within the cellmay not gscape to the
atmosphere yinder normal use although they may escape under abnormal conditions through a pressure
sensitive venf. Also known as “valve regulated cell”.

3.11 CELL, [VENTED - Cell where the gases generated from,within the cell may egcape to the
atmosphere @inder normal use. Also known as “flooded cell”.

3.12 CHARGER - Part or all of the charging system contained’in a separate enclosure. Ag a minimum,
the charger ipcludes some of the power conversion circuitiy:>-Not all charging systems inclugle a separate
charger as ip the case where an appliance may be.‘€harged utilizing a mains supply |cord or may
incorporate g plug for attachment to a mains receptacle.

3.13 CHARGING SYSTEM — Combination of circuitry intended to charge, balance and/orl maintain the
state of charge of the battery.

3.14 CLASS|I (GROUNDED) APPLIANEE — Appliance in which protection against electric shock does
not rely on basic, double or reinforced_insulation only, but which includes an additional safdty precaution
in that condugtive accessible parts are connected to the protective grounding (earthing) co:l;ductor in the
fixed wiring df the installation in,Such a way that conductive accessible parts cannot become live in the
event of a failure of the basic’ifsulation. Also considered as class | appliances are appliancgs with double
insulation anfd/or reinforcéd-insulation throughout, but also having a grounding (earthing) terminal or
grounding (earthing) contact.

3.15 CLASS| Il (DOUBLE INSULATED) APPLIANCE - Appliance in which protection against electric
shock does nat rely on basic insulation only, but in which additional safety precautions, sych as double
insulation orTef i fOTT, foed; i 7Si ive grounding
(earthing) or reliance upon installation conditions.

3.16 CLEARANCE (SPACING THROUGH AIR) — Shortest distance between two conductive parts, or
between a conductive part and the outer surface of the enclosure, considered as though metal foil were
pressed into contact with accessible surfaces of insulating material, measured through air. Examples of
the evaluation of clearances are given in Annex A.
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3.17 CREEPAGE DISTANCE (SPACING OVER SURFACE) — Shortest path between two conductive
parts, or between a conductive part and the outer surface of the enclosure, considered as though metal
foil were pressed into contact with accessible surfaces of insulating material, measured along the surface
of the insulating material. Examples of the evaluation of creepage distance are given in Annex A.

3.18 DETACHABLE PART - Part which can be removed or opened without the aid of a tool, or a part
which is removed in accordance with the instruction for use, except externally accessible brush caps, even
if removal requires the use of a tool.

3.19 DUTY CYCLE - Intended operating cycle of an appliance, each cycle being composed of an “on”
period of operation followed by an “off” period with the appliance switched off.

3.20 ELECT
through a val
components
inductors are

3.21 EXPLO
battery pack
injury.

3.22 FIRE -

3.23 FULLY
battery charg
instructions.

3.24 FULLY
one of the fo
cell) reaches
cell chemistry
The end-of-d
Tests, Clausg

3.25 GENEH
manufacturer
12-V automo

3.26 HAZAR|
exceeding 42
V d.c. or 21

ONIC COMPONENT — Part in which conduction 1S achieved principally by ele
cuum, gas or semiconductor, with the exclusion of neon indicators. Examples
are diodes, transistors, triacs, and monolithic integrated circuits. Resistors, ¢
not considered electronic components.

SION — Failure that occurs when an appliance enclosure orfa detachable
ppens violently and major components are forcibly expelled in.a manner that ¢

Emission of flames from a battery.

CHARGED - Cell or battery charged to the fmaximum state of charge per
ing system intended for use with the appliance’and in accordance with the nj

DISCHARGED BATTERY/CELL — Battery or cell that has been discharged a
lowing conditions occurs: dischargesterminates due to protective circuitry or t
a total voltage with an average, valtage per cell equal to the end-of-discharge

scharge voltages for conimon cell chemistries are provided in General Cond
p 5.

RAL PURPOSE BATTERIES/CELLS — Batteries and cells available from
S, through a variety of outlets intended for a variety of different manufacturers
ive battery and AA, C, and D alkaline cells are examples of general purpose.

DOUS VOLTAGE - Voltage between parts having an average value exceedin
.4 'V peak when the peak-to-peak ripple exceeds 10% of the average value. Th

appliances w

trons moving
of electronic
hpacitors and

or separable
ould result in

mitted by the
anufacturer’s

Cs rate until
e battery (or
oltage for the

being used, unless a differentend of discharge voltage is specified by the manufacturer.

itions for the

a variety of
" products. A

) 60 V d.c. or
is value is 30
ue for those

.2 VVpeak when the peak-to-peak ripple exceeds 10% of the average va

mere theuser s sKim s fikely to e wet a majority of time i use.See tdent B

N Table D1.1.

3.27 HEATING ELEMENT - A device that produces heat as part of the normal, intended function of an
appliance. Devices that produce heat as secondary effect of other functions are not considered heating
elements.
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3.28 ISOLATED SOURCE - Voltage source in which the output is isolated from the mains supply by
means of safety isolation complying with the Standard for Power Units Other Than Class 2, UL 1012, the
Standard for Battery Chargers, CAN/CSA C22.2 No. 107.2, the Standard for Class 2 Power Units, UL
1310, the Standard for Power Supplies With Extra-Low-Voltage Class 2 Outputs, CAN/CSA C22.2 No.
223, or the Standard for Information Technology Equipment — Safety — Part 1: General Requirements, UL
60950-1 and CAN/CSA C22.2 No. 60950-1.

3.29 MAINS — The general purpose AC power distribution external to the equipment, provided within the
premises to a service disconnecting means at least one pole of which is intended to be referenced to earth

ground.

3.30 MAXIMUM CHARGING CURRENT - Highest current that a lithium-ion cell is permitted to pass

during chargipg Tor a specified range of temperatures In the Standard for Secondary Cells
Containing Alkaline or Other Non-acid Electrolytes — Safety Requirements for Portable Seal¢
Cells, and forl Batteries Made from Them, for Use in Portable Applications, CAN/CSA-E6213

for Second
Requirement
Portable App

3.31 MEAN
an expectatig

3.32 NO LO
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3.33 NON-IS
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ry Cells and Batteries Containing Alkaline or Other Non-Acid¢El€ctrolyj
5 for Portable Sealed Secondary Cells, and for Batteries Made ‘From Thern
ications, UL 62133.

NMME TO DANGEROUS FAILURE (MTTFd) — A measurecof-system reliability

AD — Operation of the appliance with no additionaMoading being applied e

OLATED SOURCE - Voltage source in which the output is not conductively
bply by means of a safety isolating transformer.

And Batteries
bd Secondary
B or Standard
tes - Safety
n, for Use in

expressed as

n of the mean time to failures that would result in loss of a safety critical funcfion.

ternal to the

isolated from

3.34 NON-SELF-RESETTING THERMAL CUT-OUT — Thermal cut-out which requir¢s a manual

operation for
includes ope

3.35 PROTH
abnormal op4

3.36 PROTH
parts, and of

3.37 SAFET
would cause

resetting, or replacement of a part, in order to restore the current. Manual @
ation of the power switch.

CTIVE DEVICE - Device, the operation of which prevents a hazardous si
ration conditions.

CTIVE IMPEDANCE - Impedance connected between live parts and accessib
value so that\the current is limited to a safe value.

Y CRITICAL FUNCTION (SCF) — Function(s) required by this standard, the
the_appliance to function in such a manner as to expose the user to a risk thg

of the risk th<|1t iSypermitted by this standard or the end product standard under abnormal c(

peration also

uation under

le conductive

oss of which
t is in excess
nditions.

3.38 SAFETY ISOLATING TRANSFORMER - Transformer, the input winding of which is electrically
separated from the output winding by an insulation at least equivalent to double insulation or reinforced
insulation, and which is intended to supply a distribution circuit, an appliance or other equipment at safety
extra-low voltage.
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3.39 SINGLE CHANNEL — A structure in which a single functional means is used to execute specified
operations.

3.40 SPECIFIED OPERATING REGION — Range of permissible operation of lithium-ion cells, expressed
by cell parameter limits.

3.41 SPECIFIED OPERATING REGION FOR CHARGING — Conditions for voltage and current during
charging in which the lithium-ion cell is permitted to operateas specified by the cell manufacturer and
evaluated in accordance with in the Standard for Secondary Cells and Batteries Containing Alkaline or
Other Non-acid Electrolytes — Safety Requirements for Portable Sealed Secondary Cells, and for Batteries
Made from them, for Use in Portable Applications, CAN/CSA E62133 or Standard for Secondary Cells and
Batteries Containing Alkaline or Other Non-acid Electrolytes — Safety Requirements for Portable Sealed
Secondary dells, and for Batteries Made from Them, for Use In Portable Applications, UL 62133. In
general, the permissible ranges of voltage and current are dependent upon temperaturas@e Figure 3.1).

V
P

Figure 3.1 (f/’.)

Example schematic operating region of Li-ion c%
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3.42 TEMPERATURE LIMITER — Temperature-sensing device, the operating temperature of which may
be either fixed or adjustable, and which, during normal operation, operates by opening or closing a circuit
when the temperature of the controlled part reaches a predetermined value. It does not reverse this
operation of opening or closing a circuit during the normal duty cycle of the appliance.
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3.43 THERMAL CUT-OUT — Device which, during abnormal operation, limits the temperature of the
controlled part by automatically opening the circuit, or by reducing the current, the setting of which cannot
be altered by the user.

3.44 THERMAL LINK — Thermal cut-out which operates only once, and then requires partial or complete
replacement.

3.45 UPPER LIMIT CHARGING VOLTAGE — Highest voltage that a lithium-ion cell is permitted to attain
during normal charging for a specified range of temperatures in in the Standard for Secondary Cells and
Batteries Containing Alkaline or Other Non-acid Electrolytes — Safety Requirements for Portable Sealed
Secondary Cells, and for Batteries Made from them, for Use in Portable Applications, CAN/CSA E62133
or Standard for Secondary Cells and Batteries Containing Alkaline or Other Non-acid Electrolytes — Safety
Requirement§ Tor Portable Sealed Secondary Cells, and for Batteries Made from Ther, for Use in
Portable Applications, UL 62133.

3.46 VENTIN
design to pre

G - Condition that occurs, when a cell releases excessive internal-préssure
clude explosion.

intended by

4 Classification

4.1 LOW TH
impact under
Table D1.1.

4.2 EXTRA
resistance to
Clause 15 sh

tis the test t¢mperature. (e.g. ELT: -35°C). See Indent C in Table D1.1.

5 General C

5.1 Some of
from the flyin
that may res
possible harn

5.2 Applianc
voltage.

5.3 Unless o

MPERATURE (LT) — Detachable or Separable battery_pack evaluated for
low ambient temperatures as described in MechanicalStrength, Clause 15. S¢

| OW TEMPERATURE (ELT: f) — Detachable’or Separable battery pack,
impact under extreme low ambient températures as described in Mechan
pll be evaluated to a particular temperature below 0°C and shall be designated

bnditions for the Tests

the tests may result in fire:orexplosion. It is therefore important that personne
j fragments, explosive farce, sudden release of heat, chemical burns, intense i
LIt from such explosions. The test area shall be well ventilated to protect pg

nful fumes or gases:

bs having more: than one rated voltage shall be tested on the basis of the mos

therwise specified, a fully charged battery pack shall be used for each test.

resistance to
e Indent C in

pvaluated for
cal Strength,
ELT: t, where

be protected
ght and noise
rsonnel from

t unfavorable

5.4 When m

casurnng vottage, the peak vatue of any supernmposed Tippteexceeding 1096 of the average

value shall be included. Transient voltages are ignored, such as a temporary increase in voltage, for
example after the battery pack is removed from the charger.

5.5 Measurements of cell voltages during the tests of lithium-ion systems shall be made using a single
pole resistive-capacitive low pass filter with a cut-off frequency of 5 kHz +500 Hz. If charging voltages
have been exceeded, the peak value of the voltage measured after this network shall be used. The
measurement shall have measurement tolerance within £1%.
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5.6 Unless otherwise specified, all batteries shall be fully conditioned as follows:

a) Batteries shall be either discharged at a rate not to exceed ten times the Cs rate to the end
of discharge voltage or,

b) If discharged in the appliance, until the appliance ceases normal operation and then charged
in accordance with the manufacturer’s instructions.

The sequence shall be repeated one more time with an interval of at least two hours after each discharge.

5.7 The tests shall be made in a draught-free location and at an ambient temperature of 20 +5°C (68
+9°F), unless otherwise specified. All test samples shall be stabilized to the ambient temperature prior to
the test. If th¢ Temperature attained by any part Is imited by a temperature sensitive device, the ambient
temperature ghall be, in case of doubt, maintained at 23 +2°C (73.4 £3.6°F).

5.8 The location of thermocouples for lithium-ion cell temperature measurements-shall be| on the outer
surface, half fvay along the longest dimension, of the cell that results in the highesttemperature. Refer to
Figure 5.1 fof typical cell configurations and thermocouple locations.

Figure 5.1
Thermocouple location on eeéll

su0526

5.9 Temperatures shall be measured by thermocouples consisting of wires not larger than 24 AWG (0.21
mm?) and not smaller than 30 AWG (0.05 mm?) and a potentiometer-type instrument.
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5.10 Currents measured during battery charging shall be average current with an averaging period of 1
-5s.

5.11 If not otherwise specified, a fully charged battery shall be used. After removal from the charging
system and before starting a test, the fully charged battery shall be allowed to rest for at least 2 h but no
more than 6 h at an ambient temperature of 20 +5°C (68 +9°F) prior to use and after removal from the
charging system.

5.12 When a battery comprised of a single cell is employed, instructions in this standard referring to
special preparations of a cell in a series configuration shall be ignored.

5.13 For battery designs where there is a series arrangement of parallel clusters of cells, the cluster shall

be treated ag
to conducting

5.14 Where
cheesecloth,
as a "count (
other directio|

a single cell for those tests that require altering the amount of charge on a.si
the test.

ver "cheesecloth” is mentioned in the abnormal tests, the clath Shall
running 26 — 28 m?/kg (approximately 14 — 15 yd?/lb) and having what is know

h (for any square centimeter, 13 threads in one direction and 11 in the other d

5.15 The end of discharge voltages are 0.9 V/cell for nickel cadmium(or nickel metal-hydrid

for lead acid
6 Markings

Advisory Noti
French trans
have to be i
used.

6.1 In additid
battery-operg

6.2 If battery

information a
follows:

a) V

b) S
sourd

and 2.5 V/cell for lithium-ion unless the cell manufactuter specifies a different

b In Canada, there are two official languagés, English and French. Annex E i3
ations of the markings specified in this standard. All markings required by this s
h other languages to conform with the language requirements where the prg

n to the safety warnings required in accordance with the applicable end-produ
ted appliance shall complrwith the applicable marking requirements in Clause
operated appliances_and detachable or separable battery packs are marked
S one means of eamiplying with the requirements of Clause 6.6, the marking
bltage(s) Qrvoltage range(s), in volts;

mboRfor nature of supply, either “DC” or the following symbol direct current fq
es

hgle cell prior

be bleached
n in the trade

f 32 by 28", that is, for any square inch, 32 threads in one diré¢tion and 28 threads in the

irection).

e, 1.75 V/cell
voltage.

ts acceptable
tandard might
duct shall be

Ct standard, a
S 6.2 — 6.8.

with voltage
s shall be as

r battery

=== — symbol for direct current (symbol 5031 of IEC 60417)

6.3 Appliances shall be marked with “WARNING — To reduce the risk of injury, user must read instruction
manual” or the equivalent. The warning marking shall not be on a detachable part of the appliance and
shall be clearly discernible from the outside of the appliance with any detachable battery pack installed.
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6.4 The word “WARNING” shall be in capital letters not less than 2.4 mm (0.1 in) high and shall not be
separated from the cautionary statement. It may be preceded by alert symbol 0434A or 0434B of the
Standard for Graphical symbols for use on equipment — Registered symbols, ISO 7000. The term
“operator’s manual” or “user guide” may be used for the term “instruction manual”.

6.5 If the end product standard has a similar required warning, then that may be used to comply with the
requirement of Clause 6.3. Additional markings are allowed in addition to required markings, provided they
do not give rise to misunderstanding.

6.6 A battery-operated appliance provided with a detachable battery pack or a separable battery pack
shall be marked: "For use only with __ battery (battery pack, etc.),” or the equivalent where the
underlined space is completed with the manufacturer's name or trademark, catalog number, series
identification,[or the equivalent of the battery pack. Alternafively, the staiement "See Instrgction Manual
for Additionall Battery Packs,” or the equivalent may be employed in addition to at leastrong battery pack
referenced by catalog number.

6.7 A detachable battery pack, a separable battery pack, or a battery-operated-appliance provided with
an integral RQattery shall be marked "For use only with __ charger,” or|the equivalent where the
underlined space is completed with the manufacturer's name or trademark, catalog nymber, series
identification,| or the equivalent of the charger. Alternatively, the statement “See Instructign Manual for
Additional CHargers,” or the equivalent may be employed in addition to_at least one charger feferenced by
catalog number.

6.8 Detachable or separable battery packs shall be marked-with additional information as fpllows:

a) The manufacturer's name, trade name, or trademark, which may be in a traceabjle code
whern the appliance is identified by the brand ‘er trademark owned by a private labefer;

b) Aldistinctive catalog humber or the equivalent; and

A dafe-code repetition time cyele-shall not be less than 10 years. The date of manufacture may
be alpbreviated or in an established accepted code, or a code affirmed by the manufacturer. The
code(shall not require reference to the manufacturer’s records to determine when the appliance
was produced.

c) T:[e date or other dating period.of’ manufacture not exceeding any three consecltive months.

6.9 Separable and detachable battery packs shall also be marked with additional informatipn as follows:

a) The capdcity assigned by the manufacturer in Ah or mAh , based on the rated dapacity of
e-Regulated
pst, IEC
ctrolytes —
dary Cells

and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Portable Sealed
Rechargeable Single Cells — Part 1: Nickel-Cadmium, IEC 61951-1; or Secondary Cells and
Batteries Containing Alkaline or Other Non-Acid Electrolytes — Portable Sealed Rechargeable
Single Cells — Part 2: Nickel-Metal Hydride, IEC 61951-2, as applicable;

b) For alkaline or other non-acid electrolyte batteries, the type of battery such as Li-lon, NiCd
and NiMH.
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6.10 Markings required by this standard for detachable or separable battery packs shall be legible and
durable. Signs shall be in contrast such as color, texture, or relief, to their background such that the
information or instructions provided by the signs are clearly legible when viewed with normal vision from
a distance of (500 + 50) mm. Signs need not be in accordance with the blue color requirements of 1ISO
3864-2.

6.11 Compliance with Clause 6.10 shall be checked by inspection and by rubbing the marking by hand
for 15 s with a piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with
petroleum spirit. After the tests, the marking shall be easily legible, and it shall not be easily possible to
remove markings. The petroleum spirit to be used for the test shall be a reagent grade hexane with a
minimum of 85% as n-hexane. The designation “n-hexane” is the chemical nomenclature for a “normal” or
straight chain hydrocarbon. An example of this petroleum spirit is also known as a certified ACS
(American Clemical Society) reagent grade hexane (CAS #110-54-3).

6.12 In cons
Thus, for exa
are likely to K

6.13 If a ma
backing, the

6.14 Compliz
for Marking &

dering the durability of the marking, the effect of normal use shall be-taken
mple, marking by means of paint or enamel other than vitreous enamel on c
e cleaned frequently is not considered to be durable.

king required by this standard for detachable or separable baftery packs has
hdhesive backing shall be durable.

ince with Clause 6.13 shall be checked by either meeting the requirements in
nd Labeling Systems, UL 969 under the conditions“ef occasional exposure tq

and water, apd appropriate for the surface to which it is appfied, or by the following tests, (

a) Three labels applied to the tools or a panel gf’the test surface material shall be

oven
+3.69

b) S
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of mi
othe

for a minimum of 24 h with the oven is maintained at a temperature of 120 +2
F), or alternatively for a minimum of 200 h at a temperature of 90 + 2°C.

X additional labels applied to the tool or a panel of the test surface material sh
ontrolled atmosphere maintained at 21°C to 30°C (69.8°F to 86°F) with a relal
himum 45% for at least 24-h/ After this conditioning, immerse three labels in W
three labels in IRM 903.0il at a temperature of 21°C to 30°C (69.8°F to 86°F)

c) T

ree additional labels*applied to the tool or a panel of the test surface material
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bntainers that

an adhesive

the Standard
oil, humidity
h) — (C).

placed in an
°C (248

all be placed
tive humidity
ater and the
for 48 h.

shall be

placqd in a controlled atmosphere maintained at 21°C to 30°C (69.8°F to 86°F) with a relative

humiglity of minimum 45% for 72 h.

6.15 After th
across the |
right angles,

se conditionings in Clause 6.14 (a) — (c), it shall not be easy to remove the labg
el with' a flat steel blade of 0.8 mm (0.03 in) thickness and any convenient
ndythe label shall show no signs of curling.

bl by scraping
width, held at

7 Instructions

7.1 A battery-operated appliance and detachable or a separable battery pack shall be provided with
operating instructions in the instruction manual or the equivalent. The instruction manual shall contain the
specific applicable instructions described in Clauses 7.2 — 7.6 in addition to the instructions required in the
end-product standard. The lettering height used for the signal word “WARNING,” and the other wording of
the instructions shall be in accordance with the requirements of the end-product standard as applicable to
basic cautionary type instructions.
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7.2 Instructions shall be legible and contrast with the background. They shall include the name and
address of the manufacturer or supplier or any other agent responsible for placing the appliance or battery
on the market.

7.3 Instructions may be provided on a blister pack packing card provided the product can be removed
without damaging the card containing the instructions.

7.4 The instructions in Clause 7.5 shall be grouped together and be preceded with “WARNING: Read all
safety warnings and instructions. Failure to follow the warnings and instructions may result in electric
shock, fire and/or serious injury.” or equally definitive statement.

7.5 The instruction manual for all battery-operated appliances shall contain the following or equivalent

warnings as
standard. Th

a) P
batte
the s

b) D

acce
the al

c) R

Applicable iImmediately following any other safety Iinstructions required by ing
b term “appliance” may be substituted with the name of the actual type of proed

event unintentional starting. Ensure the switch is in the off-position kefore con
y pack, picking up or carrying the appliance. Carrying the appliance)with your|
Wwitch or energizing appliance that have the switch on invites actidents.

sconnect the battery pack from the appliance before making-any adjustments,
bsories, or storing appliance. Such preventive safety measures reduce the risk
ppliance accidentally.

Note: This warning is not applicable for batteries that‘cannot be disconnected from the app
normal use.

bcharge only with the charger specified, by*the manufacturer. A charger that is

one type of battery pack may create a risk;of fire when used with another battery p

d) U
pack

e appliances only with specifically designated battery packs. Use of any othe
5 may create a risk of injury-andfire.

e) When battery pack is not'inJuse, keep it away from other metal objects, like pap

coing
termi

f) Un
accid

, keys, nails, screwsyor-other small metal objects, that can make a connection
hal to another. Sherting the battery terminals together may cause burns or a fi

der abusive ‘tonditions, liquid may be ejected from the battery; avoid contact.
entally oecurs, flush with water. If liquid contacts eyes, additionally seek medi

Liqui

| ejected from the battery may cause irritation or burns. (This advice is consid
nventional NiMh, NiCd, lead acid and lithium-ion cell types. If this advice is in

end-product
uct.

necting to
finger on

changing
of starting

iance in

suitable for
ack.

battery

er clips,
from one
re.

If contact

al help.
bred correct
Ccorrect for a

for c
cell Jesign that differs from these, then the correct advice may be substituted.)

g) Do not use a battery pack or appliance that is damaged or modified. Damaged or modified
batteries may exhibit unpredictable behavior resulting in fire, explosion or risk of injury.

h) Do not expose a battery pack or appliance to fire or excessive temperature. Exposure to fire
or temperature above 130°C may cause explosion. The temperature of 130°C can be replaced
by the temperature of 265°F.

i) Follow all charging instructions and do not charge the battery pack or appliance outside of
the temperature range specified in the instructions. Charging improperly or at temperatures
outside of the specified range may damage the battery and increase the risk of fire.
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j) Have servicing performed by a qualified repair person using only identical replacement parts.
This will ensure that the safety of the product is maintained.

k) Do not modify or attempt to repair the appliance or the battery pack (as applicable) except
as indicated in the instructions for use and care.

7.6 The instr

uction manual shall contain the following information:

a) Instructions regarding battery charging, information regarding ambient temperature range for
appliance and battery use and storage, and the recommended ambient temperature range for
charging system during charging.

b) F
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a cat
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be 16.6, instructions regarding the operation of the quick(release system.

Against Electric Shock
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tection against electric shock.
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, such as by
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e the voltage
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ned opening in accordance with Clause 8.5.
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Figure 8.1
IEC articulate probe
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(IEC test probe B of IEC 61032)

Linear dimensiofs in millimeters

Tolerances on djmensions without, specific tolerance:

on angles: +0’, -L0’

on linear dimendions

up to 25 mm: +0 mm, -0.05 over 25 mm: £0.2 mm

Material of finger: for example heat-treated steel

Both joints of this finger may be bent through an angle of 90°, with a 0 to +10° tolerance, but in one and the same direction only.
Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this reason

dimensions and tolerances of these details are not given in the drawing. The actual design must ensure a 90° bending angle with a
0 to +10° tolerance.
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8.7 In the test of Clause 8.4, contact with the test probe shall be determined with all detachable parts
removed and the appliance operated in any possible position of normal use.

8.8 In the test of Clause 8.4 lamps located behind detachable covers are not removed, providing the lamp
may be de-energized by means of a user operable plug, battery pack disconnection or a switch.

8.9 In the case of protective impedance the short circuit current between the parts shall not exceed 2 mA
for d.c. or 0.7 mA peak for a.c. and there shall not be more than 0.1 uF capacitance directly between the
parts.

8.10 Protective impedance shall consist of at least two separate components. If any one of the
components is short-circuited or open-circuited based upon the components anticipated failure modes, the
values speciffed In Clause 8.9 shall not be exceeded. A single Y1 or YZ capacitor complyijg with one of
the following [shall be considered to fulfill this requirement:

a) Fixed Capacitors for Use in Electronic Equipment Part 14: Sectional Specificatign: Fixed
Capdcitors for Electromagnetic Interference Suppression and Connection’to the Supply Mains,
IEC §0384-14;

b) Fixed Capacitors for Use in Electronic Equipment — Part 14; Sectional Specification: Fixed
Capdcitors for Electromagnetic Interference Suppression andConnection to the Supply Mains,
UL 6pP384-14; or

c) Fiked Capacitors for Use in Electronic Equipment.Rart 14: Sectional Specification: Fixed
Capdgcitors for Electromagnetic Interference Suppression and Connection to the Supply Mains,
CSA|E60384-14.

8.11 Resistofs shall be operated at half of their voltage and power ratings. All components afe anticipated
to fail in the ¢pen mode but, thin film, thick film_and wire-wound resistors as well as metalized capacitors
complying with:

a) Fixed Capacitors for Use iniElectronic Equipment Part 14: Sectional Specificatign: Fixed
Capdcitors for Electromagnetic’Interference Suppression and Connection to the Supply Mains,
IEC $0384-14;

b) Fixed Capacitorsfar'Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capdcitors for Electromagnetic Interference Suppression and Connection to the Supply Mains,
UL 6p384-14;

c) Fiked Capacitors for Use in Electronic Equipment Part 14: Sectional Specification: Fixed
Capdcitors for Electromagnetic Interference Suppression and Connection to the Supply Mains,
CSA E6038z4=1#;or

d) Fixed Capacitors for Use in Electronic Equipment — Part 16: Sectional Specification: Fixed
Metallized Polypropylene Film Dielectric D.C. Capacitors, IEC 60384-16

are not anticipated to fail in the shorted mode. All other components are anticipated to fail in the shorted
mode.
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8.12 All components relied upon for compliance with Clause 8.9 shall have sufficient voltage, current and
power ratings to withstand the additional stress that they may encounter when components fail in their
anticipated failure mode, one by one.

8.13 Materials providing insulation from electric shock from hazardous voltages shall comply with the test
referenced in Clauses 8.14 and 8.15.

8.14 The test in Clause 8.15 shall apply only to materials which, if they were to fail to insulate, would
subject the user to a shock hazard from a hazardous voltage. This test shall not apply to materials that
provide only a physical barrier to contact. As such, an uninsulated energized part shall be within 1.0 mm

(0.04 in) of the material surface to be considered for this requirement.

8.15 Compliz
strength test
potential of 7
appliance, pr|
the test volta

9 Heating

9.1 Battery (
following con

ince with Clause 8.13 shall be checked by subjeciting the insulafing material
for one minute without breakdown the application of a 50 Hz or 60 Hz essentid
50 V. This provision does not exclude the testing of the material ag)situat
bviding care is taken to ensure that materials not under consideratign, are nof
pe.

perated appliances and battery packs shall not attain €xcessive temperatur
ditions.

9.2 Compliapce with Clause 9.1 shall be checked by detefmining the temperature rise d

locations. Th
appliance no
automatically|
for use shall

9.3 For appl
hazardous v
energized. In
the appliance

e appliance is operated at no-load until maximum temperature shall be re
longer operates due to the battery being>discharged. Appliances that are

to an electric
lly sinusoidal
ed within the
subjected to

es under the

f the various
ached or the
designed to

cycle during use are permitted to operaté.as intended. Appliances marked with a duty cycle

be operated using the duty cycle as marked. See Indent D in Table D1.1.

ances, not completely hand-held, in use that may be powered by isolated s
bltage during operation, the test shall be conducted with these sources cd
these cases, the test shall\bé terminated when surface temperatures are stabi

burces not of
nnected and
ized or when

stops operating due to'the battery pack being discharged, whichever occurs {irst.

9.4 During the test, protective~devices shall not operate. The temperature rises shall ng

values showr

in Table 9.1. See’Indent E in Table D1.1.

t exceed the
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Table 9.1
Maximum outside surface temperature rises, K

Composition of surfaces 2
Porcelain or Vitreous
Location Metallic Nonmetallic material

1. Handles, knobs, grips, and the like which, in 25 35 30

normal use, are continuously held or in

continuous contact.

2. Handles, knobs, grips, and the like which, in 35 60 45

normal use, are held for short periods only (e.g.

selector switches and adjustments).

3. Accessible external surfaces of detachable 60 60 60

and separable pattery packs.

4. Other accessible external surfaces subject to 45 70 55

casual contact.

a A handle, kngb or the like made of a material other than metal that is plated or clad with metal, having a thicknpess of 0.13

mm (0.005 in) ¢r less, is judged as a nonmetallic part.
9.5 The extefnal surfaces of a detachable or separable battery pack shalknot be subjected to heat from
a heating elgment or heated discharge air that would be present duringsnormal operation [such that the

temperature fise of the battery surface would exceed the maximum temperatures specified

10 Normal Gharging of Lithium-ion Systems

10.1 Chargirjg a lithium-ion battery under normal conditions shall not exceed the specif
region for charging of the cell.
10.2 Compliance with Clause 10.1 shall be checked*by the following tests in Clauses 10.3

10.3 The battery shall be charged in accordance with the charging system instructions starti
discharged b

httery. Testing shall be carried out at an ambient temperature of 20 +5°C (68

in Table 9.1.

ed operating

— 10.7.

ng with a fully
9°F) and:

a) If
(39.2

b) If
40°C
/-0°H

10.4 All indiyi
multiple currg
unnecessary

the appliance is recommended to be operated at a minimum temperature lowe
’F), the test shall also’be conducted at that minimum temperature +0/-5°C (+0/—

r than 4°C

5 makes this
Hied operating

region for chargmg (e g. limits of voltage and current). See an example result of such analyses in (a)

below.

a) The charging current for each branch of a parallel connection would not need to be
monitored, if the maximum deliverable current of the charger did not exceed the maximum

charging current of a single cell.
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10.5 For batteries employing series configurations, the test shall be repeated with a deliberately
imbalanced battery. The imbalance shall be introduced into a fully discharged battery by charging one cell
to approximately 50% of full charge.

10.6 With reference to Clause 10.5, if it can be demonstrated through testing and/or design evaluation
that an imbalance less than 50% would actually occur in normal use, then this lower imbalance may be

used. See examples of testing and design in (a) and (b) below.

a) An example for testing is repeated charging and discharging a battery in accord
the manufacturer’s instructions until its capacity has decreased to 80% of the rated
using the imbalance at the end of the test.

ance with
capacity,

b) Those designs that employ circuitry intended for maintaining balance between ¢
battefy pack. Systems with a small number of cells in series may be shown to exhi
imbalance in practice, if the product ceases to operate with a battery prepared.-with
initiall imbalance.

10.7 Battery|systems intended for use with appliances which may be left on, such as flashlig
guns, and fans shall additionally be tested with their battery discharged\by allowing the
remain on for at least 12 h prior to recharging.

11 Abnormal Operation
11.1 Appliange systems

11.1.1 All appliances when operating under battery power and their battery packs shall be
that the risk pf fire or electric shock as a result of abnormal operation is obviated as far a
Compliance is checked by applying the abnormal.conditions of Clause 11.1.6 (a) — (f) follg
method of Clauses 11.1.2 — 11.1.5.

11.1.2 The cqumulative stress resulting fram Successive tests on electronic circuits or the ba
avoided. Addjtional samples may be used’as necessary.

11.1.3 The hattery operated appliance, battery pack, and the cords of Clause 11.1.6 (d
appropriate, ghall be placed oma“soft wood surface covered by two layers of tissue pape
shall be covdred by one layér of untreated 100% cotton medical gauze or cheesecloth. For
(c) and (f), thp appliance_shall be operated at no-load. The test shall be conducted until failu
test sample returns to vithin 5 K of the ambient temperature or, if neither of these occurs, U

ells in the
pit limited
a smaller

hts, adhesive
appliance to

so designed
S is practical.
wing the test

ttery shall be

and (e), as
I, the sample
the tests (b),
re or until the
ntil at least 3

h has elapsed. A ngw)sample may be used for each fault listed below. No explosion shall
the test. There shallbe adequate protection against electric shock as defined in Protection

4

occur during
ainst Electric

Shock, Clauge.8y"No charring or burning of the medical gauze, cheesecloth or tissue papgr shall result.

Venting of th T Taple DIt

11.1.4 Charring is defined as a blackening of the medical gauze or cheesecloth caused by combustion.
Discoloration of the medical gauze or cheesecloth caused by smoke is acceptable. The resistance for the
short in Clause 11.1.6 (a), (b), (d), (e) and (f) shall not exceed 10 mQ. Charring or igniting of the tissue
paper, medical gauze or cheesecloth from the shorting means is not considered a failure.
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11.1.5 Fuses, thermal cut-outs, non-self resetting thermal cut-out, thermal links, temperature limiters,
electronic devices or any component(s) or conductor(s) that interrupt the discharge current may operate
during the above tests. If these devices are relied upon to pass the test, then, the same test shall be
repeated two more times, using two additional samples, and shall open the circuit in the same manner,
unless the test is otherwise satisfactorily completed . Alternatively, the test may be repeated with the
open-circuited device bridged. However, protective electronic circuits whose function is relied upon to
pass a test shall be regarded as providing a safety critical function and comply with Abnormal Operation
— Safety Critical Function Circuits, Clause 11.6 with a PL = a. If a user adjustable temperature limiter
operates, the test shall be repeated with the temperature limiter set to the most unfavorable setting and
then repeated at this setting with two additional samples.

11.1.6 The abnormal conditions are as follows:

a) Cpmbinations of exposed terminals of a detachable battery pack are shorted.se|as to
proddice the worst result. Battery pack terminals that can be contacted usingneither [test probe of
Figure 8.1 or Figure 11.1 shall be considered exposed. The means of sharting shall be selected
or pgsitioned such that charring or ignition of the tissue paper or gauze is)not influgnced. See
Clauge 21.1.7.

b) The terminals of each motor or other electrical load are sharted one at a time.
c) The rotor of each motor is locked one at a time.

d) Any cord provided between the separable batteryspack and the appliance shall be shorted at
the ppint likely to produce the most adverse effects;

e) Any cord provided between the appliance ‘and the charger shall be shorted at the point likely
to prpduce the most adverse effects.

f) A short is introduced between anyctwo uninsulated parts of opposite polarity not fin
accordance with the spacings given ih Creepage Distance, Clearances, and Distanges Through
Insulfitions, Clause 20 unless this’has been evaluated to Abnormal Operation — Elgctronic
Circuit Evaluations, Clause 11.2. A circuit analysis may be used to determine wherg a short
shalljor shall not be applied.-The test shall not be conducted on uninsulated parts that are
encapsulated.
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Figure 11.1
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Test probe 13 of IEC 61032

11.2 Electronic circuit evaluations

11.2.1 Electronic circuits shall be so designed~and applied so that a fault condition will not render the

appliance urjsafe with regard to electric shock, fire hazard or accessibility to moving
excessive hept.

parts due to

11.2.2 Comgliance with Clause 11.2.1 shall be checked by evaluation of the fault conditions specified in

Abnormal Ogeration — Electronie.Circuit Fault Conditions, Clause 11.3 for all circuits or pa

'ts of circuits.

Examination [of the applianceland its circuit diagram will reveal the fault conditions which have to be

simulated thrpugh circuit analysis, so that testing can be limited to those cases which may
to give the most unfavoraple result.

11.2.3 The ppliance containing the circuit shall be placed on a soft wood surface covered

each fault Ilsted in Abnormal Operation — Electronic Circuit Fault Condmons Clause 11.3.

11.2.4 No explosion shall occur during the test. No charring or burning of the medical gauze,

be expected

by two layers
ical gauze or
n be used for

cheesecloth

or tissue paper shall result. Charring is defined as a blackening of the medical gauze or cheesecloth

caused by combustion. Discoloration of the medical gauze or cheesecloth caused by smoke i

S acceptable.

Charring or igniting of the tissue paper, cheesecloth or medical gauze from the means that is used to

create the short is not regarded as a failure.
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11.2.5 Protection against electric shock as specified in Protection Against Electric Shock, Clause 8 shall
be maintained. Protection against accessibility to mechanical hazards as specified in the end product
standard shall be maintained.

11.2.6 If a circuit fulfills the requirements of a low power circuit as described in Annex B and there is no
risk of electric shock or loss of a safety critical function as defined in Safety Critical Function Circuits,
Clause 11.6, then this evaluation shall not be performed.

11.2.7 If the circuit is encapsulated with an insulating material with a minimum thickness of 0.5 mm (0.02
in), and there is no risk of loss of a safety critical function, then the circuit may be evaluated by
open-circuiting of any connection and short-circuiting of any two connections to the encapsulated circuit.
Encapsulation is not necessary to fully cover electrolytic capacitors. (In general, encapsulation effectively
limits the likelfhood of the spread of fire within the encapsulaied circult. EIeCtrolylic capacitorg often require
an unobstructed surface to allow venting under fault conditions.)

11.2.8 Fusgs, thermal cut-outs, thermal links, temperature limiters, electfenic deyices or any
component(s) or conductor(s) that interrupt the discharge current may operate-during thg above tests
provided at lgast one of the following is fulfilled:

a) For all components that operate other than a user adjustable ‘temperature limitef, the same
test ghall be repeated and passed two more times, using two(@dditional samples;

b) For all user adjustable temperature limiters that opefate, the test shall be repeafed with the
tempgprature limiter set to the most unfavorable setting, and then repeated at this sefting with two
additlonal samples;

c) The appliance withstands the test with the*fuse, thermal cut-out or thermal link qr other
portigns of the electronic circuit bridged; ot

d) Ifja certified fuse-link operated, theyappliance withstands the test of Clause 11.4{1.

11.2.9 If a cgnductor of a printed circuit:bgard becomes open-circuited, the appliance shall je considered
to have withgtood the particular test, ‘provided all of the following conditions are met:

a) Any loosened conductor does not reduce the creepage distances or clearances|between live
parts|and accessible conductive parts below the values specified in Creepage Distance,
Cleafances, and_Distances Through Insulations, Clause 20; and

b) Tie appliance withstands the test when repeated with the open-circuited condugtor bridged
or, alternatively, the test may be repeated two more times, using two additional samples,
provifling, ‘€éach test opens the conductor at the same point.
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11.3 Electronic circuit fault conditions

11.3.1 To determine compliance with Abnormal Operation — Electronic Circuit Evaluations, Clause 11.2
or Abnormal Operation — Safety Critical Function Circuits, Clause 11.6, the following fault conditions shall
be considered and, if necessary, applied one at a time, consequential faults being taken into
consideration:

a) Short-circuit of creepage distances and clearances between conductive parts of different
polarity, if these distances are less than the values specified in Creepage Distance, Clearances,
and Distances Through Insulations, Clause 20, unless the relevant part is adequately
encapsulated;

b) Open-circult at the terminal of any component;

c) S

d) S
integ

e) Failure of triacs in the diode mode; and

f) Fa
cond
asse
poss
Com

11.3.2 Positi
(NTC’s) that
Requirement
Acceptance
Equipment, G
manufacturer

11.3.3 For si
output. Maxin
heat level.

11.3.4 When
failure or unti

?[)ort—circuit of capacitors, unless they are certified EMI capacitors;

ilure of a monolithic integrated circuit or other circuits that cannot be assesseq
tions (a) to (e). In this case the possible hazardoys 'situations of the appliance
Esed to ensure that safety does not rely on the ‘Carrect functioning of such a

bonents such as thyristors and triacs are notssubjected to this fault condition.

ve temperature coefficient resistors (PTC’s) and negative temperature coeffid
comply with the Standard for Thermistor-Type Devices, UL 1434, or the Standa
5 — Canadian Electrical Code, Part 1, CSA C22.2 No. 0, or the Standard fo
Requirements for PTC Thermistors for Overcurrent Protection in Electrical al
SA TIL No. CA-3A, need-hot’be open-circuited or short-circuited if they are usg
s declared specification.

mulation of the cenditions, the appliance shall be operated at no-load adjusted

hum output, for’example, may be the highest output speed or greatest light out

any aof the fault conditions are simulated, the duration of the test shall be cg
one“of'the following conditions exist:

C
ble output signals shall be considered under fault conditions within the integraI

hort-circuit of any two terminals of an electronic component, other than a monglithic
ated circuit. This fault is not applied between the two circuits of an’optocoupler;

=

by the fault
shall be
mponent. All
ed circuit.

ient resistors
d for General
r Component
nd Electronic
ed within their

to maximum
but or highest

nducted until

a) S

cady CoNditions are establistied;

b) The test samples return to within 5 K of the ambient temperature;

c) A

test period of 3 h has elapsed; or

d) For appliances supplied by mains or a non-isolated source, the appliance no longer draws
supply mains current.
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11.4 Circuit current conditions

11.4.1 If required in accordance with Clause 11.2.8(d), the following tests shall be conducted to ensure
the repeatable operation of the certified fuse-link. The abnormal fault condition of Clause 11.3.1 shall be

repeated but

with the fuse replaced by an ammeter. If the current measured:

a) Does not exceed 2.1 times the rated current of the fuse, the circuit shall not be considered

to be

adequately protected and the test is carried out with the fuse short-circuited,;

b) Is at least 2.75 times the rated current of the fuse, the circuits shall be considered to be
adequately protected; or

c) Is[between 2.1 times and 2.75 times the rated current of the fuse, the fuse 1S_sh

and

11.4.2 In c3g
determining t

11.5 Motor r

11.5.1 Switc
of rotation is
first separate

11.5.2 Comgy
for reversing
speed. The d
"off" position
no electrical
considered tq

e test shall be carried out:

1) For the relevant period or for 30 min, whichever is the shorter¢forfast g
or

2) For the relevant period or for 2 min, whichever is the shorter, for time dg

se of doubt, the maximum resistance of the fuse, shall be taken into a
he current.

pversal

nes or other devices for motor reversal shallwithstand the stresses occurring wih
reversed under running conditions wheré.such a reversal is possible in norma
y stopping the appliance.

liance with Clause 11.5.1 shall ey checked by operating the appliance at no-log
the sense of rotation being-in_sSuch a position that the rotor rotates in one d
irection of the rotation shall-then be reversed, without the device resting in an
This operation sequence/shall be performed 25 times. After the test, the swit
or mechanical failure. |f the switch operates properly at the end of the teg
have no mechapical or electrical failures.

ort-circuited

cting fuses;

elay fuses.

ccount when

en the sense
1l use without

nd; the device
rection at full
intermediate
ch shall have
t, it shall be
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11.6 Safety critical function circuits

11.6.1 Electronic circuits that provide a safety critical function shall be:

a) Reliable, and

b) Not susceptible to loss of safety critical function due to exposure to electromagnetic
environmental stresses encountered in anticipated environments.

11.6.2 Compliance with Clause 11.6.1 shall be checked by exposing these electronic circuits to the
immunity tests described in Clause 11.6.9 carried out with the appliance operated with the battery and

shall not experience a loss of the safety critical function.

11.6.3 In addlition, these electronic circuits shall be evaluated using the fault conditions~of

(a) — (f) and ghall not result in a loss of any safety critical function
into a safe gtate (e.g. the appliance is inoperable) while the
charging system need not comply with Clauses 11.6.3 — 11.6.8.

or shall place and maintain
fault condition is(pré&sent.

11.6.4 If the gircuit cannot comply with Clause 11.6.3 or if Clause 11.3.1 istnot applicable to

circuit by virtdie of its design (e.g. single channel design), then the circuit’s-reliability shall be|
the methods pf the Standard for Safety of Machinery — Safety Related Parts of Control Syst
General Prinpciples for Design, 1ISO 13849-1, as required in~E€lauses 11.6.5 — 11.6
performance Jevels (PLr) for typical safety critical functions (SCFE) are listed in Table 11.1. So

case shall bg evaluated as required in Clause 11.6.8.

11.6.5 Unless special conditions exist, the required MTJ&, for each PL level shall be as fo

PL=a..........]...... MTTF4 = 5 years
PL=b...........foo. MTTF,4 = 20 years
PL=C.covvennnn e MTTF4 = 50 years

Table 11.1

Required performance levels

Clause 11.3.1
the appliance
A lithium-ion

the electronic
evaluated by
ems — Part 1:
7. Required
ftware for this

lows:

Type and purpose of SCF

Minimum Performance Level (PL)

Prevent unwanjed turn on.wiiere unexpected operation
exposes users pr bystanders to a substantial risk of injury as
identified in the] end-product standard

*

c

Provide desired switch-off of the appliance if continued

b

operation expos$es-the-tserte-a—substantiatHsk-eHnriurras

identified in the end-product standard

Overspeed prevention above a particular speed for those
appliances where operation above that speed would expose
users or bystanders to a substantial risk of injury due to the
disintegration of moving parts or accessories as indicated in
the end-product standard

b

For appliances with output speed increases that do not meet
the condition above

Not a SCF

Prevent exceeding a thermal limit as defined in Heating,
Clause 9

Table 11.1 Continued on Next Page
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Table 11.1 Continued
Type and purpose of SCF Minimum Performance Level (PL)

Prevent reverse direction of rotation if end product standard b*

requires a specific direction of rotation to avoid the risk of

injury

Prevent self-resetting as required by the end-product standard c

or for appliances where unexpected operation exposes users

or bystanders to a substantial risk of injury as identified in the

end-product standard

Note — See Indent G in Table D1.1.

" If the safety of the electronic control circuit has been evaluated in accordance with the functional safety requirements in the

end product standard, then the safety of the electronic circuit has fulfilled the requirements of this standard.
11.6.6 For spfety critical functions not listed in Table 11.1 and provided by electronic.cifcuits, the PL
values shall pe determined using the methods of Safety of Machinery — Safety Related Parts of Control
Systems — Pprt 1: General Principles for Design, 1ISO 13849-1. Annex C providesyguidande in applying

ISO 13849-1

11.6.7 Anyd
the required

11.6.8 Softy
devices shal
Automatic E
60730-1:201
. In the case
period is reg
H.11.12.3.4.1

Note:

electrd
Gener|
of IEC

for SCF of products covered by this standard.

esign that only alerts the user of the loss of the SCF shall not'beconsidered suf
PL, level, except as evidenced in a manner as described in Annex C.

are used in portions of the circuit comprised of a miefocontroller or in other p
comply with the requirement for software class/B”in accordance with the
ectrical Controls for Household and Similar:Use, Part 1: General Requir
, H.11.12.3 | if the failure of these circuits wotlld create a loss of the safety cr
where software class B is realized by single channel with periodic self-test, &
arded as either after each activation ofvthe power switch or a maximum
is only applicable for SCF with a PlLy= c or higher.

The allowance to use microcontrollers,and other programmable logic, which are considered as “d
nic circuits” for category 1 in Safety-of Machinery — Safety Related Parts of Control Systems -
bl Principles for Design, 1ISO 138491, is based upon their fulfillment of the requirements of Annex
60730-1:2010.

11.6.9 The dgppliance shall be"subjected to electrostatic discharges in accordance with Elé

compatibility
Test, IEC 61
contact disch
shall be appl

EMC) — Part 452; Testing and Measurement Techniques — Electrostatic Dischg
D00-4-2, test level 4 being applicable for air discharge and test level 3 being

prge. Tentdischarges having a positive polarity and ten discharges having a ne
ed.

ficient to fulfill

rogrammable
Standard for
ements, IEC
tical function.
n acceptable
pf 5 minutes.

omplex
Part 1:
H.11.12.3

ctromagnetic
rge Immunity
hpplicable for
jative polarity
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11.7 Lithium-ion charging systems

11.7.1 This clause applies only to lithium-ion batteries. Compliance is checked by the test of Clause
11.7.2.

11.7.2 A sample containing the battery and the associated assemblies of the charging system shall be
placed on a soft wood surface covered by two layers of tissue paper; the sample shall be covered by one
layer of untreated 100% cotton medical gauze or cheesecloth. The battery system shall be operated as
specified in Clause 7.6(a) with all of the categories of abnormal conditions listed below in (a) — (d). The
cumulative stress resulting from successive tests on electronic circuits or the battery shall be avoided.

Additional samples may be used as necessary.
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pI‘Odlllce tHe most adverse effects. The resistance of the short shall not exceed 10

11.7.3 During the tests of Clause 11.7.2, each cell voltage shall be continuously monitored to determine
if it has exceeded the limit condition. Venting of the cells is permitted. The test shall be continued until the
sample under test experiences a failure as described in Clause 11.7.4, returns to within 5 K of the ambient
temperature or, if neither of these, until at least 7 h or twice the normal charge period has elapsed,
whichever is longer.
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11.7.4 The tests of Clause 11.7.2 shall be considered passed if all of the following results comply:
a) There has been no explosion during the test.

b) No charring or burning of the medical gauze, cheesecloth or tissue paper has resulted.
Charring is defined as a blackening of the medical gauze or cheesecloth caused by combustion.
Discoloration of the medical gauze or cheesecloth caused by smoke is acceptable. Charring or
igniting of the tissue paper, cheesecloth or medical gauze from the shorting means is not
considered a failure.

c) The cells shall not have exceeded the upper limit charging voltage by more than 150 mV or,
if they have, then the charging system shall be permanently disabled from recharging the
battefy. To determine It recharging 1S disabled, the baftery shall be discharged by Using the
appliance tested (in the case of an integral system) or by using a new sample of the appliance
(in the case of a detachable battery system) to approximately 50% charge, fellowed by an
attempt to recharge the battery normally. There shall be no charging currént after 0 min or
after [25% of the nominal capacity has been delivered, whichever occurs-first.

d) There shall be no evidence of damage to the cell vent to impair.compliance with) Clause
16.2.

11.7.5 Fault conditions for components as required by Clause 1172 shall be as follows:
a) Open-circuit at the terminal of any component;
b) Short-circuit of capacitors, unless they are certified EMI capacitors;

c) Short-circuit of any two terminals of an-glectronic component, other than a monglithic
integfated circuit. This fault is not appliedsbetween the two circuits of an optocouplar;

=

d) Failure of triacs in the diode med€; and

e) Failure of a monolithic integrated circuit or other circuits that cannot be assessefl by the fault
cond|tions (a) to (d). All pessible output signals are considered under fault conditions within the
integfated circuit. Components such as thyristors and triacs are not subjected to this fault
condjftion.
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11.8 Lithium-ion battery short circuit

11.8.1 There shall be no risk of fire or explosion when the main discharge connections of a series
configured integral battery, detachable battery pack or separable battery pack are shorted under
conditions of extreme imbalance. Compliance shall be checked by the tests of Clauses 11.8.2 — 11.8.5.

11.8.2 The test shall be conducted with all the cells of the battery fully charged and one cell fully
discharged. A detachable battery pack or separable battery pack shall be placed on a soft wood surface
covered by two layers of tissue paper; and covered by one layer of untreated 100% cotton medical gauze
or cheesecloth. An appliance containing an integral battery shall be placed on a soft wood surface
covered by two layers of tissue paper and covered by one layer of untreated 100% cotton medical gauze
or cheesecloth.

11.8.3 The nLain discharge connections of the battery shall be shorted with a resistanceret
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rate*of 10 times the Cg rate for the battery for 1.25 h. There shall be no exp

charring or burmmgof the gauze or tissue paper during the testCharmng is definedas a btackening of the
gauze caused by combustion. Discoloration of the gauze caused by smoke is acceptable. Venting of the
cells is acceptable.

12 Mechanical Hazards

12.1 It shall not be possible to install a detachable or separable battery pack in reverse polarity unless it
does not result in an increase in risk of fire, shock or personal injury.
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12.2 Battery enclosures for vented batteries where explosive gases such as hydrogen are released to the
atmosphere during normal charging or discharging shall have adequate ventilation located in areas where
these gases, based upon their density, are likely to accumulate. The ventilation shall have an area of at
least 0.5 mm2/Wh of battery capacity. Batteries that cannot comply with this requirement shall be
evaluated as in Clauses 12.3 and 12.4. See the example in (a) for batteries not considered to release
gases.

a) Batteries comprised of sealed or valve regulated cells are not considered to release gases to
the atmosphere under normal conditions.

12.3 The battery shall be charged under the most severe normal conditions for 7 h or the time to achieve
120% of full charge as stated in the instruction manual, whichever is longer. Samples of the air within the
enclosure shfpll be made at locafions of highest aniiCipated concentration at approximately 25%, 50%,
75% and 100% of the total time of the test by means of a probe or aspirator as part of the’concentration
measuremenf equipment. The concentration of explosive gases shall not exceed 2%, by volume in air.

12.4 The test of Clause 12.3 shall be repeated under conditions of load used dufing the heating test.
13 Vibration [for Lithium-lon Batteries

13.1 If the ¢nd-product standard contains requirements for vibration resistance that [subjects the
end-product fo vibration levels likely to be encountered in normal us€, then the end-product ¢ontaining the
lithium-ion batteries shall be tested in the end product under theSeconditions. After this conditioning, cells
shall not catdh fire, explode or exhibit less than 90% of theirgriginal terminal voltage due tp internal cell
damage.

14 Lithium-lgn Enclosure Pressure Test

14.1 An enclosure for lithium-ion batteries shall*be designed such that it will safely release gases that
may be genefrated as a result of venting. Compliance shall be checked by the following:

a) The total area of the openings-’in the enclosure allowing gases to pass without qbstruction
shall|be equal to or greater thah 20 mm? (0.03 in2); or

b) Afltotal of 21 ml £10%-of air shall be delivered at an initial pressure of 2070 kPal £10%
through a 2.87 +0.05 mm (0.11 +0.002 in) diameter orifice to the enclosure of an appliance with
integfal battery or'the enclosure of a detachable or separable battery pack. The pr@ssure within
the gnclosure shall drop below 70 kPa in 30 s. There shall be no rupturing that wollld cause the
enclgsure tolfail to comply with the requirements of this standard. An additional voltime, not to
exceed 3 ml, is allowed to be added to the enclosure volume as may be required for test
fittings.

15 Mechanical Strength

15.1 Battery operated appliances and battery packs shall have adequate mechanical strength, and shall
be so constructed that they withstand such rough handling that may be expected. Compliance shall be
checked by the test of Clauses 15.2 and 15.3.
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15.2 The appliance with any batteries connected shall be dropped or impacted per the conditions required
in the end product standard. If no impact conditions exist in the end product standard, then the following

conditions sh

all be employed:

a) Batteries shall be fully charged prior to the test.

b) A hand-held or body supported appliance with any detachable battery pack attached, shall
withstand being dropped three times on a concrete surface from a height of 1 m (3.3 ft). For
these three drops, the sample shall be tested in the three most unfavorable positions the lowest
point of the appliance being 1 m (3.3 ft) above the concrete surface. For the test, the appliance

shall
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15.7 After the impact testing of Clauses 15.2 and 15.3, the open circuit voltage of lithium-ion batteries,
shall not be less than 90% of the voltage measured immediately prior to the test. In addition, the
lithium-ion battery shall demonstrate normal discharging and recharging after the test. There shall be no
damage to the cell vent that impairs compliance with Clause 16.2. There shall be no new openings that
permit the test probe illustrated in Figure 8.1 applied with a force not exceeding 5 N (1.1 Ibf) to access

cells or unins

16 Construct

ulated circuitry that were not accessible prior to the impact.

ion

16.1 Battery operated appliances shall not readily accept general purpose batteries (either primary or
rechargeable) as an energy source for their primary function.
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a) Designed in a way for easy removal; or

b) Equipped with a quick release mechanism that ensures that the separable battery pack(s)
can be removed or released quickly from the operator.


https://ulnorm.com/api/?name=UL 2595 2015.pdf

42 CSA C22.2 NO. 0.23 ¢ UL 2595 SEPTEMBER 9, 2015

16.8 The quick release mechanism shall be positioned either at the connection between the separable
battery pack(s) and harness or between the harness and operator. The quick release mechanism shall
only allow separation by deliberate action of the operator. The quick release mechanism shall be designed
to open while under the weight of the separable battery pack(s). It shall require the use of only one hand
and have no more than two release points. An example of a release point is a buckle that requires
squeezing between a thumb and finger before releasing, e.g. side release buckles.

16.9 A double shoulder harness shall be considered to be designed in a way for easy removal, if the left
and right shoulder straps are not connected to each other in front of the operator’'s body. If the straps to
connect between the left and right shoulder straps are provided, it is also considered to be designed in a
way for easy removal when the straps connecting between the left and right shoulder straps can be
released under the load of the battery pack by using one hand and no more than two release points. The
release mecHanism shall only allow separation by deliberate action of the operator.

16.10 The rgquirements in Clauses 16.7 — 16.9 shall be evaluated using the heaviest_separable battery
pack(s) ident|fied in Clause 7.6(b).

17 Internal Wiring

17.1 Internall wiring shall comply with the applicable requirements of thesend-product standard for those
battery opergted appliances containing hazardous voltages.

17.2 Different parts of a battery operated appliance that can move‘relative to each other and have wiring
that carries hazardous voltage in normal use or adjustment:shall comply with the requirgments of the
end-product $tandard.

17.3 Different parts of a battery operated appliance, that can move relative to each other if normal use,
during adjustiment, operation, or during user majpteénance where the wiring does not carfy hazardous
voltage in ngrmal use or adjustment shall be conditioned as in a) or b) below. Following| the test, the
appliance angd battery pack shall not catch fire or explode and shall comply with the requirements in
Protection Adainst Electric Shock, Clause.8; Mechanical Hazards, Clause 12; and either Clause 11.3.1(a)
or 20.1 and gny provisions to protect againhst mechanical hazards in the end product standard.

a) Be conditioned as desgribed in the end-product standard if such conditioning is provided.
b) If [ho flexing conditions exist in the end product standard, then the movable part|is moved
backyvards and fortwards, so that the conductor is flexed through the largest angle allowed by

the cpnstructiafi-the rate of flexing being a minimum of 6 per minute. The number pf flexings is:

1)510,000 for conductors/connections flexed during normal use;

2) 2,000 for conmductors/conmections fiexed durngadjustments;or
3) 100 for conductors/connections flexed during user maintenance.

17.4 The requirement in Clause 17.3 does not apply to movements of parts with small amplitudes caused
by vibration.

18 Components

18.1 Power switches shall comply with the requirements of Clause 18.4. Power switches that control
motor loads shall additionally comply with the requirements of Clause 18.2.
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18.2 Compliance for power switches that control motor loads as described in Clause 18.1 shall be
checked by subjecting a switch to 50 operation cycles of making and breaking the locked output
mechanism current of the fully charged battery-operated appliance. Each “on” period shall have a duration
of not more than 0.5 s and each “off” period shall have a duration of at least 10 s.

18.3 After the test described in Clause 18.2, the power switch shall have no electrical or mechanical
failure. If the switch operates properly in the on and off positions at the end of the test, it shall be
considered to have no mechanical or electrical failures.

18.4 Compliance with Clause 18.1 for all power switches shall be checked by subjecting a switch to 6,000
cycles of operation making and breaking the current encountered in the fully charged appliance operated
at no-load. The switch shall be operated at a uniform rate of 30 operations per minute. During the test,
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exceed the rated output current or power of the charger or power unit when measured after 1 hour or 90%
of the recommended charging time, whichever is shorter. The appliance shall be charged with an initially
discharged battery and with the appliance off.
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18.10 As identified in the end product standard, protection devices (e.g. overload or overtemperature
protection devices) or circuits that switch off the appliance that are required to be of the non-self-resetting

type shall be

subject to the following allowances:

a) Resetting an overload protection device by switching the appliance off and on with the power
switch is considered to be a non-self-resetting action; and

b) Electronic speed and load regulators are not considered to be overload protection devices if
they do not switch off the appliance but reduce the speed of the appliance as a load is applied
and increase the speed of the appliance when the load is removed.

19 Supply Connection and External Flexible Cords
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fement related to the attachment of the cord in accordance with the requirems

Ibjected to any cord flexing requirements of the end-product standard.
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subjected to 10 pulls of three times the weight of the separable battery pack
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train imparted to the"internal connections.

attery supplyscord or other external flexible cord intended to be attached td
where thefe.is flexing of the cord in normal use, the separable battery pack sh
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as allowed in Clause 19.2, battery supply cord or other external flexible cord iptended to be

torque
nts of the

rminals is not
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y supply cord or other external flexible cord intended to be attached to a separable battery

, but not less
h in the most
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member Jof an apparatus that permits movement from — 45° to + 45° about
p thatlof the battery pack, but not less than 2 kg (4.4 Ib) or more than 6 kg (

10,000 times
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ugh 90°. After 5,000 flexings, the sampl

e vertical. A
3.2 Ib), shall
hall be flexed
ackwards or

e shall be turned through 90° about the center line

of the cord exit. After the tests there shall be no separation of the conductor from its terminal or a
breakage of more than 10% of the strands of any conductor.

20 Creepage Distances, Clearances and Distances Through Insulation

20.1 Creepage distances and clearances shall not be less than the values in millimeters shown in Table
20.1. The clearances specified do not apply to the air gap between the contacts of thermal controls,
overload protection devices, switches of micro-gap construction, and the like, or to the air gap between
the current-carrying members of such devices where the clearances vary with the movement of the
contacts. Creepages and clearances also do not apply to the construction of battery cells or the
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interconnections between cells in a battery pack. The values specified in Table 20.1 do not apply to
cross-over points of motor windings. The way in which creepage distances and clearances are measured
is indicated in Annex A.

20.2 For parts of different polarity, clearance and creepage distances less than those given in Table 20.1
are acceptable if the shorting of the two parts does not result in the appliance starting. The risk of fire due
to spacings below the required values is covered by the requirements of Abnormal Operation — Charging
Systems, Clause 11.1.

Table 20.1
Minimum creepage distances and clearances between parts of opposite polarity
<15V >15Vand £32V >32Y,
Creepage Clearance Creepage Clearance Creepage Clearance
distance distance distance
in nm in mm in mm in mm in mm in mm
0.03 d.8 0.03 0.8 0.06 15 0.06 15 0.08 2.0 0.6 15

20.3 For pafts having a hazardous voltage between them, the sum total ,of the measufed distances
between each of these parts and their nearest accessible surface shalknot'be less than 1.5/mm (0.06 in)
clearance angl 2.0 mm (0.08 in) creepage. Compliance is checked by measurement. See Figure 20.1 and
Clauses 20.4 — 20.7 for clarification on the measurement method--The way in which creepage distances
and clearancgs are measured is indicated in Annex A.

Figure 20.1
Measurement'of clearances

S4626

Dimension a = distance from positive bare conductive part to the external surface as defined by foil stretched across the openings.
Dimension b = distance from negative bare conductive part to the external surface as defined by foil stretched across the openings.

a + bis the sum total as defined in Clause 20.
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20.4 Distances through slots or openings in external parts of insulating material shall be measured to the
metal foil in contact with the accessible surface; the foil shall be pushed into corners and the like by means
of the standard test probe of Figure 8.1, but is not pressed into openings.

20.5 The sum total of distances measured between parts operating at hazardous voltage and accessible
surfaces shall be determined by measuring the distance from each part to the accessible surface. The
distances shall be added together to determine the sum total. See Figure 20.1. For the purpose of this
determination, one of the distances shall be 1.0 mm (0.04 in) or greater. See Annex A.

20.6 If necessary, a force shall be applied to any point on bare conductors and to the outside of metal
enclosures, in an endeavour to reduce the creepage distances and clearances while taking the

measurements.

20.7 Means

provided for fixing the appliance to a support are considered to be accessihle’

20.8 For all measurements of creepage distances and clearances, a force shall be, applied
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21.1.5 Non-metallic parts of a detachable or separable battery pack or non-metallic parts of an appliance
that contains an integral battery supporting connections that carry a current exceeding 0.2 A during
charging and non-metallic parts within a distance of 3 mm (0.1 in) of such connections, shall be subjected
to the glow wire test of the Standard for Fire Hazard Testing — Part 2-11: Glowing/Hot-Wire Based Test
Methods — Glow-Wire Flammability Test Method for End-Products, IEC 60695-2-11, which is carried out

at 850°C. However, the tests shall not be applicable to:

a) Parts supporting welded connections and parts within a distance of 3 mm (0.1 in) of these
connections;

b) Parts supporting connections in low-power circuits described in Annex H of IEC 60695-2-11
and parts within a distance of 3 mm (0.1 in) of these connections;

c) S
of thg

d C
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21.1.9 The integrity of the enclosure of a separable or detachable battery pack, the deterioration of which
might cause the battery pack to fail to comply with this standard, shall be evaluated by the ball pressure
test in accordance with Clause 21.2. The acceptability of the result shall be determined by the relevant
requirements of Protection Against Electric Shock, Clause 8.

21.2 Ball pressure
21.2.1 To fulfill the requirements of Clause 21.1.8 and/or Clause 21.1.9, as applicable, parts of
thermoplastic material provided as an enclosure shall be sufficiently resistant to heat as evaluated by

Clause 21.2.2.

21.2.2 Compliance with Clause 21.2.1 shall be checked by subjecting the relevant parts to the ball
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Standard for Class 2 Power Units, UL 1310, the Standard for Power Supplies with Extra-low-voltage Class
2 Outputs, CAN/CSA-C22.2 No. 223, the Standard for Power Units Other Than Class 2, UL 1012, the
Standard for General Use Power Supplies, CSA C22.2 No. 107.1, Standard for Battery Chargers, CSA
C22.2 No. 107.2 or the Standard for Information Technology Equipment — Safety — Part 1. General
Requirements, UL 60950-1 or CAN/CSA-C22.2 No. 60950-1.
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22.4 In the case of protective impedance, the current between the part and the supply source shall not
exceed 2 mA for d.c., and its peak value shall not exceed 0.7 mA for a.c., and moreover:

a) For voltages having a peak value over 42.4 V up to and including 450 V, the capacitance

shall

not exceed 0.1 uF;

b) For voltages having a peak value over 450 V up to and including 15 kV, the discharge shall

not e

xceed 45 pC.

22.5 Compliance with Clause 22.4 shall be checked by operating the appliance at rated voltage. Voltages
and currents shall be measured between the relevant parts and each pole of the supply source.
Discharges shall be measured immediately after the interruption of the supply. The quantity of electricity

in the dischafge shall be measured using a resistor having a nominal non-inductive resistand

The quantity

without taking voltage polarity into account.

22.6 Protecti

unlikely to change significantly during the lifetime of the appliance. If any’ pne of the ¢

short-circuite
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Requirement
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hge rating not less than the electric strength/test potential required in the
shall comply with the Standard for Optical IsoOlators, UL 1577 or the Standard fg
bervice for Optocouplers and Related Devices, CSA Component Acceptance N

mechanical relays, used as a means of achieving electrical isolation shall hav
not less than the working voltage employed in the end-product and shall co
irements for Standard for Industtial Control Equipment, UL 508 or CSA C22.2
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s Intended to be,Powered or Charged by an Automotive Adapter

prated 12 V d.c.
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Ces intended to be powered or charged by an automotive adapter shall comply with the

b) Be provided with a plug provided with an integral fuse or other overcurrent protection device.
The plug has an outer contact intended for connection to the shell of the automotive jack and
an inner pin.

c) Have no internal voltage greater than 42.4 V peak with respect to either supply pole during
any mode of normal operation unless, as applicable:

1) The appliance has been investigated to the end-product standard with respect to

electric shock, or
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2) The charger or power unit has been evaluated to the Standard for Power Units
Other Than Class 2, UL 1012, or the Standard for Battery Chargers, CSA C22.2 No.
107.2, or the Standard for General Use Power Supplies, CSA C22.2 No. 107.1, with
respect to electric shock.

d) Accessible metal shall either be connected to the outer contact of the plug or comply with

().

e) Accessible surfaces not connected to the outer contact of the plug shall be checked by
applying a 50 Hz or 60 Hz essentially sinusoidal potential of 750 V between accessible surfaces
and the terminals of the plug for one minute without breakdown.

f) Fdrihe purpose of the healing test, these appliances shall be freated as having Jsolated
sourges.

g) For the purposes of testing, these products are treated as having separable batferies.

h) The plug and cord shall comply with the Standard for Vehicle Battéry Adapters, |[UL 2089
(2011 edition).

23.2 With reference to Clause 23.1(h), a vehicle battery adaptef)shall comply with the following

requirements| from the Standard for Vehicle Battery Adapters, UL-2089 (2011 edition):

24 Charging|System Powered bysa Universal Serial Bus (USB) Power Source(s)

a) Flexible Cords;

b) Input Contacts;

c) Strain Relief test;

d) Abnormal, battery-supply cord shart circuit test; and

e) Resistance to Crushing test.

24.1 The charging system intended to be connected to a Universal Serial Bus (USB) poyver source(s)
shall be congidered as powered by a limited power source as described in the Standard fgr Information
Technology Equipment = Safety — Part 1. General Requirements, UL 60950-1 or CAN/C$A-C22.2 No.
60950-1 or a|Class.2 power source as described in the Standard for Class 2 Power Units, UL 1310 or the
Standard for Power. Supplies with Extra-low-voltage Class 2 Outputs, CAN/CSA-C22.2 No. P23 and shall

comply with the following:

a) A product which is intended to be connected to USB power source(s) shall be evaluated with
respect to risk of fire in accordance with Clause 21.1 unless the product is powered by a low-
power circuit as determined by Annex B.

b) Cable assemblies or wiring with lengths external to the unit not exceeding 3.05 m (10 ft),
coiled or uncoiled, shall be constructed of materials rated VW-1 or FT-1 or better with no
additional requirements.

c) The end-product appliance shall be marked in proximity to the connection point as to the
type of source (either the USB symbol "«<: " or the abbreviation "USB").
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d) The following statement, or equivalent, shall be permanently marked on the product or in the
instruction manual: "Use only with Listed/Certified Information Technology (Computer)
Equipment” or, "Use only with Listed/Certified ITE Power Supply” or "Listed Class 2 Power
Unit", as applicable. The markings may be combined.

e) During the required tests, each USB connection shall be connected to an independent
5.25V, 8 A capacity DC source of supply.

f) The instruction manual shall indicate the proper USB supply connection(s) and warn against
using unapproved sources.

25 USB

25.1 Battery|packs with a USB output for recharging or powering electronic devices shall¢omply with a
Low-Power {ircuit as determined by Annex B.
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Annex A
(normative)
Measurement of Creepage Distances and Clearances
Al Measurement of Creepage Distances and Clearances

Al.1 The methods of measuring creepage distances and clearances, which are specified in Clause 20.1,
are indicated in cases 1 to 10 (see Figures Al1.1 — Al1.4).

Al.2 These cases do not differentiate between gaps and grooves, or between types of insulation.

A1.3 The following assumptions shall be made:
a) Algroove may have parallel, converging, or diverging sides;

b) Apy groove having diverging sides, a minimum width exceeding 0.25 mm, a depth exceeding
1.5 mim, and a width at the bottom equal to or greater than 0.04 (1 mm), shall be regarded
as an air gap across which no creepage path exists (case 8);

c) Any corner including an angle less than 80° shall be assumed to be bridged with an
insuldting link of 1 mm width 0.25 mm for dirt-free situations), moved into the most lunfavorable
position (case 3);

d) Where the distance over the top of a groove is 1 mm (0.25 mm for dirt-free situgtions) or
more}, no creepage distance exists across the“air gap (case 2);

e) Cfeepage distances and clearances measured between parts moving relative to each other
are measured when these parts shallbe placed in their most unfavourable stationaly positions;
and

f) Any air gap less than 1 mmwide (0.25 mm for dirt-free situations) shall be ignorgd in
computing the total clearance.
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Condition:

Rule:

Condition

Rule:

Figure Al1.1
Clearance gap for parallel sided and V-shaped groove
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Path under consideration includes o porallel or converging sided groove of any depth with width less

than 1 mm.

€reepoge—distance—and—cteoronce uremeTsured—directty ocross—the—groove—us—ShowT:

Case 1

>1mm

sy g L
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1005002020 20 20 N0 %0 % % 2 % 2%

Path under consideration includes a parallel sided~groove of any depth equal to or more than

wide.

Clearance is the "line of sight” distance{/Creepage path follows the cfontour of the groove.

Case 2

Condition:

Rule:

S4621

mm

Path under consideration includes a V-shaped groove with internal angle of less than 80" and with a

width greater than X mm.

Clearance is "line of sight” distance. Creepage path follows the contour of the groove but “short
circuits” the bottom of the groove by 1 mm link (0,25 mm for dirt—free situations).

Case 3

oassssssssss—— C|_EARANCE

sssssssssssss CREEPAGE DISTANCE
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Condition:
Rule:

Figure A1.2
Clearance gap for rib and uncemented joint with groove
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Path under consideration includes a rib.
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Clearance is the shortest direct air path over the top of the rib. Creepage path follows the contour of the

Conditipn:
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rib.
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Path under consideration includes an uncemented/joint with grooves less than 1 mm wide on eithel

side (0,25 mm for dirt-free situations).

Case 4
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Creepage and clearance is the "line of .sight* distance shown.
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Case 5

> 1 mm
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Condition:

Rule:
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each side.

Clearance is the "line of sight” distance. Creepage path follows the contour of the groove.
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Path under consideration includes an uncemented joint with a groove equal to or more than 1 mm wide

Case 6
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Figure A1.3
Clearance gap for uncemented joint and diverging-sided groove
21 mm < 1 mm

Condition:

Rule:

Condition:

Rule:
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Path under consideration includes an uncemented joint with a groove on on€ side le
wide and a groove on the other side equal to or more than 1 mm wide.

Clearance and creepage path are as shown.

Case 7

>0,25mMm

/

s than 1 mm

>1 mm

Path under consideration includes a diverging—sided groove equal to or greater than
and “greater than 0,25 mm wide at the narrowest part and equal to or greater than
bottem.

1,5 mm deep
1 mm at the

Clearance 1s the Tine of sight distance. Creepage path follows the contour of the groove.

Case 3 also applies to the internal corners if they are less than 80°.

S4623

Case 8

.} CleGrOnce

sssssssssnnns Creepage distance
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