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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC MOTOR-OPERATED HAND-HELD TOOLS, TRANSPORTABLE
TOOLS AND LAWN AND GARDEN MACHINERY -
SAFETY -

Part 1: General requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 4EC is to promote
international co-operation on all questions concerning standardization in the electrical and»electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, ,Téchnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanee with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expréss;y’as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical’ committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for interndtional use and are accepted by IEC National
Committees in that sense. While all reasonable efforts ar& made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC_National Committees undertake to apply IEC Publications
transparently to the maximum extent possible\in®their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent-Certification bodies.

6) All users should ensure that they-have the latest edition of this publication.

7) No liability shall attach to IE€ or its directors, employees, servants or agents including individual experts and
members of its technical cemmittees and IEC National Committees for any personal injury, property damage or
other damage of any watdre whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)\ IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect-thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

Fhi hidated . bt ticialtEC—Standard it I —t I
prepared for user convenience.

IEC 62841-1 edition 1.1 contains the first edition (2014-03) [documents 116/156/FDIS and
116/163/RVD], its corrigenda 1 (2014-05) and 2 (2025-10), and its amendment 1 (2025-
03) [documents 72/1017/FDIS and 72/1026/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 62841-1 has been prepared by IEC technical committee 116:
Safety of motor-operated electric tools.

This standard is scheduled to cancel and replace the fourth edition of IEC 60745-1, published
in 2006, the first edition of IEC 61029-1, published in 1990, and the fifth edition of IEC 60335-
1, published in 2010, only with respect to requirements concerning lawn and garden
machinery. The latter publications remain valid until they are withdrawn. This standard
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the fourth
edition of IEC 60745-1:

— requirements in various clauses introduced or modified in order to includé the
requirements for transportable tools and lawn and garden machinery (formerly, covered by
IEC 61029-1 and IEC 60335-1);

— leakage current test and electric strength test moved from former Clauses 13 and 15 to
Annexes C and D;

— former Clauses 29, 30 and 31 renumbered to become Clauses 6, 13"and 15;

— requirements for electronic safety critical functions added to Clause 18;

— requirements for switches revised and moved from Annex | to.Clause 23;

— clarifications in respect to soft materials (elastomers) added to Clauses 9, 19 and 13;

— test finger in Figure 1 of IEC 60745-1 and test probe iDFigure 2 of IEC 60745-1 replaced
by references to basic IEC standards;

— requirements for Li-lon battery systems added to Annexes K and L;
— Annex M removed.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

This Part 1 is to be used in conjunctiop, with the appropriate parts of IEC 62841-2, IEC 62841-
3 or IEC 62841-4 which contain clauSes that supplement or modify the corresponding clauses
in Part 1 to provide the relevant reguirements for each type of product.

NOTE 1 In this standard, the following print types are used:
— requirements: in roman type
— test specification: in itatic.type

— Notes: in smaller roman type

Words in bold in“the text are defined in Clause 3. When a definition concerns an adjective, the adjective and the
associated noun are also in bold.

NOTE 2 _In-Annexes B, K and L, subclauses which are additional to those in the main body of the text are
numberéd-starting from 201.

A-list of all parts of the IEC 62841 series, under the general title: Electric motor-operated
hand-held tools, transportable tools and lawn and garden machinery — Safety, can be found
on the IEC website.

The committee has decided that the contents of this document and its amendment will remain
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the
data related to the specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

NOTE 3 The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations may need a transitional period following publication of a new, amended or revised IEC publication in
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which to make products in accordance with the new requirements and to equip themselves for conducting new or
revised tests.

It is the recommendation of the committee that the content of this publication be adopted for implementation
nationally not earlier than 36 months from the date of publication.

NOTE 4 In Europe (EN 62841-1), the following additional paragraph applies:

When a relevant Part 2, 3, or 4 does not exist, this document can be used to support the risk assessment process
in order to establish requirements for the tool.
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INTRODUCTION

Individual countries may wish to consider the application of this Part 1 of IEC 62841, so far as
is reasonable, to tools not mentioned in an individual part of IEC 62841-2, |IEC 62841-3 or
IEC 62841-4 and to tools designed on new principles.

Examples of standards dealing with non-safety aspects of hand-held tools, transportable

—tootsamd-tawmand-gardenmr mrachimery are

— standards dealing with EMC aspects;

— standards dealing with environmental aspects.
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ELECTRIC MOTOR-OPERATED HAND-HELD TOOLS, TRANSPORTABLE
TOOLS AND LAWN AND GARDEN MACHINERY -
SAFETY -

Part 1: General requirements

1 Scope

This International Standard deals with the safety of electric motor-operated or magnetically
driven:

— hand-held tools (IEC 62841-2);

— transportable tools (IEC 62841-3);

— lawn and garden machinery (IEC 62841-4).

The above listed categories are hereinafter referred to as “tools” or{machines”.

The rated voltage is not more than 250 V for single-phasg‘a.c. or d.c. tools, and 480 V for
three-phase a.c. tools. The rated input is not more than 300 W.

The limits for the applicability of this standard for battery tools are given in K.1 and L.1.

This standard deals with the hazards presented By tools which are encountered by all persons
in the normal use and reasonably foreseeablewmisuse of the tools.

Tools with electric heating elements are*within the scope of this standard.

Requirements for motors not isolated from the supply, and having basic insulation not
designed for the rated voltage' of the tools, are given in Annex B. Requirements for
rechargeable battery-powered\motor-operated or magnetically driven tools and the battery
packs for such tools are given in Annex K. Requirements for such tools that are also operated
and/or charged directly from the mains or a non-isolated source are given in Annex L.

Hand-held electric tools, which can be mounted on a support or working stand for use as fixed
tools without anyvalteration of the tool itself, are within the scope of this standard and such
combination af @ hand-held tool and a support is considered to be a transportable tool and
thus covered by the relevant Part 3.

This standard does not apply to:

— tools intended to be used in the presence of explosive atmosphere (dust, vapour or gas);
<~ tools used for preparing and processing food;

— tools for medical purposes;

NOTE 1 |EC 60601 series covers a variety of tools for medical purposes.
— tools intended to be used with cosmetics or pharmaceutical products;
— heating tools;

NOTE 2 IEC 60335-2-45 covers a variety of heating tools.
— electric motor-operated household and similar electrical appliances;

NOTE 3 |EC 60335 series covers a variety of electric motor-operated household and similar electrical appliances.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION -10 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

— electrical equipment for industrial machine-tools;

NOTE 4 IEC 60204 series deals with electrical safety of machinery.

— small low voltage transformer operated bench tools intended for model making, e.g. the
making of radio controlled model aircraft or cars, etc.

NOTE 5 In the United States of America, the following conditions apply:

This standard deals with tools used in non-hazardous locations in accordance with the National Electrical Code

NFPA 70.
NOTE 6 In Canada, the following conditions apply:

This standard deals with tools used in non-hazardous locations in accordance with the Canadian Electri¢ €ode,
Part 1, CSA C22.1, and General Requirements — Canadian Electrical Code, Part I, CAN/CSA-C22.2 No.0.

2 Normative references

The following documents, in whole or in part, are normatively referenced inxthis document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced decument (including any
amendments) applies.

IEC 60061, Lamp caps and holders together with gauges forythe control of interchangeability
and safety, available at http://std.iec.ch/iec60061

IEC 60065:2001, Audio, video and similar electronic d@pparatus — Safety requirements?
Amendment 2:2010
Amendment 1:2005

IEC 60068-2-75:1997, Environmental testing-— Part 2-75: Tests — Test Eh: Hammer tests

IEC/TR 60083, Plugs and socket-outlets for domestic and similar general use standardized in
member countries of IEC

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation
IEC 60127 (all parts), Miniature fuses

IEC 60227 (all parts);”Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V

IEC 60238, ‘Edison screw lampholders

IEC 60245 (all parts), Rubber insulated cables — Rated voltages up to and including
450,750 V

IEC 60252-1, AC motor capacitors — Part 1: General — Performance, testing and rating —

Safety requirements — Guidance for installation and operation
IEC 60320 (all parts), Appliance couplers for household and similar general purposes

IEC 60320-1, Appliance couplers for household and similar general purposes — Part 1:
General requirements

1 There exists a consolidated version (Edition 7.2:2011) which includes IEC 60065:2001 and its Amendment 1
(2005) and Amendment 2 (2010).



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV -1 - REDLINE VERSION
© IEC 2025

IEC 60335-1:2010, Household and similar electrical appliances — Safety — Part 1. General
requirements

IEC 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

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)?2
Amendment 1:1999
Amendment 2:2013

IEC 60664-1, Insulation coordination for equipment within low-voltage systetm's — Part 1:
Principles, requirements and tests

IEC 60695-2-11:2000, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products

IEC 60695-2-13:2010, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods —
Glow-wire ignition temperature (GWIT) test method for materials

IEC 60695-10-2:2003, Fire hazard testing — Part 10-2;yAbhormal heat — Ball pressure test

IEC 60695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and
vertical flame test methods

IEC 60730-1:2010, Automatic electrical controls for household and similar use — Part 1:
General requirements

IEC 60825-1:2007, Safety of laser products — Part 1. Equipment classification and
requirements

IEC 60884 (all parts), Plugs:and socket-outlets for household and similar purposes

IEC 60906-1, IEC system of plugs and socket-outlets for household and similar purposes —
Part 1: Plugs and saocket-outlets 16 A 250 V a.c.

IEC 60990:1999, Methods of measurement of touch current and protective conductor current

IEC 60998-2-1, Connecting devices for low-voltage circuits for household and similar
purpeses — Part 2-1: Particular requirements for connecting devices as separate entities with
serew-type clamping units

I 0000 9 9

o) £ ol H £ L L+ H 3 £ L. b ald ol H H
n-wv UvuvouJvu"o"<, \JUI'I'UULI'IH Ut vivCTo roi rovy VUll,ayU CUIrouito A4 rnmMouovriviu arryu QITrrrrarT
purposes — Part 2-2: Particular requirements for connecting devices as separate entities with
screwless-type clamping units

IEC 60999-1:1999, Connecting devices — Electrical copper conductors — Safety requirements
for screw-type and screwless-type clamping units — Part 1: General requirements and
particular requirements for clamping units for conductors from 0,2 mm? up to 35 mm?2
(included)

2 There exists a consolidated version (Edition 2.2:2013) which includes IEC 60529:1989 and its Amendment 1
(1999) and Amendment 2 (2013).
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IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test
IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test

3

Amendment 1:2007
Amendment 2:2010
IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) — Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test
IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) — Part 4-5: Testing and
measurement techniques — Surge immunity test
IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6x" Testing and

measurement techniques — Immunity to conducted disturbances, inducedby radio-frequency
fields

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) —-NPart 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and’voltage variations immunity
tests

IEC 61032:1997, 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 — Methads of test

IEC 61058-1:2000, Switches for appliances — Part 1: General requirements 4
Amendment 1:2001
Amendment 2:2007

IEC 61210, Connecting devicesi- Flat quick-connect terminations for electrical copper
conductors — Safety requirements

IEC 61540:1997, Electrical "accessories — Portable residual current devices without integral
overcurrent protection.fer household and similar use (PRCDs)%
Amendment 1:1998

IEC 61558-1, (Safety of power transformers, power supplies, reactors and similar products —
Part 1: General requirements and tests

IEC 61858-2-4, Safety of transformers, reactors, power supply units and similar products for
supply’ voltages up to 1 100 V — Part 2-4: Particular requirements and tests for isolating
transformers and power supply units incorporating isolating transformers

TEC 6 1558-2-0, Sarety of transformers, reactors, power supply units and similar proaucts for
supply voltages up to 1 100 V — Part 2-6: Particular requirements and tests for safety isolating
transformers and power supply units incorporating safety isolating transformers

3 There exists a consolidated version (Edition 3.2:2010) which includes IEC 61000-4-3:2006 and its Amendment
1 (2007) and Amendment 2 (2010).

4 There exists a consolidated version (Edition 3.2:2008) which includes IEC 61058-1:2000 and its Amendment 1
(2001) and Amendment 2 (2007).

5 There exists a consolidated version (Edition 1.1:1999) which includes IEC 61540:1997 and its Amendment 1
(2001).
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IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for
supply voltages up to 1 100 V — Part 2-16: Particular requirements and tests for switch mode
power supply units and transformers for switch mode power supply units

IEC 61951-1, Secondary cells and batteries containing alkaline or other non-acid electrolytes
— Portable sealed rechargeable single cells — Part 1: Nickel-cadmium

IEC 61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Secondary lithium cells and batteries for portable applications

IEC 61984, Connectors — Safety requirements and tests

IEC 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 62233, Measurement methods for electromagnetic fields of, household appliances and
similar apparatus with regard to human exposure

IEC 62471, Photobiological safety of lamps and lamp systems

IEC/TR 62471-2:2009, Photobiological safety of lamps”and lamp systems — Part 2: Guidance
on manufacturing requirements relating to non-lasép optical radiation safety

ISO 1463, Metallic and oxide coatings — Measurement of coating thickness — Microscopical
method

ISO 2178, Non-magnetic coatings\Con magnetic substrates — Measurement of coating
thickness — Magnetic method

ISO 2768-1, General tolerances — Part 1: Tolerances for linear and angular dimensions
without individual tolerancé.indications

ISO 3744, Acoustics w'Determination of sound power levels and sound energy levels of noise
sources using sound pressure — Engineering methods for an essentially free field over a
reflecting plane

ISO 3864-+2,. Graphical symbols — Safety colours and safety signs — Part 2: Design principles
for product safety labels

1ISO.3864-3, Graphical symbols — Safety colours and safety signs — Part 3: Design principles
for’'graphical symbols for use in safety signs

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of
machinery and equipment

ISO 5347 (all parts), Methods for the calibration of vibration and shock pick-ups

ISO 5349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand-
transmitted vibration — Part 1: General requirements

ISO 5349-2, Mechanical vibration — Measurement and evaluation of human exposure to hand-
transmitted vibration — Part 2: Practical guidance for measurement in the workplace
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ISO 7000:2012, Graphical symbols for use on equipment — Index and synopsis
ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs

ISO 7574-4, Acoustics — Statistical methods for determining and verifying stated noise
emission values of machinery and equipment — Part 4: Methods for stated values for batches
of machines

ISO 8041, Human response to vibration — Measuring instrumentation

ISO 9772:2012, Cellular plastics — Determination of horizontal burning characteristics of\small
specimens subjected to a small flame

ISO 11201, Acoustics — Noise emitted by machinery and equipment — Detérmination of
emission sound pressure levels at a work station and at other specified«posSitions in an
essentially free field over a reflecting plane with negligible environmental corgections

ISO 11203, Acoustics — Noise emitted by machinery and equipmént — Determination of
emission sound pressure levels at a work station and at other specified positions from the
sound power level

ISO 12100, Safety of machinery — General principles for désign — Risk assessment and risk
reduction

ISO 13849-1, Safety of machinery — Safety-related¢parts of control systems — Part 1: General
principles for design

ISO 13850, Safety of machinery — Emergenéy Stop — Principles for design

ISO 16063-1, Methods for the galibration of vibration and shock transducers — Part 1: Basic
concepts

EN 12096, Mechanical Cibration — Declaration and verification of vibration emission values

ASTM B 258, Standard specification for standard nominal diameters and cross-sectional
areas of AWG-sijzes of solid round wires used as electrical conductors

UL 969, Standard for marking and labeling systems

NOTEM In the United States of America, the following normative reference applies:

US/ Code of Federal Regulations (CFR) Title 21, Food and Drugs.

NOTE Z In Canada, the following normative reference applies.
C.R.C., c. 1370, Radiation Emitting Devices Regulations
NOTE 3 In Europe (EN 62841-1), the following normative references apply:

CR 1030-1, Hand-arm vibration — Guidelines for vibration hazards reduction — Part 1. Engineering methods by
design of machinery

EN ISO 11688-1, Acoustics — Recommended practice for the design of low-noise machinery and equipment —
Part 1: Planning (ISO/TR 11688-1)
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

Where the terms voltage and current are used, they imply the r.m.s. values, unless otherwise
specified.

Where In this standard the expressions "with the aid of a tool”, "without the aid ot a tool”, and
“requires the use of a tool”, are used, the word “tool” means a hand tool, for example a
screwdriver, which may be used to operate a screw or other fixing means.

3.1

accessible part

conductive part or surface of insulating materials that can be touched by means of the test
probe B of IEC 61032:1997

3.2
accessory
device that is attached only to the output mechanism of the tool

3.3

adjustable guard

guard which is adjustable as a whole or which incorporates”adjustable part(s). For manually
adjustable guards, the adjustment remains fixed during @ particular operation

3.4

all-pole disconnection

disconnection of all supply conductors except the protective earthing (grounding) conductor
by a single initiating action

3.5

attachment

device attached to the housing oftother component of the tool and which may or may not be
attached to the output mechanism and does not modify the normal use of the tool within the
scope of this standard

3.6

basic insulation

insulation applied to live parts to provide protection against electric shock. Insulation applied
to live parts notiintended to provide electric shock protection is considered to be insulation
for functional purposes, such as magnet wire insulation

3.7
battery
asSembly of one or more cells intended to provide electrical current to the tool

3.8

class | tool

tool in which protection against electric shock does not rely on basic, double or reinforced
insulation only, but which includes an additional safety precaution in that conductive
accessible parts are connected to the protective earthing conductor in the fixed wiring of the
installation in such a way that conductive accessible parts cannot become live in the event of
a failure of the basic insulation

Note 1 to entry: Also considered as class | tools are tools with double insulation and/or reinforced insulation
throughout, but also having an earthing terminal or earthing contact.
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3.9

class Il tool

tool in which protection against electric shock does not rely on basic insulation only, but in
which additional safety precautions, such as double insulation or reinforced insulation, are
provided, there being no provision for protective earthing or reliance upon installation
conditions

3.10

class lll tool
tool in which protection against electric shock relies on supply at safety extra-low voltagée;
and in which voltages higher than those of safety extra-low voltages are not generated

3.1

class Il construction

part of a tool for which protection against electric shock relies upon double<{insulation or
reinforced insulation

3.12

class Ill construction

part of a tool for which protection against electric shock relies upon safety extra-low voltage,
and in which voltages higher than those of safety extra-low voltages are not generated

3.13

clearance

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

Note 1 to entry: Examples of clearances are given in"Annex A.

3.14

control device

device used by the user to adjust and/or regulate an electrical or mechanical function of the
tool

3.15

creepage distance

shortest path betweenctwo 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

Note 1 to entry>~ Examples of creepage distances are given in Annex A.

3.16

detachable part

partwhich 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

ramoval raauiras tha tice of 3 taool
FoHoVa e gtH-os—tHe—usS —a—t t

Note 1 to entry: A non-detachable part is covered by the requirements of 21.22.

3.17
double insulation
insulation system comprising both basic insulation and supplementary insulation

3.18
electronic circuit
circuit incorporating at least one electronic component
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3.19

electronic component

part in which conduction is achieved principally by electrons moving through a vacuum, gas or
semiconductor, with the exclusion of neon indicators

Note 1 to entry: Examples of electronic components are diodes, transistors, triacs and monolithic integrated
circuits. Resistors, capacitors and inductors are not considered electronic components.

a._nn

v.U

explosion

failure that occurs, when an enclosure opens violently and major components are forcibly
expelled in a manner that could result in injury

3.21

extra-low voltage

voltage supplied from a source within the tool and, which, when the tool is supplied at rated
voltage, does not exceed 50 V between conductors and between conductors-and earth

3.22

fixed guard

guard affixed in such a manner (e.g. by screws, nuts, welding) that it can only be opened or
removed with the use of tools or by destruction of the affixing means

3.23
guard
physical barrier, designed as part of the tool, to provide protection

3.24

hand-held tool

tool intended to do mechanical work, with orwithout provisions for mounting on a support, and
so designed that the motor and the machine form an assembly which can easily be brought to
the place of operation, and which is gither held or supported by hand or suspended during
operation

Note 1 to entry: Hand-held tools in€lude tools provided with a flexible shaft, the motor being either fixed or
portable.

3.25

inherent operating cycéle

repetitive operation (ofya tool designed in such a way that the complete cycle duration cannot
be altered by the operator

3.26
interconnection cord
externalflexible cord provided for electrical connections between two parts of a tool

327

lawn and garden machinery
fool for gnrdnn maintenance

3.28

liquid system

system that employs water or a water-based liquid from an external or integral supply that is
used to perform the intended function of the tool

3.29

live part

any conductor or conductive part intended to be energized in normal use, including a neutral
conductor
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3.30

mean time to dangerous failure

MTTF 4

expectation of the mean time to dangerous failure

3.31
momentary power switch

power switch that does not remain in the “on” position when the actuating device is released

3.32

non-self-resetting thermal cut-out

thermal cut-out which requires a manual operation for resetting, or replacement of a part, in
order to restore the current

Note 1 to entry: Manual operation also includes operation of the power switch.

3.33

non-isolated source

voltage source in which the output is not isolated from the mains supply by means of a safety
isolating transformer

3.34
normal operation
conditions under which the tool is operated in normal use-when it is connected to the power

supply

3.35
normal use
use of a tool for which it is designed, taking jinto’account the manufacturer’s instructions

3.36

power switch

device that electrically activates the primary function of the tool in the “on” position and
deactivates the same function of the tool in its “off” position

3.37

protective device

device, the operation.of which prevents a hazardous situation under abnormal operation
conditions

3.38

protective impedance

impedance.connected between live parts and accessible conductive parts, and of value so
that the current is limited to a safe value

339
rated current

current Qccignor{ to the tool hy the manufacturer

3.40
rated frequency
frequency assigned to the tool by the manufacturer

3.41

rated frequency range

frequency range assigned to the tool by the manufacturer, expressed by its lower and upper
limits
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3.42
rated input
input in watts assigned to the tool by the manufacturer

3.43
rated no-load speed
no-load speed assigned to the tool by the manufacturer

3.44

rated voltage

voltage assigned to the tool by the manufacturer. For three-phase supply, it is the voltage
between phases

3.45

rated voltage range

voltage range assigned to the tools by the manufacturer, expressed by its.lower and upper
limits

3.46

reinforced insulation

insulation of live parts which provides a degree of protection against electric shock
equivalent to double insulation

Note 1 to entry: Examples of reinforced insulation are a single layer‘or several layers which cannot be tested
singly as basic insulation or supplementary insulation.

3.47

residual current device

RCD

device intended to detect a diversion of curtent from a circuit in a way that may expose the
user to an electric shock; in such conditions*the device opens the circuit

Note 1 to entry: Such a device is also known as portable residual current device (PRCD), ground fault circuit
interrupter (GFCI) or earth leakage circuit breaker (ELCB).

3.48

safety critical function

SCF

function(s) required by(this standard, the loss of which would cause the tool to function in
such a manner as to_expose the user to a risk that is in excess of the risk that is permitted by
this standard under .abnormal conditions

3.49

safety extra-low voltage

voltage not exceeding a peak value of 42,4 V between conductors and between conductors
and_éarth, the no-load voltage not exceeding a peak value of 50 V, in an electric circuit which
has:galvanic separation from the supplying electric power system by such means as a safety
isolating transformer or a converter with separate windings, the insulation of which complies
with double insulation or reinforced insulation requirements

3.50

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, a tool or other equipment at safety extra-low voltage

3.51

self-resetting thermal cut-out

thermal cut-out which automatically restores the current after the relevant part of the tool
has cooled down to a given value



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 20 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

3.52

supplementary insulation

independent insulation applied in addition to the basic insulation, in order to provide
protection against electric shock in the event of a failure of the basic insulation

3.53
supply cord
flexible cord. for supply purposes. which is fixed to the tool

3.54

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 closingya circuit
when the temperature of the controlled part reaches a predetermined value

Note 1 to entry: This does not reverse this operation of opening or closing a circuit during the_normal operation of
the tool.

3.55

thermal cut-out

device which, during abnormal operation, limits the temperaturé.of the controlled part by
automatically opening the circuit, or by reducing the current, the” setting of which cannot be
altered by the user

3.56
thermal link
thermal cut-out which operates only once, and theh requires partial or complete replacement

3.57

thermostat

temperature-sensing device, the operating temperature of which may be either fixed or
adjustable; and which, during normal operation, keeps the temperature of the controlled part
between certain limits by automatically-opening and closing a circuit

3.58
transportable tool
tool that has the following ¢haracteristics:

a) intended to be taken to various designated working areas. The tool performs work on the
material that is either brought to the tool, the tool is mounted to the workpiece or the tool
is placed in_proximity of the workpiece;

b) intended'to' be moved by one or two people, with or without simple devices to facilitate
transportation, e.g. handles, wheels and the like;

c) usé€diin a stationary position set up on a bench, table, floor or incorporating a device that
performs the function of a bench or table, with or without fixing, e.g. fast clamping
devices, bolting and the like, or mounted to the workpiece;

d)” used under the control of an operator;

e) either the workpiece or the Tool is Ted or infroduced manually;

f)  not intended for continuous production or production line use;
g) if mains operated, supplied with a flexible supply cord and plug
3.59

type X attachment

method of attachment of the supply cord specified by the manufacturer so that it can easily
be replaced
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3.60

type Y attachment

method of attachment of the supply cord such that any replacement is intended to be made
by the manufacturer, its service agent or similar qualified person

3.61
type Z attachment

method of attachment of the supply cord so that it cannot be replaced without breaking or
destroying the tool

3.62

user maintenance

maintenance operation(s) which are intended to be carried out by the user in accordance with
the instruction manual

3.63

working voltage

maximum voltage, without the effect of transient voltages, to which the part under
consideration is subjected when the tool is supplied at its rated voltage and operating with
rated input or rated current

3.64
entity
person, device, tool, product or service that interacts with a-tool, battery pack or charger

3.65
message
data which is transmitted from a sender (data_sQUrce) to one or more receivers (data sink)

3.66

public network

network carrying digital data or analog@e signals or both where access to the data and signals
is not restricted by the physical space within the use environment of the tool, battery or
charging system

Note 1 to entry: Determinationwf donfinement to the physical space includes consideration of the network's range
of communication, configuratign, or construction.

Note 2 to entry: For thepurposes of this document, examples of public networks include, but are not limited to:
— PAN (personal area network);

— LAN (local apea\network) connected devices which can or cannot be connected to a gateway, such as BLE
(Bluetooth fow-Energy), Bluetooth or WLAN (wireless local area network);

— PLC (power line communication);
— SRD\short range devices); and

- VAN (wide area network).

Note 3 to entry: For the purposes of this document, examples of networks which are not considered as being
public networks include, but are not limited to:

— NFC (near field communication);
— optical communication with line of sight (infra-red rays or visual rays); and

— hardwired configurations constructed of physical media

without connection to a public network.

3.67

remote communication

transmission of data between the tool, battery pack or charger and an entity that can be
initiated out of sight of the tool, battery pack or charger using communication means such as
radio wave modulation, sound wave modulation or bus systems
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Note 1 to entry: Examples of transmission of data include, but are not limited to, remote monitoring, software
downloading or control parameter modifications.

Note 2 to entry: Transmission of data can be one-way (simplex) or two-way (duplex).

3.68

authentication

provision for confirming that the entity sending or receiving a message is what or who it
claims to be

3.69

authorization

means to ensure that the authenticated entity requesting access to information, functiohs or
services has the required authority

3.70

cryptographic technique

calculation of output data using a mathematical algorithm to encode input data with a key as a
parameter

3.7
data integrity protection
protection that enables the tool to confirm the data has not beefxaltered, lost or destroyed

4 General requirements

Tools shall be so constructed that they operate safely so as to cause no danger to persons or
surroundings.

Tools that have clearly separate modes, of operation shall comply separately with the
requirements applicable to each specifiéimode of operation.

Multifunction tools shall comply, ‘separately with the applicable part of IEC 62841-2,
IEC 62841-3 or IEC 62841-4 and shall take into account any other hazards due to the
combination of functions.

NOTE In Europe (EN 62841l), the above paragraph is not applicable.

Compliance is checked by fulfilling the relevant requirements and carrying out the relevant
tests of this standard.

5 Generalconditions for the tests

5.1 Tests according to this standard are type tests. General test conditions in Clause 5
apphrunless otherwise specified in this standard.

NOTE Annex F shows an example of routine tests.

5.2 The tests are made on separate samples. However, at the manufacturer’s discretion,
fewer samples may be used.

The cumulative stress resulting from successive tests on electronic circuits is to be avoided.
It may be necessary to replace components or to use additional samples.

If several tests are conducted on a single sample, then the results shall not be affected by
previous tests.
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5.3 If it is evident from the construction of the tool that a particular test is not applicable,
the test is not made.

5.4 The tests are carried out with the tool, and/or any movable part of it, placed in the most
unfavourable position that may occur in normal use.

5.5 Tools provided with controls or switching devices are tested with these controls or

dovicos adictnd n thair mact ynfavniirahln onttinaa (f thn onttina ~nan ha alfarad hy tha ony
eV Ot oote OOt e T O ST oY O oo O S Sttt ot o Ottt g oo o eart e e oo/t e oS o

Electronic speed control devices are set for the highest speed.

If the adjusting means of the control is accessible without the aid of a tool, 5.5 applies
whether the setting can be altered by hand or with the aid of a tool. If the adjusting means is
not accessible without the aid of a tool, and if the setting is not intended to be altered’ by the
user, 5.5 does not apply.

Adequate sealing is regarded as preventing alteration of the setting by the user.

5.6 The tests are made in a draught-free location and at an ambient temperature of
(20 + 5) °C.

If the temperature attained by any part is limited by a temperature sensitive device, the
ambient temperature is, in case of doubt, maintained at (23+2) °C.

5.7 The test conditions related to frequency and voltage are specified in 5.7.1 to 5.7.3.

5.7.1 Tools for a.c. only are tested with a.c.,at.rated frequency, if marked, and those for
a.c./d.c. are tested with the most unfavourable-stpply.

Tools for a.c. which are not marked with rated frequency, or marked with a rated frequency
range of 50 Hz to 60 Hz or with 50/607Kz, are tested with either 50 Hz or 60 Hz, whichever is
the most unfavourable, unless thé tool employs only series motors, in which case either
frequency may be used.

5.7.2 Tools having more~than one rated voltage or having a rated voltage range are
tested at the highest voltage.

5.7.3 For tests that require a value for rated current and with tools where there is no
marked rated current, the value of the rated current is substituted by the current measured
when the toolss operated at rated input at the lowest rated voltage or the lower value of the
rated voltage range.

5.8 _When alternative heating elements or attachments are made available for the tool by
its manufacturer, the tool is tested with those heating elements or attachments which give
the;most unfavourable results.

e Foot iy e -flexib ’ ’ e "

5.10 If class I tools have accessible parts which are not connected to an earthing terminal
or earthing contact, and are not separated from live parts by an intermediate metal part
which is connected to an earthing terminal or earthing contact, such parts are checked for
compliance with the appropriate requirements specified for class Il construction.

5.11 If class I tools or class Il tools have parts operating at safety extra-low voltage,
such parts are checked for compliance with the appropriate requirements specified for class
1l tools.
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5.12 When testing electronic circuits, the supply is to be free from those perturbations from
external sources that can influence the results of the tests.

5.13 If, in normal use, a heating element, if any, cannot be operated unless the motor is
running, the element is tested with the motor running. If the heating element can be operated
without the motor running, the element is tested with or without the motor running, whichever
is the more unfavourable. Heating elements incorporated in the tool are connected to a
Sseparate supply unless otherwise specified.

5.14 For attachments performing a function which is within the scope of one of the relevant
parts of IEC 62841-2, IEC 62841-3 or IEC 62841-4, the tests are made in accordance with
that part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

5.15 |If a torque is to be applied, the method of loading is chosen so as to avoid additional
stresses, such as those caused by side thrust. Additional loads necessary «fer the correct
operation of the tool are, however, taken into consideration.

If a brake is used for applying a load, it must be applied gradually to_assure that the starting
current does not affect the test. Modification of output means for-purpose of loading is
permitted for the connection to a brake.

5.16 Tools intended to be operated at safety extra-low voltage are tested using a supply
transformer intended to be used with the tool.

5.17 If a requirement is based upon the mass of\the tool, the mass shall be determined
without supply cord, if any, and without tool bits ot accessories, but with all equipment and
attachments needed for normal use. Details of ‘the required accessories, equipment and
attachments are given in the relevant part of dEC 62841-2, IEC 62841-3 or IEC 62841-4.

If the tool is supplied with more than one~accessory, equipment or attachment, the heaviest
configuration shall be used to determine the mass.

5.18 |If linear and angular dimensions are specified without a tolerance, ISO 2768-1, class
“c” is applicable.

5.19 All electrical measuréments shall be made with a maximum measurement error of 5 %.

Instruments for measuring voltage shall have an input resistance of at least 1 MQ with a
maximum parallel.capacitance of 150 pF.

5.20 Thermal equilibrium is considered achieved when the total deviation of three
successive~temperature rise readings, taken at 3 min intervals, does not exceed 4 K. For
inductien~-motors, a measurement time of 1 h is considered sufficient.

For'motors, thermal equilibrium may be evaluated by measuring the temperature of the stator
laminations.

6 Radiation, toxicity and similar hazards
6.1  Tools shall not emit harmful radiation, or present a toxic or similar hazard.

Compliance is checked by the test, given in the relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4, where necessary.

NOTE Previous studies have shown that the level of electromagnetic fields (EMF) emitted by power tools and
garden machinery, measured in accordance with IEC 62233, is far below the applicable limits, provided the sole
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significant source of EMF is the motor, which is typically a universal, DC (with or without brushes), induction or
solenoid motor. Therefore, a general measurement in accordance with IEC 62233 was regarded as not necessary.

6.2 If the tool is fitted with a laser to indicate a cutting line or the like, the laser class shall
be 2M or lower, according to IEC 60825-1:2007.

In addition, the tool shall be marked with the symbol(s) as required by IEC 60825-1:2007 for
the relevant laser class.

Compliance is checked by inspection.

6.3 If a tool is fitted with non-coherent light sources, users of tools shall be cautioned'as to
the risk of potential photo-biological harm, if such harm exists.

Depending on the type of light source, the requirements of 6.3.1, 6.3.2 or 6.3.3 apply.

6.3.1 Visible light indicators (pilot lamps) and Infrared sources usedyfor signalling and
communication are considered to have no risk of photo-biological harm and require no
marking.

Compliance is checked by inspection.

6.3.2 Tools emitting visible light from electroluminescent, incandescent or LED sources are
considered to be for short term, non-general light seryvices use where exposure is both
incidental and intermittent.

Tools emitting light from these sources shall bednarked with one of the following:

— “CAUTION Do not stare at operating lamp”, or
— symbol IEC 60417-6041 (2010-08).

The marking may be omitted, if it;)can be demonstrated that the emitted light presents no
reasonable risk of harm.

The emitted light is considered'to present no reasonable risk or harm, if either

— the light emission at:-a distance of 200 mm along any direction of the tool is below
500 Lux; or
— the luminance light emission is less than 10 000 cd/m? in the range of visible light; or

— the light spurce (if not focused by external optics) is in Risk Group 1 or lower evaluated by
the methods of IEC 62471; or

— the tool'itself is evaluated by the methods of IEC 62471 and found to be in Risk Group 1
or-lower.

CGompliance is checked by measurement and by the methods specified in IEC 62471.

evaluated by the methods of IEC 62471 and the markings shal-l -bt,-:‘ guided by 5.4 of
IEC/TR 62471-2:2009.

Compliance is checked by inspection and by the methods specified in IEC 62471.

7 Classification

71 Tools shall be of one of the following classes with respect to protection against electric
shock:



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 26 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

class I, class Il, class Ill.
Compliance is checked by inspection and by the relevant tests.

7.2 Tools shall have the appropriate degree of protection against harmful ingress of water
according to IEC 60529:2013. If a degree other than IPXO0 is required this shall be specified in
the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

Compliance is checked by inspection and by the relevant tests.

8 Marking and instructions

8.1  Tools shall be marked with rating information as follows:

— rated voltage(s) or rated voltage range, in volts. Tools for star-delta cenhection shall be
clearly marked with the two rated voltages (for example 230 A/ _400 Y). A tool that
complies with this standard for a voltage range, may also be markKed with any single
voltage or smaller voltage range within that range;

— symbol for nature of supply, unless the rated frequency(ies) or.rated frequency range is
marked. The symbol for nature of supply shall be placed, next to the marking for rated
voltage;

— rated input, in watts or rated current, in amperes. The“rated input or rated current to
be marked on the tool is the total maximum input jor current that can be drawn from
external circuit at the same time. If a tool has‘(lternative components which can be
selected by a control device, the rated inputor rated current is that corresponding to
the highest loading possible;

— symbol for class Il construction, for class. !l tools only;

— IP number according to degree of protection against ingress of water other than IPX0. If
the first numeral for the IP numberingis omitted, the omitted numeral shall be replaced by
the letter X, for example IPX5.

Compliance is checked by inspegtion.

8.1.1 Tools having a range of rated values such as for voltage and frequency and which
can be operated without.adjustment throughout the range shall be marked with the lower and
upper limits of the range-separated by a hyphen.

Example:
115-230 V. The tool is suitable for any value within the marked range.

Tools having different rated values and which have to be adjusted for use of a particular value
by<the user or installer shall be marked with the different values separated by an oblique
stroke. This requirement is also applicable to tools with provision for connection to both
single-phase and multi-phase supplies.

Examples:
115/230 V: The tool is only suitable for the marked values.

230/400 V: The tool is only suitable for the voltages values indicated, 230 V being for single-
phase operation and 400 V for three-phase operation.

Compliance is checked by inspection.
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8.1.2 For tools marked with more than one rated voltage, a rated voltage range or with
more than one rated voltage range, the rated input for each of these voltages shall be
marked.

The upper and lower limits of the rated power input shall be marked on the tool so that the
relation between input and voltage appears distinctly, unless the difference between the upper
and lower limits of a rated voltage range does not exceed 20 % of the mean value of the
range, in which case the marking for rated input may be related to the mean value of the

range.
Compliance is checked by inspection.
8.2 Tools shall be marked with a safety warning in one of the following versions:

- “EWARNING — To reduce the risk of injury, user must read instruction manual”, or
— symbol M002 of ISO 7010, or

— the appropriate symbol stated in the relevant part of IEC 628412, IEC 62841-3 or
IEC 62841-4.

If used, the word “WARNING” shall be in capital letters not less than 2,4 mm high and shall
not be separated from either the cautionary statement or_the'symbol ISO 7000-0434A or
ISO 7000-0434B (2004-01).

If used, the statement shall be verbatim except the term/’ “operator’s manual” or “user guide”
may be used for the term “instruction manual”.

If additional symbols are used, they shall be indaccordance with ISO 7010 or be designed in
accordance with 1ISO 3864-2 or ISO 3864-3.

Cautionary statements having the same“signal word such as “ﬂWARNING” may be combined
into one paragraph under one signal word. The order of statements shall be markings
required by IEC 62841-1, markings required by the relevant part of IEC 62841-2, IEC 62841-3
or IEC 62841-4 and then any optional markings.

Compliance is checked by.inspection and by measurement.

8.3 Tools shall be.marked with additional information as follows:

— the business mname and address of the manufacturer and, where applicable, his authorised
representative. Any address shall be sufficient to ensure contact. Country or state, city
and postalreode (if any) are deemed sufficient for this purpose;

— designation of the tool,
designation of the tool may be achieved by a code that is any combination of letters,
numbers or symbols, providing that this code is explained by giving the explicit

designation such as “drill”, “planer” etc. in the instructions supplied with the tool;

NOTE 1 An example of such code is “A123-B”.

— designation of series or type,
allowing the technical identification of the product. This may be achieved by a combination
of letters and/or numbers and may be combined with the designation of tool;

NOTE 2 The term “designation of series or type” is also known as model number.

— the year of manufacture and a date code identifying at least the month of manufacture;

— for tools manufactured such that its parts are shipped separately for assembly by the end
user, each part shall be marked with a distinct identification on the part or the package;

“ ” o
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— if the mass of the tool is greater than 25 kg: "> 25 kg" or the mass of the tool in kg.

If additional markings are used, they shall not give rise to misunderstanding.

NOTE 3 In Europe (EN 62841-1), the following additional requirement applies:

Tools shall be additionally marked with the website, e-mail address or other digital contact at which the
manufacturer can be contacted. Where the size or nature of the tool does not allow the marking on the product, the
required information shall be provided on the packaging or in an accompanying document.

For tools where the instruction manual is provided only in a digital format, the tool shall be marked with information
on how to access the digital instructions. Where the size or nature of the tool does not allow the marking onrthe
product, the required information shall be provided on the packaging or in an accompanying document.

Compliance is checked by inspection.
8.4  Markings specified in 8.1 to 8.3 shall not be on a detachable part of the tool.

Markings specified in 8.2 and 8.3 shall be clearly discernible from the outside of the tool. For
markings other than symbols, this may be achieved by the use of a fold‘over label on power
cords of tools with type Y attachment or type Z attachment. Other markings on the tool may
be visible after removal of a cover, if necessary.

Indications for switches and controls shall be placed on or inthe vicinity of these components;
they shall not be placed on parts which can be repositioned) or positioned in such a way that
the marking is misleading.

Compliance is checked by inspection.

8.5 If the tool can be adjusted to suit differént*rated voltages, the voltage to which the tool
is adjusted shall be clearly discernible.

This requirement does not apply to tools for star-delta connection.

For tools where frequent changés in voltage setting are not required, this requirement is
considered to be met if the rated voltage to which the tool is adjusted can be determined
from a wiring diagram fixed-to the tool. The wiring diagram may be on the inside of a cover
which has to be removed te connect the supply conductors. It shall not be on a label loosely
attached to the tool.

Compliance is checked by inspection.

8.6  For units'the following shall be used:

N N volts
A amperes
AN ampere-hours
Hz hertz

W waltts

KW kilowatts

F o farads

LE microfarads
P litres

o P grams

S kilograms



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 29 - REDLINE VERSION
© IEC 2025

Pa pascals

0 T hours

001 o T PP minutes

S et seconds

1 no-load speed

dminor ..min=! revolutions or reciprocations per minute (rpm)

For symbols the following shall be used:
[symbol IEC 60417-5031 (2002-10)]
direct current

e [symbol IEC 60417-5032 (2002-10)]
alternating current

370 three-phase alternating current

....................... three-phase alternating current with,neutral
....................... rated current of the appropriate fuse-link in amperes

....................... time-lag miniature fuse-link where X is the symbol for
the time/current characteristic, as given in IEC 60127

....................... [symbol IEC 60417-5019 (2006-08)]
protective earth

............................ [symbol IEC 60417-5172 (2003-02)]
class Il tool

....................... IP symbol

....................... [symbol ISO 7000-0434A or ISO 7000-0434B (2004-
03]
caution

....................... [symbol M002 of ISO 7010]
read the instructions

....................... [symbol IEC 60417-5012 (2002-10)]
lamp

NOTE The rated wattage of the lamp may be indicated in association with this
symbol.

....................... [symbol IEC 60417-6041 (2010-08)]
visible radiation, instructional safeguard

....................... diameter
....................... lithium-ion battery

....................... nickel-cadmium battery

....................... nickel-metal hydride battery

If additional symbols are used, they shall not give rise to misunderstanding and be explained
in the instructions.

When other units are used, the units and their symbols shall be those of the international
standardized system.

Compliance is checked by inspection.
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8.7 Tools to be connected to more than two supply conductors shall be provided with a
connection diagram, fixed to the tool, unless the terminals are clearly identified.

The earthing conductor is not considered to be a supply conductor. For tools for star-delta
connection, the wiring diagram shall show how the windings are to be connected.

Compliance is checked by inspection.

8.8 Except for type Z attachment, terminals shall be indicated as follows:

— Terminals intended exclusively for the neutral conductor shall be indicated by the letter N.
— Earthing terminals shall be indicated by the symbol IEC 60417-5019 (2006-08).

These indications shall not be placed on screws, removable washers or other.'parts which
might be removed when conductors are being connected.

Compliance is checked by inspection.

8.9 Switches which may give rise to a hazard when operated shalllbe marked or so placed
as to indicate clearly which part of the tool they control.

Compliance is checked by inspection.

8.10 The “off” position of a multi-stable power switch'shall be indicated; the indication shall
be the figure O, as given by symbol IEC 60417-5008%(2002-10). A momentary power switch
which can be locked in the “on” position is not considered as a multi-stable switch.

Push-buttons used only for the "off" functior shall be indicated by marking the button/position
with the figure O and the colour of the button'shall be red or black.

The figure O shall not be used for any.‘ether indication.

NOTE The figure O can, for example,(also be used on a digital programming keyboard.

For transportable tools, .a power switch actuator or its cover shall not have a colour in a
combination of yellow and red as specified for an emergency stop in accordance with
ISO 13850.

When a flap/cover is provided and covers only the start button, the colour of the flap/cover
shall not be blagk, red or yellow.

When asflap/cover is provided and covers the stop button, such flap/cover shall be red or
black.

Compliance is checked by inspection.

8.11 Control devices intended to be adjusted during operation, shall be provided with an
indication for the direction of adjustment to increase or to decrease the value of the
characteristic being adjusted. An indication of + and — is considered to be sufficient for this
requirement.

The requirement does not apply to control devices provided with an adjusting means, if its
fully “on” position is opposite to its “off” position.

If figures are used for indicating the different positions, the “off” position shall be indicated by
the figure O and the other positions shall be indicated by figures reflecting the greater output,
input, speed, etc.
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The indication for the different positions of the operating means of a control device shall be
placed on the device itself, or adjacent to the operating means.

Compliance is checked by inspection.

8.12 Markings required by the standard shall be legible and durable. Signs shall be in
contrast such as colour, texture, or relief, to their background such that the information or

metriiotione nravidad hy tha cinne ara olaarlhy laaihla swhan vicavwad with narmmal vician fram o
ot o otrots—provrae oy —te—Sorgro—are—orearry e grore—wrer—view e vty ot

distance of (500 + 50) mm. Signs need not be in accordance with the blue colour
requirements of ISO 3864-2.

Compliance is checked by inspection and by rubbing the marking by hand for 15s_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 of 8.12, the marking shall be easily legible, it shall not be ‘easily possible to
remove markings.

In considering the durability of the marking, the effect of normal use’is taken into account.
Thus, for example, marking by means of paint or enamel other-than vitreous enamel on
containers that are likely to be cleaned frequently is not considered to be durable.

The petroleum spirit to be used for the test shall be a reagent grade hexane with a minimum
of 85 % as n-hexane.

NOTE 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 Chemical Society) reagent grade
hexane (CAS #110-54-3).

If the marking has an adhesive backing, the adhesive backing shall be durable.

Compliance is checked by either meetihg the requirements of UL 969 under the conditions of
occasional exposure to oil, humidity-and water, and appropriate for the surface to which it is
applied, or by the following tests;

— Three labels applied to the tools or a panel of the test surface material are placed in an
oven for a minimum .of 24 h with the oven is maintained at a temperature of (120 + 2) °C,
or alternatively for.@ minimum of 200 h at the temperature that the label is exposed to
during the test of Glause 12.

— Six additionahlabels applied to the tool or a panel of the test surface material are placed in
a controlledhatmosphere maintained at 21 °C to 30 °C with a relative humidity of minimum
45 % for_ at'least 24 h. After this conditioning, immerse three labels in water and the other
three labels in IRM 903 oil at a temperature of 21 °C to 30 °C for 48 h.

— Thre€ additional labels applied to the tool or a panel of the test surface material are
placed in a controlled atmosphere maintained at 21 °C to 30 °C with a relative humidity of
minimum 45 % for 72 h.

Afterthese r\nnrhhnn:nge it shall not ha 83Sy to-remove-the-label h\/ or\rnp:ng across-the-label

with a flat steel blade of 0,8 mm thickness and any convenient w:dth held at right angles, and
the label shall show no signs of curling.

8.13 If compliance with this standard depends upon the operation of a replaceable thermal
link or fuse-link, the reference number or other means for identifying the link shall be marked
on the link, or in a place that it is clearly visible after the link has failed, when the tool has
been dismantled to the extent necessary for replacing the link.

This requirement does not apply to links which can only be replaced together with a part of
the tool.
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Compliance is checked by inspection.
8.14 An instruction manual and safety instructions shall be provided with the tool and
packaged in such a way that is noticed by the user when the tool is removed from the

packaging. An explanation of the symbols required by this standard and used on the tool shall
be provided in either the instruction manual or the safety instructions.

NOTE 1 In Eurgope (EN 62841-1) the abaove paragraph is replaced by the fnllnwing'

Except as provided below, an instruction manual and safety instructions shall be provided with the toGl
and packaged in such a way that is noticed by the user when the tool is removed from the packaging” An
explanation of the symbols required by this standard and used on the tool shall be provided in either‘the
instruction manual or the safety instructions.

Instructions may be provided in digital format in accordance with Regulation (EU) 2023/1230.

NOTE If instructions are provided in digital format, the following safety informatigh_is regarded as
essential in accordance with Regulation (EU) 2023/1230:

— safety instructions in accordance with 8.14.1, Annex K and Annex L, as applicable and

— additional safety instructions related to assembly, start-up, operation, mainténance and transport of
the tool that is deemed necessary by the manufacturer.

They shall be written in the official language(s) of the country in which the tool is sold.

NOTE 2 In Europe (EN 62841-1), the following additional requirement applies:

The words "Original instructions" shall appear on the language veérsion(s) verified by the manufacturer or his
authorised representative. Where no "Original instructions" exist in the official language(s) of the country where the
tool is to be used, a translation into that/those language(s) shall ‘be/provided by the manufacturer or his authorised
representative or by the person bringing the tool into the language area in question. The translations shall bear the
words "Translation of the original instructions", and they ‘shall be accompanied by a copy of the "Original
instructions”.

They shall be legible and contrast with thexbackground.

They shall include the business name'and address of the manufacturer and, where applicable,
his authorised representative. Any “address shall be sufficient to ensure contact. Country or
state, city and postal code (if any)iare deemed sufficient for this purpose.

They shall include the designation of the tool and series or type as required by 8.3, including
description of machine such as “drill”, “planer” etc.

8.14.1 The subjects’of safety instructions are the “General Power Tool Safety Warnings” of
Part 1 as given.inn\8.14.1.1, the specific tool safety warnings of the relevant part of IEC 62841-
2, IEC 62841-3*or IEC 62841-4 and any additional safety warning statements deemed
necessary byjthe manufacturer. The “General Power Tool Safety Warnings” and the specific
tool safetywarnings, if in English, shall be verbatim and in any other official language to be
equivalent. The numbering of the safety instructions, as given below, is not mandatory and
may.be omitted or replaced by other sorting means such as bullets. The “General Power Tool
Safety Warnings” may be separate from the instruction manual.

these products an appropriate term such as “machine” may be used.
The term verbatim means word-for-word but permits the differences in spelling between
English-speaking countries.

Format of all safety warnings must differentiate, by font, highlighting or similar means, the
context of clauses as illustrated below.

All notes in the safety instructions are not to be printed, they are information for the designer
of the manual.
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8.14.1.1 General power tool safety warnings

BWARNING Read all safety warnings, instructions, illustrations and specifications
provided with this power tool. Failure to follow all instructions listed below may result in
electric shock, fire and/or serious injury.

Save all warnings and instructions for future reference.

The term "power tool" in the warnings refers to your mains-operated (corded) power tool or
battery-operated (cordless) power tool.

1) Work area safety

2)

3)

a)
b)

c)

Keep work area clean and well lit. Cluttered or dark areas invite accidents.

Do not operate power tools in explosive atmospheres, such as in thé presence of
flammable liquids, gases or dust. Power tools create sparks which-may ignite the
dust or fumes.

Keep children and bystanders away while operating a powentool. Distractions can
cause you to lose control.

Electrical safety

a)

b)

Power tool plugs must match the outlet. Never modify the plug in any way. Do
not use any adapter plugs with earthed (grounded)_power tools. Unmodified plugs
and matching outlets will reduce risk of electric shack:

Avoid body contact with earthed or grounded-surfaces, such as pipes, radiators,
ranges and refrigerators. There is an increaseéd risk of electric shock if your body is
earthed or grounded.

Do not expose power tools to rain or,wet conditions. Water entering a power tool
will increase the risk of electric shock:

Do not abuse the cord. Never.use the cord for carrying, pulling or unplugging
the power tool. Keep cord away from heat, oil, sharp edges or moving parts.
Damaged or entangled cord$iincrease the risk of electric shock.

When operating a power tool outdoors, use an extension cord suitable for
outdoor use. Use of a\cord suitable for outdoor use reduces the risk of electric shock.

If operating a power tool in a damp location is unavoidable, use a residual
current device (RCD) protected supply. Use of an RCD reduces the risk of electric
shock.

NOTE 1 The term “residual current device (RCD)” can be replaced by the term “ground fault circuit
interrupter(GFCI)” or “earth leakage circuit breaker (ELCB)”".

NOTE 2) The warnings in items a), b), d), e) and f) above can be omitted for tools covered by Annex K.

Personal safety

a)

Stay alert, watch what you are doing and use common sense when operating a
power tool. Do not use a power tool while you are tired or under the influence of
drugs, alcohol or medication. A moment of inattention while operating power tools
may result in serious personal injury.

Use personal protective equipment. Always wear eye protection. Protective
equipment such as a dust mask, non-skid safety shoes, hard hat or hearing protection
used for appropriate conditions will reduce personal injuries.

Prevent unintentional starting. Ensure the switch is in the off-position before
connecting to power source and/or battery pack, picking up or carrying the tool.
Carrying power tools with your finger on the switch or energising power tools that have
the switch on invites accidents.

Remove any adjusting key or wrench before turning the power tool on. A wrench
or a key left attached to a rotating part of the power tool may result in personal injury.
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e) Do not overreach. Keep proper footing and balance at all times. This enables
better control of the power tool in unexpected situations.

f) Dress properly. Do not wear loose clothing or jewellery. Keep your hair and
clothing away from moving parts. Loose clothes, jewellery or long hair can be
caught in moving parts.

g) If devices are provided for the connection of dust extraction and collection
facilities, ensure these are connected and properly used. Use of dust collection

cari reauce aust-reiated razardas.

h) Do not let familiarity gained from frequent use of tools allow you to become
complacent and ignore tool safety principles. A careless action can cause severe
injury within a fraction of a second.

4) Power tool use and care

a) Do not force the power tool. Use the correct power tool for your application. The
correct power tool will do the job better and safer at the rate for which if\was designed.

b) Do not use the power tool if the switch does not turn it on and off: Any power tool
that cannot be controlled with the switch is dangerous and must béexrepaired.

c) Disconnect the plug from the power source and/or remove the battery pack, if
detachable, from the power tool before making any' adjustments, changing
accessories, or storing power tools. Such preventive safety measures reduce the
risk of starting the power tool accidentally.

d) Store idle power tools out of the reach of children and do not allow persons
unfamiliar with the power tool or these instructions to operate the power tool.
Power tools are dangerous in the hands of untrained users.

e) Maintain power tools and accessories.Check for misalignment or binding of
moving parts, breakage of parts and, any other condition that may affect the
power tool’s operation. If damaged, )have the power tool repaired before use.
Many accidents are caused by poorlymaintained power tools.

f) Keep cutting tools sharp and.clean. Properly maintained cutting tools with sharp
cutting edges are less likely tobind and are easier to control.

g) Use the power tool, accessories and tool bits etc. in accordance with these
instructions, taking into."account the working conditions and the work to be
performed. Use of thepower tool for operations different from those intended could
result in a hazardous situation.

h) Keep handles and grasping surfaces dry, clean and free from oil and grease.
Slippery handles and grasping surfaces do not allow for safe handling and control of
the tool in unexpected situations.

5) Service

a) Have your power tool serviced by a qualified repair person using only identical
replacement parts. This will ensure that the safety of the power tool is maintained.

8.14.1<2 The order of the safety warnings shall be in accordance with either item A) or B)
andtin accordance with item C):

5284 NaEAing 5 owed by the ralovant nart o C628414-2 |EC 62841-3
or |IEC 62841-4 warnings. The order of the warnings within IEC 62841-1 and the
IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings shall remain as given above and in
the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

B) The IEC 62841-1 and the IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings may be
divided into the sections defined by the numbered subtitles and the associated warnings
below the numbered subtitle. The order of warnings within each section shall remain as
given above and in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

When warnings are presented in this manner, the title of the IEC 62841-1 “General Power
Tool Safety Warnings” shall be omitted and the 15t sentence of the warnings in 8.14.1.1
and 8.14.1.3, if applicable, shall be modified as follows:
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ﬂ WARNING Read all safety warnings designated by the ﬂ symbol and all
instructions.

The sections of the safety warnings shall be presented in the related topic of the
instruction manual.

The instruction manual section titles for IEC 62841-1 warnings shall have a format:

ﬂ General Power Tool Safety Warnings — [Section subtitle]

Example:

ﬂ General Power Tool Safety Warnings — Personal Safety

The instruction manual section titles for IEC 62841-2, IEC 62841-3 or |EC 62841-4
warnings shall have a format:

ﬂ [Tool category name] Safety Warnings — [Section subtitle]

Example:

ﬂ Circular Saw Safety Warnings — Cutting Procedures

If particular IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings/do not have a numbered
subtitle, then all warnings required by the particular IEG.62841-2, IEC 62841-3 or
IEC 62841-4 shall be presented in the given order and the formatting rule above shall be
followed without the [Section subtitle].

C) Any additional warnings deemed necessary by the manufacturer, shall not be inserted
within any of the IEC 62841-1 or IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings.
They may be either appended to the section(s) of the IEC 62841-1 or IEC 62841-2,
IEC 62841-3 or IEC 62841-4 in accordance withithe topic of the safety warnings or located
in any other part of the instruction manual.

8.14.1.3 If the safety instructions are sgparate from the instruction manual, then the
following warnings shall be included in the instruction manual. These warnings, if in English,
shall be verbatim and in any other officiaklanguage to be equivalent.

ﬂ WARNING Read all  'safety warnings, instructions, illustrations and
specifications provided with' this power tool. Failure to follow all instructions listed
below may result in electric’shock, fire and/or serious injury.

Save all warnings and instructions for future reference.

8.14.2 The instruction"manual shall be provided with the following, if appropriate.

a) Instructions.for putting into use

1) Setting-up or fixing power tools in a stable position as appropriate for power tools
which-Can be mounted on a support or fixed to a bench or the floor;

2) Assembly;
3)-"Connection to power supply, cabling, fusing, socket type and earthing requirements;

4) For tools adjustable to different rated voltages: instructions, illustrations, or both for
changing the voltage. The terminal identification shall be provided if the motor

connection has to be altered to operate at a voltage other than that for which it was
connected when shipped from the factory;

5) lllustrated description of functions;

6) Limitations on ambient conditions;

7) Fitting and adjusting of guards required by 19.1;

8) Information about disassembly and reassembly if applicable for transportation and/or

use;
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For hand-held tools and transportable tools that produce a considerable amount of
dust in accordance with 21.35, instructions how to properly connect the dust extraction
system to the tool including any associated devices.

b) Operating instructions

Setting and testing;

2) Tool changing;

I—Ctampingof-the-workptece:

4) Limits on size of workpiece and type of material;

5) General instructions for use;

6) ldentification of handle(s) and grasping surface(s) required by 19.4;

7) For tools with electromc speed or load regulatorswmetkdeﬂeHmmedmtetyepestatHhe
reduce the output splndle torque of the tooI durlng a stalled condltlon and will increase
the output spindle torque after the stalled condition is removed: a wathing that the tool
will resume normal operation immediately after the stalled conditief' is removed;

8) For transportable tools only: instruction on lifting and transpoftation.

1)

¢) Maintenance and servicing instructions

User maintenance, such as cleaning, sharpening,p lubricating, servicing and/or
replacing of parts;

Servicing by manufacturer or agent; list of addresse’s;
List of user-replaceable parts and instruction howto replace them;
Special tools which may be required;

For power tools with type X attachment: instruction that, if the supply cord of this
power tool is damaged, it must bereplaced by a specially prepared supply cord
available through the service organization;

For power tools with type Y attachment: instruction that, if the replacement of the
supply cord is necessary, this"has to be done by the manufacturer or his agent in
order to avoid a safety hazard;

For power tools with type Z attachment: information that the supply cord of this
power tool cannot be replaced, and the power tool shall be scrapped;

For hand-held tegols and transportable tools that produce a considerable amount of
dust as specifiedun 21.35:

— information”when to empty, change or maintain an integral dust collection/suction
devicenif'any, in order to keep its effectiveness; and

— information to read the instruction manual of the connected external suction device,
if\any, in order to keep its effectiveness.

d) Forltools with a liquid system, the substance of the following, as appropriate:

Instructions for

— the connection to the liquid supply;

— avoid the tool being affected by the liquid;
— the inspection of hoses and other critical parts which could deteriorate;
— the maximum permitted pressure of the liquid supply;

2) For tools provided with an RCD

— warning never to use the tool without the RCD provided with the tool;

— instruction always to test the correct operation of the RCD before starting work,
unless the RCD is of a self-checking type;
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3) For tools for use in combination with an isolating transformer: warning never to use the
tool without the transformer delivered with the tool or of the type as specified in these
instructions;

4) Instruction that replacement of the plug or the supply cord shall always be carried out
by the manufacturer of the tool or his service organization;

5) Instruction to keep liquid clear of the parts of the tool and away from persons in the
working area.

NOTE In Europe (EN 62841-1), the following additional requirements apply:
8.14.2 Za)
Noise emissions:

1)  The noise emission, measured in accordance with Clause 1.2, as follows:

— A-weighted emission sound pressure level LpA and its uncertainty K DA’ where L, €xceeds 70 dB(A).
Where L, does not exceed 70 dB(A), this fact shall be indicated, elther by a s?atement or by listing
the actual measured value;

- A-weighted sound power level L, and its uncertainty K,,,, where the A-weighted sound pressure
level LpA exceeds 80 dB(A);

- . . . S . 53 Pa (130 dB i .

— C-weighted peak emission sound pressure value Lpc.peak’ whege this exceeds 130 dB in relation to
20 pPa.

2) Recommendation for the operator to wear hearing protection:

Continuous vibration:
3) For hand-held tools and lawn and garxden machinery where Clause 1.3 is applicable, the following
applies: The vibration total value and its_itncertainty measured in accordance with |.3.
Information and warnings on noise and, vibration emissions:
4)  The following information:

— that the declared vibration total value and declared noise emission values-has have been measured
in accordance with a standard test method and-may can be used for comparing one tool with another;

— that the declared vibration total value and declared noise emission values-may can also be used in a
preliminary assessment of exposure.

5) A warning:

— that the vibration emission and noise emission during actual use of the power tool can differ from the
declared total value depending on the ways in which the tool is used; and

— (of the need to identify safety measures to protect the operator that are based on an estimation of
exposure in the actual conditions of use (taking account of all parts of the operating cycle such as
the times when the tool is switched off and when it is running idle in addition to the trigger time).

8.14:2.Zb)

Ferhand-held tools and lawn and garden machinery where Clause 1.3 is applicable, the mean value of the peak
amplltude of the acceleration from repeated shock vibrations and its uncertalnty shall be specn‘led in the

mrrstroctions—asedomrthre—vibratrorraw—date—determired uy tHre—vibratrommeasurementmaccordancewitirStatse

I.3.

NOTE 1 A new standard ISO 5349-36 s currently in development that will specify the calculation method to
determine the mean value of the peak amplitude of the acceleration, expressed as p..

NOTE 2 Vibration raw data could show significantly higher shocks at the beginning or at the end of the measured

work cycle. These peaks are not correlated to the repeated shock behaviour of a tool. Therefore, these shocks are
disregarded for the calculation in accordance with 1ISO 5349-3".

6  Under preparation. Stage at the time of publication: ISO/DIS 5349-3:2024.
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8.14.2 Zc)

Hazardous dust emissions:

1) For tools equipped with dust outlet(s) to connect an external suction device as specified in 21.35,
information indicating the characteristics and at least the recommended filtration efficiency of the external
suction device considering the normal use of the tool.

NOTE 1 An example of filtration efficiency is the dust class in accordance with IEC 60335-2-69.

AT
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appropriate connecting dimensions for the suction hose, the minimum required volume flow in m%h and
the resulting underpressure (negative pressure) at the tool interface with the external suction device (m
hPa necessary for normal use.

2) For tools equipped with a liquid system for suppressing the released dust, information indicatiig the
required technical characteristics of the liquid system.

8.14.3 If information about the mass or weight of the tool is provided, it shall_be the mass
specified in 5.17.

Compliance is checked by inspection.

NOTE In Europe (EN 62841-1), the first paragraph is replaced by the following text:

8.14.3 Information about the mass of the tool shall be provided in the instructions. An explanatory note shall be
given regarding any attachments or interchangeable parts in accordance with'8.14.2 a) 2) that have been included
to determine the mass.

9 Protection against access to live parts

9.1 Tools shall be so constructed and enclosed that there is adequate protection against
accidental contact with live parts. The requirement applies for all positions of the tool, even
after removal of detachable parts and soft materials (elastomers), such as soft grip coverings.

Compliance is checked by inspection, andyby the tests of 9.2 to 9.4, as applicable.

9.2 An accessible part is not considered to be live if:

— the part is supplied with safety extra-low voltage

or

— the part is separatedfrom live parts by protective impedance.

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:

— for oltages having a peak value over 42,4 V up to and including 450 V, the capacitance
shall not exceed 0,1 puF;

—~ for voltages having a peak value over 450 V up to and including 15 kV, the discharge shall
not exceed 45 nC.

Compliance is checked by operating the tool at rated voltage. Voltages and currents are
measured between the relevant parts and each pole of the supply source. Discharges are
measured immediately after the interruption of the supply.

The quantity of electricity in the discharge is measured using a resistor having a nominal non-
inductive resistance of 2 000 Q. The quantity of electricity is calculated from the sum of all
areas recorded on the voltage/time graph without taking voltage polarity into account.

NOTE Details of a suitable circuit for measuring the current are given in Figure C.3.
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9.3 Lamps located behind a detachable cover are not removed, provided the tool can be
isolated from the supply by means of a plug or an all-pole disconnection. However, during
insertion or removal of lamps which are located behind a detachable cover, protection against
contact with live parts of the lamp cap shall be ensured.

This excludes the use of screw type fuses and screw-type miniature circuit breakers which are
accessible without the aid of a tool.

Test probe B of IEC 61032:1997 is applied with a force not exceeding 5 N, the tool being in
every possible position except that tools normally used on the floor and having a mass
exceeding 40 kg are not tilted. Through openings, the test probe is applied to any depth that
the probe will permit, and it is rotated or angled before, during, and after insertioncto’any
position.

If the opening does not allow the entry of the probe, a rigid test probe with the dimensions of
the test probe B of IEC 61032:1997, but without any articulation, is used.the force on the
probe is increased to 20 N and the test with the articulated test probe Bof IEC 61032:1997
repeated.

It shall not be possible to touch with the test probe live parts or live’parts protected only by
lacquer, enamel, ordinary paper, cotton, oxide film, beads or sealing compound.

NOTE Lacquer, enamel, ordinary paper, cotton, oxide film on metal paris, beads and sealing compound, except
self-hardening resins, are not considered to give the required protection‘against contact with live parts.

9.4 Test probe 13 of IEC 61032:1997 is applied with a force not exceeding 5 N through
openings in class Il tools and class Il constructions, except for those giving access to lamp
caps and live parts in socket-outlets.

The test probe is also applied through opehings in earthed metal enclosures having a non-
conductive coating such as enamel or lacquer.

It shall not be possible to touch live'parts with the test probe.

9.5 Class Il tools and class |l constructions shall be so constructed and enclosed that
there is adequate protectian_against accidental contact with basic insulation, and metal parts
separated from live parts_by basic insulation only.

Parts which are not separated from live parts by double insulation or reinforced insulation
shall not be accessible.

This requirement applies for all positions of the tool, even after removal of detachable parts.

Comptiance is checked by inspection and by applying the test probe B of IEC 61032:1997, as
described in 9.3.

N

A0 o ¥ -
TV vial I.Illu
10.1 Tools shall start under all normal voltage conditions which may occur in use.

Compliance is checked by starting the tool 10 times at no-load in succession at a voltage
equal to 0,85 times the lowest rated voltage or 0,85 times the lower limit of the rated voltage
range, control devices other than speed controls, if any, being set as in normal use.

Tools shall in addition be started 10 times in succession at a voltage equal to 1,1 times rated
voltage.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION -40 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

The interval between consecutive starts is made sufficiently long enough to prevent undue
heating.

In all cases, the tool shall operate and overload protection devices incorporated in the tool
shall not activate. Centrifugal and other automatic starting switches, if any, shall operate
reliably, and without contact chattering.

10 2 Toalechall nat draww avecacciva innut cnrrant durina ctartina that ~auld Iaad 6
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operation of facility mains over-current protection devices.

Compliance is checked by starting the tool once at rated voltage and no-load with any speed
controls set for maximum speed and all other control devices set as in normal use.

The current drawn by the tool at (2,0 +0,2) s after starting shall not exceed the“greater of
30 A or 4 times the rated current of the tool.

11 Input and current

The rated input or rated current shall be at least 110 % of the’measured no-load input or
current.

Compliance is checked by measuring the power input orieutrent of the tool when stabilized
while all circuits which can operate simultaneously (are in operation. The test shall be
conducted without accessories attached or external Jead.

For tools marked with one or more rated voltages, the test is made at each of the rated
voltages. For tools marked with one or more‘rated voltage ranges, the test is made at both
the upper and lower limits of the ranges, uhless the marking of the rated input is related to
the mean value of the relevant voltage rahge, in which case the test is made at a voltage
equal to the mean value of that range.

12 Heating
12.1 Tools shall not attain'excessive temperatures with rated input or rated current.

Compliance is checked by determining the temperature rise of the various parts under the
conditions specifiedin 12.2 to 12.5. Then the test of Clause C.3 at 1,06 times the rated
voltage is made.under heated conditions.

12.2 Fontools with one or more rated voltages: The tool is operated at each rated voltage,
under theload conditions specified in 12.2.1, the torque being applied is measured. While
maintaining the previously measured torque, the voltage is then adjusted to 0,94 times the
rated voltage and 1,06 times the rated voltage.

The temperatures are measured at the most unfavourable of the two voltage settings. The

temperatures that are measured by means of thermocouples are taken while the tool is
operating.

For tools with a rated voltage range: The tool is operated

— at the lower limit of the rated voltage range, under the load conditions specified in 12.2.1,
the torque being applied is measured. While maintaining the previously measured torque,
the voltage is then adjusted to 0,94 times the lower limit of the rated voltage range;
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and

— at the upper limit of the rated voltage range, under the load conditions specified in
12.2.1, the torque being applied is measured. While maintaining the previously measured
torque, the voltage is then adjusted to 1,06 times the upper limit of the rated voltage
range.

The temperatures are measured at the most unfavourable of the two voltage settings. The

temperatures that are measured by means of thermocouples are taken while the tool is
operating.

12.2.1 The load conditions for the heating test of 12.2 are as follows.

— For tools without an inherent operating cycle, the tool is operated with a torque load
applied such that rated input or rated current is drawn until thermal ,equilibrium is
reached.

— For tools with an inherent operating cycle, the tool is operated with a tofque load applied
such that rated input or rated current is drawn some time during«each of the tool’s
operating cycles. The tool is cycled consecutively for 30 min.

12.3 This subclause provides specific test conditions for heating, elements and cord storage
devices.

12.3.1 Heating elements, if any, are operated under the'conditions specified in Clause 11 of
IEC 60335-1:2010, when the tool is operated at a Voltage equal to 1,06 times the rated
voltage.

12.3.2 For tools provided with an automatic‘cord reel, one third of the total length of the
cord is unreeled. The temperature rise of the~cord sheath is determined as near as possible to
the hub of the reel and also between the two“outermost layers of the cord on the reel.

For cord storage devices, other _than automatic cord reels, which are intended to
accommodate the supply cord pa¥rtially while the tool is in operation, 50 cm of the cord is
unwound. The temperature rise-of the stored part of the cord is determined at the most
unfavourable place.

12.4 Temperature rises/ other than those of windings, are determined by means of fine-wire
thermocouples so chosen and positioned that they have the minimum effect on the
temperature of the part under test.

The temperatdre-rise of electrical insulation, other than that of windings, is determined on the
surface of insulation, at places where failure could cause a short circuit, contact between live
parts andvaccessible parts, bridging of insulation, or reduction of creepage distances or
clearances below the values specified in 28.1.

Temperature rises of windings are determined by the resistance method, unless the windings
are non-uniform, or the method involves severe complications to make the necessary

conhnections for the rosistance maoasiramant In that caca thao maacyramant o mada hy
COAHEOHOAS—O—tH 60— OS5 Sta 6 60— oSt oo t—HA—tHat—6aS O —tH6—HEeaStH O HA—1S—Ha Lo 4

thermocouples.

In determining the temperature rises of handles, knobs, grips and the like, consideration is
given to all parts which are gripped in normal use, and, if of insulating material, to those
parts in contact with hot metal.

NOTE 1 If it is necessary to dismantle the tool to position thermocouples, a remeasurement of the no-load input
is a method to check that the tool has been correctly reassembled.

NOTE 2 The point of separation of the cores of a multicore cord is an example of a place where thermocouples
are positioned.
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NOTE 3 Thermocouples having wires with a diameter not exceeding 0,3 mm are considered to be fine-wire
thermocouples.

12.5 During the test, protective devices shall not operate and sealing compound, if any,
shall not flow out. The temperature rises shall not exceed the values shown in Tables 1a and

1b, except as allowed by 12.6.
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Table 1 — Maximum normal temperature rises (7 of 2)

—  thermoplastic material ©

Parts Temperature rise
K
Windings 3, if the insulation system is
- class 105 75 (65)
- class 120 90 (80)
Windings 3, if the insulation system according to IEC 60085:2007 is
- class 130 95 (85)
- class 155 115
- class 180 140
-  class 200 160
- class 220 180
- class 250 210
Pins of appliance inlets:
—  for hot conditions 95
—  for cold conditions 40
Ambient of switches, temperature limiters °:
—  without T-marking 30
—  with T-marking T-25
Rubber or polyvinyl chloride insulation of internal and external
wiring, including supply cords:
—  without temperature rating ¢ 50
—  with temperature rating (T) T-25
Cord sheath used as supplementary insulation 35
Rubber, other than synthetic, used for gaskets or oth€y parts, the
deterioration of which could affect safety:
— when used as supplementary insulation éras reinforced 40
insulation
— in other cases 50
Lampholders E14 and B15:
— metal or ceramic type 130
— insulated type, other than cefamic 90
— with T-marking T-25
Material used as insulation’other than that specified for wires and
windings d
— impregnated ofRwarnished textile, paper or press board 70
— laminates bonded with:
« melamine-formaldehyde; phenol-formaldehyde or
phenol-furfural resins 85 (175)
. drea-formaldehyde resin 65 (150)
— _\Printed circuit boards bonded with epoxy resin 120
— ) moulding of:
« phenol-formaldehyde with cellulose fillers 85 (175)
« phenol-formaldehyde with mineral fillers 100 (200)
« melamine-formaldehyde 75 (175)
« urea-formaldehyde 65 (150)
—  polyester with glass-fibre reinforcement 110
—  silicone rubber 145
—  polytetrafluoroethylene 265
—  pure mica and tightly sintered ceramic material when such
materials are used as supplementary insulation or reinforced
insulation 400
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Table 1 (2 of 2)
Parts Temperature rise
K
Wood, in general f 65
Outer surface of capacitors 9:
—  with marking of maximum operating temperature (T) T-25
—  without marking of maximum operating temperature:
« small ceramic capacitors for radio and television
interference suppression 50
« capacitors complying with IEC 60384-14 or 14.2 of
IEC 60065:2011 50
« other capacitors 9 20
Parts in contact with oil having a flash-point of t °C t-50

@ To allow for the fact that the average temperature of windings of universal motors, relaysisolenoids, etc., is
usually above the temperature at the points on the windings where thermocouples are/placed, the figures
without parentheses apply when the resistance method is used, and those within parentheses apply when
thermocouples are used. For windings of vibrator coils and a.c. motors, the figures without parentheses
apply in both cases. For motors constructed so that the circulation of the air between the inside and the
outside of the case is prevented, but not necessarily sufficiently enclosed,to be called airtight, the
temperature rise limits may be increased by 5 K.

T signifies the maximum operating temperature.

The ambient temperature of switches, thermostats and temperature)limiters is the temperature of the air at
the hottest point at a distance of 5 mm from the surface of the switch ‘and component concerned.

For the purpose of this test, switches and thermostats markedwwith individual ratings may be considered as
having no marking for the maximum operating temperature, ‘if‘t€quested by the tool manufacturer.

¢ This limit applies to cables, cords and wires complying with'the relevant IEC standards; for others, it may be
different. While no limit applies to connectors, it is fecognized that these limits for wiring apply to internal
wiring at the point where it is terminated in a connector.

The values in parentheses apply, if the materialvis used for handles, knobs, grips and the like, and is in
contact with hot metal.

€  There is no specific limit for thermoplastic material, which has to withstand the tests of 13.1, for which
purpose the temperature rise must be determined.

The limit specified concerns the deterioration of wood, and it does not take into account deterioration of
surface finishes.

9  There is no limit for the temperature rise of capacitors which are short-circuited in 18.6.

If other materials than these mentioned in the table are used, they are not to be subjected to temperatures in
excess of their thermal.capabilities as determined by ageing tests.

The value of the temperature rise of a winding is calculated from the formula:
R, - R,
Atz ———————(k+ 8, )= (L, - t,)
R,

where
At ~J§ the temperature rise;
R;™ is the resistance at the beginning of the test;

is the resistance at the end of the test;

k is equal to 234,5 for copper windings, and 225 for aluminium windings;
is the ambient temperature at the beginning of the test;

5 is the ambient temperature at the end of the test.

At the beginning of the test, the windings are to be at ambient temperature. It is recommended that the
resistance of windings at the end of the test be determined by taking resistance measurements as soon as
possible after switching off, and then at short intervals so that a curve of resistance against time can be
plotted for ascertaining the resistance at the instant of switching off.
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Table 2 — Maximum outside surface temperature rises

Parts Temperature rise
K
External enclosure, except handles held in normal use 60

Handles, knobs, grips, and the like which, in normal use, are continuously held:

- of metal 30
—Of porcetaimor vitreous materiat %46
— of moulded material, rubber or wood 50

Handles, knobs, grips, and the like which, in normal use, are held for short periods
only (e.g. switches):

—  of metal 35
—  of porcelain or vitreous material 45
— of moulded material, rubber or wood 60

12.6 The following tests shall be conducted when the temperature rises of the armature
and/or field windings exceed the values in Table 1 or when there is doubt with regards to the
temperature classification of the insulation system.

Three samples of the armature and/or field are subjected to the>following tests.

a) Windings are kept for 10 days (240 h) in a heating cabihet, the temperature of which is
(80 £2) °C in excess of the temperature rise of,the windings determined according to
12.4. Then the samples shall be gradually ecooled to ambient temperature without
introducing thermal shock.

b) After this treatment, no interturn short circuit&hall occur.
c) The samples are then subjected to a humidity treatment as specified in 14.1.
d) Immediately after this treatment, they.Shall withstand the tests of Annex D.

NOTE The use of a growler is one method to\detect interturn short circuits.

Faults which may occur in insulation, which did not show an excessive temperature rise
during the test of 12.4, are ignored and are repaired, if necessary, in order to complete the
tests of 12.6.

13 Resistance to(heat and fire

13.1 The follewing parts shall be sufficiently resistant to distortion due to heat, if this could
cause the tool-to fail to comply with this standard:

— parts of thermoplastic material provided as an enclosure to comply with Clause 9;

— plarts of thermoplastic material supporting current carrying parts;

- jparts of thermoplastic material providing supplementary insulation or reinforced
insulation.

For the purpose of 13.1, “supporting” means that the retention of the current carrying part by
the insulating material is relied upon to fulfil 28.1. Contact alone does not constitute support.

This requirement does not apply to:

— insulation and sheath of flexible supply cords or internal wiring;
— cord guards;
— ceramic materials;

— insulating parts of motors: e.g. shaft insulation, end spiders, slot liners, wedges,
commutators.
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Compliance is checked by subjecting the relevant part of thermoplastic material to the ball
pressure test of IEC 60695-10-2:2003. Any soft materials (elastomers), such as soft grip
coverings, shall be removed.

The required thickness may be obtained by using two or more sections of the part.

The test is carried out at a temperature of (40 +2) °C plus the maximum temperature rise
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— (75 +2) °C, for parts provided as an enclosure to comply with Clause 9 and for parts
providing supplementary insulation or reinforced insulation;

— (125 + 2) °C, for parts supporting current carrying parts.

13.2 Parts of non-metallic material shall be adequately resistant to ignition and_te spread of
fire.

This requirement does not apply to
— internal parts that are more than 13,0 mm from an arcing partysuch as a commutator,
unenclosed switch contacts, and the like;

— internal parts that are more than 1,0 mm from a non-arcing uninsulated live part, such as
a bus bar, a connecting strap, a terminal, enamelled wire,(and the like;

— internal parts that are 1,0 mm or less from connectiofis” or conductors carrying 0,2 A or
less during normal operation or from a low power-cirguit as described in Annex H;

— the insulation of wires;

— gears, cams, belts, bearings, fans, decorative trims, knobs which would contribute
negligible fuel to fire;

— ceramic materials;

— insulating parts of motors: e.g. shaft insulation, end spiders, slot liners, wedges,
commutators;

— small parts, the plastic contentlof which is less than 5 g;

— other external parts not likely to be ignited or to propagate flames originating from inside
the tool.

Compliance is checked by one of the following:

— subjecting parts of non-metallic material, or representative specimens no thicker than the
relevant parts; to the glow-wire test of IEC 60695-2-11:2000, which is carried out at
550 °C;

— the material is classified at least HB according to IEC 60695-11-10:2013 provided that the
test-sample was no thicker than the relevant part;

— the) material has a glow wire ignition temperature of at least 575 °C according to
IEC 60695-2-13:2010 provided that the test sample was no thicker than the relevant part.

Parts for which the above cannot be carried out, such as those made of soft or foamy

material, shall meet the requirements specified in ISO 9772:2012 for category HBF material,
the test sample being no thicker than the relevant part.

14 Moisture resistance
14.1 Tools shall be proof against humid conditions which may occur.
Compliance is checked by the following humidity test.

Cable entries, if any, are left open; if knock-outs are provided, one of them is opened.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 47 - REDLINE VERSION
© IEC 2025

Electrical components, covers, and other parts which can be removed without the aid of a tool
are removed and subjected, if necessary, to the humidity test with the main part.

The humidity treatment is carried out in a humidity cabinet containing air with a relative
humidity of (93 + 3) %, obtained e.g. by placing in the humidity cabinet a saturated solution of
Na2S04 or KNO3 in water, having a sufficiently large contact surface with the air. The
temperature of the air, at all places where samples can be located, is maintained within 2 K of
any convenient value t between 20 °C and 30 °C. In order to achieve the specified conditions

within the cabinet, it is necessary to ensure constant circulation of the air within and, in
general, to use a cabinet which is thermally insulated.

Before being placed in the humidity cabinet, the sample is brought to a temperature between
tand (t + 4) °C. The tool is considered to be brought to the specified temperature by keeping
it at this temperature for at least 4 h before the humidity treatment.

The tool is kept in the cabinet for 48 h.

Immediately after this test, the tool shall withstand the tests of Clause"C.2 at rated voltage.
Then the tool shall withstand the test of Annex D in the humidity ¢abinet, or in the room in
which the tool was brought to the prescribed temperature afteriveassembly of those parts
which may have been removed.

In addition a test of Clause D.2 is applied between accessible metal parts and the supply
cord which is wrapped with metal foil where it is located in~an inlet bushing, a cord guard or a
cord anchorage, any clamping screws being tightened tothe torque specified in Table 11. The
test voltage is 1 250 V for class | tools and 1 750 V. for class Il tools.

14.2 The enclosure of the tool shall providejthe degree of protection against moisture in
accordance with the classification of the took

Compliance is checked by the appropriate treatment specified in 14.2.2, with the tool
conditions as in 14.2.1.

14.2.1 The tool is not connected to the supply.

Tools are turned continuously at approximately 1 rev/min through the most unfavourable
positions during the test.

Electrical components, covers and other parts which can be removed without the aid of a tool
are removed and-subjected, if necessary, to the relevant treatment with the main part.

14.2.2 <Jools other than IPX0 are subjected to tests of IEC 60529:2013 as follows:

— IRX1 tools are subjected to the test described in 14.2.1;
- )IPX2 tools are subjected to the test described in 14.2.2;
¥ |PX3 tools are subjected to the test described in 14.2.3a;

— IPX4 tools are subjected to the test described in 14.2.4a;
— IPX5 tools are subjected to the test described in 14.2.5;
— IPX6 tools are subjected to the test described in 14.2.6;
— IPX7 tools are subjected to the test described in 14.2.7.

For this last test, the tool is immersed in water containing approximately 1,0 % NaCl.

Immediately after the appropriate treatment, the tool shall withstand the electric strength test
of Annex D, and inspection shall show that there is no trace of water on insulation which could
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result in a reduction of creepage distances and clearances below the values specified in
28.1.

14.3 Liquid systems or spillage of liquid shall not subject the user to an increased risk of
electrical shock.

Compliance is checked by the following test:

The residual current device, if any, shall be disabled during the test. Electrical components,
covers and other parts which can be removed without the aid of a tool are removed, exgept
those fulfilling the test of 21.22.

The tool is prepared with approximately 1,0 % NaCl solution in the following' modes if
applicable:
— as described in 8.14.2;

— the liquid container of the tool is completely filled, and a further quantity, equal to 15 % of
the capacity of the container, or 0,25 I, whichever is the greater, is~poured in steadily over

a period of 60 f?o s, while the tool is resting in its filling position aceording to 8.14.2 d);

— a detachable liquid container is filled completely and mounted and dismounted 10 times
on the tool.

In each applicable preparation, the tool is operated- at’ rated voltage in each position
consistent with the relevant part of IEC 62841-2, /IEC 62841-3 or IEC 62841-4 and the
instructions according to 8.14.2 b) for 1 min whilexmonitoring the leakage current as in
Clause C.3. During the test the leakage current shall'not exceed:

— 2 mA for a class Il tool;

— 5 mA for a class I tool.

Following this test, the tool shall meetithe electric strength test of D.2 between live parts and
accessible parts after being allowéd-.to dry for 24 h at ambient temperature.

14.4 Liquid systems shall not"subject the user to an increased risk of electrical shock by
components not capable of withstanding the pressure during operation.

Compliance is checked-by the following test.
The residual current device, if any, shall be disabled during the test.

The liquid ‘system is closed and an approximately 1,0 % NaCl solution at a hydrostatic
pressurevequal to twice the pressure stated in 8.14.2 d) 1) is applied for 1 h.

The—=tool is then placed for 1 min, in all positions consistent with the relevant part of
IEC 62841-2, IEC 62841-3 or IEC 62841-4 and the instructions according to 8.14.2 b) while
monitoring the leakage current as in Clause C.2. During the test the leakage current shall not

exceed:

— 2 mA for a class Il tool;
— 5 mA for a class I tool.

Following this test, the tool shall meet the electric strength test of Clause D.2 between live
parts and accessible parts after being allowed to dry for 24 h at ambient temperature.
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14.5 Residual current devices used to provide protection from shock in the case of failure
of the liquid system shall comply with IEC 61540:1999 and shall meet the following
requirements a) to c):

a) The RCD shall disconnect both mains conductors, but not the earth conductor if provided,
when the leakage exceeds 10 mA and with a maximum response of 300 ms.

Compliance is checked by inspection and the test of 9.9.2 of IEC 61540:1999. In addition,
during the test, the earthing conductor shall not become disconnected.

b) The RCD shall be reliable for its intended use.

Compliance is checked at rated voltage by operating the residual current device urider
conditions of simulated leakage as in a) above during conditions of locked rotor of theytool
for 50 cycles. The residual current device shall operate correctly for all cycles.

c) The RCD shall be installed such that it is unlikely to be removed during use’of normal
maintenance.

This requirement is considered fulfilled if the residual current device is. fixed to the tool
or the power supply cord connected to the tool.

Where fitted in the supply cord the residual current device shallbe provided with Type
Y attachment or Type Z attachment for connection with|the supply cord and
interconnection cord.

Compliance is checked by inspection.
15 Resistance to rusting

15.1 Ferrous parts used to conduct electricity and those mechanical parts specified in the
relevant part of IEC 62841-2, IEC 62841-3 or, IEC 62841-4 shall be adequately protected
against rusting.

Compliance is checked by the following test:

All grease is removed from the partsto be tested by immersing them in a suitable degreasing
agent for 10 min.

The parts are then immersed, for 10 min in a 10 % solution of ammonium chloride in water at a
temperature of (20 +5) °C.

Without drying, but\after shaking off any drops, the parts are placed for 10 min in a box
containing air saturated with moisture at a temperature of (20 + 5) °C.

When using the liquids specified for the test, adequate precautions must be taken to prevent
the inhalation of their vapours.

After-the parts have been dried for 10 min in a heating cabinet at a temperature of
(100 + 5) °C, their surfaces shall show no signs of rust when viewed with normal vision from a
distance of (500 + 50) mm.

Traces of rust on sharp edges and any yellowish film removable by rubbing are ignored.

For small helical springs and the like, and for parts exposed to abrasion, a layer of grease
may provide sufficient protection against rusting. Such parts are only subjected to the test if
there is doubt about the effectiveness of the grease film, and the test is then made without
previous removal of the grease.
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16 Overload protection of transformers and associated circuits

Tools incorporating circuits supplied from a transformer shall be so constructed that, in the
event of short circuits which are likely to occur, excessive temperatures do not occur in the
transformer, or in the circuits associated to the transformer.

Examples of short-circuits which are likely to occur are the short-circuiting of bare or

goa Y, C oG O 7O aC O W cl cl w,

and the internal short-circuiting of lamp filaments.

A failure of insulation complying with the requirements specified for basic insulation of{eclass
| or class Il construction is not, for the purpose of this requirement, considered as-likely to
occur.

Compliance is checked by applying the most unfavourable short circuit or overload which is
likely to occur in normal use, the tool being operated as follows:

— for tools with rated voltage(s), the tool is operated at a voltage equal to 1,06 times or
0,94 times rated voltage, whichever is the more unfavourable;

— for tools with a rated voltage range, the tool is operated at a voltage equal to 1,06 times
the upper limit of the rated voltage range or at a voltage _equal to 0,94 times the lower
limit of the rated voltage range, whichever is the more uffdvourable.

The temperature rise of the insulation of the conductors of safety extra-low voltage circuits
is determined, and shall not exceed the relevant value specified in Table 1 by more than 15 K.

The winding temperature of transformers shall not-exceed the value specified for windings in
Table 3, except for transformers which comply with IEC 61558-1.

NOTE Protection of transformer windings can bg, for example, obtained by the inherent impedance of the winding,
or by means of fuses, automatic switches, thermal’cut-outs or similar devices incorporated in the transformer, or
similar devices located inside the tool only accessible with the aid of a tool.

17 Endurance

17.1 Tools shall be so coenstructed that there will be no electrical or mechanical failure that
might impair compliancewith this standard. The insulation shall not be damaged and contacts
and connections shal“\not work loose as a result of heating, vibrations, etc.

Moreover, overload protection devices incorporated in the tool shall not activate under normal
running conditions.

Compliance is checked by the test of 17.2 and, for tools provided with a centrifugal or other
starting switch, also by the test of 17.3.

Immediately after these tests, the tool shall withstand an electric strength test as specified in
Annex D, the test voltages being, however, reduced to 75 % of the specified values.

Connections shall not have worked loose, and there shall be no deterioration impairing safety
in normal use.

17.2 Hand-held tools and transportable tools are operated intermittently at no-load.

NOTE 1 Requirements for lawn and garden machinery are specified in the relevant part of IEC 62841-4.

Each cycle of operation comprises an "on" period of 100 s and an "off" period of 20 s, the "off"
periods being included in the specified operating time. If the cycle of operation limited by the
construction and/or marking is less than 100 s “on” and 20 s “off”, then this cycle may be
used.
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The tool may be switched on and off by means of a switch other than that incorporated in the
tool unless this disables a functionality of the tool switch.

Hand-held tools are operated for 24 h at a voltage equal to 1,1 times the highest rated
voltage or 1,1 times the upper limit of the rated voltage range, and then for 24 h at a supply
voltage equal to 0,9 times the lowest rated voltage or 0,9 times the lower limit of the rated
voltage range. The 24 h of operation need not be continuous. During the test, the tool is
placed in three different positions, the operating time, at each test voltage. being

approximately 8 h for each position.

NOTE 2 The change of position is made to prevent abnormal accumulation of carbon dust in any particular,place.
Examples of the three positions are horizontal, vertically up and vertically down.

Transportable tools are operated for 12 h at a voltage equal to 1,1 times the highest rated
voltage or 1,1 times the upper limit of the rated voltage range, and then for 12.h at a supply
voltage equal to 0,9 times the lowest rated voltage or 0,9 times the lower limit.of the rated
voltage range. The 12 h of operation need not be continuous. During the,test, the tool is
placed in its normal operating position according to 8.14.2.

During this test, replacement of the carbon brushes is allowed, and’ the tool is oiled and
greased as in normal use. If mechanical failure occurs and doeshot impair compliance with
this standard, the part that failed may be replaced.

If the temperature rise of any part of the tool exceeds the(temperature rise determined during
the test of 12.1, forced cooling or rest periods may be applied, the rest periods being
excluded from the specified operating time. If forced cooling is applied, it shall not alter the air
flow of the tool or redistribute carbon deposits.

During these tests, overload protection devices jncorporated in the tool shall not activate.

17.3 Tools provided with a centrifugal or other automatic starting switch are started
10 000 times at rated input or rated current, and at a voltage equal to 0,9 times the lowest
rated voltage or 0,9 times the loweér limit of the rated voltage range, the operating cycle
being that specified in 17.2.

18 Abnormal operation

18.1 Tools shall be“se'designed that the risk of fire and mechanical damage impairing safety
and the protection-against electric shock as a result of abnormal operation is obviated as far
as is practicable.

Compliance*is checked by the tests of 18.3 to 18.4 under the conditions specified in 18.2
applying-the acceptance criteria of 18.1.1.

18.17.1 During the tests, the tool shall not emit flames or molten metal, checked by
{nspection.

After the tests, and when the tool has returned to within 5 K of the ambient temperature,
compliance with Clause 9 shall be maintained and the tool shall withstand the electric
strength test of Annex D between live parts and accessible parts.

If the tool can still operate at the conclusion of the test, it shall continue to comply with 19.1
but without repeating the tests of Clause 20.

18.2 Fuses, non-self-resetting-thermal cut-outs, overcurrent protection devices or the like,
incorporated into the tool, may be used to provide the necessary protection. Electronic
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circuits that are relied upon for protection shall be evaluated for this safety critical function
as in 18.8.

Unless otherwise specified, the tests are continued until a protective device operates, or
until steady conditions are established or an open circuit occurs. If it is an intentionally weak
part that is permanently open-circuited to terminate the test, the relevant test is repeated on a
second sample. This second test shall be terminated in the same way, unless the test is
otherwise satisfactorily completed.

An intentionally weak part is a part intended to fail under conditions of abnormal operation-so
as to prevent the occurrence of a condition which could impair compliance with this standard.
Such a part may be a replaceable component, such as a resistor, a capacitor, or a thermal
link, or a part of a component to be replaced, such as an inaccessible and non-resettable
thermal cut-out incorporated in a motor.

18.3 Tools incorporating a series motor are operated without accessories ata voltage equal
to 1,3 times rated voltage for 1 min at no-load.

During the test, parts shall not be ejected from the tool. After this test, the tool need not be
capable of further use.

An additional device incorporated in the tool to limit the speed-hay operate during the test.

18.4 Tools incorporating multiphase induction motors, are operated, starting from cold,

— for 30 s, if they are kept switched on by hand or«continuously loaded by hand;

— or otherwise, for 5 min;

with one phase disconnected, and under thedorque produced while operated at rated voltage
or the mean value of the rated voltage range with rated input or rated current.

At the end of the test period specified, or at the instant of operation of fuses, thermal cut-
outs, motor protection devices, and the like, the temperature of the windings shall not exceed
the values shown in Table 3.

Table 3 — Maximum winding temperature

Class 105 120 130 155 180 200 220 250
Temperature 200 215 225 240 260 280 300 330
°C

18.5 Protection against electric shock shall not be impaired when a class Il tool or a class |
tool employing class Il construction (see 5.10) is subjected to running overload conditions.

For tools other than lawn and garden machinery covered by a relevant part of IEC 62841-4

With

— series motors, compliance is checked by the test of 18.5.1. In the case of a class I tool
with a series motor employing a class |l armature construction, the test of 18.5.1 is
replaced by the test of 18.5.2;

— motors having electronically commutated stator windings, compliance is checked by the
test of 18.5.4;

— other motors, compliance is checked by the test of 18.5.3.

For lawn and garden machinery, the required test is specified in the relevant part of
IEC 62841-4.
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18.5.1 All fuses, thermal cut-outs, overload protectors and the like specified in 18.2 that
are accessible or can be reset by the user without the aid of a tool and any self-resetting
protective devices are shorted.

The function of electronic circuits that prevent the tool from operating at 160 % of the rated
current shall be disabled unless that function has been evaluated as a safety critical
function in accordance with 18.8. The tool is connected to a minimum 12 kVA circuit.

The leakage current between live parts and accessible parts, that are not grounded by
class | construction, is measured in accordance with Clause C.3 and is monitored througheut
the test and after the test until the leakage current has stabilized or decreases. The leakage
current shall not exceed 2 mA.

The tool is operated at rated voltage. The tool is loaded to 160 % of the rated _current. The
mechanical load is maintained for either 15 min or until the tool open-circuits or flame
appears. If the tool will not operate at 160 %, the tool is stalled for 15 min or until the tool
open-circuits or flame appears. If either condition occurs, immediately switch off the current
and, if flames appear, extinguish with CO, extinguisher.

After the tool has returned to within 5 K of the ambient temperaturé,”an electric strength test
per Clause D.2 is performed between live parts and those accessible parts that are not
grounded by class | construction as follows:

— If a tool does not operate after the 15 min, apply a 1 500V electric strength test;
— if a tool still operates after the 15 min, apply a 2 500’V electric strength test.

If the tool has permanently open-circuited due to anover temperature condition before 15 min
has elapsed for any reason except the opening.aof a motor winding, the test shall be repeated.
This second test shall be terminated insthe same mode unless the test is otherwise
satisfactorily completed.

If the test terminated due to a non<self-resetting thermal limit function of an electronic
circuit, this circuit shall either be“bypassed or evaluated as a safety critical function in
18.8.

If the tool has permanently open-circuited for reasons other than above, the cause is
determined and bypassed-in a new sample and the test is repeated.

18.5.2 A sample of‘the armature is connected to a minimum 12 kVA circuit.

The leakage-current between the commutator segments and the armature shaft, is measured
with 1,06 times the tool’s rated voltage applied between the commutator segments, located
180° apart, and the armature shaft (see Figure 3). The leakage current is monitored
throughout the test and after the test until it has stabilized or decreases. The leakage current
shall.not exceed 2 mA.

The armature is subjected to carry 160 % of the rated current. The current is applied to the

commutator segments that are located 160" apart. The current, without further adjustment, Is
applied for either 15 min or until the armature open-circuits or flame appears. If either
condition occurs, immediately open S1 of Figure 3 and, if flames appear, extinguish with CO,
extinguisher.

After the armature has returned to within 5 K of the ambient temperature, a 1 500 V electric
strength test per Clause D.2 is performed between the commutator segments and the
armature shaft.
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18.5.3 The tool is connected to a minimum 12 kVA circuit and is operated under stalled
conditions and under the conditions in 18.2 by

— locking the rotor of tools for which the locked rotor torque is smaller than the full load
torque;

— locking moving parts of other tools.

If a tool has more than one motor, the test is carried out for each motor separately.

Tools incorporating motors and having capacitors in the circuit of an auxiliary winding afe
operated with the rotor locked, the capacitors being open-circuited one at a time. The test.is
repeated with the capacitors short-circuited one at a time unless they are of class\R2 of
IEC 60252-1.

Other tools are supplied at rated voltage for a period

— of 30 s for
e hand-held tools,
e tools that have to be kept switched on by hand or foot, and
e tools that are continuously loaded by hand;

— of 5 min for other tools that are operated while attended)~Tools that are tested for 5 min
are indicated in the relevant part of IEC 62841-3 or IEC-62841-4.

During the test, the temperature of the windings shall’not exceed the relevant value specified
in Table 3 and the acceptance criteria of 18.1.1 shall bé applied.

18.5.4 Motors with electronically commutated stator windings are evaluated under
conditions that represent all possible static. faults of the outputs of the motor drive circuitry
unless such circuitry has a protective function to prevent these faults which has been
evaluated as an SCF in accordance with\18.8 with a minimum PL = a.

NOTE For example, all possible static_faults in a delta configured brushless motor with phases A, B and C
energized by a three-phase motor drive-circuit would be tested by two cases:

1. applying the motor drive circuitry supply voltage between phases A and B shorted together and phase C; and
2. applying the motor drive circuitry supply voltage between phase A and phase B with phase C open.

A new sample is used for-each representative fault.

All fuses, thermal cut-outs, overload protectors and the like specified in 18.2 that are
accessible or ean be reset by the user without the aid of a tool and any self-resetting
protective devices are shorted.

The leakage current between live parts and accessible parts, that are not grounded by
class-Keonstruction, is measured in accordance with Clause C.3 and is monitored throughout
the-test and after the test until the leakage current has stabilized or decreases. The leakage
current shall not exceed 2 mA.

The windings are energized by applying the voltage of the source for the motor drive circuitry
for either 15 min or until the winding open-circuits or flame appears. If either condition occurs,
immediately switch off the current and, if flames appear, extinguish with CO, extinguisher.

After the tool has returned to within 5 K of the ambient temperature, an electric strength test
per Clause D.2 is performed between live parts and those accessible parts that are not
grounded by class | construction as follows:

— if any winding is open circuited, apply a 1 500 V electric strength test;

— if no windings are open circuited, apply a 2 500 V electric strength test.
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18.6 Electronic circuits shall be so designed and applied so that a fault condition will not
render the tool unsafe with regard to electric shock, fire hazard or accessibility to moving
parts.

Compliance is checked by evaluation of the fault conditions specified in 18.6.1 for all circuits
or parts of circuits.
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tissue paper; the sample is to be covered by one layer of untreated 100 % cotton medical
gauze. The tool is operated at rated voltage. A new sample can be used for each fault listed
in 18.6.1.

No charring or burning of the gauze or tissue paper shall result. Charring is defined as a
blackening of the gauze caused by combustion. Discolouration of the gauze causéd by smoke
is acceptable. Charring or igniting of the tissue paper or gauze from the means.that is used to
create the short is not regarded as a failure.

Protection against electric shock as specified in Clause 9 shall be maintaihed.

Protection against accessibility to moving parts as specified in 19.7\shall be maintained, if the
test resulted in new openings being created in the enclosure.

If a circuit fulfils the requirements of a low power circuit as~described in Annex H and there is
no risk of electric shock or the loss of a safety critical function as defined in 18.8, then this
evaluation is not performed.

If the circuit is encapsulated with an insulating{material with a minimum thickness of 0,5 mm
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\hecessary to fully cover electrolytic capacitors.

NOTE 1 In general, encapsulation effectively limits the likelihood of the spread of fire within the encapsulated
circuit. Electrolytic capacitors often requiré an unobstructed surface to allow venting under fault conditions.

Any fuse, thermal cut-outs, thermal links, temperature limiters, electronic devices or any
component(s) or conductor(s) that interrupt the current may operate during the above tests,
provided at least any of the following is fulfilled:

— the test is repeated and passed two more times, using two additional samples; or

— the tool withstands the test of 18.6.1 with the fuse, thermal cut-out or thermal link
bridged; or

— if a mipiature fuse link complying with IEC 60127 operates, the tool withstands the test of
18.6.2:

If aseonductor of a printed circuit board becomes open-circuited, the tool is considered to
have withstood the particular test, provided all of the following conditions are met:

live parts and accessible conductive parts below the values specified in Clause 28;

— the tool withstands the test when repeated with the open-circuited conductor bridged or,
alternatively, the test may be repeated two more times, using two additional samples,
providing each test opens the conductor at the same point.

NOTE 2 Examination of the tool and its circuit diagram will reveal the fault conditions which have to be simulated
through circuit analysis, so that testing can be limited to those cases which may be expected to give the most
unfavourable result.
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18.6.1 The following fault conditions are 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 Clause 28, unless the
relevant part is encapsulated;

b) open-circuit at the terminal of any component;

\
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d) short-circuit of any two terminals of an electronic component, other than a monolithic
integrated circuit. This fault is not applied between the two circuits of an optocoupler;

e) failure of triacs in the diode mode;

f) failure of a monolithic integrated circuit or other circuits that cannot be assessed by the
fault conditions a) to e). In this case the possible hazardous situations of.the tool are
assessed to ensure that safety does not rely on the correct functionipg of such a
component. All possible output signals are considered under fault conditions within the
integrated circuit. If it can be shown that a particular output signal is unlikely to occur, then
the relevant fault is not considered.

Components such as thyristors and triacs are not subjected to fault condition f).

Positive temperature coefficient resistors (PTC’s) are not sshert-circuited if they are used
within their manufacturer’s declared specification.

For simulation of the conditions, the tool is operated{at-ho-load adjusted to maximum output
speed.

The test is conducted until failure or until one©fythe following occurs:

— for mains-operated tools, the tool no longer draws supply current; or

— steady conditions are established; or

— the test samples return to within's K of the ambient temperature; or

— a test period of 3 h has elapsed.

18.6.2 If the safety of the tool depends upon the operation of a miniature fuse-link
complying with IEC 60127 "during any of the fault conditions specified in 18.6.1, the test

results of 18.6.1 are dceéptable, provided the test is repeated but with the miniature fuse-link
replaced by an ammeter. If the current measured

— does not exteed 2,1 times the rated current of the fuse-link, the circuit is not considered to
be adequately protected and the test is carried out with the fuse-link short-circuited;

— is at east 2,75 times the rated current of the fuse-link, the circuits is considered to be
adequately protected;

— _Is-between 2,1 times and 2,75 times the rated current of the fuse-link, the fuse-link is
Short-circuited and the test is carried out

e for the relevant period or for 30 min, whichever is the shorter, for quick acting fuse-

links;
o for the relevant period or for 2 min, whichever is the shorter, for time lag fuse-links.

In case of doubt, the maximum resistance of the fuse-link has to be taken into account when
determining the current.

NOTE The verification whether the fuse-link acts as a protecting device is based on the fusing characteristics
specified in IEC 60127-3, which also gives the information necessary to calculate the maximum resistance of the
fuse-link.
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18.7 Switches or other devices for motor reversal shall withstand the stresses occurring
when the sense of rotation is reversed under running conditions where such a reversal is
possible.

Compliance is checked by the following test.

The tool is operated at a voltage equal to rated voltage at no-load; the device for reversing

tho caonca of rotation haoinag in ciich o nocitinn fthat thn rntny rnftatne in Ann Airnctingy ~Ff £/
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speed.

The direction of the rotation is then reversed, without the device resting in an intermediate
"off" position.

This operation sequence is performed 25 times.

After the test, the 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 is conSidered to have no
mechanical or electrical failure.

18.8 Electronic circuits providing safety critical functions

18.8.1 General
Electronic circuits that provide safety critical functions shall be

— reliable
and

— not susceptible to loss of safety critical function due to exposure to electromagnetic
environmental stresses encountered inranticipated environments.

Compliance is checked by exposing these electronic circuits to the immunity tests described
in

— 18.8.2 to 18.8.6 for electronic circuits with no internal clock frequency or oscillator
frequency higher than 15MHz;

— 18.8.2 to 18.8.7 for all-other electronic circuits;

which shall be passed without a loss of the safety critical function. The tests are carried out
with the tool supplied at rated voltage or the mean value of the rated voltage range, unless
the difference-between the upper and lower limit of the rated voltage range is greater than
20 % of thermean value of the range, in which case the test is conducted at both the upper
and lowenijmits of the rated voltage range.

In addition, these electronic circuits shall be evaluated using the fault conditions of 18.6.1
butshall not result in a loss of any safety critical function or shall place and maintain the
toel into a safe state while the fault condition is present. If the concept of 18.6.1 is not
dppropriate due to the design of the electronic circuit (e.q. in the case of a single channel

design), then its reliability shall be evaluated by the methods of ISO 13849-1. Required
performance levels for applicable safety critical functions are specified by the relevant part
of IEC 62841-2, IEC 62841-3 or IEC 62841-4. Typical safety critical functions are indicated
in Table 4.

NOTE 1 An example for a safe state is a tool that is inoperable.
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Table 4 — Required performance levels
Type and purpose of SCF Minimum Performance Level
(PL)
Power switch — prevent unwanted switch-on *
Power switch — provide desired switch-off *
For tools where marking with the direction of rotation is required by the *
IUivValli. pdli. uf iEU ULO“I“I‘L, iEU ULO“I“I‘O Ul iEU ULO41‘4. FIUViU‘v u'vaiu::u'
direction of rotation
Any electronic control to pass the test of 18.3 *
For tools covered by 19.6: Overspeed prevention to prevent output speed *
above 130 % of rated (no-load) speed
For tools other than those covered by 19.6 or with output speed increases Not a SCF
that do not exceed 130 % of rated (no-load) speed: Any speed limiting
device
Restart prevention, if required by the relevant part of IEC 62841-2, *
IEC 62841-3 or IEC 62841-4
Soft start, if required by the relevant part of IEC 62841-2, IEC 62841-3 or *
IEC 62841-4
Prevent exceeding thermal limits as in Clause 18 *
Prevent self-resetting as required in 23.3 *
* Performance levels are to be specified in the relevant part of IEC-62841-2, IEC 62841-3 or IEC 62841-4 or;
for tools without a relevant part of IEC 62841-2, IEC 62841-3 orlEC/62841-4, in accordance with ISO 13849-
1 using Annex E as a guide.

NOTE 2 In Europe (EN 62841-1), the footnote in Table 4 reads:

* Performance levels are to be specified in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

If only MTTF is applied to achieve the required PL, the required minimum MTTFy for each
PL level shall be as follows:

- PL=a:MTTF, =5 years;

— PL=b: MTTFy4 = 20 years;

— PL=c: MTTF4 = 50 years.

For safety critical functions not listed in Table 4 and provided by electronic circuits, the PL
values shall be detefmined using the methods of ISO 13849-1.

NOTE 3 Annex Eprovides guidance in applying ISO 13849-1 for SCF of products covered by this standard.

NOTE 4 In Europe (EN 62841-1), the above paragraph and NOTE 3 are not applicable.

Softwate->used in portions of the circuit comprised of a microcontroller or in other
progkammable devices shall comply with the requirements for software class B in accordance
with-Subclause H.11.12.3 of IEC 60730-1:2010, if the failure of these circuits would create a
loss of the safety critical function. In the case where software class B is realized by single
channel with periodic self-test, an acceptable period is regarded as either after each

activation of the power switch or a maximum of 5 min.

H.11.12.3.4.1 is only applicable for SCF with a PL = c or higher.

NOTE 5 The allowance to use microcontrollers and other programmable logic, which are considered as “complex
electronic circuits”, for category 1 in accordance with I1SO 13849-1, is based upon their fulfilment of the
requirements of H.11.12.3 of IEC 60730-1:2010.

Any design that only alerts the user of the loss of the SCF is not considered sufficient to fulfil
the required PL.
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18.8.2 The tool is subjected to electrostatic discharges in accordance with IEC 61000-4-
2:2008, test level 4 being applicable for air discharge and test level 3 being applicable for
contact discharge. Ten discharges having a positive polarity and ten discharges having a
negative polarity are applied.

18.8.3 The tool is subjected to fast transient bursts in accordance with IEC 61000-4-4:2012,
test level 3 being applicable. The bursts are applied with a repetition frequency of 5 kHz for
2 min with a positive polarity and for 2 min with a neqative polarity.

18.8.4 The power supply terminals of the tool are subjected to voltage surges in accordance
with IEC 61000-4-5:2005, five positive impulses and five negative impulses being applied-at
the selected points. Test level 3 is applicable for the line-to-line coupling mode, a genherator
having a source impedance of 2 2 being used. Test level 4 is applicable for the line-to-earth
coupling mode, a generator having a source impedance of 12 Q being used.

For tools having surge arresters incorporating spark gaps, the test is repeated at a level that
is 95 % of the flashover voltage.

18.8.5 The tool is subjected to injected currents in accordance with |IEC 61000-4-6:2008,
test level 3 being applicable. During the test, all frequencies between 0,15 MHz to 230 MHz
are covered.

18.8.6 The tool is subjected to the Class 3 voltage dips and interruptions in accordance with
IEC 61000-4-11:2004. The values specified in Table 1rand Table 2 of IEC 61000-4-11:2004
are applied at zero crossing of the supply voltage.

18.8.7 The tool is subjected to radiated fields’ in“accordance with IEC 61000-4-3:2010, test
level 3 being applicable. The frequency ranges tested shall be 80 MHz to 1 000 MHz.

NOTE The dwell time for each frequency is to ‘be sufficient to observe a possible malfunction of the circuit
providing a safety critical function.

19 Mechanical hazards

19.1 Moving and other dangerous parts of the tool shall, as far as is compatible with the use
and working of the tool, be-so positioned or enclosed to provide adequate protection against
personal injury.

Protective enclosures, covers, guards and the like shall have adequate mechanical strength
for their intended purpose. They shall not be removable without the aid of a tool.

When used. as protection of the working element, an adjustable guard shall have an easily
accessible means of accurate adjustment with the objective of minimizing access to the
dangerpus parts.

The use and adjustment of a guard shall not create other dangers, for example by reducing or

obstructinag tha anaratar'c viaw hy trancfarrina haoat Ar canicina athar ragcanahly foracaaahla
OB St GHR G e—opeato 55— ewW—oy—aRSHer g e S HSHHg—-otHe—1ea5eRabTy

at—or6 g sonablyforeseeable
hazards.

Compliance is checked by inspection, by the tests of Clause 20 and by means of the test
probe B of IEC 61032:1997 with a force not exceeding 5 N. Prior to the application of the test
probe any soft materials (elastomers), such as soft grip coverings, shall be removed. It shall
not be possible to touch dangerous moving parts with this test probe. This test is not
applicable for dust collection openings with the dust collection devices removed, as they are
tested in accordance with 19.3.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 60 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

19.2 Tools shall have no ragged or sharp edges, other than those necessary for the
functioning of the tool, which could create a hazard for the user.

Compliance is checked by inspection.

19.3 It shall not be possible to reach dangerous moving parts through dust collection
openings with the detachable parts or provisions for dust collection removed, if any.

Compliance is checked by applying a rigid test probe with the dimensions of the test probe B
of IEC 61032:1997, but without any articulation, with a force not exceeding 5 N.

19.4 Hand-held tools shall have at least one handle or grasping surface to ensure’ safe
handling during use.

Transportable tools shall be provided with at least one handle, grasping surface or the like
to ensure safe transportation.

Lawn and garden machinery shall have adequate grasping surfaces(to ensure safe handling
during use.

Compliance is checked by inspection.

19.5 Tools shall be designed and constructed to allow, where necessary, a visual check of
the contact of the cutting tool with the workpiece.

Compliance is checked by inspection.

19.6 For all tools where the relevant part of IEC 62841-2, IEC 62841-3 or |IEC 62841-4
requires the tool to be marked with the rated no-load speed, the no-load speed of the spindle
at rated voltage shall not exceed 110,%"of the rated no-load speed.

Compliance is checked by measuring the speed of the spindle after the tool has been
operating for 5 min at no-load.. During the test, separable accessories are not mounted.

19.7 Transportable tools: and lawn and garden machinery intended to be used on a
surface such as the flogrsor a table shall have adequate stability.

Compliance is checked by the following test, tools provided with an appliance inlet being fitted
with an appropriate connector and flexible cable or cord.

The tool.is.°.placed with the motor switched off in any normal position of use on a plane
inclined/at an angle of 10° to the horizontal, the cable or cord resting on the inclined plane in
the most unfavourable position. If, however, the tool is such that, were it to be tilted through
anangle of 10° when standing on a horizontal plane, a part of it not normally in contact with
the’ supporting surface would touch the horizontal plane, the tool is placed on a horizontal
Support and tilted in the most unfavourable direction through an angle of 10° For the test, the

tool is prevented from sliding.

Tools provided with doors are tested with the doors open or closed, whichever is the more
unfavourable.

Tools intended to be filled with liquid by the user in normal use are tested empty or filled with
the most unfavourable quantity of water or the recommended liquid, up to the rated capacity.

The tool shall not tip over.
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19.8 Transportable tools provided with wheels identified in the relevant part of IEC 62841-3
shall have adequate stability during transportation.

Compliance is checked by the following test.

The tool is held in its normal transportation position while traversing in both directions
perpendicular to the slope of a plane inclined at an angle of 10° to the horizontal, the cable or
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19.9 |If, in accordance with 8.14.2, the user is instructed to remove a fixed guard, such as
for maintenance, to convert the tool or to change the accessory, then the fastenings¢shall
remain attached to the guard or to the machinery. If a fastening need not be completely
removed for removing the guard, it shall be considered as still attached.

Compliance is checked by inspection and manual test.

20 Mechanical strength

20.1 Tools shall have adequate mechanical strength, and shall be-so constructed that they
withstand rough handling that may be expected.

Compliance is checked by the tests specified in 20.2, 20.3;and 20.4.

Immediately after the tests, the tool shall withstand\the electric strength test as specified in
Annex D between live parts and accessible parts, and live parts shall not have become
accessible, as specified in Clause 9.

Damage to the finish, small dents and cracks which do not reduce creepage distances or
clearances below the values specified¢iny28.1, or small chips which do not adversely affect
protection against shock or moisture are heglected.

The mechanical safety of the toolias required by this standard shall not be impaired.

If a decorative cover is backed by an inner cover, a fracture of the decorative cover is
neglected when the inner.cover withstands the test after removal of the decorative cover.

20.2 Blows are applied to the tool by means of the spring-operated impact test apparatus
according to Clatise’ 5 of IEC 60068-2-75:1997.

The spring is’so adjusted that it causes the hammer to strike with an impact energy as shown
in Tabless.

Table 5 — Impact energies

Parts to be tested Impact energy
J
Brush caps 0,5+ 0,05
Other parts 1,0 + 0,05

The tool is rigidly supported and three blows are applied to each point of the enclosure which
is likely to be weak.

Where necessary, blows are also applied to guards, covers, handles, levers, knobs and the
like.
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20.3 For hand-held tools and hand-held lawn and garden machinery, 20.3.1 applies. For
transportable tools, 20.3.2 applies. For ground supported lawn and garden machinery,
requirements are given in the relevant part of IEC 62841-4.

20.3.1 A hand-held tool is dropped three times in total on a concrete surface from a height
of 1 m. For these three drops, the sample is tested in the three most unfavourable positions
the lowest point of the tool being 1 m above the concrete surface. Separable accessories are
not mounted.

If attachments are provided as specified in accordance with 8.14.2, the test is repeated with
each attachment or combination of attachments mounted to a separate tool sample.

20.3.2 A transportable tool, placed in its normal operating position, is impacted”with a
smooth steel sphere having a diameter of (60 + 2) mm and weighing (0,55 + 0,03)"kg. If a part
of the tool can be impacted from above, the sphere is dropped from a rest pesition to strike
the component. Otherwise, the sphere is suspended by a cord and is allowed to fall from a
rest position as a pendulum to strike the area of the tool to be tested. JIn* either case, the
vertical travel of the sphere is (1,3 +0,1) m.

A guard that becomes disassembled is acceptable, if it can be_reassembled to function
properly.

Deformation of a guard or other part is acceptable, if the part can be restored to its original
shape.

Damage to the tool or a portion of the drive system, other than a guard is acceptable, if the
tool is incapable of normal operation.

20.4 Accessible caps of brush holders shallshave adequate mechanical strength.

Compliance is checked by inspectionZand, in case of doubt, by removing and replacing the
brushes 10 times, the torque applietwhen tightening the cap being as shown in Table 6.

Table 6 — Test torques

Blade width of test screwdriver Torque

mm Nm
Up to andsincluding 2,8 0,4
Over'2y8 up to and including 3,0 0,5
Owver 3,0 up to and including 4,1 0,6
Over 4,1 up to and including 4,7 0,9
Over 4,7 up to and including 5,3 1,0
Over 5,3 1,25

After this test, the brush holder shall show no damage impairing its further use, the thread, if
any, shall not be damaged and the cap shall show no cracks.

The blade width of the test screwdriver must be as large as possible, but must not exceed the
length of the recess in the cap. If, however, the thread diameter is smaller than the length of
the recess, the blade width must not exceed this said diameter. The torque must not be
applied in jerks.

20.5 For all tools that are likely to cut into concealed wiring or their own cord, handles and
grasping surfaces, as specified in the instruction manual in accordance with 8.14.2 b) 6), shall
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have adequate mechanical strength in order to provide insulation between the grasping area
and the output shaft. The relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4 specifies
if 20.5 does not apply.

Compliance is checked by the following test.

A separate sample, at the discretion of the manufacturer, is to be subjected to a single impact

on-cach-handle—and-eachrocommended-graspingsurface—nthomostunfavourabloposition-
The impacts are carried out from a height of 1 m onto a concrete surface followed by an
electric strength test according to Clause D.2 using 1 250 V a.c. between the handles and

grasping surfaces in contact with foil and the output shaft of the tool.

21 Construction

21.1 Tools which can be adjusted to suit different voltages, or to different Speeds, shall be
so constructed that accidental changing of the setting is unlikely to occur, \if such a change
might result in a hazard.

Compliance is checked by inspection and by manual test.

21.2 Tools shall be so constructed that accidental changing of the setting of control
devices is unlikely to occur.

Compliance is checked by manual test.

21.3 It shall not be possible to remove parts which ensure the required degree of protection
against moisture without the aid of a tool.

Compliance is checked by manual test.

21.4 If handles, knobs and the likerare used to indicate the position of switches or similar
components, it shall not be possible to fix them in a wrong position if this might result in a
hazard.

Compliance is checked by inspection and by manual test.

21.5 Replacement of a flexible cable or cord requiring the moving of a switch which acts also
as a terminal fof\external conductors shall be possible without subjecting internal wiring to
undue stressy after repositioning the switch, and before reassembling the tool, it shall be
possible to Verify whether the internal wiring is correctly positioned.

Complidnce is checked by inspection and by manual test.

21.6 Wood, cotton, silk, ordinary paper and similar fibrous or hygroscopic material shall not
be used as insulation, unless impregnated.

Insulating material is considered to be impregnated if the interstices between the fibres of the
material are substantially filled with a suitable insulant.

Compliance is checked by inspection.
21.7 Driving belts shall not be relied upon to provide the required level of insulation.

This requirement does not apply if the tool incorporates a special design of belt which
prevents inappropriate replacement.
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Compliance is checked by inspection.

21.8 |Insulating barriers of class Il tools, and parts of class Il tools which serve as
supplementary insulation or reinforced insulation, and which might be omitted during
reassembly after user maintenance, shall either:

— be fixed in such a way that they cannot be removed without being seriously damaged; or
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omitted, the tool is rendered inoperable or manifestly incomplete.

Compliance is checked by inspection and by manual test.

This requirement is met if the barrier is so fixed that it can only be removed by breaking or
cutting.

Fixing by means of rivets is allowed, provided that these rivets need not be.removed during
user maintenance.

Fixing by means of an adhesive is only allowed if the mechanical Strength of the joint is at
least equal to that of the barrier.

An adequate internal lining of insulation material, or an adéquate internal insulating coating
on metal enclosures, is considered to be an insulating bartier’provided that the coating cannot
easily be removed by scraping.

For class Il tools, a sleeve on an insulated intetnal conductor, other than the core of an
external flexible cable or cord, is considered to be an adequate insulating barrier, if it can only
be removed by breaking or cutting, or if it is clamped at both ends.

Ordinary lacquering on the inside of anetal enclosures, varnished cambric, flexible resin-
bonded paper, or the like are not considered to be insulating barriers.

21.9 The insulation of the innericonductors of a flexible cable or cord used as wiring within
the tool is considered as basic insulation. No additional insulation is required in areas of
class | construction. When these conductors are used in areas of class Il construction, they
shall be insulated from accessible metal parts by any of the following:

— the sheath of the supply cord itself, provided this sheath is not exposed to undue thermal
stress, clamping against accessible metal or other mechanical stress (e.g. pressure or
tension) that.could cause damage to the sheath; or

— a sleeve;tubing or barrier complying with the requirements of supplementary insulation.

Compliance is checked by inspection and, for the determination of thermal stress, by the test
of Clause 12.

2410 Air intake of motor enclosures shall not enable the ingress of foreign bodies that could
impair safety.

Compliance is checked by the following test.

It shall not be possible to insert a steel ball of 6 mm diameter under its own weight through
the air intake openings other than those adjacent to the fan.
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21.11 Class | tools shall be so constructed that, should any wire, screw, nut, washer, spring,
brush, brush holder component or similar part become loose or fall out of position, it cannot
become so disposed that accessible metal is made live.

Class |l tools or class Il constructions shall be so constructed that, should any such part
become loose or fall out of position, it cannot become so disposed that creepage distances
or clearances over supplementary insulation or reinforced insulation are reduced to less
than 50 % of the values specified in 28.1.

Class Il tools or class Il constructions, other than those of the all-insulated type, shall-be
provided with insulating barriers between accessible metal and motor parts and other live
parts.

For class | tools, this requirement can be met by the provision of barriers, or_by fixing the
parts adequately, and by providing sufficiently large creepage distances and clearances.

It is not to be expected that two independent parts will become loose or fall 'out of position at
the same time. For electrical connections, spring washers are considered to be adequate for
preventing the loosening of the parts.

Wires are considered as likely to become free from terminals or'soldered connections, unless
they are held in place near to the terminal or termination, independent of the terminal
connection or solder.

Short rigid wires are not regarded as liable to cometaway from a terminal, if they remain in
position when the terminal screw is loosened.

Compliance is checked by inspection, by measurement and by manual test.

21.12 Supplementary insulation and:reinforced insulation shall be so designed or
protected that they are not likely to beZimpaired by deposition of dirt, or by dust resulting from
wear of parts within the tool, to such an extent that creepage distances or clearances are
reduced below the values specified in 28.1.

Ceramic material not tightlycsintered and similar materials, and beads alone, shall not be used
as supplementary insulation or reinforced insulation.

Elastomer, natural ‘or synthetic rubber parts used as supplementary insulation and/or
reinforced insulation shall be resistant to ageing, or be so arranged and dimensioned that
creepage distances are not reduced below the values specified in 28.1, even if cracks occur.

Insulating.\material in which heating conductors are embedded serves as basic insulation,
and shatl-not be used as reinforced insulation.

Compliance is checked by inspection, by measurement and, for elastomer and rubber, by the
following test.

Elastomer and rubber parts are aged at a temperature of (100 + 2) °C for 70 h. After the test,
the parts shall withstand the test of Clause D.2 using 75 % of the values indicated in
Table D.1. For the test in accordance with Clause D.2, the parts may be tested individually or
reassembled in the tool. If a part is tested reassembled in the tool, the test shall only be
conducted between live parts and accessible parts.

NOTE In case of doubt with regard to materials other than rubber, special tests may be made.

In case of doubt, the following test is carried out to determine, if ceramic material is tightly
sintered.
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The ceramic material is broken into pieces that are immersed in a solution containing 1 g of
fuchsine in each 100 g of methylated spirit. The solution is maintained at a pressure not less
than 15 MPa for a period so that the product of the test duration in hours and the test
pressure in megapascals is approximately 180.

The pieces are removed from the solution, rinsed, dried and broken into smaller pieces.
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21.13 Tools shall be so constructed that internal wiring, windings, commutators, slip rings.and
the like, and insulation in general, are not exposed to oil, grease or similar substances.

If the construction necessitates that insulation be exposed to oil or grease“or similar
substance, as in gears and the like, the oil or grease or substance shall have adequate
insulating properties so that compliance with the standard is not impaired, and shall have no
effect on insulation.

Compliance is checked by inspection and by the tests of this standard.
21.14 It shall not be possible to gain access to brushes without\the aid of a tool.

Screw-type brush-caps shall be so designed that, when_tightening, two surfaces are clamped
together.

Brush-holders, which retain the brushes in positiof)by means of a locking device, shall be so
designed that the locking does not depend upan the brush-spring tension, if the loosening of
the locking device might make accessible parts live.

Screw-type brush-caps, which are acecessible from the outside of the tool, shall be of
insulating material, or be covered with’insulating material; they shall not project beyond the
surrounding surface of the tool.

Compliance is checked by inspgeetion.

21.15 Tools employing liquid systems shall protect the user against the increased risk of
shock due to the presence of liquid under faults of the liquid system.

Tools employing liquid systems shall be either:

— of class(Ill construction; or

— of class | or class Il construction and be provided with a residual current device and
comiply with 14.3, 14.4 and 14.5; or

—-~Sof class | or class Il construction and be designed for use in combination with an
isolating transformer and comply with 14.3 and 14.4.

Compliance is checked by inspection.

21.16 For tools having compartments to which access can be gained without the aid of a tool
and that are likely to be cleaned in normal use, the electrical connections shall be arranged
so that they are not subject to pulling during cleaning.

Compliance is checked by inspection and by manual test.
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21.17 Tools shall be fitted with a power switch to control the motor. The actuating member of
this switch shall be easily visible and accessible.

Compliance is checked by inspection.

21.17.1 For tools incorporating a switch with a lock-off device, whereby the switch trigger is
operated with a squeezing action by closing the fingers towards the palm of the hand, the

laock -off cvctam chall ha daocianad ta anciira cuffiniant Avirahilityy $0 vwithotand ahiica ~nd
rTOCIc—OH—oy Ster—ora—o SeSTgTie S Ut e—S o ore i t—Curattty —to—wrtHotarttt—a o ose—attta

environmental conditions to prevent activation of the tool by the switch trigger alone.

Compliance is checked by inspection and by the tests of 21.17.1.1 and, for lock-off deyvices
that are self-restoring to the lock-off position, additionally by the tests of 21.17.1.2.

21.17.1.1 A sample of the switch and its lock-off system assembled into the~televant tool
housing is kept for 1 h in a heating cabinet at 80 °C.

After the sample has returned to within 5 K of the ambient temperaturé,’ the switch lock-off
system shall then comply with the test of 21.17.1.3.

21.17.1.2 A sample of the switch and its lock-off system assembled into the relevant tool
housing is operated for the number of cycles in accordance with,23.1.10.2, where one cycle is
defined as follows:

1) the lock-off device is actuated;
2) the switch is actuated;
3) the lock-off device or the switch is released as\required to restore the switch to the locked

state.

The switch actuations shall be conductéd “at a rate of 10 to 20 per min. Following the
operations as specified above, the samplershall then comply with the test of 21.17.1.3. During
this test, the tool need not be connected to the supply.

NOTE The above test can be performediin conjunction with 23.1.10.2.

21.17.1.3 A push force as.specified in Table 7 is applied to the most unfavourable point of
the switch actuating member in the direction of the switch actuation for a period of 10 s
without prior actuation-,0f the lock-off device. The switch shall not actuate during the
application of the specified force. The switch and its lock-off system shall operate as designed
after the applied forc€ is terminated.

Table 7 — Switch trigger force

Trigger type Force
N
Single finger trigger 100
(trigger length < 30 mm)
Multi finger trigger P

(trigger length > 30 mm)
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21.18 Additional requirements for power switches for hand-held tools are given in 21.18.1.
Additional requirements for power switches for transportable tools are given in 21.18.2.
Additional requirements for power switches for lawn and garden machinery are given in the
relevant part of IEC 62841-4.

21.18.1 For hand-held tools, the power switch required by 21.17 shall be a momentary
power switch, with or without a lock-on device, which can be switched on and off by the user
without releasing any of the handle(s) or grasping surface(s) required by 19.4.

For hand-held tools without a relevant part of IEC 62841-2 and without a substantial risK
associated with continued operation, power switches other than momentary power
switches are permitted.

NOTE In Europe (EN 62841-1), the above paragraph is not applicable.

Compliance is checked by inspection and by manual test.

21.18.1.1 When a momentary power switch has a separate action, to' lock it in the "on®
position, the switch shall unlock automatically with a single actuation.fiotion without releasing
the grasp on the tool. For tools supplied with more than one switch of which any can be
locked on, the lock-on switch(es) shall be within the grasping zone necessary to control the
tool, and any one of these switches shall unlock or make ineffective all remaining lock-on
devices automatically with a single actuation motion without-releasing the grasp on the tool.

Where there is a risk associated with continued loecked-on operation as defined by the
relevant part of IEC 62841-2, the switch shall not havevany locking device to lock it in the “on”
position.

Compliance is checked by inspection and by’ manual test.

21.18.1.2 Where there is a risk associated with inadvertent starting as defined by the
relevant part of IEC 62841-2, power-switch triggers and lock-off devices, if applicable, shall
be so located, designed or guarded that inadvertent operation is unlikely to occur.

It shall either not be possible to start the tool when a rigid sphere with a diameter of
(100 £ 1) mm is applied tothe power switch in any direction with a single linear motion;

or

two separate andidissimilar actions shall be necessary before the motor is switched on (e.g. a
power switeh-which has to be pushed in before it can be moved laterally to close the
contacts tg start the motor). It shall not be possible to achieve these two actions with a single
grasping ‘motion or a straight line motion.

Compliance is checked by inspection and by manual test.

NOTE In Europe (EN 62841-1), the following additional requirement applies:

Unless hand-held tools are equipped with a momentary power switch without a lock-on device, voltage recovery
following an interruption of the supply shall not give rise to a hazard. The relevant part of IEC 62841-2 specifies if
this subclause applies and gives specific requirements.

Compliance is checked by inspection and by practical test.

21.18.2 For transportable tools, the power switch required by 21.17 shall be able to be
easily actuated “on” or “off” without any reasonably foreseeable hazard from the operator's
position as specified in the instruction manual in accordance with 8.14.2.

Compliance is checked by inspection.
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21.18.2.1 Unless transportable tools are equipped with a momentary power switch,
voltage recovery following an interruption of the supply shall not give rise to a hazard. The
relevant part of |EC 62841-3 specifies if this subclause applies and gives specific
requirements.

Compliance is checked by inspection.

When a flap/cover is provided and covers the stop button it shall do so in a way such-that
pushing the flap actuates the stop.

Compliance is checked by manual test.

21.18.2.3 A power switch shall be located, designed or guarded so_that unintentional
movement to the “on” position is unlikely.

It shall either not be possible to start the tool when a rigid sphere with a diameter of
(100 £ 1) mm is applied to the power switch in any direction with a single linear motion;

or

the power switch shall have two separate and dissimilar’actions before the motor is switched
on (e.g. a power switch which has to be pushed in before it can be moved laterally to close
the contacts to start the motor). It shall not be péssible to achieve these two actions with a
single grasping or a straight line motion.

Compliance is checked by inspection and by manual test.
21.18.2.4 A push-pull switch shall.bée-turned off by an inward push.
Compliance is checked by inspection.

21.19 Tools shall be so designed that the protection against electric shock is not affected
when screws removed-during user maintenance are incorrectly replaced during reassembly.

Compliance is checked by removing screws required by each user maintenance operation as
specified in 8:14.2 and attempting to install them into the improper screw locations of the
same or larger diameter during reassembly, using the torque from Table 11, after which
creepage‘distances and clearances between live parts and accessible metal parts shall not
have bgen reduced below the values specified in 28.1.

21.20 If the tool is marked with the first numeral of the IP system, the relevant requirements
of1EC 60529:2013 shall be fulfilled.

Compliance is checked by making the relevant tests.

21.21 Tools shall be so designed that there is no risk of electric shock from charged
capacitors when touching the pins of the plug. Capacitors, having a rated capacitance less
than or equal to 0,1 uF, are not considered to entail a risk of electric shock even if connected
to the supply side of the switch. This requirement does not apply to capacitors complying with
the requirements for protective impedance specified in 9.2 and 21.34.

Compliance is checked by the following test, which is made 10 times.
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The tool is operated at rated voltage.

The power switch is then moved to the "off" position and the tool is disconnected from the
supply by means of the plug.

One second after disconnection, the voltage between the pins of the plug is measured with an
instrument which does not appreciably affect the value to be measured.

The voltage shall not exceed 34 V.

21.22 Non-detachable parts, which provide the necessary degree of protection against
electric shock, moisture, or contact with moving parts, shall either require removal with\th'e aid
of a tool or be fixed in a reliable manner.

Snap-in devices used for fixing such parts shall have an obvious locked position. The fixing
properties of snap-in devices used in parts which are likely to be removed shall not
deteriorate.

Compliance is checked by inspection or by the following tests.

Parts which are likely to be removed are disassembled and,assembled 10 times before the
test is carried out.

The tool is at ambient temperature. However, in case§ where compliance may be affected by
temperature, the test is also carried out immediately~after the tool has been operated under
the conditions specified in Clause 12.

The test is applied to all parts which are likély fo be detachable, whether or not they are fixed
by screws, rivets, or similar parts.

A force is applied without jerks for 10°s in the most unfavourable direction to those areas of
the cover or part which are likely to be weak. The force is as follows:

— push force 50 N;
— pull force
a) if the shape of.the part is such that the fingertips cannot easily slip off 50 N;
b) if the projection of the part which is gripped is less than 10 mm in the 30 N.

direction_of.removal

The push force is applied by means of a rigid test probe with the dimensions of the test
probe B of \lEC 61032:1997, but without any articulation.

Thepull force is applied by a suitable means such as a suction cup, so that the test results
are not affected.

in any aperture or joint with a force of 10 N. The fingernail is then slid sideways with a force of
10 N; it is not twisted or used as a lever.

If the shape of the part is such that an axial pull is unlikely, no pull force is applied, but the
test fingernail shown in Figure 1 is inserted in any aperture or joint with a force of 10 N, and is
then pulled for 10 s by means of the loop with a force of 30 N in the direction of removal.

If the cover or part is likely to be subjected to a twisting force, a torque as detailed below is
applied at the same time as the pull or push force:
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— for major dimensions up to and including 50 mm 2 Nm;

— for major dimensions over 50 mm 4 Nm.

This torque is also applied when the test fingernail is pulled by means of the loop.

If the projection of the part which is gripped is less than 10 mm, the above torque is reduced
to 50 % of the value.

Parts shall not become detached, and they shall remain in the locked position.

21.23 Handles, knobs, grips, levers and the like shall be fixed in a reliable manner sothat
they will not work loose, if loosening might result in a hazard.

Compliance is checked by inspection, by manual test, and by trying to removeéythe handle,
knob, grip or lever applying, for 1 min, a 30 N axial force either pushing or pulling.

21.24 Storage hooks and similar devices for flexible cords shall be smooth<and well rounded.
Compliance is checked by inspection.

21.25 Current-carrying parts and other parts, the corrosion af-which might result in a hazard,
shall be resistant to corrosion under normal conditions of use.

Compliance is checked by verifying that, after the tests,of Clause 15, the relevant parts show
no sign of corrosion. Stainless steel and similar corrosion-resistant alloys and plated steel are
considered to be satisfactory for the purpose of this’requirement.

NOTE Examples of causes of corrosion are the incompatibility of materials and effects of heating.

21.26 Tools having parts where reliance>is based upon safety extra-low voltage to provide
the necessary degree of protection-'against electric shock, shall be so designed that the
insulation between parts operating at safety extra-low voltage and other live parts complies
with the requirements for doublesinsulation or reinforced insulation.

Compliance is checked by-the tests specified for double insulation or reinforced insulation.

21.27 Parts separated:by protective impedance shall comply with the requirements for
double insulation.orreinforced insulation.

Compliance,is.checked by the tests specified for double insulation or reinforced insulation.

21.28 Shafts of operating knobs, handles, levers and the like shall not be live unless the shaft
is not'accessible when the knob, handle, lever and the like is removed.

Compliance is checked by inspection and by applying the test probe B of IEC 61032:1997
after removal of the knob, handle, lever, or the like, even with the aid of a tool

21.29 For constructions other than those of class Ill, handles, levers and knobs which are
held or actuated shall not become live in the event of an insulation fault.

If these handles, levers or knobs are of metal, and if their shafts or fixings are likely to
become live in the event of a basic insulation fault, they shall either be adequately covered
by insulating material, or their accessible parts shall be separated from their shafts or fixings
by insulation.
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For transportable tools and lawn and garden machinery of class I, this requirement does
not apply to handles, levers and knobs, other than those of electrical components, if they are
reliably connected to an earthing terminal or earthing contact or separated from live parts by
earthed metal.

Compliance of the insulating covering or material is checked by inspection, and by the electric
strength test in Clause D.2 with 1 250 V applied.

21.30 For all tools that are likely to cut into concealed wiring or their own cord, handles and
grasping surfaces, as specified in the instruction manual in accordance with 8.14.2 b) 6), shall
be formed of insulating material or, when of metal, shall be either adequately covered“-by
insulating material or their accessible parts shall be separated by insulating barrier(s) from
accessible metal parts that may become live by the output shaft. These insulating barriers are
not to be regarded as basic insulation, supplementary insulation or reinforced,insulation.

If a stick type auxiliary handle is provided with such tool, it shall be insulated_and be provided
with a flange having a height not less than 12 mm above the grasping surface between the
grasping area and accessible parts that may become live by the output.shaft.

The relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4 specifies if 21.30 does not
apply.

Compliance is checked by inspection and by the tests of 20. 5«

21.31 For class Il tools, capacitors shall not be conhected to accessible metal parts, and
their casings, if of metal, shall be separated from_accessible metal parts by supplementary
insulation.

This requirement does not apply to capacitors complying with the requirements for protective
impedance specified in 9.2 and 21.34.

Compliance is checked by inspection and by the tests specified for supplementary
insulation.

21.32 Capacitors shall not_be connected between the contacts of a thermal cut-out.
Compliance is checked-by inspection.

21.33 Lamp holders shall be used only for the connection of lamps.

Compliance‘is checked by inspection.

21.34 Protective impedance shall consist of at least two separate components, the
impedance of which is unlikely to change significantly during the lifetime of the tool. If any one
of_the components is short-circuited or open-circuited, the values specified in 9.2 shall not be
exceeded.

Resistors complying with 14.1 a) of IEC 60065:2011 and capacitors complying with 14.2 of
IEC 60065:2011 are considered to comply with this requirement.

A single capacitor with a rated voltage of at least that of the rated voltage of the tool that
fulfils subclass Y1 of IEC 60384-14 may be employed instead of two separate components.

Compliance is checked by inspection and by measurement.
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21.35 Tools as identified in the relevant part of IEC 62841-2 or IEC 62841-3, whic duce
a considerable amount of dust and are not equipped with a liquid system for supwe sing the

released dust, shall be Q

— provided with an integral dust collection/suction device; or x?~®

— provided with a dust outlet(s) for the connection of external suction,{%vice(s) which direct
the discharge away from the operator; or Q

— designed to be used with a device provided separately by\'t € manufacturer for the
collection of dust or the connection of external suction device(s)

for minimizing the by-products of the working process from@él}%ring the air.

These devices, along with any external suction devic@‘for evacuating the by-products of the
working process, shall not impede the normal use 9\ e tool.

@)
Compliance is checked by inspection. QQ

21.36 Remote communication throuq\@ublic networks shall not impair the safety of the

tool.
‘(\®

Q
This requirement is only applicahle if remote communication includes the download of
software or the exchange of d&{@t at:

a) could affect software n@ed upon to provide a safety critical function or software, the
impairment of whic uld cause the failure of a lithium-ion charging system; or

b) only affects tha \}rt of software that is not covered by the above item a), but where
software as identified in item a) above could be impaired due to inadequate separation or
the software in item a) above.

partitionin

Measur&ensure separation and partitioning are considered adequate if:

o | rect transmission of remotely communicated parameters, or

3 nsumption of available processor time by downloaded software, or
Q use of processor infrastructure by downloaded software, or

V' e data corruption due to a failure of downloaded software, such as recursion beyond

available stack memory or incorrect pointer calculation

cannot impair a safety critical function or the safety of a lithium-ion charging system.

NOTE 1 An example for a measure to ensure adequate separation and partitioning is the use of two
independent processors, one for the management of remote communication and one for operation of
functions relied for compliance with this document. Communication between those two processors is based on
a protocol providing limitations to avoid interference with the functions relied on for compliance with this
document.

NOTE 2 Another example for measures to ensure adequate separation and partitioning is the use of:

— time fences which will terminate the execution of downloaded software if it overruns the available
execution time, and
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— software protection of data, corruption of which can impair compliance with this document.
This requirement is not applicable to tools

— where all measures to comply with this document are independent of software;
— where software is located on a separate microprocessor from the main microprocessor

e which contains the software responsible for the SCF or the safety of a lithium-ion

cha[ging syefnm' and

e where the separate microprocessor is not capable of altering code on the majn
microprocessor;

NOTE 3 An example are specialized Bluetooth modules which communicate with the host processor |but are
only capable of passing data, not relied upon for correct operation of any SCF or a lithium-iom\ charging
system. The Bluetooth module can be accessible to the public network, but there is no path to.corrupt code
on the host.

— using remote communication through public networks for the send-onlyir@hsmission of
data; or

— that only provide event driven messages or push remote monitoring;

Compliance is checked by inspection of the tool, inspection of the te¢hnical documentation of
the software, and by the requirements of Annex M.

21.37 Tools provided with interface(s) other than for remote‘éommunication through public
networks, that can be used to modify settings, data or software, the corruption of which could
impair an SCF or the safety of a lithium-ion charging system, shall either require the use of

— atool for access to the interface(s); or
— specialized equipment in order to modify sefiings, data or software; or

— a password or similar method before settings, data or software can be altered.
Compliance is checked by inspection.

22 Internal wiring

22.1 Wireways shall be smooth and free from sharp edges.

Wires shall be protected so that they do not come into contact with burrs, cooling fins, etc.,
which may cause damage to the insulation of conductors.

Holes in metdl through which insulated wires pass shall be provided with bushings or, unless
required otherwise in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4, shall
have smeaoth, well-rounded edges. A radius of 1,5 mm is considered to be well rounded.

Witihg“shall be effectively prevented from coming into contact with moving parts.

Compliance is checked by inspection.

22.2 Internal wiring shall be either so rigid and so fixed or insulated that creepage
distances and clearances cannot be reduced below the values specified in 28.1.

Compliance is checked by inspection and by the tests of 28.1.

When sleeving is used as supplementary insulation on internal wiring, it shall be retained in
position by positive means. A sleeve is considered to be fixed by positive means if it can only
be removed by breaking or cutting, or if it is clamped at both ends.
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Compliance is checked by inspection and by manual test.

22.3 Conductors identified by the colour combination green or green/yellow shall not be
connected to terminals other than earthing terminals.

Compliance is checked by inspection.

224 Aluminium wires shall not be used for Internal wiring. vWindings of a motor are not
considered as internal wiring.

Connections to aluminium windings shall consider the effects of possible corrosion between
aluminium and other metals and comply with the requirements of 26.4.

Compliance is checked by inspection.

22.5 Stranded conductors shall not be consolidated by lead-tin soldering where they are
subjected to contact pressure, unless the clamping means is so designed>that there is no risk
of bad contact due to cold flow of the solder.

Consolidation of a stranded conductor by lead-tin soldering is allowed if spring terminals are
used; securing the clamping screws alone is not considered adequate.

Soldering of the tip of a stranded conductor is allowed.
Compliance is checked by inspection.

22.6 Different parts of a tool that can move_relative to each other

a) in normal use,
b) during adjustment operations,

or
c) during user maintenance
shall not cause undue stress’to electrical connections and internal conductors, including those
providing earthing continuity. Flexible metallic tubes shall not cause damage to the insulation
of the conductors contained within them. Open-coil springs shall not be used to protect the

wiring. If a coiled spring, the turns of which touch one another, is used for this purpose, there
shall be an adequate insulating lining in addition to the insulation of the conductors.

This requirement does not apply to movements of parts with small amplitudes caused by
vibrations

NOTE-Examples of an adequate insulating lining are flexible cords complying with IEC 60227 or IEC 60245.

Compliance is checked by inspection and by the following test.

If flexing occurs in normal use, the tool is placed in the normal position of use.

With no power applied, the movable part is moved backwards and forwards, so that the
conductor is flexed through the largest angle allowed by the construction, the rate of flexing
being a minimum of 6 per minute. The number of flexings is

— 10 000, for conductors/connections flexed during normal use;
— 2000, for conductors/connections flexed during adjustments;

— 100, for conductors/connections flexed during user maintenance.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 76 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

A flexing is one movement, either backwards or forwards.

After the test, the tool shall withstand the electric strength test of Annex D between live parts
and accessible parts and live parts shall not have become accessible, as specified in
Clause 9.

23 Components

23.1 Components referenced in this standard shall comply with the safety requirements
specified in the referenced IEC standards, as far as they reasonably apply.

Batteries are not regarded as components, but as part of the tool. They shall comply‘with the
applicable requirements as specified in Annexes K and L.

If components are marked with their operating characteristics, the conditions-under which they
are used in the tool shall be in accordance with these markings, unless a specific exception is
made.

Compliance with the IEC standard for the relevant component does not necessarily ensure
compliance with the requirements of this standard.

Unless otherwise specified, the requirements of Clause 28,githis standard apply between live
parts of components and accessible parts of the tool.

Unless components have been previously tested and found to comply with the relevant IEC
standard for the number of cycles specified, they are tested in accordance with 23.1.1 to
23.1.11.

23.1.1 Capacitors in auxiliary windings. of motors shall be marked with their rated voltage
and their rated capacitance.

Compliance is checked by inspegtion.
23.1.2 Capacitors for radiojinterference suppression shall comply with [IEC 60384-14.
Compliance is checked\by inspection.

23.1.3 Small lampholders similar to E10 lampholders shall comply with the requirements for
E10 lampholders in IEC 60238. However, they need not accept a lamp with an E10 cap
complying with the current edition of Standard Sheet 7004-22 of IEC 60061-1.

Comptiance is checked by inspection.

23A1.4 Isolating transformers or safety isolating transformers, except incorporated
transformers as defined in IEC 61558-1, shall comply with IEC 61558-2-4 or |IEC 61558-2-6,

respectively. Switch mode power supply units and transformers for switch mode power supply
units shall comply with IEC 61558-2-16.

Compliance is checked by inspection.

Incorporated transformers shall comply with IEC 61558-2-4 or IEC 61558-2-6 except for
marking requirements.

Compliance is checked by the relevant tests of IEC 61558-2-4 or IEC 61558-2-6. These tests
shall be performed in the tool.
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23.1.5 Appliance couplers shall either comply with IEC 60320 or the manufacturer shall
inform the user in the instructions for use to connect the tool only by means of the appropriate
connector specified by the manufacturer.

Compliance is checked by inspection.

Compliance is checked by evaluating the endurance of a cycling control according te
Clause 17 of IEC 60730-1:2010 under the conditions occurring in the tool. The number of
cycles to be used is:

— for a thermostat, 10 000 cycles of operation;

— for a temperature limiter, 1 000 cycles of operation;

— for a self-resetting thermal cut-out, 300 cycles of operation;

— for a voltage-maintained non self-resetting thermal cut-out, 1 000icycles of operation;

— for other non self-resetting thermal cut-outs, 30 cycles of operation.

Automatic controls which comply with the requirements of IEC60730-1:2010, and which are
used in accordance with their marking, are considered ta)meet the requirements of this
standard (the term "marking" includes documentation and declaration as specified in Clause 7
of IEC 60730-1:2010).

The tests of Clause 17 of IEC 60730-1:2010 are net carried out on automatic controls which
operate during Clause 12, if the tool meets the-requirements of this standard when they are
short-circuited.

A specific exception with regard to the, testing of thermostats and temperature limiters is
made in Note b) of Table 1 of Clause 12.

23.1.7 The testing of components which have to comply with other standards is, in general,
carried out separately, accordingito the relevant standard as follows.

If the component is marked and used in accordance with its marking, it is tested in
accordance with its marking, the number of samples being that required by the relevant
standard.

In particular, eemponents not mentioned in Table 1 of Clause 12 are tested as a part of that
tool.

23.1.8<)Components that have not been separately tested and found to comply with the
component standards as references in 23.1 or components that are not marked or not used in
aecordance with their marking, are tested in accordance with the referenced relevant standard
under the conditions occurring in the tool.

When an IEC standard for a component is not referenced in 23.1, there are no additional tests
specified.
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23.1.9 For capacitors connected in series with a motor winding, the voltage across the
capacitor shall not exceed 1,1 times the rated voltage of the capacitor, when the tool is
operated at a voltage equal to 1,1 times rated voltage and under no-load.

23.1.10 Switches shall be so constructed that there will be no failure that might impair
compliance with this standard.

Comnligne
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Switches, if separately tested and found to comply with IEC 61058-1:2008, shall meet the
requirements specified in 23.1.10.1.

Switches which have not been separately tested and found to comply with IEC 610588-1:2008
or do not meet the requirements of 23.1.10.1, are tested as in 23.1.10.2 to 23.1.10.3.

23.1.10.1 Switches shall be rated and classified as follows.

Power switches shall be rated as follows:

— for a voltage not less than the rated voltage of the tool;
— for a current not less than the rated current of the tool;
— for a.c., if the tool is rated for a.c.;
— for d.c., if the tool is rated for d.c.

Electronic power switches shall, as a minimum, be classified for Continuous Duty in
accordance with IEC 61058-1:2008.

Power switches shall further be classified.with respect to load:

— switches for motor-operated tools .and motor-operated lawn and garden machinery: for
resistive and motor load in accordance with 7.1.2.2 of IEC 61058-1:2008, if the switch
would encounter this load in normal use;

— switches for magnetically~4driven tools and magnetically driven lawn and garden
machinery: for inductive Toad in accordance with 7.1.2.8 of IEC 61058-1:2008, if the
switch would encounterithis load in normal use;

— alternatively, switches may be regarded as switches for a declared specific load in
accordance with\711.2.5 of IEC 61058-1:2008 and may be classified based upon the load
conditions encountered in the tool in normal use.

Ratings and-lead classifications for switches other than power switches shall be based on
the conditions encountered in the tool.

Switches shall further be classified as follows with respect to endurance:

—_power switches for hand-held tools: for 50 000 operating cycles;

& itches f bl ! ] | I hi . for 10000

operating cycles;

— power switches which possess series electronics must also endure 1 000 operating
cycles with the electronics bypassed;

NOTE 1 Switches without any declared endurance with the electronics bypassed have been tested, by default, to
1 000 operating cycles in accordance with IEC 61058-1:2008.

— switches other than power switches, such as speed selector switches, which are likely to
be switched under electrical load: for 1 000 operating cycles. However, this test is not
required, if the requirements of this standard are met with the switch short-circuited;

— switches other than power switches that either
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e are intended for operation without electrical load, and which can be operated only with
the aid of a tool or are interlocked so that they cannot be operated under electrical
load; or

e provide a motor direction reversing function; or
e are switches for 20 mA load as classified in 7.1.2.6 of IEC 61058-1:2008

are not required to possess any particular endurance characteristic.

NOTE 2 Motor reversing endurance is tested in 18.7.

Compliance is checked by inspection of the markings on the switch and by the documentation
and certificate provided with the switch.

23.1.10.2 The endurance properties of switches shall be adequate.

Compliance is checked by submitting three samples of the switch to the accelerated cycle
endurance test of 17.2.4.4 of IEC 61058-1:2008, but with load conditions as,'specified in either
23.1.10.2.1 or 23.1.10.2.2 and with the number of operating cycles as spegified below.

Power switches for hand-held tools are tested for 50 000 operating \cycles. Power switches
for transportable tools and lawn and garden machinery are tested for 10 000 operating
cycles.

If a power switch is comprised of mechanical contacts-in series with electronic circuitry
containing one or more semiconductor switching’ devices (SSD) as defined in
IEC 61058-1:2008 where the circuitry provides a protective function by reducing the current
during switch operation, then:

— on three additional samples, the electronic circuitry shall be bypassed and the test
repeated for at least 1 000 operating cycles; or

— the protective function shall be cornisidered to be a safety critical function and comply
with the greater of the performancé€’levels for power switches in 18.8.

Switches other than power switches, such as speed selector switches, which are likely to be
switched while energized, are tested as described above, but for 1 000 operating cycles only
for the load conditions encountered in normal use.

Switches, other than.power switches, intended for operation without electrical load, and
which can be operated only with the aid of a tool or are interlocked so that they cannot be
operated under electrical load, are not subjected to the tests of 17.2.4.4 of IEC 61058-1:2008.

Reverse swijtches are not subjected to the tests of 17.2.4.4 of IEC 61058-1:2008, as they are
tested in_18.7.

Switéches for 20 mA load as classified in 7.1.2.6 of IEC 61058-1:2008 are also not subjected to
thetests of 17.2.4.4 of IEC 61058-1:2008.

Aftcl bUlIIIJl’Gl‘I'UII Uf t/lG abuvc tGDtD, t/lG OVVI’L‘L/ILI Dl’lallll bG abl’c tU bc tu:ucu’ uril dll(.l’ Uff dllbl’
comply with the insulating compliance (TE3) of 17.2.5.3 of IEC 61058-1:2008 for basic
insulation.

23.1.10.2.1 For switches tested with an external load, the load conditions are as follows:

Power switches for motor-operated tools and motor-operated lawn and garden machinery
are regarded as classified to 7.1.2.2 of IEC 61058-1:2008. They are tested with 6 times I-M
making current and a power factor 0,6 + 0,05, and with I-M breaking current and a power
factor 2 0,9, the I-M current being the rated current of the tool.
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Power switches for magnetically driven tools and magnetically driven lawn and garden
machinery are regarded as classified to 7.1.2.8 of IEC 61058-1:2008. They are tested with
6 times I-I making current and a power factor 0,6 + 0,05, and with |-l breaking current and a
power factor 0,6 + 0,05, the I-I current being the rated current of the tool.

Switches other than power switches, but which would encounter the same load conditions as
power switches in normal use, shall be tested with the corresponding load conditions above.

23.1.10.2.2 For switches tested utilizing the motor or magnetic load encountered in the tool;
the switch is tested at rated voltage for the required number of operating cycles, each cycle
composed as follows:

1) With the tool at rest, the switch is closed without any mechanical load applied tothe tool.
2) The switch is opened with the tool loaded to rated current or rated input.

The operating cycles shall be conducted as quickly as possible but need*not meet the
requirements of 17.2.3.4.1 of IEC 61058-1:2008.

23.1.10.3 The breaking capacity of power switches of motor-operated tools and lawn and
garden machinery shall be adequate.

Compliance is checked by the locked-rotor test (TC9) of 17.2-4.9 of IEC 61058-1:2008 with a
current of 6 “ I-M. Alternatively, the test is performed with.the switch incorporated in the tool
with the motor locked, each “on” period being not more than 0,5 s, and each “off” period being
not less than 10 s.

After this test the power switch shall have nqo’electrical or mechanical failure. If the switch
operates properly in the “on” and “off” positioSyat the end of the test, it is considered to have
no mechanical or electrical failures.

23.1.11 Electronic power switches, without series mechanical contact separation (air gap),
are allowed, provided the requirements of 18.6 and 18.8 are met.

NOTE Electronic power switches are«onsidered to provide a safety critical function.
23.2 Tools shall not be fitted with

— switches or automatic controls in flexible cords, however protective devices such as
RCDs are allowed;

— devices, exeept for earthing conductors, which are intended to cause the protection device
in the fixed wiring to operate in the event of a fault in the tool;

— thermal cut-outs which can be reset by a soldering operation.

Comptiance is checked by inspection.

23.3 Protection devices (e.g. overload or over-temperature protection devices) or circuits
that switch off the tool shall be of the non-self-resetting type where there is a risk associated

with inadvertent starting as specified in the relevant part of IEC 62841-2 (by 21.18.1.2),
IEC 62841-3 or IEC 62841-4.

Electronic speed and load regulators are not considered to be protection devices, if they do
not switch off the tool but reduce the speed of the tool as a load is applied and increase the
speed of the tool when the load is removed. An RCD is not considered a protection device.

Resetting a protection device by switching the tool off and on with the power switch is
considered to be a non-self-resetting action.

Compliance is checked by inspection.
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23.4 Plugs and socket-outlets for extra-low voltage circuits, and those used as terminal
devices for heating elements, shall not be interchangeable with mains plugs and socket-
outlets listed in IEC 60884, IEC/TR 60083 or IEC 60906-1 or with connectors and appliance
inlets complying with the standard sheets of IEC 60320-1.

Compliance is checked by inspection.

Compliance is checked by the tests of Annex B.

24 Supply connection and external flexible cords

24.1 Tools shall be provided with one of the following means of connectionsto-the supply:

— a supply cord with a minimum length of 1,8 m and with a plug;

— a supply cord with a minimum length of 1,8 m and without acplug, the information for
connection shall be given in the instructions in accordance with"8.:14.2 a);

— an appliance inlet having at least the same degree of protection against moisture as
required for the tool;

— a supply cord with a length between 0,2 m and 0,5m and fitted with a plug or other
connector having at least the same degree of protection against moisture as required for
the tool.

Plugs, connectors and inlets shall be suitable fof/the ratings of the tool.
Compliance is checked by inspection and-by measurement.

The cord is measured from where_.itCexits the tool to where it enters the plug, if one is
provided, or to the end of the cord, ifthere is no plug.

24.2 Supply cords shall be-assembled to the tool by one of the following methods:

— type X attachment;

— type Y attachment;

— type Z attachment, if allowed in the relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4:

Supply cords with type X attachment shall be specially prepared cords only available from
the manufacturer or his service agent. A specially prepared cord may also include a part of
the tool

Compliance is checked by inspection and, if necessary, by manual test.

24.3 Plugs shall not be fitted with more than one flexible cord.
Compliance is checked by inspection.

24.4 Supply cords shall be not lighter than:

— ordinary rubber sheathed flexible cord (code designation 60245 IEC 53); or
— ordinary polyvinyl chloride sheathed flexible cord (code designation 60227 IEC 53).

Polyvinyl chloride insulated flexible cords shall not be used for tools having external metal
parts, the temperature rise of which exceeds 75 K during the test of Clause 12.
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NOTE 1 In the United States of America, the following conditions apply:

Supply cords shall be not lighter than Junior Hard service cord in accordance with the National Electrical Code,
NFPA 70,

Attachment plugs and cords shall be equal to or greater than the rating of the tool.
NOTE 2 In Canada, the following conditions apply:

Supply cords shall be not lighter than Hard Usage cord in accordance with the Canadian Electrical Code, Part 1.

Attachment plugs and cords shall be equal to or greater than the rating of the tool.

Compliance is checked by inspection and by measurement.

24.5 Supply cords shall have a nominal cross-sectional area not less than those shown in
Table 8.

Table 8 — Minimum cross-sectional area and AWG sizes of supply 'cords

Rated current of the tool Nominal cross-sectional area AWG size °®

A mm?

Up to and including 6 0,75

Over 6 up to and including 10 1 18

Over 10 up to and including 12 17

Over 12 up to and including 13 1,5 16

Over 13 up to and including 16

Over 16 up to and including 18 "

Over 18 up to and including 25 $s 12

2 AWG stands for American Wire Gauge as defined in ASTM B 258-02

Compliance is checked by inspection'of the markings on the supply cord.

24.6 For class | tools, the supply cord shall be provided with a green or green/yellow core;
it shall be connected to the internal earthing terminal of the tool, and to the earthing contact of
the plug.

Compliance is checked by inspection.

24.7 Conductors of supply cords shall not be consolidated by lead-tin soldering where they
are subject to contact pressure, unless the clamping means is so designed that there is no
risk of a;bad contact due to cold flow of the solder.

Compliance is checked by inspection.

The requirement may be met by using spring terminals. Securing the clamping screws alone

is not considered adequate.

24.8 For all types of attachment, moulding together the supply cord to the enclosure or part
of it shall not affect the insulation of the cord.

Compliance is checked by inspection.
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24.9 Tools provided with a supply cord shall be constructed so that the supply cord is
protected against damage where it enters the tool.

This shall be achieved by either:

— a flexible cord guard; or
— acordinlet; or

— a bushing.

Compliance is checked by inspection.

24.10 Cord inlets and bushings shall:

— be so shaped as to prevent damage to the supply cord;
— be reliably fixed;
— not be removable without the aid of a tool.

Compliance is checked by inspection and by manual test.

24.11 Tools, other than transportable tools, provided with a supply cord that is flexed while
in operation shall be constructed so that the supply cord. is: protected against excessive
flexing where it enters the tool.

Compliance is checked by the following tests a) and b).

a) The part of the tool fitted with the supply €ord and its entry system is fixed in the
oscillating member of an apparatus similarto that shown in Figure 2. The distance X, as
shown in Figure 2, between the axis of-gscillation and the point where the supply cord
enters the tool, is adjusted so that when'the oscillating member moves over its full range,
the cord and load make the minimum-lateral movement.

A weight, having the mass of the-tool as specified in 5.17, but not less than 2 kg or more
than 6 kg, is attached to the supply cord.

The oscillating member is moyved backwards and forwards through an angle of 90° (45° on
either side of the vertical); the number of flexings being 20 000 and the rate of flexing
60 per min. A flexingxis one movement, either backwards or forwards. After 10 000
flexings, the sample~is-turned through 90° about the centre line of the supply cord entry
and the final 10 000-flexings are conducted.

b) For tools provided with a cord guard, the cord anchorage and the terminal screws are
loosened, without removing the conductors of the supply cord. However, if the cord guard
is clamped_under the cord anchorage, the cord anchorage is not loosened.

The tool-is then lifted by the cord guard, without jerks, over a distance of approximately
50Q’mm in approximately 1 s, and replaced on a support. The operation is made 10 times.

During this test, the cord quard shall not slip out of its location.

After the tests a) and b), if applicable, the following results shall not have occurred:

— disconnection of any conductor from its terminal;

— a breakage of more than 10 % of the strands of any conductor.

NOTE Conductors include earthing conductors.

24.12 Supply cords of tools, other than transportable tools, that are flexed while in
operation shall be protected against excessive bending at the inlet opening of the tool.

The cord guard, if any, shall be fixed in a reliable manner, and shall be of such a design that
they project outside the tool for a distance beyond the inlet opening of at least five times the
overall diameter of the cable or cord delivered with the tool.
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Compliance is checked by inspection, by measurement and by the following test.

The tool is fitted with a supply cord that extends approximately 100 mm from the end of the
supply cord entry or the cord guard, if any.

The tool is so held that the axis of the supply cord entry or cord guard, if any, where the cord
leaves it, projects upwards at an angle 45° to the horizontal when the supply cord is free

from-strocs
THOH1—StHFE5OT

A mass equal to 10 Dc? g is then attached to the free end of the supply cord. Dc is ithe
external diameter of the supply cord supplied with the tool in mm.

Immediately after the mass has been attached, the radius of the curvature of the supply cord
shall not be less than 1,5 Dc anywhere along the length of the supply cord.

24.13 Tools provided with a supply cord shall have a cord anchorage. The™cord anchorage
shall relieve conductors from strain, including twisting, at the terminals and protect the
insulation of the conductors from abrasion.

It shall not be possible to push the cord into the tool to such anh extent that the cord, or
internal parts of the tool, could be damaged.

Compliance is checked by inspection, by manual test, and‘by the following test.

A mark is made on the cord while it is subjected, te"the pull force shown in Table 9, at a
distance of approximately 20 mm from the cord anthorage or other suitable point.

The cord is then pulled, without jerking, for/ 1's in the most unfavourable direction with the
force specified. The test is carried out 25 times.

The cord, unless on an automatic cord reel, is then subjected to a torque that is applied as
close as possible to the tool. The torque is specified in Table 9 and is applied for 1 min.

Table 9 — Pull and torque value

Mass of toolas specified in 5.17 Pull Torque
kg N Nm
Up to and including 1 30 0,1
Over1 up to and including 4 60 0,25
QOver 4 100 0,35

During’the tests, the cord shall not be damaged and shall show no appreciable strain at the
términals. The pull force is reapplied and the cord shall not be longitudinally displaced by
fmore than 2 mm.

24.14 Cord anchorages shall either be so arranged that they are only accessible with the aid
of a tool, or be so designed that the cord can only be fitted with the aid of a tool.

Compliance is checked by inspection.

24.15 Cord anchorages shall be so designed or located that:

— the cord cannot touch the clamping screws of the cord anchorage, if these screws are
accessible, unless they are separated from accessible metal parts by supplementary
insulation;
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— the cord is not clamped by a metal screw which bears directly on the cord;
— glands are not used as cord anchorages;

— for class | tools, if an insulation fault on the cord could make accessible metal parts live,
they are of insulating material or are provided with an insulating lining complying with the
requirements for basic insulation. The sheath of the cord is considered adequate for this
purpose;

— for class Il tools, they are of insulating material or are insulated from accessible metal
parts by insulation complying with the requirements for supplementary insulation. The

sheath of the cord alone is not considered to fulfil this requirement.

Compliance is checked by inspection.

24.16 For type X attachments, cord anchorages shall be designed or located that:

— replacement of the cord is easily possible;
— it is clear how the relief from strain and the prevention of twisting are to.bé obtained;

— screws, if any, which have to be operated when replacing the cord, d0 hot serve to fix any
other component, unless, when omitted or incorrectly mountedy’ they render the tool
inoperative or clearly incomplete, or unless the parts intended.to be fastened by them
cannot be removed without the aid of a tool during the replacement of the cord;

— in the case of labyrinths, these labyrinths cannot be bypassed in such a way that the test
of 24.13 is not withstood;

— at least one part of the cord anchorage is securely fiXxed to the tool or to a functional part
of the tool such as the switch, terminal block or'the like, unless it is part of the specially
prepared cord.

Compliance is checked by inspection, and by the'test of 24.13 under the following conditions.

The conductors are introduced into the ¢esminals, the terminal screws, if any, being tightened
just sufficiently to prevent the conductors from easily changing their position. The cord
anchorage is used in the normal way, the clamping screws, if any, being tightened with a
torque equal to two-thirds of that specified in 27.1.

Screws of insulating material bearing directly on the cord are fastened with two-thirds of the
torque specified in column™f of Table 11; the length of the slot in the screw head being taken
as the nominal diameter of the screw.

24.17 For type X attachment, production methods such as tying the cord into a knot, or tying
the ends with string, are not allowed.

Compliance-is checked by inspection.

24.18-The space for the supply cord provided inside, or as a part of the tool for type X
attachment shall be so designed:

— _as to Ihn-rmit r‘hpr‘kinr\}, hefare fitting the cover_jf any. that the conductors are r‘nrrpr‘fly
connected and positioned;

— that covers, if any, can be fitted without risk of damage to the supply conductors or their
insulation;

— that the uninsulated end of the conductor, should it become free from a terminal, cannot
come into contact with accessible parts, unless the cord is provided with terminations
that are unlikely to slip free of the conductor.

Compliance is checked by inspection and, for type X attachment, by the following additional
test.
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For pillar terminals where the conductors are not separately clamped at a distance of 30 mm
or less from the terminal, and for other terminals with screw clamping, the clamping screws or
nuts are loosened in turn. Without removing the conductor from the conductor space, a force
of 2 N is applied to the wire in any direction and adjacent to the terminal, screw or stud. The
uninsulated end of the conductor shall not then come into contact with accessible metal parts
or any other metal part connected thereto.

For pillar terminals, where the conductors are separately clamped at a distance of 30 mm or

less from the terminal, the tool is considered to meet the requirement that the uninsulated end
of the conductor must not come into contact with accessible metal parts.

24.19 Appliance inlets shall:

— be so located or enclosed that live parts are not accessible during insertion or removal of
the connector;

— be so placed that the connector can be inserted without difficulty;

— be so placed that, after insertion of the connector, the tool is net“supported by the
connector when in any position of normal use on a horizontal flat surface.

Compliance is checked by inspection and, with regard to the first.requirement, by means of
the test probe B of IEC 61032:1997, for tool inlets other Nthan those standardized in
IEC 60320.

Tools provided with appliance inlets complying with IEG-60320 are considered to comply with
the first requirement.

24.20 Interconnection cords shall comply with/the'requirements for the supply cord, except
that

— the cross-sectional area of the conduetors of the cord is determined on the basis of the
maximum current carried by the conductor during the test of Clause 12;

— the insulation of the conductor shall'be adequate for its working voltage;
— the test of 24.11 is restricted to‘the range of motion of the tool during normal use.

NOTE The maximum current carried by the conductor during the test of Clause 12 is not necessarily the rated
current of the tool.

Compliance is checkedby inspection and by measurement.

24.21 Interconnéection cords shall not be detachable without the aid of a tool if compliance
with this standard is impaired when they are disconnected.

Complianee is checked by inspection.

25 Terminals for external conductors

or 4

£ad. 1 TUU;D bild“ IIJU plUVidUd Vv;til tUIIIIiIIdib Ul cqua“y cffcbtivc UICVibe fUI tilC bUIIIICbtiUII Uf
external conductors. The terminals shall only be accessible with the aid of a tool.

Screws and nuts shall not serve to fix any other component, except that they may also clamp
internal conductors, if these are so arranged that they are unlikely to be displaced when fitting
the supply conductors.

Compliance is checked by inspection and by manual test.

For tools with type X attachment, soldered connections may be used for the connection of
external conductors, provided that the conductor is so positioned or fixed that reliance is not
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placed upon the soldering alone to maintain the conductor in position, unless barriers are
provided so that creepage distances and clearances between live parts and other metal
parts cannot be reduced to less than 50 % of the values specified in 28.1, should the
conductor become free at the soldered joint.

For type Y attachment and type Z attachment, soldered, welded, crimped and similar

connections may be used for the connection of external conductors; moreover, for class Il

tools, the conductor shall be so positioned or fixed that reliance is not placed upon the
soldering, crimping, or welding alone to maintain the conductor in position, unless barriers are
provided so that creepage distances and clearances between live parts and other metal
parts cannot be reduced to less than 50 % of the values specified in 28.1, should ‘the
conductor become free at the soldered or welded joint, or slip out of the crimped connegtion.

It is not to be expected that two independent fixings will become loose at the same.time.

Conductors connected by soldering are not considered to be adequately fixed,“unless they are
held in place near to the termination, independently of the solder; but “hooking in" before
soldering is, in general, considered to be a suitable means for maintaining*the conductors of a
power supply cord other than a tinsel cord in position, provided the(hole through which the
conductor is passed is not unduly large.

The terminals of a component (such as a switch) built into the\tool may be used as terminals
intended for external conductors.

Conductors connected to terminals or terminations by, other means are not considered to be
adequately fixed, unless an additional fixing is provided near the terminal or termination; this
additional fixing, in the case of stranded conductors, clamps both the insulation and the
conductor.

Compliance is checked by inspection andby measurement.
25.2 Terminals for supply cords shall be suitable for their purpose.
Compliance is checked by inspettion and by applying a pull of 5 N to the connection.

After the test, the connegtions shall show no damage which could impair compliance with this
standard.

25.3 For tools with type X attachment, terminals shall be so fixed that, when the clamping
means is tightened or loosened, the terminal does not work loose, internal wiring is not
subjected to stress, and creepage distances and clearances are not reduced below the
values spécified in 28.1.

Compliance is checked by inspection, and by the test of 9.6 of IEC 60999-1:1999, the torque
applied being, however, equal to two-thirds of the torque specified in Table 4 of that standard.

TUIIIII.IIdI’\b rnmiay bU pIUVUIItUd flUlll VVUI;\;IIy I’UUDU l:.ly fl')(l'lly WItI’I tWU oCLICWS, I:Jy fl’)(l‘lly WItI’I Uric
screw in a recess, so that there is no appreciable play, or by other suitable means.

The requirement for fixation of terminals does not preclude the provision of supply terminals
on switches, or similar device in a recess if, after connection of the supply cord, and after re-
positioning of the switch or similar device in its recess, it can be verified by inspection that
these components and the supply cord are, after reassembly of the tool, in the correct
position.
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Covering with sealing compound without other means of locking is not considered to be
sufficient. Self-hardening resins may, however, be used to lock terminals which are not
subject to torsion in normal use.

25.4 For tools with type X attachment, terminals shall be so designed that they clamp the
conductor between metal surfaces with sufficient contact pressure, and without damage to the
conductor.

Compliance is checked by inspection of the terminals and of the conductors after the test
of 25.3.

25.5 Terminals of the pillar type shall be so constructed and located that the end,of a
conductor introduced into the hole is visible, or can pass beyond the threaded hple for a
distance at least equal to half the nominal diameter of the screw but at least 2,5 mm.

Compliance is checked by inspection and by measurement.

25.6 For type X attachment, the terminals shall be clearly recognizable and accessible after
opening the tool. All terminals shall be located behind one cover, or ohe part of the enclosure.

Compliance is checked by inspection.

25.7 Terminal devices of tools with type X attachment shall be so located or shielded that
should a wire of a stranded conductor escape when the.conductors are fitted, there is no risk
of accidental connection between live parts and accessible metal parts and, in the case of
class Il tools, between live parts and metal partsyseparated from accessible metal parts by
supplementary insulation only.

Compliance is checked by the following test.

An 8 mm length of insulation is remoyved from the end of a flexible conductor having a nominal
cross-sectional area as specified in"24.5.

One wire of the stranded conductor is left free, and the other wires are fully inserted into and
clamped in the terminal.

The free wire is benty>without tearing the insulation back, in every possible direction, but
without making sharp-bends around barriers.

The free wire'af a conductor connected to a live terminal shall not touch any metal part which
is accessible;/or is connected to an accessible metal part or, for class Il tools, any metal part
which isfseparated from accessible parts by supplementary insulation only. The free wire
of a genductor connected to an earthing terminal shall not touch any live part.

26 Provision for earthing

26.1 Accessible parts of class | tools, which may become live in the event of an insulation
fault, shall be permanently and reliably connected to an earthing terminal or termination within
the tool, or to the earthing contact of the tool inlet.

The printed conductors of printed circuit boards shall not be used to provide continuity of the
protective earthing circuit.

Earthing terminals and earthing contacts shall not be electrically connected to the neutral
terminal.
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Class Il tools and class lll tools shall have no provision for earthing.

If accessible metal parts are screened from live parts by metal parts which are connected to
the earthing terminal or termination, or to the earthing contact, they are not, for the purpose of
this requirement, regarded as likely to become live in the event of an insulation fault.

Rotating motor components that have metal-to-metal bearing surfaces shall be considered to

hao olactricalb baonded to-ecach othar throuah tha haarina cirfanac far aarthina niirnAcac
ISA~aRA~ A~ o—-Ca oottt ouag—te—ooartg— roT—Catrtrit
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Accessible parts, which are separated from live parts by double insulation or by
reinforced insulation, are not considered likely to become live in the event of an insulation
fault.

Metal parts behind a decorative cover which does not withstand the test of Glause 20 are
considered to be accessible parts.

Compliance is checked by inspection.

26.2 The clamping means of earthing terminals shall be adeguately locked against
accidental loosening, and it shall not be possible to loosen them“without the aid of a tool.
Screw clamping terminals complying with Clause 25 or screwless terminals in accordance
with I[EC 60998-2-2 are considered to comply with the requirements of 26.2.

For specifically prepared cords, terminals complying with’ IEC 61210 and the specifications in
Table 10 are considered to comply with the requirements of 26.2. The connector material of
quick connect terminals, if steel, shall comply with the requirements of Clause 15.

Table 10 — Quick-connect terminals for earthing conductors

Nominal cross- AWG wire size Minimum tab width Minimum tab Connector
sectional area mm thickness material
mm?2 mm
0,75t0 1,0 18 2.8 0.5 Brass or steel
1,5 16 2.8 0.8 Brass or steel
1,5 16 2.8 0.5 Brass
2,5 14 6.35 0.8 Brass or steel

Compliance is _thecked by inspection, by measurement, by manual test and, for screwless
terminals, by._the tests specified in IEC 60998-2-2.

26.3 If-detachable parts have an earth connection, this connection shall be made before
the-current-carrying connections are established when placing the part in position, and the
current-carrying connections shall be separated before the earth connection is broken when
temoving the part.

For tools with supply cords, the arrangement of the terminals, or the length of the conductors
between the cord anchorage and the terminals, shall be such that the current-carrying
conductors become taut before the earthing conductor, if the cord slips out of the cord
anchorage.

Compliance is checked by inspection and by manual test.
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26.4 All parts of the earthing terminal intended for the connection of external conductors
shall be such that there is no risk of corrosion resulting from contact between these parts and
the copper of the earthing conductor, or any other metal in contact with these parts.

Parts which may transmit current in the event of an insulation fault, other than parts of a metal
frame or enclosure, shall be of coated or uncoated metal having adequate resistance to
corrosion. If such parts are of steel, they shall be provided at the essential areas with an
electroplated coating having a thickness of at least 5 uym

Parts of coated or uncoated metal, which are only intended to provide or to transmit contact
pressure, shall be adequately protected against rusting.

If the body of the earthing terminal is a part of a frame or enclosure of alufinium or
aluminium alloy, precautions shall be taken to avoid the risk of corrosion resulting from
contact between copper and aluminium or its alloys.

Parts of copper alloys containing at least 58 % copper for parts that are.worked cold, and at
least 50 % copper for other parts, and parts of stainless steel containing at least 13 %
chrome, are considered to be sufficiently resistant to corrosion. Parts)subjected to a treatment
such as chromate conversion coating are in general not considered to be adequately
protected against corrosion, but they may be used to provide or to“transmit contact pressure.

The essential areas of steel parts are, in particular, those-transmitting current. In evaluating
such areas, the thickness of the coating in relation to the shape of the part has to be taken
into account. In case of doubt, the thickness of théscoating is measured as described in
ISO 2178 or in ISO 1463.

Compliance is checked by inspection, by measurement, by manual test, and by the test of
15.1.

26.5 The connection between the earthing terminal or earthing contact, and earthed metal
parts shall be of low resistance.

Compliance is checked by the following test.

A current derived from a.source having a no-load voltage not exceeding 12 V (a.c. or d.c.) and
equal to 1,5 times rated current of the tool, or 25 A, whichever is the greater, is passed
between the earthing terminal or earthing contact, and each of the accessible metal parts in
turn.

The voltage drop between the earthing terminal of the tool or the earthing contact of the tool
inlet, and‘\the accessible metal part is measured, and the resistance calculated from the
current_and this voltage drop.

I no case shall the resistance exceed 0,1 Q.

1M case of doubt, the test 15 carried out untit Steady conartions nave been estavlished.
The resistance of the flexible cord is not included in the resistance measurement.

Care is taken that the contact resistance between the tip of the measuring probe and the
metal part under test does not influence the test results.
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27 Screws and connections

27.1 Fixings, and electrical connections, the failure of which may impair compliance with this
standard, and connections providing earthing continuity shall withstand mechanical stresses
occurring.

Screws used for this purpose shall not be of metal which is soft or liable to creep, such as

. | .
1T UT dTutTTirimuTTT.

Such screws, when of insulating material, shall have a nominal diameter of at least 3 mmy;
they shall not be used for any electrical connection or connections providing eafthing
continuity.

Screws transmitting electrical contact pressure shall screw into metal.

Screws shall not be of insulating material if their replacement by a metal sefew could impair
supplementary insulation or reinforced insulation.

Screws which may be removed when replacing a supply cord having a type X attachment,
or when undertaking user maintenance, shall not be of, insulating material if their
replacement by a metal screw could impair basic insulation.

Compliance is checked by inspection and by the following ‘test.

Screws and nuts are tested if they are

— used for electrical connections;
— used for connections providing earthing eontinuity;
— likely to be tightened
e during user maintenance;
e when replacing a supply cord having a type X attachment;

e during installation/assembly in accordance with the information required in 8.14.2 a).
The screws or nuts are tightened and loosened without jerking:

— 10 times for screws-in engagement with a thread of insulating material;

— 5 times for nuts and other screws.

Screws in engagement with a thread of insulating material are completely removed and
reinserted.each time.

When testing terminal screws and nuts, a conductor of the nominal cross-sectional area
spécified in 24.5 is placed in the terminal. It is repositioned before each tightening.

The test js carried out bv means of a suitable test screwdriver spanner or kev and by
7 7 = 7 7

applying a torque as shown in Table 11. The shape of the blade of the test screwdriver is to fit
the head of the screw to be tested. The appropriate column being:

Column | is applicable for metal screws without heads if the screw does not protrude from the
hole when tightened.

Column 1l is applicable

— for other metal screws and for nuts;
— for screws of insulating material
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e having a hexagonal head with the dimension across flats exceeding the overall thread
diameter, or

e with a cylindrical head and a socket for a key, the socket having a cross-corner
dimension exceeding the overall thread diameter, or

e with a head having a slot or cross-slots, the length of which exceeds 1,5 times the
overall thread diameter.

corumn 1N1'1s applicable TO0r other screws oOr Insulating material.

During the test, no damage impairing the further use of the fixing or electrical connections
shall occur.

Table 11 — Torque for testing screws and nuts

Torque
Nominal diameter of screw Nm
mm
| 1} 1]
Up to and including 2,8 0,2 0y4 0,4
Over 2,8 up to and including 3,0 0,25 0,5 0,5
Over 3,0 up to and including 3,2 0,3 0,6 0,5
Over 3,2 up to and including 3,6 0,4 0,8 0,6
Over 3,6 up to and including 4,1 0,7 1,2 0,6
Over 4,1 up to and including 4,7 0/8 1,8 0,9
Over 4,7 up to and including 5,3 0,8 2,0 1,0
Over 5,3 - 2,5 1,25

27.2 Electrical connections shall be sovdesigned that contact pressure is not transmitted
through insulating material which is liable to shrink or to distort, unless there is sufficient
resiliency in the metallic parts to compensate for any possible shrinkage or distortion of the
insulating material. Ceramic material“is not liable to shrink or to distort.

Compliance is checked by inspection.

27.3 Space-threaded.(sheet metal) screws shall not be used for the connection of current-
carrying parts, unless;'they clamp these parts directly in contact with each other, and are
provided with a suitable means of locking.

Thread-cutting-(self-tapping) screws shall not be used for the electrical connection of current-
carrying parts, unless they generate a full-form standard machine screw thread. Such screws
shall not,"however, be used if they are likely to be operated by the user, unless the thread is
formedyby a swageing action.

Thread-cutting and space-threaded screws may be used to provide earthing continuity,

|_provided that it is not necessary to disturb the connection in normal use, and that at least two |

screws are used for each connection.

Compliance is checked by inspection.

27.4 Screws, which make a mechanical connection between different parts of the tool, shall
be secured against loosening, if they also make electrical connections.

This requirement does not apply to screws in the earthing circuit if at least two screws are
used for the connection, or if an alternative earthing circuit is provided.
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Spring washers and the like may provide satisfactory security. Sealing compound which
softens on heating provides satisfactory security only for screw connections not subject to
torsion in normal use.

Rivets used for electrical connections shall be secured against loosening if these connections
are subject to torsion in normal use. A non-circular shank or an appropriate notch may be
sufficient to comply with this requirement.

This requirement does not imply that more than one rivet is necessary for providing earthing
continuity.

Compliance is checked by inspection and by manual test.

27.5 Screwless connectors, not intended for disconnection in normal use, shall prevent
disconnection in normal use.

Compliance is checked by the following test.

Connectors that terminate a wire shall withstand a pull of 5 N applied’ through the wire in the
opposite direction from the force used to apply the connector. Neither the connector nor the
wire shall become disconnected. In the case where the direction of the application is not in
line with the exit direction of the wire, then the force shall beapplied in both directions, one at
a time.

Connectors investigated to their relevant IEC, “standards (IEC 61210, |IEC 60998-2-1,
IEC 60998-2-2, IEC 60999-1:1999, IEC 61984) for~retention, are considered to have met the
requirements of 27.5.

27.5.1 Conductors shall be secured by-more than one means or shall not impair safety in
the event of detachment.

Compliance is checked by inspection-and, if applicable, by the following test.

If there is only one means of-securing, the conductors are detached from their connector one
at a time and subjected to:the following.

The detached conductor is moved around its nearest point of retention to check that
clearances cannot be reduced to less than 50 % of the values specified in 28.1.

NOTE Examples of more than one means of securing conductors include connectors that are designed to crimp
both the insulation and the inner conductor of the wire.

28 Creepage distances, clearances and distances through insulation

281 Creepage distances and clearances shall not be less than the values in millimetres
shown in Table 12. The values specified in the table do not apply to cross-over points of

motor windings.

The values in Table 12 are equal or larger than the values required by IEC 60664-1, when

— an overvoltage category II;
— a material group llI;

— a pollution degree 1 for parts protected against deposition of dirt and for lacquered or
enamelled windings;

— a pollution degree 3 for other parts;
— inhomogeneous electric field



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 94 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

are applied.

If a resonance voltage occurs between the point where a winding and a capacitor are
connected together, and metal parts which are separated from live parts by basic insulation
only, the creepage distance and clearance shall not be less than the values specified for the
value of the voltage imposed by the resonance, these values being increased by 4 mm in the
case of reinforced insulation.

Compliance is checked by measurement.

For tools provided with an appliance inlet, the measurements are made with an appropriate
connector inserted. For other tools, they are made on the tool as delivered.

For tools provided with belts, the measurements are made with the belts in place, and the
devices intended for varying the belt tension adjusted to the most unfavourableposition within
their range of adjustment, and also with the belts removed.

Movable parts are placed in the most unfavourable position; nuts and screws with non-circular
heads are assumed to be tightened in the most unfavourable positioh.

The clearances between terminals and accessible metal parnts “are also measured with the
screws or nuts unscrewed as far as possible, but the clearances shall then be not less than
50 % of the value shown in Table 12.
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Table 12 — Minimum creepage distances and clearances

Dimensions in millimetres

Distances

Class lll tools

Other tools

Working voltage
<130V

Working voltage

>130 V and < 280 V

Working voltage
> 280 V and < 480 V

Creepage

Fy
atstance

Clear-

Creepage

ik
afrstance

Clear-

Creepage

ik
afrstance

Clear-

Creepage

cliad
atstance

Clear-

ance

ance

ance

ance

Between live parts of
different polarity a:

— if lacquered or
enamelled windings or
if protected against
deposition of dirt b

— if not protected against
deposition of dirt

1,0

2,0d

1,0

1,5

1,0

2,0¢

1,0

1,5

2,0

3,0¢

2,0

2,5

2,0

8,0 d

2,0

3,0

Between live parts and
other metal parts over
basic insulation:

— if the live parts are
lacquered or enamelled
windings € or if
protected against
deposition of dirt b

— if not protected against
deposition of dirt

1,0

2,4d

1,0

1,5

2,0

4,0d

2,0

3,0

Between live parts and
other metal parts over
reinforced insulation:

— if the live parts are

lacquered or enamelled
windings or protected
against deposition of
dirt b - - 5,0 5,0 6,0 6,0 —f —f

for other live parts not
protected against
deposition of dirt - = 5,0 5,0 8,0 8,0 —f —f

Between metal parts
separated by
supplementary

insulation = - 2,5 2,5 4,0 4,0 - f _f

a

The clearances spegified 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 clearance varies with the movement of the contacts.

In general, th€ interior of a tool having a reasonably dust-proof enclosure is considered to be protected against
deposition ©f dift, provided the tool does not generate dust within itself; hermetic sealing is not required.

Theseccreepage distances are slightly lower than suggested by IEC 60664-1. Creepage distances between
live @arts of different polarity (functional insulation) are only associated to fire hazard, not to electric shock
hazard. As products in the scope of IEC 62841 are products supervised during normal use, lower distances are

These creepage distances may be reduced to values in accordance with IEC 60664-1, if the insulation parts

b
Cc
justified.
d
are of material group Il or lower.
e

Windings are considered to have basic insulation if they are wrapped with tape and then impregnated, or if
they are covered with a layer of self-hardening resin, and if, after the test of 14.1, an electric strength test as
specified in Clause D.2 is withstood, the test voltage being applied between the conductors of the winding and
metal foil in contact with the surface of the insulation.

It is sufficient that the wrapping and impregnation, or the layer of self-hardening resin, cover the windings only
at places where it is not possible to obtain the creepage distance or clearance specified for lacquered or
enamelled windings.

The rated voltage between a three-phase supply and earth will not be more than 277 V, therefore the column
"Working voltage > 130 V and <280 V” will apply. For working voltages greater than 280V, creepage
distances and clearances shall be determined in accordance with IEC 60664-1, but shall not be lower than the
values required in the column “Working voltage > 130 V and < 280 V”.
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Distances through slots or openings in external parts of insulating material are measured to
metal foil in contact with the accessible surface; the foil is pushed into corners and the like by
means of the test probe B of IEC 61032:1997, but it is not pressed into openings.

If necessary, a force is applied to any point on internal wiring and bare conductors, other than
those of heating elements, to any point on uninsulated metal capillary tubes of thermostats
and similar devices, and to the outside of metal enclosures, in an endeavour to reduce the
creepage distances and clearances while taking the measurements.

The force is applied by means of the test probe B of IEC 61032:1997, and has a value of:

— 2N for internal wiring and bare conductors and for uninsulated capillary tubés of
thermostats and similar devices;

— 30 N for enclosures.

The way in which creepage distances and clearances are measured is indicated in Annex A.

For tools having parts with double insulation where there is no imetal between basic
insulation and supplementary insulation, the measurements are nade as though a metal
foil were present between the two insulations.

Means provided for fixing the tool to a support are consideredhto*be accessible.

For conductive patterns on printed circuit boards, except at their edges, the values in the
table between parts of different potential may be reduced, as long as the peak value of the
voltage stress does not exceed:

— 150 V per mm with a minimum distance of~0,2 mm, if protected against the deposition of
dirt;

— 100 V per mm with a minimum distance*of 0,5 mm, if not protected against the deposition
of dirt.

When the limits mentioned above [ead to higher values than those of the table, the values of
the table apply.

NOTE The above values are equal or larger than the values required by IEC 60664-3.

These distances may obe reduced further, provided that the tool complies with the
requirements of Claluse 18 when the distances are short-circuited in turn.

Creepage distances and clearances within optocouplers are not measured if the individual
insulations @re adequately sealed, and if air is excluded between individual layers of the
material.

For-live parts of different polarity, except for external mains connection, creepage distances
and- clearances smaller than those specified in the table are allowed, provided the
requirements of Clause 18 are met if these creepage distances and clearances are short-

olroited in tirn

28.2 Depending on the working voltage, the distance through insulation shall be sufficient:

— For working voltages up to and including 130 V, the distance through insulation between
metal parts shall not be less than 1,0 mm, if they are separated by supplementary
insulation, and not be less than 1,5 mm, if they are separated by reinforced insulation.

— For working voltages over 130V up to and including 280V, the distance through
insulation between metal parts shall not be less than 1,0 mm, if they are separated by
supplementary insulation, and not be less than 2,0 mm, if they are separated by
reinforced insulation.
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— For working voltages up to and including 280V, the distance through reinforced
insulation used between windings and accessible metal shall not be less than 1,0 mm.

The required distance through insulation may be achieved through several thicknesses of
solid insulation layers that may have intervening air between the layers such that the sum of
the thicknesses of the solid insulation equals the required thickness.

This requirement does not apply, if either a) or b) is fulfilled.

a) The insulation is applied in thin sheet form, other than mica or similar scaly material, and
consists:

— for supplementary insulation, of at least two layers, provided that any one~0P the
layers withstands the electric strength test prescribed for supplementary insulation;

— for reinforced insulation, of at least three layers, provided that, when any. two of the
layers are placed in contact, they withstand the electric strength test.prescribed for
reinforced insulation.

The test voltage is applied between the outer surfaces of the layer, or\of the two layers, as
applicable.

b) The supplementary insulation or the reinforced insulation is inaccessible and meets
the following condition:

The insulation, after having been conditioned foriseven days (168 h) in an oven
maintained at a temperature equal to 50 K greater-than the maximum temperature rise
determined during the test of Clause 12 withstand§-an electric strength test as specified in
Annex D, this test being made on the insulation both at the temperature occurring in the
oven, and at approximately room temperature.

Compliance is checked by inspection and bysmeasurement.

For optocouplers, the conditioning progedure is carried out at a temperature of 50 K in excess
of the maximum temperature rise méasured on the optocoupler during the tests of Clause 12
and Clause 18, the optocoupler .being operated under the most onerous conditions which
occur during these tests.
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> 300 mm

IEC 0287/14

Key

A axis of oscillation

B oscillating frame

C counterweight

D sample

E adjustable’carrier plate
F adjustable bracket

G load

Figure 2 — Flexing test apparatus
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L1
Vv L3
1o L4
o
IEC 0288/14

shaft contact

commutator contacts

insulating table

armature

voltage supply for leakage current measurement
voltage supply (variable) for armature load current

circuit of Figure C.3 for the leakage current meter

Figure 3 — Overload test of a class Il-armature
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Annex A
(normative)

Measurement of creepage distances and clearances

The methods of measuring creepage distances and clearances, which are specified in 28.1,

are indicated in cases 1 to 10 (see Figures A.1 to A.4).

These cases do not differentiate between gaps and grooves, or between types of insulation:

The following assumptions are made:

a groove may have parallel, converging, or diverging sides;

any groove having diverging sides, a minimum width exceeding 0;25 mm, a depth
exceeding 1,5 mm, and a width at the bottom equal to or greater than*1*mm, is regarded
as an air gap across which no creepage path exists (case 8);

any corner including an angle less than 80° is assumed to be bridged with an insulating
link of 1 mm width (0,25 mm for dirt-free situations), moved into the most unfavourable
position (case 3);

where the distance over the top of a groove is 1 mm (0,25 mm for dirt-free situations) or
more, no creepage distance exists across the air gap\(case 2);

creepage distances and clearances measured<béetween parts moving relative to each
other are measured when these parts are placed” in their most unfavourable stationary
positions;

any air gap less than 1 mm wide (0,25 mm for dirt-free situations) is ignored in computing
the total clearance.
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<1 mm

IEC 0289/14

Condition: Path under consideration includes a parallel or converging sided groove of any depth with a width less
than 1 mm.

Rule: Creepage distance and clearance are measured directly across the groove as shown.

Case 1

1EC/0290/14

Condition: Path under consideration includes a parallel sided groove of any depth equal to or more than 1 mm
wide.

Rule: Clearance is the "line of sight" distance. Creepage\path follows the contour of the groove.

Case 2

IEC 0291/14

Condition: Path under ‘consideration includes a V-shaped groove with internal angle of less than 80° and with a
width-greater than 1 mm.

Rule: Clearance is the "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

Clearance ssnmmnn Creepage distance

Figure A.1 — Clearance gap for parallel sided and V-shaped groove
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IEC 0292/14
Condition: Path under consideration includes a rib.
Rule: Clearance is the shortest direct path over the top of the rib. Creepage path follows the contour of the

rib.
Case 4
<1 mm <1 mm
h L L] an
IEC 0293/14

Condition: Path under consideration includes an uncemented joint with grooves less than 1 mm wide on either
side (0,25 mm for dirt-free situations).

Rule: Creepage distance and clearance is the “line of sight” distance shown.
Case 5
>1 mm >1 mm
|| -
| .
| .
| NN l. .I pAEEEN

IEC 0294/14

Condition: ™ Path under consideration includes an uncemented joint with grooves equal to or more than 1 mm wide
each side.

Rule: Clearance is the “line of sight” distance. Creepage path follows the contour of the grooves.

CGDC G
Clearance smmmmumnm Creepage distance

Figure A.2 — Clearance gap for rib and uncemented joint with groove
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>1 mm <1 mm

IEC 0295/14

Path under consideration includes an uncemented joint with a groove on one side less thad mm

Condition:
wide and the groove on the other side equal to or more than 1 mm wide.
Rule: Clearance and creepage path are as shown.
Case 7
>0,25 mm
1S
1S
w.
N
>1,mm
~—Z\s IEC 0296/14
Condition: Path under consideration includes a\diverging-sided groove equal to or greater than 1,5 mm deep
and greater than 0,25 mm wide at.the narrowest part and equal to or greater than 1 mm at the
bottom.
Rule: Clearance is the "line of sight" distance. Creepage path follows the contour of the groove.

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

Case 8

Clearance ssnmmnn Creepage distance

Figure A)3 — Clearance gap for uncemented joint and diverging-sided groove
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TeTettatatetete!
oietetetete

b IEC 0297/14

Gap between head of screw and wall of recess too narrow to be taken into account,

Case 9

=1 mm
.

23

>1mm

o ]
L
L L
el
L
b IEC 0298/14

Gap between head of screw and wall of recess wide enough to be taken into account.

Case 10

Clearanee Creoena H
oréafrahiee v.‘...,...g-e-d-l-s-t-aﬂ-ee—

Figure A.4 — Clearance gap between wall and screw
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Annex B
(normative)

Motors not isolated from the supply mains and having
basic insulation not designed for the rated voltage of the tool

B.1 Scope

B.1.1 This annex applies to motors having a working voltage not exceeding a peak value of
42,4 V, not isolated from the supply mains, and having basic insulation not designed\for the
rated voltage of the tool.

All clauses of this standard apply to these motors, unless otherwise specified in\this annex.

B.9 Protection against access to live parts

B.9.2

Metal parts of the motor are considered to be bare live parts¢

B.12 Heating

B.12.4 The temperature rise of the body of ‘the motor is determined instead of the
temperature rise of the windings.

B.12.5 The temperature rise of the bady,of the motor, where it is in contact with insulating
material, shall not exceed the values shown in Table 1 for the relevant insulating material.

B.18 Abnormal operation
B.18.1 The test of 18.3 is<hot made.
Tools are also subjeCted to the test of B.18.201.

B.18.201 The-tool is operated at rated voltage with each of the following fault conditions
(see Figure B:1):

— short eircuit of the terminals of the motor, including any capacitor incorporated in the
motor circuit;
—~Sopen circuit of the supply to the motor;

£, open circuit of any shunt resistor during operation of the motor.

Only one fault condition is simulated at a time, the tests being made consecutively.

B.21 Construction

B.21.201 For class | tools incorporating a motor supplied by a rectifier circuit, the d.c.
circuit shall be insulated from accessible parts of the tool by double insulation or
reinforced insulation.
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Compliance is checked by the tests specified for double insulation and reinforced

insulation.

B.28 Creepage distances, clearances and distances through insulation

B.28.1

€ values specirtied In lable O not apply to distances between live parts o

and its other metal parts.

Parallel circuit Series circuit

>

T

-

|
|
|
Al

|
|
|
¢

IEC 0299/14

— original connection
-—- short circuit

open circuit

Q

short circuit of the terminals of the motor
short circuit of the terminals of the rectifier

open circuit of the supply to the motor

o o0 o >

open circuit of the shunt resistor

Figure B:1 — Simulation of fault conditions

IEC 0300/14

e motor
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Annex C
(normative)

Leakage current

C‘I Gelleldi
For battery-operated tools in accordance with Annex L, this annex only applies when the {ool
is in the configuration where it is directly connected to the mains or to a non-isolated source.

The leakage current, when required by other clauses, shall be measured by the following test
under one of the conditions of Clause C.2 or Clause C.3, both with the tool switch S in the
closed position.

The leakage current test is made with a.c. unless the tool is for d.c. only, in which case the
test is not made.

Protective impedance is disconnected from live parts before carrying out the tests.

It is recommended that the tool be supplied through an.-isolating transformer; otherwise, it
shall be insulated from earth.

The leakage current (weighted touch current) is_measured by means of the circuit of
Figure C.3 between any pole of the supply and-accessible metal parts and metal foil in
contact with accessible surfaces of insulating material, connected together.

NOTE The weighted touch current is equivalent to NNU (Measurement Indication Units).

The measurement circuit of Figure C,3/shall meet the accuracy specifications in Clause G.3 of
IEC 60990:1999.

If the leakage current exceed§“the specified limit due to capacitance effects, then metal foil
with an area not exceedirlg 20 cm x 10 cm shall be used. If its area is smaller than the
surface under test, it is\moved to make sure all parts of the surface are tested. The heat
dissipation of the tool\shall, however, not be affected by the metal foil in areas such as
ventilation openings:

The leakage cuyrent to accessible metal parts and metal foil shall not exceed the following
values, unless otherwise specified in the relevant clause of this standard:

— forclass | tools 0,75 mA;
— _forclass Il tools 0,25 mA.

C.2 Measurement of a non-operating tool

The tool is not operated and the test is made at rated voltage unless otherwise specified in
the relevant clause of this standard, under the conditions defined in Clause C.1 and as
follows:

For single-phase tools and for three-phase tools, which are, according to the instructions for
installation, suitable for single-phase supply:

S1 of Figure C.1 in the open position, for three-phase tools with the three sections connected
in parallel. The selector switch shown in Figure C.1 may be in any of the positions 1 and 2.
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For three-phase tools not suitable for single-phase supply:

a in Figure C.2 in the closed position, b and ¢ in open position.

C.3 Measurement of an operating tool

relevant clause of this standard, under the conditions defined in Clause C.1 and is measured
within 10 s when tested as follows:

For single-phase tools and for three-phase tools, which are, according to the instructions for
installation, suitable for single-phase supply:

S1 of Figure C.1 in the closed position and with the selector switch shown in~Figure C.1 in
each of the positions 1 and 2, for three-phase tools with the three sections connected in
parallel.

For three-phase tools not suitable for single-phase supply:

a, b and c in Figure C.2 in the closed position, repeated with each of the switches a, b, c open
in turn, the other two switches being closed.
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i|t |t
1 Q/LT 21 ]7 2 M
O
31}
o o IEC\0301/14
Key
M circuit of Figure C.3 for the leakage current meter
S power switch of the product under test
1 accessible part
2 inaccessible metal part
3 basic insulation
4 supplementary insulation
5 reinforced insulation
6 double insulation

Figure C.1 — Diagram for leakage current measurement for single-phase connection
and three-phase tools suitable for single-phase supply
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o,

® %
S
© o0

4

IEG_10302/14

Key

circuit of Figure C.3 for the leakage current meter
accessible part

inaccessible metal part

basic insulation

supplementary insulation

three-phase supply

o o h W N sz

double insulation

Figure C.2 — Diagram for leakage current measurement
for three-phase connection

Weighted touch current
(perception/reaction)
A
Rs ——Cs b
Test terminals 500

R1
] °

L
B
i Rs Uy C1 T Uy

IEC  0305/74

Rs 1500 O R, 10 000 ©Q
R 500 Q c, 0,022 pF
Cs 0,22 uF

Figure C.3 — Circuit of the leakage current meter
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Annex D
(normative)

Electric strength

—Dt+—General

Protective impedance is disconnected from live parts before carrying out the tests.
The tests are made on the tools not connected to the supply.

The electric strength is checked by the tests of Clause D.2.

For class Il construction incorporating both reinforced insulation and double insulation,
care is taken that the voltage applied to the reinforced insulation does' not overstress the
basic insulation, or the supplementary insulation.

Basic insulation and supplementary insulation may be tested\separately or in combination.
When tested in combination the test voltage shall be as specified for reinforced insulation. If
either the basic or supplementary insulation is overstreéssed during the combination test,
each insulation is tested separately. Insulation of components that cannot be tested in
combination shall be tested separately.

For tools with heating elements incorporated, the test voltages specified in IEC 60335-1:2010
apply to the heating elements only and not to other parts of the tool.

For motors in accordance with Annex B, the insulation between live parts of the motor and its
other metal parts is not subjected to this'test.

For tools in accordance with Annex L, the test only applies when the tool is in the
configuration where it is directlyy connected to the mains or to a non-isolated source. Care
shall be taken that the premature failure of electronic devices does not prevent the application
of the test voltage across insulation. If this is the case, electronic devices may be bypassed to
enable the test to be copducted.

D.2 Electric strength test

The insulatiop is subjected for 1 min to a voltage of substantially sinusoidal waveform, having
a frequency of 50 Hz or 60 Hz. The values of the test voltage in accordance with the type of
insulation are shown in Table D.1.

Accessible parts of insulated material are covered with metal foil.
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Table D.1 — Test voltages

Insulation Test v\;)ltage
Basic insulation 1250
Supplementary insulation 2 500
Reinforced insulation 3750

To distinguish between capacitor reactance current and unacceptable performance, a d.c.
potential of 1,414 times the values specified for a.c. may be substituted.

Initially, not more than half the prescribed voltage is applied, then the voltage s gradually
raised over a period of up to 5 s to the full value.

No flashover or breakdown shall occur during the test.

The high-voltage source shall be capable of maintaining the specified.woltage up to a current
of at least 25 mA. The tripping current to detect a breakdown shallynot’be higher than 20 mA.

Care is taken that the r.m.s. value of the test voltage applied Gs\measured within 3 %.

Care is taken that the metal foil is so placed that no flashaver occurs at its edges or the edges
of the insulation.

When testing insulating coatings, the metal foil may be pressed against the insulation by
means of a sandbag of such a size that the pfessure is about 5 kPa (0,5 N/cm?). The test may
be limited to places where the insulation.is{likely to be weak, for example where there are
sharp metal edges under the insulation.
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Annex E
(informative)

Methods of applying ISO 13849-1 to power tools

NOTE In Europe (EN 62841-1), Annex E is not applicable.

E.1 General

ISO 13849-1 provides a simplified method for establishing the associated reliability of a safety
critical control function in consideration of the risk of injury associated with its failure. The
control function is assigned a Performance Level (PL) which then may be fulfilled with a
control system that satisfies both structural requirements and minimum calculated failure
rates expressed in MTTF, (Mean Time To Dangerous Failure).

E.2 Risk assessment

The method of risk assessment used in ISO 13849-1 follows the, same general approach as in
ISO 12100, where primary consideration is given to the severity’ of the harm caused by the
hazards and the frequency of encountering these hazards®oThe risk associated with that
hazard is then subsequently reduced by consideration of(the probability, P, for avoiding the
hazard. In I1SO 12100, this analysis is carried out using the original, unmitigated hazard
followed by all the risk mitigation techniques used to<determine the resulting residual risk of
the tool with respect to the hazard (and phase of use) under consideration.

When assessing a safety critical function (SCF), this process is not so clear: In this case,
the safety critical function may be only enée of many elements in the tool design intended to
reduce the risk associated with a hazard.\The goal then is to establish the change in residual
risk associated with the failure of thec,SCF and to determine the remaining residual risk and
whether it is still acceptable. This méthod, taken from ISO 12100, is not well suited to be used
in this manner and additional considerations must be taken into account to yield meaningful
results. Part of the issue is du€sto the fact that a binary tree is used to generate one of a
discrete number of PLs and_this sometimes fails to recognize small differences in risk. While
this makes this method easy-to use, it introduces some problems in analysis.

E.3 Residual risk’' analysis

In recognition of the hazards associated with power tools in general, IEC 62841 employs a
number of risk mitigation techniques, built into the requirements of the standard, to reduce the
risk to an\‘acceptable level. These techniques are often intended to work together, as a
systemiyto achieve the required risk reduction. An electronic control providing an SCF is often
only.one part of this system and its failure, therefore, does not leave the tool without other
risksmitigation elements. To assess the effect of the loss of an electronic control function two
thihgs are considered:

First, the control function must fulfil a required safety element of the standard. The standard is
presumed to have left the tool with an acceptable level of residual risk. Controls whose failure
does not increase the risk beyond this already accepted level are not considered to be an
SCF within this standard.

In addition, there must be a substantial impact on residual risk due to the failure of the SCF.
To determine this, performance levels can be assessed both with and without the presence of
the SCF, but with all other risk mitigation in place. It is possible that this will yield the same
PL with or without the SCF.
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If it is recognized that the SCF fulfils a required safety function, but the PL remains the same
with or without its presence, then in these cases, a minimum level of PL = a is used.

While the method above yields meaningful results under conditions of normal operation,
there are SCF’s that are relied on to protect the user under conditions of reasonably
foreseeable misuse or other cases where the risk occurs only under a specific set of unlikely
preconditions. An example of this is the case in systems to protect against restart after power
interruption, since restart requires the tool to be locked on, plugged in and power interrupted

and restored while the user is nearby.

In cases such as these, the unlikelihood associated with the event should dominate ‘the
analysis. The method used in ISO 13849-1, however, gives priority to the severityrof’ the
hazard (S, F, P) such that, for high severity cases, it would not be possible to~assign a
severity less than PL = c, because the frequency (F) is analysed second. TC116 °concluded
that in cases such as these the order of analysis should be reversed (F, S, R) allowing the
frequency of exposure to have a higher influence over the outcome.

Performance levels have been assigned in this standard reflecting common cases TC116 has
considered. There is a recognition that there may be SCF’s in the future hot yet contemplated
by this standard, and ISO 13849-1 along with this Annex may be used for guidance in setting
the appropriate performance level.

E.4 Performance Levels

ISO 13849-1 provides methods for achieving the various performance levels. These solutions
generally require certain structures such as dual ¢hannel, single channel and single channel
with diagnostics. Single and dual channel refef,to the functional redundancy of the control.
Since the organization of 18.8 and 18.6 in thie )standard has dual channel designs evaluated
before performance levels of other structurés are even considered, most of the interest in
ISO 13849-1 is focused on single channgl designs. While ISO 13849-1 permits diagnostic
monitoring of lower reliability single channel systems as an alternative to unmonitored high
reliability single channel, there is theeconcern that these diagnostics are unlikely to be noticed
by a power tool operator under use-conditions. As a result, the standard generally prohibits
these solutions as an alternativesto higher reliability designs.

As a result, the single channel designs afforded by this method require increasingly higher
MTTF4 as the PL increases due to increasing risk.

It may be possible‘that a case could exist where a diagnostic reflecting the unavailability of a
SCF is present.and recognizable well in advance of the operator being exposed to the
increased risk._It could be appropriate in this case to consider a structure that provides a
diagnostic as-a means of achieving the required performance level.
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Annex F
(informative)

Rules for routine tests

4 5 L
I - 1 acClicidl

The tests specified in this annex are intended to reveal, as far as safety is concerned;
unacceptable variations in material or manufacture. These production tests do not impair, the
properties and the reliability of the tool, and should be made by the manufacturer on-seach
tool.

In general, more tests, such as repetition of type tests and sampling tests, have to be made
by the manufacturer to ensure that every tool conforms with the samples that withstood the
tests of this specification, according to the experience gained by the manufacturer.

The manufacturer may use a test procedure which is better suited to his production
arrangements and may make the tests at an appropriate stage _during production provided it
can be shown that tools which withstand the tests carried out by*the manufacturer provide at
least the same degree of safety as tools which withstand the tests specified in this annex.

F.2 Correct operation test

The safe operation shall be checked, for example; by electrical measurements, by verifying
the functional devices, such as switches and €nanually-operated controls, and by verifying the
direction of rotation of motors.

F.3 Electric strength test
The insulation of the tools shall be checked by the following test.

A voltage of substantially Sine-wave form, having a frequency of 50 Hz or 60 Hz and minimum
the value shown in Table F.1, is immediately applied, for 3 s, or for 1 s with the voltage
increased by 20 %, between live parts and:

a) accessible nietal parts which may become live in the event of an insulation fault or as a
result of imcorrect assembly;

b) inaccessible metal parts.

The tests of item a) are made on the assembled tool; the test of item b) is made on the tool,
either-completely assembled, or in the production line.

The tests of item a) are made on all tools, the tests of item b) being only made on class Il

[{eT IR

The high-voltage source shall be capable of maintaining the specified voltage up to a current
of at least 10 mA.

The overcurrent relay shall trip when the output current exceeds 5 mA.

Care shall be taken that the r.m.s. value of the test voltage applied is measured within +3 %
and that the voltage measuring device or other indicator responds to the output voltage of the
high-voltage source.
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Attention is drawn to the fact that the test described cannot always be used if the tool
incorporates d.c. components; in such cases, tests with d.c. may be necessary.

No flashover or breakdown current exceeding 5 mA shall occur during the tests.

Table F.1 — Test voltages for the electric strength test

Applieation-ef-test-veltage Minimum-test-veltage
\Y
Class Il tools Class | tools
Over basic insulation 1 000 1 000
Over double insulation or reinforced insulation 2500 -

F.4 Earthing continuity test

For class | tools, a current of at least 10 A, derived from an a.c. source having a no-load
voltage not exceeding 12V, is passed between the earthing terminal,or the earthing contact
and, in turn, each of the accessible metal parts which need to be earthed for safety reasons.

The voltage drop between the earthing contact of the plug ©or the external end of an earth
continuity conductor or of the appliance inlet and the acceSsible metal part is measured, and
the resistance calculated from the current and this voltage drop.

In no case shall the resistance exceed 0,3 Q. This(value is applicable to supply cord lengths
up to 5 m. In case of supply cords having a lefgth exceeding 5 m it is increased by 0,12 Q
for any further length of 5 m.

Care shall be taken that the contact resistance between the tip of the measuring probe and
the metal parts under test does not influence the test results.
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Annex G
Void

(informative)

Determination of applicable requirements for tools covered by Annex K

Figure G.1 provides information for the determination of applicable requirements for toojs
covered by Annex K.
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Is the subclause specified in
Annex K of the relevant part of
IEC 62841-2, IEC 62841-3 or
IEC 62841-4?

Yes

REDLINE VERSION

\ 4

The subclause of Annex K of the relevant
part of IEC 62841-2, IEC 62841-3 or

IEC 62841-4 is applicable, and overrides
any requirement in IEC 62841-1 as well as
the main body of the relevant part of

IEC 62841-2, IEC 62841-3 or IEC 62841-4.

Example: A requirement specified in K.24.1
of the relevant part of IEC 62841-2,
IEC 62841-3 or IEC 62841-4 is applicable

Is the subclause specified in the
main body of the relevant part of
IEC 62841-2, IEC 62841-3 or

IEC 62841-4?

Yes

Is the subclause specified in
Annex K of IEC 62841-1?

No

Yes

The subclause.of:the main body of IEC 62841-1 is applicable.

Example: A requirement specified in 24.4 of IEC 62841-1,
with no cerresponding requirement in
a).K.24.4 of IEC 62841-1; or
b)/~~24.4 or K.24.4 of the relevant part of IEC 62841-2,
IEC 62841-3 or IEC 62841-4

isiapplicable.

ardwoutd overTide any TequireTTeTnTt
specified in:

a) 24.1 of the main body of the
relevant part of IEC 62841-2,
IEC 62841-3 or IEC 628414,
b) K.24.1 of IEC 62841-1; and
c) 24.10of IEC 62841-1

The subclause of the main body of

IEC 62841-2, IEC 62841-3 or IEC 62841-4
is applicable, and'overrides any requirement
in IEC 62841¢4,

ExamplerA réequirement specified in 24.2 of
the mairrbody (with no corresponding
requirement in K.24.2) of the relevant part of
IEC62841-2, IEC 62841-3 or IEC 62841-4
is applicable and would override any
requirement specified in:

a) K.24.2 of IEC 62841-1; and
b) 24.20of IEC 62841-1

The subclause of Annex K of IEC 62841-1 is
applicable, and overrides any requirement in
the main body of IEC 62841-1.

Example: A requirement specified in K.24.3
of IEC 62841-1 (with no corresponding
requirement in either 24.3 or K.24.3 of the
relevant part of IEC 62841-2, IEC 62841-3
or IEC 62841-4) is applicable and would
override any requirement specified in
24.3in IEC 62841-1.

1EC
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Part 1 Part 2,3,4

Main body

(no requirement)

T i
e

overrides

Annex K Annex K

e (no requirement)

Part 1 Part 2,3,4

Main body Main body

e (no requirement)

Annex K Annex K

(no requirement) (no requirement)

IEC

Figure G.1 — Determination of applicable requirements for tools covered by Annex K
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Annex H
(normative)

Determination of a low-power circuit

The determination if a circuit qualifies as a low-power circuit is as follows:

The tool is operated at rated voltage. A variable resistor, adjusted to its maximum resistance;
is connected between the point to be investigated and the opposite pole of the supply source.
The resistance is then decreased until the power consumed by the resistor reaches a
maximum. Any point closest to the supply at which the maximum power deliveredoto this
resistor does not exceed 15 W at the end of 5 s is called a low power point. The_part of the
circuit farther from the supply source than a low power point is considered to bé"'a low-power
circuit.

The measurements are made from only one pole of the supply source, preferably the one that
gives the fewest low power points.

Circuit analysis may be used in lieu of testing to determine the highest power dissipation of
circuits.

An example of a low-power circuit is shown in Figure H. A~

®

“ (&)
Supply
source Zs Zs

IEC 0304/14

When détérmining the low power points, it is recommended to start with the points close to the supply source.

A_and*B are points closest to the supply source where the maximum power delivered to external load does not
excéed 15 W. These are low-power points.

adfartl + £ ko l k. 4l i dali ot n [ | daqo AL
oS- P ot Tratrt e ST oM e—SHPPry-—Sottree—Wwnhtre et hatdmumpPowe—aevereaTo—xX e MarToaa—txXeeeaS—Tovv-

Points A and B are separately short-circuited to C.

Figure H.1 — Example of an electronic circuit with low-power points
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Annex |
(informative)

Measurement of noise and vibration emissions

NOTE In Europe (EN 62841-1), Annex | is normative.

1.1 Scope

The requirements of this annex apply, if the declaration of noise or vibration emissions is
required by national laws or if the manufacturer wishes to declare such emissions.

1.2 Noise test code (grade 2)

NOTE In Europe (EN 62841-1), the following additional requirements apply:

Noise reduction

Noise reduction at tools is an integral part of the design process and shall besachieved by particularly applying
measures at source to control noise, see for example EN ISO 11688-1. The success of the applied noise reduction
measures is assessed on the basis of the actual noise emission values ,in{relation to other machines of the same
type with comparable non acoustical technical data.

The major sound sources of tools are: motor, fan, gear.
1.2.1 General

Noise emission values like the emission soundpressure level L,, and the sound power level
Lwa shall be measured according to the test'procedure described in 1.2.2 to 1.2.6.

The noise emission may be determinéd by using the measurements from a machine which
has design and technical specifications replicating the machine concerned.

The overall noise can be divided into the pure machine noise and the noise generated from
the processed workpiecex'Both are influenced by the method of operation; however for
percussive tools the noise-emission of the workpiece can be dominant. The load conditions for
particular tools are thérefore specified in the relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4.

NOTE Noise emission values obtained under these measurement conditions will not necessarily be representative
for the noise produced under all possible operational conditions of practical use.

1.2.2 Sound power level determination
.22 General

The sound power level shall be measured according to ISO 3744, where the acoustic

GIIViIUIIIIIUIIt, ;Ilbtlulllclltdtiull, qudllt;t;cb tU IUU |||caaU|cu', qudllt;t;cb iU IUU dUtUIIII;IICUI, dlld tilU
measurement procedure are specified.

The sound power level shall be given as A-weighted sound power level in dB reference 1 pW.
The A-weighted sound pressure levels, from which the sound power is to be determined, shall
be measured directly, and not calculated from frequency band data. Measurements shall be
made in an essentially free field over a reflecting plane.
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1.2.2.2 Hand-held power tools

For all hand-held tools, the sound power level shall be determined by using a hemispherical /
cylindrical measurement surface according to Figure 1.2.

The hemispherical / cylindrical measurement surface is described by a hemisphere standing
on a cylindrical pedestal (see Figure 1.2). Five microphone positions shall be located 1 m from
the geometric centre of the power tool. Four positions shall be spaced at regular intervals on

a plane defined as passing through the geometric centre of the power tool and parallel to the
reflecting plane; the fifth position shall be located at a distance of 1 m above the geometric
centre of the power tool.

The A-weighted sound power level, Ly, shall be calculated, in accordance with of {SO 3744
as follows:

- S ]
Liya :LpA1m+1OIg(—), in dB (1.1)
, S,
with L, 4, determined from
_ 19 CRTE
Lon1m = 10lg g210 ~K ) —Kop
i=1
where
L is the A-weighted time-averaged 1 meter surface sound pressure level
PAIm  according to ISO 3744;
DA is the A-weighted sound pressure level measured at the ith microphone
position, in dB;
Kia is the background<noise correction, A-weighted,
Koa is the environmental correction, A-weighted;
S is the area;of the measurement surface of Figure 1.2, in m2;
So =1mk

For the hemispherical / cylindrical measurement surface shown in Figure 1.2, the area S of the
measuremept'surface is calculated as follows:

S =2n(R? +Rd), in m2.

Where d = 1 m is the height of the distance of the geometrical centre of the power tool above
the reflecting plane and R =1 m is the radius of the hemisphere and of the cylinder which

comprise the measurement surface.
Therefore,
S=4ntm?,

so, from equation (1.1)

Lya =Lopym+11, in dB.
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1.2.2.3 Transportable power tools

For all transportable tools, the sound power level shall be determined by using a cubic
measurement surface according to Figure 1.3.

Five microphone positions shall be located in the centre of each lateral surface and the top
surface of the measurement cubic surface which envelops the source.

The A-weighted sound power level, L, , shall be calculated, in accordance with 1SO 3744 as
follows:

P— S
Lywa =Lop1m +10lg(—), in dB (1.2)
: S,
with Ly 4, determined from
— 19 0.1L}a;
Loa1m =10lg g210 = Kyp —Kon
i=1
where
L is the A-weighted time-averaged 1\ meter surface sound pressure level
PA,Im according to 1ISO 3744;
A is the A-weighted sound pressSure level measured at the it microphone
position, in dB;
Kia is the background noise correction, A-weighted;
Koa is the environmental correction, A-weighted:;
S is the area of the measurement surface of Figure 1.3, in m2;
So =1m2

For the measurement surface shown in Figure 1.3, the area S is calculated as follows:
S=5x(2m x 2m)= 20 m2.
Therefore, from equation (1.2)

1.2:2:4 Lawn and garden machinery

The sound power level of lawn and garden machinery shall be determined as specified in

the relevant part of IEC bZ2641-4.

1.2.3 Emission sound pressure level determination
1.2.3.1 Hand-held tools
The A-weighted emission sound pressure level at the-work-statiors workstation, LpA, shall be

determined in accordance with ISO 11203 as follows:

LpA :LWA —Q,—l—F‘o—d—B
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where Q = 44-in-dB 8 dB.

NOTE 1 This value of Q has been determined, during experimental investigations, to be applicable to hand-held
power tools. The resulting A-weighted emission sound pressure level at the workstation is equivalent to the value
of the surface sound pressure level at a distance of-4 0,7 m from the power tool. This distance has been chosen to
give satisfactory reproducibility of results, and to permit comparison of the acoustic performance of different hand-
held-power tools which do not, in general, have uniquely defined—werk—stations workstations. Under free field
conditions, where it-may can be required to estimate the emission sound pressure level, L at a distance r, in m

Ar1?
from the geometric centre of the power tool, this can be done by applying the formula: Pt

_ 1, .
bonri=bpa 204G JrindB

- 0,7
Loari = Lon +201g (=LY dB
r

1

NOTE 2 At any given position in relation to a particular-machine power tool, and for given mountingnand operating
conditions, the emission sound pressure levels determined by the method of this standard will in{géneral be lower
than the directly measured sound pressure levels for the same-machinre power tool in the typical workroom where it
is used. This is due to the influence of sound reflecting surfaces in the workroom compaged to the free field
conditions of the test specified here. A method of calculating the sound pressure levels in the'vicinity of a-machine
power tool operating alone in a workroom is given in ISO/TR 11690-3. Commonly obseryed: differences are 1 dB to
5 dB, but in extreme cases the difference-might can be even greater.

If required, the C-weighted peak emission sound pressure level—L£ Lpcpeak shall be
measured at each of the five measurement positions specified in‘l.2. 5 ihe C-weighted peak
emission sound pressure level at the-work—station workstation-js the highest C-weighted peak
emission sound pressure level measured at any of the, five microphone positions; no
corrections are permitted.

1.2.3.2 Transportable tools

The A-weighted emission sound pressure level‘at the work station, LpA, shall be determined
according to 1ISO 11201, grade 2. It shall be determined under the same operating conditions
as for the determination of the sound power. level.

For tools measured under load andw¥un by an operator, the microphone shall be located
(0,2 £ 0,02) m to the side of the centre plane of the operator’'s head, on a line with the eyes,
with its axis parallel to the operator’s line of view, and on the side where the higher value of
the A-weighted sound pressure tevel is observed.

For tools measured under no-load and without the operator being present, the microphone
shall be located at a“reference point on the ground plane on which the operator normally
stands. If not specified in the relevant part of IEC 62841-3, this reference point shall be
located 1 m from\the centre of the tool on the side where the operator normally stands. The
microphone shall be located directly above the reference point at a height in the range of
(1,55 £ 0,075) m.

If required, the C-weighted peak emission sound pressure level L,cq,, shall be measured at
the same operator’s position as the A-weighted sound pressure leve L

122.3.3 Lawn and garden machinery

The emission sound pressure level of lawn and garden machinery shall be determined as
specified in the relevant part of IEC 62841-4.

1.2.4 Installation and mounting conditions of the power tools during noise tests

The installation and mounting conditions shall be the same for the determination of both
sound power level and emission sound pressure level at the work station.

The power tool under test shall be new and equipped with accessories which affect the
acoustic properties, as recommended by the manufacturer. Prior to commencing testing, the
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power tool (including any required ancillary equipment) shall be set up in a stable condition in
accordance with the manufacturer’s instructions for safe use.

A hand-held tool is held by the operator or suspended in such a way as to correspond to
normal use, as specified in the relevant part of IEC 62841-2. If the hand-held tool is used
horizontally, it shall be positioned so that its axis is at 45° between the microphone positions
1 and 4 and 2 and 3 (see Figure 1.2); its geometrical centre shall be-+ (1 + 0,05) m above the
ground (reflecting plane). If these requirements are impracticable or the tool is not used

horizontally, the adopted positions shall be recorded and described in the test report.

A transportable tool shall be so positioned, either placed on the test bench of Figure I.1or
mounted on the accompanying support, that its centre of gravity is located below the’top
microphone position 5. The tool shall be so oriented that its front edge is parallel to gne "of the
horizontal side edges of the measurement cube of Figure 1.3.

Lawn and garden machinery shall be used and positioned as specified in thetrelevant part of
IEC 62841-4.

The operator shall not be positioned directly between any microphonpe-position and the power
tool.

1.2.5 Operating conditions

The operating conditions shall be identical for the determination of both sound power level
and emission sound pressure level at the work stations

Measurements shall be carried out on a new tool.

Tools are tested under the two operating conditions “no-load” or “load” as appropriate for the
type of tool and specified in the relevant.part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.
Before starting the test, the tool shall be operated under these conditions for a period of at
least 1 min.

A measurement under “load” istto be carried out during processing of a workpiece or under
external mechanical load equivalent to normal operation.

Where tests are required to be carried out on a bench it shall be in accordance with the test
bench shown in Figure\l.1.

Care shall be taken that the location of the workpiece on its support does not adversely affect
the result of-the’ test. If necessary, or when specified in the part of IEC 62841-2, IEC 62841-3
or IEC 6284.1-4, the workpiece shall be supported on a resilient material (20 £ 1) mm thick
compressed to (10 £ 1) mm under the weight of the workpiece.

Three consecutive tests for no-load or five for load shall be carried out and the result of the
test Ly shall be the arithmetic mean, rounded to the nearest decibel, of the three or five
fests

During measurements, the power tool shall operate under stable conditions. Once the noise
emission is steady, the measurement time interval shall be at least 15 s, unless the operating
conditions specified in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4 require
another time interval. If measurements are to be made in octave or one-third octave frequency
bands, the minimum period of observation shall be 30 s for the frequency bands centred on or
below 160 Hz, and 15 s for the frequency bands centred on or above 200 Hz.

The temperature requirements in accordance with 5.6 are not applicable.
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1.2.6 Measurement uncertainties

The total measurement uncertainty of the noise emission values determined according to this
standard is depending on the standard deviation orqg given by the applied noise emission
measurement method and the uncertainty associated with the instability of the operating and
mounting conditions o,,,c. The resulting total uncertainty is then calculated from

JE—
— 2 2
Otot = \/GRO +0ome

The upper bound value of ogq is about 1,5 dB for the grade 2 measurement methods applied
in this noise test code in order to determine the emission sound pressure level or the sound
power level.

NOTE 1 o

1ot 1S referred to as o in 1SO 4871:1996.

NOTE 2 In ISO 4871:1996, the expanded measurement uncertainty U, in decibels, is calculated from U = k Oiotr
with k being the coverage factor.

It depends on the degree of confidence that is desired. For the purpose of comparing,the result with a limit value, it
is appropriate to apply the coverage factor for a one-sided normal distribution. In that case, the coverage factor
k = 1,6 corresponds to a 95 % confidence level. Further information is given in ISO"4871:1996. Please note that the
expanded measurement uncertainty U is referred to as K in 1ISO 4871:1996.

NOTE 3 For machines with a rather constant noise emission, a value off0,5’dB for o, can apply. In other cases,
e.g. a large influence of the material flow into and out of the mathine or material flow that varies in an

unpredictable manner, it is possible that a value of 2 dB is mor€ appropriate. Methods to determine o, . are

described in the basic measurement standards. Further guidancé€ for determining the uncertainty K of both noise
emission values is given in ISO 4871:1996.

1.2.7 Information to be recorded

The information to be recorded covers all of'the technical requirements of this noise test code.
Any deviations from this noise test code or from the basic standards upon which it is based
are to be recorded together with the technical justification for such deviations.

1.2.8 Information to be reported

The information to be includediin the test report is at least that which is required to prepare a
noise emission declaration ot to verify the declared values. Thus as a minimum the following
information shall be included:

— reference to this'noise test code and to the basic standards used;

— description ef\the power tool;

— description-of the mounting and operating conditions;

— the neise emission values obtained.

It shall)be confirmed that all requirements of the noise test code have been fulfilled, or, if this

is-'not the case, any unfulfilled requirements shall be identified. Deviations from the
requirements shall be stated and technical justification for the deviations shall be given.

1.2.9 Declaration and verification of noise emission values

The declaration of the noise emission values shall be a dual number—according—te in
accordance with 1SO 4871:1996. It shall declare the noise emission value L (L,5 and Lyy,)
and the respective uncertainty K (KpA and Kyp). If required, the C-weighted emission peak
sound pressure level-£cocai Lic peak Shall be given.

NOTE 1 For a standard deviation of reproducibility of the method oy, of 1,5dB and for a typical standard
deviation of production, the values for the uncertainties, K , and K, respectively, are expected to be 3 dB,
particularly for tools tested at no-load. For tests done under load, the uncertainty can be higher.
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The noise declaration shall state that the noise emission values have been obtained
according to this noise test code. If this statement is not true, the noise declaration shall
indicate clearly what the deviations from this—standard document, and from the basic
standards, are.

NOTE 2 |If the measured value is the average based on a sample of three power tools that has been properly
sampled, then K normally is 3 dB. Further guidance on sampling and uncertainty terms is given in ISO 7574-4 and
1ISO 4871:1996.

If undertaken,-the verification shall be performed-fera-batch-of power-tools,—in—accordance
with-8-3-of according to ISO 4871:1996-Theverification-shall-be-conducted by using the| same

mounting, installation and operating conditions as those used for the initial determination of
noise emission values.

1.3 Vibration

NOTE In Europe (EN 62841-1), the following additional requirements apply:
Vibration reduction

The vibration at the handles shall be kept as low as possible without unduly affecting the performance and the
ergonomics (weight, handling, etc.) of the tool.

In particular vibration shall be reduced by the application of engin€éering measures as given in CR 1030-1. The
success of the applied vibration measures is assessed by comparing-the vibration levels for the tool with those for
other tools of the same type and with a comparable specification and performance.

1.3.1 Vibration measurement — General

Details for particular types of tools are given<in the relevant part of IEC 62841-2, IEC 62841-3
or I[EC 62841-4. The test code gives all the information necessary to carry out efficiently the
determination, declaration and verification of the vibration emission characteristics. It shall
allow comparison of test results for different tools.

The vibration total value may. Be determined by using the measurements from a machine
which has design and technical specifications replicating the machine concerned.

EN 12096 gives guidance on how to declare the vibration total values of machinery, and
specifies requirementsfor verification of declared values.

The vibration levels for hand-arm vibration a, to be quoted in the user instructions shall be
measured in-accordance with the following test procedure.

The ungertainty K is provided as an indication of the measured deviation from the mean
during the test.

The measurement and assessment of human exposure to hand-transmitted vibration in the

\Alnrl{plgr\n is gi\lnn n1S0O 53401 and I1SO 5349.2

NOTE The following does not constitute an exhaustive list of possible sources of errors of measurement, but can
be considered as a guide to avoid the main errors in measurement:

a) unsuitable mounting or fastening of transducers;

b) inadequate fastening of cables;

c) lack or misadjustment of band-pass filter;

d) not nulling output of amplifiers after mounting of transducers;

e) misalignment of directions of transducers or inappropriate or varying position of the transducers;

f) inappropriate signal conditioning (band-pass, signal-to-noise ratio, overload, etc.);
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g) too short duration of measurement;

h) lack of calibration before and after measurement;

i) inappropriate definition of operational conditions;

j) inexperienced operators using inappropriate grip forces;

k) unstable operating conditions, such as fluctuating feed forces and varying motor speed.

Further practical advice on measurement errors is given in ISO 5349-2.

— 1372 Symbots

In Clause 1.3, the following symbols are used:

apy(t) instantaneous single-axis acceleration value of the frequency-weighted hand-
transmitted vibration at time £, in m/s?

apw root-mean-square (r.m.s.) single-axis acceleration value of_the frequency-
weighted hand-transmitted vibration, in m/s?

ahwx: dhwy» ahwzValues of ay,, in m/s2, for the axes denoted X, Y and Zrespectively

apy vibration total value of frequency-weighted r.m,s. acceleration, in m/s2; it is
the root-sum-of-squares of the a,, values for.the three measured axes of
vibration

ay, arithmetic mean total vibration valuesof-the measurement results of all runs

and operators in m/s2, this is the resuilt-of the test

OR standard deviation of reprodugibility

K uncertainty of aj, in m/s?

Cy coefficient of variatiogn”of a test series, defined as the ratio of the standard
deviation of a series of measurement values and the mean value of the
series:

Cy = SN-1
any
whefre

1 < _ . -
Sn1 :\/m D (ani—a )" s the standard deviation;

i=1
a,, is the mean vibration total value of the series of 5 measurements in m/s?;
a,; is the i-th vibration total value of one series of measurements in m/s?;

N is the number of measured values within one series of measurements
(here N = B)

1.3.3 Characterisation of vibration
1.3.3.1 Direction of measurement

Vibration transmitted to the hand is related to the three orthogonal directions X, Y and Z as
shown in Figure |.4. For particular types of tools, these directions may be defined in the
relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.
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1.3.3.2 Location of measurement

Measurements shall be made in three directions at each hand position. All measurements
shall be conducted simultaneously.

Measurements shall be carried out as close as possible to the hand between the thumb and
the index finger, where an operator normally holds the machine.

If gripping areas are covered by soft surface material, precaution shall be taken to avoid
resonance effects of the transducer mounting. If soft surface material is provided in the
gripping area it shall be removed or strongly compressed by a transducer mounting clamp.or
suitable adaptor.

The measurement positions for particular types of tools are specified in the relevant part of
IEC 62841-2, IEC 62841-3 or IEC 62841-4.

When machines are operated with more than one grip or grasping surface,the vibration at the
hand positions where an operator normally holds the tool during normal*operation shall be
measured and recorded. If it can be shown that the vibration magnitude at one grip is always
dominant, the vibration test code may specify that measurementsare made only at that
gripping zone.

1.3.3.3 Magnitude of vibration

The quantity used to describe the magnitude of vibration shall be the frequency-weighted
acceleration ay,, in m/s?,

Frequency weighting in accordance with ISO 5349-1 shall be used.

The r.m.s. value a,,, in accordance with:this standard is defined as the r.m.s. value of the
frequency-weighted acceleration signal ay,(f):

T
0

T 1/2
1
By = {— [ar® dt]
An integrating device equipped with linear integration facilities shall be used in order to obtain
r.m.s. values of signals substantially varying with time.

The measurement time shall be as long as reasonably possible and normally not less than 8 s
for hand-transmitted vibration measurements.

If the measurement time of 8 s for individual machines is not possible, e.g. because of short
duration of operation (defined in 1.3.5.3), this shall be specified in the relevant part of
IEC 62841-2, IEC 62841-3 or IEC 62841-4.

1.3.3.4 Combination of vibration directions

The vibration total value a,,, is determined from

]1/2 (1.3)

2 2 2
ahy = 9hwx T hwy T 8wz

where
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ahwx: dhwy: dhwz are the r.m.s. values of the frequency-weighted acceleration in the
directions X, Y and Z, respectively.

1.3.4 Instrumentation requirements
1.3.4.1 General

The vibration measurement equipment shall be in accordance with ISO 8041.

Instrumentation for measuring other parameters (e.g. for controlling the working conditions);
whose characteristics are not covered by ISO 8041, shall be specified in the relevant part_of
IEC 62841-2, IEC 62841-3 or IEC 62841-4.

1.3.4.2 Transducers
1.3.4.2.1 Specification of transducers

The vibration values as specified in 1.3.3.3 shall be measured using transducers and other
appropriate measurement equipment conforming to ISO 8041.

The total mass of the vibration transducer and its mounting shall not be sufficient to influence
the measurement result and shall not be more than 5 g for each_direction of measurement.

NOTE Lightweight plastic handles are an example, where heavy transducérs may not be suitable. See 1SO 5349-2
for further information.

Factors such as the transverse sensitivity (less thanv10 %), the ambient temperature range,
the typical temperature transient sensitivity and @the maximum shock acceleration shall be
considered in the selection of transducers.

1.3.4.2.2 Fastening of transducers

Guidance on mounting of transducérs is given in ISO 5349-2. The transducer and the
mechanical filter, if used, shall be mounted rigidly and on the vibrating surface.

Mechanical filters or other appropriate means may be needed to minimize measurement
errors likely to occur when.Measuring vibration containing impulsive elements, such as occur
in percussive tools. For more details, see ISO 5349-2.

NOTE High acceleration-in the high-frequency components of the vibration can cause the transducer to generate
false signals (e.g. dc shift) in the frequency range of interest because of excitation of the resonance of the
transducer itself.

1.3.4.3 Calibration of the measurement chain

The whole measurement system shall be checked both before and after a sequence of
measurements using a calibrator which produces a known acceleration at a known frequency.

The transducers shall be calibrated in accordance with ISO 5347 and ISO 16063-1. The whole

measurement systenTstratt-betheckedaccordingtothe regquirements i tSO-8641

1.3.5 Testing and operating conditions of the tool
1.3.5.1 General

Measurements shall be carried out on a new tool that is only used for the noise and vibration
tests required by this standard.

For mains operated tools: The average voltage during the test shall not deviate from the rated
voltage or the mean value of the rated voltage range by more than £1 %.
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For battery-operated tools: Each operator shall start his series of tests with a fully charged
battery.

When the test procedure is not provided in a relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4 or there is no relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4, the
operating conditions and working procedure shall be specified in sufficient detail as to achieve
appropriate reproducibility. Test procedures based on a typical real working situation are
preferred. The vibration test may simulate a single phase of a task or a working cycle,

consisting of a set of operations where the operator is being exposed to vibration.

If for reasons of better reproducibility a simulated work condition is defined, the vibration
source shall produce approximately the same magnitude of vibration as that in actypical
working situation. If necessary to provide realistic emission levels, tests shall be carried out
under more than one operating condition or set of operating conditions as defined in the
relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

If the tool is equipped with means or devices to reduce the vibration emission in comparable
operating conditions, these shall be used, in accordance with the usen’instructions, during
vibration testing. If this requires a deviation from the type test metho@; this shall be reported
and explained in the test report.

During the measurements the hands of the operator shall guide: the machine as is necessary
by the design of the tool and as specified in the instructions‘supplied with the machine.

1.3.5.2 Attachment, workpiece and task

The attachment or accessories to be used with the*machine shall be as recommended in the
user instruction.

If these attachments are of a vibration reduction type, it shall be reported together with the
declared vibration value.

Care shall be taken that the location of the workpiece on its support does not affect the
results of the test. Details for task*and workpiece are given in the relevant part of IEC 62841-
2, IEC 62841-3 or IEC 62841-4,

NOTE Even small differences~in size, shape, material, wear, unbalance, etc. of the accessory can alter the
vibration magnitude considerably.

1.3.5.3 Operating conditions

Tools are tested under load only, unless the operating condition no-load is considered as
important  in-practical use (no-load accounts for more than 20 % of the time when tool is
switchedton). In this case the tool shall be tested under both load and no-load condition, or at
a typical” work cycle containing load and no-load. The relevant part of IEC 62841-2,
IEC62841-3 or IEC 62841-4 describes the modes of operation and the calculation of the
declared emission value.

'he machine shall be operated at normal working conditions and working modes according to
the user instructions, which shall be maintained for the duration of the test. Those operating
conditions shall be used that are representative of the highest vibration values likely to occur
at typical and normal use of the machine under test. The measurement may be carried out by
processing a workpiece or under external mechanical load equivalent to normal operation.

Before starting the test, the tool shall be operated under these conditions of at least 1 min to
warm it up.
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1.3.5.4 Operator
The vibration of the machine is influenced by the operator. The operator shall therefore be

skilled and able to operate the machine properly, i.e. he shall be experienced in the use of the
tool.

The gripping force shall be as under long term working conditions and not be excessive.

1.3.6 Measurement procedure and validity
1.3.6.1 Reported vibration values

Three series of five consecutive tests shall be carried out using a different operatorfor’each
series. If it can be shown that the vibration is not affected by operator characteristics, it is
acceptable to perform all 15 measurements with one operator only. Details are, specified in
the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

The measurements are made in three axes and the results of each,direction shall be
combined using equation (1.3) to obtain the vibration total value a,,,.

If the coefficient of variation C,, of the five vibration total values a,, recorded for each series,
is less than 0,15 or the standard deviation sy_4 is Iess than 0, 3 m/s2, the results are accepted

If Cy is greater than 0,15 or if sy_q is greater thap Q.8 m/s?, the measurements shall be
checked for error before the data are accepted.

NOTE The Note in I.3.1 provides information on possible‘sburces of errors of measurement.

The measurement result a, shall be determined as the arithmetic mean of vibration total
values over the tests and operators.

1.3.6.2 Declaration of the vibration total value

The result a,, is the basis for:the declared value. If values have been obtained for different
hand positions, the greatest value shall be the basis for the declaration.

If required by the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4, the work mode
description corresponding to the vibration emission shall be stated next to each declared
value.

To determinethe uncertainty K of the declared value according to EN 12096, the following
formula shall"be used that takes the standard deviation into account:

K = 1,65 sg or K = 1,5 m/s2, whatever is higher

\2

1 N
R_Vn 1L‘\ahVI_a h/

with
sg = standard deviation (considered equal to og);
n = 3 (number of operators);

ay,; = average vibration total value of each operator (= result for each operator);
a, = average vibration total value of all measurements (= test result).

The vibration value(s) a, shall be declared as follows:
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Vibration total values (triaxial vector sum) determined according to [number of this standard]:
Work mode description 1 Vibration emission value a, = ... m/s2
(if required by the relevant part of IEC 62841-2, ) _ 2

IEC 62841-3 or IEC 62841-4) Uncertainty K = ... m/s

Work mode description 2 Vibration emission value a, = ... m/s2
(if required by the relevant part of IEC 62841-2, ) _ 2

IEC 62841-3 or IEC 62841-4) Uncertainty K = ... m/s

1.3.7 Measurement report

The report shall, as a minimum, include the following information:

a)
b)

c)
d)

e)
f)

g)
h)

i)

)

reference to this standard including any relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4;

specification of the machine tested (i.e. manufacturer, type and serial._niUmber of the
machine, etc.);

attachments or accessories;

operating and testing conditions (voltage, current, feed force, speed setting, duration and
number of test runs, etc.);

measuring institution (e.g. laboratory, manufacturer);
date of measurement and name of the person responsible 'for the test;
instrumentation (transducer mass, filters, integrators; recording system, etc.);

position and fastening of transducers, measuring-directions and individual vibration values
when relevant (e.g. recorded by photos);

the arithmetic mean total vibration ay,, for edach operator the total vibration value ay, and
the three single axis weighted accelerationwalues a,,,. It is good practice to report all the
measured values (i.e. for all axes of vibration, tests and operators);

the uncertainty K of the vibration totalvalue a,,.

Any deviations from the vibration test' code in this standard shall be reported together with the
technical justification for such deviations.
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Figure 1.2 — Positions of a hand-held power tool and microphones for the
hemispherical / cylindrical measurement surface
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Figure 1.3 — Microphone positions on a cubic-measurement surface

X IEC 0308/14

a) Hand'grip position — Hand grips around a cylindrical handle

IEC 0309/14

b) Flat palm position — Hand presses down onto a spherical hand grip

Figure 1.4 — Directions of vibration measurement
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Annex J

Void
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Annex K
(normative)

Battery tools and battery packs

LA

Q
.1 YwLUMNEC

This annex applies to rechargeable battery-powered motor-operated or magnetically driven

— hand-held tools (IEC 62841-2);
— transportable tools (IEC 62841-3);
— lawn and garden machinery (IEC 62841-4);

and the battery packs for such tools or machinery. The above listed categories are
hereinafter referred to as “tools” or “machines”.

The maximum rated voltage for tools and battery packs is 75 V d.c:

Battery tools covered by this annex are not considered to beyclass | tools, class Il tools, or
class lll tools and therefore are not required to have basSic, supplementary insulation or
reinforced insulation. Electric shock hazard is considered to exist only between parts of
opposite polarity.

Battery packs for tools covered under this annex-intended to be charged by a non-isolated
charger shall be evaluated by this annex and~standard. When evaluating a battery pack for
protection against electric shock, creepagé distances, clearances and distances through
insulation, the battery pack shall be fitted:to the intended charger.

Since battery packs for power tools~afe submitted to different use patterns (such as rough
use, high charging and discharging currents) their safety can be evaluated only by this annex
and not by using other standards for battery packs, such as IEC 62133, unless otherwise
indicated in this annex. All relevant requirements of IEC 62133 are addressed in this annex.

When evaluating the risk'of fire associated with detachable battery packs, consideration has
been given to the fact that these battery packs are unattended energy sources and have
been evaluated as, such in this standard. Requirements in other standards regarding the risk
of fire due to the\charging of these detachable battery packs are therefore considered to be
fulfilled.

This annex*also addresses requirements covering the use of lithium-ion cells employed in
battery{ systems in tools. The following is considered within the context of these
requirements:

= ~“These requirements address the risk of fire or explosion of these batteries and not any

nossible hazards associated with toxicitvy_nor notential hazards associated with
L J Lol

transportation or disposal.

NOTE 1 IEC 62281 covers the safety aspects of lithium-ion batteries during transport.

— Battery systems covered by these requirements are not intended to be serviced by the
end user.

— These requirements are intended to provide comprehensive evaluation of a battery only if
used in products covered by this standard.

— These requirements address the safety of lithium-ion battery systems during storage and
use including discharge and charge. These requirements are only considered to be
supplementary requirements in regards to battery charger fire and electric shock.
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— These requirements refer to and require parameters supplied in reference to the cells that
establish conditions for safe use of those cells. Those parameters form the basis of
acceptance criteria for a number of tests contained herein. This standard does not
independently evaluate the safety of cells. These parameters, taken as a set, constitute
the “Specified Operating Region” for a cell. There may be several sets of specified
operating region(s).

This annex is not intended to apply to tools using general purpose batteries installed by the

user ana tnis annex alone will not Dbe SUTTICIent 1O ensure dall NazZardas dre considered 1or tnese
products.

This annex does not apply to the safety of battery chargers themselves. However, this.@nnex
covers the safe functioning of lithium-ion battery systems.

NOTE 2 |EC 60335-2-29 covers a variety of chargers.

All clauses of this standard apply unless otherwise specified in this annex:'If a clause is
stated in the annex, the requirements replace the requirements of theXmain body of the
standard unless otherwise specified.

NOTE 3 Annex G gives guidance regarding the application of requirements for abattery-operated tool, including
the application of requirements in a relevant part of IEC 62841-2, IEC 62841-3)and |IEC 62841-4.

Replace the existing text of K.18.1, items b) and c), with the~fellowing new text:
b) The terminals of each motor are shorted one (at a time, except for electronically

commutated motors.

c) The rotor of each motor is locked one at a tithe, except for electronically commutated
motors.

K.3 Terms and definitions
This clause is applicable except as follows:
For the purpose of this annex, -the following additional definitions apply.

K.3.201

battery system

combination of a lithium-ion battery, the charging system, the tool and the interfaces
between them as existing during operation of the tool or during charging

K.3.202

cell

basic functional electrochemical unit containing an assembly of electrodes, electrolyte,
container, terminals, and usually separators, that is a source of electrical energy by direct
conversion of chemical energy

K.3.203

charger

part or all of the charging system contained in a separate enclosure. As a minimum, the
charger includes some of the power conversion circuitry. Not all charging systems include a
separate charger as in the case where a tool may be charged utilizing a mains supply cord
or may incorporate a plug for attachment to a mains receptacle

K.3.204

charging system

combination of circuitry intended to charge, balance and/or maintain the state of charge of the
battery
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K.3.205

Cg 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

K.3.206
detachable battery pack
battery which is contained in a separate enclosure from the battery tool and is intended to be

removed from the tool for charging purposes

K.3.207
fire
emission of flames from a battery

K.3.208

fully charged (battery/cell)

cell or battery charged to the maximum state of charge permitted by the battery charging
system intended for use with the tool

K.3.209

fully discharged (battery/cell)

battery or cell that has been discharged at Cj; rate until-one of the following conditions
occurs: discharge terminates due to protective circuitry or the battery (or cell) reaches a total
voltage with an average voltage per cell equal to the _end-of-discharge voltage for the cell
chemistry being used unless a different end-of-discharge voltage is specified by the
manufacturer

Note 1 to entry: The end-of-discharge voltages for common cell chemistries are provided in K.5.210.

K.3.210

general purpose (batteries/cells)

batteries and cells available from a,variety of manufacturers, through a variety of outlets
intended for a variety of different manufacturers’ products

Note 1 to entry: 12 V automotive batteries and AA, C and D alkaline cells are examples of general purpose.

K.3.211

hazardous voltage

voltage between partsshaving an average value exceeding 60 V d.c. or exceeding 42,4 V peak
when the peak-to-peak ripple exceeds 10 % of the average value

K.3.212

integral battery

battery which is contained within the battery tool and is not removed from the battery tool for
charging-purposes

Note*1 to entry: A battery that is to be removed from the battery tool for disposal or recycling purposes only is
considered to be an integral battery.

K.3.213

maximum charging current

highest current that a lithium-ion cell is permitted to pass during charging for a specified
range of temperatures as specified by the cell manufacturer and evaluated in accordance with
IEC 62133

K.3.214

separable battery pack

battery which is contained in a separate enclosure from the battery tool and is connected to
the battery tool by a cord
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K.3.215
specified operating region
range of permissible operation of lithium-ion cells, expressed by cell parameter limits

K.3.215.1

specified operating region for charging

conditions for voltage and current during charging in which the lithium-ion cell is permitted to
operate as specified by the cell manufacturer and evaluated in accordance with IEC 62133

K.3.216

upper limit charging voltage

highest voltage that a lithium-ion cell is permitted to attain during normal charging) for a
specified range of temperatures as specified by the cell manufacturer and evaluated in
accordance with IEC 62133

K.3.217

venting

condition that occurs, when a cell releases excessive internal pressurejintended by design to
preclude explosion

K.5 General conditions for the tests
K.5.2 Addition:

The cumulative stress resulting from successive,tests on the battery is to be avoided.
Additional samples may be used as necessary.

K.5.7 Unless otherwise specified, tests to{be done at rated voltage are done with a fully
charged battery.

K.5.10 This subclause is not applicable.
K.5.11 This subclause is not applicable.
K.5.15 This subclause.is not applicable.
K.5.16 This subclause is not applicable.

K.5.201 Wheny'measuring voltage, the peak value of any superimposed ripple exceeding
10 % of thé average value shall be included. Transient voltages are ignored, such as a
temporary\nincrease of voltage, for example after the battery pack is removed from the
charger.

K-5:202 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

O Wll= L ENN LI |f ~horoimeo (o lfo dad +h

JIN\T T 2 JUV T T4, 7T Ull(llyllly VUILUgU II:I“IVI‘I.I.S lIaIV’U bvvﬁ U)\CUUUUU, are pcall\ ‘V’al’l'J'U Uf th? 'v'ulltugv
measured after this network shall be used. The measurement shall have measurement
tolerance within + 1 %.

K.5.203 Some of the tests may result in fire or explosion. It is therefore important that
personnel be protected from the flying fragments, explosive force, sudden release of heat,
chemical burns, intense light and noise that may result from such explosions. The test area
is to be well ventilated to protect personnel from possible harmful fumes or gases.

K.5.204 Unless otherwise specified, all batteries shall be fully conditioned as follows:
batteries shall be fully discharged and then charged in accordance with the manufacturer’s
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instructions. The sequence shall be repeated one more time with an interval of at least two
hours after each discharge.

K.5.205 The location of thermocouples for lithium-ion cell temperature measurements shall
be on the outer surface, half way along the longest dimension, of the cell that results in the
highest temperature.

averaging period of 1 s to 5 s.

K.5.207 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.

K.5.208 When a battery comprising of a single cell is employed, instructions in this
standard referring to special preparations of a cell in a series configuration shall be ignored.

K.5.209 For battery designs where there is a series arrangement.0f parallel clusters of
cells, the cluster shall be treated as a single cell for those tests that require altering the
amount of charge on a single cell prior to conducting the test.

K.5.210 The end-of-discharge voltages for common cell chemistries are:

— 0,9 V/cell for nickel cadmium or nickel metal-hydride batteries;
— 1,75 V/cell for lead-acid batteries;

— 2,5 V/cell for lithium-ion batteries, unless the manufacturer specifies a different voltage.
K.7 Classification

This clause is not applicable.

K.8 Marking and instructions
K.8.1 This subclause is net’applicable.

K.8.3 Battery tools_and detachable battery packs or separable battery packs shall be
marked with additional information as follows:

— the business name and address of the manufacturer and, where applicable, his authorised
representative. Any address shall be sufficient to ensure contact. Country or state, city
and postal code (if any) are deemed sufficient for this purpose;

— deésjgnation of series or type,
allowing the technical identification of the product. This may be achieved by a combination
of letters and/or numbers and may be combined with the designation of tool.

NOTE 1 I'he term “designation Of series or type" IS also Known as model number.
Battery tools shall also be marked with additional information as follows:

- the year of manufacture and a date code identifying at least the month of manufacture;

- designation of the tool,
designation of the tool may be achieved by a code that is any combination of letters,
numbers or symbols providing that this code is explained by giving the explicit designation

such as “drill”, “planer” etc. in the instructions supplied with the tool;

NOTE 2 An example of such code is “A123-B”.
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- for tools manufactured such that its parts are shipped separately for assembly by the end
user each part shall be marked with a distinct identification on the part or the package.

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

— the capacity assigned by the manufacturer in Ah or mAh, based on the rated capacity of
the cells determined in accordance with IEC 61056-1, IEC 61960, IEC 61951-1 and

IO 4004 0O

IH lor)
v UITgvdiI=4, do dpPplivdulc,

— for alkaline or other non-acid electrolyte batteries, the type of battery such as Li-lon,
NiCd and NiMH.

NOTE 3 In Canada and the United States of America, the following additional requirements apply.

A battery tool provided with a detachable battery pack or a separable battery pack shall be marked: "For use
only with ___ battery", or the equivalent, where the underlined space is completed with the manufatturer's name or
trademark, a catalog number, a series identification, or the equivalent, of the battery pack ‘“Alternatively, the
statement "See Instruction Manual for Additional Battery Packs" or the equivalent may be employed in addition to
at least one battery pack referenced by catalog number.

A detachable battery pack, a separable battery pack, or a battery tool provided withnan integral battery shall
be marked "For use only with ___ charger", or the equivalent, where the underlingd“space is completed with the
manufacturer's name or trademark, a catalog number, a series identification, or_the equivalent, of the charger.

Alternatively, the statement "See Instruction Manual for Additional Chargers," o the equivalent may be employed
in addition to at least one charger referenced by catalog number.

If additional markings are used, they shall not give rise to misunderstanding.
Compliance is checked by inspection.

K.8.4 Markings specified in K.8.1, 8.2 and K8.3 shall not be on a detachable part of the
tool.

Markings specified in 8.2 shall be clearlyrdiscernible from the outside of the tool. Markings
specified in K.8.3 shall be visible with, any separable battery pack or detachable battery
pack removed. Other markings on\the tool may be visible after removal of a cover, if
necessary.

Indications for switches and-controls shall be placed on or in the vicinity of these components;
they shall not be placed. onvparts which can be repositioned, or positioned in such a way that
the marking is misleading:

Compliance is checked by inspection.
K.8.7 This(subclause is not applicable.
K.8.8~ This subclause is not applicable.

K.8.14.1.1 This subclause is applicable except as follows:

Iltem 5) Service, is replaced by the following:

5) Battery tool use and care

a) Recharge only with the charger specified by the manufacturer. A charger that is
suitable for one type of battery pack may create a risk of fire when used with another
battery pack.

b) Use power tools only with specifically designated battery packs. Use of any other
battery packs may create a risk of injury and fire.

c) When battery pack is not in use, keep it away from other metal objects, like paper
clips, coins, keys, nails, screws or other small metal objects, that can make a
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connection from one terminal to another. Shorting the battery terminals together
may cause burns or a fire.

d) Under abusive conditions, liquid may be ejected from the battery; avoid contact.
If contact accidentally occurs, flush with water. If liquid contacts eyes,
additionally seek medical help. Liquid ejected from the battery may cause irritation
or burns.

e) Do not use a battery pack or tool that is damaged or modified. Damaged or

mmrodified—batterfes may extibit unpredictable betravioar resutting i fire, explosion or
risk of injury.

f) Do not expose a battery pack or tool to fire or excessive temperature. Exposure to
fire or temperature above 130 °C may cause explosion.
NOTE The temperature ,130 °C* can be replaced by the temperature ,265 °F*.

g) Follow all charging instructions and do not charge the battery jpack or tool
outside the temperature range specified in the instructions. Charging improperly
or at temperatures outside the specified range may damage the baftery and increase
the risk of fire.

6) Service

a) Have your power tool serviced by a qualified repair person using only identical
replacement parts. This will ensure that the safety of thespower tool is maintained.

b) Never service damaged battery packs. Service ,of+battery packs should only be
performed by the manufacturer or authorized service.providers.

K.8.14.2 This subclause is applicable except as follaws:

Addition:

e) For battery tools:

1) Instructions regarding battery charging, information regarding ambient temperature
range for tool and battery ~use and storage, and the recommended ambient
temperature range for the charging system during charging;

2) For a battery-operated tool intended for use with a detachable battery pack or a
separable battery pack:“instructions indicating the appropriate battery packs for use,
such as by a catalog-aumber, series identification or the equivalent;

3) Instructions indicating the appropriate charger for use, such as by a catalog number,
series identification or the equivalent.

NOTE In Europe (EN 62841-1), the following additional requirement applies:

for battery,tools with integral battery: instruction, how the integral battery can be removed safely from
the toel ‘\after the tool’s end of life, and information about the type of battery such as Li-lon, NiCd and
NiMH

K.9 (Protection against electric shock

NOTE The title of this clause differs from that of the main standard.

K.9.T Batiery tools and battery packs shall be so consfrucied and enclosed that there is
adequate protection against electric shock.

Compliance is checked by inspection, and by the tests of K.9.3 and K.9.5, as applicable.
K.9.2 This subclause is not applicable.

K.9.3 It shall not be possible to have two conductive, simultaneously accessible parts
where the voltage between them is hazardous unless they are provided with protective
impedance.
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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 puF
capacitance directly between the parts.

Compliance for accessibility is checked by applying the test probe B of IEC 61032:1997 to
each conductive part.

Th £ 4 2N D £ 1O £64092992:-40Q7 1 5N - thioiiolh
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openings to any depth that the test probe will permit, and it is rotated or angled before, during
and after insertion to any position.

If the opening does not allow the entry of the probe, a rigid test probe with the dimensions of
the test probe B of IEC 61032:1997, but without any articulation, is used, the fofce-on the
probe is increased to 20 N and the test with the articulated test probe B of IEC'61032:1997
repeated.

Contact with the test probe is determined with all detachable parts remaoved and the battery
tool operated in any possible position of normal use.

Lamps located behind detachable covers are not removed, providinhg the lamp may be de-
energized by means of a user operable plug, battery pack disconnection or a switch.

K.9.4 This subclause is not applicable.
K.9.5 Materials providing insulation from electric shock shall be adequate.

Compliance is checked by subjecting the insulating material to an electric strength test as
specified in Clause D.2 with 750 V. This provision does not exclude the testing of the material
as situated within the tool, providing catre is taken to ensure that materials not under
consideration are not subjected to the téstvoltage.

This test applies 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 does not apply to materials that
provide only a physical barriet~to contact. As such, an uninsulated energized part shall be
within 1,0 mm of the materialysurface to be considered for this requirement.

K.10 Starting

This clause is,nof*applicable.

K.11 _Input and current

This-clause is not applicable.

K. T2 Heating
K.12.1 Battery tools and battery packs shall not attain excessive temperatures.

Compliance is checked by determining the temperature rise of the various parts under the
following conditions:

The tool is operated at no-load

— continuously; or
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— for tools with an inherent operating cycle: operation with consecutive operating cycles

until maximum temperature is reached or the tool no longer operates due to the battery being
discharged.

During the test, protective devices shall not operate. The temperature rises shall not exceed
the values shown in Table 2.

K.12.2 to K.12.6 These subclauses are not applicable.

K.12.201 Normal charging of lithium-ion systems

Charging a lithium-ion battery under normal conditions shall not exceed the ,specified
operating region for charging of the cell.

Compliance is checked by the following tests.

The battery is charged in accordance with the charging system instructions starting with a
fully discharged battery. Testing is carried out at an ambient tempernature of (20 +5) °C and

— if the tool is recommended to be operated at a minimum temperature lower than 4 °C, the
test is also conducted at that minimum temperature 95 °Cs

— if the tool is recommended to be operated at a maximum temperature greater than 40 °C,
the test is also conducted at that maximum temperature 55 °C.

For all individual cells, the voltage, the temperature measured in accordance with K.5.205
and the charging current are monitored. In théycase of parallel configurations, analysis may
be used to avoid measuring the individual branch currents. The result shall not exceed their
specified operating region for charginge.g. limits of voltage and current dependant on the
temperature).

NOTE 1 The following is an example result’ of such analysis: the charging current for each branch of a parallel
connection would not need to be monitered, if the maximum deliverable current of the charger did not exceed the
maximum charging current of a single-cell.

For batteries employing “series configurations, the test is repeated with a deliberately
imbalanced battery. Thejimbalance is introduced into a fully discharged battery by charging
one cell to approximately 50 % of full charge.

If it can be denionstrated 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.

NOTE 2_~Examples are those designs that employ circuitry intended for maintaining balance between cells in the
battery~pack. Systems with a small number of cells in series may be shown to exhibit limited imbalance in
practices if the product ceases to operate with a battery prepared with a smaller initial imbalance.

NOTE 3 An example for a testing is repeated charging and discharging a battery in accordance with the
manufacturer’s instructions until its capacity has decreased to 80 % of the rated capacity, using the imbalance at

the end of the test.
K.13 Resistance to heat and fire

K.13.1 Parts of thermoplastic material provided as an enclosure to comply with Clause K.9,
the deterioration of which might cause the tool or battery pack to fail to comply with this
annex, shall be sufficiently resistant to heat.
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Compliance is checked by subjecting of the relevant parts to a ball pressure test of
IEC 60695-10-2:2003. Any soft materials (elastomers), such as soft grip coverings, shall be
removed.

The required thickness may be obtained by using two or more sections of the part.

The test is made in a heating cabinet at a temperature of (55 +2) °C plus the maximum
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(75 + 2) °C.

NOTE In Clause K.12 only outside temperatures are measured. The basic temperature of (40 + 2) °C has§-been
changed to (55 + 2) °C representing the typical difference between the inside and outside temperatures of
enclosures.

K.13.2 This subclause applies only to the external enclosure enclosing the current-carrying
parts of the tool or battery pack.

Addition:

Non-metallic parts of a detachable or separable battery pack orynaon-metallic parts of a tool
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 of such connections, are
subjected to the glow-wire test of IEC 60695-2-11:2000, which-is carried out at 850 °C.

However, the tests are not applicable to:

— parts supporting welded connections and parts within a distance of 3 mm of these
connections;

— parts supporting connections in low-powé€r ¢ircuits described in Annex H and parts within a
distance of 3 mm of these connections;

— soldered connections on printed circuits boards and parts within a distance of 3 mm of
these connections;

— connections on small components on printed circuit boards, such a diodes, transistors,
resistors, inductors, integrated circuits and capacitors, and parts within a distance of 3 mm
of these connections.

K.13.2.201 For detachable battery packs or separable battery packs with external
enclosures of polymeric material that enclose current-carrying parts, the material shall be
classified at least Vaccording to IEC 60695-11-10:2013, unless the battery pack has been
tested in accordance with K.18.1 a).

Compliance“is checked by the relevant tests of IEC 60695-11-10:2013.

NOTE/ The test of K.18.1 a) is mandatory for exposed battery terminals and is an option for battery terminals that
are_not-exposed.

K.14 Moisture resistance

This clause is not applicable.

K.16 Overload protection of transformers and associated circuits

This clause is not applicable.
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K.17 Endurance

This clause is not applicable.

K.18 Abnormal operation

designed that the risk of fire or electric shock as a result of abnormal operation is obviated as
far as is practical.

Compliance is checked by the following tests.
The abnormal conditions a) to f) below shall be applied.

The battery tool, battery pack and the cords of d) and e), as appropriate, aré”placed on a soft
wood surface covered by two layers of tissue paper; the sample is covered by one layer of
untreated 100 % cotton medical gauze. For the tests b), c) and f), the-tool is switched on and
no additional mechanical load is applied. The test is conducted until failure or until the test
sample returns to within 5 K of the ambient temperature or, if neither of these occurs, until at
least 3 h has elapsed. A new sample may be used for each fault’listed below. No explosion
shall occur during or after the test. There shall be adequatecprotection against electric shock
as defined in K.9. No charring or burning of the gauze or tisste paper shall result. Venting of
the cells is permitted.

Charring is defined as a blackening of the gauze caused by combustion. Discolouration of the
gauze caused by smoke is acceptable. The resjstance for the short in items a), b), d), e) and
f) shall not exceed 10 m<. Charring or igniting~of the tissue paper or gauze from the shorting
means is not considered a failure.

Fuses, thermal cut-outs, thermal links, temperature limiters, electronic devices or any
component(s) or conductors(s) that(interrupt the discharge current may operate during the
above tests. If these devices are relied upon to pass the test, the test is to be repeated two
more times, using two additionalsamples, 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, protectiverelectronic circuits whose function is relied upon to pass a test shall be
regarded as providing a safety critical function and comply with 18.8 with a PL = a. If a user
adjustable temperature limiter operates, the test is conducted with the temperature limiter
set to the ma@st unfavourable setting and then repeated at this setting with two additional
samples.

a) Cofmbinations of exposed terminals of a detachable battery pack are shorted so as to
produce the worst result. Battery pack terminals that can be contacted using either test
probe B of IEC 61032:1997 or test probe 13 of IEC 61032:1997 are considered exposed.
The means of shorting shall be selected or positioned such that charring or ignition of the
tissue paper or gauze is not influenced

b) The terminals of each motor are shorted one at a time.
c) The rotor of each motor is locked one at a time.

d) Any cord provided between the separable battery pack and the battery tool shall be
shorted at the point likely to produce the most adverse effects.

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

f) A short is introduced between any two uninsulated parts of opposite polarity not in
accordance with the spacings given in Clause K.28 unless this has been evaluated to
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18.6. A circuit analysis may be used to determine where a short shall or shall not be
applied. The test is not conducted on uninsulated parts that are encapsulated.

K.18.2 to K.18.5 These subclauses are not applicable.

K.18.8 This subclause does not apply to lithium-ion charging systems, since they are
covered by K.18.201.

K.18.8.3 to K.18.8.6 These subclauses are not applicable.

K.18.201 Lithium-ion charging systems — abnormal conditions

This subclause applies only to lithium-ion batteries.

The charging system and battery of a lithium-ion system shall be so designed that the risk
of fire and explosion as a result of abnormal operation during charging is ebviated as far as
is practical.

Compliance is checked by the following test.

A sample containing the battery and the associated assemblies\of the charging system are
placed on a soft wood surface covered by two layers of tissue paper; the sample is covered
by one layer of untreated 100 % cotton medical gauze. The battery system is operated as
specified in K.8.14.2 e) 1) with all of the categories of @hnormal conditions listed below in a)
to d).

a) Components in the charging system are faulted as in 18.6.1 b) to f), one at a time, if the
outcome of such a fault is uncertain baséd upon analysis. For each fault condition
introduced, the state of the battery before ‘eharging is as follows:

— a series configured battery shallxhave a deliberate imbalance. The imbalance is
introduced into a fully discharged battery by charging one cell to approximately 50 %
of full charge; or

— if the test of K.12.201 iss¢onducted with an imbalance of less than 50 %, a series
configured battery shallhave a deliberate imbalance as established in K.12.201; or

— a single cell or parallel only configuration battery shall be fully discharged.

b) If the test of K.12.201 is conducted with an imbalance of less than 50 % due to the
function of circuit(s),”and if a single fault of any component within that circuit(s) is shown
to result in the Joss of that function, then a series configured battery shall be charged with
a deliberate _imbalance. The imbalance is introduced into a fully discharged battery by
charging ane-cell to approximately 50 % of full charge.

¢) For a battery with a series configuration, all cells are at approximately 50 % charge,
exceptifor one which is shorted. The battery is then charged.

d) With a fully charged battery connected to the charger, a short is introduced to the
charging system across a component or between adjacent PCB tracks at a location
expected to produce the most unfavourable results to evaluate the effect of back-feed
from the battery. For a charger with a cord that connects to the battery, the short shall

be introduced at the point likely to produce the most adverse effects. The resistance of the
short shall not exceed 10 mQ.

During the tests, each cell voltage is continuously monitored to determine if it has exceeded
the limit condition. Venting of the cells is permitted.

The test is conducted until the sample under test experiences a failure, 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.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 151 - REDLINE VERSION
© IEC 2025

Tests are considered passed if all of the following are true:

— There has been no explosion during the test.

— No charring or burning of the gauze or tissue paper has resulted. Charring is defined as a
blackening of the gauze caused by combustion. Discolouration of the gauze caused by
smoke is acceptable. Charring or igniting of the tissue paper or gauze from the shorting
means is not considered a failure.

150 mV or, if they have, then the charging system shall be permanently disabled from
recharging the battery. To determine if recharging is disabled, the battery shall -be
discharged by using the tool tested (in the case of an integral system) or by using a_new
sample of the tool (in the case of a detachable battery system) to approximately) 50 %
charge, followed by an attempt to recharge the battery normally. There shall)be no
charging current after 10 min or after 25 % of the nominal capacity has been delivered,
whichever occurs first.

— There shall be no evidence of damage to the cell vent to impaircompliance with
Subclause K.21.202.

K.18.202 Lithium-ion battery short circuit

This subclause applies only to lithium-ion batteries.

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 is checked by the following test.

The test is conducted with all the cells of the battery fully charged and one cell fully
discharged.

A detachable battery pack or separable battery pack is placed on a soft wood surface
covered by two layers of tissue\paper and the sample is then covered by one layer of
untreated 100 % cotton medicaligauze.

A tool containing an integral battery is placed on a soft wood surface covered by two layers
of tissue paper and the~sample is then covered by one layer of untreated 100 % cotton
medical gauze.

The main discharge connections of the battery are shorted with a resistance not to exceed
10 mQ. The~test is conducted until the test sample experiences a failure or until the test
sample returns to within 5 K of the ambient temperature. There shall be no explosion during
or after-the test. As a result of the test, there shall be no charring or burning of the gauze or
tissue~paper. Venting of cells is acceptable.

Charring is defined as a blackening of the gauze caused by combustion. Discolouration of the
gauze caused by smoke is acceptable. Charring or igniting of the tissue paper or gauze from

the shorting means is not considered a failure.

Fuses, thermal cut-outs, 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, the test is to 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.
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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 18.8 with a PL = a. If a user
adjustable temperature limiter operates, the test is conducted with the temperature limiter
set to the most unfavourable setting and then repeated at this setting with two additional
samples.

K.18.203 Batteries other than lithium-ion — overcharging

Batteries comprised of cells other than the lithium-ion type shall withstand abusive
overcharging without risk of fire or explosion.

Compliance is checked by the following test.

The battery is placed on a soft wood surface covered by two layers of tissue paper and the
sample is then covered by one layer of untreated 100 % cotton medical gauze and charged at
a rate of 10 times the Cg rate for the battery for 1,25 h. There shall be no explosion and no
charring or burning of the gauze or tissue paper. Charring is defined as a blackening of the
gauze caused by combustion. Discolouration of the gauze caused by,smoke is acceptable.
Venting of the cells is acceptable.

K.19 Mechanical hazards

K.19.6 For all tools where the relevant part of IEC 6284/1-2, IEC 62841-3 or |IEC 62841-4
requires the tool to be marked with the rated no-load speed, the no-load speed of the spindle
at rated voltage shall not exceed 110 % of the rated.no-load speed.

Compliance is checked by the following test.

The tool is operated for 5 min at no-load. dfmmediately afterwards, the battery is replaced with
a fully charged battery. The speed ofithe spindle is then measured after the tool has been
operating for 1 min at no-load.

K.19.201 It shall not be possible to install a detachable battery pack or a separable
battery pack in reverse polarity:

Compliance is checked by-inspection.

K.19.202 Lithium-ion enclosure pressure test

This subclausé applies only to lithium-ion batteries.

An enclgsure for lithium-ion batteries shall be designed such that it will safely release gasses
that may be generated as a result of venting.

Coimpliance is checked by measurement in the case of a) or by the test of b):

a)_the total area of the openings In the enclosure allowing gasses [0 pass without obsiruction
shall be equal to or greater than 20 mm?2; or

b) the enclosure shall be tested as follows.

A total of 21 ml + 10 % of air shall be delivered at an initial pressure of 2 070 kPa + 10 %
through a (2,87 +0,05) mm diameter orifice to the enclosure of a tool with integral
battery or the enclosure of a detachable battery pack or separable battery pack. The
pressure within the enclosure shall drop below 70 kPa in 30 s. There shall be no rupturing
that would cause the enclosure to fail to meet the requirements of this standard. An
additional volume, not to exceed 3 ml, is allowed to be added to the enclosure volume as
may be required for test fittings.
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K.20 Mechanical strength

K.20.1 Battery tools and battery packs shall have adequate mechanical strength, and shall
be so constructed that they withstand rough handling that may be expected.

Compliance is checked by the tests of 20.2 and K.20.3.1 or K.20.3.2.

[~ Following the test, the battery tool and battery pack shall not caitch fire or explode and shall | |
meet the requirements of Clauses K.9, K.19 and either K.18.1 f) or K.28.1.

In addition, the following applies for lithium-ion batteries after the test of K.20.3.1 or K,20)3.2:

— the open circuit voltage of the battery shall not be less than 90 % of the voltage'measured
immediately prior to the test;

— the battery shall demonstrate normal discharging and recharging after thestest;

— there shall be no damage to the cell vent that impairs compliance with K.21.202.

K.20.3.1 A hand-held battery tool with any detachable battery pdck attached is dropped
three times in total on a concrete surface from a height of 1 m. For these three drops, the
sample is tested in the three most unfavourable positions the lowest point of the tool being
1 m above the concrete surface. For the test, separable accessories are not mounted.

For battery tools with detachable battery packs, the test is repeated three more times
without the battery pack attached to the tool. New samples may be used for each series of
three drops. For the test, separable accessories are“iot mounted.

In addition for detachable battery packs or,separable battery packs, the test is repeated
three more times on the battery packs separately.

If attachments are provided as specified“and mounted in accordance with 8.14.2, the test is
repeated with each attachment or.combination of attachments mounted to a separate tool
sample with a detachable battery pack or separable battery pack installed.

K.20.3.2 A battery-operated.” transportable tool with any detachable battery pack
attached, placed in its notmal operating position, is impacted with a smooth steel sphere
having a diameter of (50:# 2) mm and weighing (0,55 + 0,03) kg. If a part of the tool can be
impacted from above).the sphere is dropped from a rest position to strike the component.
Otherwise, the sphere’' is suspended by a cord and is allowed to fall from a rest position as a
pendulum to strike the area of the tool to be tested. In either case, the vertical travel of the
sphere is (1,3(%0,1) m.

A guard.-that becomes disassembled is acceptable, if it can be reassembled readily to
functien_properly.

Deformation of a guard or other part is acceptable, if the part can be readily restored to its
original shape.

Damage to the tool or a portion of the drive system, other than a guard is acceptable, if the
tool is incapable of normal operation.

In addition for detachable battery packs or separable battery packs with a mass greater
than or equal to 3 kg the test is repeated on the battery packs separately.

In addition for detachable battery packs or separable battery packs with a mass less than
3 kg, the battery pack shall withstand being dropped three times on a concrete surface from a
height of 1 m. The sample shall be positioned to vary the point of impact.
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K.20.4 This subclause is not applicable.

K.21 Construction

K.21.5 This subclause is not applicable.

K21 6 This subclause is not npplir‘ahlp

K.21.7 to K.21.15 These subclauses are not applicable.
K.21.17.1.2 Modification:

The number of cycles is 6 000.

K.21.21 This subclause is not applicable.

K.21.25 to K.21.29 These subclauses are not applicable.
K.21.31 to K.21.34 These subclauses are not applicable.

K.21.201 Tools shall not readily accept general purpose batteries (either primary or
rechargeable) as an energy source for their primary fungtion.

Compliance is checked by inspection.

K.21.202 Vents of lithium-ion cells shall net\be obstructed in such a way as to defeat their
operation if venting is relied upon for safety.

Compliance is checked by inspection or, if in doubt, by inspecting the cells after conclusion of
the abnormal tests of K.18.1 a), b) ‘and c) to ensure that cells have not vented by any means
other than through the cell vent.

K.21.203 User accessible interfaces between elements of a lithium-ion battery system shall
not employ connectors ofithe following types:

— standard mains inlet connectors, except for mains supply connections;
— barrel connectors with outside diameters of 6,5 mm or less;
— phone plugs)with a diameter of 3,5 mm or less.

Compliance'is checked by inspection.

K-22" Internal wiring

K.22.3 This subclause is not applicable.
K.22.6 Replacement of the last paragraph:

After the test, the tool shall comply with Clause K.9.
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K.23 Components
K.23.1.2 This subclause is not applicable.
K.23.1.9 This subclause is not applicable.

K.23.1.10 Power switches shall have adequate breaking capacity.

Compliance is checked by subjecting a switch to 50 operation cycles of making and breaking
the locked output mechanism current of the fully charged battery-operated tool. Each “on”
period having a duration of not more than 0,5 s and each “off” period having a duration/of at
least 10 s.

After this test 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 is considered to have
no mechanical or electrical failure.

K.23.1.10.1 to K.23.1.10.3 These subclauses are not applicable.

K.23.1.201 Power switches shall withstand, without excessive.wear or other harmful effect,
the mechanical, electrical, and thermal stresses occurring in thextool.

Compliance is checked by subjecting a switch to 6 000 cycles of operation making and
breaking the current encountered in the fully charged battery tool operated at no-load. The
switch is operated at a uniform rate of 30 operations per minute. During the test the switch
shall operate correctly. After this test, 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 is considered to have no mechanical‘or electrical failure.

K.23.5 This subclause is not applicablé.

K.23.201 Cells employed in togls“or cells employed in battery packs shall comply with
IEC 62133.

NOTE The above requirement far-testing according to IEC 62133 does not include the battery pack itself.

K.23.202 Rechargeable cells employed in tools or in battery packs shall not be of lithium-
metal type.

Compliance is checked by inspection.

NOTE Lithium-ion cells are not lithium metal cells.
K.24.” Supply connection and external flexible cords

This clause is not applicable, except as follows:

K.24.201 For battery tools with separable battery packs, the external flexible cable or cord
shall have anchorages such that the conductors are relieved from strain, including twisting,
where they are connected within the tool, and protected from abrasion.

Compliance is checked by inspection.
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K.25 Terminals for external conductors

This clause is not applicable.

K.26 Provision for earthing

This clause is not annlicahle
L i T

K.27 Screws and connections

K.27.1 This subclause is applicable except as follows: the sixth paragraph~and the
accompanying note, which refers to earthing connections, are not applicable.

K.28 Creepage distances, clearances and distances through insulation

K.28.1 Creepage distances and clearances shall not be less than_the values in millimetres
shown in Table K.1. The clearances specified do not apply to ithe 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. Creepage distances and
clearances also do not apply to the construction of battefy cells or the interconnections
between cells in a battery pack. The values specified, in Table K.1 do not apply to cross-over
points of motor windings.

The values in Table K1 are equal or larger than<he values required by IEC 60664-1, when

— an overvoltage category lI;
— a material group llI;

— a pollution degree 1 for parts pretécted against deposition of dirt and for lacquered or
enamelled windings;

— a pollution degree 3 for otherparts;
— inhomogeneous electric field

are applied.

For parts of different polarity, clearance and creepage distances less than those given in
Table K.1 are acceptable if the shorting of the two parts does not result in the tool starting.

NOTE 1 The.risk of fire due to spacings below the required values is covered by the requirements of 18.1.

Table K.1 — Minimum creepage distances and clearances
between parts of opposite polarity

Dimensions in millimetres

Working voltage Working voltage Working voltage
<15V >15Vand <32V >32V
Creepage Clearance Creepage Clearance Creepage Clearance

distance distance distance
0,82 0,8 1,5 1,5 202 1,5

@ These creepage distances are slightly lower than suggested by IEC 60664-1. Creepage distances
between live parts of different polarity (functional insulation) are only associated to fire hazard, not to
electric shock hazard. As products in the scope of IEC 62841 are products supervised during normal use,
lower distances are justified.
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For parts having a hazardous voltage between them, the sum total of the measured
distances between each of these parts and their nearest accessible surface shall not be less
than 1,5 mm clearance and 2,0 mm creepage distance.

NOTE 2 Figure K.1 provides clarification on the measurement method.

Compliance is checked by measurement.

The way in which creepage distances and clearances are measured is indicated in Annex A.

Distances through slots or openings in external parts of insulating material are measured-to
the metal foil in contact with the accessible surface; the foil is pushed into corners and the
like by means of the standard test probe B of IEC 61032:1997, but is not pressed into
openings.

The sum total of distances measured between parts operating at hazardous voltage and
accessible surfaces is determined by measuring the distance from each payt\to the accessible
surface. The distances are to be added together to determine the sum,total. See Figure K.1.
For the purpose of this determination, one of the distances shall be(1,0 mm or greater. See
Annex A, cases 1 to 10.

If necessary, a force is 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.

The force is applied by means of the test probe B of IEC 61032:1997 and has a value of:

— 2 N for bare conductors;
— 30 N for enclosures.

Means provided for fixing the tool to a support are considered to be accessible.

K.28.2 This subclause is not applicable.

IEC 0310/14

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+ b is the sum total as defined in K.28.1.

Figure K.1 — Measurement of clearances
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Annex L
(normative)

Battery tools and battery packs provided with
mains connection or non-isolated sources

L.1 Scope

This annex applies to rechargeable battery-powered motor-operated or magnetically driven

— hand-held tools (IEC 62841-2);
— transportable tools (IEC 62841-3);
— lawn and garden machinery (IEC 62841-4);

and the battery packs for such tools or machinery that are also operated and/or charged
directly from the mains or a non-isolated source, including tools provided with integral
battery chargers. The above listed categories are hereinafter, referred to as “tools” or
“machines”.

The maximum rated voltages for tools are 250 V single phase a.c. or d.c. mains source and
75V d.c. battery source. The maximum rated voltage for battery packs is 75 V d.c.

Battery packs for tools covered under this annextintended to be charged by a non-isolated
charger shall be evaluated by this annex and standard. When evaluating a battery pack for
protection against electric shock, creepage distances, clearances and distances through
insulation, the battery pack shall be fitted ta’the intended charger.

Since battery packs for power tools are“submitted to different use patterns (such as rough
use, high charging and discharging cuffents) their safety can be evaluated only by this annex
and not by using other standards for battery packs, such as IEC 62133, unless otherwise
indicated in this annex. All relevant requirements of IEC 62133 are addressed in this annex.

When evaluating the risk of'fire associated with detachable battery packs, consideration has
been given to the fact that these battery packs are unattended energy sources and have
been evaluated as sueh~in this standard. Requirements in other standards regarding the risk
of fire due to the charging of these detachable battery packs are therefore considered to be
fulfilled.

This annex‘also addresses requirements covering the use of lithium-ion cells employed in
battery «systems in tools. The following is considered within the context of these
requirements:

—~ These requirements address the risk of fire or explosion of these batteries and not any
possible hazards associated with toxicity nor potential hazards associated with

trqnqlnnrtntinn Qr dielnneql

NOTE 1 IEC 62281 covers the safety aspects of lithium-ion batteries during transport.

— Battery systems covered by these requirements are not intended to be serviced by the
end user.

— These requirements are intended to provide comprehensive evaluation of a battery only if
used in products covered by this standard.

— These requirements address the safety of lithium-ion battery systems during storage and
use including discharge and charge. These requirements are only considered to be
supplementary requirements in regards to battery charger fire and electric shock.
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— These requirements refer to and require parameters supplied in reference to the cells that
establish conditions for safe use of those cells. Those parameters form the basis of
acceptance criteria for a number of tests contained herein. This standard does not
independently evaluate the safety of cells. These parameters, taken as a set, constitute
the “Specified Operating Region” for a cell. There may be several sets of specified
operating region(s).

This annex is not intended to apply to tools using general purpose batteries installed by the

Userand-this—anmexatome witt motbesufficienttoensure atttrazards—are consideredfor these
products.

This annex does not apply to the safety of battery chargers themselves. However, this_annex
covers the safe functioning of lithium-ion battery systems.

NOTE 2 IEC 60335-2-29 covers a variety of chargers.

All clauses of this standard apply unless otherwise specified in this annex:'If a clause is
stated in the annex, the requirements replace the requirements of thexmain body of the
standard unless otherwise specified.

L.3 Terms and definitions
This clause is applicable except as follows:
For the purpose of this annex, the following additionalldefinitions apply:

L.3.201

battery system

combination of a lithium-ion battery, the‘charging system, the tool and the interfaces
between them as existing during operation of the tool or during charging

L.3.202

cell

basic functional electrochemical” unit containing an assembly of electrodes, electrolyte,
container, terminals, and usually separators, that is a source of electrical energy by direct
conversion of chemical energy

L.3.203

charger

part or all of the'charging system contained in a separate enclosure. As a minimum, the
charger includes some of the power conversion circuitry. Not all charging systems include a
separate charger as in the case where a tool may be charged utilizing a mains supply cord
or may incorporate a plug for attachment to a mains receptacle

L.3.204
charging system
combination of circuitry intended to charge, balance and/or maintain the state of charge of the

— battery

L.3.205

Cg 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

L.3.206

detachable battery pack

battery which is contained in a separate enclosure from the battery tool and is intended to be
removed from the tool for charging purposes
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L.3.207
fire
emission of flames from a battery

L.3.208

fully charged (battery/cell)

cell or battery charged to the maximum state of charge permitted by the battery charging
system intended for use with the tool

L.3.209

fully discharged (battery/cell)

battery or cell that has been discharged at C; rate until one of the following comditions
occurs: discharge terminates due to protective circuitry or the battery (or cell) reaches a total
voltage with an average voltage per cell equal to the end-of-discharge voltage)for’'the cell
chemistry being used unless a different end-of-discharge voltage is spgcified by the
manufacturer

Note 1 to entry: The end-of-discharge voltages for common cell chemistries are provided|in L.5.210.

L.3.210

general purpose (battery/cell)

batteries and cells available from a variety of manufacturers, \through a variety of outlets
intended for a variety of different manufacturers’ products

Note 1 to entry: 12 V automotive batteries and AA, C and D alkaline cells are examples of general purpose.

L.3.211

hazardous voltage

voltage between parts having an average value.exceeding 60 V d.c. or exceeding 42,4 V peak
when the peak-to-peak ripple exceeds 10 %¢0f'the average value

L.3.212

integral battery

battery which is contained within the battery tool and is not removed from the battery tool for
charging purposes

Note 1 to entry: A battery thatcis)to be removed from the battery tool for disposal or recycling purposes only is
considered to be an integral battery.

L.3.213

maximum charging current

highest currentsthat a lithium-ion cell is permitted to pass during charging for a specified
range of temperatures as specified by the cell manufacturer and evaluated in accordance with
IEC 62133.

L.3.214

separable battery pack

battery which is contained in a separate enclosure from the battery tool and is connected to
the battery tool by a cord

L.3.215
specified operating region
range of permissible operation of lithium-ion cells, expressed by cell parameter limits

L.3.215.1

specified operating region for charging

conditions for voltage and current during charging in which the lithium-ion cell is permitted to
operate as specified by the cell manufacturer and evaluated in accordance with IEC 62133
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L.3.216

upper limit charging voltage

highest voltage that a lithium-ion cell is permitted to attain during normal charging for a
specified range of temperatures as specified by the cell manufacturer and evaluated in
accordance with IEC 62133

L.3.217
venting

condition that occurs, when a cell releases excessive internal pressure intended by design to
preclude explosion

L.5 General conditions for the tests
L.5.2 Addition:

The cumulative stress resulting from successive tests on the battery . js to be avoided.
Additional samples may be used as necessary.

L.5.7.2 Unless otherwise specified, tests to be done at rated voltage are done with a fully
charged battery.

L.5.201 When measuring voltage, the peak value of any ,superimposed ripple exceeding
10 % of the average value shall be included. Transient-voltages are ignored, such as a
temporary increase of voltage, for example after the—battery pack is removed from the
charger.

L.5.202 Measurements of cell voltages during.the tests of lithium-ion systems shall be made
using a single pole resistive-capacitive{Jow pass filter with a cut-off frequency of
5 KHz + 500 Hz. If charging voltage limitsshave been exceeded, the peak value of the voltage
measured after this network shall be<used. The measurement shall have measurement
tolerance within + 1 %.

L.5.203 Some of the tests may result in fire or explosion. It is therefore important that
personnel be protected from~the flying fragments, explosive force, sudden release of heat,
chemical burns, intense light and noise that may result from such explosions. The test area
is to be well ventilated tolprotect personnel from possible harmful fumes or gases.

L.5.204 Unless otherwise specified, all batteries shall be fully conditioned as follows:
batteries shall be.fully discharged 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.

L.5.205¢ The location of thermocouples for lithium-ion cell temperature measurements shall
be_on-the outer surface, half way along the longest dimension, of the cell that results in the
Highest temperature.

L.5.206 Currents measured during battery charging shall be average currents with an
averaging period of 1 sto 5 s.

L.5.207 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.

L.5.208 When a battery comprising of a single cell is employed, instructions in this standard
referring to special preparations of a cell in a series configuration shall be ignored.
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L.5.209 For battery designs where there is a series arrangement of parallel clusters of
cells, the cluster shall be treated as a single cell for those tests that require altering the
amount of charge on a single cell prior to conducting the test.

L.5.210 The end-of-discharge voltages for common cell chemistries are:

— 0,9 V/cell for nickel cadmium or nickel metal-hydride batteries;

— 2,5 V/cell for lithium-ion batteries, unless the manufacturer specifies a different voltage.
L.7 Classification

L.7.1 This subclause applies except that class Ill tools are not considered in this.afnex.

L.8 Marking and instructions

L.8.1 Non-isolated sources that can supply a tool, or tools that_¢an be supplied directly
from the mains, shall be marked with the following:
— rated voltage(s) or rated voltage range(s), in volts;

— symbol for nature of supply, unless the rated frequency(ies) or rated frequency range is
marked. The symbol for nature of supply shall be placed next to the marking for rated
voltage;

— rated input, in watts, or rated current in amperes;
— symbol for class Il construction, for class {l.tools only.

Compliance is checked by inspection.

L.8.3 Tools and detachable battery;packs or separable battery packs shall be marked
with additional information as follows:

— the business name and address of the manufacturer and, where applicable, his authorised
representative. Any address shall be sufficient to ensure contact. Country or state, city
and postal code (if any).'are deemed sufficient for this purpose;

— designation of series or type,
allowing the technical identification of the product. This may be achieved by a combination
of letters and/or numbers and may be combined with the designation of tool.

NOTE 1 The term “designation of series or type” is also known as model nhumber.
Tools shalkalso be marked with additional information as follows:

— thieyyear of manufacture and a date code of identifying at least the month of manufacture;

—~ designation of the tool:
designation of the tool may be achieved by a code that is any combination of letters,

numbers or svmbols nrovidina that this code is explained bv aivina the explicit desianation
J Ll ~J Ll PARE4 7 Ll ~J

” oo«

such as “drill”, “planer” etc. in the instructions supplied with the tool;

NOTE 2 An example of such code is “A123-B”.
— for tools manufactured such that its parts are shipped separately for assembly by the end
user each part shall be marked with a distinct identification on the part or the package.

Separable and detachable battery packs shall also be marked with additional information as
follows:
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— the capacity assigned by the manufacturer in Ah or mAh, based on the rated capacity of
the cells determined in accordance with IEC 61056-1, IEC 61960, IEC 61951-1 and
IEC 61951-2, as applicable;

— for alkaline or other non-acid electrolyte batteries, the type of battery such as Li-lon,
NiCd and NiMH.

If additional markings are used, they shall not give rise to misunderstanding.

Compliance is checked by inspection.

L.8.4
tool.

Markings specified in L.8.1, 8.2 and L.8.3 shall not be on a detachable part of the

Markings specified in 8.2 shall be clearly discernible from the outside of the teohk ‘Markings
specified in L.8.3 shall be visible with any separable battery pack or detachable battery
pack removed. Other markings on the tool may be visible after remowval>of a cover, if
necessary.

Indications for switches and controls shall be placed on or in the vicinjty of these components;
they shall not be placed on parts which can be repositioned, or posijtioned in such a way that
the marking is misleading.

Compliance is checked by inspection.

L.8.14.1.1 This subclause is applicable except as follows:

Iltem 5) Service, is replaced by the following:

5) Battery tool use and care

a)

b)

c)

d)

Recharge only with the charger-specified by the manufacturer. A charger that is
suitable for one type of batterypack may create a risk of fire when used with another
battery pack.

Use power tools only with specifically designated battery packs. Use of any other
battery packs may create a risk of injury and fire.

When battery pack'is not in use, keep it away from other metal objects, like paper
clips, coins, keys, nails, screws or other small metal objects, that can make a
connection from one terminal to another. Shorting the battery terminals together
may cause burns or a fire.

Under abusive conditions, liquid may be ejected from the battery; avoid contact.
If contact accidentally occurs, flush with water. If liquid contacts eyes,
additionally seek medical help. Liquid ejected from the battery may cause irritation
orburns.

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

f)

g)

Do not expose a battery pack or tool to fire or excessive temperature. Exposure o
fire or temperature above 130 °C may cause explosion.

NOTE The temperature ,130 °C* can be replaced by the temperature ,265 °F*.

Follow all charging instructions and do not charge the battery pack or tool
outside the temperature range specified in the instructions. Charging improperly
or at temperatures outside the specified range may damage the battery and increase
the risk of fire.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

REDLINE VERSION - 164 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

6) Service

a) Have your power tool serviced by a qualified repair person using only identical
replacement parts. This will ensure that the safety of the power tool is maintained.

b) Never service damaged battery packs. Service of battery packs should only be
performed by the manufacturer or authorized service providers.

L.8.14.2 This subclause is applicable except as follows:

Addition:

e) For battery tools:

1) Instructions regarding battery charging, information regarding ambient temperature
range for tool and battery use and storage, and the recommended lvambient
temperature range for the charging system during charging;

2) For a battery-operated tool intended for use with a detachable battery pack or a
separable battery pack: instructions indicating the appropriate battery packs for use,
such as by a catalog number, series identification or the equivalent;

3) Instructions indicating the appropriate charger for use, suchras’ by a catalog number,
series identification or the equivalent.

NOTE In Europe (EN 62841-1), the following additional requirement applies!

for battery tools with integral battery: instruction, how the intégral battery can be removed safely from
the tool after the tool’s end of life, and information about the(type of battery such as Li-lon, NiCd and
NiMH

L.9 Protection against electric shock

NOTE The title of this clause differs from that of the main’standard.

The requirements of 9.1 through 9.4 apply\for all conditions along with the following addition:
Addition:

Tools covered by this annex_and their battery packs shall be so constructed and enclosed
that there is adequate protection against electric shock.

The clause of the standard applies to tools when they are connected to the mains or are
supplied by a non-isolated source. During the evaluation in this condition, battery packs are
to be connected to the tool in the normal fashion. The tool is also evaluated with the battery
pack removed-if'such removal can be accomplished without the use of a tool.

L.9.201 . For battery packs which may be disconnected from the tool and tools operated
under ‘battery power it shall not be possible to have two conductive, simultaneously
accessible parts where the voltage between them is hazardous, unless they are provided
with.protective impedance.

I " L I ’ I L I "
exceed 2 mA for d.c. or 0,7 mA peak for a.c. and there shall not be more than 0,1 puF
capacitance directly between the parts.

Compliance for accessibility is checked by applying the test probe B of IEC 61032:1997 to
each conductive part.

The test probe B of IEC 61032:1997 is applied with a force not exceeding 5 N through
openings to any depth that the test probe will permit, and it is rotated or angled before, during
and after insertion to any position.
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If the opening does not allow the entry of the probe, a rigid test probe with the dimensions of
the test probe B of IEC 61032:1997, but without any articulation, is used, the force on the
probe is increased to 20 N and the test with the articulated test probe B of IEC 61032:1997
repeated.

Contact with the test probe is determined with all detachable parts removed and the battery
tool operated in any possible position of normal use.

Lamps located behind detachable covers are not removed, providing the lamp may be de-
energized by means of a user operable plug, battery disconnection or a switch.

L.10 Starting

This clause only applies when the tool is in the configuration where it is directly_ connected to
the mains or to a non-isolated source.

L.11 Input and current

This clause only applies when the tool is in the configuration where'it is directly connected to
the mains or to a non-isolated source. In the case of tools that'can also charge the battery
while performing their intended function, the test is conducted while charging a previously
discharged battery pack.

L.12 Heating

This clause only applies when the tool is in the)configuration where it is directly connected to
the mains or to a non-isolated source. In the case of tools that can also charge the battery
while performing their intended function, they are tested with the charger connected and are
operated at no-load until the tool stops operating due to the battery being discharged or until
thermal stabilization is achieved, whichever occurs first. The test is repeated, allowing the
battery to charge while the tool is not operating.

L.12.201 Normal charging of lithium-ion systems

Charging a lithium-ion ~battery under normal conditions shall not exceed the specified
operating region for'charging of the cell.

Compliance is ehecked by the following tests.

The battery-is charged in accordance with the charging system instructions starting with a
fully discharged battery. Testing is carried out at an ambient temperature of (20 +5) °C and

— Jfthe tool is recommended to be operated at a minimum temperature lower than 4 °C, the
test is also conducted at that minimum temperature 95 K;

— I the tool 1S recommended to be operated at a maximum temperature greater than 420 C,
the test is also conducted at that maximum temperature ff) K.

For all individual cells, the voltage, the temperature measured in accordance with L.5.205
and the charging current are monitored. In the case of parallel configurations, analysis may
be used to avoid measuring the individual branch currents. The result shall not exceed their
specified operating region for charging (e.g. limits of voltage and current dependant on the
temperature).
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NOTE 1 The following is an example result of such analysis: 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.

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

I it-can-be-demonstrated-throughtesting-andior-desigh-evaluation-that-an-imbalance-less-than

50 % would actually occur in normal use, then this lower imbalance may be used.

NOTE 2 Examples are those designs that employ circuitry intended for maintaining balance between cells inthe
battery pack. Systems with a small number of cells in series may be shown to exhibit limited imbalance in
practice, if the product ceases to operate with a battery prepared with a smaller initial imbalance.

NOTE 3 An example for a testing is repeated charging and discharging a battery in accordance with the
manufacturer’s instructions until its capacity has decreased to 80 % of the rated capacity, using\the imbalance at
the end of the test.

L.13 Resistance to heat and fire
This clause is applicable except as follows:
L.13.1 Addition:

This subclause only applies when the tool is in the configuration where it is directly connected
to the mains or to a non-isolated source.

In the case of tools that can charge the battery while performing their intended function, the
battery pack shall be evaluated with the charger connected to the mains and with a battery
in a condition that results in the most unfavodrable temperatures.

In addition, tools capable of charging the battery and which may also be capable of
performing its intended operation shall also be evaluated with battery power alone if this may
create temperatures that are more unfavourable. For the purposes of L.13.1, a part that is
energized only by a battery soufce is not to be considered live.

L.13.2 Addition:

Non-metallic parts of-a detachable battery pack or separable battery pack or non-metallic
parts of a tool that ‘contains an integral battery supporting connections that carry a current
exceeding 0,2°Avduring charging and non-metallic parts within a distance of 3 mm of such
connections, are subjected to the glow-wire test of IEC 60695-2-11:2000, which is carried out
at 850 °C.

Howeuver, the tests are not applicable to:

~“parts supporting welded connections and parts within a distance of 3 mm of these
connections:;

— parts supporting connections in low-power circuits described in Annex H and parts within a
distance of 3 mm of these connections;

— soldered connections on printed circuits boards and parts within a distance of 3 mm of
these connections;

— connections on small components on printed circuit boards, such a diodes, transistors,
resistors, inductors, integrated circuits and capacitors, and parts within a distance of 3 mm
of these connections.
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L.14 Moisture resistance

This clause only applies when the tool is in the configuration where it is directly connected
to the mains or to a non-isolated source.

L.16 Overload protection of transformers and associated circuits

This clause only applies when the tool is in the configuration where it is directly connected to
the mains or to a non-isolated source.

L.17 Endurance

This clause applies to tools capable of continuous operation when they are supplied directly
from the mains or from a non-isolated source. Tools that are not capablelof continuous
operation shall be operated under battery power for the duration of the \tést but shall be
evaluated for electric strength with their charger connected.

L.18 Abnormal operation

This clause, except L.18.8 and L.18.201 to L.18.204, only@pplies when the tool is in the
configuration where it is directly connected to the mains orf/to‘a non-isolated source.

L.18.8 This subclause does not apply to lithiumsion" charging systems, since they are
covered by L.18.202.

L.18.201 All tools when operating only underbattery power and their battery packs shall be
so designed that the risk of fire or electric:shock as a result of abnormal operation is obviated
as far as is practical.

Compliance is checked by the following tests.
The abnormal conditions a) to-f) below shall be applied.

The battery tool, batterypack and the cords of d) and e), as appropriate, are placed on a soft
wood surface covered\by two layers of tissue paper; the sample is covered by one layer of
untreated 100 % cotton medical gauze. For the tests b), c) and f), the tool is switched on and
no additional mechanical load is applied. The test is conducted until failure or until the test
sample returnsfo within 5 K of the ambient temperature or, if neither of these occurs, until at
least 3 h has elapsed. A new sample may be used for each fault listed below. No explosion
shall oceur~during or after the test. There shall be adequate protection against electric shock
as defined in Clause L.9. No charring or burning of the gauze or tissue paper shall result.
Venting of the cells is permitted.

Charring is defined as a blackening of the gauze caused by combustion. Discolouration of the
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f) shall not exceed 10 m£. Charring or igniting of the tissue paper or gauze from the shorting
means is not considered a failure.

Fuses, thermal cut-outs, 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, the test is to 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.
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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 18.8 with a PL = a. If a user
adjustable temperature limiter operates, the test is conducted with the temperature limiter
set to the most unfavourable setting and then repeated at this setting with two additional
samples.

a) Combinations of exposed terminals of a detachable battery pack are shorted so as to
produce the worst resu/t Battery pack termma/s that can be contacted using e/ther test

The means of shortmg shall be selected or positioned such that charr/ng or ignition of the
tissue paper or gauze is not influenced.

b) The terminals of each motor are shorted one at a time.
c) The rotor of each motor is locked one at a time.

d) Any cord provided between the separable battery pack and the batterytoel shall be
shorted at the point likely to produce the most adverse effects.

e) Any cord provided between the tool and the charger shall be shorted at\the point likely to
produce the most adverse effects.

f) A short is introduced between any two uninsulated parts of-opposite polarity not in
accordance with the spacings given in L.28.201 unless this has b€en evaluated to 18.6. A
circuit analysis may be used to determine where a short shall.or shall not be applied. The
test is not conducted on uninsulated parts that are encapsulated.

L.18.202 Lithium-ion charging systems — abnormal conditions

This subclause applies only to lithium-ion batteries.

The charging system and battery of a lithium<ion system shall be so designed that the risk
of fire and explosion as a result of abnormakoperation during charging is obviated as far as
is practical.

Compliance is checked by the following;test.

A sample containing the battery:--and the associated assemblies of the charging system are
placed on a soft wood surfacecovered by two layers of tissue paper; the sample is covered
by one layer of untreated_100 % cotton medical gauze. The battery system is operated as
specified in L.8.14.2 e) 1) with all of the categories of abnormal conditions listed below in a) to
d).

a) Components in the charging system are faulted as in 18.6.1 b) to f), one at a time, if the
outcome ofs:such a fault is uncertain based upon analysis. For each fault condition
introduced,_the state of the battery before charging is as follows:

— a_Series configured battery shall have a deliberate imbalance. The imbalance is
introduced into a fully discharged battery by charging one cell to approximately 50 %
of full charge; or

~ jf the test of L.12.201 is conducted with an imbalance of less than 50 %, a series
configured battery shall have a deliberate imbalance as established in L.12.201; or

— a single cell or parallel only configuration battery shall be fully discharged.

b) If the test of L.12.201 is conducted with an imbalance of less than 50 % due to the
function of circuit(s), and if a single fault of any component within that circuit(s) is shown
to result in the loss of that function, then a series configured battery shall be charged with
a deliberate imbalance. The imbalance is introduced into a fully discharged battery by
charging one cell to approximately 50 % of full charge.

¢) For a battery with a series configuration, all cells are at approximately 50 % charge,
except for one which is shorted. The battery is then charged.

d) With a fully charged battery connected to the charger, a short is introduced to the
charging system across a component or between adjacent PCB tracks at a location



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 169 — REDLINE VERSION
© IEC 2025

expected to produce the most unfavourable results to evaluate the effect of back-feed
from the battery. For a charger with a cord that connects to the battery, the short shall
be introduced at the point likely to produce the most adverse effects. The resistance of the
short shall not exceed 10 mQ.

During the tests, each cell voltage is continuously monitored to determine if it has exceeded
the limit condition. Venting of the cells is permitted.

The test is conducted until the sample under test experiences a failure, 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.

Tests are considered passed if all of the following are true:

— There has been no explosion during the test.

— No charring or burning of the gauze or tissue paper has resulted. Charring-is defined as a
blackening of the gauze caused by combustion. Discolouration of the,gauze caused by
smoke is acceptable. Charring or igniting of the tissue paper or gauze from the shorting
means is not considered a failure.

— 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 battery. To determine if recharging is~disabled, the battery shall be
discharged by using the tool tested (in the case of an_integral system) or by using a new
sample of the tool (in the case of a detachable batteéry system) to approximately 50 %
charge, followed by an attempt to recharge the ‘battery normally. There shall be no
charging current after 10 min or after 25 % of thé/nominal capacity has been delivered,
whichever occurs first.

— There shall be no evidence of damage~to the cell vent to impair compliance with
Subclause L.21.202.

L.18.203 Lithium-ion battery short circuit

This subclause applies only to lithium-ion batteries.

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 is checked by the following test.

The test is cohducted with all the cells of the battery fully charged and one cell fully
discharged,

A detachable battery pack or separable battery pack is placed on a soft wood surface
covered by two layers of tissue paper and the sample is then covered by one layer of
untreated 100 % cotton medical gauze.

A tool containing an integral battery is placed on a Solt wood surface covered by two layers
of tissue paper and the sample is then covered by one layer of untreated 100 % cotton
medical gauze.

The main discharge connections of the battery are shorted with a resistance not to exceed
10 mQ. The test is conducted until the test sample experiences a failure or until the test
sample returns to within 5 K of the ambient temperature. There shall be no explosion during
or after the test. As a result of the test, there shall be no charring or burning of the gauze or
tissue paper. Venting of cells is acceptable.
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Charring is defined as a blackening of the gauze caused by combustion. Discolouration of the
gauze caused by smoke is acceptable. Charring or igniting of the tissue paper or gauze from
the shorting means is not considered a failure.

Fuses, thermal cut-outs, 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, the test is to 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 18.8 with a PL = a;\lba user
adjustable temperature limiter operates, the test is conducted with the temperaturé limiter
set to the most unfavourable setting and then repeated at this setting with 4wo additional
samples.

L.18.204 Batteries other than lithium-ion — overcharging

Batteries comprised of cells other than the lithium-ion type-shall withstand abusive
overcharging without risk of fire or explosion.

Compliance is checked by the following test.

The battery is placed on a soft wood surface covered by two layers of tissue paper and the
sample is then covered by one layer of untreated 100~% cotton medical gauze and charged at
a rate of 10 times the Cg rate for the battery for 1,25 h. There shall be no explosion and no
charring or burning of the gauze or tissue paper. Charring is defined as a blackening of the
gauze caused by combustion. Discolouration“of the gauze caused by smoke is acceptable.
Venting of the cells is acceptable.

L.19 Mechanical hazards

L.19.201 It shall not be possible to install a detachable battery pack or a separable
battery pack in reverse polarity.

Compliance is checkedby inspection.

L.19.202 Lithium-ion enclosure pressure test

This subclause applies only to lithium-ion batteries.

An enclosure for lithium-ion batteries shall be designed such that it will safely release gasses
thatimay be generated as a result of venting.

Compliance is checked by measurement in the case of a) or by the test of b):

a) the total area of the openings in the enclosure allowing gasses to pass without obstruction
shall be equal to or greater than 20 mm?2; or

b) the enclosure shall be tested as follows.

A total of 21 ml + 10 % of air shall be delivered at an initial pressure of 2 070 kPa + 10 %
through a (2,87 +0,05) mm diameter orifice to the enclosure of a tool with integral
battery or the enclosure of a detachable battery pack or separable battery pack. The
pressure within the enclosure shall drop below 70 kPa in 30 s. There shall be no rupturing
that would cause the enclosure to fail to meet the requirements of this standard. An
additional volume, not to exceed 3 ml, is allowed to be added to the enclosure volume as
may be required for test fittings.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV -171 - REDLINE VERSION
© IEC 2025

L.20 Mechanical strength

This clause, except L.20.201 and L.20.202, only applies when the tool is in the configuration
where it is directly connected to the mains or to a non-isolated source.

L.20.201 With the battery connected, battery tools and battery packs shall have adequate
mechanical strength, and shall be so constructed that they withstand rough handling that may

a—avpnactad

OCCAPTTTCTT

Compliance is checked by the tests of 20.2 and L.20.202.

Following the test, the battery tool and battery pack shall not catch fire or explode_and’shall
meet the requirements of Clauses L.9, L.19, L.28.1 and either L.18.201 f) or L.28.201.

In addition, the following applies for lithium-ion batteries after the test of L.20:202:

— the open circuit voltage of the battery shall not be less than 90 % of the voltage measured
immediately prior to the test;

— the battery shall demonstrate normal discharging and recharging after the test;
— there shall be no damage to the cell vent that impairs compliarice with L.21.202.

L.20.202 For hand-held battery tools, L.20.202.1 applies.) For transportable battery tools,
L.20.202.2 applies.

L.20.202.1 A hand-held battery tool with any detachable battery pack attached, shall
withstand being dropped three times on a concreté surface from a height of 1 m. For these
three drops, the sample is tested in the three,most unfavourable positions the lowest point of
the tool being 1 m above the concrete surface! For the test, separable accessories are not
mounted.

For battery tools with detachable. battery packs, the test is repeated three more times
without the battery pack attached to the tool. New samples may be used for each series of
three drops. For the test, separablé accessories are not mounted.

In addition for detachable'battery packs or separable battery packs the test is repeated
three more times on the battery packs separately.

If attachments are provided as specified and mounted in accordance with 8.14.2, the test is
repeated with each attachment or combination of attachments mounted to a separate tool
sample with a_detachable battery pack or separable battery pack installed.

L.20.202:2." A battery-operated transportable tool with any detachable battery pack
attached, placed in its normal operating position, is impacted with a smooth steel sphere
having a diameter of (560 +2) mm and weighing (0,55 + 0,03) kg. If a part of the tool can be
impacted from above, the sphere is dropped from a rest position to strike the component.
Otherwise, the sphere is suspended by a cord and is allowed to fall from a rest position as a

pernaurarrr to Strike tre darea or trre (00l 1O pe tested. I eitrier case, tre verticdl travel Or e
sphere is (1,3 £0,1) m.

A guard that becomes disassembled is acceptable, if it can be reassembled readily to
function properly.

Deformation of a guard or other part is acceptable, if the part can be readily restored to its
original shape.
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Damage to the tool or a portion of the drive system, other than a guard is acceptable, if the
tool is incapable of normal operation.

In addition for detachable battery packs or separable battery packs with a mass greater
than or equal to 3 kg the test is repeated on the battery packs separately.

L.21 Construction

This clause, except L.21.201 and L.21.202, only applies when the tool is in the caonfiguration
where it is directly connected to the mains or to a non-isolated source.

L.21.201 Tools shall not readily accept general purpose batteries either primary or
rechargeable) as an energy source for their primary function.

Compliance is checked by inspection.

L.21.202 Vents of lithium-ion cells shall not be obstructed‘n”such a way as to defeat their
operation if venting is relied upon for safety.

Compliance is checked by inspection or, if in doubt, by inspecting the cells after conclusion of
the abnormal tests of L.18.201 a), b) and c) to egnsure that cells have not vented by any
means other than through the cell vent.

L.21.203 User accessible interfaces betweén elements of a lithium-ion battery system shall
not employ connectors of the following types:

— standard mains inlet connectors,€xcept for mains supply connections;
— barrel connectors with outsideidiameters of 6,5 mm or less;

— phone plugs with a diameter*of 3,5 mm or less.
Compliance is checked by inspection.
L.22 Internal wiring

This clausenly applies when the tool is in the configuration where it is directly connected to
the mainstor.to a non-isolated source.

L.23."Components

£.23.1.10 This subclause applies only to power switches of tools capable of performing

their intended operation when connected to the mains or to a non-isolated source.

L.23.1.10.201 Power switches, other than those of tools described in L.23.1.10, shall have
adequate breaking capacity.

Compliance is checked by subjecting a switch to 50 operation cycles of making and breaking
the locked output mechanism current of the fully charged battery-operated tool, each “on”
period having a duration of not more than 0,5 s and each “off” period having a duration of at
least 10 s.
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After this test 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 is considered to have
no mechanical or electrical failure.

L.23.1.10.202 Power switches, other than those of tools described in L.23.1.10, shall
withstand, without excessive wear or other harmful effect, the mechanical, electrical, and
thermal stresses occurring in the tool.

Compliance is checked by subjecting a switch to 6 000 cycles of operation making and
breaking the current encountered in the fully charged battery tool operated at no-load. The€
switch is operated at a uniform rate of 30 operations per minute. During the test the switch
shall operate correctly. After this test, 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 is considered to have no mechanical or electrical failure.

L.23.201 Cells employed in tools or cells employed in battery packs shall comply with
IEC 62133.

NOTE The above requirement for testing according to IEC 62133 does not include the battery pack itself.

L.23.202 Rechargeable cells employed in tools or in battery packs shall not be of lithium-
metal type.

Compliance is checked by inspection.
NOTE Lithium-ion cells are not lithium metal cells.
L.24 Supply connection and external flexible cords

L.24.1 This subclause also applies to, aflexible cord between a non-isolated source and
the tool.

L.24.3 This subclause also applies to a flexible cord between a non-isolated source and
the tool.

L.24.4 This subclause_applies, except a flexible cord provided between a non-isolated
source and the tool shall not be provided with a plug that can be connected directly to the
mains.

L.24.5 This subclause does not apply to a flexible cord provided between a non-isolated
source andsthe’tool.

L.24.20--This subclause applies, except a flexible cord provided between a non-isolated
source and the tool shall not be provided with an appliance inlet that can be connected
directly to the mains.

shall have anchorages such that the conductors are relieved from strain,
where they are connected within the tool, and protected from abrasion.

including twisting,
Compliance is checked by inspection.

L.25 Terminals for external conductors

This clause does not apply to interconnection cords.
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L.26 Provision for earthing

This clause only applies when the tool is in the configuration where it is directly connected to
the mains or to a non-isolated source.

L.28 Creepage distances, clearances and distances through insulation

This clause is applicable except as follows:
L.28.1 Addition:

This subclause only applies when the tool is in the configuration where it is directly connected
to the mains or to a non-isolated source. During the evaluation in this condition, battery
packs are to be connected to the tool. The tool is also evaluated with thé battery pack
removed if such removal can be accomplished without the use of a tool.

Between parts of opposite polarity that are live during charging, the creepage distances and
clearances of IEC 60335-1:2010 shall apply, if they are greater than(the values in Table 12.

L.28.201 Creepage distances and clearances shall not be jless than values in millimetres
shown in Table L.1. The clearances specified do not apply to the air gap between the
contacts of thermal controls, overload protection devices,(gwitches 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. Creepage distances and
clearances also do not apply to the construction<of battery cells or the interconnections
between cells in a battery pack. The values specified in Table L.1 do not apply to cross-over
points of motor windings.

The values in Table L.1 are equal or largerthan the values required by IEC 60664-1, when

— an overvoltage category II;
— a material group IlI;

— a pollution degree 1 for parts protected against deposition of dirt and for lacquered or
enamelled windings;

— a pollution degree 3 for other parts;
— inhomogeneous électric field

are applied.

For parts «of different polarity, clearance and creepage distances less than those given in
Table LsNare acceptable if the shorting of the two parts does not result in the tool starting.

NOTE* The risk of fire due to spacings below the required values is covered by the requirements of 18.1.
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Table L.1 — Minimum creepage distances and clearances
between parts of opposite polarity

Dimensions in millimetres

Working voltage Working voltage Working voltage
<15V >15Vand <32V >32V
Creepage Clearance Creepage Clearance Creepage Clearance

distance distance distance
0,82 0,8 1,5 1,5 2,02 1,5

8 These creepage distances are slightly lower than suggested by IEC 60664-1. Creepage distances
between live parts of different polarity (functional insulation) are only associated to fire hazard, not\to
electric shock hazard. As products in the scope of IEC 62841 are products supervised during normalvuse,
lower distances are justified.

For parts having a hazardous voltage between them, the sum total of the“measured
distances between each of these parts and their nearest accessible surface shall not be less
than 1,5 mm clearance and 2,0 mm creepage distance.

NOTE 2 Figure L.1 provides clarification on the measurement method.

Compliance is checked by measurement.
The way in which creepage distances and clearances are measured is indicated in Annex A.

Distances through slots or openings in external parts of ifisulating material are measured to
metal foil in contact with the accessible surface; the foil.is pushed into corners and the like by
means of the test probe B of IEC 61032:1997, but is net' pressed into openings.

The sum total of distances measured between’ parts operating at hazardous voltage and
accessible surfaces is determined by measuring the distance from each part to the accessible
surface. The distances are to be added togéether to determine the sum total. See Figure L.1.
For the purpose of this determination, one of the distances shall be 1,0 mm or greater. See
Annex A, cases 1 to 10.

If necessary, a force is applied tg*any point on bare conductors and to the outside of metal
enclosures, in an endeavour tosreduce the creepage distances and clearances while taking
the measurements.

The force is applied by~nieans of the test probe B of IEC 61032:1997 and has a value of:

— 2 N for bare gonductors;
— 30 N for eficlosures.

Means provided for fixing the tool to a support are considered to be accessible.
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IEC 0310/14
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+ b is the sum total as defined in L.28.201.

Figure L.1 — Measurement of clearances
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Annex M
(normative)

Remote communication through public networks

M.1 Overview

of transmission failures via remote communication through public networks, where un

The measures given in this annex are intended to avoid unauthorized access and the effg?
behaviour could occur as a result.

P

However, in general, it does not cover aspects concerning confidentiality of data ancﬂ)rlvacy.

O
M.2 Marking and instructions @

If there is a provision for software download, instructions shall be provi on how or where to
obtain the unique name or code given by the manufacturer, that ide es the current version
of the software running in the tool, battery pack or charger, if thd\é arger contains software
that is relied on for the safety of a lithium-ion charging system/ The instructions shall also

include the necessary steps the person responsible for maintaining the safety of the tool,
battery pack or charger shall follow for the software upda ocedure.
Compliance is checked by inspection. QS)
;\\
O
M.3 Construction Q<<

M.3.1 Software enabling communicatio \§W|th a public network shall be partitioned into
modules separate from software WhICh ecessary to comply with the other requirements of
this document.

¥

NOTE Requirements for partitioning‘@wodules are given in 21.36.

Compliance is checked by{'@pecﬁon.

M.3.2 Protection @S&a against random transmission errors
M.3.2.1 Quali@i/e analysis

For remotn@mmumcatlon through public networks, measures shall be provided to
mltlgate&$ ransmission errors specified in Table M.1, if those transmission errors would
impair pliance with this document. Other measures than the examples specified in
Tabl{ﬁ? are acceptable if they are proven to be effective.

é’npliance is checked by inspection.
N
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Table M.1 — Transmission errors and examples of acceptable measures

Example of acceptable measures

Transmission errors to be covered Sequence
number?

Time
stamp®

Time-
out®

Error
detection
code®

Transfer
redundancy®

Cryptographic
techniquesf

Repetition of a message

=y " £ I o
DUC O aliT ST ot radit of et erencey

messages are repeated.

Deletion of a message

2 |Due to an error, fault or interference, X
a message or acknowledgment is
not received.

Insertion of a message

Due to a fault or interference, a
message is received that relates to X
an unexpected or unknown source
entity.

Re-sequence

Due to an error, fault or interference,
the predefined sequence (for
example natural numbers, time
references) associated with
messages from a particular source
is incorrect.

Incorrect transmission of data in a
message

5 |The message is accidentally
changed (e.g. electromagnetic
interference) to another formally
correct message.

Delay in transmission of a
message

Due to overload of the transmission
system, a message is received laten
than expected.

Interruption of data transfér

7 |Due to failure of the trapsmission
system, the commupication is
terminated unexpettedly.

Incomplete transmission of a
message

g8 |Due to fajlure of the transmission
systemythe communication is
tegminated unexpectedly during
tranismission of a message.

NOTE Further examples of acceptable measures can also be found in IEC 62280.
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Additional data field containing a number that changes in a predefined way from message to message.
Information concerning time of transmission attached to a message by the sender.

¢ Delay between two messages or two bytes of one message exceeding a predefined allowed maximum time. If
this is the case, an error can be assumed.

Additional data included in a message to permit data corruptions to be detected by the transmission function.
Safety code provides data integrity protection with regard to transmission errors, such as

— word protection with multi-bit redundancy; or

—  cyclic redundancy check (CRC) — single word; or R

(&
— transfer redundancy; or Q-

—  protocol test. (0
N

~ L

Form of code safety in which data is transferred at least twice in succession and then compared.

f An example of a cryptographic technique that can be effective against transmission errors h\a message
authentication code.
RN
N

=

M.3.2.2 Quantitative analysis '\b‘

Q
Means shall be provided to ensure that the average probability ony(a]ﬁgerous failure per hour
(PFHDCOM ) caused by incorrect transmission of data during remote communication through

public networks (i.e. erroneous frames being received as }(ﬁ@elly correct messages) is less
than 10-8/h. ©

NOTE 1 See Annex N for guidance to demonstrate that the agyage probability of dangerous failure per hour
(PFHDCOM ) does not exceed the specified maximum value. Q)

For the purpose of the estimation of thQ@ure rate, the following parameters may be
assumed: \\

O

— a binary symmetric and discrete gnpemoryless channel. In case symbols (i.e. non-binary
codes) are used, the g-nary sym@etric channel model can be more suitable;

— the bit error rate does not e d BER =0,001errors/Bit . A lower bit error rate may be used if

a rationale is provided. Inxb\ase symbols (i.e. non-binary codes) are used, a symbol error
rate should be estimated)

NOTE 2 A higher bi@ rate will, with sufficient probability, prevent a communication link from being
established.

.

NOTE 3 In a@d'ance with the black channel approach used throughout this annex, interruption of the
i presents a safe state.

communicat@

— for the ﬁnpose of this calculation, the useful lifespan of a tool may be assumed to not
exce@\TO years.

Co nce is checked by inspection of source code or accompanying documentation. In case
bt, the evaluation can be supplemented by simulation of the fault conditions.

\Nf\TI:A Examules—of gccompanvina—docutmentation—include—flowcharis siate—machine—digarame—or—timing
i Lig PR v I T

diagrams.

M.3.3 Measures shall be provided to protect against hazards arising from the reception of
messages from several sources simultaneously or sequentially.

Compliance is checked by inspection of the source code or accompanying documentation.

NOTE Examples of accompanying documentation include flowcharts, state machine diagrams or timing diagrams.
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M.3.4 Remote communication shall not be enabled prior to authorization. Authorization
shall be based on authentication. The authentication process shall use cryptographic
techniques to ensure the identity of both parties.

For the purposes of this requirement, communication between two entities for preparation of
the authentication and authorization process is not considered remote communication.

Caomnlinnen chaoclkad hi in
SoOTTToTS CTeoreo

SN
S ARLEAS) =4

io
TTCCTS

NOTE Examples of accompanying documentation include flowcharts, state machine diagrams or timing dlagracs)%

M.3.5 Cryptographic techniques shall be implemented to prevent unauthorized q@ess
once authorization for remote communication is established. (1/

The cryptographic techniques employed shall be part of the tool including cessories,
and not rely upon part of the router or similar data transmission device e@al to the tool,
battery or charger itself, and shall be performed prior to transmission.

NOTE An example for cryptographic techniques is the use of message au}llm ication codes (MACs) in
accordance with ISO/IEC 9797 (all parts) to maintain the integrity of the data duri ote communication.

Compliance is checked by inspection and review of technic "documentation which proves
adherence to the commonly accepted cryptographic techni s and methods.

M.3.6 Provisions shall be taken to ensure tha Cspftware updates provided by the
manufacturer and transmitted to the tool, y pack or charger via remote
communication shall be verified prior to its é\stallation that the software version is
compatible with the tool, battery pack or cQa r for which the software version was

designed.
Q

Compliance is checked by evaluati@the software and the manufacturer's version
management documentation. (%

&
M.3.7 The method for updatin @e software shall require permission for each installation of
software in the tool, battery pi&'or charger.

Activation of a mode tha{g—;nables automatic software updates is permitted.
\\
Compliance is checlg&' by inspection.

M.3.8 Theé@allation of software shall not impair the safety of the tool, battery pack or
Iithium—io%\ rging system during or after installation.

Com ce is checked by software inspection.

@.9 Software functions relied upon for compliance with M.3.2. M.3.3 and M.3.6 shall be
\developed in accordance with IEC 60730-1:2010, H.11.12.3.

IEC 60730-1:2010, H.11.12.3.4.1 is only applicable if the safety critical function provided by
the electronic circuit under consideration has PL=c or higher and where sufficient
independence between exchanged data or downloaded software to that safety critical
function cannot be demonstrated.

Compliance is checked by evaluation of the relevant portions of the software in accordance
with IEC 60730-1:2010, H.11.12.3.
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Annex N
(informative)

Methods to estimate the average probability of dangerous failure per hour

caused by remote communication through public networks

message G_)A

Unless for a specific protocol there are more suitable mathematical models available,‘.er_r;a of
the following should be used to calculate the failure rate: Q

N

for a binary symmetric channel (q = 2), a proper check sequence (error deteetion code) of
length n-k bit is assumed to limit the probability of an undetected error duri ransmission

of one message (protocol data unit) P, ?\
X
X
p,, <2 (") (19
N -
where N’
P,e is the probability of an undetected error duringl/%ansmission of one message
(protocol data unit); %

is the number of bits of a code word (protoco{é{a unit);

is the number of bits in a data word. The e word is formed out of the data word by
encoding (i.e. addition of a check sequ@c )-

NOTE This is valid for a large class of codes (€.4."Hamming codes or other proper linear block codes, etc.)
under realistic assumptions. Properness meang\that the relation between bit error probability (less than one
half) and probability of undetected error is @ tonic. See IEC 61784-3:2021, Annex B for an example of a
proper and an improper linear code. %)

This formula can also be used@s an estimate to determine the average probability of
undetected faults for cryptogr@hic codes;

for block codes, the pro‘b\a ility of an undetected error during transmission of one
message (protocol dat@nit) P,e can generally be calculated as follows:

N~
S ,
where C)O

P@s the probability of an undetected error during transmission of one message
(O" (protocol data unit);

Q%A, is the number of code words with the Hamming weight r;

- isthe minimum quming distance of the cade:

n is the number of bits of a code word (protocol data unit);

q is the order of the block code. In case of binary coded communication, g =2;

SER is the symbol error rate. In case of binary coded communication, SER =BER;
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— for a binary symmetric channel (g = 2), if the error detection code ensures a certain
Hamming distance d between two messages, then a lower probability of an incorrectly
transmitted protocol data unit of length n can be estimated according to the following

(:) ‘BER" -(1- BER)""

N.2 Determination of the average probability of dangerous failure per hour

The average probability of dangerous failure per hour caused by the remote communication
(PFHDCOM ) can be calculated by:

PFHp oy, = Pue XV

where

P,e is the probability of an undetected error during transmission“of one message (protocol
data unit);

v is the maximum number of safety-related messages per-hour.

N.3 Example 1: Remotely communicated software update

Figure N.1 illustrates the flow of information:

Development
environment

SR-Software

Other engineering

software

Checksum +
Authentication code

Server

Power tool
(Bootloader +
SCF-Software)

SR-Software +
Checksum +
Authentication code

(Ordinary communication —
without safety assessment)

(Ordinary communication —
without safety assessment)

IEC

Figure N.1 — Flow of information for a remotely communicated software update

As shown in Figure N.1, safety related software is generated with the aid of a development
environment. The machine-readable software code is then provided with a checksum for error
detection (e.g. a CRC32) and a message authentication code (against unauthorized access)
and transferred to a server via ordinary communication.
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In a second step, the software code, checksum and authorization code are transferred to the
tool. Prior to installation, the bootloader software of the tool performs an integrity check of the
downloaded software.

Taking credit for the CRC32-checksum, the average probability of failure of that integrity
check (i.e. incorrectly transmitted software erroneously accepted as a formally correct), can
be estimated as follows:

Po=2"2%23.10""

Assuming an average frequency of one update per year, the resulting average probabijlity of
failure caused by remote communication is calculated as:

PFH, =P ' 23.10Mh
Dcom

Y10 000 h

N.4 Example 2: Power tool with a wireless connection bétween power switch
and control unit

Figure N.2 illustrates the flow of information:

Switch control unit Motor control unit
(SCF- Software) (SCF- Software)

Switch statuts +
Sequénce number +
Checksum (e.g., CRC32) +
Authentication code

(Safe-guarded communication
assessment in accordance with
Annex M)

IEC

Figure\N!2 — Flow of information for a power tool with a wireless connection
between power switch and control unit

The_information whether the switch is actuated is transmitted wirelessly via a communication
protecol that has been assessed in accordance with Annex M. The information is transmitted
every 100 ms. For increased robustness against transmission errors, each message is
transmitted twice and compared before further process.

Taking credit for the CRC32-checksum and the redundant transmission, the average
probability of failure of that integrity check (i.e., an incorrectly transmitted message
erroneously accepted as a formally correct), can be estimated as follows:

P, :(2—32)25,4.10—20

u
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Transmitting the switch state every 100 ms results in 36 000 protocol data units per hour, the
resulting average probability of failure caused by remote communication is calculated as:

6 000
3—z1,95-10*15h*1

ue ’

PFH, »P
Dcom
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC MOTOR-OPERATED HAND-HELD TOOLS, TRANSPORTABLE
TOOLS AND LAWN AND GARDEN MACHINERY -
SAFETY -

Part 1: General requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 4EC is to promote
international co-operation on all questions concerning standardization in the electrical and»electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, ,Téchnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanee with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expréss;y’as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical’ committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for interndtional use and are accepted by IEC National
Committees in that sense. While all reasonable efforts ar& made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC_National Committees undertake to apply IEC Publications
transparently to the maximum extent possible\in®their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent-Certification bodies.

6) All users should ensure that they-have the latest edition of this publication.

7) No liability shall attach to IE€ or its directors, employees, servants or agents including individual experts and
members of its technical cemmittees and IEC National Committees for any personal injury, property damage or
other damage of any watdre whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)\ IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect-thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

Fhi hidated . bt ticialtEC—Standard it I —t I
prepared for user convenience.

IEC 62841-1 edition 1.1 contains the first edition (2014-03) [documents 116/156/FDIS and
116/163/RVD], its corrigenda 1 (2014-05) and 2 (2025-10), and its amendment 1 (2025-
03) [documents 72/1017/FDIS and 72/1026/RVD].

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 62841-1 has been prepared by IEC technical committee 116:
Safety of motor-operated electric tools.

This standard is scheduled to cancel and replace the fourth edition of IEC 60745-1, published
in 2006, the first edition of IEC 61029-1, published in 1990, and the fifth edition of IEC 60335-
1, published in 2010, only with respect to requirements concerning lawn and garden
machinery. The latter publications remain valid until they are withdrawn. This standard
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the fourth
edition of IEC 60745-1:

— requirements in various clauses introduced or modified in order to includé the
requirements for transportable tools and lawn and garden machinery (formerly. covered by
IEC 61029-1 and IEC 60335-1);

— leakage current test and electric strength test moved from former Clauses 13 and 15 to
Annexes C and D;

— former Clauses 29, 30 and 31 renumbered to become Clauses 6, 13"and 15;

— requirements for electronic safety critical functions added to Clause 18;

— requirements for switches revised and moved from Annex | to.Clause 23;

— clarifications in respect to soft materials (elastomers) added to Clauses 9, 19 and 13;

— test finger in Figure 1 of IEC 60745-1 and test probe i)Figure 2 of IEC 60745-1 replaced
by references to basic IEC standards;

— requirements for Li-lon battery systems added to Annexes K and L;
— Annex M removed.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

This Part 1 is to be used in conjunctiop, with the appropriate parts of IEC 62841-2, IEC 62841-
3 or IEC 62841-4 which contain clauSes that supplement or modify the corresponding clauses
in Part 1 to provide the relevant reguirements for each type of product.

NOTE 1 In this standard, the following print types are used:
— requirements: in roman type
— test specification: in itatic.type

— Notes: in smaller roman type

Words in bold in“the text are defined in Clause 3. When a definition concerns an adjective, the adjective and the
associated noun are also in bold.

NOTE 2 _In-Annexes B, K and L, subclauses which are additional to those in the main body of the text are
numberéd-starting from 201.

A-list of all parts of the IEC 62841 series, under the general title: Electric motor-operated
hand-held tools, transportable tools and lawn and garden machinery — Safety, can be found
on the IEC website.

The committee has decided that the contents of this document and its amendment will remain
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the
data related to the specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

NOTE 3 The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations may need a transitional period following publication of a new, amended or revised IEC publication in
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which to make products in accordance with the new requirements and to equip themselves for conducting new or
revised tests.

It is the recommendation of the committee that the content of this publication be adopted for implementation
nationally not earlier than 36 months from the date of publication.

NOTE 4 In Europe (EN 62841-1), the following additional paragraph applies:

When a relevant Part 2, 3, or 4 does not exist, this document can be used to support the risk assessment process
in order to establish requirements for the tool.
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INTRODUCTION

Individual countries may wish to consider the application of this Part 1 of IEC 62841, so far as
is reasonable, to tools not mentioned in an individual part of IEC 62841-2, |IEC 62841-3 or
IEC 62841-4 and to tools designed on new principles.

Examples of standards dealing with non-safety aspects of hand-held tools, transportable

—tootsamd-tawmand-gardenmr mrachimery are

— standards dealing with EMC aspects;

— standards dealing with environmental aspects.
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ELECTRIC MOTOR-OPERATED HAND-HELD TOOLS, TRANSPORTABLE
TOOLS AND LAWN AND GARDEN MACHINERY -
SAFETY -

Part 1: General requirements

1 Scope

This International Standard deals with the safety of electric motor-operated or magnetically
driven:

— hand-held tools (IEC 62841-2);

— transportable tools (IEC 62841-3);

— lawn and garden machinery (IEC 62841-4).

The above listed categories are hereinafter referred to as “tools” or{machines”.

The rated voltage is not more than 250 V for single-phasg‘a.c. or d.c. tools, and 480 V for
three-phase a.c. tools. The rated input is not more than 300 W.

The limits for the applicability of this standard for battery tools are given in K.1 and L.1.

This standard deals with the hazards presented By tools which are encountered by all persons
in the normal use and reasonably foreseeablewmisuse of the tools.

Tools with electric heating elements are*within the scope of this standard.

Requirements for motors not isolated from the supply, and having basic insulation not
designed for the rated voltage' of the tools, are given in Annex B. Requirements for
rechargeable battery-powered\motor-operated or magnetically driven tools and the battery
packs for such tools are given in Annex K. Requirements for such tools that are also operated
and/or charged directly from the mains or a non-isolated source are given in Annex L.

Hand-held electric tools, which can be mounted on a support or working stand for use as fixed
tools without anyvalteration of the tool itself, are within the scope of this standard and such
combination af @ hand-held tool and a support is considered to be a transportable tool and
thus covered by the relevant Part 3.

This standard does not apply to:

— tools intended to be used in the presence of explosive atmosphere (dust, vapour or gas);
<~ tools used for preparing and processing food;

— tools for medical purposes;

NOTE 1 |EC 60601 series covers a variety of tools for medical purposes.
— tools intended to be used with cosmetics or pharmaceutical products;
— heating tools;

NOTE 2 IEC 60335-2-45 covers a variety of heating tools.
— electric motor-operated household and similar electrical appliances;

NOTE 3 |EC 60335 series covers a variety of electric motor-operated household and similar electrical appliances.
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— electrical equipment for industrial machine-tools;

NOTE 4 IEC 60204 series deals with electrical safety of machinery.

— small low voltage transformer operated bench tools intended for model making, e.g. the
making of radio controlled model aircraft or cars, etc.

NOTE 5 In the United States of America, the following conditions apply:

This standard deals with tools used in non-hazardous locations in accordance with the National Electrical Code

NFPA 70.
NOTE 6 In Canada, the following conditions apply:

This standard deals with tools used in non-hazardous locations in accordance with the Canadian Electri¢ €ode,
Part 1, CSA C22.1, and General Requirements — Canadian Electrical Code, Part I, CAN/CSA-C22.2 No.0.

2 Normative references

The following documents, in whole or in part, are normatively referenced inxthis document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced decument (including any
amendments) applies.

IEC 60061, Lamp caps and holders together with gauges forythe control of interchangeability
and safety, available at http://std.iec.ch/iec60061

IEC 60065:2001, Audio, video and similar electronic d@pparatus — Safety requirements?
Amendment 2:2010
Amendment 1:2005

IEC 60068-2-75:1997, Environmental testing-— Part 2-75: Tests — Test Eh: Hammer tests

IEC/TR 60083, Plugs and socket-outlets for domestic and similar general use standardized in
member countries of IEC

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation
IEC 60127 (all parts), Miniature fuses

IEC 60227 (all parts);”Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V

IEC 60238, ‘Edison screw lampholders

IEC 60245 (all parts), Rubber insulated cables — Rated voltages up to and including
450,750 V

IEC 60252-1, AC motor capacitors — Part 1: General — Performance, testing and rating —

Safety requirements — Guidance for installation and operation
IEC 60320 (all parts), Appliance couplers for household and similar general purposes

IEC 60320-1, Appliance couplers for household and similar general purposes — Part 1:
General requirements

1 There exists a consolidated version (Edition 7.2:2011) which includes IEC 60065:2001 and its Amendment 1
(2005) and Amendment 2 (2010).
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IEC 60335-1:2010, Household and similar electrical appliances — Safety — Part 1. General
requirements

IEC 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

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)?2
Amendment 1:1999
Amendment 2:2013

IEC 60664-1, Insulation coordination for equipment within low-voltage systetm's — Part 1:
Principles, requirements and tests

IEC 60695-2-11:2000, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products

IEC 60695-2-13:2010, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods —
Glow-wire ignition temperature (GWIT) test method for materials

IEC 60695-10-2:2003, Fire hazard testing — Part 10-2;yAbhormal heat — Ball pressure test

IEC 60695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and
vertical flame test methods

IEC 60730-1:2010, Automatic electrical controls for household and similar use — Part 1:
General requirements

IEC 60825-1:2007, Safety of laser products — Part 1. Equipment classification and
requirements

IEC 60884 (all parts), Plugs:and socket-outlets for household and similar purposes

IEC 60906-1, IEC system of plugs and socket-outlets for household and similar purposes —
Part 1: Plugs and saocket-outlets 16 A 250 V a.c.

IEC 60990:1999, Methods of measurement of touch current and protective conductor current

IEC 60998-2-1, Connecting devices for low-voltage circuits for household and similar
purpeses — Part 2-1: Particular requirements for connecting devices as separate entities with
serew-type clamping units

I 0000 9 9

o) £ ol H £ L L+ H 3 £ L. b ald ol H H
n-wv UvuvouJvu"o"<, \JUI'I'UULI'IH Ut vivCTo roi rovy VUll,ayU CUIrouito A4 rnmMouovriviu arryu QITrrrrarT
purposes — Part 2-2: Particular requirements for connecting devices as separate entities with
screwless-type clamping units

IEC 60999-1:1999, Connecting devices — Electrical copper conductors — Safety requirements
for screw-type and screwless-type clamping units — Part 1: General requirements and
particular requirements for clamping units for conductors from 0,2 mm? up to 35 mm?2
(included)

2 There exists a consolidated version (Edition 2.2:2013) which includes IEC 60529:1989 and its Amendment 1
(1999) and Amendment 2 (2013).
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IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and

measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
3

Amendment 1:2007
Amendment 2:2010

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) — Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) — Part 4-5: Testing and
measurement techniques — Surge immunity test

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6x" Testing and
measurement techniques — Immunity to conducted disturbances, inducedby radio-frequency
fields

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) —-NPart 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and’voltage variations immunity
tests

IEC 61032:1997, 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 — Methads of test

IEC 61058-1:2000, Switches for appliances — Part 1: General requirements 4
Amendment 1:2001
Amendment 2:2007

IEC 61210, Connecting devicesi- Flat quick-connect terminations for electrical copper
conductors — Safety requirements

IEC 61540:1997, Electrical "accessories — Portable residual current devices without integral
overcurrent protection.fer household and similar use (PRCDs)%
Amendment 1:1998

IEC 61558-1, (Safety of power transformers, power supplies, reactors and similar products —
Part 1: General requirements and tests

IEC 61858-2-4, Safety of transformers, reactors, power supply units and similar products for
supply’ voltages up to 1 100 V — Part 2-4: Particular requirements and tests for isolating
transformers and power supply units incorporating isolating transformers

TEC 6 1558-2-0, Sarety of transformers, reactors, power supply units and similar proaucts for
supply voltages up to 1 100 V — Part 2-6: Particular requirements and tests for safety isolating
transformers and power supply units incorporating safety isolating transformers

3 There exists a consolidated version (Edition 3.2:2010) which includes IEC 61000-4-3:2006 and its Amendment
1 (2007) and Amendment 2 (2010).

4 There exists a consolidated version (Edition 3.2:2008) which includes IEC 61058-1:2000 and its Amendment 1
(2001) and Amendment 2 (2007).

5 There exists a consolidated version (Edition 1.1:1999) which includes IEC 61540:1997 and its Amendment 1
(2001).
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IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for
supply voltages up to 1 100 V — Part 2-16: Particular requirements and tests for switch mode
power supply units and transformers for switch mode power supply units

IEC 61951-1, Secondary cells and batteries containing alkaline or other non-acid electrolytes
— Portable sealed rechargeable single cells — Part 1: Nickel-cadmium

IEC 61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Secondary lithium cells and batteries for portable applications

IEC 61984, Connectors — Safety requirements and tests

IEC 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 62233, Measurement methods for electromagnetic fields of, household appliances and
similar apparatus with regard to human exposure

IEC 62471, Photobiological safety of lamps and lamp systems

IEC/TR 62471-2:2009, Photobiological safety of lamps”and lamp systems — Part 2: Guidance
on manufacturing requirements relating to non-lasép optical radiation safety

ISO 1463, Metallic and oxide coatings — Measurement of coating thickness — Microscopical
method

ISO 2178, Non-magnetic coatings\(on magnetic substrates — Measurement of coating
thickness — Magnetic method

ISO 2768-1, General tolerances — Part 1: Tolerances for linear and angular dimensions
without individual tolerancé.indications

ISO 3744, Acoustics w'Determination of sound power levels and sound energy levels of noise
sources using sound pressure — Engineering methods for an essentially free field over a
reflecting plane

ISO 3864-+2,. Graphical symbols — Safety colours and safety signs — Part 2: Design principles
for product safety labels

1ISO.3864-3, Graphical symbols — Safety colours and safety signs — Part 3: Design principles
for’'graphical symbols for use in safety signs

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of
machinery and equipment

ISO 5347 (all parts), Methods for the calibration of vibration and shock pick-ups

ISO 5349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand-
transmitted vibration — Part 1: General requirements

ISO 5349-2, Mechanical vibration — Measurement and evaluation of human exposure to hand-
transmitted vibration — Part 2: Practical guidance for measurement in the workplace
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ISO 7000:2012, Graphical symbols for use on equipment — Index and synopsis
ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs

ISO 7574-4, Acoustics — Statistical methods for determining and verifying stated noise
emission values of machinery and equipment — Part 4: Methods for stated values for batches
of machines

ISO 8041, Human response to vibration — Measuring instrumentation

ISO 9772:2012, Cellular plastics — Determination of horizontal burning characteristics of\small
specimens subjected to a small flame

ISO 11201, Acoustics — Noise emitted by machinery and equipment — Detérmination of
emission sound pressure levels at a work station and at other specified<positions in an
essentially free field over a reflecting plane with negligible environmental corrections

ISO 11203, Acoustics — Noise emitted by machinery and equipmént — Determination of
emission sound pressure levels at a work station and at other specified positions from the
sound power level

ISO 12100, Safety of machinery — General principles for désign — Risk assessment and risk
reduction

ISO 13849-1, Safety of machinery — Safety-related¢parts of control systems — Part 1: General
principles for design

ISO 13850, Safety of machinery — Emergenéy Stop — Principles for design

ISO 16063-1, Methods for the calibration of vibration and shock transducers — Part 1: Basic
concepts

EN 12096, Mechanical vibration'= Declaration and verification of vibration emission values

ASTM B 258, Standard. specification for standard nominal diameters and cross-sectional
areas of AWG sizes of solid round wires used as electrical conductors

UL 969, Standard.for marking and labeling systems

NOTE 1 In the Wnited States of America, the following normative reference applies:
US, Codeyof Federal Regulations (CFR) Title 21, Food and Drugs.
NOTE\2/ In Canada, the following normative reference applies:

C'R.C., c. 1370, Radiation Emitting Devices Regulations

NOTE 5 In Europe (EN 62841-1), the tollowing normative reterences apply:

CR 1030-1, Hand-arm vibration — Guidelines for vibration hazards reduction — Part 1: Engineering methods by
design of machinery

EN ISO 11688-1, Acoustics — Recommended practice for the design of low-noise machinery and equipment —
Part 1: Planning (ISO/TR 11688-1)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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Where the terms voltage and current are used, they imply the r.m.s. values, unless otherwise
specified.

Where in this standard the expressions “with the aid of a tool”, “without the aid of a tool”, and
“requires the use of a tool”, are used, the word “tool” means a hand tool, for example a
screwdriver, which may be used to operate a screw or other fixing means.

34

accessible part

conductive part or surface of insulating materials that can be touched by means of the test
probe B of IEC 61032:1997

3.2
accessory
device that is attached only to the output mechanism of the tool

3.3

adjustable guard

guard which is adjustable as a whole or which incorporates adjustable part(s). For manually
adjustable guards, the adjustment remains fixed during a particularoperation

3.4

all-pole disconnection

disconnection of all supply conductors except the protective earthing (grounding) conductor
by a single initiating action

3.5

attachment

device attached to the housing or other component of the tool and which may or may not be
attached to the output mechanism and daes not modify the normal use of the tool within the
scope of this standard

3.6

basic insulation

insulation applied to live parts:to provide protection against electric shock. Insulation applied
to live parts not intended«to provide electric shock protection is considered to be insulation
for functional purposes, such as magnet wire insulation

3.7
battery
assembly of one 'or more cells intended to provide electrical current to the tool

3.8

classtool

toolin“which protection against electric shock does not rely on basic, double or reinforced
insulation only, but which includes an additional safety precaution in that conductive
accessible parts are connected to the protective earthing conductor in the fixed wiring of the

— mstattatiom i sucha way thatconductive accesstbie parts canmot become tive mthe eventof—

a failure of the basic insulation

Note 1 to entry: Also considered as class | tools are tools with double insulation and/or reinforced insulation
throughout, but also having an earthing terminal or earthing contact.

3.9

class Il tool

tool in which protection against electric shock does not rely on basic insulation only, but in
which additional safety precautions, such as double insulation or reinforced insulation, are
provided, there being no provision for protective earthing or reliance upon installation
conditions
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3.10

class lll tool

tool in which protection against electric shock relies on supply at safety extra-low voltage,
and in which voltages higher than those of safety extra-low voltages are not generated

3.11
class Il construction

part of a tool for which protection against electric shock relies upon double insulation or
reinforced insulation

3.12

class Ill construction

part of a tool for which protection against electric shock relies upon safety extra-low,voltage,
and in which voltages higher than those of safety extra-low voltages are not generatéed

3.13

clearance

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

Note 1 to entry: Examples of clearances are given in Annex A.

3.14

control device

device used by the user to adjust and/or regulate an‘€lectrical or mechanical function of the
tool

3.15

creepage distance

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

Note 1 to entry: Examples of creepage distances are given in Annex A.

3.16

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

Note 1 to entry: A non-detachable part is covered by the requirements of 21.22.

3.17
doubile insulation
insulation system comprising both basic insulation and supplementary insulation

3.18
electronic circuit
circuit incorporating at least one electronic component

3.19

electronic component

part in which conduction is achieved principally by electrons moving through a vacuum, gas or
semiconductor, with the exclusion of neon indicators

Note 1 to entry: Examples of electronic components are diodes, transistors, triacs and monolithic integrated
circuits. Resistors, capacitors and inductors are not considered electronic components.
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3.20

explosion

failure that occurs, when an enclosure opens violently and major components are forcibly
expelled in a manner that could result in injury

3.21
extra-low voltage
voltage supplied from a source within the tool and. which, when the tool is supplied at rated

voltage, does not exceed 50 V between conductors and between conductors and earth

3.22

fixed guard

guard affixed in such a manner (e.g. by screws, nuts, welding) that it can only be egpéened or
removed with the use of tools or by destruction of the affixing means

3.23
guard
physical barrier, designed as part of the tool, to provide protection

3.24

hand-held tool

tool intended to do mechanical work, with or without provisions\for mounting on a support, and
so designed that the motor and the machine form an assembly’which can easily be brought to
the place of operation, and which is either held or supported by hand or suspended during
operation

Note 1 to entry: Hand-held tools include tools provided with' a flexible shaft, the motor being either fixed or
portable.

3.25

inherent operating cycle

repetitive operation of a tool designed.in-such a way that the complete cycle duration cannot
be altered by the operator

3.26
interconnection cord
external flexible cord provided for electrical connections between two parts of a tool

3.27
lawn and garden machinery
tool for garden maintenance

3.28

liquid system

system, that employs water or a water-based liquid from an external or integral supply that is
usedsto perform the intended function of the tool

3.29

live part
any conductor or conductive part intended to be energized in normal use, including a neutral
conductor

3.30

mean time to dangerous failure

MTTF4

expectation of the mean time to dangerous failure



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

FINAL VERSION -18 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

3.31
momentary power switch
power switch that does not remain in the “on” position when the actuating device is released

3.32

non-self-resetting thermal cut-out

thermal cut-out which requires a manual operation for resetting, or replacement of a part, in
order to restore the current

Note 1 to entry: Manual operation also includes operation of the power switch.

3.33

non-isolated source

voltage source in which the output is not isolated from the mains supply by means of a safety
isolating transformer

3.34
normal operation
conditions under which the tool is operated in normal use when it iscconnected to the power

supply

3.35
normal use
use of a tool for which it is designed, taking into account the manufacturer’s instructions

3.36

power switch

device that electrically activates the primary 4€unction of the tool in the “on” position and
deactivates the same function of the tool in its\‘off” position

3.37

protective device

device, the operation of which prevents a hazardous situation under abnormal operation
conditions

3.38

protective impedance

impedance connected:between live parts and accessible conductive parts, and of value so
that the current is limited to a safe value

3.39
rated current
current assigned to the tool by the manufacturer

3.40
rated frequency
frequency assigned to the tool by the manufacturer

3.41

rated frequency range

frequency range assigned to the tool by the manufacturer, expressed by its lower and upper
limits

3.42
rated input
input in watts assigned to the tool by the manufacturer
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3.43
rated no-load speed
no-load speed assigned to the tool by the manufacturer

3.44

rated voltage

voltage assigned to the tool by the manufacturer. For three-phase supply, it is the voltage
between phases

3.45

rated voltage range

voltage range assigned to the tools by the manufacturer, expressed by its lower and\upper
limits

3.46

reinforced insulation

insulation of live parts which provides a degree of protection against electric shock
equivalent to double insulation

Note 1 to entry: Examples of reinforced insulation are a single layer or several Jayers which cannot be tested
singly as basic insulation or supplementary insulation.

3.47

residual current device

RCD

device intended to detect a diversion of current fromia circuit in a way that may expose the
user to an electric shock; in such conditions the device opens the circuit

Note 1 to entry: Such a device is also known as portable' residual current device (PRCD), ground fault circuit
interrupter (GFCI) or earth leakage circuit breaker (ELCBY.

3.48

safety critical function

SCF

function(s) required by this standard, the loss of which would cause the tool to function in
such a manner as to expose thefuser to a risk that is in excess of the risk that is permitted by
this standard under abnormal conditions

3.49

safety extra-low voltage

voltage not exceeding a peak value of 42,4 V between conductors and between conductors
and earth, the fosload voltage not exceeding a peak value of 50 V, in an electric circuit which
has galvanie-separation from the supplying electric power system by such means as a safety
isolating transformer or a converter with separate windings, the insulation of which complies
with double insulation or reinforced insulation requirements

3.50
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, a tool or other equipment at safety extra-low voltage

3.51

self-resetting thermal cut-out

thermal cut-out which automatically restores the current after the relevant part of the tool
has cooled down to a given value
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3.52

supplementary insulation

independent insulation applied in addition to the basic insulation, in order to provide
protection against electric shock in the event of a failure of the basic insulation

3.53
supply cord
flexible cord. for supply purposes. which is fixed to the tool

3.54

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 closingya circuit
when the temperature of the controlled part reaches a predetermined value

Note 1 to entry: This does not reverse this operation of opening or closing a circuit during the_normal operation of
the tool.

3.55

thermal cut-out

device which, during abnormal operation, limits the temperaturé.of the controlled part by
automatically opening the circuit, or by reducing the current, the” setting of which cannot be
altered by the user

3.56
thermal link
thermal cut-out which operates only once, and theh requires partial or complete replacement

3.57

thermostat

temperature-sensing device, the operating temperature of which may be either fixed or
adjustable; and which, during normal operation, keeps the temperature of the controlled part
between certain limits by automatically-opening and closing a circuit

3.58
transportable tool
tool that has the following ¢haracteristics:

a) intended to be taken to various designated working areas. The tool performs work on the
material that is either brought to the tool, the tool is mounted to the workpiece or the tool
is placed in_proximity of the workpiece;

b) intended'to' be moved by one or two people, with or without simple devices to facilitate
transportation, e.g. handles, wheels and the like;

c) usé€diin a stationary position set up on a bench, table, floor or incorporating a device that
performs the function of a bench or table, with or without fixing, e.g. fast clamping
devices, bolting and the like, or mounted to the workpiece;

d)” used under the control of an operator;

e) either the workpiece or the Tool is Ted or infroduced manually;

f)  not intended for continuous production or production line use;
g) if mains operated, supplied with a flexible supply cord and plug
3.59

type X attachment

method of attachment of the supply cord specified by the manufacturer so that it can easily
be replaced
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3.60

type Y attachment

method of attachment of the supply cord such that any replacement is intended to be made
by the manufacturer, its service agent or similar qualified person

3.61
type Z attachment

method of attachment of the supply cord so that it cannot be replaced without breaking or
destroying the tool

3.62

user maintenance

maintenance operation(s) which are intended to be carried out by the user in accordance with
the instruction manual

3.63

working voltage

maximum voltage, without the effect of transient voltages, to which the part under
consideration is subjected when the tool is supplied at its rated voltage and operating with
rated input or rated current

3.64
entity
person, device, tool, product or service that interacts with a-tool, battery pack or charger

3.65
message
data which is transmitted from a sender (data_source) to one or more receivers (data sink)

3.66

public network

network carrying digital data or analogte signals or both where access to the data and signals
is not restricted by the physical space within the use environment of the tool, battery or
charging system

Note 1 to entry: Determinationof confinement to the physical space includes consideration of the network's range
of communication, configuration, or construction.

Note 2 to entry: For the'purposes of this document, examples of public networks include, but are not limited to:
— PAN (personal area network);

— LAN (local apeasnetwork) connected devices which can or cannot be connected to a gateway, such as BLE
(Bluetooth fow-Energy), Bluetooth or WLAN (wireless local area network);

— PLC (power line communication);
— SRD\(short range devices); and

- JWAN (wide area network).

Note 3 to entry: For the purposes of this document, examples of networks which are not considered as being
public networks include, but are not limited to:

— NFC (near field communication);
— optical communication with line of sight (infra-red rays or visual rays); and

— hardwired configurations constructed of physical media

without connection to a public network.

3.67

remote communication

transmission of data between the tool, battery pack or charger and an entity that can be
initiated out of sight of the tool, battery pack or charger using communication means such as
radio wave modulation, sound wave modulation or bus systems
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Note 1 to entry: Examples of transmission of data include, but are not limited to, remote monitoring, software
downloading or control parameter modifications.

Note 2 to entry: Transmission of data can be one-way (simplex) or two-way (duplex).

3.68

authentication

provision for confirming that the entity sending or receiving a message is what or who it
claims to be

3.69

authorization

means to ensure that the authenticated entity requesting access to information, functions or
services has the required authority

3.70

cryptographic technique

calculation of output data using a mathematical algorithm to encode input data with a key as a
parameter

3.7
data integrity protection
protection that enables the tool to confirm the data has not beep:altered, lost or destroyed

4 General requirements

Tools shall be so constructed that they operate safely so as to cause no danger to persons or
surroundings.

Tools that have clearly separate modes, of operation shall comply separately with the
requirements applicable to each specifiéimode of operation.

Multifunction tools shall comply, ‘separately with the applicable part of IEC 62841-2,
IEC 62841-3 or IEC 62841-4 and shall take into account any other hazards due to the
combination of functions.

NOTE In Europe (EN 62841l), the above paragraph is not applicable.

Compliance is checked by fulfilling the relevant requirements and carrying out the relevant
tests of this standard.

5 Generalconditions for the tests

5.1 Tests according to this standard are type tests. General test conditions in Clause 5
apphrunless otherwise specified in this standard.

NOTE Annex F shows an example of routine tests.

5.2 The tests are made on separate samples. However, at the manufacturer’s discretion,
fewer samples may be used.

The cumulative stress resulting from successive tests on electronic circuits is to be avoided.
It may be necessary to replace components or to use additional samples.

If several tests are conducted on a single sample, then the results shall not be affected by
previous tests.
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5.3 If it is evident from the construction of the tool that a particular test is not applicable,
the test is not made.

5.4  The tests are carried out with the tool, and/or any movable part of it, placed in the most
unfavourable position that may occur in normal use.

5.5 Tools provided with controls or switching devices are tested with these controls or

dovicoc adivictnd 0 thair mact ynfavnpirahln onttinaa (fthn anttin~ ~nan ha alfarad hy tha ony
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Electronic speed control devices are set for the highest speed.

If the adjusting means of the control is accessible without the aid of a tool, 5.5 applies
whether the setting can be altered by hand or with the aid of a tool. If the adjusting means is
not accessible without the aid of a tool, and if the setting is not intended to be altered’ by the
user, 5.5 does not apply.

Adequate sealing is regarded as preventing alteration of the setting by the user.

5.6 The tests are made in a draught-free location and at an ambient temperature of
(20 + 5) °C.

If the temperature attained by any part is limited by a temperature sensitive device, the
ambient temperature is, in case of doubt, maintained at (23+2) °C.

5.7 The test conditions related to frequency and voltage are specified in 5.7.1 to 5.7.3.

5.7.1 Tools for a.c. only are tested with a.c.,at.rated frequency, if marked, and those for
a.c./d.c. are tested with the most unfavourable-stpply.

Tools for a.c. which are not marked with rated frequency, or marked with a rated frequency
range of 50 Hz to 60 Hz or with 50/607Kz, are tested with either 50 Hz or 60 Hz, whichever is
the most unfavourable, unless thé tool employs only series motors, in which case either
frequency may be used.

5.7.2 Tools having more~than one rated voltage or having a rated voltage range are
tested at the highest voltage.

5.7.3 For tests that require a value for rated current and with tools where there is no
marked rated current, the value of the rated current is substituted by the current measured
when the toolss operated at rated input at the lowest rated voltage or the lower value of the
rated voltage range.

5.8 _When alternative heating elements or attachments are made available for the tool by
its manufacturer, the tool is tested with those heating elements or attachments which give
the;most unfavourable results.

e Foot iy e -flexib ’ ’ e "

5.10 If class I tools have accessible parts which are not connected to an earthing terminal
or earthing contact, and are not separated from live parts by an intermediate metal part
which is connected to an earthing terminal or earthing contact, such parts are checked for
compliance with the appropriate requirements specified for class Il construction.

5.11 If class I tools or class Il tools have parts operating at safety extra-low voltage,
such parts are checked for compliance with the appropriate requirements specified for class
1l tools.
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5.12 When testing electronic circuits, the supply is to be free from those perturbations from
external sources that can influence the results of the tests.

5.13 If, in normal use, a heating element, if any, cannot be operated unless the motor is
running, the element is tested with the motor running. If the heating element can be operated
without the motor running, the element is tested with or without the motor running, whichever
is the more unfavourable. Heating elements incorporated in the tool are connected to a
Separate supply unless otherwise specified.

5.14 For attachments performing a function which is within the scope of one of the relevant
parts of IEC 62841-2, IEC 62841-3 or IEC 62841-4, the tests are made in accordance with
that part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

5.15 |If a torque is to be applied, the method of loading is chosen so as to avoid additional
stresses, such as those caused by side thrust. Additional loads necessary «for the correct
operation of the tool are, however, taken into consideration.

If a brake is used for applying a load, it must be applied gradually to_assure that the starting
current does not affect the test. Modification of output means for-purpose of loading is
permitted for the connection to a brake.

5.16 Tools intended to be operated at safety extra-low voltage are tested using a supply
transformer intended to be used with the tool.

5.17 If a requirement is based upon the mass of\the tool, the mass shall be determined
without supply cord, if any, and without tool bits of accessories, but with all equipment and
attachments needed for normal use. Details ,of ‘the required accessories, equipment and
attachments are given in the relevant part of dEC 62841-2, IEC 62841-3 or IEC 62841-4.

If the tool is supplied with more than one“accessory, equipment or attachment, the heaviest
configuration shall be used to determine the mass.

5.18 |If linear and angular dimensions are specified without a tolerance, ISO 2768-1, class
“c” is applicable.

5.19 All electrical measuréments shall be made with a maximum measurement error of 5 %.

Instruments for measuring voltage shall have an input resistance of at least 1 MQ with a
maximum parallel.capacitance of 150 pF.

5.20 Thermal equilibrium is considered achieved when the total deviation of three
successive~temperature rise readings, taken at 3 min intervals, does not exceed 4 K. For
inductien~-motors, a measurement time of 1 h is considered sufficient.

For'motors, thermal equilibrium may be evaluated by measuring the temperature of the stator
laminations.

6 Radiation, toxicity and similar hazards
6.1  Tools shall not emit harmful radiation, or present a toxic or similar hazard.

Compliance is checked by the test, given in the relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4, where necessary.

NOTE Previous studies have shown that the level of electromagnetic fields (EMF) emitted by power tools and
garden machinery, measured in accordance with IEC 62233, is far below the applicable limits, provided the sole
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significant source of EMF is the motor, which is typically a universal, DC (with or without brushes), induction or
solenoid motor. Therefore, a general measurement in accordance with IEC 62233 was regarded as not necessary.

6.2 If the tool is fitted with a laser to indicate a cutting line or the like, the laser class shall
be 2M or lower, according to IEC 60825-1:2007.

In addition, the tool shall be marked with the symbol(s) as required by IEC 60825-1:2007 for
the relevant laser class.

Compliance is checked by inspection.

6.3 If a tool is fitted with non-coherent light sources, users of tools shall be cautioned'as to
the risk of potential photo-biological harm, if such harm exists.

Depending on the type of light source, the requirements of 6.3.1, 6.3.2 or 6.3.3 apply.

6.3.1 Visible light indicators (pilot lamps) and Infrared sources usedyfor signalling and
communication are considered to have no risk of photo-biological harm and require no
marking.

Compliance is checked by inspection.

6.3.2 Tools emitting visible light from electroluminescent, incandescent or LED sources are
considered to be for short term, non-general light seryvices use where exposure is both
incidental and intermittent.

Tools emitting light from these sources shall bednarked with one of the following:

— “CAUTION Do not stare at operating lamp”, or
— symbol IEC 60417-6041 (2010-08).

The marking may be omitted, if it;)can be demonstrated that the emitted light presents no
reasonable risk of harm.

The emitted light is considered'to present no reasonable risk or harm, if either

— the light emission at:-a distance of 200 mm along any direction of the tool is below
500 Lux; or
— the luminance light emission is less than 10 000 cd/m? in the range of visible light; or

— the light spurce (if not focused by external optics) is in Risk Group 1 or lower evaluated by
the methods of IEC 62471; or

— the tool'itself is evaluated by the methods of IEC 62471 and found to be in Risk Group 1
or-lower.

CGompliance is checked by measurement and by the methods specified in IEC 62471.

evaluated by the methods of IEC 62471 and the markings shal-l -bt,-:‘ guided by 5.4 of
IEC/TR 62471-2:2009.

Compliance is checked by inspection and by the methods specified in IEC 62471.

7 Classification

71 Tools shall be of one of the following classes with respect to protection against electric
shock:
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class I, class Il, class Ill.
Compliance is checked by inspection and by the relevant tests.

7.2 Tools shall have the appropriate degree of protection against harmful ingress of water
according to IEC 60529:2013. If a degree other than IPXO0 is required this shall be specified in
the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

Compliance is checked by inspection and by the relevant tests.

8 Marking and instructions

8.1  Tools shall be marked with rating information as follows:

— rated voltage(s) or rated voltage range, in volts. Tools for star-delta cenhection shall be
clearly marked with the two rated voltages (for example 230 A/ _400 Y). A tool that
complies with this standard for a voltage range, may also be markKed with any single
voltage or smaller voltage range within that range;

— symbol for nature of supply, unless the rated frequency(ies) or.rated frequency range is
marked. The symbol for nature of supply shall be placed, next to the marking for rated
voltage;

— rated input, in watts or rated current, in amperes. The“rated input or rated current to
be marked on the tool is the total maximum input jor current that can be drawn from
external circuit at the same time. If a tool has‘(lternative components which can be
selected by a control device, the rated inputor rated current is that corresponding to
the highest loading possible;

— symbol for class Il construction, for class. !l tools only;

— IP number according to degree of protection against ingress of water other than IPX0. If
the first numeral for the IP numberingis omitted, the omitted numeral shall be replaced by
the letter X, for example IPX5.

Compliance is checked by inspegtion.

8.1.1 Tools having a range of rated values such as for voltage and frequency and which
can be operated without.adjustment throughout the range shall be marked with the lower and
upper limits of the range-separated by a hyphen.

Example:
115-230 V. The tool is suitable for any value within the marked range.

Tools having different rated values and which have to be adjusted for use of a particular value
by<the user or installer shall be marked with the different values separated by an oblique
stroke. This requirement is also applicable to tools with provision for connection to both
single-phase and multi-phase supplies.

Examples:
115/230 V: The tool is only suitable for the marked values.

230/400 V: The tool is only suitable for the voltages values indicated, 230 V being for single-
phase operation and 400 V for three-phase operation.

Compliance is checked by inspection.
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8.1.2 For tools marked with more than one rated voltage, a rated voltage range or with
more than one rated voltage range, the rated input for each of these voltages shall be
marked.

The upper and lower limits of the rated power input shall be marked on the tool so that the
relation between input and voltage appears distinctly, unless the difference between the upper
and lower limits of a rated voltage range does not exceed 20 % of the mean value of the
range, in which case the marking for rated input may be related to the mean value of the

range.
Compliance is checked by inspection.
8.2 Tools shall be marked with a safety warning in one of the following versions:

- “EWARNING — To reduce the risk of injury, user must read instruction manual”, or
— symbol M002 of ISO 7010, or

— the appropriate symbol stated in the relevant part of IEC 628412, IEC 62841-3 or
IEC 62841-4.

If used, the word “WARNING” shall be in capital letters not less than 2,4 mm high and shall
not be separated from either the cautionary statement or_the'symbol ISO 7000-0434A or
ISO 7000-0434B (2004-01).

If used, the statement shall be verbatim except the term/’ “operator’s manual” or “user guide”
may be used for the term “instruction manual”.

If additional symbols are used, they shall be indaccordance with ISO 7010 or be designed in
accordance with 1ISO 3864-2 or ISO 3864-3.

Cautionary statements having the same“signal word such as “ﬂWARNING” may be combined
into one paragraph under one signal word. The order of statements shall be markings
required by IEC 62841-1, markings required by the relevant part of IEC 62841-2, IEC 62841-3
or IEC 62841-4 and then any optional markings.

Compliance is checked by.inspection and by measurement.

8.3 Tools shall be.marked with additional information as follows:

— the business mname and address of the manufacturer and, where applicable, his authorised
representative. Any address shall be sufficient to ensure contact. Country or state, city
and postalreode (if any) are deemed sufficient for this purpose;

— designation of the tool,
designation of the tool may be achieved by a code that is any combination of letters,
numbers or symbols, providing that this code is explained by giving the explicit

designation such as “drill”, “planer” etc. in the instructions supplied with the tool;

NOTE 1 An example of such code is “A123-B”.

— designation of series or type,
allowing the technical identification of the product. This may be achieved by a combination
of letters and/or numbers and may be combined with the designation of tool;

NOTE 2 The term “designation of series or type” is also known as model number.

— the year of manufacture and a date code identifying at least the month of manufacture;

— for tools manufactured such that its parts are shipped separately for assembly by the end
user, each part shall be marked with a distinct identification on the part or the package;
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— if the mass of the tool is greater than 25 kg: "> 25 kg" or the mass of the tool in kg.

If additional markings are used, they shall not give rise to misunderstanding.

NOTE 3 In Europe (EN 62841-1), the following additional requirement applies:

Tools shall be additionally marked with the website, e-mail address or other digital contact at which the
manufacturer can be contacted. Where the size or nature of the tool does not allow the marking on the product, the
required information shall be provided on the packaging or in an accompanying document.

For tools where the instruction manual is provided only in a digital format, the tool shall be marked with information
on how to access the digital instructions. Where the size or nature of the tool does not allow the marking onrthe
product, the required information shall be provided on the packaging or in an accompanying document.

Compliance is checked by inspection.
8.4  Markings specified in 8.1 to 8.3 shall not be on a detachable part of the tool.

Markings specified in 8.2 and 8.3 shall be clearly discernible from the outside of the tool. For
markings other than symbols, this may be achieved by the use of a fold‘over label on power
cords of tools with type Y attachment or type Z attachment. Other markings on the tool may
be visible after removal of a cover, if necessary.

Indications for switches and controls shall be placed on or inthe vicinity of these components;
they shall not be placed on parts which can be repositioned) or positioned in such a way that
the marking is misleading.

Compliance is checked by inspection.

8.5 If the tool can be adjusted to suit differént*rated voltages, the voltage to which the tool
is adjusted shall be clearly discernible.

This requirement does not apply to tools for star-delta connection.

For tools where frequent changés in voltage setting are not required, this requirement is
considered to be met if the rated voltage to which the tool is adjusted can be determined
from a wiring diagram fixed-to the tool. The wiring diagram may be on the inside of a cover
which has to be removed te connect the supply conductors. It shall not be on a label loosely
attached to the tool.

Compliance is checked by inspection.

8.6  For units'the following shall be used:

N N volts
A amperes
AN ampere-hours
Hz hertz

W waltts

KW kilowatts

F o farads

LE microfarads
P litres

o P grams

S kilograms
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Pa pascals

0 T hours

001 o T PP minutes

S et seconds

1 no-load speed

dminor ..min=! revolutions or reciprocations per minute (rpm)

For symbols the following shall be used:
[symbol IEC 60417-5031 (2002-10)]
direct current

e [symbol IEC 60417-5032 (2002-10)]
alternating current

370 three-phase alternating current

....................... three-phase alternating current with,neutral
....................... rated current of the appropriate fuse-link in amperes

....................... time-lag miniature fuse-link where X is the symbol for
the time/current characteristic, as given in IEC 60127

....................... [symbol IEC 60417-5019 (2006-08)]
protective earth

............................ [symbol IEC 60417-5172 (2003-02)]
class Il tool

....................... IP symbol

....................... [symbol ISO 7000-0434A or ISO 7000-0434B (2004-
03]
caution

....................... [symbol M002 of ISO 7010]
read the instructions

....................... [symbol IEC 60417-5012 (2002-10)]
lamp

NOTE The rated wattage of the lamp may be indicated in association with this
symbol.

....................... [symbol IEC 60417-6041 (2010-08)]
visible radiation, instructional safeguard

....................... diameter
....................... lithium-ion battery

....................... nickel-cadmium battery

....................... nickel-metal hydride battery

If additional symbols are used, they shall not give rise to misunderstanding and be explained
in the instructions.

When other units are used, the units and their symbols shall be those of the international
standardized system.

Compliance is checked by inspection.
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8.7 Tools to be connected to more than two supply conductors shall be provided with a
connection diagram, fixed to the tool, unless the terminals are clearly identified.

The earthing conductor is not considered to be a supply conductor. For tools for star-delta
connection, the wiring diagram shall show how the windings are to be connected.

Compliance is checked by inspection.

8.8 Except for type Z attachment, terminals shall be indicated as follows:

— Terminals intended exclusively for the neutral conductor shall be indicated by the letter N.
— Earthing terminals shall be indicated by the symbol IEC 60417-5019 (2006-08).

These indications shall not be placed on screws, removable washers or other.'parts which
might be removed when conductors are being connected.

Compliance is checked by inspection.

8.9 Switches which may give rise to a hazard when operated shall be marked or so placed
as to indicate clearly which part of the tool they control.

Compliance is checked by inspection.

8.10 The “off” position of a multi-stable power switch'shall be indicated; the indication shall
be the figure O, as given by symbol IEC 60417-5008%(2002-10). A momentary power switch
which can be locked in the “on” position is not considered as a multi-stable switch.

Push-buttons used only for the "off" functior shall be indicated by marking the button/position
with the figure O and the colour of the button'shall be red or black.

The figure O shall not be used for any.‘ether indication.

NOTE The figure O can, for example,(also be used on a digital programming keyboard.

For transportable tools, .a power switch actuator or its cover shall not have a colour in a
combination of yellow and red as specified for an emergency stop in accordance with
ISO 13850.

When a flap/cover is provided and covers only the start button, the colour of the flap/cover
shall not be blagk, red or yellow.

When asflap/cover is provided and covers the stop button, such flap/cover shall be red or
black.

Compliance is checked by inspection.

8.11 Control devices intended to be adjusted during operation, shall be provided with an
indication for the direction of adjustment to increase or to decrease the value of the
characteristic being adjusted. An indication of + and — is considered to be sufficient for this
requirement.

The requirement does not apply to control devices provided with an adjusting means, if its
fully “on” position is opposite to its “off” position.

If figures are used for indicating the different positions, the “off” position shall be indicated by
the figure O and the other positions shall be indicated by figures reflecting the greater output,
input, speed, etc.
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The indication for the different positions of the operating means of a control device shall be
placed on the device itself, or adjacent to the operating means.

Compliance is checked by inspection.

8.12 Markings required by the standard shall be legible and durable. Signs shall be in
contrast such as colour, texture, or relief, to their background such that the information or

metriiotione nravidad hy tha cinne ara olaarlhy laaihla wwhaon vicavwad with narmmal vician fram o
ot o otrotts—provrae oyt e—Sorgro—are—orearry e grore—w e r—view e vt o v S To o

distance of (500 + 50) mm. Signs need not be in accordance with the blue colour
requirements of ISO 3864-2.

Compliance is checked by inspection and by rubbing the marking by hand for 15s_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 of 8.12, the marking shall be easily legible, it shall not be ‘easily possible to
remove markings.

In considering the durability of the marking, the effect of normal use’is taken into account.
Thus, for example, marking by means of paint or enamel other-than vitreous enamel on
containers that are likely to be cleaned frequently is not considered to be durable.

The petroleum spirit to be used for the test shall be a reagent grade hexane with a minimum
of 85 % as n-hexane.

NOTE 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 Chemical Society) reagent grade
hexane (CAS #110-54-3).

If the marking has an adhesive backing, the adhesive backing shall be durable.

Compliance is checked by either meetihg the requirements of UL 969 under the conditions of
occasional exposure to oil, humidity-and water, and appropriate for the surface to which it is
applied, or by the following tests;

— Three labels applied to the tools or a panel of the test surface material are placed in an
oven for a minimum .of 24 h with the oven is maintained at a temperature of (120 + 2) °C,
or alternatively for.@ minimum of 200 h at the temperature that the label is exposed to
during the test of Glause 12.

— Six additionahlabels applied to the tool or a panel of the test surface material are placed in
a controlledhatmosphere maintained at 21 °C to 30 °C with a relative humidity of minimum
45 % for_ at'least 24 h. After this conditioning, immerse three labels in water and the other
three labels in IRM 903 oil at a temperature of 21 °C to 30 °C for 48 h.

— Thre€ additional labels applied to the tool or a panel of the test surface material are
placed in a controlled atmosphere maintained at 21 °C to 30 °C with a relative humidity of
minimum 45 % for 72 h.

Afterthese r\nnrhhnn:nge it shall not ha 83Sy to-remove-the-label h\/ or\rnp:ng across-the-label

with a flat steel blade of 0,8 mm thickness and any convenient w:dth held at right angles, and
the label shall show no signs of curling.

8.13 If compliance with this standard depends upon the operation of a replaceable thermal
link or fuse-link, the reference number or other means for identifying the link shall be marked
on the link, or in a place that it is clearly visible after the link has failed, when the tool has
been dismantled to the extent necessary for replacing the link.

This requirement does not apply to links which can only be replaced together with a part of
the tool.
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Compliance is checked by inspection.
8.14 An instruction manual and safety instructions shall be provided with the tool and
packaged in such a way that is noticed by the user when the tool is removed from the

packaging. An explanation of the symbols required by this standard and used on the tool shall
be provided in either the instruction manual or the safety instructions.

NOTE 1 In |:||rnlhn (EN 62841-1) the ahave pnrngrnlhh is rnlhlnr*nd hy the fnllnwing'

Except as provided below, an instruction manual and safety instructions shall be provided with the to0l
and packaged in such a way that is noticed by the user when the tool is removed from the packaging” An
explanation of the symbols required by this standard and used on the tool shall be provided in eitherthe
instruction manual or the safety instructions.

Instructions may be provided in digital format in accordance with Regulation (EU) 2023/1230.

NOTE If instructions are provided in digital format, the following safety informatien is regarded as
essential in accordance with Regulation (EU) 2023/1230:

— safety instructions in accordance with 8.14.1, Annex K and Annex L, as applicable and

— additional safety instructions related to assembly, start-up, operation, maintenance and transport of
the tool that is deemed necessary by the manufacturer.

They shall be written in the official language(s) of the country in which the tool is sold.

NOTE 2 In Europe (EN 62841-1), the following additional requirement applies:

The words "Original instructions" shall appear on the language veérsion(s) verified by the manufacturer or his
authorised representative. Where no "Original instructions" exist in the official language(s) of the country where the
tool is to be used, a translation into that/those language(s) shall ‘be/provided by the manufacturer or his authorised
representative or by the person bringing the tool into the language area in question. The translations shall bear the
words "Translation of the original instructions", and they ‘shall be accompanied by a copy of the "Original
instructions”.

They shall be legible and contrast with thexbackground.

They shall include the business name'and address of the manufacturer and, where applicable,
his authorised representative. Any “address shall be sufficient to ensure contact. Country or
state, city and postal code (if any)iare deemed sufficient for this purpose.

They shall include the designation of the tool and series or type as required by 8.3, including
description of machine such as “drill”, “planer” etc.

8.14.1 The subjects’of safety instructions are the “General Power Tool Safety Warnings” of
Part 1 as given.inn\8.14.1.1, the specific tool safety warnings of the relevant part of IEC 62841-
2, IEC 62841-3*or IEC 62841-4 and any additional safety warning statements deemed
necessary byjthe manufacturer. The “General Power Tool Safety Warnings” and the specific
tool safetywarnings, if in English, shall be verbatim and in any other official language to be
equivalent. The numbering of the safety instructions, as given below, is not mandatory and
may.be omitted or replaced by other sorting means such as bullets. The “General Power Tool
Safety Warnings” may be separate from the instruction manual.

these products an appropriate term such as “machine” may be used.
The term verbatim means word-for-word but permits the differences in spelling between
English-speaking countries.

Format of all safety warnings must differentiate, by font, highlighting or similar means, the
context of clauses as illustrated below.

All notes in the safety instructions are not to be printed, they are information for the designer
of the manual.
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8.14.1.1 General power tool safety warnings

BWARNING Read all safety warnings, instructions, illustrations and specifications
provided with this power tool. Failure to follow all instructions listed below may result in
electric shock, fire and/or serious injury.

Save all warnings and instructions for future reference.

The term "power tool" in the warnings refers to your mains-operated (corded) power tool or
battery-operated (cordless) power tool.

1) Work area safety

2)

3)

a)
b)

c)

Keep work area clean and well lit. Cluttered or dark areas invite accidents.

Do not operate power tools in explosive atmospheres, such as in thé presence of
flammable liquids, gases or dust. Power tools create sparks which-may ignite the
dust or fumes.

Keep children and bystanders away while operating a powentool. Distractions can
cause you to lose control.

Electrical safety

a)

b)

Power tool plugs must match the outlet. Never modify the plug in any way. Do
not use any adapter plugs with earthed (grounded)_power tools. Unmodified plugs
and matching outlets will reduce risk of electric shack:

Avoid body contact with earthed or grounded-surfaces, such as pipes, radiators,
ranges and refrigerators. There is an increaseéd risk of electric shock if your body is
earthed or grounded.

Do not expose power tools to rain or,wet conditions. Water entering a power tool
will increase the risk of electric shock:

Do not abuse the cord. Never.use the cord for carrying, pulling or unplugging
the power tool. Keep cord away from heat, oil, sharp edges or moving parts.
Damaged or entangled cord$iincrease the risk of electric shock.

When operating a power tool outdoors, use an extension cord suitable for
outdoor use. Use of a\cord suitable for outdoor use reduces the risk of electric shock.

If operating a power tool in a damp location is unavoidable, use a residual
current device (RCD) protected supply. Use of an RCD reduces the risk of electric
shock.

NOTE 1 The term “residual current device (RCD)” can be replaced by the term “ground fault circuit
interrupter(GFCI)” or “earth leakage circuit breaker (ELCB)”".

NOTE 2) The warnings in items a), b), d), e) and f) above can be omitted for tools covered by Annex K.

Personal safety

a)

Stay alert, watch what you are doing and use common sense when operating a
power tool. Do not use a power tool while you are tired or under the influence of
drugs, alcohol or medication. A moment of inattention while operating power tools
may result in serious personal injury.

Use personal protective equipment. Always wear eye protection. Protective
equipment such as a dust mask, non-skid safety shoes, hard hat or hearing protection
used for appropriate conditions will reduce personal injuries.

Prevent unintentional starting. Ensure the switch is in the off-position before
connecting to power source and/or battery pack, picking up or carrying the tool.
Carrying power tools with your finger on the switch or energising power tools that have
the switch on invites accidents.

Remove any adjusting key or wrench before turning the power tool on. A wrench
or a key left attached to a rotating part of the power tool may result in personal injury.
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e) Do not overreach. Keep proper footing and balance at all times. This enables
better control of the power tool in unexpected situations.

f) Dress properly. Do not wear loose clothing or jewellery. Keep your hair and
clothing away from moving parts. Loose clothes, jewellery or long hair can be
caught in moving parts.

g) If devices are provided for the connection of dust extraction and collection
facilities, ensure these are connected and properly used. Use of dust collection

cari reauce aust-reiated razaras.

h) Do not let familiarity gained from frequent use of tools allow you to become
complacent and ignore tool safety principles. A careless action can cause severe
injury within a fraction of a second.

4) Power tool use and care

a) Do not force the power tool. Use the correct power tool for your application. The
correct power tool will do the job better and safer at the rate for which if\was designed.

b) Do not use the power tool if the switch does not turn it on and off: Any power tool
that cannot be controlled with the switch is dangerous and must béexrepaired.

c) Disconnect the plug from the power source and/or remove the battery pack, if
detachable, from the power tool before making any’ adjustments, changing
accessories, or storing power tools. Such preventive safety measures reduce the
risk of starting the power tool accidentally.

d) Store idle power tools out of the reach of children and do not allow persons
unfamiliar with the power tool or these instructions to operate the power tool.
Power tools are dangerous in the hands of untrained users.

e) Maintain power tools and accessories.Check for misalignment or binding of
moving parts, breakage of parts and, any other condition that may affect the
power tool’s operation. If damaged, )have the power tool repaired before use.
Many accidents are caused by poorlymaintained power tools.

f) Keep cutting tools sharp and.clean. Properly maintained cutting tools with sharp
cutting edges are less likely tobind and are easier to control.

g) Use the power tool, accessories and tool bits etc. in accordance with these
instructions, taking into."account the working conditions and the work to be
performed. Use of thepwower tool for operations different from those intended could
result in a hazardous situation.

h) Keep handles and grasping surfaces dry, clean and free from oil and grease.
Slippery handles and grasping surfaces do not allow for safe handling and control of
the tool in unexpected situations.

5) Service

a) Have your power tool serviced by a qualified repair person using only identical
replacement parts. This will ensure that the safety of the power tool is maintained.

8.14.122 The order of the safety warnings shall be in accordance with either item A) or B)
andtin accordance with item C):

5284 NaEAiAg o owed by the ralovant nart o C62844-2 |EC 62841-3
or |IEC 62841-4 warnings. The order of the warnings within IEC 62841-1 and the
IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings shall remain as given above and in
the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

B) The IEC 62841-1 and the IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings may be
divided into the sections defined by the numbered subtitles and the associated warnings
below the numbered subtitle. The order of warnings within each section shall remain as
given above and in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

When warnings are presented in this manner, the title of the IEC 62841-1 “General Power
Tool Safety Warnings” shall be omitted and the 15t sentence of the warnings in 8.14.1.1
and 8.14.1.3, if applicable, shall be modified as follows:
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ﬂ WARNING Read all safety warnings designated by the ﬂ symbol and all
instructions.

The sections of the safety warnings shall be presented in the related topic of the
instruction manual.

The instruction manual section titles for IEC 62841-1 warnings shall have a format:

ﬂ General Power Tool Safety Warnings — [Section subtitle]

Example:

ﬂ General Power Tool Safety Warnings — Personal Safety

The instruction manual section titles for IEC 62841-2, IEC 62841-3 or |EC 62841-4
warnings shall have a format:

ﬂ [Tool category name] Safety Warnings — [Section subtitle]

Example:

ﬂ Circular Saw Safety Warnings — Cutting Procedures

If particular IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings/do not have a numbered
subtitle, then all warnings required by the particular IEG.62841-2, IEC 62841-3 or
IEC 62841-4 shall be presented in the given order and the formatting rule above shall be
followed without the [Section subtitle].

C) Any additional warnings deemed necessary by the manufacturer, shall not be inserted
within any of the IEC 62841-1 or IEC 62841-2, IEC 62841-3 or IEC 62841-4 warnings.
They may be either appended to the section(s) of the IEC 62841-1 or IEC 62841-2,
IEC 62841-3 or IEC 62841-4 in accordance withithe topic of the safety warnings or located
in any other part of the instruction manual.

8.14.1.3 If the safety instructions are sgparate from the instruction manual, then the
following warnings shall be included in the instruction manual. These warnings, if in English,
shall be verbatim and in any other officiaklanguage to be equivalent.

ﬂ WARNING Read all  'safety warnings, instructions, illustrations and
specifications provided with' this power tool. Failure to follow all instructions listed
below may result in electric’shock, fire and/or serious injury.

Save all warnings and instructions for future reference.

8.14.2 The instruction"manual shall be provided with the following, if appropriate.

a) Instructions.for putting into use

1) Setting-up or fixing power tools in a stable position as appropriate for power tools
which-Can be mounted on a support or fixed to a bench or the floor;

2) Assembly;
3)-"Connection to power supply, cabling, fusing, socket type and earthing requirements;

4) For tools adjustable to different rated voltages: instructions, illustrations, or both for
changing the voltage. The terminal identification shall be provided if the motor

connection has to be altered to operate at a voltage other than that for which it was
connected when shipped from the factory;

5) lllustrated description of functions;

6) Limitations on ambient conditions;

7) Fitting and adjusting of guards required by 19.1;

8) Information about disassembly and reassembly if applicable for transportation and/or

use;
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For hand-held tools and transportable tools that produce a considerable amount of
dust in accordance with 21.35, instructions how to properly connect the dust extraction
system to the tool including any associated devices.

Operating instructions

1

Setting and testing;

)

2) Tool changing;

3) C:dlllp;lly Uf thc VVUIII\}J;UbU,

4) Limits on size of workpiece and type of material;

5) General instructions for use;

6) ldentification of handle(s) and grasping surface(s) required by 19.4;

7) For tools with electronic speed or load regulators that reduce the output spindle torque
of the tool during a stalled condition and will increase the output spindiéytorque after
the stalled condition is removed: a warning that the tool will resume nermal operation
immediately after the stalled condition is removed;

8) For transportable tools only: instruction on lifting and transportation.

¢) Maintenance and servicing instructions

1) User maintenance, such as cleaning, sharpening, lubricating, servicing and/or
replacing of parts;

2) Servicing by manufacturer or agent; list of addresses;

3) List of user-replaceable parts and instruction howto replace them:;

4) Special tools which may be required;

5) For power tools with type X attachment: instruction that, if the supply cord of this
power tool is damaged, it must be replaced by a specially prepared supply cord
available through the service organization;

6) For power tools with type Y attachment: instruction that, if the replacement of the
supply cord is necessary, this has to be done by the manufacturer or his agent in
order to avoid a safety hazard;

7) For power tools with type\sZ attachment: information that the supply cord of this
power tool cannot be replaced, and the power tool shall be scrapped;

8) For hand-held tools™and transportable tools that produce a considerable amount of
dust as specified«in 21.35:

— information“when to empty, change or maintain an integral dust collection/suction
device, if any, in order to keep its effectiveness; and
— information to read the instruction manual of the connected external suction device,
if any, in order to keep its effectiveness.
d) For tools with a liquid system, the substance of the following, as appropriate:
1)~Jnstructions for
— the connection to the liquid supply;
— the use of the liquid and the use of attachments to comply with 14.3 in order to
— avold the tool being attected by the liquid;
— the inspection of hoses and other critical parts which could deteriorate;
— the maximum permitted pressure of the liquid supply;
2) For tools provided with an RCD

— warning never to use the tool without the RCD provided with the tool;

— instruction always to test the correct operation of the RCD before starting work,
unless the RCD is of a self-checking type;
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3) For tools for use in combination with an isolating transformer: warning never to use the
tool without the transformer delivered with the tool or of the type as specified in these
instructions;

4) Instruction that replacement of the plug or the supply cord shall always be carried out
by the manufacturer of the tool or his service organization;

5) Instruction to keep liquid clear of the parts of the tool and away from persons in the
working area.

NOTE In Europe (EN 62841-1), the following additional requirements apply:
8.14.2 Za)
Noise emissions:

1)  The noise emission, measured in accordance with Clause 1.2, as follows:

— A-weighted emission sound pressure level LpA and its uncertainty KPA, where L, €xceeds 70 dB(A).
Where L, does not exceed 70 dB(A), this fact shall be indicated, either by a s?atement or by listing
the actual measured value;

- A-weighted sound power level L, and its uncertainty K,,,, where the A-weighted sound pressure
level LpA exceeds 80 dB(A);

— C-weighted peak emission sound pressure value L where this exceeds 130 dB in relation to

20 pPa.

2) Recommendation for the operator to wear hearing protection.

pC,peak’

Continuous vibration:
3) For hand-held tools and lawn and garden machinery where Clause 1.3 is applicable, the following
applies: The vibration total value and its uncertainty méasured in accordance with 1.3.
Information and warnings on noise and vibration emissions:
4)  The following information:

— that the declared vibration total value ‘and declared noise emission values have been measured in
accordance with a standard test method and can be used for comparing one tool with another;

— that the declared vibration total valie and declared noise emission values can also be used in a
preliminary assessment of exposare.

5) A warning:

— that the vibration emissiény and noise emission during actual use of the power tool can differ from the
declared total value depending on the ways in which the tool is used; and

— of the need to identify safety measures to protect the operator that are based on an estimation of
exposure in thélactual conditions of use (taking account of all parts of the operating cycle such as
the times when-the tool is switched off and when it is running idle in addition to the trigger time).

8.14.2 Zb)
For hand-held tgols  and lawn and garden machinery where Clause 1.3 is applicable, the mean value of the peak
amplitude of the—acceleration from repeated shock vibrations and its uncertainty shall be specified in the

instructions khased on the vibration raw data determined by the vibration measurement in accordance with Clause
1.3.

NOTE\/ A new standard ISO 5349-36 s currently in development that will specify the calculation method to
determine the mean value of the peak amplitude of the acceleration, expressed as pe.

NOTE 2 Vibration raw data could show significantly higher shocks at the beginning or at the end of the measured

WOTR CYCIE. TheSe peaks are not corretated 10 the Tepeated SNOCK benaviour of a tool. T herefore, these SNoCkS are
disregarded for the calculation in accordance with SO 5349-3".

6  Under preparation. Stage at the time of publication: ISO/DIS 5349-3:2024.
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8.14.2 Zc)

Hazardous dust emissions:

1) For tools equipped with dust outlet(s) to connect an external suction device as specified in 21.35,
information indicating the characteristics and at least the recommended filtration efficiency of the external
suction device considering the normal use of the tool.

NOTE 1 An example of filtration efficiency is the dust class in accordance with IEC 60335-2-69.

MAOTE—O

INUTL & E}\

appropriate connecting dimensions for the suction hose, the minimum required volume flow in m3/h and
the resulting underpressure (negative pressure) at the tool interface with the external suction device (in
hPa necessary for normal use.

2) For tools equipped with a liquid system for suppressing the released dust, information indicating the
required technical characteristics of the liquid system.

8.14.3 If information about the mass or weight of the tool is provided, it shall_be the mass
specified in 5.17.

Compliance is checked by inspection.
NOTE In Europe (EN 62841-1), the first paragraph is replaced by the following text:

8.14.3 Information about the mass of the tool shall be provided in the instructions. An explanatory note shall be
given regarding any attachments or interchangeable parts in accordance with'8.14.2 a) 2) that have been included
to determine the mass.

9 Protection against access to live parts

9.1 Tools shall be so constructed and enclosed that there is adequate protection against
accidental contact with live parts. The requirement applies for all positions of the tool, even
after removal of detachable parts and soft materials (elastomers), such as soft grip coverings.

Compliance is checked by inspection, andyby the tests of 9.2 to 9.4, as applicable.

9.2 An accessible part is not considered to be live if:

— the part is supplied with safety extra-low voltage

or

— the part is separatedfrom live parts by protective impedance.

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:

— for oltages having a peak value over 42,4 V up to and including 450 V, the capacitance
shall not exceed 0,1 puF;

—~ for voltages having a peak value over 450 V up to and including 15 kV, the discharge shall
not exceed 45 nC.

Compliance is checked by operating the tool at rated voltage. Voltages and currents are
measured between the relevant parts and each pole of the supply source. Discharges are
measured immediately after the interruption of the supply.

The quantity of electricity in the discharge is measured using a resistor having a nominal non-
inductive resistance of 2 000 Q. The quantity of electricity is calculated from the sum of all
areas recorded on the voltage/time graph without taking voltage polarity into account.

NOTE Details of a suitable circuit for measuring the current are given in Figure C.3.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV -39 - FINAL VERSION
© IEC 2025

9.3 Lamps located behind a detachable cover are not removed, provided the tool can be
isolated from the supply by means of a plug or an all-pole disconnection. However, during
insertion or removal of lamps which are located behind a detachable cover, protection against
contact with live parts of the lamp cap shall be ensured.

This excludes the use of screw type fuses and screw-type miniature circuit breakers which are
accessible without the aid of a tool.

Test probe B of IEC 61032:1997 is applied with a force not exceeding 5 N, the tool being in
every possible position except that tools normally used on the floor and having a mass
exceeding 40 kg are not tilted. Through openings, the test probe is applied to any depth that
the probe will permit, and it is rotated or angled before, during, and after insertioncto’any
position.

If the opening does not allow the entry of the probe, a rigid test probe with the dimensions of
the test probe B of IEC 61032:1997, but without any articulation, is used.the force on the
probe is increased to 20 N and the test with the articulated test probe Bof IEC 61032:1997
repeated.

It shall not be possible to touch with the test probe live parts or live’parts protected only by
lacquer, enamel, ordinary paper, cotton, oxide film, beads or sealing compound.

NOTE Lacquer, enamel, ordinary paper, cotton, oxide film on metal paris, beads and sealing compound, except
self-hardening resins, are not considered to give the required protection‘against contact with live parts.

9.4 Test probe 13 of IEC 61032:1997 is applied with a force not exceeding 5 N through
openings in class Il tools and class Il constructions, except for those giving access to lamp
caps and live parts in socket-outlets.

The test probe is also applied through opehings in earthed metal enclosures having a non-
conductive coating such as enamel or lacquer.

It shall not be possible to touch live'parts with the test probe.

9.5 Class Il tools and class |l constructions shall be so constructed and enclosed that
there is adequate protectian_against accidental contact with basic insulation, and metal parts
separated from live parts_by basic insulation only.

Parts which are not separated from live parts by double insulation or reinforced insulation
shall not be accessible.

This requirement applies for all positions of the tool, even after removal of detachable parts.

Comptiance is checked by inspection and by applying the test probe B of IEC 61032:1997, as
described in 9.3.

N

A0 o ¥ -
TV vial I.Illu
10.1 Tools shall start under all normal voltage conditions which may occur in use.

Compliance is checked by starting the tool 10 times at no-load in succession at a voltage
equal to 0,85 times the lowest rated voltage or 0,85 times the lower limit of the rated voltage
range, control devices other than speed controls, if any, being set as in normal use.

Tools shall in addition be started 10 times in succession at a voltage equal to 1,1 times rated
voltage.
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The interval between consecutive starts is made sufficiently long enough to prevent undue
heating.

In all cases, the tool shall operate and overload protection devices incorporated in the tool
shall not activate. Centrifugal and other automatic starting switches, if any, shall operate
reliably, and without contact chattering.

10 2 Toalechall nat draww avecacciva innut cnrrant durina ctartina that ~auld Iaad 6
U5 —oOTo—STHaTHotTaravy v-e—Hpotr oot et outmg—Startttt tHot—Coora—reat—to—

operation of facility mains over-current protection devices.

Compliance is checked by starting the tool once at rated voltage and no-load with any speed
controls set for maximum speed and all other control devices set as in normal use.

The current drawn by the tool at (2,0 +0,2) s after starting shall not exceed the“greater of
30 A or 4 times the rated current of the tool.

11 Input and current

The rated input or rated current shall be at least 110 % of the’measured no-load input or
current.

Compliance is checked by measuring the power input orieutrent of the tool when stabilized
while all circuits which can operate simultaneously (are in operation. The test shall be
conducted without accessories attached or external Jead.

For tools marked with one or more rated voltages, the test is made at each of the rated
voltages. For tools marked with one or more‘rated voltage ranges, the test is made at both
the upper and lower limits of the ranges, uhless the marking of the rated input is related to
the mean value of the relevant voltage rahge, in which case the test is made at a voltage
equal to the mean value of that range.

12 Heating
12.1 Tools shall not attain'excessive temperatures with rated input or rated current.

Compliance is checked by determining the temperature rise of the various parts under the
conditions specifiedin 12.2 to 12.5. Then the test of Clause C.3 at 1,06 times the rated
voltage is made.under heated conditions.

12.2 Fontools with one or more rated voltages: The tool is operated at each rated voltage,
under theload conditions specified in 12.2.1, the torque being applied is measured. While
maintaining the previously measured torque, the voltage is then adjusted to 0,94 times the
rated voltage and 1,06 times the rated voltage.

The temperatures are measured at the most unfavourable of the two voltage settings. The

temperatures that are measured by means of thermocouples are taken while the tool is
operating.

For tools with a rated voltage range: The tool is operated

— at the lower limit of the rated voltage range, under the load conditions specified in 12.2.1,
the torque being applied is measured. While maintaining the previously measured torque,
the voltage is then adjusted to 0,94 times the lower limit of the rated voltage range;
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and

— at the upper limit of the rated voltage range, under the load conditions specified in
12.2.1, the torque being applied is measured. While maintaining the previously measured
torque, the voltage is then adjusted to 1,06 times the upper limit of the rated voltage
range.

The temperatures are measured at the most unfavourable of the two voltage settings. The

temperatures that are measured by means of thermocouples are taken while the tool is
operating.

12.2.1 The load conditions for the heating test of 12.2 are as follows.

— For tools without an inherent operating cycle, the tool is operated with a torque load
applied such that rated input or rated current is drawn until thermal ,equilibrium is
reached.

— For tools with an inherent operating cycle, the tool is operated with a tofque load applied
such that rated input or rated current is drawn some time during«each of the tool’s
operating cycles. The tool is cycled consecutively for 30 min.

12.3 This subclause provides specific test conditions for heating elements and cord storage
devices.

12.3.1 Heating elements, if any, are operated under the'conditions specified in Clause 11 of
IEC 60335-1:2010, when the tool is operated at a Voltage equal to 1,06 times the rated
voltage.

12.3.2 For tools provided with an automatic‘cord reel, one third of the total length of the
cord is unreeled. The temperature rise of the~cord sheath is determined as near as possible to
the hub of the reel and also between the two“outermost layers of the cord on the reel.

For cord storage devices, other _than automatic cord reels, which are intended to
accommodate the supply cord pa¥rtially while the tool is in operation, 50 cm of the cord is
unwound. The temperature rise-of the stored part of the cord is determined at the most
unfavourable place.

12.4 Temperature rises/ other than those of windings, are determined by means of fine-wire
thermocouples so chosen and positioned that they have the minimum effect on the
temperature of the part under test.

The temperatdre-rise of electrical insulation, other than that of windings, is determined on the
surface of insulation, at places where failure could cause a short circuit, contact between live
parts andvaccessible parts, bridging of insulation, or reduction of creepage distances or
clearances below the values specified in 28.1.

Temperature rises of windings are determined by the resistance method, unless the windings
are non-uniform, or the method involves severe complications to make the necessary

conhections for the rosistance maoasiramant In that caca thao maacyramant ic mada hy
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thermocouples.

In determining the temperature rises of handles, knobs, grips and the like, consideration is
given to all parts which are gripped in normal use, and, if of insulating material, to those
parts in contact with hot metal.

NOTE 1 If it is necessary to dismantle the tool to position thermocouples, a remeasurement of the no-load input
is a method to check that the tool has been correctly reassembled.

NOTE 2 The point of separation of the cores of a multicore cord is an example of a place where thermocouples
are positioned.
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NOTE 3 Thermocouples having wires with a diameter not exceeding 0,3 mm are considered to be fine-wire
thermocouples.

12.5 During the test, protective devices shall not operate and sealing compound, if any,
shall not flow out. The temperature rises shall not exceed the values shown in Tables 1a and

1b, except as allowed by 12.6.
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Table 1 — Maximum normal temperature rises (7 of 2)

FINAL VERSION

—  thermoplastic material ©

Parts Temperature rise
K
Windings 3, if the insulation system is
- class 105 75 (65)
- class 120 90 (80)
Windings 3, if the insulation system according to IEC 60085:2007 is
- class 130 95 (85)
- class 155 115
- class 180 140
-  class 200 160
- class 220 180
- class 250 210
Pins of appliance inlets:
—  for hot conditions 95
—  for cold conditions 40
Ambient of switches, temperature limiters °:
—  without T-marking 30
—  with T-marking T-25
Rubber or polyvinyl chloride insulation of internal and external
wiring, including supply cords:
—  without temperature rating ¢ 50
—  with temperature rating (T) T-25
Cord sheath used as supplementary insulation 35
Rubber, other than synthetic, used for gaskets or oth€y parts, the
deterioration of which could affect safety:
— when used as supplementary insulation éras reinforced 40
insulation
— in other cases 50
Lampholders E14 and B15:
— metal or ceramic type 130
— insulated type, other than cefamic 90
— with T-marking T-25
Material used as insulation’other than that specified for wires and
windings d
— impregnated ofRwarnished textile, paper or press board 70
— laminates bonded with:
« melamine-formaldehyde; phenol-formaldehyde or
phenol-furfural resins 85 (175)
. drea-formaldehyde resin 65 (150)
— _\Printed circuit boards bonded with epoxy resin 120
— ) moulding of:
« phenol-formaldehyde with cellulose fillers 85 (175)
« phenol-formaldehyde with mineral fillers 100 (200)
« melamine-formaldehyde 75 (175)
« urea-formaldehyde 65 (150)
—  polyester with glass-fibre reinforcement 110
—  silicone rubber 145
—  polytetrafluoroethylene 265
—  pure mica and tightly sintered ceramic material when such
materials are used as supplementary insulation or reinforced
insulation 400
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Table 1 (2 of 2)
Parts Temperature rise
K
Wood, in general f 65
Outer surface of capacitors 9:
—  with marking of maximum operating temperature (T) T-25
—  without marking of maximum operating temperature:
« small ceramic capacitors for radio and television
interference suppression 50
« capacitors complying with IEC 60384-14 or 14.2 of
IEC 60065:2011 50
« other capacitors 9 20
Parts in contact with oil having a flash-point of t °C t-50

@ To allow for the fact that the average temperature of windings of universal motors, relaysisolenoids, etc., is
usually above the temperature at the points on the windings where thermocouples are/placed, the figures
without parentheses apply when the resistance method is used, and those within parentheses apply when
thermocouples are used. For windings of vibrator coils and a.c. motors, the figures without parentheses
apply in both cases. For motors constructed so that the circulation of the air between the inside and the
outside of the case is prevented, but not necessarily sufficiently enclosed,to be called airtight, the
temperature rise limits may be increased by 5 K.

T signifies the maximum operating temperature.

The ambient temperature of switches, thermostats and temperature)limiters is the temperature of the air at
the hottest point at a distance of 5 mm from the surface of the switch ‘and component concerned.

For the purpose of this test, switches and thermostats markedwwith individual ratings may be considered as
having no marking for the maximum operating temperature, ‘if‘t€quested by the tool manufacturer.

¢ This limit applies to cables, cords and wires complying with'the relevant IEC standards; for others, it may be
different. While no limit applies to connectors, it is fecognized that these limits for wiring apply to internal
wiring at the point where it is terminated in a connector.

The values in parentheses apply, if the materialvis used for handles, knobs, grips and the like, and is in
contact with hot metal.

€  There is no specific limit for thermoplastic material, which has to withstand the tests of 13.1, for which
purpose the temperature rise must be determined.

The limit specified concerns the deterioration of wood, and it does not take into account deterioration of
surface finishes.

9  There is no limit for the temperature rise of capacitors which are short-circuited in 18.6.

If other materials than these mentioned in the table are used, they are not to be subjected to temperatures in
excess of their thermal.capabilities as determined by ageing tests.

The value of the temperature rise of a winding is calculated from the formula:
R, - R,
Atz ———————(k+ 8, )= (L, - t,)
R,

where
At ~J§ the temperature rise;
R;™ is the resistance at the beginning of the test;

is the resistance at the end of the test;

k is equal to 234,5 for copper windings, and 225 for aluminium windings;
is the ambient temperature at the beginning of the test;

5 is the ambient temperature at the end of the test.

At the beginning of the test, the windings are to be at ambient temperature. It is recommended that the
resistance of windings at the end of the test be determined by taking resistance measurements as soon as
possible after switching off, and then at short intervals so that a curve of resistance against time can be
plotted for ascertaining the resistance at the instant of switching off.
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Table 2 — Maximum outside surface temperature rises

Parts Temperature rise
K
External enclosure, except handles held in normal use 60

Handles, knobs, grips, and the like which, in normal use, are continuously held:

- of metal 30
—Of porcetaimor vitreous materiat %46
— of moulded material, rubber or wood 50

Handles, knobs, grips, and the like which, in normal use, are held for short periods
only (e.g. switches):

—  of metal 35
—  of porcelain or vitreous material 45
— of moulded material, rubber or wood 60

12.6 The following tests shall be conducted when the temperature rises of the armature
and/or field windings exceed the values in Table 1 or when there is doubt with regards to the
temperature classification of the insulation system.

Three samples of the armature and/or field are subjected to the>following tests.

a) Windings are kept for 10 days (240 h) in a heating cabihet, the temperature of which is
(80 £2) °C in excess of the temperature rise of,the windings determined according to
12.4. Then the samples shall be gradually ecooled to ambient temperature without
introducing thermal shock.

b) After this treatment, no interturn short circuit&hall occur.
c) The samples are then subjected to a humidity treatment as specified in 14.1.
d) Immediately after this treatment, they.Shall withstand the tests of Annex D.

NOTE The use of a growler is one method to\detect interturn short circuits.

Faults which may occur in insulation, which did not show an excessive temperature rise
during the test of 12.4, are ignored and are repaired, if necessary, in order to complete the
tests of 12.6.

13 Resistance to(heat and fire

13.1 The follewing parts shall be sufficiently resistant to distortion due to heat, if this could
cause the tool-to fail to comply with this standard:

— parts of thermoplastic material provided as an enclosure to comply with Clause 9;

— plarts of thermoplastic material supporting current carrying parts;

- jparts of thermoplastic material providing supplementary insulation or reinforced
insulation.

For the purpose of 13.1, “supporting” means that the retention of the current carrying part by
the insulating material is relied upon to fulfil 28.1. Contact alone does not constitute support.

This requirement does not apply to:

— insulation and sheath of flexible supply cords or internal wiring;
— cord guards;
— ceramic materials;

— insulating parts of motors: e.g. shaft insulation, end spiders, slot liners, wedges,
commutators.
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Compliance is checked by subjecting the relevant part of thermoplastic material to the ball
pressure test of IEC 60695-10-2:2003. Any soft materials (elastomers), such as soft grip
coverings, shall be removed.

The required thickness may be obtained by using two or more sections of the part.

The test is carried out at a temperature of (40 +2) °C plus the maximum temperature rise
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— (75 +2) °C, for parts provided as an enclosure to comply with Clause 9 and for parts
providing supplementary insulation or reinforced insulation;

— (125 + 2) °C, for parts supporting current carrying parts.

13.2 Parts of non-metallic material shall be adequately resistant to ignition and_te spread of
fire.

This requirement does not apply to
— internal parts that are more than 13,0 mm from an arcing partysuch as a commutator,
unenclosed switch contacts, and the like;

— internal parts that are more than 1,0 mm from a non-arcing uninsulated live part, such as
a bus bar, a connecting strap, a terminal, enamelled wire,(and the like;

— internal parts that are 1,0 mm or less from connectiofis” or conductors carrying 0,2 A or
less during normal operation or from a low power-cirguit as described in Annex H;

— the insulation of wires;

— gears, cams, belts, bearings, fans, decorative trims, knobs which would contribute
negligible fuel to fire;

— ceramic materials;

— insulating parts of motors: e.g. shaft insulation, end spiders, slot liners, wedges,
commutators;

— small parts, the plastic contentlof which is less than 5 g;

— other external parts not likely to be ignited or to propagate flames originating from inside
the tool.

Compliance is checked by one of the following:

— subjecting parts of non-metallic material, or representative specimens no thicker than the
relevant parts; to the glow-wire test of IEC 60695-2-11:2000, which is carried out at
550 °C;

— the material is classified at least HB according to IEC 60695-11-10:2013 provided that the
test-sample was no thicker than the relevant part;

— the) material has a glow wire ignition temperature of at least 575 °C according to
IEC 60695-2-13:2010 provided that the test sample was no thicker than the relevant part.

Parts for which the above cannot be carried out, such as those made of soft or foamy

material, shall meet the requirements specified in ISO 9772:2012 for category HBF material,
the test sample being no thicker than the relevant part.

14 Moisture resistance
14.1 Tools shall be proof against humid conditions which may occur.
Compliance is checked by the following humidity test.

Cable entries, if any, are left open; if knock-outs are provided, one of them is opened.
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Electrical components, covers, and other parts which can be removed without the aid of a tool
are removed and subjected, if necessary, to the humidity test with the main part.

The humidity treatment is carried out in a humidity cabinet containing air with a relative
humidity of (93 + 3) %, obtained e.g. by placing in the humidity cabinet a saturated solution of
Na2S04 or KNO3 in water, having a sufficiently large contact surface with the air. The
temperature of the air, at all places where samples can be located, is maintained within 2 K of
any convenient value t between 20 °C and 30 °C. In order to achieve the specified conditions

within the cabinet, it is necessary to ensure constant circulation of the air within and, in
general, to use a cabinet which is thermally insulated.

Before being placed in the humidity cabinet, the sample is brought to a temperature between
tand (t + 4) °C. The tool is considered to be brought to the specified temperature by keeping
it at this temperature for at least 4 h before the humidity treatment.

The tool is kept in the cabinet for 48 h.

Immediately after this test, the tool shall withstand the tests of Clause"C.2 at rated voltage.
Then the tool shall withstand the test of Annex D in the humidity ¢abinet, or in the room in
which the tool was brought to the prescribed temperature afteriveassembly of those parts
which may have been removed.

In addition a test of Clause D.2 is applied between accessible metal parts and the supply
cord which is wrapped with metal foil where it is located in~an inlet bushing, a cord guard or a
cord anchorage, any clamping screws being tightened tothe torque specified in Table 11. The
test voltage is 1 250 V for class | tools and 1 750 V. for class Il tools.

14.2 The enclosure of the tool shall providejthe degree of protection against moisture in
accordance with the classification of the took

Compliance is checked by the appropriate treatment specified in 14.2.2, with the tool
conditions as in 14.2.1.

14.2.1 The tool is not connected to the supply.

Tools are turned continuously at approximately 1 rev/min through the most unfavourable
positions during the test.

Electrical components, covers and other parts which can be removed without the aid of a tool
are removed and-subjected, if necessary, to the relevant treatment with the main part.

14.2.2 <Jools other than IPX0 are subjected to tests of IEC 60529:2013 as follows:

— IRX1 tools are subjected to the test described in 14.2.1;
- )IPX2 tools are subjected to the test described in 14.2.2;
¥ |PX3 tools are subjected to the test described in 14.2.3a;

— IPX4 tools are subjected to the test described in 14.2.4a;
— IPX5 tools are subjected to the test described in 14.2.5;
— IPX6 tools are subjected to the test described in 14.2.6;
— IPX7 tools are subjected to the test described in 14.2.7.

For this last test, the tool is immersed in water containing approximately 1,0 % NaCl.

Immediately after the appropriate treatment, the tool shall withstand the electric strength test
of Annex D, and inspection shall show that there is no trace of water on insulation which could
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result in a reduction of creepage distances and clearances below the values specified in
28.1.

14.3 Liquid systems or spillage of liquid shall not subject the user to an increased risk of
electrical shock.

Compliance is checked by the following test:

The residual current device, if any, shall be disabled during the test. Electrical components,
covers and other parts which can be removed without the aid of a tool are removed, exgept
those fulfilling the test of 21.22.

The tool is prepared with approximately 1,0 % NaCl solution in the following' modes if
applicable:
— as described in 8.14.2;

— the liquid container of the tool is completely filled, and a further quantity, equal to 15 % of
the capacity of the container, or 0,25 I, whichever is the greater, is~poured in steadily over

a period of 60 f?o s, while the tool is resting in its filling position aceording to 8.14.2 d);

— a detachable liquid container is filled completely and mounted and dismounted 10 times
on the tool.

In each applicable preparation, the tool is operated- at’ rated voltage in each position
consistent with the relevant part of IEC 62841-2, /IEC 62841-3 or IEC 62841-4 and the
instructions according to 8.14.2 b) for 1 min whilexmonitoring the leakage current as in
Clause C.3. During the test the leakage current shall'not exceed:

— 2 mA for a class Il tool;

— 5 mA for a class I tool.

Following this test, the tool shall meetithe electric strength test of D.2 between live parts and
accessible parts after being allowéd-.to dry for 24 h at ambient temperature.

14.4 Liquid systems shall not"subject the user to an increased risk of electrical shock by
components not capable of withstanding the pressure during operation.

Compliance is checked-by the following test.
The residual current device, if any, shall be disabled during the test.

The liquid ‘system is closed and an approximately 1,0 % NaCl solution at a hydrostatic
pressurevequal to twice the pressure stated in 8.14.2 d) 1) is applied for 1 h.

The—=tool is then placed for 1 min, in all positions consistent with the relevant part of
IEC 62841-2, IEC 62841-3 or IEC 62841-4 and the instructions according to 8.14.2 b) while
monitoring the leakage current as in Clause C.2. During the test the leakage current shall not

exceed:

— 2 mA for a class Il tool;
— 5 mA for a class I tool.

Following this test, the tool shall meet the electric strength test of Clause D.2 between live
parts and accessible parts after being allowed to dry for 24 h at ambient temperature.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV —-49 - FINAL VERSION
© IEC 2025

14.5 Residual current devices used to provide protection from shock in the case of failure
of the liquid system shall comply with IEC 61540:1999 and shall meet the following
requirements a) to c):

a) The RCD shall disconnect both mains conductors, but not the earth conductor if provided,
when the leakage exceeds 10 mA and with a maximum response of 300 ms.

Compliance is checked by inspection and the test of 9.9.2 of IEC 61540:1999. In addition,
during the test, the earthing conductor shall not become disconnected.

b) The RCD shall be reliable for its intended use.

Compliance is checked at rated voltage by operating the residual current device urider
conditions of simulated leakage as in a) above during conditions of locked rotor of theytool
for 50 cycles. The residual current device shall operate correctly for all cycles.

c) The RCD shall be installed such that it is unlikely to be removed during use’of normal
maintenance.

This requirement is considered fulfilled if the residual current device is. fixed to the tool
or the power supply cord connected to the tool.

Where fitted in the supply cord the residual current device shallbe provided with Type
Y attachment or Type Z attachment for connection with|the supply cord and
interconnection cord.

Compliance is checked by inspection.
15 Resistance to rusting

15.1 Ferrous parts used to conduct electricity and those mechanical parts specified in the
relevant part of IEC 62841-2, IEC 62841-3 or, IEC 62841-4 shall be adequately protected
against rusting.

Compliance is checked by the following test:

All grease is removed from the partsto be tested by immersing them in a suitable degreasing
agent for 10 min.

The parts are then immersed, for 10 min in a 10 % solution of ammonium chloride in water at a
temperature of (20 +5) °C.

Without drying, but\after shaking off any drops, the parts are placed for 10 min in a box
containing air saturated with moisture at a temperature of (20 + 5) °C.

When using the liquids specified for the test, adequate precautions must be taken to prevent
the inhalation of their vapours.

After-the parts have been dried for 10 min in a heating cabinet at a temperature of
(100 + 5) °C, their surfaces shall show no signs of rust when viewed with normal vision from a
distance of (500 + 50) mm.

Traces of rust on sharp edges and any yellowish film removable by rubbing are ignored.

For small helical springs and the like, and for parts exposed to abrasion, a layer of grease
may provide sufficient protection against rusting. Such parts are only subjected to the test if
there is doubt about the effectiveness of the grease film, and the test is then made without
previous removal of the grease.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

FINAL VERSION - 50 - IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

16 Overload protection of transformers and associated circuits

Tools incorporating circuits supplied from a transformer shall be so constructed that, in the
event of short circuits which are likely to occur, excessive temperatures do not occur in the
transformer, or in the circuits associated to the transformer.

Examples of short-circuits which are likely to occur are the short-circuiting of bare or

goa Y, C oG O 7O aC O W cl cl w,

and the internal short-circuiting of lamp filaments.

A failure of insulation complying with the requirements specified for basic insulation of{eclass
| or class Il construction is not, for the purpose of this requirement, considered as-likely to
occur.

Compliance is checked by applying the most unfavourable short circuit or overload which is
likely to occur in normal use, the tool being operated as follows:

— for tools with rated voltage(s), the tool is operated at a voltage equal to 1,06 times or
0,94 times rated voltage, whichever is the more unfavourable;

— for tools with a rated voltage range, the tool is operated at a voltage equal to 1,06 times
the upper limit of the rated voltage range or at a voltage _equal to 0,94 times the lower
limit of the rated voltage range, whichever is the more uffdvourable.

The temperature rise of the insulation of the conductors of safety extra-low voltage circuits
is determined, and shall not exceed the relevant value specified in Table 1 by more than 15 K.

The winding temperature of transformers shall not-exceed the value specified for windings in
Table 3, except for transformers which comply with IEC 61558-1.

NOTE Protection of transformer windings can bg, for example, obtained by the inherent impedance of the winding,
or by means of fuses, automatic switches, thermal’cut-outs or similar devices incorporated in the transformer, or
similar devices located inside the tool only accessible with the aid of a tool.

17 Endurance

17.1 Tools shall be so coenstructed that there will be no electrical or mechanical failure that
might impair compliancewith this standard. The insulation shall not be damaged and contacts
and connections shal“\not work loose as a result of heating, vibrations, etc.

Moreover, overload protection devices incorporated in the tool shall not activate under normal
running conditions.

Compliance is checked by the test of 17.2 and, for tools provided with a centrifugal or other
starting switch, also by the test of 17.3.

Immediately after these tests, the tool shall withstand an electric strength test as specified in
Annex D, the test voltages being, however, reduced to 75 % of the specified values.

Connections shall not have worked loose, and there shall be no deterioration impairing safety
in normal use.

17.2 Hand-held tools and transportable tools are operated intermittently at no-load.

NOTE 1 Requirements for lawn and garden machinery are specified in the relevant part of IEC 62841-4.

Each cycle of operation comprises an "on" period of 100 s and an "off" period of 20 s, the "off"
periods being included in the specified operating time. If the cycle of operation limited by the
construction and/or marking is less than 100 s “on” and 20 s “off”, then this cycle may be
used.
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The tool may be switched on and off by means of a switch other than that incorporated in the
tool unless this disables a functionality of the tool switch.

Hand-held tools are operated for 24 h at a voltage equal to 1,1 times the highest rated
voltage or 1,1 times the upper limit of the rated voltage range, and then for 24 h at a supply
voltage equal to 0,9 times the lowest rated voltage or 0,9 times the lower limit of the rated
voltage range. The 24 h of operation need not be continuous. During the test, the tool is
placed in three different positions, the operating time, at each test voltage. being

approximately 8 h for each position.

NOTE 2 The change of position is made to prevent abnormal accumulation of carbon dust in any particular,place.
Examples of the three positions are horizontal, vertically up and vertically down.

Transportable tools are operated for 12 h at a voltage equal to 1,1 times the highest rated
voltage or 1,1 times the upper limit of the rated voltage range, and then for 12.h at a supply
voltage equal to 0,9 times the lowest rated voltage or 0,9 times the lower limit.of the rated
voltage range. The 12 h of operation need not be continuous. During the,test, the tool is
placed in its normal operating position according to 8.14.2.

During this test, replacement of the carbon brushes is allowed, and’ the tool is oiled and
greased as in normal use. If mechanical failure occurs and doeshot impair compliance with
this standard, the part that failed may be replaced.

If the temperature rise of any part of the tool exceeds the(temperature rise determined during
the test of 12.1, forced cooling or rest periods may be applied, the rest periods being
excluded from the specified operating time. If forced cooling is applied, it shall not alter the air
flow of the tool or redistribute carbon deposits.

During these tests, overload protection devices jncorporated in the tool shall not activate.

17.3 Tools provided with a centrifugal or other automatic starting switch are started
10 000 times at rated input or rated current, and at a voltage equal to 0,9 times the lowest
rated voltage or 0,9 times the loweér limit of the rated voltage range, the operating cycle
being that specified in 17.2.

18 Abnormal operation

18.1 Tools shall be“se'designed that the risk of fire and mechanical damage impairing safety
and the protection-against electric shock as a result of abnormal operation is obviated as far
as is practicable.

Compliance*is checked by the tests of 18.3 to 18.4 under the conditions specified in 18.2
applying-the acceptance criteria of 18.1.1.

18.17.1 During the tests, the tool shall not emit flames or molten metal, checked by
{nspection.

After the tests, and when the tool has returned to within 5 K of the ambient temperature,
compliance with Clause 9 shall be maintained and the tool shall withstand the electric
strength test of Annex D between live parts and accessible parts.

If the tool can still operate at the conclusion of the test, it shall continue to comply with 19.1
but without repeating the tests of Clause 20.

18.2 Fuses, non-self-resetting-thermal cut-outs, overcurrent protection devices or the like,
incorporated into the tool, may be used to provide the necessary protection. Electronic
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circuits that are relied upon for protection shall be evaluated for this safety critical function
as in 18.8.

Unless otherwise specified, the tests are continued until a protective device operates, or
until steady conditions are established or an open circuit occurs. If it is an intentionally weak
part that is permanently open-circuited to terminate the test, the relevant test is repeated on a
second sample. This second test shall be terminated in the same way, unless the test is
otherwise satisfactorily completed.

An intentionally weak part is a part intended to fail under conditions of abnormal operation-so
as to prevent the occurrence of a condition which could impair compliance with this standard.
Such a part may be a replaceable component, such as a resistor, a capacitor, or a thermal
link, or a part of a component to be replaced, such as an inaccessible and non-resettable
thermal cut-out incorporated in a motor.

18.3 Tools incorporating a series motor are operated without accessories ata voltage equal
to 1,3 times rated voltage for 1 min at no-load.

During the test, parts shall not be ejected from the tool. After this test, the tool need not be
capable of further use.

An additional device incorporated in the tool to limit the speed-hay operate during the test.

18.4 Tools incorporating multiphase induction motors, are operated, starting from cold,

— for 30 s, if they are kept switched on by hand or«continuously loaded by hand;

— or otherwise, for 5 min;

with one phase disconnected, and under thedorque produced while operated at rated voltage
or the mean value of the rated voltage range with rated input or rated current.

At the end of the test period specified, or at the instant of operation of fuses, thermal cut-
outs, motor protection devices, and the like, the temperature of the windings shall not exceed
the values shown in Table 3.

Table 3 — Maximum winding temperature

Class 105 120 130 155 180 200 220 250
Temperature 200 215 225 240 260 280 300 330
°C

18.5 Protection against electric shock shall not be impaired when a class Il tool or a class |
tool employing class Il construction (see 5.10) is subjected to running overload conditions.

For tools other than lawn and garden machinery covered by a relevant part of IEC 62841-4

With

— series motors, compliance is checked by the test of 18.5.1. In the case of a class I tool
with a series motor employing a class |l armature construction, the test of 18.5.1 is
replaced by the test of 18.5.2;

— motors having electronically commutated stator windings, compliance is checked by the
test of 18.5.4;

— other motors, compliance is checked by the test of 18.5.3.

For lawn and garden machinery, the required test is specified in the relevant part of
IEC 62841-4.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 53 - FINAL VERSION
© IEC 2025

18.5.1 All fuses, thermal cut-outs, overload protectors and the like specified in 18.2 that
are accessible or can be reset by the user without the aid of a tool and any self-resetting
protective devices are shorted.

The function of electronic circuits that prevent the tool from operating at 160 % of the rated
current shall be disabled unless that function has been evaluated as a safety critical
function in accordance with 18.8. The tool is connected to a minimum 12 kVA circuit.

The leakage current between live parts and accessible parts, that are not grounded by
class | construction, is measured in accordance with Clause C.3 and is monitored througheut
the test and after the test until the leakage current has stabilized or decreases. The leakage
current shall not exceed 2 mA.

The tool is operated at rated voltage. The tool is loaded to 160 % of the rated _current. The
mechanical load is maintained for either 15 min or until the tool open-circuits or flame
appears. If the tool will not operate at 160 %, the tool is stalled for 15 min_ or until the tool
open-circuits or flame appears. If either condition occurs, immediately switch off the current
and, if flames appear, extinguish with CO, extinguisher.

After the tool has returned to within 5 K of the ambient temperaturé,”an electric strength test
per Clause D.2 is performed between live parts and those accessible parts that are not
grounded by class | construction as follows:

— If a tool does not operate after the 15 min, apply a 1 500V electric strength test;
— if a tool still operates after the 15 min, apply a 2 500’V electric strength test.

If the tool has permanently open-circuited due to anover temperature condition before 15 min
has elapsed for any reason except the opening.aof a motor winding, the test shall be repeated.
This second test shall be terminated insthe same mode unless the test is otherwise
satisfactorily completed.

If the test terminated due to a non<self-resetting thermal limit function of an electronic
circuit, this circuit shall either be“bypassed or evaluated as a safety critical function in
18.8.

If the tool has permanently open-circuited for reasons other than above, the cause is
determined and bypassed-in a new sample and the test is repeated.

18.5.2 A sample of‘the armature is connected to a minimum 12 kVA circuit.

The leakage-current between the commutator segments and the armature shaft, is measured
with 1,06 times the tool’s rated voltage applied between the commutator segments, located
180° apart, and the armature shaft (see Figure 3). The leakage current is monitored
throughout the test and after the test until it has stabilized or decreases. The leakage current
shall.not exceed 2 mA.

The armature is subjected to carry 160 % of the rated current. The current is applied to the

commutator segments that are located 160" apart. The current, without further adjustment, Is
applied for either 15 min or until the armature open-circuits or flame appears. If either
condition occurs, immediately open S1 of Figure 3 and, if flames appear, extinguish with CO,
extinguisher.

After the armature has returned to within 5 K of the ambient temperature, a 1 500 V electric
strength test per Clause D.2 is performed between the commutator segments and the
armature shaft.
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18.5.3 The tool is connected to a minimum 12 kVA circuit and is operated under stalled
conditions and under the conditions in 18.2 by

— locking the rotor of tools for which the locked rotor torque is smaller than the full load
torque;

— locking moving parts of other tools.

If a tool has more than one motor, the test is carried out for each motor separately.

Tools incorporating motors and having capacitors in the circuit of an auxiliary winding afe
operated with the rotor locked, the capacitors being open-circuited one at a time. The test.is
repeated with the capacitors short-circuited one at a time unless they are of class\R2 of
IEC 60252-1.

Other tools are supplied at rated voltage for a period

— of 30 s for
e hand-held tools,
e tools that have to be kept switched on by hand or foot, and
o tools that are continuously loaded by hand;

— of 5 min for other tools that are operated while attended)~Tools that are tested for 5 min
are indicated in the relevant part of IEC 62841-3 or IEC-62841-4.

During the test, the temperature of the windings shall’not exceed the relevant value specified
in Table 3 and the acceptance criteria of 18.1.1 shall bé applied.

18.5.4 Motors with electronically commutated stator windings are evaluated under
conditions that represent all possible static. faults of the outputs of the motor drive circuitry
unless such circuitry has a protective function to prevent these faults which has been
evaluated as an SCF in accordance with\18.8 with a minimum PL = a.

NOTE For example, all possible static_faults in a delta configured brushless motor with phases A, B and C
energized by a three-phase motor drive-circuit would be tested by two cases:

1. applying the motor drive circuitry supply voltage between phases A and B shorted together and phase C; and
2. applying the motor drive circuitry supply voltage between phase A and phase B with phase C open.

A new sample is used for-each representative fault.

All fuses, thermal cut-outs, overload protectors and the like specified in 18.2 that are
accessible or ean be reset by the user without the aid of a tool and any self-resetting
protective devices are shorted.

The leakage current between live parts and accessible parts, that are not grounded by
class-Keonstruction, is measured in accordance with Clause C.3 and is monitored throughout
the-test and after the test until the leakage current has stabilized or decreases. The leakage
current shall not exceed 2 mA.

The windings are energized by applying the voltage of the source for the motor drive circuitry
for either 15 min or until the winding open-circuits or flame appears. If either condition occurs,
immediately switch off the current and, if flames appear, extinguish with CO, extinguisher.

After the tool has returned to within 5 K of the ambient temperature, an electric strength test
per Clause D.2 is performed between live parts and those accessible parts that are not
grounded by class | construction as follows:

— if any winding is open circuited, apply a 1 500 V electric strength test;

— if no windings are open circuited, apply a 2 500 V electric strength test.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 55— FINAL VERSION
© IEC 2025

18.6 Electronic circuits shall be so designed and applied so that a fault condition will not
render the tool unsafe with regard to electric shock, fire hazard or accessibility to moving
parts.

Compliance is checked by evaluation of the fault conditions specified in 18.6.1 for all circuits
or parts of circuits.
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tissue paper; the sample is to be covered by one layer of untreated 100 % cotton medical
gauze. The tool is operated at rated voltage. A new sample can be used for each fault listed
in 18.6.1.

No charring or burning of the gauze or tissue paper shall result. Charring is defined as a
blackening of the gauze caused by combustion. Discolouration of the gauze causéd by smoke
is acceptable. Charring or igniting of the tissue paper or gauze from the means.that is used to
create the short is not regarded as a failure.

Protection against electric shock as specified in Clause 9 shall be maintaihed.

Protection against accessibility to moving parts as specified in 19.7\shall be maintained, if the
test resulted in new openings being created in the enclosure.

If a circuit fulfils the requirements of a low power circuit as~described in Annex H and there is
no risk of electric shock or the loss of a safety critical function as defined in 18.8, then this
evaluation is not performed.

If the circuit is encapsulated with an insulatingé{material with a minimum thickness of 0,5 mm
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\hecessary to fully cover electrolytic capacitors.

NOTE 1 In general, encapsulation effectively limits the likelihood of the spread of fire within the encapsulated
circuit. Electrolytic capacitors often requiré an unobstructed surface to allow venting under fault conditions.

Any fuse, thermal cut-outs, thermal links, temperature limiters, electronic devices or any
component(s) or conductor(s) that interrupt the current may operate during the above tests,
provided at least any of the following is fulfilled:

— the test is repeated and passed two more times, using two additional samples; or

— the tool withstands the test of 18.6.1 with the fuse, thermal cut-out or thermal link
bridged; or

— if a mipiature fuse link complying with IEC 60127 operates, the tool withstands the test of
18.6.2:

If aseonductor of a printed circuit board becomes open-circuited, the tool is considered to
have withstood the particular test, provided all of the following conditions are met:

live parts and accessible conductive parts below the values specified in Clause 28;

— the tool withstands the test when repeated with the open-circuited conductor bridged or,
alternatively, the test may be repeated two more times, using two additional samples,
providing each test opens the conductor at the same point.

NOTE 2 Examination of the tool and its circuit diagram will reveal the fault conditions which have to be simulated
through circuit analysis, so that testing can be limited to those cases which may be expected to give the most
unfavourable result.
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18.6.1 The following fault conditions are 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 Clause 28, unless the
relevant part is encapsulated;

b) open-circuit at the terminal of any component;

)
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d) short-circuit of any two terminals of an electronic component, other than a monolithic
integrated circuit. This fault is not applied between the two circuits of an optocoupler;

e) failure of triacs in the diode mode;

f) failure of a monolithic integrated circuit or other circuits that cannot be assessed’ by the
fault conditions a) to e). In this case the possible hazardous situations of.the tool are
assessed to ensure that safety does not rely on the correct functionipng of such a
component. All possible output signals are considered under fault conditions within the
integrated circuit. If it can be shown that a particular output signal is unlikely to occur, then
the relevant fault is not considered.

Components such as thyristors and triacs are not subjected to fault condition f).

Positive temperature coefficient resistors (PTC’s) are not sshert-circuited if they are used
within their manufacturer’s declared specification.

For simulation of the conditions, the tool is operated{at-ho-load adjusted to maximum output
speed.

The test is conducted until failure or until one©fythe following occurs:

— for mains-operated tools, the tool no Ionger draws supply current; or

— steady conditions are established; or

— the test samples return to within's K of the ambient temperature; or

— a test period of 3 h has elapsed.

18.6.2 If the safety of the tool depends upon the operation of a miniature fuse-link
complying with IEC 60127 "during any of the fault conditions specified in 18.6.1, the test

results of 18.6.1 are dceéptable, provided the test is repeated but with the miniature fuse-link
replaced by an ammeter. If the current measured

— does not exteed 2,1 times the rated current of the fuse-link, the circuit is not considered to
be adequately protected and the test is carried out with the fuse-link short-circuited;

— is at/east 2,75 times the rated current of the fuse-link, the circuits is considered to be
adequately protected;

— _s-between 2,1 times and 2,75 times the rated current of the fuse-link, the fuse-link is
Short-circuited and the test is carried out

e for the relevant period or for 30 min, whichever is the shorter, for quick acting fuse-

links;
o for the relevant period or for 2 min, whichever is the shorter, for time lag fuse-links.

In case of doubt, the maximum resistance of the fuse-link has to be taken into account when
determining the current.

NOTE The verification whether the fuse-link acts as a protecting device is based on the fusing characteristics
specified in IEC 60127-3, which also gives the information necessary to calculate the maximum resistance of the
fuse-link.
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18.7 Switches or other devices for motor reversal shall withstand the stresses occurring
when the sense of rotation is reversed under running conditions where such a reversal is
possible.

Compliance is checked by the following test.

The tool is operated at a voltage equal to rated voltage at no-load; the device for reversing
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speed.

The direction of the rotation is then reversed, without the device resting in an intermediate
"off" position.

This operation sequence is performed 25 times.

After the test, the 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 is conSidered to have no
mechanical or electrical failure.

18.8 Electronic circuits providing safety critical functions

18.8.1 General
Electronic circuits that provide safety critical functions shall be

— reliable
and

— not susceptible to loss of safety critical function due to exposure to electromagnetic
environmental stresses encountered inranticipated environments.

Compliance is checked by exposing these electronic circuits to the immunity tests described
in

— 18.8.2 to 18.8.6 for electronic circuits with no internal clock frequency or oscillator
frequency higher than 15MHz;

— 18.8.2 to 18.8.7 for all-other electronic circuits;

which shall be passed without a loss of the safety critical function. The tests are carried out
with the tool supplied at rated voltage or the mean value of the rated voltage range, unless
the difference-between the upper and lower limit of the rated voltage range is greater than
20 % of thermean value of the range, in which case the test is conducted at both the upper
and lowenijmits of the rated voltage range.

In addition, these electronic circuits shall be evaluated using the fault conditions of 18.6.1
butshall not result in a loss of any safety critical function or shall place and maintain the
toel into a safe state while the fault condition is present. If the concept of 18.6.1 is not
dppropriate due to the design of the electronic circuit (e.q. in the case of a single channel

design), then its reliability shall be evaluated by the methods of ISO 13849-1. Required
performance levels for applicable safety critical functions are specified by the relevant part
of IEC 62841-2, IEC 62841-3 or IEC 62841-4. Typical safety critical functions are indicated
in Table 4.

NOTE 1 An example for a safe state is a tool that is inoperable.
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Table 4 — Required performance levels
Type and purpose of SCF Minimum Performance Level
(PL)
Power switch — prevent unwanted switch-on *
Power switch — provide desired switch-off *
For tools where marking with the direction of rotation is required by the *
IUivValli. pdli. uf iEU ULO“I“I‘L, iEU ULO“I“I‘O Ul iEU ULO41‘4. FIUViU‘v u'vaiu::u'
direction of rotation
Any electronic control to pass the test of 18.3 *
For tools covered by 19.6: Overspeed prevention to prevent output speed *
above 130 % of rated (no-load) speed
For tools other than those covered by 19.6 or with output speed increases Not a SCF
that do not exceed 130 % of rated (no-load) speed: Any speed limiting
device
Restart prevention, if required by the relevant part of IEC 62841-2, *
IEC 62841-3 or IEC 62841-4
Soft start, if required by the relevant part of IEC 62841-2, IEC 62841-3 or *
IEC 62841-4
Prevent exceeding thermal limits as in Clause 18 *
Prevent self-resetting as required in 23.3 *
* Performance levels are to be specified in the relevant part of IEC-62841-2, IEC 62841-3 or IEC 62841-4 or;
for tools without a relevant part of IEC 62841-2, IEC 62841-3 orlEC/62841-4, in accordance with ISO 13849-
1 using Annex E as a guide.

NOTE 2 In Europe (EN 62841-1), the footnote in Table 4 reads:

* Performance levels are to be specified in the relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4.

If only MTTF is applied to achieve the required PL, the required minimum MTTFy for each
PL level shall be as follows:

- PL=a:MTTF, =5 years;

— PL=b: MTTFy4 = 20 years;

— PL=c: MTTF4 = 50 years.

For safety critical functions not listed in Table 4 and provided by electronic circuits, the PL
values shall be detefmined using the methods of ISO 13849-1.

NOTE 3 Annex Eprovides guidance in applying ISO 13849-1 for SCF of products covered by this standard.

NOTE 4 In Europe (EN 62841-1), the above paragraph and NOTE 3 are not applicable.

Softwate->used in portions of the circuit comprised of a microcontroller or in other
progkammable devices shall comply with the requirements for software class B in accordance
with-Subclause H.11.12.3 of IEC 60730-1:2010, if the failure of these circuits would create a
loss of the safety critical function. In the case where software class B is realized by single
channel with periodic self-test, an acceptable period is regarded as either after each

activation of the power switch or a maximum of 5 min.

H.11.12.3.4.1 is only applicable for SCF with a PL = c or higher.

NOTE 5 The allowance to use microcontrollers and other programmable logic, which are considered as “complex
electronic circuits”, for category 1 in accordance with I1SO 13849-1, is based upon their fulfilment of the
requirements of H.11.12.3 of IEC 60730-1:2010.

Any design that only alerts the user of the loss of the SCF is not considered sufficient to fulfil
the required PL.
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18.8.2 The tool is subjected to electrostatic discharges in accordance with IEC 61000-4-
2:2008, test level 4 being applicable for air discharge and test level 3 being applicable for
contact discharge. Ten discharges having a positive polarity and ten discharges having a
negative polarity are applied.

18.8.3 The tool is subjected to fast transient bursts in accordance with IEC 61000-4-4:2012,
test level 3 being applicable. The bursts are applied with a repetition frequency of 5 kHz for
2 min with a positive polarity and for 2 min with a neqative polarity.

18.8.4 The power supply terminals of the tool are subjected to voltage surges in accordance
with IEC 61000-4-5:2005, five positive impulses and five negative impulses being applied-at
the selected points. Test level 3 is applicable for the line-to-line coupling mode, a generator
having a source impedance of 2 Q2 being used. Test level 4 is applicable for the line-to-earth
coupling mode, a generator having a source impedance of 12 Q being used.

For tools having surge arresters incorporating spark gaps, the test is repeated at a level that
is 95 % of the flashover voltage.

18.8.5 The tool is subjected to injected currents in accordance with |IEC 61000-4-6:2008,
test level 3 being applicable. During the test, all frequencies between 0,15 MHz to 230 MHz
are covered.

18.8.6 The tool is subjected to the Class 3 voltage dips and interruptions in accordance with
IEC 61000-4-11:2004. The values specified in Table 1rand Table 2 of IEC 61000-4-11:2004
are applied at zero crossing of the supply voltage.

18.8.7 The tool is subjected to radiated fields’ in“accordance with IEC 61000-4-3:2010, test
level 3 being applicable. The frequency ranges tested shall be 80 MHz to 1 000 MHz.

NOTE The dwell time for each frequency is to ‘be sufficient to observe a possible malfunction of the circuit
providing a safety critical function.

19 Mechanical hazards

19.1 Moving and other dangerous parts of the tool shall, as far as is compatible with the use
and working of the tool, be-so positioned or enclosed to provide adequate protection against
personal injury.

Protective enclosures, covers, guards and the like shall have adequate mechanical strength
for their intended purpose. They shall not be removable without the aid of a tool.

When used. as protection of the working element, an adjustable guard shall have an easily
accessible means of accurate adjustment with the objective of minimizing access to the
dangerpus parts.

The use and adjustment of a guard shall not create other dangers, for example by reducing or
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Compliance is checked by inspection, by the tests of Clause 20 and by means of the test
probe B of IEC 61032:1997 with a force not exceeding 5 N. Prior to the application of the test
probe any soft materials (elastomers), such as soft grip coverings, shall be removed. It shall
not be possible to touch dangerous moving parts with this test probe. This test is not
applicable for dust collection openings with the dust collection devices removed, as they are
tested in accordance with 19.3.
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19.2 Tools shall have no ragged or sharp edges, other than those necessary for the
functioning of the tool, which could create a hazard for the user.

Compliance is checked by inspection.

19.3 It shall not be possible to reach dangerous moving parts through dust collection
openings with the detachable parts or provisions for dust collection removed, if any.

Compliance is checked by applying a rigid test probe with the dimensions of the test probe B
of IEC 61032:1997, but without any articulation, with a force not exceeding 5 N.

19.4 Hand-held tools shall have at least one handle or grasping surface to ensure’ safe
handling during use.

Transportable tools shall be provided with at least one handle, grasping surface or the like
to ensure safe transportation.

Lawn and garden machinery shall have adequate grasping surfaces(to ensure safe handling
during use.

Compliance is checked by inspection.

19.5 Tools shall be designed and constructed to allow, where necessary, a visual check of
the contact of the cutting tool with the workpiece.

Compliance is checked by inspection.

19.6 For all tools where the relevant part of IEC 62841-2, IEC 62841-3 or |IEC 62841-4
requires the tool to be marked with the rated no-load speed, the no-load speed of the spindle
at rated voltage shall not exceed 110,%"of the rated no-load speed.

Compliance is checked by measuring the speed of the spindle after the tool has been
operating for 5 min at no-load. . During the test, separable accessories are not mounted.

19.7 Transportable tools: and lawn and garden machinery intended to be used on a
surface such as the flogrsor a table shall have adequate stability.

Compliance is checked by the following test, tools provided with an appliance inlet being fitted
with an appropriate connector and flexible cable or cord.

The tool.is.°.placed with the motor switched off in any normal position of use on a plane
inclined/at an angle of 10° to the horizontal, the cable or cord resting on the inclined plane in
the most unfavourable position. If, however, the tool is such that, were it to be tilted through
anangle of 10° when standing on a horizontal plane, a part of it not normally in contact with
the’ supporting surface would touch the horizontal plane, the tool is placed on a horizontal
Support and tilted in the most unfavourable direction through an angle of 10° For the test, the

tool is prevented from sliding.

Tools provided with doors are tested with the doors open or closed, whichever is the more
unfavourable.

Tools intended to be filled with liquid by the user in normal use are tested empty or filled with
the most unfavourable quantity of water or the recommended liquid, up to the rated capacity.

The tool shall not tip over.
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19.8 Transportable tools provided with wheels identified in the relevant part of IEC 62841-3
shall have adequate stability during transportation.

Compliance is checked by the following test.

The tool is held in its normal transportation position while traversing in both directions
perpendicular to the slope of a plane inclined at an angle of 10° to the horizontal, the cable or
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19.9 |If, in accordance with 8.14.2, the user is instructed to remove a fixed guard, such as
for maintenance, to convert the tool or to change the accessory, then the fastenings¢shall
remain attached to the guard or to the machinery. If a fastening need not be completely
removed for removing the guard, it shall be considered as still attached.

Compliance is checked by inspection and manual test.

20 Mechanical strength

20.1 Tools shall have adequate mechanical strength, and shall be-so constructed that they
withstand rough handling that may be expected.

Compliance is checked by the tests specified in 20.2, 20.3;and 20.4.

Immediately after the tests, the tool shall withstand\the electric strength test as specified in
Annex D between live parts and accessible parts, and live parts shall not have become
accessible, as specified in Clause 9.

Damage to the finish, small dents and cracks which do not reduce creepage distances or
clearances below the values specified¢iny28.1, or small chips which do not adversely affect
protection against shock or moisture are heglected.

The mechanical safety of the toolias required by this standard shall not be impaired.

If a decorative cover is backed by an inner cover, a fracture of the decorative cover is
neglected when the inner.cover withstands the test after removal of the decorative cover.

20.2 Blows are applied to the tool by means of the spring-operated impact test apparatus
according to Clatise’ 5 of IEC 60068-2-75:1997.

The spring is’so adjusted that it causes the hammer to strike with an impact energy as shown
in Tabless.

Table 5 — Impact energies

Parts to be tested Impact energy
J
Brush caps 0,5+ 0,05
Other parts 1,0 + 0,05

The tool is rigidly supported and three blows are applied to each point of the enclosure which
is likely to be weak.

Where necessary, blows are also applied to guards, covers, handles, levers, knobs and the
like.
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20.3 For hand-held tools and hand-held lawn and garden machinery, 20.3.1 applies. For
transportable tools, 20.3.2 applies. For ground supported lawn and garden machinery,
requirements are given in the relevant part of IEC 62841-4.

20.3.1 A hand-held tool is dropped three times in total on a concrete surface from a height
of 1 m. For these three drops, the sample is tested in the three most unfavourable positions
the lowest point of the tool being 1 m above the concrete surface. Separable accessories are
not mounted.

If attachments are provided as specified in accordance with 8.14.2, the test is repeated with
each attachment or combination of attachments mounted to a separate tool sample.

20.3.2 A transportable tool, placed in its normal operating position, is impacted”with a
smooth steel sphere having a diameter of (60 + 2) mm and weighing (0,55 + 0,03)"kg. If a part
of the tool can be impacted from above, the sphere is dropped from a rest pesition to strike
the component. Otherwise, the sphere is suspended by a cord and is allowed to fall from a
rest position as a pendulum to strike the area of the tool to be tested. JIn* either case, the
vertical travel of the sphere is (1,3 +0,1) m.

A guard that becomes disassembled is acceptable, if it can be_reassembled to function
properly.

Deformation of a guard or other part is acceptable, if the part can be restored to its original
shape.

Damage to the tool or a portion of the drive system, other than a guard is acceptable, if the
tool is incapable of normal operation.

20.4 Accessible caps of brush holders shallshave adequate mechanical strength.

Compliance is checked by inspectionZand, in case of doubt, by removing and replacing the
brushes 10 times, the torque applietwhen tightening the cap being as shown in Table 6.

Table 6 — Test torques

Blade width of test screwdriver Torque

mm Nm
Up to andsincluding 2,8 0,4
Over'2y8 up to and including 3,0 0,5
Owver 3,0 up to and including 4,1 0,6
Over 4,1 up to and including 4,7 0,9
Over 4,7 up to and including 5,3 1,0
Over 5,3 1,25

After this test, the brush holder shall show no damage impairing its further use, the thread, if
any, shall not be damaged and the cap shall show no cracks.

The blade width of the test screwdriver must be as large as possible, but must not exceed the
length of the recess in the cap. If, however, the thread diameter is smaller than the length of
the recess, the blade width must not exceed this said diameter. The torque must not be
applied in jerks.

20.5 For all tools that are likely to cut into concealed wiring or their own cord, handles and
grasping surfaces, as specified in the instruction manual in accordance with 8.14.2 b) 6), shall
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have adequate mechanical strength in order to provide insulation between the grasping area
and the output shaft. The relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4 specifies
if 20.5 does not apply.

Compliance is checked by the following test.

A separate sample, at the discretion of the manufacturer, is to be subjected to a single impact

on-cach-handle—and-eachrocommended-graspingsurfacenthomostunfavourabloposition-
The impacts are carried out from a height of 1 m onto a concrete surface followed by an
electric strength test according to Clause D.2 using 1 250 V a.c. between the handles and

grasping surfaces in contact with foil and the output shaft of the tool.

21 Construction

21.1 Tools which can be adjusted to suit different voltages, or to different Speeds, shall be
so constructed that accidental changing of the setting is unlikely to occur, \if such a change
might result in a hazard.

Compliance is checked by inspection and by manual test.

21.2 Tools shall be so constructed that accidental changing of the setting of control
devices is unlikely to occur.

Compliance is checked by manual test.

21.3 It shall not be possible to remove parts which ensure the required degree of protection
against moisture without the aid of a tool.

Compliance is checked by manual test.

21.4 If handles, knobs and the likerare used to indicate the position of switches or similar
components, it shall not be possible to fix them in a wrong position if this might result in a
hazard.

Compliance is checked by inspection and by manual test.

21.5 Replacement of a flexible cable or cord requiring the moving of a switch which acts also
as a terminal fof\external conductors shall be possible without subjecting internal wiring to
undue stressy after repositioning the switch, and before reassembling the tool, it shall be
possible to Verify whether the internal wiring is correctly positioned.

Complidnce is checked by inspection and by manual test.

21.6 Wood, cotton, silk, ordinary paper and similar fibrous or hygroscopic material shall not
be used as insulation, unless impregnated.

Insulating material is considered to be impregnated if the interstices between the fibres of the
material are substantially filled with a suitable insulant.

Compliance is checked by inspection.
21.7 Driving belts shall not be relied upon to provide the required level of insulation.

This requirement does not apply if the tool incorporates a special design of belt which
prevents inappropriate replacement.
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Compliance is checked by inspection.

21.8 Insulating barriers of class Il tools, and parts of class Il tools which serve as
supplementary insulation or reinforced insulation, and which might be omitted during
reassembly after user maintenance, shall either:

— be fixed in such a way that they cannot be removed without being seriously damaged; or
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omitted, the tool is rendered inoperable or manifestly incomplete.

Compliance is checked by inspection and by manual test.

This requirement is met if the barrier is so fixed that it can only be removed by breaking or
cutting.

Fixing by means of rivets is allowed, provided that these rivets need not be.removed during
user maintenance.

Fixing by means of an adhesive is only allowed if the mechanical Strength of the joint is at
least equal to that of the barrier.

An adequate internal lining of insulation material, or an adéquate internal insulating coating
on metal enclosures, is considered to be an insulating bartier’provided that the coating cannot
easily be removed by scraping.

For class Il tools, a sleeve on an insulated intetnal conductor, other than the core of an
external flexible cable or cord, is considered to be an adequate insulating barrier, if it can only
be removed by breaking or cutting, or if it is clamped at both ends.

Ordinary lacquering on the inside of anetal enclosures, varnished cambric, flexible resin-
bonded paper, or the like are not considered to be insulating barriers.

21.9 The insulation of the innericonductors of a flexible cable or cord used as wiring within
the tool is considered as basic insulation. No additional insulation is required in areas of
class | construction. When these conductors are used in areas of class Il construction, they
shall be insulated from accessible metal parts by any of the following:

— the sheath of the supply cord itself, provided this sheath is not exposed to undue thermal
stress, clamping against accessible metal or other mechanical stress (e.g. pressure or
tension) that.could cause damage to the sheath; or

— a sleeve;tubing or barrier complying with the requirements of supplementary insulation.

Compliance is checked by inspection and, for the determination of thermal stress, by the test
of Clause 12.

2410 Air intake of motor enclosures shall not enable the ingress of foreign bodies that could
impair safety.

Compliance is checked by the following test.

It shall not be possible to insert a steel ball of 6 mm diameter under its own weight through
the air intake openings other than those adjacent to the fan.
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21.11 Class | tools shall be so constructed that, should any wire, screw, nut, washer, spring,
brush, brush holder component or similar part become loose or fall out of position, it cannot
become so disposed that accessible metal is made live.

Class Il tools or class Il constructions shall be so constructed that, should any such part
become loose or fall out of position, it cannot become so disposed that creepage distances
or clearances over supplementary insulation or reinforced insulation are reduced to less
than 50 % of the values specified in 28.1.

Class Il tools or class Il constructions, other than those of the all-insulated type, shall-be
provided with insulating barriers between accessible metal and motor parts and other live
parts.

For class | tools, this requirement can be met by the provision of barriers, or_by fixing the
parts adequately, and by providing sufficiently large creepage distances and clearances.

It is not to be expected that two independent parts will become loose or fall 'out of position at
the same time. For electrical connections, spring washers are considered to be adequate for
preventing the loosening of the parts.

Wires are considered as likely to become free from terminals ar'soldered connections, unless
they are held in place near to the terminal or termination, independent of the terminal
connection or solder.

Short rigid wires are not regarded as liable to cometaway from a terminal, if they remain in
position when the terminal screw is loosened.

Compliance is checked by inspection, by measurement and by manual test.

21.12 Supplementary insulation and:reinforced insulation shall be so designed or
protected that they are not likely to beZimpaired by deposition of dirt, or by dust resulting from
wear of parts within the tool, to such an extent that creepage distances or clearances are
reduced below the values specified in 28.1.

Ceramic material not tightlycsintered and similar materials, and beads alone, shall not be used
as supplementary insulation or reinforced insulation.

Elastomer, natural ‘or synthetic rubber parts used as supplementary insulation and/or
reinforced insulation shall be resistant to ageing, or be so arranged and dimensioned that
creepage distances are not reduced below the values specified in 28.1, even if cracks occur.

Insulating.\material in which heating conductors are embedded serves as basic insulation,
and shall-not be used as reinforced insulation.

Compliance is checked by inspection, by measurement and, for elastomer and rubber, by the
following test.

Elastomer and rubber parts are aged at a temperature of (100 + 2) °C for 70 h. After the test,
the parts shall withstand the test of Clause D.2 using 75 % of the values indicated in
Table D.1. For the test in accordance with Clause D.2, the parts may be tested individually or
reassembled in the tool. If a part is tested reassembled in the tool, the test shall only be
conducted between live parts and accessible parts.

NOTE In case of doubt with regard to materials other than rubber, special tests may be made.

In case of doubt, the following test is carried out to determine, if ceramic material is tightly
sintered.
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The ceramic material is broken into pieces that are immersed in a solution containing 1 g of
fuchsine in each 100 g of methylated spirit. The solution is maintained at a pressure not less
than 15 MPa for a period so that the product of the test duration in hours and the test
pressure in megapascals is approximately 180.

The pieces are removed from the solution, rinsed, dried and broken into smaller pieces.
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21.13 Tools shall be so constructed that internal wiring, windings, commutators, slip rings.and
the like, and insulation in general, are not exposed to oil, grease or similar substances.

If the construction necessitates that insulation be exposed to oil or grease“or similar
substance, as in gears and the like, the oil or grease or substance shall have adequate
insulating properties so that compliance with the standard is not impaired, and shall have no
effect on insulation.

Compliance is checked by inspection and by the tests of this standard.
21.14 It shall not be possible to gain access to brushes without\the aid of a tool.

Screw-type brush-caps shall be so designed that, when_tightening, two surfaces are clamped
together.

Brush-holders, which retain the brushes in positiof)by means of a locking device, shall be so
designed that the locking does not depend upaen the brush-spring tension, if the loosening of
the locking device might make accessible parts live.

Screw-type brush-caps, which are acecessible from the outside of the tool, shall be of
insulating material, or be covered with’insulating material; they shall not project beyond the
surrounding surface of the tool.

Compliance is checked by inspeetion.

21.15 Tools employing liquid systems shall protect the user against the increased risk of
shock due to the presence of liquid under faults of the liquid system.

Tools employing liquid systems shall be either:

— of class(Ill construction; or

— of class | or class Il construction and be provided with a residual current device and
coniply with 14.3, 14.4 and 14.5; or

—-Sof class | or class Il construction and be designed for use in combination with an
isolating transformer and comply with 14.3 and 14.4.

Compliance is checked by inspection.

21.16 For tools having compartments to which access can be gained without the aid of a tool
and that are likely to be cleaned in normal use, the electrical connections shall be arranged
so that they are not subject to pulling during cleaning.

Compliance is checked by inspection and by manual test.
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21.17 Tools shall be fitted with a power switch to control the motor. The actuating member of
this switch shall be easily visible and accessible.

Compliance is checked by inspection.

21.17.1 For tools incorporating a switch with a lock-off device, whereby the switch trigger is
operated with a squeezing action by closing the fingers towards the palm of the hand, the
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environmental conditions to prevent activation of the tool by the switch trigger alone.

Compliance is checked by inspection and by the tests of 21.17.1.1 and, for lock-off deyvices
that are self-restoring to the lock-off position, additionally by the tests of 21.17.1.2.

21.17.1.1 A sample of the switch and its lock-off system assembled into the~televant tool
housing is kept for 1 h in a heating cabinet at 80 °C.

After the sample has returned to within 5 K of the ambient temperaturé,’ the switch lock-off
system shall then comply with the test of 21.17.1.3.

21.17.1.2 A sample of the switch and its lock-off system assembled into the relevant tool
housing is operated for the number of cycles in accordance with,23.1.10.2, where one cycle is
defined as follows:

1) the lock-off device is actuated;
2) the switch is actuated;
3) the lock-off device or the switch is released as‘required to restore the switch to the locked

state.

The switch actuations shall be conductéd “at a rate of 10 to 20 per min. Following the
operations as specified above, the samplershall then comply with the test of 21.17.1.3. During
this test, the tool need not be connected to the supply.

NOTE The above test can be performediin conjunction with 23.1.10.2.

21.17.1.3 A push force as.specified in Table 7 is applied to the most unfavourable point of
the switch actuating member in the direction of the switch actuation for a period of 10 s
without prior actuation-,0f the lock-off device. The switch shall not actuate during the
application of the specified force. The switch and its lock-off system shall operate as designed
after the applied forc€ is terminated.

Table 7 — Switch trigger force

Trigger type Force
N
Single finger trigger 100
(trigger length < 30 mm)
Multi finger trigger P

(trigger length > 30 mm)
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21.18 Additional requirements for power switches for hand-held tools are given in 21.18.1.
Additional requirements for power switches for transportable tools are given in 21.18.2.
Additional requirements for power switches for lawn and garden machinery are given in the
relevant part of IEC 62841-4.

21.18.1 For hand-held tools, the power switch required by 21.17 shall be a momentary
power switch, with or without a lock-on device, which can be switched on and off by the user
without releasing any of the handle(s) or grasping surface(s) required by 19.4.

For hand-held tools without a relevant part of IEC 62841-2 and without a substantial risK
associated with continued operation, power switches other than momentary power
switches are permitted.

NOTE In Europe (EN 62841-1), the above paragraph is not applicable.

Compliance is checked by inspection and by manual test.

21.18.1.1 When a momentary power switch has a separate action, to' lock it in the "on®
position, the switch shall unlock automatically with a single actuation.fiotion without releasing
the grasp on the tool. For tools supplied with more than one switch of which any can be
locked on, the lock-on switch(es) shall be within the grasping zone necessary to control the
tool, and any one of these switches shall unlock or make ineffective all remaining lock-on
devices automatically with a single actuation motion without-releasing the grasp on the tool.

Where there is a risk associated with continued loecked-on operation as defined by the
relevant part of IEC 62841-2, the switch shall not havevany locking device to lock it in the “on”
position.

Compliance is checked by inspection and by’ manual test.

21.18.1.2 Where there is a risk associated with inadvertent starting as defined by the
relevant part of IEC 62841-2, power-switch triggers and lock-off devices, if applicable, shall
be so located, designed or guarded that inadvertent operation is unlikely to occur.

It shall either not be possible to start the tool when a rigid sphere with a diameter of
(100 £ 1) mm is applied tothe power switch in any direction with a single linear motion;

or

two separate andidissimilar actions shall be necessary before the motor is switched on (e.g. a
power switeh-which has to be pushed in before it can be moved laterally to close the
contacts tg start the motor). It shall not be possible to achieve these two actions with a single
grasping ‘motion or a straight line motion.

Compliance is checked by inspection and by manual test.

NOTE In Europe (EN 62841-1), the following additional requirement applies:

Unless hand-held tools are equipped with a momentary power switch without a lock-on device, voltage recovery
following an interruption of the supply shall not give rise to a hazard. The relevant part of IEC 62841-2 specifies if
this subclause applies and gives specific requirements.

Compliance is checked by inspection and by practical test.

21.18.2 For transportable tools, the power switch required by 21.17 shall be able to be
easily actuated “on” or “off” without any reasonably foreseeable hazard from the operator's
position as specified in the instruction manual in accordance with 8.14.2.

Compliance is checked by inspection.
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21.18.2.1 Unless transportable tools are equipped with a momentary power switch,
voltage recovery following an interruption of the supply shall not give rise to a hazard. The
relevant part of |EC 62841-3 specifies if this subclause applies and gives specific
requirements.

Compliance is checked by inspection.

When a flap/cover is provided and covers the stop button it shall do so in a way such-that
pushing the flap actuates the stop.

Compliance is checked by manual test.

21.18.2.3 A power switch shall be located, designed or guarded so_that unintentional
movement to the “on” position is unlikely.

It shall either not be possible to start the tool when a rigid sphere with a diameter of
(100 £ 1) mm is applied to the power switch in any direction with a single linear motion;

or

the power switch shall have two separate and dissimilar’actions before the motor is switched
on (e.g. a power switch which has to be pushed in before it can be moved laterally to close
the contacts to start the motor). It shall not be péssible to achieve these two actions with a
single grasping or a straight line motion.

Compliance is checked by inspection and by manual test.
21.18.2.4 A push-pull switch shall.bée-turned off by an inward push.
Compliance is checked by inspection.

21.19 Tools shall be so designed that the protection against electric shock is not affected
when screws removed-during user maintenance are incorrectly replaced during reassembly.

Compliance is checked by removing screws required by each user maintenance operation as
specified in 8-14.2 and attempting to install them into the improper screw locations of the
same or larger diameter during reassembly, using the torque from Table 11, after which
creepage‘distances and clearances between live parts and accessible metal parts shall not
have bgen reduced below the values specified in 28.1.

21.20 If the tool is marked with the first numeral of the IP system, the relevant requirements
of1EC 60529:2013 shall be fulfilled.

Compliance is checked by making the relevant tests.

21.21 Tools shall be so designed that there is no risk of electric shock from charged
capacitors when touching the pins of the plug. Capacitors, having a rated capacitance less
than or equal to 0,1 uF, are not considered to entail a risk of electric shock even if connected
to the supply side of the switch. This requirement does not apply to capacitors complying with
the requirements for protective impedance specified in 9.2 and 21.34.

Compliance is checked by the following test, which is made 10 times.
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The tool is operated at rated voltage.

The power switch is then moved to the "off" position and the tool is disconnected from the
supply by means of the plug.

One second after disconnection, the voltage between the pins of the plug is measured with an
instrument which does not appreciably affect the value to be measured.

The voltage shall not exceed 34 V.

21.22 Non-detachable parts, which provide the necessary degree of protection against
electric shock, moisture, or contact with moving parts, shall either require removal with\th'e aid
of a tool or be fixed in a reliable manner.

Snap-in devices used for fixing such parts shall have an obvious locked position. The fixing
properties of snap-in devices used in parts which are likely to be removed shall not
deteriorate.

Compliance is checked by inspection or by the following tests.

Parts which are likely to be removed are disassembled and,assembled 10 times before the
test is carried out.

The tool is at ambient temperature. However, in caseS where compliance may be affected by
temperature, the test is also carried out immediately~after the tool has been operated under
the conditions specified in Clause 12.

The test is applied to all parts which are likély fo be detachable, whether or not they are fixed
by screws, rivets, or similar parts.

A force is applied without jerks for 10°s in the most unfavourable direction to those areas of
the cover or part which are likely to be weak. The force is as follows:

— push force 50 N;
— pull force
a) if the shape of.the part is such that the fingertips cannot easily slip off 50 N;
b) if the projection of the part which is gripped is less than 10 mm in the 30 N.

direction_of.removal

The push force is applied by means of a rigid test probe with the dimensions of the test
probe B of \lEC 61032:1997, but without any articulation.

Thepull force is applied by a suitable means such as a suction cup, so that the test results
are not affected.

in any aperture or joint with a force of 10 N. The fingernail is then slid sideways with a force of
10 N; it is not twisted or used as a lever.

If the shape of the part is such that an axial pull is unlikely, no pull force is applied, but the
test fingernail shown in Figure 1 is inserted in any aperture or joint with a force of 10 N, and is
then pulled for 10 s by means of the loop with a force of 30 N in the direction of removal.

If the cover or part is likely to be subjected to a twisting force, a torque as detailed below is
applied at the same time as the pull or push force:



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV -71- FINAL VERSION
© IEC 2025

— for major dimensions up to and including 50 mm 2 Nm;
— for major dimensions over 50 mm 4 Nm.

This torque is also applied when the test fingernail is pulled by means of the loop.

If the projection of the part which is gripped is less than 10 mm, the above torque is reduced
to 50 % of the value.

Parts shall not become detached, and they shall remain in the locked position.

21.23 Handles, knobs, grips, levers and the like shall be fixed in a reliable manner sothat
they will not work loose, if loosening might result in a hazard.

Compliance is checked by inspection, by manual test, and by trying to removeéythe handle,
knob, grip or lever applying, for 1 min, a 30 N axial force either pushing or pulling.

21.24 Storage hooks and similar devices for flexible cords shall be smooth<and well rounded.
Compliance is checked by inspection.

21.25 Current-carrying parts and other parts, the corrosion af-which might result in a hazard,
shall be resistant to corrosion under normal conditions of use.

Compliance is checked by verifying that, after the tests,of Clause 15, the relevant parts show
no sign of corrosion. Stainless steel and similar corrosion-resistant alloys and plated steel are
considered to be satisfactory for the purpose of this’requirement.

NOTE Examples of causes of corrosion are the incompatibility of materials and effects of heating.

21.26 Tools having parts where reliance>is based upon safety extra-low voltage to provide
the necessary degree of protection-'against electric shock, shall be so designed that the
insulation between parts operating at safety extra-low voltage and other live parts complies
with the requirements for doublesinsulation or reinforced insulation.

Compliance is checked by-the tests specified for double insulation or reinforced insulation.

21.27 Parts separated:by protective impedance shall comply with the requirements for
double insulation.orreinforced insulation.

Compliance,is.checked by the tests specified for double insulation or reinforced insulation.

21.28 Shafts of operating knobs, handles, levers and the like shall not be live unless the shaft
is not'accessible when the knob, handle, lever and the like is removed.

Compliance is checked by inspection and by applying the test probe B of IEC 61032:1997
after removal of the knob, handle, lever, or the like, even with the aid of a tool

21.29 For constructions other than those of class Ill, handles, levers and knobs which are
held or actuated shall not become live in the event of an insulation fault.

If these handles, levers or knobs are of metal, and if their shafts or fixings are likely to
become live in the event of a basic insulation fault, they shall either be adequately covered
by insulating material, or their accessible parts shall be separated from their shafts or fixings
by insulation.
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For transportable tools and lawn and garden machinery of class I, this requirement does
not apply to handles, levers and knobs, other than those of electrical components, if they are
reliably connected to an earthing terminal or earthing contact or separated from live parts by
earthed metal.

Compliance of the insulating covering or material is checked by inspection, and by the electric
strength test in Clause D.2 with 1 250 V applied.

21.30 For all tools that are likely to cut into concealed wiring or their own cord, handles and
grasping surfaces, as specified in the instruction manual in accordance with 8.14.2 b) 6), shall
be formed of insulating material or, when of metal, shall be either adequately covered“-by
insulating material or their accessible parts shall be separated by insulating barrier(s) from
accessible metal parts that may become live by the output shaft. These insulating barriers are
not to be regarded as basic insulation, supplementary insulation or reinforced,ihsulation.

If a stick type auxiliary handle is provided with such tool, it shall be insulated_and be provided
with a flange having a height not less than 12 mm above the grasping surface between the
grasping area and accessible parts that may become live by the output.shaft.

The relevant part of IEC 62841-2, IEC 62841-3 or IEC 62841-4 specifies if 21.30 does not
apply.

Compliance is checked by inspection and by the tests of 20. 5«

21.31 For class Il tools, capacitors shall not be connected to accessible metal parts, and
their casings, if of metal, shall be separated from_accessible metal parts by supplementary
insulation.

This requirement does not apply to capacitors complying with the requirements for protective
impedance specified in 9.2 and 21.34.

Compliance is checked by inspection and by the tests specified for supplementary
insulation.

21.32 Capacitors shall not_be connected between the contacts of a thermal cut-out.
Compliance is checked-by inspection.

21.33 Lamp holders shall be used only for the connection of lamps.

Compliance“is checked by inspection.

21.34 Protective impedance shall consist of at least two separate components, the
impedance of which is unlikely to change significantly during the lifetime of the tool. If any one
of_the components is short-circuited or open-circuited, the values specified in 9.2 shall not be
exceeded.

Resistors complying with 14.1 a) of IEC 60065:2011 and capacitors complying with 14.2 of
IEC 60065:2011 are considered to comply with this requirement.

A single capacitor with a rated voltage of at least that of the rated voltage of the tool that
fulfils subclass Y1 of IEC 60384-14 may be employed instead of two separate components.

Compliance is checked by inspection and by measurement.
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21.35 Tools as identified in the relevant part of IEC 62841-2 or IEC 62841-3, which produce
a considerable amount of dust and are not equipped with a liquid system for suppressing the
released dust, shall be

— provided with an integral dust collection/suction device; or

— provided with a dust outlet(s) for the connection of external suction device(s) which direct
the discharge away from the operator; or

lo
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collection of dust or the connection of external suction device(s)

for minimizing the by-products of the working process from entering the air.

These devices, along with any external suction device(s) for evacuating the by-proddcts of the
working process, shall not impede the normal use of the tool.

Compliance is checked by inspection.

21.36 Remote communication through public networks shall not impair the safety of the
tool.

This requirement is only applicable if remote communication includes the download of
software or the exchange of data that:

a) could affect software relied upon to provide a safety critical function or software, the
impairment of which could cause the failure of a lithium-ion charging system; or

b) only affects that part of software that is notcovered by the above item a), but where
software as identified in item a) above could/be impaired due to inadequate separation or
partitioning from the software in item a) aboye.

Measures to ensure separation and pattitioning are considered adequate if:
e incorrect transmission of remotely*communicated parameters, or

e consumption of available processor time by downloaded software, or

e use of processor infrastryucture by downloaded software, or

e data corruption due o a failure of downloaded software, such as recursion beyond
available stack memery or incorrect pointer calculation

cannot impair a safety critical function or the safety of a lithium-ion charging system.

NOTE 1 An example for a measure to ensure adequate separation and partitioning is the use of two
independent processors, one for the management of remote communication and one for operation of
functions relied for compliance with this document. Communication between those two processors is based on
a protocol providing limitations to avoid interference with the functions relied on for compliance with this
document.

NOTE 2 Another example for measures to ensure adequate separation and partitioning is the use of:

=\ time fences which will terminate the execution of downloaded software if it overruns the available
execution time, and

— software protection of data, corruption of which can impair compliance with this document.

This requirement is not applicable to tools

— where all measures to comply with this document are independent of software;
— where software is located on a separate microprocessor from the main microprocessor

e which contains the software responsible for the SCF or the safety of a lithium-ion
charging system; and

e where the separate microprocessor is not capable of altering code on the main
microprocessor;
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NOTE 3 An example are specialized Bluetooth modules which communicate with the host processor but are
only capable of passing data, not relied upon for correct operation of any SCF or a lithium-ion charging
system. The Bluetooth module can be accessible to the public network, but there is no path to corrupt code
on the host.

— using remote communication through public networks for the send-only transmission of
data; or

— that only provide event driven messages or push remote monitoring.

Compliance is checked by Inspection of ihe tool, Inspection of the technical documentation of
the software, and by the requirements of Annex M.

21.37 Tools provided with interface(s) other than for remote communication through_ public
networks, that can be used to modify settings, data or software, the corruption of whichicould
impair an SCF or the safety of a lithium-ion charging system, shall either require the,use of

— atool for access to the interface(s); or
— specialized equipment in order to modify settings, data or software; or

— a password or similar method before settings, data or software can belaltered.
Compliance is checked by inspection.

22 Internal wiring

22.1 Wireways shall be smooth and free from sharp edges.

Wires shall be protected so that they do not comgyinto contact with burrs, cooling fins, etc.,
which may cause damage to the insulation of conductors.

Holes in metal through which insulated wites pass shall be provided with bushings or, unless
required otherwise in the relevant partCef IEC 62841-2, IEC 62841-3 or IEC 62841-4, shall
have smooth, well-rounded edges. A radius of 1,5 mm is considered to be well rounded.

Wiring shall be effectively prevented from coming into contact with moving parts.
Compliance is checked byrinspection.

22.2 Internal wiring ;shall be either so rigid and so fixed or insulated that creepage
distances and clearances cannot be reduced below the values specified in 28.1.

Complianceris~ehecked by inspection and by the tests of 28.1.

When sleeving is used as supplementary insulation on internal wiring, it shall be retained in
position by positive means. A sleeve is considered to be fixed by positive means if it can only
betemoved by breaking or cutting, or if it is clamped at both ends.

Compliance is checked bv insnection and by manyal test
g P4 1 P4

22.3 Conductors identified by the colour combination green or green/yellow shall not be
connected to terminals other than earthing terminals.

Compliance is checked by inspection.
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22.4 Aluminium wires shall not be used for internal wiring. Windings of a motor are not
considered as internal wiring.

Connections to aluminium windings shall consider the effects of possible corrosion between
aluminium and other metals and comply with the requirements of 26.4.

Compliance is checked by inspection.

22.5 Stranded conductors shall not be consolidated by lead-tin soldering where they are
subjected to contact pressure, unless the clamping means is so designed that there is no risk
of bad contact due to cold flow of the solder.

Consolidation of a stranded conductor by lead-tin soldering is allowed if spring terminals are
used; securing the clamping screws alone is not considered adequate.

Soldering of the tip of a stranded conductor is allowed.
Compliance is checked by inspection.

22.6 Different parts of a tool that can move relative to each othgr

a) in normal use,
b) during adjustment operations,

or
c) during user maintenance
shall not cause undue stress to electrical conhections and internal conductors, including those
providing earthing continuity. Flexible metallic tubes shall not cause damage to the insulation
of the conductors contained within them.\Open-coil springs shall not be used to protect the

wiring. If a coiled spring, the turns of which touch one another, is used for this purpose, there
shall be an adequate insulating lining in addition to the insulation of the conductors.

This requirement does not apply to movements of parts with small amplitudes caused by
vibration.

NOTE Examples of an adeduate insulating lining are flexible cords complying with IEC 60227 or IEC 60245.
Compliance is checked by inspection and by the following test.

If flexing oceurs'in normal use, the tool is placed in the normal position of use.

With no.power applied, the movable part is moved backwards and forwards, so that the
conductor is flexed through the largest angle allowed by the construction, the rate of flexing
being a minimum of 6 per minute. The number of flexings is

< 10 000, for conductors/connections flexed during normal use;

— 2000, for conductors/connections flexed during adjustments;

— 100, for conductors/connections flexed during user maintenance.

A flexing is one movement, either backwards or forwards.

After the test, the tool shall withstand the electric strength test of Annex D between live parts
and accessible parts and live parts shall not have become accessible, as specified in
Clause 9.
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23 Components

23.1 Components referenced in this standard shall comply with the safety requirements
specified in the referenced IEC standards, as far as they reasonably apply.

Batteries are not regarded as components, but as part of the tool. They shall comply with the
applicable requirements as specified in Annexes K and L.

If components are marked with their operating characteristics, the conditions under which they
are used in the tool shall be in accordance with these markings, unless a specific exceptiof is
made.

Compliance with the IEC standard for the relevant component does not necessarily ensure
compliance with the requirements of this standard.

Unless otherwise specified, the requirements of Clause 28 of this standard. apply between live
parts of components and accessible parts of the tool.

Unless components have been previously tested and found to comply with the relevant IEC
standard for the number of cycles specified, they are tested in,accordance with 23.1.1 to
23.1.11.

23.1.1 Capacitors in auxiliary windings of motors shall be marked with their rated voltage
and their rated capacitance.

Compliance is checked by inspection.
23.1.2 Capacitors for radio interference suppression shall comply with [EC 60384-14.
Compliance is checked by inspection.

23.1.3 Small lampholders similarito E10 lampholders shall comply with the requirements for
E10 lampholders in IEC 60238 However, they need not accept a lamp with an E10 cap
complying with the current edition of Standard Sheet 7004-22 of IEC 60061-1.

Compliance is checked by inspection.

23.1.4 Isolating. transformers or safety isolating transformers, except incorporated
transformers asdefined in IEC 61558-1, shall comply with IEC 61558-2-4 or |IEC 61558-2-6,
respectively. Switch mode power supply units and transformers for switch mode power supply
units shallkcomply with IEC 61558-2-16.

Compliance is checked by inspection.

Imcorporated transformers shall comply with IEC 61558-2-4 or IEC 61558-2-6 except for

TTarKimg TEqUITETTETTtS:

Compliance is checked by the relevant tests of IEC 61558-2-4 or IEC 61558-2-6. These tests
shall be performed in the tool.

23.1.5 Appliance couplers shall either comply with IEC 60320 or the manufacturer shall
inform the user in the instructions for use to connect the tool only by means of the appropriate
connector specified by the manufacturer.

Compliance is checked by inspection.
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23.1.6 Automatic temperature controls containing electromechanical contacts that cycle in
normal use, shall have suitable endurance for their intended application.

Compliance is checked by evaluating the endurance of a cycling control according to
Clause 17 of IEC 60730-1:2010 under the conditions occurring in the tool. The number of
cycles to be used is:

— for a thermostat, 10 000 cycles of operation;

— for a temperature limiter, 1 000 cycles of operation;

— for a self-resetting thermal cut-out, 300 cycles of operation;

— for a voltage-maintained non self-resetting thermal cut-out, 1 000 cycles of operation;
— for other non self-resetting thermal cut-outs, 30 cycles of operation.

Automatic controls which comply with the requirements of IEC 60730-1:2010,.and which are
used in accordance with their marking, are considered to meet the requirements of this
standard (the term "marking" includes documentation and declaration as specified in Clause 7
of IEC 60730-1:2010).

The tests of Clause 17 of IEC 60730-1:2010 are not carried out o automatic controls which
operate during Clause 12, if the tool meets the requirements of. this standard when they are
short-circuited.

A specific exception with regard to the testing of thermostats and temperature limiters is
made in Note b) of Table 1 of Clause 12.

23.1.7 The testing of components which havesto~comply with other standards is, in general,
carried out separately, according to the relevant'standard as follows.

If the component is marked and used\in accordance with its marking, it is tested in
accordance with its marking, the number of samples being that required by the relevant
standard.

In particular, components not :mentioned in Table 1 of Clause 12 are tested as a part of that
tool.

23.1.8 Componentsthat have not been separately tested and found to comply with the
component standards as references in 23.1 or components that are not marked or not used in
accordance with their marking, are tested in accordance with the referenced relevant standard
under the conditions occurring in the tool.

When an KEC standard for a component is not referenced in 23.1, there are no additional tests
specified.

2319 For capacitors connected in series with a motor winding, the voltage across the
capacitor shall not exceed 1,1 times the rated voltage of the capacitor, when the tool is

| _~Operated at a voltage equal to 1.1 times rated voltage and under no-load

23.1.10 Switches shall be so constructed that there will be no failure that might impair
compliance with this standard.

Compliance is checked by the following.

Switches, if separately tested and found to comply with IEC 61058-1:2008, shall meet the
requirements specified in 23.1.10.1.
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Switches which have not been separately tested and found to comply with IEC 61058-1:2008
or do not meet the requirements of 23.1.10.1, are tested as in 23.1.10.2 to 23.1.10.3.

23.1.10.1 Switches shall be rated and classified as follows.

Power switches shall be rated as follows:

— fora 3(Q|tage not less than the rated Mg|tage of the tool;

for a current not less than the rated current of the tool;
for a.c., if the tool is rated for a.c.;
for d.c., if the tool is rated for d.c.

Electronic power switches shall, as a minimum, be classified for Continuous”Duty in
accordance with IEC 61058-1:2008.

Power switches shall further be classified with respect to load:

switches for motor-operated tools and motor-operated lawn and(garden machinery: for
resistive and motor load in accordance with 7.1.2.2 of IEC 61058-1:2008, if the switch
would encounter this load in normal use;

switches for magnetically driven tools and magnetically driven lawn and garden
machinery: for inductive load in accordance with 7.1)2:8 of IEC 61058-1:2008, if the
switch would encounter this load in normal use;

alternatively, switches may be regarded as switches for a declared specific load in
accordance with 7.1.2.5 of IEC 61058-1:2008 and*may be classified based upon the load
conditions encountered in the tool in normal use.

Ratings and load classifications for switche® other than power switches shall be based on
the conditions encountered in the tool.

Switches shall further be classified as.follows with respect to endurance:

power switches for hand-held tools: for 50 000 operating cycles;

power switches for transportable tools and lawn and garden machinery: for 10 000
operating cycles;

power switches which possess series electronics must also endure 1 000 operating
cycles with the electronics bypassed;

NOTE 1 Switches.without any declared endurance with the electronics bypassed have been tested, by default, to
1 000 operating cyeles in accordance with IEC 61058-1:2008.

switchges.other than power switches, such as speed selector switches, which are likely to
be switched under electrical load: for 1 000 operating cycles. However, this test is not
required, if the requirements of this standard are met with the switch short-circuited;

switches other than power switches that either

e are intended for operation without electrical load, and which can be operated only with

thae aid of 2 tool or arg interlocked so that +hny cannot be npargfar'l under alactrical

load; or
e provide a motor direction reversing function; or
e are switches for 20 mA load as classified in 7.1.2.6 of IEC 61058-1:2008
are not required to possess any particular endurance characteristic.

NOTE 2 Motor reversing endurance is tested in 18.7.

Compliance is checked by inspection of the markings on the switch and by the documentation
and certificate provided with the switch.
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23.1.10.2 The endurance properties of switches shall be adequate.
Compliance is checked by submitting three samples of the switch to the accelerated cycle

endurance test of 17.2.4.4 of IEC 61058-1:2008, but with load conditions as specified in either
23.1.10.2.1 or 23.1.10.2.2 and with the number of operating cycles as specified below.

Power switches for hand-held tools are tested for 50 000 operating cycles. Power switches

If a power switch is comprised of mechanical contacts in series with electronic circuitry
containing one or more semiconductor switching devices (SSD) as defined in
IEC 61058-1:2008 where the circuitry provides a protective function by reducing the-current
during switch operation, then:

— on three additional samples, the electronic circuitry shall be bypasséd:'and the test
repeated for at least 1 000 operating cycles; or

— the protective function shall be considered to be a safety critical"function and comply
with the greater of the performance levels for power switches inc18.8.

Switches other than power switches, such as speed selector switches, which are likely to be
switched while energized, are tested as described above, but fer 1 000 operating cycles only
for the load conditions encountered in normal use.

Switches, other than power switches, intended for ,operation without electrical load, and
which can be operated only with the aid of a toolcorare interlocked so that they cannot be
operated under electrical load, are not subjected to the tests of 17.2.4.4 of IEC 61058-1:2008.

Reverse switches are not subjected to the tests of 17.2.4.4 of IEC 61058-1:2008, as they are
tested in 18.7.

Switches for 20 mA load as classified\in 7.1.2.6 of IEC 61058-1:2008 are also not subjected to
the tests of 17.2.4.4 of IEC 61058-1:2008.

After completion of the above' tests, the switch shall be able to be turned on and off and
comply with the insulating-“compliance (TE3) of 17.2.5.3 of IEC 61058-1:2008 for basic
insulation.

23.1.10.2.1 For.switches tested with an external load, the load conditions are as follows:

Power switches for motor-operated tools and motor-operated lawn and garden machinery
are regarded” as classified to 7.1.2.2 of IEC 61058-1:2008. They are tested with 6 times I-M
making current and a power factor 0,6 + 0,05, and with I-M breaking current and a power
factof 2°0,9, the I-M current being the rated current of the tool.

Power switches for magnetically driven tools and magnetically driven lawn and garden

hi ed assified 7 1.2.8 of IEC 61058-1-2008. T} | witt
6 times I-l making current and a power factor 0,6 + 0,05, and with |-l breaking current and a
power factor 0,6 + 0,05, the I-I current being the rated current of the tool.

Switches other than power switches, but which would encounter the same load conditions as
power switches in normal use, shall be tested with the corresponding load conditions above.

23.1.10.2.2 For switches tested utilizing the motor or magnetic load encountered in the tool,
the switch is tested at rated voltage for the required number of operating cycles, each cycle
composed as follows:

1) With the tool at rest, the switch is closed without any mechanical load applied to the tool.
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2) The switch is opened with the tool loaded to rated current or rated input.

The operating cycles shall be conducted as quickly as possible but need not meet the
requirements of 17.2.3.4.1 of IEC 61058-1:2008.

23.1.10.3 The breaking capacity of power switches of motor-operated tools and lawn and
garden machinery shall be adequate.

Compliance is checked by the locked-rotor test (TC9) of 17.2.4.9 of IEC 61058-1:2008 with a
current of 6 * I-M. Alternatively, the test is performed with the switch incorporated in the toel
with the motor locked, each “on” period being not more than 0,5 s, and each “off” period peing
not less than 10 s.

After this test 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 is considered to have
no mechanical or electrical failures.

23.1.11 Electronic power switches, without series mechanical contact _separation (air gap),
are allowed, provided the requirements of 18.6 and 18.8 are met.

NOTE Electronic power switches are considered to provide a safety critical/function.
23.2 Tools shall not be fitted with
— switches or automatic controls in flexible cords,, however protective devices such as

RCDs are allowed;

— devices, except for earthing conductors, which@re intended to cause the protection device
in the fixed wiring to operate in the event of@ fault in the tool;

— thermal cut-outs which can be reset by‘a soldering operation.

Compliance is checked by inspection.

23.3 Protection devices (e.g. overfoad or over-temperature protection devices) or circuits
that switch off the tool shall be of*the non-self-resetting type where there is a risk associated
with inadvertent starting as -specified in the relevant part of IEC 62841-2 (by 21.18.1.2),
IEC 62841-3 or IEC 628414,

Electronic speed and‘load regulators are not considered to be protection devices, if they do
not switch off the tool but reduce the speed of the tool as a load is applied and increase the
speed of the toal'when the load is removed. An RCD is not considered a protection device.

Resetting ,a\protection device by switching the tool off and on with the power switch is
considered to be a non-self-resetting action.

Compliance is checked by inspection.

23.4 Plugs and socket-outlets for extra-low voltage circuits, and those used as terminal
devices for heating elements, shall not be interchangeable with mains plugs and socket-

outlets listed in IEC 60884, IEC/TR 60083 or IEC 60906-1 or with connectors and appliance
inlets complying with the standard sheets of IEC 60320-1.

Compliance is checked by inspection.

23.5 Motors connected to the supply mains, and having basic insulation which is inadequate
for the rated voltage of the tool, shall comply with the requirements of Annex B.

Compliance is checked by the tests of Annex B.
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24 Supply connection and external flexible cords

24.1 Tools shall be provided with one of the following means of connection to the supply:

— a supply cord with a minimum length of 1,8 m and with a plug;

— a supply cord with a minimum length of 1,8 m and without a plug, the information for
connection shall be given in the instructions in accordance with 8.14.2 a);

— an appliance inlet having at least the same degree of protection against moisture as
required for the tool;

— a supply cord with a length between 0,2 m and 0,5 m and fitted with a plug or _other
connector having at least the same degree of protection against moisture as requined for
the tool.

Plugs, connectors and inlets shall be suitable for the ratings of the tool.
Compliance is checked by inspection and by measurement.

The cord is measured from where it exits the tool to where it enters the plug, if one is
provided, or to the end of the cord, if there is no plug.

24.2 Supply cords shall be assembled to the tool by one of-the following methods:

— type X attachment;
— type Y attachment;

— type Z attachment, if allowed in the relevant part of IEC 62841-2, IEC 62841-3 or
IEC 62841-4.

Supply cords with type X attachment shall be specially prepared cords only available from
the manufacturer or his service agent. Asspecially prepared cord may also include a part of
the tool.

Compliance is checked by inspection and, if necessary, by manual test.
24.3 Plugs shall not be fitted with more than one flexible cord.
Compliance is checked.by inspection.

24.4 Supply cords shall be not lighter than:

— ordinary(fubber sheathed flexible cord (code designation 60245 IEC 53); or
— ordinaty polyvinyl chloride sheathed flexible cord (code designation 60227 IEC 53).

Polywvinyl chloride insulated flexible cords shall not be used for tools having external metal
parts, the temperature rise of which exceeds 75 K during the test of Clause 12.
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Supply cords shall be not lighter than Junior Hard service cord in accordance with the National Electrical Code,
NFPA 70,

Attachment plugs and cords shall be equal to or greater than the rating of the tool.
NOTE 2 In Canada, the following conditions apply:
Supply cords shall be not lighter than Hard Usage cord in accordance with the Canadian Electrical Code, Part 1.

Attachment plugs and cords shall be equal to or greater than the rating of the tool.

Compliance is checked by inspection and by measurement.
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24.5 Supply cords shall have a nominal cross-sectional area not less than those shown in
Table 8.

Table 8 — Minimum cross-sectional area and AWG sizes of supply cords

Rated current of the tool Nominal cross-sectional area AWG size *®
A mm?
Ilp to-and inr\lllrling 6. {1’7R
18
Over 6 up to and including 10 1
Over 10 up to and including 12 17
Over 12 up to and including 13 1,5 16
Over 13 up to and including 16
14
Over 16 up to and including 18
2,5
Over 18 up to and including 25 12

2 AWG stands for American Wire Gauge as defined in ASTM B 258-02

Compliance is checked by inspection of the markings on the supply-.cord.

24.6 For class | tools, the supply cord shall be providedswith a green or green/yellow core;
it shall be connected to the internal earthing terminal of thetool, and to the earthing contact of
the plug.

Compliance is checked by inspection.

24.7 Conductors of supply cords shall not)be’ consolidated by lead-tin soldering where they
are subject to contact pressure, unless the clamping means is so designed that there is no
risk of a bad contact due to cold flow of the solder.

Compliance is checked by inspectioh-

The requirement may be met-by using spring terminals. Securing the clamping screws alone
is not considered adequate.

24.8 For all types of attachment, moulding together the supply cord to the enclosure or part
of it shall not affect the insulation of the cord.

Compliancesis-checked by inspection.

24.9 TJools provided with a supply cord shall be constructed so that the supply cord is
protgcted against damage where it enters the tool.

This shall be achieved by either:

— a flexible cord guard; or
— acordinlet; or

— a bushing.

Compliance is checked by inspection.

24.10 Cord inlets and bushings shall:

— be so shaped as to prevent damage to the supply cord,;
— be reliably fixed;
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— not be removable without the aid of a tool.

Compliance is checked by inspection and by manual test.

24.11 Tools, other than transportable tools, provided with a supply cord that is flexed while
in operation shall be constructed so that the supply cord is protected against excessive
flexing where it enters the tool.

Compliance is checked by the following tests a) and b).

a) The part of the tool fitted with the supply cord and its entry system is fixed in \the
oscillating member of an apparatus similar to that shown in Figure 2. The distance’X, as
shown in Figure 2, between the axis of oscillation and the point where the supply’cord
enters the tool, is adjusted so that when the oscillating member moves over its-full range,
the cord and load make the minimum lateral movement.

A weight, having the mass of the tool as specified in 5.17, but not less than 2 kg or more
than 6 kg, is attached to the supply cord.

The oscillating member is moved backwards and forwards through_an’angle of 90° (45° on
either side of the vertical), the number of flexings being 20 000 and the rate of flexing
60 per min. A flexing is one movement, either backwards ror.”"forwards. After 10 000
flexings, the sample is turned through 90° about the centre lline of the supply cord entry
and the final 10 000 flexings are conducted.

b) For tools provided with a cord guard, the cord anchorage and the terminal screws are
loosened, without removing the conductors of the supply cord. However, if the cord guard
is clamped under the cord anchorage, the cord anchorage is not loosened.

The tool is then lifted by the cord guard, witheut jerks, over a distance of approximately
500 mm in approximately 1 s, and replaced on a support. The operation is made 10 times.

During this test, the cord guard shall not(lip’ out of its location.
After the tests a) and b), if applicable, the following results shall not have occurred:

— disconnection of any conductor ffom its terminal;

— a breakage of more than 10 %-of the strands of any conductor.

NOTE Conductors include earthifg conductors.

24.12 Supply cords. gf);'tools, other than transportable tools, that are flexed while in
operation shall be protected against excessive bending at the inlet opening of the tool.

The cord guard,Nif any, shall be fixed in a reliable manner, and shall be of such a design that
they projectroutside the tool for a distance beyond the inlet opening of at least five times the
overall diameter of the cable or cord delivered with the tool.

Compliance is checked by inspection, by measurement and by the following test.

The tool is fitted with a supply cord that extends approximately 100 mm from the end of the
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The tool is so held that the axis of the supply cord entry or cord guard, if any, where the cord
leaves it, projects upwards at an angle 45° to the horizontal when the supply cord is free
from stress.

A mass equal to 10 Dc? g is then attached to the free end of the supply cord. Dc is the
external diameter of the supply cord supplied with the tool in mm.

Immediately after the mass has been attached, the radius of the curvature of the supply cord
shall not be less than 1,5 Dc anywhere along the length of the supply cord.
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24.13 Tools provided with a supply cord shall have a cord anchorage. The cord anchorage
shall relieve conductors from strain, including twisting, at the terminals and protect the
insulation of the conductors from abrasion.

It shall not be possible to push the cord into the tool to such an extent that the cord, or
internal parts of the tool, could be damaged.
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A mark is made on the cord while it is subjected to the pull force shown in Table 9, at a
distance of approximately 20 mm from the cord anchorage or other suitable point.

The cord is then pulled, without jerking, for 1 s in the most unfavourable direction with the
force specified. The test is carried out 25 times.

The cord, unless on an automatic cord reel, is then subjected to a torque ‘that is applied as
close as possible to the tool. The torque is specified in Table 9 and is applied for 1 min.

Table 9 — Pull and torque value

Mass of tool as specified in 5.17 Pull Torque
kg N Nm
Up to and including 1 30 0,1
Over 1 up to and including 4 60 0,25
Over 4 100 0,35

During the tests, the cord shall not be damaged and shall show no appreciable strain at the
terminals. The pull force is reapplied and-'the cord shall not be longitudinally displaced by
more than 2 mm.

24.14 Cord anchorages shall either be so arranged that they are only accessible with the aid
of a tool, or be so designed that4he cord can only be fitted with the aid of a tool.

Compliance is checked by inspection.

24.15 Cord anchorages shall be so designed or located that:

— the cord cannot touch the clamping screws of the cord anchorage, if these screws are
accessibltes“unless they are separated from accessible metal parts by supplementary
insulation;

— thefeotd is not clamped by a metal screw which bears directly on the cord,;
— «glands are not used as cord anchorages;

—/for class | tools, if an insulation fault on the cord could make accessible metal parts live,
they are of insulating material or are provided with an insulating lining complying with the

requirements for basic insulation. The sheath of the cord is considered adequate for this
purpose;

— for class Il tools, they are of insulating material or are insulated from accessible metal
parts by insulation complying with the requirements for supplementary insulation. The
sheath of the cord alone is not considered to fulfil this requirement.

Compliance is checked by inspection.

24.16 For type X attachments, cord anchorages shall be designed or located that:

— replacement of the cord is easily possible;
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— it is clear how the relief from strain and the prevention of twisting are to be obtained;

— screws, if any, which have to be operated when replacing the cord, do not serve to fix any
other component, unless, when omitted or incorrectly mounted, they render the tool
inoperative or clearly incomplete, or unless the parts intended to be fastened by them
cannot be removed without the aid of a tool during the replacement of the cord;

— in the case of labyrinths, these labyrinths cannot be bypassed in such a way that the test
of 24.13 is not withstood;

— at least one part of the cord anchorage is securely fixed to the tool or to a functional part
of the tool such as the switch, terminal block or the like, unless it is part of the specially
prepared cord.

Compliance is checked by inspection, and by the test of 24.13 under the following conditions.

The conductors are introduced into the terminals, the terminal screws, if any, b€ing tightened
just sufficiently to prevent the conductors from easily changing their position. The cord
anchorage is used in the normal way, the clamping screws, if any, being/tightened with a
torque equal to two-thirds of that specified in 27.1.

Screws of insulating material bearing directly on the cord are fastehed with two-thirds of the
torque specified in column | of Table 11; the length of the slot in the screw head being taken
as the nominal diameter of the screw.

24.17 For type X attachment, production methods such_a$tying the cord into a knot, or tying
the ends with string, are not allowed.

Compliance is checked by inspection.

24.18 The space for the supply cord provided inside, or as a part of the tool for type X
attachment shall be so designed:

— as to permit checking, before fitting the cover, if any, that the conductors are correctly
connected and positioned;

— that covers, if any, can be. fitted without risk of damage to the supply conductors or their
insulation;

— that the uninsulated end-of the conductor, should it become free from a terminal, cannot
come into contact. with accessible parts, unless the cord is provided with terminations
that are unlikely to:slip free of the conductor.

Compliance is checked by inspection and, for type X attachment, by the following additional
test.

For pillatiterminals where the conductors are not separately clamped at a distance of 30 mm
or lessfrom the terminal, and for other terminals with screw clamping, the clamping screws or
nuts\are loosened in turn. Without removing the conductor from the conductor space, a force
of 2N is applied to the wire in any direction and adjacent to the terminal, screw or stud. The
tninsulated end of the conductor shall not then come into contact with accessible metal parts
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For pillar terminals, where the conductors are separately clamped at a distance of 30 mm or
less from the terminal, the tool is considered to meet the requirement that the uninsulated end
of the conductor must not come into contact with accessible metal parts.

24.19 Appliance inlets shall:

— be so located or enclosed that live parts are not accessible during insertion or removal of
the connector;

— be so placed that the connector can be inserted without difficulty;
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— be so placed that, after insertion of the connector, the tool is not supported by the
connector when in any position of normal use on a horizontal flat surface.

Compliance is checked by inspection and, with regard to the first requirement, by means of
the test probe B of IEC 61032:1997, for tool inlets other than those standardized in
IEC 60320.

Tools provided with appliance inlets complying with IEC 60320 are considered to comply with

the first requirement.

24.20 Interconnection cords shall comply with the requirements for the supply cord, except
that

— the cross-sectional area of the conductors of the cord is determined on the basis of the
maximum current carried by the conductor during the test of Clause 12;

— the insulation of the conductor shall be adequate for its working voltage;
— the test of 24.11 is restricted to the range of motion of the tool during nermal use.

NOTE The maximum current carried by the conductor during the test of Clause 12.is not necessarily the rated
current of the tool.

Compliance is checked by inspection and by measurement.

24.21 Interconnection cords shall not be detachable withoGt the aid of a tool if compliance
with this standard is impaired when they are disconnected.

Compliance is checked by inspection.

25 Terminals for external conductors

25.1 Tools shall be provided with terminals or equally effective devices for the connection of
external conductors. The terminals shall only be accessible with the aid of a tool.

Screws and nuts shall not serve-to fix any other component, except that they may also clamp
internal conductors, if these-are so arranged that they are unlikely to be displaced when fitting
the supply conductors.

Compliance is checked by inspection and by manual test.

For tools with"type X attachment, soldered connections may be used for the connection of
external conductors, provided that the conductor is so positioned or fixed that reliance is not
placed upon the soldering alone to maintain the conductor in position, unless barriers are
provided-so that creepage distances and clearances between live parts and other metal
parts._cannot be reduced to less than 50 % of the values specified in 28.1, should the
conductor become free at the soldered joint.

connections may be used for the connection of external conductors; moreover, for class Il
tools, the conductor shall be so positioned or fixed that reliance is not placed upon the
soldering, crimping, or welding alone to maintain the conductor in position, unless barriers are
provided so that creepage distances and clearances between live parts and other metal
parts cannot be reduced to less than 50 % of the values specified in 28.1, should the
conductor become free at the soldered or welded joint, or slip out of the crimped connection.

It is not to be expected that two independent fixings will become loose at the same time.



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

IEC 62841-1:2014+AMD1:2025 CSV - 87 - FINAL VERSION
© IEC 2025

Conductors connected by soldering are not considered to be adequately fixed, unless they are
held in place near to the termination, independently of the solder; but "hooking in" before
soldering is, in general, considered to be a suitable means for maintaining the conductors of a
power supply cord other than a tinsel cord in position, provided the hole through which the
conductor is passed is not unduly large.

The terminals of a component (such as a switch) built into the tool may be used as terminals
intended for external conductors.

Conductors connected to terminals or terminations by other means are not considered to b€
adequately fixed, unless an additional fixing is provided near the terminal or termination; this
additional fixing, in the case of stranded conductors, clamps both the insulation and-the
conductor.

Compliance is checked by inspection and by measurement.
25.2 Terminals for supply cords shall be suitable for their purpose.
Compliance is checked by inspection and by applying a pull of 5 N to the connection.

After the test, the connections shall show no damage which could impair compliance with this
standard.

25.3 For tools with type X attachment, terminals shallbe so fixed that, when the clamping
means is tightened or loosened, the terminal dogs’wiot work loose, internal wiring is not
subjected to stress, and creepage distances and-clearances are not reduced below the
values specified in 28.1.

Compliance is checked by inspection, and\by the test of 9.6 of IEC 60999-1:1999, the torque
applied being, however, equal to two-thirds of the torque specified in Table 4 of that standard.

Terminals may be prevented from working loose by fixing with two screws, by fixing with one
screw in a recess, so that there issno appreciable play, or by other suitable means.

The requirement for fixatioenJof terminals does not preclude the provision of supply terminals
on switches, or similar device in a recess if, after connection of the supply cord, and after re-
positioning of the switch’ or similar device in its recess, it can be verified by inspection that
these components and the supply cord are, after reassembly of the tool, in the correct
position.

Covering with sealing compound without other means of locking is not considered to be
sufficient.\Self-hardening resins may, however, be used to lock terminals which are not
subjectdo’torsion in normal use.

25.4 For tools with type X attachment, terminals shall be so designed that they clamp the
conductor between metal surfaces with sufficient contact pressure, and without damage to the

!
CUI IUUbtUI .

Compliance is checked by inspection of the terminals and of the conductors after the test
of 25.3.

25.5 Terminals of the pillar type shall be so constructed and located that the end of a
conductor introduced into the hole is visible, or can pass beyond the threaded hole for a
distance at least equal to half the nominal diameter of the screw but at least 2,5 mm.

Compliance is checked by inspection and by measurement.
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25.6 For type X attachment, the terminals shall be clearly recognizable and accessible after
opening the tool. All terminals shall be located behind one cover, or one part of the enclosure.

Compliance is checked by inspection.

25.7 Terminal devices of tools with type X attachment shall be so located or shielded that
should a wire of a stranded conductor escape when the conductors are fitted, there is no risk

class | tools between Ilve parts and metal parts separated from acceSS|bIe metal parts by
supplementary insulation only.

Compliance is checked by the following test.

An 8 mm length of insulation is removed from the end of a flexible conductor haying a nominal
cross-sectional area as specified in 24.5.

One wire of the stranded conductor is left free, and the other wires are fully inserted into and
clamped in the terminal.

The free wire is bent, without tearing the insulation back, in every possible direction, but
without making sharp bends around barriers.

The free wire of a conductor connected to a live terminal shall not touch any metal part which
is accessible, or is connected to an accessible metal partor, for class Il tools, any metal part
which is separated from accessible parts by supplementary insulation only. The free wire
of a conductor connected to an earthing terminal shall not touch any live part.

26 Provision for earthing

26.1 Accessible parts of class | tools, which may become live in the event of an insulation
fault, shall be permanently and reliably connected to an earthing terminal or termination within
the tool, or to the earthing contact.of the tool inlet.

The printed conductors of printed circuit boards shall not be used to provide continuity of the
protective earthing circuit.

Earthing terminals and earthing contacts shall not be electrically connected to the neutral
terminal.

Class Il todlsyand class lll tools shall have no provision for earthing.

If accessible metal parts are screened from live parts by metal parts which are connected to
the earthing terminal or termination, or to the earthing contact, they are not, for the purpose of
thissrequirement, regarded as likely to become live in the event of an insulation fault.

Rotating motor components that have metal-to-metal bearing surfaces shall be considered 1o
be electrically bonded to each other through the bearing surfaces for earthing purposes.

Accessible parts, which are separated from live parts by double insulation or by
reinforced insulation, are not considered likely to become live in the event of an insulation
fault.

Metal parts behind a decorative cover which does not withstand the test of Clause 20 are
considered to be accessible parts.

Compliance is checked by inspection.
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26.2 The clamping means of earthing terminals shall be adequately locked against
accidental loosening, and it shall not be possible to loosen them without the aid of a tool.
Screw clamping terminals complying with Clause 25 or screwless terminals in accordance
with I[EC 60998-2-2 are considered to comply with the requirements of 26.2.

For specifically prepared cords, terminals complying with IEC 61210 and the specifications in
Table 10 are considered to comply with the requirements of 26.2. The connector material of
quick connect terminals. if steel. shall comply with the requirements of Clause 15.

Table 10 — Quick-connect terminals for earthing conductors

Nominal cross- AWG wire size Minimum tab width Minimum tab Connector
sectional area mm thickness material
mm? mm
0,75t0 1,0 18 2.8 0.5 Brass or steel
1,5 16 2.8 0.8 Brass or steel
1,5 16 2.8 0.5 Brass
2,5 14 6.35 0.8 Brass or steel

Compliance is checked by inspection, by measurement, by-‘manual test and, for screwless
terminals, by the tests specified in IEC 60998-2-2.

26.3 |If detachable parts have an earth connection{ this connection shall be made before
the current-carrying connections are established when placing the part in position, and the
current-carrying connections shall be separated,before the earth connection is broken when
removing the part.

For tools with supply cords, the arrangement of the terminals, or the length of the conductors
between the cord anchorage and the ‘terminals, shall be such that the current-carrying
conductors become taut before thé earthing conductor, if the cord slips out of the cord
anchorage.

Compliance is checked by inspection and by manual test.

26.4 All parts of thesearthing terminal intended for the connection of external conductors
shall be such that there is no risk of corrosion resulting from contact between these parts and
the copper of theyearthing conductor, or any other metal in contact with these parts.

Parts which(may transmit current in the event of an insulation fault, other than parts of a metal
frame or_enclosure, shall be of coated or uncoated metal having adequate resistance to
corrosion.’ If such parts are of steel, they shall be provided at the essential areas with an
electroplated coating having a thickness of at least 5 um.

Parts of coated or uncoated metal, which are only intended to provide or to transmit contact

| b Al tal + ol H % EH
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If the body of the earthing terminal is a part of a frame or enclosure of aluminium or
aluminium alloy, precautions shall be taken to avoid the risk of corrosion resulting from
contact between copper and aluminium or its alloys.

Parts of copper alloys containing at least 58 % copper for parts that are worked cold, and at
least 50 % copper for other parts, and parts of stainless steel containing at least 13 %
chrome, are considered to be sufficiently resistant to corrosion. Parts subjected to a treatment
such as chromate conversion coating are in general not considered to be adequately
protected against corrosion, but they may be used to provide or to transmit contact pressure.
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The essential areas of steel parts are, in particular, those transmitting current. In evaluating
such areas, the thickness of the coating in relation to the shape of the part has to be taken
into account. In case of doubt, the thickness of the coating is measured as described in
ISO 2178 or in ISO 1463.

Compliance is checked by inspection, by measurement, by manual test, and by the test of
15.1.

26.5 The connection between the earthing terminal or earthing contact, and earthed metal
parts shall be of low resistance.

Compliance is checked by the following test.

A current derived from a source having a no-load voltage not exceeding 12 V (a,e. or d.c.) and
equal to 1,5 times rated current of the tool, or 25 A, whichever is the greater, is passed
between the earthing terminal or earthing contact, and each of the accessible metal parts in
turn.

The voltage drop between the earthing terminal of the tool or the earthing contact of the tool
inlet, and the accessible metal part is measured, and the resiStance calculated from the
current and this voltage drop.

In no case shall the resistance exceed 0,1 Q.
In case of doubt, the test is carried out until steady conditions have been established.
The resistance of the flexible cord is not included in the resistance measurement.

Care is taken that the contact resistance between the tip of the measuring probe and the
metal part under test does not influencethe test results.

27 Screws and connections

27.1 Fixings, and electrical connections, the failure of which may impair compliance with this
standard, and connections providing earthing continuity shall withstand mechanical stresses
occurring.

Screws used far'\this purpose shall not be of metal which is soft or liable to creep, such as
zinc or aluminium.

Such screws, when of insulating material, shall have a nominal diameter of at least 3 mm;
they ,shall not be used for any electrical connection or connections providing earthing
continyity.

Screws transmitting electrical contact pressure shall screw into metal.

Screws shall not be of insulating material if their replacement by a metal screw could impair
supplementary insulation or reinforced insulation.

Screws which may be removed when replacing a supply cord having a type X attachment,
or when undertaking user maintenance, shall not be of insulating material if their
replacement by a metal screw could impair basic insulation.

Compliance is checked by inspection and by the following test.
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Screws and nuts are tested if they are

— used for electrical connections;
— used for connections providing earthing continuity;
— likely to be tightened

e during user maintenance;

. . L
_'_W%WWMHVWWWMMJH,

e during installation/assembly in accordance with the information required in 8.14.2 a).
The screws or nuts are tightened and loosened without jerking:

— 10 times for screws in engagement with a thread of insulating material;
— 5 times for nuts and other screws.

Screws in engagement with a thread of insulating material are completely removed and
reinserted each time.

When testing terminal screws and nuts, a conductor of the noniinal cross-sectional area
specified in 24.5 is placed in the terminal. It is repositioned before 'éach tightening.

The test is carried out by means of a suitable test screwdriver, spanner or key and by
applying a torque as shown in Table 11. The shape of theblade of the test screwdriver is to fit
the head of the screw to be tested. The appropriate column being:

Column I is applicable for metal screws without heads if the screw does not protrude from the
hole when tightened.

Column Il is applicable

— for other metal screws and for nuts;
— for screws of insulating material

e having a hexagonal hea@with the dimension across flats exceeding the overall thread
diameter, or

e with a cylindricalghead and a socket for a key, the socket having a cross-corner
dimension exceeding the overall thread diameter, or

e with a head having a slot or cross-slots, the length of which exceeds 1,5 times the
overall thread diameter.

Column 111 i§ applicable for other screws of insulating material.

During’dhe test, no damage impairing the further use of the fixing or electrical connections
shall*occur.
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Table 11 — Torque for testing screws and nuts
Torque
Nominal diameter of screw Nm
mm
| 1 1
Up to and including 2,8 0,2 0,4 0,4
Over 2,8 up to and including 3,0 0,25 0,5 0,5
Over 3,0 up to and including 3,2 0,3 0,6 0,5
Over 3,2 up to and including 3,6 0,4 0,8 0,6
Over 3,6 up to and including 4,1 0,7 1,2 0,6
Over 4,1 up to and including 4,7 0,8 1,8 0,9
Over 4,7 up to and including 5,3 0,8 2,0 1,0
Over 5,3 - 2,5 1,25

27.2 Electrical connections shall be so designed that contact pressufe™is not transmitted
through insulating material which is liable to shrink or to distort, unless there is sufficient
resiliency in the metallic parts to compensate for any possible shrinkage or distortion of the
insulating material. Ceramic material is not liable to shrink or to distort.

Compliance is checked by inspection.

27.3 Space-threaded (sheet metal) screws shall not  be) used for the connection of current-
carrying parts, unless they clamp these parts directly” in contact with each other, and are
provided with a suitable means of locking.

Thread-cutting (self-tapping) screws shall ngt 'be used for the electrical connection of current-
carrying parts, unless they generate a fullsform standard machine screw thread. Such screws
shall not, however, be used if they are dikely to be operated by the user, unless the thread is
formed by a swageing action.

Thread-cutting and space-threaded screws may be used to provide earthing continuity,
provided that it is not necessary.to disturb the connection in normal use, and that at least two
screws are used for each connection.

Compliance is checked-by inspection.

27.4 Screws, which make a mechanical connection between different parts of the tool, shall
be secured agdainst loosening, if they also make electrical connections.

This requitement does not apply to screws in the earthing circuit if at least two screws are
used fof the connection, or if an alternative earthing circuit is provided.

Spring washers and the like may provide satisfactory security. Sealing compound which
sOftens on heating provides satisfactory security only for screw connections not subject to

torsion in normal use.

Rivets used for electrical connections shall be secured against loosening if these connections
are subject to torsion in normal use. A non-circular shank or an appropriate notch may be
sufficient to comply with this requirement.

This requirement does not imply that more than one rivet is necessary for providing earthing
continuity.

Compliance is checked by inspection and by manual test.
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27.5 Screwless connectors, not intended for disconnection in normal use, shall prevent
disconnection in normal use.

Compliance is checked by the following test.

Connectors that terminate a wire shall withstand a pull of 5 N applied through the wire in the
opposite direction from the force used to apply the connector. Neither the connector nor the

wira-ohall hanama diconnnanind In thn ~aon uwhaora tha dirontinn Af thn annlinatiny jo naf in
YWH-C—STroHt SO OO Cte a1 SOV O et ot e oo Ot e P PIToa O TS Ot

line with the exit direction of the wire, then the force shall be applied in both directions, one at
a time.

Connectors investigated to their relevant IEC standards (IEC 61210, |IEC 60998-2-1,
IEC 60998-2-2, IEC 60999-1:1999, IEC 61984) for retention, are considered to have met the
requirements of 27.5.

27.5.1 Conductors shall be secured by more than one means or shall nat-impair safety in
the event of detachment.

Compliance is checked by inspection and, if applicable, by the followinhg test.

If there is only one means of securing, the conductors are detached from their connector one
at a time and subjected to the following.

The detached conductor is moved around its nearest point of retention to check that
clearances cannot be reduced to less than 50 % of the/values specified in 28.1.

NOTE Examples of more than one means of securing conductors include connectors that are designed to crimp
both the insulation and the inner conductor of the wire,

28 Creepage distances, clearances.and distances through insulation

28.1 Creepage distances and clearances shall not be less than the values in millimetres
shown in Table 12. The valuessspecified in the table do not apply to cross-over points of
motor windings.

The values in Table 12 ade equal or larger than the values required by IEC 60664-1, when

— an overvoltage category Il;
— a material group IlI;

— a pollutien—degree 1 for parts protected against deposition of dirt and for lacquered or
enamelled windings;

— a pollution degree 3 for other parts;
— .inhbmogeneous electric field

are applied.

If a resonance voltage occurs between the point where a winding and a capacitor are
connected together, and metal parts which are separated from live parts by basic insulation
only, the creepage distance and clearance shall not be less than the values specified for the
value of the voltage imposed by the resonance, these values being increased by 4 mm in the
case of reinforced insulation.

Compliance is checked by measurement.

For tools provided with an appliance inlet, the measurements are made with an appropriate
connector inserted. For other tools, they are made on the tool as delivered.
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For tools provided with belts, the measurements are made with the belts in place, and the
devices intended for varying the belt tension adjusted to the most unfavourable position within
their range of adjustment, and also with the belts removed.

Movable parts are placed in the most unfavourable position; nuts and screws with non-circular
heads are assumed to be tightened in the most unfavourable position.

screws or nuts unscrewed as far as possible, but the clearances shall then be not less than
50 % of the value shown in Table 12.
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Table 12 — Minimum creepage distances and clearances

— 05 —

FINAL VERSION

Dimensions in millimetres

Distances

Class lll tools

Other tools

Working voltage
<130V

Working voltage

>130 V and < 280 V

Working voltage
> 280 V and < 480 V

Creepage

Fy
atstance

Clear-

Creepage

ik
afrstance

Clear-

Creepage

ik
afrstance

Clear-

Creepage

cliad
atstance

Clear-

ance

ance

ance

ance

Between live parts of
different polarity a:

— if lacquered or
enamelled windings or
if protected against
deposition of dirt b

— if not protected against
deposition of dirt

1,0

2,0d

1,0

1,5

1,0

2,0¢

1,0

1,5

2,0

3,0¢

2,0

2,5

2,0

8,0 d

2,0

3,0

Between live parts and
other metal parts over
basic insulation:

— if the live parts are
lacquered or enamelled
windings € or if
protected against
deposition of dirt b

— if not protected against
deposition of dirt

1,0

2,4d

1,0

1,5

2,0

4,0d

2,0

3,0

Between live parts and
other metal parts over
reinforced insulation:

— if the live parts are

lacquered or enamelled
windings or protected
against deposition of
dirt b - - 5,0 5,0 6,0 6,0 —f —f

for other live parts not
protected against
deposition of dirt - = 5,0 5,0 8,0 8,0 —f —f

Between metal parts
separated by
supplementary

insulation = - 2,5 2,5 4,0 4,0 - f _f

a

The clearances spegified 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 clearance varies with the movement of the contacts.

In general, th€ interior of a tool having a reasonably dust-proof enclosure is considered to be protected against
deposition ©f dift, provided the tool does not generate dust within itself; hermetic sealing is not required.

Theseccreepage distances are slightly lower than suggested by IEC 60664-1. Creepage distances between
live @arts of different polarity (functional insulation) are only associated to fire hazard, not to electric shock
hazard. As products in the scope of IEC 62841 are products supervised during normal use, lower distances are

These creepage distances may be reduced to values in accordance with IEC 60664-1, if the insulation parts

b
Cc
justified.
d
are of material group Il or lower.
e

Windings are considered to have basic insulation if they are wrapped with tape and then impregnated, or if
they are covered with a layer of self-hardening resin, and if, after the test of 14.1, an electric strength test as
specified in Clause D.2 is withstood, the test voltage being applied between the conductors of the winding and
metal foil in contact with the surface of the insulation.

It is sufficient that the wrapping and impregnation, or the layer of self-hardening resin, cover the windings only
at places where it is not possible to obtain the creepage distance or clearance specified for lacquered or
enamelled windings.

The rated voltage between a three-phase supply and earth will not be more than 277 V, therefore the column
"Working voltage > 130 V and <280 V” will apply. For working voltages greater than 280V, creepage
distances and clearances shall be determined in accordance with IEC 60664-1, but shall not be lower than the
values required in the column “Working voltage > 130 V and < 280 V”.
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Distances through slots or openings in external parts of insulating material are measured to
metal foil in contact with the accessible surface; the foil is pushed into corners and the like by
means of the test probe B of IEC 61032:1997, but it is not pressed into openings.

If necessary, a force is applied to any point on internal wiring and bare conductors, other than
those of heating elements, to any point on uninsulated metal capillary tubes of thermostats
and similar devices, and to the outside of metal enclosures, in an endeavour to reduce the
creepage distances and clearances while taking the measurements.

The force is applied by means of the test probe B of IEC 61032:1997, and has a value of:

— 2N for internal wiring and bare conductors and for uninsulated capillary tubés of
thermostats and similar devices;

— 30 N for enclosures.

The way in which creepage distances and clearances are measured is indicated in Annex A.

For tools having parts with double insulation where there is no imetal between basic
insulation and supplementary insulation, the measurements are nade as though a metal
foil were present between the two insulations.

Means provided for fixing the tool to a support are consideredhto*be accessible.

For conductive patterns on printed circuit boards, except at their edges, the values in the
table between parts of different potential may be reduced, as long as the peak value of the
voltage stress does not exceed:

— 150 V per mm with a minimum distance of~0,2 mm, if protected against the deposition of
dirt;

— 100 V per mm with a minimum distance*of 0,5 mm, if not protected against the deposition
of dirt.

When the limits mentioned above lead to higher values than those of the table, the values of
the table apply.

NOTE The above values are equal or larger than the values required by IEC 60664-3.

These distances may obe reduced further, provided that the tool complies with the
requirements of Claluse 18 when the distances are short-circuited in turn.

Creepage distances and clearances within optocouplers are not measured if the individual
insulations @re adequately sealed, and if air is excluded between individual layers of the
material.

For-live parts of different polarity, except for external mains connection, creepage distances
and- clearances smaller than those specified in the table are allowed, provided the
requirements of Clause 18 are met if these creepage distances and clearances are short-

olroited in tirn

28.2 Depending on the working voltage, the distance through insulation shall be sufficient:

— For working voltages up to and including 130 V, the distance through insulation between
metal parts shall not be less than 1,0 mm, if they are separated by supplementary
insulation, and not be less than 1,5 mm, if they are separated by reinforced insulation.

— For working voltages over 130V up to and including 280V, the distance through
insulation between metal parts shall not be less than 1,0 mm, if they are separated by
supplementary insulation, and not be less than 2,0 mm, if they are separated by
reinforced insulation.
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— For working voltages up to and including 280V, the distance through reinforced
insulation used between windings and accessible metal shall not be less than 1,0 mm.

The required distance through insulation may be achieved through several thicknesses of
solid insulation layers that may have intervening air between the layers such that the sum of
the thicknesses of the solid insulation equals the required thickness.

This requirement does not apply, if either a) or b) is fulfilled.

a) The insulation is applied in thin sheet form, other than mica or similar scaly material, and
consists:

— for supplementary insulation, of at least two layers, provided that any one~0P the
layers withstands the electric strength test prescribed for supplementary insulation;

— for reinforced insulation, of at least three layers, provided that, when any. two of the
layers are placed in contact, they withstand the electric strength test.prescribed for
reinforced insulation.

The test voltage is applied between the outer surfaces of the layer, or\of the two layers, as
applicable.

b) The supplementary insulation or the reinforced insulation is inaccessible and meets
the following condition:

The insulation, after having been conditioned forsseven days (168 h) in an oven
maintained at a temperature equal to 50 K greater-than the maximum temperature rise
determined during the test of Clause 12 withstand§-an electric strength test as specified in
Annex D, this test being made on the insulation both at the temperature occurring in the
oven, and at approximately room temperature.

Compliance is checked by inspection and bysmeasurement.

For optocouplers, the conditioning progedure is carried out at a temperature of 50 K in excess
of the maximum temperature rise méasured on the optocoupler during the tests of Clause 12
and Clause 18, the optocoupler .being operated under the most onerous conditions which
occur during these tests.
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> 300 mm

IEC 0287/14

Key

A axis of oscillation

B oscillating frame

C counterweight

D sample

E adjustable’carrier plate
F adjustable bracket

G load

Figure 2 — Flexing test apparatus
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° °

L1

Lo L4

o

IEC 0288/14

Key
1 shaft contact
2 commutator contacts
3 insulating table
4 armature

L1, L2 voltage supply for leakage current measurement
L3, L4 voltage supply (variable) for armature load current

M circuit of Figure C.3 for the leakage current meter

Figure 3 — Overload test of a class Il-armature
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Annex A
(normative)

Measurement of creepage distances and clearances

The methods of measuring creepage distances and clearances, which are specified in 28.1,

are indicated in cases 1 to 10 (see Figures A.1 to A.4).

These cases do not differentiate between gaps and grooves, or between types of insulation:

The following assumptions are made:

a groove may have parallel, converging, or diverging sides;

any groove having diverging sides, a minimum width exceeding 0;25 mm, a depth
exceeding 1,5 mm, and a width at the bottom equal to or greater than*1*mm, is regarded
as an air gap across which no creepage path exists (case 8);

any corner including an angle less than 80° is assumed to be bridged with an insulating
link of 1 mm width (0,25 mm for dirt-free situations), moved into the most unfavourable
position (case 3);

where the distance over the top of a groove is 1 mm (0,25 mm for dirt-free situations) or
more, no creepage distance exists across the air gap\(case 2);

creepage distances and clearances measured<béetween parts moving relative to each
other are measured when these parts are placed” in their most unfavourable stationary
positions;

any air gap less than 1 mm wide (0,25 mm for dirt-free situations) is ignored in computing
the total clearance.
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<1 mm

IEC 0289/14

Condition: Path under consideration includes a parallel or converging sided groove of any depth with a width less
than 1 mm.

Rule: Creepage distance and clearance are measured directly across the groove as shown.

Case 1

1EC/0290/14

Condition: Path under consideration includes a parallel sided groove of any depth equal to or more than 1 mm
wide.

Rule: Clearance is the "line of sight" distance. Creepage\path follows the contour of the groove.

Case 2

IEC 0291/14

Condition: Path under ‘consideration includes a V-shaped groove with internal angle of less than 80° and with a
width-greater than 1 mm.

Rule: Clearance is the "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

Clearance ssnmmnn Creepage distance

Figure A.1 — Clearance gap for parallel sided and V-shaped groove
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IEC 0292/14
Condition: Path under consideration includes a rib.
Rule: Clearance is the shortest direct path over the top of the rib. Creepage path follows the contour of the

rib.
Case 4
<1 mm <1 mm
h L L] an
IEC 0293/14

Condition: Path under consideration includes an uncemented joint with grooves less than 1 mm wide on either
side (0,25 mm for dirt-free situations).

Rule: Creepage distance and clearance is the “line of sight” distance shown.
Case 5
>1 mm >1 mm
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IEC 0294/14

Condition: ™ Path under consideration includes an uncemented joint with grooves equal to or more than 1 mm wide
each side.

Rule: Clearance is the “line of sight” distance. Creepage path follows the contour of the grooves.

CGDC G
Clearance smmmmumnm Creepage distance

Figure A.2 — Clearance gap for rib and uncemented joint with groove
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>1 mm <1 mm

IEC 0295/14

Path under consideration includes an uncemented joint with a groove on one side less thad mm

Condition:
wide and the groove on the other side equal to or more than 1 mm wide.
Rule: Clearance and creepage path are as shown.
Case 7
>0,25 mm
1S
1S
w.
N
>1,mm
~—Z\s IEC 0296/14
Condition: Path under consideration includes a\diverging-sided groove equal to or greater than 1,5 mm deep
and greater than 0,25 mm wide at.the narrowest part and equal to or greater than 1 mm at the
bottom.
Rule: Clearance is the "line of sight" distance. Creepage path follows the contour of the groove.

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

Case 8

Clearance ssnmmnn Creepage distance

Figure A)3 — Clearance gap for uncemented joint and diverging-sided groove
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b IEC 0297/14

Gap between head of screw and wall of recess too narrow to be taken into account,

Case 9

=1 mm
.
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>1mm

o ]
L
L L
el
L
b IEC 0298/14

Gap between head of screw and wall of recess wide enough to be taken into account.

Case 10

FINAL VERSION
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Figure A.4 — Clearance gap between wall and screw
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Annex B
(normative)

Motors not isolated from the supply mains and having
basic insulation not designed for the rated voltage of the tool

B.1 Scope

B.1.1 This annex applies to motors having a working voltage not exceeding a peak value of
42,4 V, not isolated from the supply mains, and having basic insulation not designed\for the
rated voltage of the tool.

All clauses of this standard apply to these motors, unless otherwise specified in\this annex.

B.9 Protection against access to live parts

B.9.2

Metal parts of the motor are considered to be bare live parts¢

B.12 Heating

B.12.4 The temperature rise of the body of ‘the motor is determined instead of the
temperature rise of the windings.

B.12.5 The temperature rise of the bady,of the motor, where it is in contact with insulating
material, shall not exceed the values shown in Table 1 for the relevant insulating material.

B.18 Abnormal operation
B.18.1 The test of 18.3 is<hot made.
Tools are also subjeCted to the test of B.18.201.

B.18.201 The-tool is operated at rated voltage with each of the following fault conditions
(see Figure B:1):

— short eircuit of the terminals of the motor, including any capacitor incorporated in the
motor circuit;
—~Sopen circuit of the supply to the motor;

£, open circuit of any shunt resistor during operation of the motor.

Only one fault condition is simulated at a time, the tests being made consecutively.

B.21 Construction

B.21.201 For class | tools incorporating a motor supplied by a rectifier circuit, the d.c.
circuit shall be insulated from accessible parts of the tool by double insulation or
reinforced insulation.
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Compliance is checked by the tests specified for double insulation and reinforced

insulation.

B.28 Creepage distances, clearances and distances through insulation

B.28.1

€ values specirtied In lable O not apply to distances between live parts o

and its other metal parts.

Parallel circuit Series circuit

>
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|
|
|
Al

|
|
|
¢

IEC 0299/14

— original connection
-—- short circuit

open circuit

Q

short circuit of the terminals of the motor
short circuit of the terminals of the rectifier

open circuit of the supply to the motor

o o0 o >

open circuit of the shunt resistor

Figure B:1 — Simulation of fault conditions

IEC 0300/14

e motor



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

FINAL VERSION - 108 — IEC 62841-1:2014+AMD1:2025 CSV
© IEC 2025

Annex C
(normative)

Leakage current

C‘I Gelleldi
For battery-operated tools in accordance with Annex L, this annex only applies when the {ool
is in the configuration where it is directly connected to the mains or to a non-isolated source.

The leakage current, when required by other clauses, shall be measured by the following test
under one of the conditions of Clause C.2 or Clause C.3, both with the tool switch S in the
closed position.

The leakage current test is made with a.c. unless the tool is for d.c. only, in which case the
test is not made.

Protective impedance is disconnected from live parts before carrying out the tests.

It is recommended that the tool be supplied through an.-isolating transformer; otherwise, it
shall be insulated from earth.

The leakage current (weighted touch current) is_measured by means of the circuit of
Figure C.3 between any pole of the supply and-accessible metal parts and metal foil in
contact with accessible surfaces of insulating material, connected together.

NOTE The weighted touch current is equivalent to NNU (Measurement Indication Units).

The measurement circuit of Figure C,3/shall meet the accuracy specifications in Clause G.3 of
IEC 60990:1999.

If the leakage current exceed§“the specified limit due to capacitance effects, then metal foil
with an area not exceedirlg 20 cm x 10 cm shall be used. If its area is smaller than the
surface under test, it is\moved to make sure all parts of the surface are tested. The heat
dissipation of the tool\shall, however, not be affected by the metal foil in areas such as
ventilation openings:

The leakage cuyrent to accessible metal parts and metal foil shall not exceed the following
values, unless otherwise specified in the relevant clause of this standard:

— forclass | tools 0,75 mA;
— _forclass Il tools 0,25 mA.

C.2 Measurement of a non-operating tool

The tool is not operated and the test is made at rated voltage unless otherwise specified in
the relevant clause of this standard, under the conditions defined in Clause C.1 and as
follows:

For single-phase tools and for three-phase tools, which are, according to the instructions for
installation, suitable for single-phase supply:

S1 of Figure C.1 in the open position, for three-phase tools with the three sections connected
in parallel. The selector switch shown in Figure C.1 may be in any of the positions 1 and 2.
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For three-phase tools not suitable for single-phase supply:

a in Figure C.2 in the closed position, b and ¢ in open position.

C.3 Measurement of an operating tool

relevant clause of this standard, under the conditions defined in Clause C.1 and is measured
within 10 s when tested as follows:

For single-phase tools and for three-phase tools, which are, according to the instructions for
installation, suitable for single-phase supply:

S1 of Figure C.1 in the closed position and with the selector switch shown in~Figure C.1 in
each of the positions 1 and 2, for three-phase tools with the three sections connected in
parallel.

For three-phase tools not suitable for single-phase supply:

a, b and c in Figure C.2 in the closed position, repeated with each of the switches a, b, c open
in turn, the other two switches being closed.
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Key
M circuit of Figure C.3 for the leakage current meter
S power switch of the product under test
1 accessible part
2 inaccessible metal part
3 basic insulation
4 supplementary insulation
5 reinforced insulation
6 double insulation

Figure C.1 — Diagram for leakage current measurement for single-phase connection
and three-phase tools suitable for single-phase supply
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circuit of Figure C.3 for the leakage current meter
accessible part

inaccessible metal part

basic insulation

supplementary insulation

three-phase supply

o o h W N sz

double insulation

Figure C.2 — Diagram for leakage current measurement
for three-phase connection

Weighted touch current
(perception/reaction)
A
Rs ——Cs b
Test terminals 500

R1
] °

L
B
i Rs Uy C1 T Uy

IEC  0305/74

Rs 1500 O R, 10 000 ©Q
R 500 Q c, 0,022 pF
Cs 0,22 uF

Figure C.3 — Circuit of the leakage current meter



https://iecnorm.com/api/?name=7a3a852d43fc7234d822f9b58b32e350

	Redline version 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General requirements
	5 General conditions for the tests
	6 Radiation, toxicity and similar hazards
	7 Classification
	8 Marking and instructions
	9 Protection against access to live parts
	10 Starting
	11 Input and current
	12 Heating
	13 Resistance to heat and fire
	14 Moisture resistance
	15 Resistance to rusting
	16 Overload protection of transformers and associated circuits
	17 Endurance
	18 Abnormal operation
	19 Mechanical hazards
	20 Mechanical strength
	21 Construction
	22 Internal wiring
	23 Components
	24 Supply connection and external flexible cords
	25 Terminals for external conductors
	26 Provision for earthing
	27 Screws and connections
	28 Creepage distances, clearances and distances through insulation
	Annexes 
	Annex A (normative) Measurement of creepage distances and clearances
	Annex B (normative) Motors not isolated from the supply mains and having basic insulation not designed for the rated voltage of the tool
	Annex C (normative) Leakage current
	Annex D (normative) Electric strength
	Annex E (informative) Methods of applying ISO 13849-1 to power tools
	Annex F (informative) Rules for routine tests
	Annex G (informative) Determination of applicable requirements for tools covered by Annex K
	Annex H (normative) Determination of a low-power circuit
	Annex I (informative) Measurement of noise and vibration emissions
	Annex J Void
	Annex K (normative) Battery tools and battery packs
	Annex L (normative) Battery tools and battery packs provided with mains connection or non-isolated sources
	Annex M (normative) Remote communication through public networks
	Annex N (informative) Methods to estimate the average probability of dangerous failure per hour caused by remote communication through public networks

	Bibliography
	Figures 
	Figure 1 – Test fingernail
	Figure 2 – Flexing test apparatus
	Figure 3 – Overload test of a class II armature
	Figure A.1 – Clearance gap for parallel sided and V-shaped groove
	Figure A.2 – Clearance gap for rib and uncemented joint with groove
	Figure A.3 – Clearance gap for uncemented joint and diverging-sided groove
	Figure A.4 – Clearance gap between wall and screw
	Figure B.1 – Simulation of fault conditions
	Figure C.1 – Diagram for leakage current measurement for single-phase connection and three-phase tools suitable for single-phase supply
	Figure C.2 – Diagram for leakage current measurement for three-phase connection 
	Figure C.3 – Circuit of the leakage current meter
	Figure G.1 – Determination of applicable requirements for tools covered by Annex K
	Figure H.1 – Example of an electronic circuit with low-power points
	Figure I.1 – Test bench
	Figure I.2 – Positions of a hand-held power tool and microphones for the hemispherical / cylindrical measurement surface
	Figure I.3 – Microphone positions on a cubic measurement surface
	Figure I.4 – Directions of vibration measurement
	Figure K.1 – Measurement of clearances
	Figure L.1 – Measurement of clearances
	Figure N.1 – Flow of information for a remotely communicated software update
	Figure N.2 – Flow of information for a power tool with a wireless connection between power switch and control unit

	Tables
	Table 1 – Maximum normal temperature rises 
	Table 2 – Maximum outside surface temperature rises 
	Table 3 – Maximum winding temperature
	Table 4 – Required performance levels
	Table 5 – Impact energies
	Table 6 – Test torques
	Table 7 – Switch trigger force
	Table 8 – Minimum cross-sectional area and AWG sizes of supply cords
	Table 9 – Pull and torque value
	Table 10 – Quick-connect terminals for earthing conductors
	Table 11 – Torque for testing screws and nuts
	Table 12 – Minimum creepage distances and clearances
	Table D.1 – Test voltages
	Table F.1 – Test voltages for the electric strength test
	Table K.1 – Minimum creepage distances and clearances between parts of opposite polarity
	Table L.1 – Minimum creepage distances and clearances between parts of opposite polarity
	Table M.1 – Transmission errors and examples of acceptable measures


	Final version 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General requirements
	5 General conditions for the tests
	6 Radiation, toxicity and similar hazards
	7 Classification
	8 Marking and instructions
	9 Protection against access to live parts
	10 Starting
	11 Input and current
	12 Heating
	13 Resistance to heat and fire
	14 Moisture resistance
	15 Resistance to rusting
	16 Overload protection of transformers and associated circuits
	17 Endurance
	18 Abnormal operation
	19 Mechanical hazards
	20 Mechanical strength
	21 Construction
	22 Internal wiring
	23 Components
	24 Supply connection and external flexible cords
	25 Terminals for external conductors
	26 Provision for earthing
	27 Screws and connections
	28 Creepage distances, clearances and distances through insulation
	Annexes 
	Annex A (normative) Measurement of creepage distances and clearances
	Annex B (normative) Motors not isolated from the supply mains and having basic insulation not designed for the rated voltage of the tool
	Annex C (normative) Leakage current
	Annex D (normative) Electric strength
	Annex E (informative) Methods of applying ISO 13849-1 to power tools
	Annex F (informative) Rules for routine tests
	Annex G (informative) Determination of applicable requirements for tools covered by Annex K
	Annex H (normative) Determination of a low-power circuit
	Annex I (informative) Measurement of noise and vibration emissions
	Annex J Void
	Annex K (normative) Battery tools and battery packs
	Annex L (normative) Battery tools and battery packs provided with mains connection or non-isolated sources
	Annex M (normative) Remote communication through public networks
	Annex N (informative) Methods to estimate the average probability of dangerous failure per hour caused by remote communication through public networks

	Bibliography
	Figures 
	Figure 1 – Test fingernail
	Figure 2 – Flexing test apparatus
	Figure 3 – Overload test of a class II armature
	Figure A.1 – Clearance gap for parallel sided and V-shaped groove
	Figure A.2 – Clearance gap for rib and uncemented joint with groove
	Figure A.3 – Clearance gap for uncemented joint and diverging-sided groove
	Figure A.4 – Clearance gap between wall and screw
	Figure B.1 – Simulation of fault conditions
	Figure C.1 – Diagram for leakage current measurement for single-phase connection and three-phase tools suitable for single-phase supply
	Figure C.2 – Diagram for leakage current measurement for three-phase connection 
	Figure C.3 – Circuit of the leakage current meter
	Figure G.1 – Determination of applicable requirements for tools covered by Annex K
	Figure H.1 – Example of an electronic circuit with low-power points
	Figure I.1 – Test bench
	Figure I.2 – Positions of a hand-held power tool and microphones for the hemispherical / cylindrical measurement surface
	Figure I.3 – Microphone positions on a cubic measurement surface
	Figure I.4 – Directions of vibration measurement
	Figure K.1 – Measurement of clearances
	Figure L.1 – Measurement of clearances
	Figure N.1 – Flow of information for a remotely communicated software update
	Figure N.2 – Flow of information for a power tool with a wireless connection between power switch and control unit

	Tables
	Table 1 – Maximum normal temperature rises 
	Table 2 – Maximum outside surface temperature rises 
	Table 3 – Maximum winding temperature
	Table 4 – Required performance levels
	Table 5 – Impact energies
	Table 6 – Test torques
	Table 7 – Switch trigger force
	Table 8 – Minimum cross-sectional area and AWG sizes of supply cords
	Table 9 – Pull and torque value
	Table 10 – Quick-connect terminals for earthing conductors
	Table 11 – Torque for testing screws and nuts
	Table 12 – Minimum creepage distances and clearances
	Table D.1 – Test voltages
	Table F.1 – Test voltages for the electric strength test
	Table K.1 – Minimum creepage distances and clearances between parts of opposite polarity
	Table L.1 – Minimum creepage distances and clearances between parts of opposite polarity
	Table M.1 – Transmission errors and examples of acceptable measures





