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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HAND-HELD MOTOR-OPERATED ELECTRIC TOOLS -
SAFETY -

Part 1: General requirements

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardtizati omprising
all nafional electrotechnical committees (IEC National Committees). The object i promote
interngtional co-operation on all questions concerning standardization in the electgcal an, ic|fields. To
this ehd and in addition to other activities, the IEC publishes International 3ta . { aration is
entrugted to technical committees; any IEC National Committee interested\in j with may
participate in this preparatory work. International, governmental and non~g izatiofps liaising
with the IEC also participate in this preparation. The IEC collaborates cIo ely with i hanization
for Spandardization (ISO) in accordance with conditions deter 2 the two
organjzations

2) The fprmal decisions or agreements of the IEC on technlc a € sible, an
intern tlonal consensus of op|n|on on the relevant subjects § sentation

from

3) The dpcuments produced have the form of recommend er

ationakuse and are published ip the form
6- they are accepted by thgq National

ndertake to apply IEC International

Standprds transparently to the maximum ,€x } thelr national and regional standards. Any
divergence between the IEC Standard and the { ational or regional standard shall pe clearly
indicafed in the latter.

5) The IEC provides no marki i indi apr al and cannot be rendered responsible for any
equipfnent declared to be in

6) Attentjon is drawn to th e subject
of patent rights. T

Internat|onal Sta bf hand-

held maqtor- old and

similar g

This thi fitutes a

technica

The tex based on the following documents:

FDIS Report on voting
61F/422/FDIS 61F/427/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

Annexes A, B, C, D, E, F, G and | form an integral part of this standard.

Annex J is for information only.
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The committee has decided that the contents of this publication will remain unchanged
until 2003. At this date, the publication will be

¢ reconfirmed;

*« withdrawn;

* replaced by a revised edition, or

¢ amended.

A bilingual version of this publication may be issued at a later date

The corntents of the corrigendum of August 2003 have been included in this CSN\

W
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INTRODUCTION

This part 1 is to be used in conjunction with the appropriate part 2, which contains clauses to
supplement or modify the corresponding clauses in part 1 to provide the relevant requirements
for each type of product.

Individual countries may wish to consider its application, so far as is reasonable, to tools not
mentioned in part 2, and to tools designed on new principles.

If the functions of a tool are covered by the different parts 2 of IEC 60745, the relevant part 2 is
applied to each function separately, so far as is reasonable. If applicable, the influence of one
functionan_the aother is taken intao account

Normatiye references to other IEC and ISO standards are given in clayse

NOTE Ir] this standard, the following print types are used:

Reqgyirements: in roman type

Test|specification: in italic type

— Notes| in smaller roman type

It has Been assumed in the drafting of this Internatiopal Standar the executign of its
provisio

A produ [ iffering from those dettailed in
the requ Aine n of the
requirer with the

standardgl.

Standar]

- IEC
— CISFPR 11 an
- |IECB1000-3-2 aK
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HAND-HELD MOTOR-OPERATED ELECTRIC TOOLS -
SAFETY —

Part 1. General requirements

1 Scope

1.1 Thjs International Standard deals with the safety of hand-held _maqotor-operated or
magnetically driven electric tools, the rated voltage of the tools being not (more thann2p0 V for
single-phase a.c. or d.c. tools, and 440 V for three-phase a.c. tools.

So far gs is practicable, this standard deals with the common hazargds p and-held
tools, which are encountered by all persons in the common use g
Tools wjth an electric heating element are within the scop uld also
comply with relevant parts of IEC 60335.

Hand-hg¢ld electric tools, hereinafter referred to as tfol i 3 ounted on a|support
for use|as fixed tools without any alteration of the tgbl/i vithin the scopq of this
standar is Qi evant part 2, this gtandard
alone w support is adequate.
Require is RIYyaqd having basic insulation not designed
for the 1 -

— hand-held tools int 6 i eNpresence of explosive atmosphere (dustf vapour
or gas);

— hand-held to

Hditional

may be

P national
ater supply

authorities, etc.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60745. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 60745 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60061-1:1969, Lamp caps and holders together with gauges for the control of
interchangeability and safety — Part 1; Lamp caps
Supplement A (1969) to amendment 26 (2001)
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IEC 60068-2-75:1997, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60083:1997, Plugs and socket-outlets for domestic and similar general use standardized in
member countries of IEC

IEC 60085:1984, Thermal evaluation and classification of electrical insulation

IEC 60112:1979, Method for determining the comparative and the proof tracking indices of solid
insulating materials under moist conditions

IEC 60127 (all parts), Miniature fuses

IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including
450/750~ %

IEC 6024 i /750

IEC 60335-1:2001, Safety of household and similar electrrs QRliagce : |General
requirements

IEC 60 ectional
specificg pction to
the supply mains

IEC 60

IEC 60 me test
IEC 60 bthods —
Glow-wire apparatus apohco

IEC 60 95-2-11-, bthods —
Glow-wire flammakjht

5 ing — Part 2-12: Glowing/hot-wire based test mgthods —
Glow-wire flammakilit) ¢ materials

IEC 60 ] afd testing — Part 2-13: Glowing/hot-wire based test mgthods —

List of tg¢st method

IEC 60Y30:=1:1999  Automatic electrical controls for household and similar use —|Part 1:
General requirements

IEC 60998-2-2:1991, Connecting devices for low-voltage circuits for household and similar
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 mmZ2 up to 35 mm?Z (included)

IEC 61058-1:2000, Switches for appliances — Part 1: General requirements

IEC 61558-1:1997, Safety of power transformers, power supply units and similar — Part 1:
General requirements and tests
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ISO 1463:1982, Metallic and oxide coatings — Measurement of coating thickness — Micro-
scopical method

ISO 2178:1982, Non-magnetic coatings on magnetic substrates — Measurement of coating
thickness — Magnetic method

3 Definitions
For the purpose of this International Standard, the following definitions apply.

3.1.1 Where the terms voltage and current are used, they imply the r.m.s. values, unless
otherwige—spetified:

hid of a
5 object,

3.1.2 \Where in this standard the expressions "with the aid of a too
tool", arld "requires the use of a tool", the word "tool" means a scref
which may be used to operate a screw or other fixing means.

3.21
rated voltage

voltage |assigned to the tool by the manufacturer.
between phases

pply, it is the| voltage

3.2.2
rated voltage range
voltage [range assigned to the tools by
limits

xpfessed by its lower and upper

3.23
working voltage
maximuT‘n voltage to whi
at its ra
effect of transie

supplied
hge, the

3.24
rated input
input in

3.25
rated iny
input ra
limits

d upper

3.2.6
rated current
current assigned to the tool by the manufacturer. If no current is assigned to the tool, the rated
current for the purpose of this standard is the current measured when the tool is under normal
load at rated voltage

3.2.7
rated frequency
frequency assigned to the tool by the manufacturer

3.2.8

rated frequency range

frequency range assigned to the tool by the manufacturer, expressed by its lower and upper
limits
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3.2.9

normal load

load to be applied to a tool, to obtain rated input or rated current, any marking of short-time or
intermittent operation being observed and, unless otherwise specified, heating elements, if any,
being operated as in normal use. The normal load is based on the rated voltage or on the
upper limit of the rated voltage range

3.2.91

no load input / current

highest input or current obtained when a tool is operated at rated voltage and frequency with no
external load (work) applied to the accessories packaged with the tool by the manufacturer and
adjusted according to manufacturer’s instructions, ready for use

3.2.10
rated np-load speed

no-load|speed at rated voltage or at the upper limit of the rated voliage
tool by the manufacturer

assigngd to the

3.3.1
detachable cord

flexible ord, for supply, intended to be connected to the
coupler

itable appliance

3.3.2
supply cord
flexible pord, for supply purposes, whi

3.3.3

type X attachment
method |of attachment of thé\supply .% asily be replaced without the [aid of a
special |purpose tool prowided nanufa 7 The supply cord may be a $pecially

preparefl cord and o a._manufacturer or its service agent. A gpecially
preparefl cord can alsg -

3.34 Q
type Y attachmen

method |of attachm ’ ord such that any replacement is intended to be fnade by
the man > agent_or’similar qualified person. Type Y attachment may be used
either w| dina Qrd or with a special cord

3.3.5

type Z at

method 3 of the supply cord so that it cannot be replaced without bregaking or
destroying the,too

3.4.1

basic insulation
insulation applied to live parts to provide basic protection against electric shock. Basic
insulation does not necessarily include insulation used exclusively for functional purposes

3.4.2

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

343
double insulation
insulation system comprising both basic insulation and supplementary insulation
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3.44

reinforced insulation

single insulation system applied to live parts, which provides a degree of protection against
electric shock equivalent to double insulation under the conditions specified in this standard.
The term "single insulation system" does not imply that the insulation is one homogeneous
piece. It may comprise several layers which cannot be tested singly as supplementary or basic
insulation

3.4.5

class | tool
tool in which protection against electric shock does not rely on basic 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 ja—such a way that
conductjve accessible parts cannot become live in the event of a failure of the b ic linsulation.
For toolk intended for use with a flexible cord, this provision includes a nductor as
part of the flexible cord

3.4.6

class lljtool

tool in Which protection against electric shock does not S , but in

which dgdditional safety precautions, such as double ip i & d insulatjon, are

providedl, there being no provision for protective earthing i indtallation

conditiops.

Such a

a) a todl having a durable and substagtia & i i il which
envelops all metal parts, with the excepti - ) bws and
rivetg, which are isolated from live 3 nforced
insul

b) a todl having a substa is used
throughout except fo ¢ p se the
appli i ifestly impracticable; such a tool is called & metal-
encap

c) atoog

The eng¢ & tion-engasedclass Il tool may form a part or the whol¢ of the

supplen

reinforced insulation throughout has an earthing fterminal
ed to be a class | tool

If a tool
or earth

3.4.7

class Il
part of C ich protection against electric shock relies upon double insulgtion or
reinforced insulatio

3.4.8

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. Tools
intended to be operated at safety extra-low voltage, and having internal circuits which operate
at a voltage other than safety extra-low voltage, are not included in the classification, and are
subject to additional requirement

3.4.9

class lll 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
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3.4.10

creepage distance

shortest path between two conductive parts, or between a conductive part and the boundary
surface of the tool, measured along the surface of the insulating material

3.4.11

clearance

shortest distance between two conductive parts, or between a conductive part and the
boundary surface of the tool, measured through air. The boundary surface of the tool is the
outer surface of the enclosure, considered as though metal foil were pressed into contact with
accessible surfaces of insulating material

3.412
normal |duty conditions of insulating material
where there is virtually no deposition of conductive material and a

lectrical

3.4.13
severe fguty conditions of insulating material

where there is a light deposition of conductive material and
a heavy|deposition of conductive material and a short pe

ress; or

3.4.14
extra-sIvere duty conditions of insulating mateni
where there is heavy deposition of co cli

an extrg heavy deposition of conductive

ress; or

3.51

extra-lgw voltage

voltage i ) ithin t a yhich, when the tool is supplied [at rated
voltage,|does not exceed 3 e between conductors and earth

3.5.2

safety gxtra-low
nominal| voltage
the no-I

n conductors and between conductors and earth,
hen safety extra-low voltage is obtained from the

supply mains, it js afety isolating transformer or a convertor with geparate
windings, [ iop © amplies with double or reinforced insulation requiremgnts
NOTE T ¢ Mits ifie based on the assumption that the safety isolating transformer is operated at
its rated s

3.5.3
safety isolating-transformer
transformer( the inputwinding of which is electrically separated from the output winding by an
insulatign‘at/least equivalent to double insulation or reinforced insulation, and which is intended

t | iateil b: H H + 1 4+l H + + £fo4 + l L+
0 supply-a-aistrotton—CCiretitatoororomer—egtpmentat sarety exXtra—row-vortage

3.6.1

hand-held tool (in this standard abbreviated to "tool")

electric motor-operated or magnetically-driven machine intended to do mechanical work, 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 held by hand or suspended during operation

NOTE Hand-held tools may be provided with a flexible shaft, the motor being either fixed or portable. Hand-held

tools may also have provisions for mounting on a support. Hand-held tools include also hand-supported tools (such
as paving breakers).

3.6.2

exchange type tool

tool which is intended not to be repaired at all, or to be repaired by the manufacturer's service
organization only
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3.71

non-detachable part

part which can only be removed or opened with the aid of a tool, or a part which fulfils the test
of 21.22

3.7.2

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, even if removal requires the use of a tool.

3.8.1
thermostat
temperg
adjustal
betweer

fixed or
led part

3.8.2
temperature limiter
temperdture-sensing device, the operating temperature o fixed or
adjustable, and which, during normal operation, operates b Lit when
the temperature of the controlled part reaches a predetermi alue. ™ _does not nlake the
reverse|operation during the normal duty cycle of the » ay hot require| manual
resetting

3.8.3
thermal cut-out
device part by
automafically opening the circuit, or by, ted that
its settin

3.8.4
self-resetting thermal
thermal|cut-out which

cooled down suf@tl

3.8.5
non-self-resetti
thermal|cut-out
order to

tool has

part, in

3.8.6
protect
device
conditio

peration

3.8.7
thermal link
thermal cut-out which operates only once, and then requires partial or complete replacement

3.91

all-pole disconnection

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

3.9.2
off -position of a switching device
stable position in which the related circuit is disconnected from the supply mains

NOTE The off-position does not imply an all-pole disconnection.
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3.9.3

accessible part

part which can be touched by means of the standard test finger in Figure 1, including, for
accessible metal parts, any metal part connected to it

3.94

live part

any conductor or conductive part intended to be energized in normal use, including a neutral
conductor but, by convention, not a PEN conductor.

NOTE Parts accessible or not, complying with 9.1, are not considered to be live parts.

3.10.1

electropniccomponent
part in which conduction is achieved principally by electrons moving thr h a vaguun, gas or
semicorjductor

NOTE Neon indicators are not considered to be electronic components

3.10.2
electronic circuit
circuit incorporating at least one electronic component

3.10.3
protective impedance

impedance connected between live parts
the currgnt, in normal use and under i

so that
P value

3.1141
rated operating time
operating time assigned to

3.11.2
continuous operation

operatidn under nima

3.11.3

operatign under Qor $ between
f to room

operatidn ina i eriod of
operatign yunder norwal load followed by a rest period with the tool running idle or switcll\ed off

3.11.5

routine servicing

periodic servicing which requires tool disassembly as instructed by the instruction manual and
performed by authorized service centre

3.11.6

user maintenance

any maintenance operation stated in the instructions for use or marked on the tool which the
manufacturer of the tool intends the user to perform

3.12.1
accessory
device that is attached only to the output mechanism of the tool
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3.12.2

attachment

device attached to the housing or other component of the tool and which may or may not be
attached to the output mechanism. Attachments include tables to convert hand-held tools to
bench mounted types; for example, a router table

4 General requirements

Tools shall be so constructed that in normal use they function safely so as to cause no danger
to persons or surroundings, even in the event of carelessness that may occur in normal use.

In gene al_this principle is achieved hy fulfilling the relevant requiremeptssspecifieq in this
standargl, and compliance is checked by carrying out all the relevant tests,

5 General conditions for the tests

5.1 Tests according to this standard are type tests.

5.2 Uhless otherwise specified, the tests are made ¢ btand all
the releyant tests. However, the tests of clauses 23/to ¢ nade on
separate samples

Additiorlal samples may be required,\for exan i [ supply
voltageg, or if the test of 12.6 has to be N b otor are
needed)| The testing of components ma nples of
these components.

The cumulative stress resylting b pided. It
may be|l necessary tonrepla B0ES mber of
additional samples sho Qi i ectronic
circuits. Q

53 U LIt is
evident 5t is not

made.

t with the tool, or any movable part of it, placed in the most
yay occur in normal use.

5.5 To¢ols(provr ith controls or switching devices are tested with these controls or
adjusted to their most unfavourable setting, if the setting can be altered by the user.

If the adjusting means of the control is accessible without the aid of a tool, this subclause
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, this subclause 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, in general, at an ambient temperature
of (20 = 5) °C.

If the temperature attained by any part is limited by a temperature sensitive device, or is
influenced by the temperature, the room temperature is, in case of doubt, maintained at
(23 £ 2) °C.
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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 at the more unfavourable supply.

Tools for a.c. which are not marked with rated frequency, or marked with a frequency range of
50 Hz, are tested with either 50 Hz or 60 Hz, whichever is the more unfavourable.

5.7.2 Tools having more than one rated voltage are tested on the basis of the most
unfavourable voltage.

When it is specified for tools marked with a rated voltage range that the supply voltage is equal
to the rated voltage multiplied by a factor, the supply voltage is equal to:

— the ipper limit of the rated voltage range multiplied by this factor, if grefter than 1

— the

When a

voltage

For too ssary to

make spme of the tests at the minimum, the mean, e rated

voltage,|or the rated voltage range, in order to establj

5.7.3 e mean

of the n bd input

multiplig

— the { plied by
this

— the¢ plied by
this factor, if smalle

When 4 factor i ourable

rated vdltages w

58 W .| the tool

is tested

59 U nnected

to the td

5.10 If > ave accessible metal parts which are not connected to an arthing

terminal or’ earthing ‘contact, and are not separated from live parts by an intermediate metal

part whieh+s-econnected-toan-earthingterminal-orearthing-contact—such-parts—are—checked for

compliance with the appropriate requirements specified for class Il construction.

If class | tools have accessible non-metallic parts, such parts are checked for compliance with
the appropriate requirements specified for class Il construction, unless these parts are
separated from live parts by an intermediate metal part connected to an earthing terminal or
earthing contact.

5.11 If class | 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 Il tools.

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.
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5.13 If, in normal use, the heating element 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 accessories performing a function which is within the scope of one of the relevant
parts 2, the tests are made in accordance with that part 2.

For other accessories, the tests are made in accordance with manufacturer’s instructions; in
the absence of such instructions, the tool is operated continuously at a load at which rated
input or rated current is attained.

5.15 [f[g torque 15 to be apptied, the method of foading 15 chosemnm So ag to |void agditional
stresseg, such as those caused by side thrust. Additional loads necegsary foxcthe| correct
operatidn of the tool are, however, taken into consideration.

If a brake is used for applying a load, it must be applied gradud S starting
current |does not affect the test. Modification of output mea hding is
permittdd for the connection to a brake.

5.16 Tools intended to be operated at safety extra-Jo 2 a ed together with their
supply transformer, if this is normally sold with the top

6 Void

7 Classification

71 To
shock:

ith respect to protection against| electric
class |,
Complig : jop and by the relevant tests.

7.2 To : propriate degree of protection against harmful ingress df water.
The deg 8 inst harmful ingress of water are given in IEC 60529.

Complign

8 Ma

8.1 Tools shall be marked with:

— rated voltage(s) or rated voltage range(s), in volts. Tools for star-delta connection shall be
clearly marked with the two rated voltages (for example 230 A/ 400 Y);

— symbol for nature of supply, unless the rated frequency is marked;

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

— name or trade mark or identification mark of the manufacturer or responsible vendor;
— model or type reference;
— symbol for class Il construction, for class Il tools only;
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— IP number according to degree of protection against ingress of water other than IPX0. The
first numeral of the IP number need not be marked on the tool;

— manufacturer’s address or country of origin;
— any mandatory mark showing compliance with legislation by reference to this standard.

Compliance is checked by inspection.
Additional markings are allowed, provided they do not give rise to misunderstanding.

If components are marked separately, the marking of the tool and that of the components is to
be such that there can be no doubt with regard to the marking of the tool itself.

8.2 Topls for short-time operation or intermittent operation shall be/ marked with rated
operating time, or rated operating time and rated resting time respectiv e operating
time is ljmited by the construction of the tool.

The marking of short-time operation or intermittent operation sha ) | use.

The mafking of intermittent operation shall be such that there N i des the
rated repting time, both markings being separated by an obh S ¢

Complignce is checked by inspection.

8.3 The marking of tools intended to™he opera i just i ange of
values ( - e dted with
or witho C.).

The low -).
The different rated value
Examplés:
115-23Q V: The t iS &
115/230V: The t S

Complia

8.4 If the tdol can beadjus it di , i e tool is
adjusted sk Ny di

This requi

For too
considete , ] .
wiring d|agram fixed to the tool The W|r|ng diagram may be on the |nS|de of a cover which has
to be removed to connect the supply conductors. It is not to be on a label loosely attached to
the tool.

Compliance is checked by inspection.

8.5 For tools marked with more than one rated voltage or with more than one rated voltage
range, the rated power input for each of these voltages or ranges 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 limits
of a rated voltage range does not exceed 10 % of the mean value of the range, in which case
the marking for rated power input may be related to the mean value of the range.

Compliance is checked by inspection.
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8.6 When symbols are used, they shall be as follows:

Vo volts
A amperes
Hz hertz
W, watts

KW o, kilowatts
F o farads
MF o, microfarads
I I Tiires

o I grams
Kool kilograms
bar .| bars
Pa. | pascals
ho hours
MiN.Joe, minutes
S seconds
01N A no-load

two-phase alternating current

two-phase alternating current with neutrp
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 characterist|c, as
given in IEC 60127

Protective earth

class Il tool

IPXX IP symbol

If the first numeral for the IP numbering is omitted, the omitted numeral shall be replaced by
the letter X, for example IPX5.

The symbol for nature of supply shall be placed next to the marking for rated voltage.
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The dimensions for the symbol for class Il tools shall be such that the length of the sides of the
outer square is about twice the length of the sides of the inner square. The length of the sides
of the outer square shall not be less than 5 mm, unless the largest dimension of the tool does
not exceed 15 cm, in which case the dimensions of the symbol may be reduced, but the length
of the sides of the outer square shall not be less than 3 mm.

The symbol for class Il tools shall be so placed that it will be obvious that it is a part of the
technical information, and is unlikely to be confused with any other marking.

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

Multiple|or submultiple units are also allowed. Additional symbols are allowed, proyided| they do

not give|rise to misunderstanding.
Complignce is checked by inspection and measurement.

8.7 Topls to be connected to more than two supply conductars\s ¢ i with a
connectjon diagram, fixed to the tool, unless the correct mode actiqn i

The cofrect mode of connection is deemed to b vt if\tF inals for thg supply
conductprs are indicated by arrows pointing tow 3§ he earthing conquctor is
not a supply conductor. For tools for stg , diagram should shhow how
the windings are to be connected.

Complignce is checked by inspection.

NOTE The connector diagram may be that refe

8.8 Ex

— Termi ter N.

— Earthi

These indicatjorns shal\no on screws, removable washers or other parts whigh might

be remd being connected.
Complia

8.9 Unless_ it is “ebviously unnecessary, switches which may give rise to a hazagd when
operate@lsshall be marked, or so placed as to indicate clearly which part of the tool they[control.

Indications used for this purpose shall, wherever practicable, be comprehensible without a
knowledge of languages, national standards, etc.

Compliance is checked by inspection.

8.10 For tools which might cause danger when started unexpectedly, the "off" position of the
mains switch shall be indicated, unless this position is obvious; the indication, if required, shall
be the figure O.

The figure O shall not be used for any other indication.

The position of the moving contacts of the mains switch shall correspond to the indications for
the different positions of its operating means.
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NOTE The figure O may, for example, also be used on a digital programming keyboard.

Compliance is checked by inspection.

8.11 Regulating devices and the like, 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.

The requirement does not apply to regulating 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 figufe O and the position of a greater oufput, inpuf, speed, efc., shall bé\ndicajed by a
higher figure.

An indigation of + and — is considered to be sufficient.

The indication for the different positions of the operating me d not to
be placgd on the device itself.

Complignce is checked by inspection.

8.12 Ah instruction manual and genera tool and
packaggd in such a way that is obviGus Wwhe i e ng. The
general|safety instructions may be sepa ctiop/manual. They shall bg written
in the official language(s) of the country,i U [

Instructions shall be legible”and cor

The insfruction manua bplier of

branded product.
The subjjects are ;f g

8.12.1
exact on

afety Rules if in English shall be verbatim anfl in the
other official language to be equivalent.

Format structions must differentiate, by font highlighting or similarf means,
the contextaf cla ifustrated below.

The org vafning statements shall be: as required by part 1, as required by the
applicahlepart 2, and any optional warning statements deemed necessary by the¢ manu-
facturer.

General Safety Rules

WARNING! Read all instructions Failure to follow all instructions listed below may result in
electric shock, fire and/or serious injury. The term "power tool" in all of the warnings listed
below refers to your mains-operated (corded) power tool or battery-operated (cordless) power
tool.

SAVE THESE INSTRUCTIONS
1) Work area

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

b) Do not operate power tools in explosive atmospheres, such as in the presence of
flammable liquids, gases or dust. Power tools create sparks which may ignite the
dust or fumes.
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c) Keep children and bystanders away while operating a power tool. Distractions can
cause you to lose control

Electrical safety

a) 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 shock

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

c) Do not expose power tools to rain or wet conditions. Water entering a power tool
vill increase the risk of electric shaock

d) Do not abuse the cord. Never use the cord for carrying, pullj ing the
pbower tool. Keep cord away from heat, oil, sharp edges or amaged
Dr entangled cords increase the risk of electric shock.

e) When operating a power tool outdoors, use an k& ble for
butdoor use. Use of a cord suitable for outdoor use red ic [shock.

Pergsonal safety

a) Ptay alert, watch what you are doing and Aise comme e when operating a

der the influence of
hile operating power tools

b) ax_€ ion. Safety equipment such|as dust
3 & ropriate
c) Avoid accidental sfacti ! i in the off-position before pjlugging
n. Carrying poweh{oo j ) i s the switch or plugging in power tgols that
have the switchls K 1
d) Remove justing ; before turning the power tool on. A wrench
Dr a key ng payt of the power tool may result in personal injury.
e) y ) preper footing and balance at all times. This enablgs better

gar loose clothing or jewellery. Keep your hair, ¢lothing
oving parts. Loose clothes, jewellery or long hain can be

re these are connected and properly used. Use of these devices can

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 it 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 be repaired.

c) Disconnect the plug from the power source 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.
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e) Maintain power tools. Check for misalignment or binding of moving parts,
breakage of parts and any other condition that may affect the power tools
operation. If damaged, have the power tool repaired before use. Many accidents
are caused by poorly maintained power tools.

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

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

situation.
5) Selvice
a) Have your power tool serviced by a qualified repair pers identical
eplacement parts. This will ensure that the safety of the powe intaiged.

betting-up or fixing power tool in a stable position a S s which
an be mounted on a support

9
q
Assembly
(

2)

3) Connection to power supply, ¢ < at t;@ and earthing requiremelnts
4) l|lustrated description of functions

5) Uimitations on ambient conditio

6) LUist of contents

b) Operating instructions
$etting and tes

Tool cha@
Clamping o

L ize

( . .

imits on

5
c) Mair
1) R
2) 9§
3) Uist of usersrgplaceable parts
4) $pecial tools which may be required
5) For power tools with type X attachment, where a specially prepared cord is needed to

replace the cord: if the supply cord of this power tool is damaged, it must be replaced by
a specially prepared cord available through the service organization.

6) For power tools with type Y attachment: 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 Z attachment: the supply cord of this power tool cannot be
replaced, and the power tool shall be scrapped.
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8.13 Markings required by the standard shall be easily legible and durable.

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a piece
of cloth soaked with water and again for 15 s with a piece of cloth soaked with petroleum spirit.

After all the tests of this standard, the marking shall be easily legible, it shall not be easily

possible to remove marking plates, and they shall show no curling.

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.

approximately 65 °C, a dry point of approximately 69 °C and a speé
0,689 kg/l.

8.14 Markings specified in 8.1 to 8.5 shall be on a main pa

Markingls on the tool shall be clearly discernible fro
of a coVer, if necessary. It shall be possible to remave
tool.

Indicatigns for switches and controls sha
they shall not be placed on parts whic
the marking is misleading.

d\on<orin th

Complidnce is checked b\insp

oned, or positioned in such a

aximum
point of
Kimately

removal
aid of a

vicinity of these components;

vay that

8.15 Ifl compliance wijth thermal
link or fuse-link, e marked
on the link, or in , ity early Wsible after the link has failed, when the tool hjas been
dismantled to the ex & '

This redui 2 totinks which can only be replaced together with a part of the
tool.

Complid

9 Prdtection against access to live parts

Tools shall be so constructed and enclosed that there is adequate protection against accidental

contact with live parts.

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

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

— the part is supplied with safety extra-low voltage, provided that
- for a.c., the peak value of the voltage does not exceed 42 V;
« for d.c., the voltage does not exceed 42 V;
or
— the part is separated from live parts by protective impedance.
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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 voltages having a peak value over 42 V up to and including 450 V, the capacitance shall
not exceed 0,1 pF;

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

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

9.2 The requirement of 9.7 applies for all positions of the tool when It is operated as i normal
use, evén after removal of detachable parts.

Lamps located behind a detachable cover are not removed, provide )solated
from the supply by means of a plug or an all-pole switch. Howeyér; iny, i removal

of lampg which are located behind a detachable cover, protectior agams{\ce
of the lamp cap shall be ensured.

h live parts

This ex¢ludes the use of screw type fuses and screwftype minj iroyi hich are
accessiple without the aid of a tool.

The test finger of Figure 1 is applied w bossible

position

Through %, that the finger will permit, and it is
rotated position.

If the o ‘ he finger, the force on the finger in the|straight
position . k the'finger bent repeated.

It shall o 1 j e\test finger live parts or live parts protected|only by
lacquer, amoxide film, beads or sealing compound.

Lacquer 1 aper, cotton, oxide film on metal parts, beads and| sealing
compoul g resins, are not considered to give the required pifotection
against

9.3 Fo gs in\class Il tools or class Il constructions, except for those giving agcess to
lamp cdps, or,live~parts in socket-outlets of class | tools, the test pin of Figure 2 is|applied

without pppreciable force. It shall not be possible to touch live parts with the test pin.

9.4 |n addition, class |l tools and class Il constructions shall be so constructed and enclosed
that there is adequate protection 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.

Compliance is checked by inspection and by applying the test finger of Figure 1.

This requirement applies for all positions of the tool when it is operated as in normal use, even
after removal of detachable parts.
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10 Starting
10.1 Motors shall start under all normal voltage conditions which may occur in use.

Compliance is checked by operating the tool with no load 10 times at a voltage equal to
0,85 times rated voltage, regulating devices, if any, being set as in normal use.

In all cases, the tool shall function safely and correctly.

10.2 Centrifugal and other automatic starting switches shall operate reliably, and without
contact chattering.

Tools provided with a centrifugal or other automatic starting switch ar,
10 time$ at a voltage equal to 1,1 times rated voltage. The interval bgt
is made|sufficiently long to prevent undue heating.

perated
jye starts

In all calses, the tool shall function safely and correctly.
10.3 (verload protection devices shall not operate unde 9 arting sgAditions.

The tests of 10.1 and 10.2 check compliance with thi§

11 Input and current

11.1 The rated power input or rated S gast 110 % of the measured|no-load
input or|current.

For tools marked with ong o fag per and
lower limpits of the rang 1 es 3 e mean
value of the relex ange, ik which tase the test is made at a voltage equal to the
mean value of tha{ ra

Complid fabilized

while al

12 Hed

121 T

Complignee—s—checked—-by—determining—the—temperature—+iseo—ofthe—various—parts—uhder the

conditions specified in 12.2 to 12.5 immediately followed by the test of clause 13 with the tool
in the “on” position and under the following conditions:

For single-phase tools and for three-phase tools to be tested as single-phase tools:
S1 of Figure 3 in the “on” position.

For three-phase tools not suitable for single-phase supply:
a, b and c in Figure 4 in the “on” position.

For heating elements, the measurements are repeated with each of the switches a, b and ¢
open in turn, the other two switches being closed.


https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

60745-1 O IEC:2001(E) - 27 -

12.2 The tool is operated in still air under normal load until thermal stabilization. While the
torque is maintained, the voltage is then adjusted to 0,94 times the rated voltage or 1,06 times
the rated voltage, or the mean of the rated voltage range, whichever is the most unfavourable.

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

12.3 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 temperature rise of electrical insulation, other than that of windings, is-defermine

on the

surface |of insulation, at places where failure could cause a short circuit
parts and accessible metal parts, bridging of insulation, or reduction of cree

clearanges below the values specified in 28.1.

Temper
are nof
connectf
thermodouples.

Such te
position

In detef
given to
in contalct with hot metal.

NOTE 1 [If it is necessary to ¢
check thaf the tool has been correct

NOTE 2 |The point of sepg
are positipned.

124 T

— fort

— on d
inter

— until

12.5 D
exceed fhelvalues shown in Table 1, except as allowed by 12.6.

ontact_betw

q
J

een live
nces or

sen and

ration is
se parts

again to

hocouples

ools for
N

hall not

Sealing compound, if any, shall not flow out.
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Table 1 — Maximum normal temperature rises

Parts Temperature rise
K

Windings 1), if the winding insulation according
to IEC 60085 is:

- class A 75 (65)
- class E 90 (80)
- class B 95 (85)
- class F 115
- class H 140
- class 200 160

- class p20 180
- class P50 210

/( N
Pins of agpliance inlets:
- for hog conditions 95
— for cold conditions (h\

Ambient gf switches, temperature limiters 2): )
- withoyt T-marking
- with Tfmarking /_\ 5

Rubber off polyvinyl chloride insulation of internal and \/
external wiring, including supply cords:

— withodt temperature rating 3)

— with tgmperature rating (T)

Cord shegth used as supplementary insulation /k 35

parts, the|deterioration of which Id affect safaty:

Rubber, gther than synthetic, used for gaskets aqr oth§

— when psed as supplementa

reinforced insulation 40

— in oth¢r cases 50

Lampholders E14 a \)

— metalljor ceramlc 130
— insulajed type, othex than cerami 90
— with Tfmarking (\ T-25

Material | labion the thanthat specified for

wires and
- impre ished te tlle paper or press 70
board
— laming
m¢ ldepyde; phenol-formaldehyde or 85 (175)
pheno|-fdrfural resins
uréa-fermaldehyde-resin 65 (59}
— 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 400
reinforced insulation

— thermoplastic material 5)
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Table 1 (continued)

Wood, in general 6) 65

Outer surface of capacitors 7):
— 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 50
other capacitors 7) 20
External gretostreof-toots—withott hcat;lly etements
except hapdles held in normal use 60 (
N

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

— of mefal 30

— of porgelain or vitreous material 4

— of moylded material, rubber or wood 50\

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

— of mefal 3

— of porgelain or vitreous material
— of moylded material, rubber or wood /\ Q G

Parts in cpntact with oil having a flash-point of t\Q \ \ /t-50

" To dllow for the fact that the average tem indings\of universal motors, relays, solenoidg, etc., is
usually M rmocouples are placed, the figureg without
parenthg 3 hin parentheses apply when thermgcouples
are useq. indi i i a.C. e figuxes without parentheses apply in both cqses. For
motors P i Ve inside and the outside of the case is prpvented,
but not i icje € 5 irtight, the temperature rise limits may be irjcreased
by 5 K.

2) Tsi

The am S itch® ats“end temperature limiters is the temperature of the dir at the
hottest goi istancg ® AMm fron the urfage of the switch and component concerned.

For the 2 i hermostats marked with individual ratings may be considered as
having n ing m Operating temperature, if requested by the tool manufacturer.

3)  This|limit applies\No caple 3s and wires complying with the relevant IEC standards; for others, i{ may be
different

4 Thelv; i Rese , if the material is used for handles, knobs, grips and the like, gnd is in
contact \

5 The S mit for thermoplastic material, which has to withstand the tests of 29.1, for which
purpose|the temperature\ise must be determined.

6)  The|limjt(specified cehcerns the deterioration of wood, and it does not take into account deteriofation of

surface finishes.

40 10
TOTTUT

7) The H Lt £op b o + H £ HS hick hart ol Htodi
efretShortttTormetemperatdfrefse-oreapachors-wierafe-—SnofteHreutteah

If these or other materials are used, they shall not be subjected to temperatures in excess of the thermal

capabilities as determined by ageing tests made on the materials themselves.

NOTE 1 The values in the table are based on an ambient temperature not normally exceeding 25 °C, but

occasionally reaching 35 °C. However, the temperature rise values specified are based on 25 °C.

NOTE 2 The value of the temperature rise of a winding is calculated from the formula:
R2 - R1
At= —— (k+t, )= (t, = t;)
R1

where
At is the temperature rise;

R, s the resistance at the beginning of the test;

R, s the resistance at the end of the test;

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

is the room temperature at the end of the test.

t
t

N
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At the beginning of the test, the windings are to be at room 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.

12.6 If the windings are classified according to IEC 60085 and the temperature rise does not
exceed the value in Table 1, the following test is not necessary.

Three additional samples are subjected to the following tests.

a) The temperature rise of the windings is determined by the test of 12.2.
b) The samples are then dismantled as far as is possible without damaging any part. Windings

are fept for—+6 tfays (/240 /7) imaheating—cabimetthe-temperature of-wifciT: (/80 + 7) °Cin

excqgss of the temperature rise determined according to item 1.
c) Aftef this treatment, the samples are reassembled and no interturp occur.
Interturny short circuits may be detected by means of a winding tester
d) Immkdiately afterwards, the samples shall withstand the tests of
e) Thelsamples are then subjected to a humidity treatment/as
f) Aftef this treatment, they shall again withstand the fe
Faults W gn exeessivetémperature rise during
the test|of item 1, are ignored and are r cesgaty,Nn order to complete the|tests of
this subglause.
13 Legkage current
13.1 The leakage curren
Complia bs rated
voltage.
The lea the test
is not m
Protecti
It is rec it must
be insul
13.2 Thedeakage current is measured by means of the circuit described in Annex C petween

any poleofthesuppty ard-

* accessible metal parts and metal foil with an area not exceeding 20 cm x 10 cm in contact
with accessible surfaces of insulating material, connected together. The metal foil has the
largest area possible on the surface under test, without exceeding the dimensions
specified. If its area is smaller than the surface under test, it is moved so as to test all parts
of the surface. The heat dissipation of the tool must, however, not be affected by the metal
foil.

Single-phase tools having a rated voltage not exceeding 250 V, and three-phase tools, which
are suitable for single-phase supply are tested as single-phase tools with the three sections
connected in parallel. The leakage current is measured with the selector switch shown in
Figures 3 and 4, in each of the positions 1 and 2.
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For three-phase tools not suitable for single-phase supply, the leakage current is measured
according to Figure 4. For tools intended to be connected in star connection only, the neutral is
not connected.

The leakage current is measured within 5 s after the application of the test voltage and shall
not exceed the following values:

— to accessible metal parts and metal foil:
— for class | tools 0,75 mA;
— for class Il tools 0,25 mA;

- forclass Il tools 0,5 mA.

If the tool incorporates one or more capacitors, and is provided with a single-pole.sSwjftch, the
measur¢ments are repeated with the switch in the “off” position.

For tools with heating elements, the total leakage current may bg ified for
heating |elements, as specified in clause 16 of IEC 60335- d tools,
whicheVer is the greater, but the two limits are not added.

14 Mojsture resistance

14.1 The enclosure of the tool shall provide g sture in
accordance with the classification of the toe

Complignce is checked by the appropria nditions
asin 14,1.1.

14.1.1

Tools a

Tools w| d of the
smalles

Electric Df a tool
are rem

14.1.2

— IPX1 tools’are Subjected to the test described in 14.2.1;

—  |IPX2togls-are euhjnt‘fnrl to the test described in 14.2. 9"

— IPX3 tools are subjected to the test described in 14.2.3;
— IPX4 tools are subjected to the test described in 14.2.4;
— 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 1 % NaCl.

Immediately after the appropriate treatment, the tool shall withstand the electric strength test of
clause 15, and inspection shall show that there is no trace of water on insulation which could
result in a reduction of creepage distances and clearances below the values specified in 28.1.

Tools which are not subject to spillage of liquid in normal use are allowed to stand in normal
test-room atmosphere for 24 h before being subjected to the test of 14.3.
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14.2 Tools subject to spillage of liquid in normal use shall be so constructed that such
spillage does not affect their electrical insulation.

Compliance is checked by the following test.

Tools incorporating an appliance inlet are fitted with an appropriate connector and flexible cord;
tools with type X attachment are fitted with the lightest permissible type of flexible cord of the
smallest cross-sectional area specified in 25.2; other tools are tested as delivered.

Electrical components, covers and other parts which can be removed without the aid of a tool
are removed, except those fulfilling the test of 21.23.

The liqyid container of the tool is completely filled with water containing appreximately 1 %
NaCl, and a further quantity, equal to 15 % of the capacity of the contai nichever
is the gneater, is poured in steadily over a period of 1 min.

Immedid cified in
clause ith could
result in 4 Specified im 28.1.
The too ected to
the test

143 T

Complid

Cable e

Electric bf a tool
are rem

The hu relative
humidity located,
is maintgi humidity
of (93 plating in the humidity cabinet a saturated solution of[Na>SO4
or KNO : iciently large contact surface with the air. In order to|achieve
the spetifie itions WithinMhe cabinet, it is necessary to ensure constant circulatign of the
air withi D ge use a cabinet which is thermally insulated.

Before being placed i the humidity cabinet, the sample is brought to a temperature petween
t and (t + 4) °C. In mbst cases, the tool may be brought to the specified temperature bylkeeping
it at this fnm,nnr::furn for atleast 4 h before the humidify treatment

The tool is kept in the cabinet for 48 h.

Immediately after this test, the tool shall withstand the tests of clause 13 at rated voltage or the
mean of the rated voltage range with the tool switch in the “on” position and under the following
conditions:

For single-phase tools and for three-phase tools to be tested as single-phase tools: S1 of
Figure 3 in the “off” position.

For three-phase tools not suitable for single-phase supply: a in Figure 4 in the “on” position, b
and c in “off” position.
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Then the tool shall withstand the test of clause 15 in the humidity cabinet, or in the room in
which the tool was brought to the prescribed temperature after reassembly of those parts which

may have been removed.

The leakage current limit values specified in the test of clause 13 are doubled if all controls

have an off-position in all poles.

They are also doubled if:

— the tool has no control other than a thermal cut-out; or
— all thermostats and energy regulators do not have an off position; or

V) A S 4 Filh g Tt ) J Il 4
- the Our Tias 1adudivu Iritericreric e TIters. 17T Uldt 0dstC, I ICdhayc CUTTCT

discpnnected shall not exceed the limits specified.

Howeveryr, for class Il tools, doubling of the value of 0,25 mA is only
an “off” position.

15 Elegtric strength

15.1 The electric strength shall be adequate.
Complia

Protecti

ing out the tests.

with—the filter

gls have

The tes ot connected to the supply.

15.2 The i jon i ! ¢ age of substantially sinusoidal waveform,
having ~ e—value of the test voltage and the points of
applicat

Accessi

able 2 — Test voltages

Test voltage
\Y
Class lll tools Class Il tools
and and Othef tools

construction construction
1. Betwgenilive parts and accessible parts separated from
live parts by
— basic insulation only 500 - 1250
— reinforced insulation - 3750 3750
2. For parts with double insulation, between metal parts
separated from live parts by basic insulation only, and
— live parts - 1250 1250
— accessible parts - 2500 2 500
3. Between metal enclosures or covers lined with
insulating material and metal foil in contact with the inner
surface of the lining, if the distance between live parts and
these metal enclosures or covers, measured through the
lining, is less than the appropriate clearance as specified
in 28.1 - 2500 1250



https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

—34 -

Table 2 (continued)

60745-1 O IEC:2001(E)

Test voltage

\Y
Points of application Class lll tools | Class Il tools
and and Other tools
construction construction
4. Between metal foil in contact with handles, knobs, grips
and the like and their shafts, if these shafts can become - 2 500 2 500
live in the event of an insulation fault
5. Between accessible parts and internal diameter of cord
guard wrapped with metal foil - 2 500 1250
6. Betwden the point where a winding and a capacitor are
connectgd together, if a resonance voltage U occurs
between| this point and any terminal for external
conductgrs, and
— accgssible parts 1) _ 2 2 04 1 000
— metal parts separated from live parts by basic - 2 U\ 090 _
insulation only /\
") The|test between the point where a winding and a capacitor nhecte g W accessible parts
or metdl parts, is only made where the insulation is subjected/fo the resonange voltage under normal funning
conditipns. Other parts are disconnected, and the capacitor i shO(f?gircui ah
Initially, it is raised rapidly tq the full
value.
No flash
The high- st be so designed that, when th¢ output
termina has been adjusted to the appropnjate test
voltage,
The ove he output current is less than 100 mA
Care is he test voltage applied is measured within £3 %|and the
metal fdjil i
Care is tal foil is so placed that no flashover occurs at the edgep of the
insulatia

For cladqs I '\constrirs

ijon 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.

In cases where basic insulation and supplementary insulation cannot be tested separately, the
insulation provided is subjected to the test voltages specified for reinforced 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 pressure is about 5 kPa (0,5 N/cm2). 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.

If practicable, insulating linings are tested separately.

For tools with heating elements incorporated, the test voltages specified in IEC 60335-1 apply
to the heating elements only and not to other parts of the tool.
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16 Overload protection of transformers and associated circuits

16.1 Tools incorporating circuits supplied from a transformer shall be so constructed that, in
the event of short circuits which are likely to occur in normal use, 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 in normal use are the short-circuiting of
bare or inadequately insulated conductors of safety extra-low voltage circuits which are
accessible, and the internal short-circuiting of lamp filaments.

A failure of msulatlon complymg with the requlrements specmed for ba5|c |nsulat|on of class |

or class to occur
in norm

Complid hich is
likely tq occur in normal use, the tool being operated at a vojtage eg es, or
0,94 times, rated voltage, whichever is the more unfavourable.

The temperature rise of the insulation of the conductors o ; rcuits is
determined, and shall not exceed the relevant value specified it 3 y 5 K.
The winding temperature of transformers shall he~alue” specified for windings
in 18.9, lexcept for transformers which ¢6

17 Endurance

17.1 Tpols shall be so constructe | trical or
mechanjcal failure that mig Pl | not be
damaged and contacts|a ork loose as a result of heating, vilprations,
etc.

Moreovér, overl@ S.
Complid or other
starting

Immedid pecified
in claus values.
Connecti ing safety
in norm

17.2 TheTool'isS operated intermittently with no load for 24 h of operation at a voltage equal to
1,1 times rated voltage, and then for 24 h at a supply voltage equal to 0,9 times rated voltage.

The tool may be switched on and off by means of a switch other than that incorporated in the
tool.

Each cycle of operation comprises an "on" period of 100 s and an "off" period of 20 s, the "of
periods being included in the specified operating time.

The operating period for tools for short-time or intermittent operation is equal to the operating
time, if this is limited by the construction of the tool; otherwise, it is in accordance with the
prescriptions given in part 2, or with the marking, whichever is the more unfavourable.

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.
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During this test, replacement of the carbon brushes is allowed, and the tool is oiled and
greased as in normal use.

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 are applied, the rest periods being excluded from
the specified operating time.

During these tests, overload protection devices shall not operate.

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

17.3 ols provided with a cenltrifugal or other automatic starting switcli are~started 10 000
times umpder normal load, and at a voltage equal to 0,9 times rated volt the operatihg cycle
being that specified in 17.2.

18 Abmnormal operation

181 T hfety, or
the prote ar as is
practicaple.

Fuses, thermal cut-outs, overcurrent p i ice i i i he tool,
may be used to provide the necessar i

Complid

18.2 Tpols incorporating eCted to the tests of 18.3 and 18.4.

Moreoveér, tools provided perature during clause 12 testy unless
specifically excluded by p, to the
test of 18.6.

Unless cut-out
operatep a nt or an
/ntent/omally weak/pa second
sample. ~ e herwise
satisfac

An interfti ation so
as to pn QUPTE fandard.
Such a part maybe a xeplaceable component, such as a resistor, a capacitor, or a thermal link,
or a paft of\alcomparient to be replaced, such as an inaccessible and non-resettable|thermal

cut-out jneofporated in a motor.

Only one abnormal condition is simulated each time. If more than one of the tests are
applicable to the same tool, these tests are made consecutively.

18.3 Tools with heating elements are tested under the conditions specified in clause 12, but
with restricted heat dissipation. The supply voltage, determined prior to the test, is that
required to provide a power input of 0,85 times the rated power input under normal operation,
when steady conditions have been established. This voltage is maintained throughout the test.

The tool is allowed to cool down to approximately room temperature before being subjected to
the test of 18.4.
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18.4 The test of 18.3 is repeated, but with a supply voltage, determined prior to the test, equal
to that required to provide a power input of 1,24 times rated power input under normal
operation, when steady conditions have been established. This voltage is maintained

throughout the test.

18.5 The tool is tested under the conditions specified in clause 12, under normal operation,
the supply voltage being such that the power input is 1,15 times rated power input, but with any

control which limits the temperature during the test of clause 12 short-circuited.
If the tool is provided with more than one control, these are short-circuited in turn.

18.6 WIS g all-pole diSconmection occurs auring the test of 185 Tor clias 0
tubular | sheathed and embedded heating elements, but which are~pot integdeq
permanégntly connected to fixed wiring, the test of 18.5 is repeated, wifl\the donttoIsNwh
the temperature during the test of clause 12 not short-circuited, aqfd wne end: ok the
connected to earth. This test is repeated with the polarity of the ss O\the _took rexg
with the|other end of the element connected to earth.

NOTE Upually, the test is made with the neutral connected to earth.

18.7 T
etc., ren

— Too
voltd

After th
connect
use.

18.8 T
a)
b)
c)

At the eind of the~test period specified, or at the instant of operation of fuses, thermal (
motor pyotection devices, and the like, the temperature of the windings shall not exd

ols with

to be
ich limit
g/ement
sed and

wheels,
s rated

ngs and
f further

arts can

nge with

ut-outs,
eed the

values shown in Table 3

18.9 Tools incorporating three-phase 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 the torque producing normal load.

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.
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Table 3 — Maximum winding temperature

Limiting t:emperature
Protection of windings ClaCss
A E B F H 200 220 250
Protection by inherent impedance 150 165 175 190 210 230 250 280
;L‘;gﬁcgssrg{epﬂf’n‘gi‘t’ﬁedt‘z’sifes 200 215 225 240 260 280 300 330

18.10 nt of a
failure i
Complignce is checked by operating the tool for 1 min, at a voltag >voltage

or the mean value of the voltage range, at no load with the electronic
The test is then repeated with the electronic device open-ci

Following these tests, the tool shall show no damage due to ¥ mpairing
safety and protection against electric shock.

e fail to
) device

Where the tool incorporates a device
operate) the tool is considered to have
operates during the test.

18.11 ccurring
when th ersal is
possiblg
Complid
The too to rated voltage, or at the upper limit of the rated
voltage ) position
that the
The dire ate "off"
position

This opération sey ce is performed 25 times.

After thetest, the switciT Shalt trave o electrical or mechanical faiture.

18.12 A class | tool employing class Il construction (see 5.10) or a class Il tool shall be able
to operate under extreme overload conditions without impairing protection against electric
shock.

Compliance is checked by the following test on a separate sample.

The sample is connected to a minimum 12 kVA circuit. The tool is loaded to 160 % of normal
load current 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 flames appear, extinguish immediately with CO, extinguisher. The leakage current between
live parts and accessible parts, measured in accordance with clause 13, is monitored
throughout the test and after the test until leakage current has stabilized or decreases.
Leakage current shall not exceed 2 mA.



https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

60745-1

0 IEC:2001(E) -39-

After the tool is cooled to room temperature, an electric strength test per clause 15 is
performed between live parts and accessible parts as follows:

— If a tool does not operate after 15 min, apply a 1 500 V electric strength test.

— If a tool operates after 15 min, apply a 2 500 V electric strength test.

19 Mechanical hazards

19.1 Moving and other dangerous parts shall, as far as is compatible with the use and mode
of function of the tool, be so arranged or enclosed that, in normal use, adequate protection

against

Protecti
for their]

When u

injury is provided.

Ve enclosures, covers, guards and the like shall possess adeq
intended purpose. They shall not be removable without the gid\ofa t

The use ANye ple by red
obstrucling the operator's view, by transferring heat, [ R ictable hazar
All work nded as part of
shall be al use by moving,

NOTE S
Complid

the stan
parts wi

NOTE 1
NOTE 2

19.2 A
burrs, fl

Complid
19.3 M

Complig

th this finger.

In some csp .
The rigid te ger R

ovingsparis shall not be reached with the provisions for dust collection removed

nc€' is checked by a test with the rigid finger shown in Figure 1. It shall not be

strength

cessible
parts.

ucing or
s.

he tool,
br being

st using
moving

edges,

, if any.

ossible

to touch dangerous moving parts with the test finger through dust collection openings after the

removin

194 T

g of the removable provisions.

ools 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 work piece.

Compliance is checked by inspection.
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20 Mechanical strength

20.1 Tools shall have adequate mechanical strength, and shall be so constructed that they

withstand such rough handling as may be expected in normal use.

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

Following the tests, the tool shall withstand an electric strength test as specified in clause 15,
and shall show no damage which could impair compliance with this standard; in particular, live

parts shall not have become accessible, as specified in clause 9.

Damagetothrefinistr,smaftdents whichrdo ot Teduce creepage duistances/or ciearancgs below
the valdes specified in 28.1, or small chips which do not adversely af] against
shock of moisture are neglected.
The fungtion of mechanical safety devices shall not be impaired
Cracks hot visible to the naked eye and surface cracks i and the
like arelignored.
If a degorative cover is backed by an inner cover, & cover is
neglected when the inner cover withstands the tegt f r.
20.2 Bjows are applied to the total by 9 'Re “spxing-operated impact test apparatus
according to clause 5 of IEC 60068-2-75.
The spring is so adjusted 5 shown
in Tablel 4.
%\ pact energies
Q Parts.to\be_tested Impact energy
< Nm
Ws 0.5+ 0,05
ther parts 1,0 + 0,05

Three b ied toevery point of the enclosure which is likely to be weak.
Where |1 lows are also applied to protective devices, handles, levers, knobs|and the
like.

20.3 A hand-held tool 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.

20.4 Brush holders and their caps shall have adequate mechanical strength.

Compliance is checked by inspection and, in case of doubt, by removing and replacing the
brushes 10 times, the torque applied when tightening the cap being as shown in Table 5.
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Table 5 — Test torques

Blade width of test screwdriver Torque

mm Nm
Up to and including 2,8 0,4
Over 2,8 up to and including 3,0 0,5
Over 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 up to and including 6,0 1,25

After th hread, if
any, sha

The bla eed the
length @ ength of
the recd applied
in jerks.

21 Cou

211 T o0 different speeds, shall be so
constru Rlikely to occur, if such a change might
result in

Complid

21.2 Tpols shall he sa y i ental changing of the setting of control dgvices is
unlikely|to occur

Complignce is chegkeg

21.3 |t o.remove parts which ensure the required degree of protection
against

Complid

21.4 Ifl handles, khgbs and the like are used to indicate the position of switches of 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 for external conductors shall be possible without subjecting internal wiring to

undue stress; after repositioning the switch, and before reassembling the tool,

possible to verify whether the internal wiring is correctly positioned.

Compliance is checked by inspection and by manual test.

it shall be
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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 Asbestos shall not be used in the construction of tools.

Compliance is checked by inspection.

21.8 Driving belts shall not be relied upon to provide the required levelofNn

This reduirement does not apply if the tool incorporates a special.des
inappropriate replacement.

Complignce is checked by inspection.

21.9 Insulating barriers of class Il tools, and brve  as

supplementary insulation or reinforced during

reasser];bly after servicing, shall either;

— be fixed in such a way that they cannqt b ith d; or

- bes hey are
omit

Complignce is checked b

Servicing includes:ep

This requirement Is » bking or

cutting.

Fixing 4 d when

replacin| and the

like.

Fixing b adhesive is only allowed if the mechanical strength of the joint|is equal

to that df the_barrie

An adequate internal lining of insulation material, or an adequate internal insulating coating on
metal enclosures, is considered to be an insulating barrier provided that the coating cannot
easily be removed by scraping.

For class Il tools, a sleeve on an insulated internal 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 metal enclosures, varnished cambric, flexible resin-bonded
paper, or the like are not considered to be insulating barriers.

21.10 Inside the tool, the sheath (jacket) of a flexible cable or cord shall only be used as
supplementary insulation where it is not subject to undue mechanical or thermal stresses.
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21.11 Any assembly gap with a width greater than 0,3 mm in supplementary insulation shall
not be coincidental with any such gap in basic insulation, neither shall any such gap in
reinforced insulation give direct access to live parts.

Compliance is checked by inspection and measurement.

21.12 Class | tools shall be so constructed that, should any wire, screw, nut, washer, spring
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 construct|ons shall be so constructed that, should any such part
become lo epage distances or
clearang¢es over supplementary insulation or reinforced msulatlon are r ss than
50 % of|the values specified in 28.1.

Class Il tools or class Il constructions, other than those of th insulg Bhall be
provided with insulating barriers between accessible metal and S d otf iye parts.

For clags | tools, this requirement can be met by the provisi
adequately, and by providing sufficiently large creepage-di

he parts

It is not{to be expected that two independent pa Sition at
the same time. For electrical connectig g W8 not sonsidered to be aldequate
for preventing the loosening of the pard

Wires a , unless
they arg¢ terminal
connectjon or solder.

Short rigid wires are main in
position|when the ierm

Complignce is che

21.13 rotected
that the wear of
parts wi d below
the valu

Ceramid be used
as supp

Parts ot_natural or qynthptir‘ rubber used as anplementary 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 rubber, by the following test.

Parts of rubber are aged at a temperature of (100 + 2) °C for 70 h. After the test, the samples
are examined, and shall show no crack visible to the naked eye.

NOTE In case of doubt with regard to materials other than rubber, special tests may be made.
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21.14 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.

21.15 It shall not be possible to gain access to brushes without the aid of a tool.

Screw-t Clamped
together.

Brush-hplders, which retam the brushes in position by means ¢ i i Il be so
designe i bning of

the lockjng device might make accessible metal parts live.

Screw-type brush-caps, which are accessible from thg i insulating
material, or be covered with insulating material of ad ate al 2 i gtrength;
they shall not project beyond the surrounding sur

Complignce is checked by inspection
material being verified:

insulating

— by t . . k aps which are accessible from the
outsf

— byt
— byt

21.16
with an

junction

Complia

21.17

S buttons on non-self-resetting controls shall be so located that
acciden

ikely to occur.

Complignee'is’' check€d by inspection, and by the following test:

The tool is connected to the power supply, placed in any possible position and dragged across
a horizontal surface.

Inadvertent operation of the switch shall not then occur.

21.18 Tools, other than those provided with a flexible shaft, shall be fitted with a mains
switch which can be switched off by the user without releasing his grasp on the tool. When a
switch has a locking arrangement to lock it in the ON position, the requirement in 21.18 is
considered as being met provided the switch unlocks automatically when the trigger or
actuating member is actuated.

Compliance is checked by inspection and by manual test.
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21.18.1 Where there is a risk associated with continued operation, the switch shall not have
any locking device to lock it on the ON position and it shall not remain in the ON position when
the trigger is released. This shall be stated in the relevant part 2.

21.18.2 Where there is a risk associated with inadvertent starting, the switch shall have a
locking device to lock it on the OFF position. This shall be stated in the relevant part 2.

21.19 Tools shall be so designed that the protection against electric shock is not affected
when screws intended for replacement from the outside during routine servicing are replaced
by screws having a greater length.

Compliance is checked by inserting longer screws, without appreciable farce, after which
creepade distances and clearances between live parts and accessible metal parts. ghall not
have been reduced below the values specified in 28.1.

21.20 |f the tool is marked with the first numeral of the IP syst '?ements

of IEC §0529 shall be fulfilled.

m,

Complignce is checked by making the relevant tests.

21.21 TJools shall be so designed that in normal f electric shqck from

charged capacitors when touching the pins of the p

%

Complid
The too

The too from the

supply by means of thenplug

One seg¢ond aftey/dh with an
instrumént which™qog&s

The vollage shallkhokexceew

Capacit ' 2\ fal citance less than or equal to 0,1 uF, are not considlered to
entail a |/

21.22 electric

shock, moisture, ontact with moving parts, shall be fixed in a reliable manner, and shall
withstarldthe mechanical stress occurring in normal use.

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 during servicing
shall not deteriorate.

Compliance is checked by the following tests.

Parts which are likely to be removed during servicing are disassembled and assembled
10 times before the test is carried out.

Servicing includes replacement of the supply cord.

The tool is at room 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.
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The test is applied to all parts which are likely to 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 direction of removal 30 N.

The pugh force is applied by means of a rigid test finger similar in dime he\§tandard

test finger shown in Figure 1.

The pull force is applied by a suitable means such as a suction $ults are
not affegted.

While the pull test of a) or b) is being applied, the test fingernail sk _Fig s nserted
in any aperture or joint with a force of 10 N. The fing ] force of
10 N; it|s not twisted or used as a lever.

If the sHape of the part is such that an the test

fingerngil shown in Figure 7 is insertedN

e‘orNoint with a force of 10 N, andl is then
pulled for 10 s by means of the loop with & ]

N in the-eirection of removal.

If the cover or part is likely\to be subjs [Stg below is
applied jat the same time &5 the :

2 Nm;
4 Nm.

— fof major dimens

— fof major c@s Q
This torque is also™apply

If the pn Ipped is less than 10 mm, the above torque is reduced to
50 % of

Parts shka s, } ached, and they shall remain in the locked position.

21.23 knobs, grips, levers and the like shall be fixed in a reliable manner| so that
they will not 'work loose in normal use, if loosening might result in a hazard.

Compliance is checked by inspection, by manual test, and by trying to remove the 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 of 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 18, 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 Attention is to be paid to the compatibility of the materials of terminals and to the effect of heating.
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21.26 Direct contact between live parts and thermal insulation shall be effectively prevented,
unless such material is non-corrosive, non-hygroscopic, and non-combustible.

Compliance is checked by inspection, by the tests of clauses 16 and 17 and, if necessary, by
chemical tests or flammability tests.

Glass-wool is an example of thermal insulation which is satisfactory for the purpose of this
requirement. Non-impregnated slag-wool is an example of corrosive thermal insulation.

21.27 Tools other than class Il, having parts where reliance is placed upon safety extra-low
voltage to provide the necessary degree of protection against electric shock, shall be so
designed that the insulation between parts operatlng at safety extra Iow voltage and other live
parts co A

Complid ibn.
21.28 P double
insulatign or reinforced insulation.

Complignce is checked by the tests specified for double in

21.29 YVYoid

21.30 B i , 8S, SINS e Ji not be live unless the shaft
is not ad ik

Complid D.2 after
remova

21.31 For constructions P s M|, handles, levers and knobs which are
held or fctuated in norfs [ ive in the event of an insulation fault.|If these

handles| levers or knobs “are a ir shafts or fixings are likely to becomie live in
the evept of a ic In i - sy shall either be adequately covered by insulating
material, or their i e St ixi i ation.
The cov duse 15,
Table 2{i

Complid fion.
21.32 nuously
held in erator's
hand is double

insulatignet,reinforced insulation.

Compliance is checked by inspection.

21.33 For class |l 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 9.1 and 21.36.

Compliance is checked by inspection and by the tests specified for supplementary insulation.
21.34 Capacitors shall not be connected between the contacts of a thermal cut-out.

Compliance is checked by inspection.
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21.35 Lampholders shall be used only for the connection of lamps.
Compliance is checked by inspection.

21.36 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 9.1 shall not be
exceeded.

Resistors complying with 14.1 of IEC 60065 and capacitors complying with 14.2 of IEC 60065
are considered to comply with this requirement.

Complignce is checked by inspection and by measurement.
21.37 Air-intake ventilation openings shall not be excessively large

Complignce is checked by inspection, and by trying to insert & o5 jameter,
through|the air-intake openings other than those adjacent thé

The ball shall not enter.

This requirement does not imply that live parts hrough ventilation openings.

22 Internal wiring
221 W

Wires shall be protectged so\that't e ns, etc.,
which may cause damg i

metal t

Holes irn
required
consider

, unless
b mm is

Wiring s
Complidrreg is sheckes by nspection.

22.2 Internaly'wiring Aand electrical connections between different parts of the tool phall be
adequailely protected or enclosed.

Compliance is checked by inspection.

22.3 Bare internal wiring shall be so rigid and so fixed that, in normal use, creepage distances
and clearances cannot be reduced below the values specified in 28.1.

Insulated internal wiring shall have an adequate insulation so that it cannot be damaged in
normal use.

Compliance is checked by inspection, by measurement, and by manual test.

For bare internal wiring, it is checked that either their insulation is electrically equivalent to the
insulation of the cords complying with IEC 60227 or IEC 60245, or it complies with the following
electric strength test.
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A voltage of 2 000 V is applied for 15 min between the conductor and metal foil wrapped
around the insulation. There shall be no breakdown.

If the insulation of the conductor does not fulfil one of the above conditions, the conductor is
considered to be bare.

When sleeving is used as supplementary insulation on internal wiring, it shall be retained in
position by positive means.

Compliance is checked by inspection and by manual test. 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.

22.4 Conductors identified by the colour combination green/yellow shallInot bexcaonngcted to
terminals other than earthing terminals.

Complignce is checked by inspection.

22.5 Aluminium wires shall not be used for internal wiring,

Complignce is checked by inspection.

NOTE Windings of a motor are not considered as internal yriTi

22.6 Sfranded conductors shall noKbe “con { tiri soldering where they are
subjectg g i designed that there ig no risk
of bad ¢

Consoliglation of a stranded cadutin” soldering is allowed if spring termipals are
used; sd g Qne is hot'tonsidered adequate.

Solderin

Complia

231 C p» with the safety requirements specified in the relevant IEC
standar ~

If comp
are use
made.

d with their operating characteristics, the conditions under which they
J in the toql shall be in accordance with these markings, unless a specific exc¢ption is

23.1.1 Capacitors in auxiliary windings of motors shall be marked with their rated voltage and
their rated capacitance.

23.1.2 Fixed capacitors for radio interference suppression shall comply with IEC 60384-14.

23.1.3 Small lampholders similar to E10 lampholders shall comply with the requirements for
E10 lampholders; they need not accept a lamp with E10 cap complying with the current edition
of Standard Sheet 7004-22 of IEC 60061-1.

23.1.4 Isolating transformers and safety isolating transformers shall comply with IEC 61558-1.
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23.1.5 Appliance couplers other than those used for IPX0 tools shall comply with IEC 60309.
Those used for IPXO0 shall comply with IEC 60320.

Where appliance couplers not standardized by IEC are used, 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.

23.1.6 Automatic controls not complying with IEC 60730-1 shall be tested according to this
standard, and additionally, according to 11.3.5 to 11.3.8 and clause 17 of IEC 60730-1.
Controls may be tested separately from the tool.

The tesl tool.

For the fests of clause 17 of IEC 60730-1, the number of cycles to be o

— for thermostats, 10 000 cycles of operation;

— for temperature limiters, 1 000 cycles of operation;

— for delf-resetting thermal cut-out, 300 cycles of operatioR
— for ron-self-resetting thermal cut-out which is man,
Automatic controls which comply with the reqwr ; S , ] re used

in accofdance with their marking, are gtandard
(the tefm "marking" includes docurfgentation se 7 of

IEC 60430-1).

The tesis of clause 17 of IEC 60730-1 operate
during ¢lause 12, if the {0 S e short-
circuiteq.

A specific exceptig is made
in note ) of Ta

23.1.7 ing general,
carried

If the cd ordance
with its

In partid
tool.

ular, edponsnts not mentioned in Table 1 of clause 12 are tested as a parf of that

23.1.8 Where no IEC standard exists for the relevant component, or where the component is
not marked, or is not used in accordance with its marking, the component is tested under the
conditions occurring in the tool, the number of samples being, in general, that required by a
similar specification.

23.1.9 For capacitors connected in series with a motor winding, it is verified that, when the
tool is operated at a voltage equal to 1,1 times rated voltage and under minimum load, the
voltage across the capacitor does not exceed 1,1 times the rated voltage of the capacitor.

23.1.10 Mains switches shall have adequate breaking capacity, and shall be switches for
50 000 cycles of operation.

Compliance is checked by inspection and by the following test.
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Mains switches are tested together with the tool at rated voltage or at the upper limit of the
rated voltage range of the tool.

The motor is then stalled, and the switch is operated 50 times, each "on" period being not more
than 0,5 s, and each "off" period being not less than 10 s.

If, in normal use, an electronic control device switches off the current before opening the main
contacts, the number of operations is reduced to five, with the electronic control device short-
circuited.

After the test, the switch shall have no electrical or mechanical failure.

Mains switches marked with individual ratings are also tested in accorda with .C"61058-1.

23.1.11| Switches, which have not been separately tested aqd Nownd o y  with
IEC 610 '

The tes

Switche e aid of
a tool, to such
switche er load,
but swi ycles of
operatign.

The tes cets the
requiren

232 T

— swit¢hes or a

— deviges whic ent of a

faultfin the tool;
— thermal cut-og

Complid
23.3 QOve
keg

Complignce(is,ch by inspection.

23.4 Plugs and socket-outleis used as terminal devices for heating elements, and plugs and
socket-outlets for extra-low voltage circuits, shall not be interchangeable with plugs and
socket-outlets listed in IEC 60083, and with connectors and tool inlets complying with the
standard sheets of IEC 60320.

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

241 Tools shall be provided with one of the following means of connection to the supply:

— a supply cord fitted with a plug;

— an appliance inlet having at least the same degree of protection against moisture as
required for the tool, and having a locking device preventing inadvertent disconnection;

— a supply cord not exceeding 0,5 m and fixed with an in-line connector (cable coupler) and
its mating counterpart. The in-line connector shall have at least the same degree of
protection against moisture as required for the tool.

Comp/i'nmc is checked hy inq,nprfinn and for lm‘king devices with the pull test-Qf 24 14

24.2 Supply cords shall be assembled to the tool by one of the followjsg me $!

— type[X attachment;
— typelY attachment;
— type|Z attachment, only for exchange-type tools, as alloy

Complid
243 P
Complia

244 S

- ordi:[ary tough rubber §hea
— ordi

Polyvinyl chlorid sulg
parts, the tempe

Complia

bl metal

nce is ch

If provid rent not

exceedi

If plugs llows:

— clas$ Ktools Sheet 2 — |
— class1ttoofs Sheet2
— class lll tools Sheet 2 — |

The body of the plug shall be of, or covered with, rubber, polyvinyl chloride or material, having
no less mechanical strength.

Power supply cores of single-phase tools, having a rated current exceeding 16 A but not
exceeding 63 A, and of multi-phase tools having a rated current not exceeding 63 A, shall be
provided with a plug complying with IEC 60309, the standard sheets to be applied being as
follows:

— class | tools Sheet 2 — Ill according to current

— class Il tools Sheet 2* (see note)

— class Il tools Sheet 2 — Il
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NOTE Pending the introduction in IEC 60309 of two-pole plugs, appliance inlets and connectors for cable
couplers, plugs to standard sheet 2 are allowed in class Il tools, but extension leads supplied for use with such
tools must have three cores in case these leads are used for class | tools.

24.5 Supply cords shall have a nominal cross-sectional area not less than those shown in
Table 6.

Table 6 — Minimum cross-sectional area of supply cord

Rated current of the tool Nominal cross-sectional area
A mm?2
Up to and including 6 0,75
Over 6 up to and including 10 1
Over 10 up to and including 16 1,5
Over 16 up to and including 25 2,5 \/
Over 25 up to and including 32 4
Over 32 up to and including 40 6
Over 40 up to and including 63 4& \\)

Complignce is checked by measurement.

246 F shall be
connect] plug.
Complid

24,7 C bre they
are subject to contact pressiice, i no risk

of a bad contact due to

nce is cl@e
The req

not congi

Complia

alone is

24.8 F
it shall

r part of

Compligncelisychesked by inspection.

24.9 |Inlet openings shall be provided with a bushing, or shall be so constructed that the
protective covering of the supply cord can be introduced without risk of damage.

Compliance is checked by inspection and by manual test.

24.10 Inlet 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.
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24.11 At inlet openings, the insulation between the conductor of a supply cord and the
enclosure of the tool, if of metal, shall consist of the insulation of the conductor and, in
addition, of at least two separate insulations.

A separate insulation shall consist of:

— the sheath of a supply cord at least equivalent to that of a cord complying with IEC 60227 or
IEC 60245; or

— alining or bushing of insulating material complying with the requirements for supplementary
insulation.

Compliance is checked by inspection.

24.12 [ord guards shall have adequate mechanical strength and shal ain_thesg\properties
throughput extended normal use.

Complignce is checked by the following test.

The part of the tool comprising the cable entry, fitted with le cable
or cord for which the tool is designed, is fixed in the osci 5 similar
to that shown in Figure 9. The sample is so mounted that th i ential to
the outg cillating
membe he cord
guard ig vertical.

A weight, having a mass equal to that oRKthe Q0 6 kg, is
attached to the cable or cord.

The osgillating member is/n i (45° on
either slde of the vertical ' heing 20 000 and the rate of flexing 60 per
min. Affer 10 000 flexipgs, ample i he cord
guard.

NOTE AJflexing is 2

After the test, the nor the
flexible pable or fandard,
except Ve been
broken.

Immedigte without
removin clamped
under the cord\anchorage, the cord anchorage is not loosened.

The toot—rs—then—tifted—by—the—cord—guard,—without—ferks,—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 slip out of its location.

2413 Flexible cables or cords of tools shall be protected against excessive bending at the
inlet opening of the tool by means of a cord guard of insulating material. Such guards shall not
be integral with a power supply cable or cord for type X attachment.

The guards 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.

A tool designed for a power supply cord is fitted with a cord guard, the flexible cable or cord
being approximately 100 mm longer than the guard.

The tool is so held that the axis of the cord guard, where the cable or cord leaves it, projects
upwards at an angle 45° to the horizontal when the cable or cord is free from stress.

A mass equal to 10 D2 grams is then attached to the free end of the cable or cord delivered
with the tool. D is the external diameter of the flexible cable supplied with the tool in mm.

If the cord-guardistemperature-sensitivethetestismadeat-atemperatureoi-{23+21"C.

Immediately after the mass has been attached, the curvature of the cgbie or corgd.shall howhere

2414 oxthat\the’conductors
are religved from strain, including twisting, where they are €0x - i and that
the insu
It shall pot be possible to push the cord into the tool(to 5 internal
parts of
Complid
The con applied
without |
Immedié cted for
1 min to

ull and torque value

Pull Torque
N Nm
30 0,1
60 0,25

100 0,35

During thetésts, the cord shall not be damaged.

After the tests, the cord shall not have been longitudinally displaced by more than 2 mm, and
the conductors shall not have moved over a distance of more than 1 mm in the terminals, nor
shall there be appreciable strain at the connection.

Creepage distances and clearances shall not be reduced below the value specified in 28.1.

For the measurement of the longitudinal displacement, a mark is made on the cord while it is
subjected to the pull, at a distance of approximately 2 cm from the cord anchorage or other
suitable point, before starting the tests.

After the tests, the displacement of the mark on the cord in relation to the cord anchorage or
other point is measured while the cord is subjected to the pull.
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24.15 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.

24,16 For type X attachments, cord anchorages shall be so 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 be obtained;

— they are suitable for the different types of cord which may be connected, unless the tool is
so designed that only one type of cord can be fitted;

— the pord cannot touch the clamping screws of the cord anchorage, (i bws are
accgssible, or at least not separate from accessible metal pat mentary
insulation;

— the ¢ord is not clamped by a metal screw which bears directly on

— at lefast one part of the cord anchorage is securely fixed tothe tog it i It of the
spegially prepared cord;

— screpws, if any, which have to be operated when replacj S S fix any
othef component, unless, when omitted or incdrrectl ) he tool
inopgrative or clearly incomplete, or unless thg by them
canrot be removed without the aid of a tool duf

— in the case of labyrinths, these labyrin i e test of
24 1@ is not withstood;

— glanfs shall not be used as cord anghorages\fo

— for dlass | tools, they are of insulating erialNo provided with an insulating [ining, if
otherwise an insulatiop/fav e_cyrd cQuldl make accessible metal parts live;

- for ¢ ing maierial, or, if of metal, are insulated from

accgssi i irg with the requirements for supplementary
insu

ge comprises one or more clamping mem:l:er(s) to
of one or more nuts engaging with studs, which are
securel e o.cord/anchorage is considered to have one part securgly fixed

on the clamping member(s) is applied by means of one pr more
screws pngaging ‘efthier with separate nuts, or with a thread in a part which is integral [with the
tool, th age™s not considered to have one part securely fixed to the tool, unless
one of the clamping mgmbers itself is fixed to the tool, or the surface of the tool is of iffsulating
material and-so shaped that it is obvious that surface is one of the clamping memberl(s) (see

Compliance is checked by inspection, and by the test of 24.14 under the following conditions.

The tests are first made with the lightest permissible type of cord of the smallest cross-
sectional area specified in 25.2, and then with the next heavier type of cord of the largest
cross-sectional area specified, unless the tool is so designed that only one type of cord can be
fitted.

Tools, for which a specially prepared cord is used, are tested with the cord as delivered.

The conductors are introduced into the terminals, 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.
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Screws of insulating material bearing directly on the cord are fastened with two-thirds of the
torque specified in column | of Table 9; the length of the slot in the screw head being taken as
the nominal diameter of the screw.

2417 Fortype Y and Z attachments, cord anchorage shall be adequate.
Compliance is checked by the test of 24.14, which is made with the cord as delivered.

24.18 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.

2419 fortype Y and type Z attachments, the insulated conductors of{he's shall be
insulatefd from accessible metal parts by insulation complying with i pr basic
insulatign for class | tools, and complying with the requirements_fo isulation
for class Il tools. This insulation shall consist of:

— a separate insulating lining fixed to the cord anchorage;
— a slgeve or grommet fixed to the cord; or

— for dlass | tools, the sheath of the sheathed cord.

Complignce is checked by inspection.

24.20 ['he space for the supply cables Irt of the

tool for fype X attachment:

— shal that the
conductors are correc

— shall| be so designgd\tha b supply
conductors or their (instation;

— toolg shall @ 3 me free
from a terminal; ¢ S cord is
provjded with term

Complig is~checkeq b pection and, for type X attachment, by an installation lest with

cables 8xi largest cross-sectional area specified in 25.2, excppt that

portabld Wi - X\attachment are subjected to the following additional test.

For pillg M the conductors are not separately clamped at a distance of 30 mm

or less mipal, and for other terminals with screw clamping, the clamping s¢rews or
nuts arg l6osSened in turn. Without removing the conductor from the conductor space,| a force
of 2 N is—applied-to-the wirein-anydirection-and-adiacent-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.

The conductors may be separately clamped, for example by a cord anchorage.

24.21 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 flat surface.

Compliance is checked by inspection and, with regard to the first requirement, by means of the
standard test finger shown in Figure 1, 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.

25 Terminals for external conductors

25.1 T(k) Shall be
provide equally
effectivg rovided

with an pctuating element are regarded as equally effective devicg

Screws |and nuts shall not serve to fix any other compone ¢ 2 o clamp
internal|conductors, if these are so arranged that they are wnlik edi n fitting
the supply conductors.

Complignce is checked by inspection.

NOTE Requirements for screwless terminals

For tools with type X attachments, soldex ction of
externa i e is not
placed ppon the soldering alone to i 3 ers are
provided so that creepagg ' al parts
cannot pe reduced to |es nductor

becomelfree at the sold

For typq Y and t
tjg

/welded, crimped and similar connections| may be
used forf the conne stors; moreover, for class Il tools, the condugtor shall
be so ppsitioned ¢ § not placed upon the soldering, crimping, or|welding
alone tq § in position, unless barriers are provided so that cfeepage
distancs cen Tive parts and other metal parts cannot be reduced to less
than 50 j ified in 28.1, should the conductor become free at the soldglered or
welded |oi i fimped connection.

Itis not ‘ t 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 ‘ptace near to the termination, ndependentty of the sotder; but—*ookimg i 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 — on the assumption that
they comply with the requirements of this clause — 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 and by measurement.
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25.2 Terminals for type X attachment, except those with specially prepared cords, shall allow
the connection of conductors having nominal cross-sectional areas as shown in Table 8, unless
the tool is so designed that only one type of cord can be fitted, in which case the terminals shall
be suitable for the connection of that cord.

Table 8 — Nominal cross-sectional area of conductors

Rated current of tool Nominal cross-sectional area of
flexible cables and cords
A mm?2
Up to and including 6 0,75 and 1

Fal a £ i (Y H 40
Overouptoantmeraamg—To

Over 10 up to and including 16

Over 16 up to and including 25
Over 25 up to and including 32
Over 32 up to and including 40
Over 40 up to and including 63

Complia s of the

smalles
Termind
Complid

After th
standardg.

25.3 Fpr tools wi
means [s tighte

subjectgd to stress] a

with this

lamping
termihal does not work loose, internal wiring is not
ances and clearances are not reduced below th¢ values

specifiefl in 28.1.
Complia i& Ch ection, and by the test of 9.6 of IEC 60999-1, the torqug applied
being, h 3 thirds of the torque specified in Table |V of that standard.

Terming éd from working loose by fixing with two screws, by fixing with one
screw in a rece at 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 cable, 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 cable are, after re-assembly 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 subject
to torsion in normal use.

25.4 For tools with type X attachments, 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.
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25.5 For tools with type X attachments, except those with specially prepared cords, terminals
shall not require special preparation of the conductor in order to effect correct connection, and
they shall be so designed or placed that the conductor cannot slip out when clamping screws or
nuts are tightened.

Compliance is checked by inspection of the terminals and of the conductors after the test
of 25.3.

The term "special preparation of the conductor" covers soldering of the strands, use of cable
lugs, formation of eyelets, etc.; but not the reshaping of the conductor before its introduction
into the terminal, or the twisting of a stranded conductor to consolidate the end.

Conduclors are considered to be damaged if they show deep or sharp indegntatio

256 T
into the
half the

Complia

25.7 Fpr type X attachments, the terminals shall bg
opening| the tool. All terminals shall be located behi

ble after
osure.

Complignce is checked by inspection.

25.8 TEkrminal devices shall not be accessible wi
are not accessible.

Complia

aid of a tool, even if their live parts

259 T bs “wi attachment shall be so located or shielfed that
should 3 3 when the conductors are fitted, there is np risk of
acciden { an (i 4nd accessible metal parts and, in the case of class Il
tools, b and Yoetal parts separated from accessible metal parts by|supple-
mentaryf

Complid

An 8 mi ingulation is removed from the end of a flexible conductor having a|nominal
Cross-sé S

One wir
clamped i

ed-into and

£
the terminal.

S o

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 part or, for class |l tools, any metal part
which is separated from accessible metal parts by supplementary insulation only. The free wire
of a conductor connected to an earthing terminal shall not touch any live part.
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26 Provision for earthing

26.1 Accessible metal 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 lljJand class lll tools shall have no provision for earthing.

If acceg cted to
the eart ‘pose of
this reqliirement, regarded as likely to become live in the event

Accessi n or by
reinforc bn fault.
Metal p 20 are
conside

Complid

26.2 Terminals with scre
Screwless terminals shall

He relevant requirements of clause 25.

The clagmping means |of \ . i shall be adequately locked against adcidental
loosenir] i h them without the aid of a tool.

In gengral, $i s5éd for current-carrying terminals, other thah some
terminals of the provide sufficient resiliency to comply with the latter requjrement;
for othe i i isionsy such as the use of an adequately resilient part which is
not likel 3 9 i ntly, may be necessary.

Complidnce i ed by ¥\nspection, by manual test and, for screwless terminals, by the tests
specifie 099

fore the

26.3 If|detachable parts have an earth connection, this connection shall be made be
current-earrying-cennections—are-established-whenplasing-thepartinpesitien—and-thelcurrent-
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 the 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 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.
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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
pressure, shall be adequately protected against rusting.

Examples of parts which may transmit current in the event of an insulation fault, and parts
which are only intended to provide or to transmit contact pressure are shown in Figure 8.

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 ffom coqtact pbetween
copper and aluminium or its alloys.

Parts ofl copper alloys containing at least 58 % copper for parts_tha Y and at
least 50| % copper for other parts, and parts of stainless steel cgntaining 2 chrome,
are considered to be sufficiently resistant to corrosion. Parts. sukjecteth\fo 3 such as
chromaie conversion coating are in general not considered 3 e against
corrosign, but they may be used to provide or to transmij

The esdential areas of steel parts are, in particula 2 S aluating
such ar o of the part has to be taken into
account @ i O 2178
or in 1S(

Complia of 30.1.

265 T
be conn

uired to

A curret derived fron » g .c.) and
equal td passed
betweer parts in

turn.

The vol the tool
inlet, an current
and thisfvoltage drqp.

In no case shallthe resistance exceed 0,71 (2.
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 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, shall withstand the mechanical stresses occurring in normal use.

Screws used for 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.

Screws [transmitting electrical contact pressure shall screw into metal.

Screws |shall not be of insulating material if their replacement by a

3 impair
supplenmentary insulation or reinforced insulation.

Screws |which may be removed when replacing a supply carthh S S tachment, or
when undertaking user maintenance, shall not be of insulating nageriahi ment by
a metalscrew could impair basic insulation.

NOTE EJectrical connections include earthing connections.

Complid

The scri

- 10t

— five times for nuts and\Q

Screws|in engageme ed and

reinserted each time.

When tq
specifie

hal area

The test i
shown i

rque as

- fo
protr

- fo 1

- fU SUICWoS Uf iuoul’aﬁuy IIldl‘Gll'dl’.

- having a hexagonal head with the dimension across flats exceeding
the overall thread diameter; or

- with a cylindrical head and a socket for a key, the socket having
a cross-corner dimension exceeding the overall thread diameter; or

- with a head having a slot or cross slots, the length of which exceeds
1,5 times the overall thread diameter...............c..oueeeeeeieiii et 1l

— for other screws of insulating material .................cccooiiiiiiiiiiiiieee 1


https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

- 64 - 60745-1 0O IEC:2001(E)

Table 9 — Torque for testing screws and nuts

Nominal diameter of screw Torque
Nm
mm | 1l 1l
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 {ip 10 and including 4,7 0,8 T.8 0,9
Over 4,7 p to and including 5,3 0,8 f 1,0
Over 5,3 - N <:: 1,25

The conductor is moved each time the screw or nut is loosened.

During the test, no damage impairing the further use of the{ix ical,tonnectigns shall
occur.

The shd e screw to be tested. The

Screws

27.2 E ) at contact pressure is not trapsmitted
through i o distort, unless there is dufficient
resiliend \ pOssible shrinkage or distortioh of the
insulatin ink or to distort.

Complia

s shall not be used for the connection of |current-
z parts directly in contact with each other, pnd are

27.3 S
carrying

Thread- [ ) ews shall not be used for the electrical connection of |current-
carrying| p2 geterate a full-form standard machine screw thread. Such screws
shall no if they are likely to be operated by the user or installer, urfless the
thread i adeing action.

Thread-cutting and “space-threaded screws may be used to provide earthing cqgntinuity,
provided-thatitisrot-recessary-to-disturb-the connestioninnermal use—and-thatat-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.

Rivets used for electrical connections shall be secured against loosening if these connections
are subject to torsion in normal use.
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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.
Spring washers and the like may provide satisfactory security.
For rivets, a non-circular shank or an appropriate notch may be sufficient.

Sealing compound which softens on heating provides satisfactory security only for screw
connections not subject to torsion in normal use.

28 Creepage distances, clearances and distances through insufatio

281 C ilimetres
shown ipn Table 10.

If a regonance voltage occurs between the point where indi itor are
connected together, and metal parts are separated from li Abasic ihsulation only, the
creepage distance and clearance shall not be less than ReCifi e of the
voltage [imposed by the resonance, these values bé case of
reinforced insulation.

Complignce is checked by measuremept.

For tools provided with an appliance | ropriate
connectpr inserted; for tools with type ctors of
the larggst cross-sectional axea specifi er tools,
they ard made on the too ]

For tools provided wit| S 9 and the
devices|intendeq sasiQn a n within
their range of adju

Movablg -circular
heads 4q

The cle ith the
screws Ss than
50 % of]

Distanc sured to
metal fo like by

means of the standard test finger of Figure 1, but it is not pressed into openings.

If necessary, a force is applied to any point on 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.
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Table 10 — Minimum creepage distances and clearances (in millimetres)

Other tools

Distances Class lll tools Working voltage Working voltage Working voltage
<130 V >130 V and €250 V | >250 V and <440 V
Creepage Clear- Creepage Clear- Creepage Clear- Creepage Clear-
mm distance ance distance ance distance ance distance ance

Between live parts of
different polarity 1):

— if protected against 1,0 1,0 1,0 1,0 2,0 2,0 2,0 2,0
deposition of dirt 2)
— if not preteeted
against d¢position of dirt 2,0 1,5 2,0 1,5 3,0
— if lacquered or

2,5
enamelled windings 1,0 1,0 1,5 1,5 2,0 0 ,0 3,0
— for positive
temperatyre coefficient
(PTC) resjstors including
their conrjecting wires, if
protected|against %\/

0 3,0

deposition of moisture or

dirt 2) - N

N

D

Between live parts and
other metpl parts over
basic insylation:
— if protpcted against
deposition of dirt 2)
« if ¢f ceramic
mater{al, pure mica
and the like
« if ¢f other material
— if not protected 0
against d¢position of dirt
— if the live parts are

lacquered or enamelle ) 1,

windings @

— at thelend of tub

sheathed{type heating \/_\ 1,0 1,0 1,0 5
elements PN

- A
oo

N
o
K

Between live parts_an \\/

other met
reinforced i
— iftheli
lacquered
windings
— for oth

oo
oo
oo
oo
I
I

Between etal parts
separated by
supplementary insulation - - 4,0 4,0 4,0 4,0 - -

For the notes, see the end of table
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Table 10 (continued)

" The clearances specified do not apply to the air gap between the contacts of thermal controls, overload
protection devices, switches of micro-gap construction, and the like, or to the air gap between the current-

carrying

members of such devices where the clearance varies with the movement of the contacts.

2) In general, the interior of a tool having a reasonably dust-proof enclosure is considered to be protected
against deposition of dirt; provided the tool does not generate dust within itself, hermetic sealing is not required.

3) If the parts are rigid and located by mouldings, or if the design is such that there is no likelihood of a

distance

being reduced by distortion or movement of the parts, this value may be reduced to 2,0 mm.

4) If protected against deposition of dirt.

5 If overTETaMiT, pUTE TTICa AT the tike, protectedagaiTst depositiom ot diTt: 7

NOTE The values specified in the table do not apply to cross-over points of motor wip(fihhs.r_\
The forge is applied by means of the test finger of Figure 1, and
— 2 N|for bare conductors and for uninsulated capillary Aub similar

devipes;

— 30 N for enclosures.
The way in which creepage distances and clearan bx A.
If a barrjer is interposed, and if it is in reepage
distance is also measured through the jo
If a bartfier is interposed, clearances aye s in two
parts with mating surface l
For tools having parts Sulation
and supplementary insulation, ts are made as though a metal foil were|present
between the tWO@ )

When 4 bf metal
enclosu
Means provided for
For confuctive pattexn he table
between parts-o voltage
stress does'\not ex

— 150 V-per mm with a minimum distance of U,Z mim, If protecied 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.

For peak voltages exceeding 50 V, the reduced creepage distances only apply if the Proof
Tracking Index (PTI) of the printed circuit board, measured as in Annex G, is greater than 175.

These distances may be reduced further, provided that the tool complies with the requirements

of claus

e 18 when the distances are short-circuited in turn.

NOTE When the limits mentioned above lead to higher values than those of the table, the values of the table

apply.
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Creepage distances and clearances within optocouplers are not measured if the individual
insulations are adequately sealed, and if air is excluded between individual layers of the
material.

For live parts of different polarity separated by basic insulation only, 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-circuited in turn.

28.2 The distance through insulation, for working voltages up to and including 250 V, 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.

This requirement does not apply if the insulation is applied in thin sheet form, other)thian mica

or similar scaly material, and consists:

— for gupplementary insulation, of at least two layers, provided
withstands the electric strength test prescribed for supplementa

b layers

— for reinforced insulation, of at least three layers, provided 1 e layers
are placed in contact, they withstand the electric stre Prtest o ib nforced
insulation.

The tes} voltage is applied between the outer surf
applicafyle.

yers, as

Moreovér, this requirement does not apply\i inforced
insulatig i

— the maximum temperature rise i exceed

— the ipsulation, after having be ithened for)seven days (168 h) in a oven maintained at
a temperature equ 9 0 during

the {ests of clz 15, this
test |being m‘o‘b and at
approximately rgom
This red sulation
only; it 1
For tool sulation
and sup| present

betweer

Complign¢e is checked by inspection and by measurement.

For optocouplers, the conditioning procedure is carried out at a temperature of 50 K in excess
of the maximum temperature rise measured on the optocoupler during the tests of clause 12
and 18, the optocoupler being operated under the most onerous conditions which occur during
these tests.
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29 Resistance to heat, fire and tracking

NOTE Annex J shows the selection and sequence of the tests of this clause.

29.1 External parts of non-metallic material, parts of insulating material supporting live parts,
including connections and parts of thermoplastic material providing supplementary insulation or
reinforced insulation, the deterioration of which might cause the tool to fail to comply with this
standard, shall be sufficiently resistant to heat.

Compliance is checked by subjecting of the relevant parts to a ball-pressure test, which is
made by means of the apparatus shown in Figure 8.

Before starting the test, the part is maintained for 24 h in an atmospheré Rkaving aXtemperature
betweer

The pa it of the
apparat rt under
test sha
The req
The tes aximum
temperdg
- forg
- forp
Howevse inforced
insulatid fure rise

determined during the jestsA

Before the test is<>r L bove.

After 1 r so that
it is cod exceed
2 mm.

For coil inations
are subf

Unless ptherwise specified, parts operating at safety extra-low voltage not exceeding 24 V are
not congidered to be live parts.

The test is not made on parts of ceramic material.

29.2 Parts of non-metallic material shall be adequately resistant to ignition and to spread of
fire.

This requirement does not apply to decorative trims, knobs, and other parts not likely to be
ignited or to propagate flames originating from inside the tool.

Compliance is checked by the following test.

Separately moulded specimens of the relevant parts are subjected to the burning test referred
to in Annex D.
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However, instead of the burning test, the glow-wire test of Annex E is made at a temperature of
550 °C on corresponding parts of the appliance if

— separately moulded samples are not available;
— there is no evidence that the material withstands the burning test;

— the separately moulded samples do not withstand the burning test.

29.3 Insulating material, across which a tracking path may occur, shall have adequate
resistance to tracking, taking into account the severity of its duty conditions.

A tracking current may occur

— between live parts of different polarity;
— between live parts and earthed metal parts;

— acrdss insulating material of commutators and brush-caps.
For part hpliance
is check

For pan ceramic

materia

For part 75 V. If
the spe ounding
parts ar

For par ltage is
250 V. h a test
voltage d to the
needle-

The neddle-flame Histance
of 50 mm from an blded by
a separgte barrie hclosure

is subje

30 Res

30.1 FErrous\pa
standargl, shall be ad

bhe rusting of which might cause the tool to fail to comply Wwith this
quately protected against rusting.

Compliance is checked by the following test.

All grease is removed from the parts to 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.

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

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.

31 Radiation, toxicity and similar hazards

31.1 Tpols shall not emit harmful radiation, or present a toxic or simil z

Complignce is checked by test.

NOTE Tpst specifications are given in part 2, where necessary.

@@
8
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Material: metal, except where otherwise speciiied Cinear dimensions 1n millimetres
Tolerances on dimensions without specific tolerance: A = Handle F = Chamfer all edges
on angles: 0/-10° B = Guard G = Spherical
on linear dimensions: C = Insulating material H = Cylindrical
up to 25 mm: 0/-0,05 D = Joints
over 25 mm: £0,2 E = Stop face

Both joints shall permit movement in the same plane and the same direction through an angle of 90" with a 0" to
+10 tolerance.

Figure 1 — Standard test finger
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Dimensions in millimetres

Figure 2 - Test pin
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Accessible part

Inaccessible metal part

Basic insulation
Supplementary insulation

Reinforced insulation
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Double insulation

Figure 3 — Diagram for leakage current measurement at operating temperature
for single-phase connection and three-phase tools suitable for single-phase supply
of class Il tools


https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

-74 - 60745-1 0O IEC:2001(E)

/ 1
. 2
- .
6
7 A - 4
It i i — 4
|
a b| c mA
N .

JEC\"2339/01

Figure 4 -: Dia e age surrent measurement at operating temperature

IEC 2340/01

A = Sherical
B = Sample

Figure 5 — Ball-pressure test apparatus
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he clamping measures
is fixed to the appliance
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IEC _555/01

Screws passing through threaded holes in the appliance (or screws passing through clearance holes in the
appliance and secured by nuts) are equally unacceptable

Unacceptable constructions

Figure 6 — Schematic representation of cord anchorages
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Figure 7 — Test fingernail
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A = Part providing earthing continuity

B = Part providing or transmitting contact pressure

Figure 8 — Examples of parts of earthing terminals
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Adjustable carrier plate
F = Adjustable bracket
G = Load

Figure 9 — Flexing test apparatus
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Annex A
(normative)

Measurement of creepage distances and clearances

A.1 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 fo 10 (see Figure A.1)

These dases do not differentiate between gaps and grooves, or betweeR type

The follpwing assumptions are made:

— a grpove may have parallel, converging, or diverging sides;

— any|groove having diverging sides, a minimum width
excgeding 1,5 mm, and a width at the bottom equat'to orgre
an ajr gap across which no creepage path exists (case

— any porner including an angle less than 80° ig
of 1|mm width (0,25 mm for dirt-fre€ Situatit
(case 3);

— whefe the distance over the top of agroove i
mo;r; no creepage distance exists acro 1

- cre
are fneasured when the

— any lair gap less th

the fotal c/earfce.

¢ dirt-free situations) is ignored in co

laftion.

b depth

dgrded as

ting link
position
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ch other
itions;

mputing



https://iecnorm.com/api/?name=648c638d3638daec77b6641f83859a20

