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Preface

This is the common CSA and UL Standard for portable electric tools. It is the first edition of CSA Standard
C22.2 No. 745-1, Safety of portable electric tools Part 1: General requirements and UL 745-1 , Safety of
portable electric tools Part 1: General requirements. It is written in Sl (metric) units.

This Standard was prepared by Canadian Standards Association and Underwriters Laboratories Inc. This
common CSA and UL Standard is based on IEC Publication 745-1(1982) Safety of hand-held
motor-operated electric tools Part 1: General requirements. Where Canadian and US deviations have
necessitated the deletion of IEC Publication 745-1 text, the IEC text has been retained but has been
over-stricken to indicate it as nonmandatory. Text added to IEC Publication 745-1 as mandatory has been

underlined in

This Standa
appropriate
modify the
requirementg

If the functio
Standard is 4
function on t

This Standa
Committee (
Committee o

This Standar

cluding, where feasible, Tables and Figures.

pbarticular requirements Standard (if available), which contains Clauses’to sU
corresponding Clauses in the general requirements Standard, t@” provide
for each type of product.

ns of a tool are covered by different particular Standards, the, relevant particular
pplied to each function separately, so far as is reasonable\f applicable, the infl
ne other is taken into account.

d was reviewed by the CSA Subcommittee on“Portable Electric Tools of t
n Consumer and Commercial Products under the jurisdiction of the Standa
n the Canadian Electrical Code, Part Il, and>was formally approved by these C

d was processed and reviewed in accardance with the method of development,

rd contains general requirements and is intended to be used in conhjunction with the

pplement or
the relevant

requirements
lence of one

he Technical
rds Steering
bmmittees.

revision and

implementation of UL Standards for safety.

This Standard has been approved by the Standards Council of Canada as a National Standard of Canada.

UL Effective |Date

The effectivgd date for UL 745-1s5is.the date of publication.

When requesgted by the manufacturer in writing, products may be evaluated to UL 45 until June 1, 2007.

CSA Effective Date

The effectivg date/for CSA will be announced through a CSA Certification Notice.

Note: Although the intended primary application of this Standard is stated in its Scope, it is important to note that it
remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.

Revisions of this Standard will be made by issuing revised or additional pages bearing their date of issue.
A UL Standard is current only if it incorporates the most recently adopted revisions, all of which are
itemized on the transmittal notice that accompanies the latest set of revised requirements. Comments or
proposals for revisions on any part of the Standard may be submitted to UL at any time. Proposals should
be submitted via a Proposal Request in UL's On-Line Collaborative Standards Development System
(CSDS) at http://csds.ul.com.
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-1 Scope

551.1 This standard applies to hand-held portable electric motor-operated or magnetically-driven tools,
in_non-hazardous locations. in accordance with the Canadian Electric
lies to tools rated not more than 440V (not

‘intended for

“Code, Part 1 and the National Electrical Code (NFPA70). It a

indoor or outdoor use,

‘more than 250V for tools employing a universal motor).

ating element

incorporated are within the scope of this standard;-but-sueh-toels-sheuld-alse-comply-withHEC€

Special requirer]

wilk-alse-apphy

hents for battery-powered tools wil-be-determined-inPart2—Requirements-concerring-methanica

H +. £t
HEeMeEtS—ot

S sl
SPeCiarTequiret

standare-apphy

For tools intend
example, wher¢]

For tools intend

This standard 4

br-these-teeols are defined in UL 745-3 and C22.2 No. 745-3.
+. faor hanea EWT=Y 1+ | { dafiniti 2 2/(16\) ¥ HAadar =) 1 | WP var—th oo
rents—for-exchange-type-tools—{see—definition22(16))are-tnder—eensideration-Mereover—theteey

bd to be used on board ships or aircraft, additional requirements may b€yiecessary, and in hazardg
explosions are liable to occur, special constructions may be required.

bd to be used in tropical countries, special requirements may, bé necessary.

pplies to_accessories_and_mechanical attachments for, use_with portable electric_tools. These rd

tHS

us locations, for

bquirements are

outlined in Appd

ndix F.

This standard applies to attachments that contain electrical~and electronic components. In this case, the atta¢hment shall be

evaluated with t}

This Standard 4

he tool and a determination must be made as to which clauses apply.

pplies to, but the scope is not limited to: hand tools, such as drills, screwdrivers, nut runners, ta

pers, hammers

impact wrenche}

5, saws, sanders, polishers, buffers, shears, nibblers, grinders, staplers, valve seat grinders and |

pppers, cylinder

borers, and co
threaders, and

This standard d
painting equipm

Covered within

crete vibrators; transportable tools, such as diamond core drills, drain cleaners, magnetic drill
ipe benders.

bes not apply totfixed or stationary electric tools, gardening appliances, garage equipment, solderir]
ent, floor-finiShing machines. heat guns, or other equipment covered by individual requirements.

his standard are Class |, I, and lll toals.

resses, pipe

g Irons or quns,

1.2 This sta

baard 1o ~nn nd aapath cafaty andA talae it annar At tha infliiAnan A cafaty ~f

necessary to

a
oot o TS COTT VIt STCty aa toKC S 1Tt acCoOUTIc (i o cricT

achieve a regtired degree of radio and television interference suppression.

O STicty Ot

components

2 Definitions

2.1 Where the terms voltage and current are used, they imply the r.m.s. values, unless otherwise
specified.
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2.1.1 Where in this standard the expressions "With the aid of a tool,” "Without the aid of a tool,” and
"requires the use of a tool” occur, the word "tool” means a screwdriver, a coin or any other object which
may be used to operate a screw or similar fixing means.

2.2 The following definitions apply for the purpose of this standard:

Rated voltage: denotes the voltage (for three-phase supply, the voltage between phases) assigned to
the tool by the manufacturer.

Rated voltage range: denotes the voltage range assigned to the tool by the manufacturer, expressed
by its lower and upper limits.

Working volt be

subjected wih

hge: denotes the maximum voltage to which the part under consideration can
en the tool is operating at its rated voltage and under normal conditions of\Us¢g|.
Normal conditio| ration of a
circuit breaker d

hs of use include changes of voltage within the tool imposed by likely occurrences suchhas the opg
r the failure of a lamp.
When deducing|the working voltage, the effect of possible transient voltages on the supply.mains is ignored.

Rated input: | denotes the input at rated voltage assigned to the tool by*the manufacturer.

The term "input] refers to input power.

Rated current: denotes the current at rated voltage or atthe lower limit of the rated voltagq
assigned to the tool by the manufacturer.

range

If no current is
input and the rg
normal operatin

Rated frequd

Rated frequd
expressed b

Rated no-lodg
voltage rang

Detachable f
intended to N

ssigned to the tool, the rated current for the purpese of this standard is determined by calculation

ted voltage and/or by measuring the current'when the tool is operating at rated voltage under nornj

b temperature.

ncy: denotes the frequency assigned to the tool by the manufacturer.

ncy range: denotes the frequency range assigned to the tool by tool manufad
its lower and upperlimits.

b assigned)to the tool by the manufacture.

exible-eable or cord: denotes a flexible cable or cord, for supply or other pu
e tonnected to the tool by means of a suitable appliance coupler.

from the rated
al load and at

turer,

d speed: denotes the no-load speed at rated voltage or at the upper limit of the rated

poses,

Cord sets are to comply with the applicable standard given in Appendix E eevered-byHECPublication-320:-Apphance-Couplersfor

Power supply cord:

denotes a flexible cable or cord, for supply purposes, fixed to, or asse

the tool according to one of the following methods:

mbled with,

type X attachment: which denotes a method of attachment such that the flexible cable or cord can
easily be replaced, without the aid of special purpose tools, by a flexible cable or cord not requiring any
special preparation;
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type M attachment:

which denotes a method of attachment such that the flexible cable or cord can

easily be replaced, without the aid of special purpose tools, by a special cable or cord with, for
example, a molded-on cord guard or crimped terminations;

type Y attachment:

which denotes a method of attachment such that the flexible cable or cord can only

be replaced with the aid of special purpose tools normally available only to the manufacturer or the
manufacturer’'s his agents;

Type Y attachm

type Z attachment:

ents may be used either with common flexible cables or cords or with special cables or cords.

be replaced without breaking or destroying a part of the tool.

which denotes a method of attachment such that the flexible cable or cord cannot

Cross-head., slo|

ted-head, torx, socket head, clutch, and roberts tools are not considered special tools. Stiff wire, u

bed to release

push-in type ter|

Basic insulafjon:

shock.

Basic insulation
Supplementa
insulation, in

of the basic

Double insul

Reinforced ipsulation:

degree of pr
in this stand{

The term "insul
which cannot bg

Portable Todl:

Hand-held td
magnetically
machine forr]
hand or susf

Minals. is not precluded by this sub-clause.

denotes the insulation applied to live parts to provide basic protection ag

does not necessarily include insulation used exclusively for functional purposes.

iry insulation:  denotes an independent insulation applied in addition to the bg
order to ensure-protection—against reduce the risk-of electric shock in the even
nsulation.

htion:  denotes insulation comprising both Basic insulation and supplementary
denotes a single insulationisystem applied to live parts, which prov

ptection against electric shock equivalent to double insulation under the conditid
rd.

tion system” does not imply that.the ‘insulation must be one homogeneous piece. It may comprise
tested singly as supplementary)or basic insulation.

I:_(in this standardiabbreviated to "tool") denotes a hand-held or transportable

ol: {in-this-statidard-abbreviated-to"teel™) denotes an electric motor-operated

driven machine intended to do mechanical work and so designed that the mot
N an asSembly which can easily be brought to the place of operation and which
ended-during operation.

hinst electric

sic
t of a failure

insulation.
des a
ns specified

several layers

tool.

or
br and the
is held by

Hand-held tools
provisions for m

Hand-held tools

I AP BTN flaclal £l " [ tlo £l ol } bald taol
may P PTrOVICCT Wit nTeATOTE—STart, te otor oehg— e e A St ot poftaore T anteit toorST

ounting on a support.

include also hand-supported tools (such as paving breakers).

also have

Transportable tool: s a tool that is not hand supported during use and which is intended to be taken
to the work piece to perform its intended function.

Exchange type tool:

manufacturer’'s service organization only.

denotes a tool which is intended not to be repaired at all, or to be repaired by the
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Class | tool: denotes a tool in which protection against electric shock does not rely on basic insulation
only, but which includes an additional safety precaution in such a way that means are provided for the
connection of accessible conductive parts to the protective (earthing) conductor in the fixed wiring of the
installation in such a way that accessible conductive parts cannot become live in the event of a failure
of the basic insulation.

For tools intended for use with a flexible cord or cable, this provision includes a protective conductor as part of the flexible cord or

cable.

Class | tools may have parts with double insulation or reinforced insulation, or parts operating at safety extra-low voltage.

Class Il tool: denotes a tool in which protection against electric shock does not rely on basic insulation

only, but in
provided, thq

i) a
enve
rivet
such

qg

i)

throd

re being no provision for protective

tool having a durable and substantially continuous enclosure oflinsulating mate
lops all metal parts, with the exception of small parts, such as nameplates, scr
5, which are isolated from live parts by insulation at least eguivalent to reinforcq
a tool is called an insulation-encased Class Il tool;

tool having a substantially continuous metal enclesure, in which double insula
ghout, except for those parts where reinforced.insulation is used, because the

Vhich additional safety precautions, such as double insulation or reinforced insulation, are

W.

Such a tool nay be of one of the following types:

brial which
Pws and
d insulation;

ion is used
application

of dquble insulation is manifestly impracticable; sueh a tool is called a metal encasqd Class I
appliance;
iif) a tool which is a combination of the types i) and ii).
Class lll toolf denotes a tool in which protection against electric shock relies on supply at Jafety extra-
low voltage (SELV) and in which voltages higher than those of SELV are not generated.

T le_int dead b tad At fap s trallovi vualt and havinea tntaraal ~lraide wphiah t, + o vunlt 1 rthan fat
Fools intended jo-be operated-at safety-extra-lovs voltage and-having-internal-circuits which-operate at a voltage other than-safety
tra lowr valt roa-not-ineltuded-in-th la 11 +1 and-ara cubicet-ta-additional-recidt to: th Yoo to ara pindny
extra-low voltage, are notincluded-in-the classification-and-are subject to-additional requirements; these requiremgnis are-under

Extra-low voltage: denotes a voltage supplied from a source within the tool and, when the [tool is

operated at i
and earth or
extra-low vol

(s rated voltage, not exceeding 42 V peak between conductors and between cd

tage cireuit being separated from other circuits by basic insulation only.

nductors

for thréeyphase supply, not exceeding 24 V peak between conductors and nedtral, the

PRV VW [V ota pataal valtanns At Aveanadinas A9 N/ naal hathanan ~

nductors

Safety extra

daon o o - naond
oV vormayTr UCTotCo ool votagCTTOT CATCC T UMY —— 2 v _pCTit DT e T O

and between conductors and earth or, for three-phase supply, not exceeding 24 V peak between
conductors and neutral, the no-load voltage not exceeding 50 V peak and 29 V peak respectively.

When safety extra-low voltage is obtained from the supply mains, it must be through a safety isolating transformer or a convertor

with separate w

indings.

The voltage limits specified are based on the assumption that the safety isolating transformer is operated at its rated supply

voltage.
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Limitations to voltages lower than 50 V a.c. should be specified in the applicable power unit or transformer standard given in
Appendix E partietlartEC-standards, especially when direct contact with live parts is involved.

Separation from

Safety isolati

the mains by protective impedance is excluded.

ng transformer:  denotes a transformer the input winding of which is electrica

lly separated

from the output windings by an insulation at least equivalent to double insulation or reinforced
insulation, and which is designed to supply a distribution circuit, a tool or other equipment at safety
extra-low voltage.

Normal load;
occurring un
observed an

The normal loaq
Rated opera
Continuous (
Short-time o
the intervals
approximate
Intermittent

composed of
or switched

Non-detachdble part:

Detachable part:

Thermal cut-
or parts of it,

Her normal conditions of use, any marking of short-time or intermittent operatjo
, unless otherwise specified, heating elements, if any, being operated &as'in no

is based on the rated voltage or on the upper limit of the rated voltage range.
ing time:
peration: denotes operation under normal load for an anlimited period.
peration:  denotes operation under normal load fef'a/specified period, starting
y to room temperature.

peration: denotes operation in a series of specified identical cycles, each cyc
a period of operation under normal lead followed by a rest period with the too
Dff.

denotes a part which*can only be removed with the aid of a tool.

denotes a part which*can be removed without the aid of a tool.

put: denotes a device which, during abnormal operation, limits the temperatur
by automaticaltyrepening the circuit or by reducing the current, and which is s

constructed that its setting.cannot be altered by the user.

Non-self-resq
replacement

btting thermal cut-out:  denotes a thermal cut-out which requires resetting by
of apart, in order to restore the current.

denotes the operating time assigned to the tool hy, the manufacturer.

between each period of operation being sufficient to allow the tool to cool dowm

denotes the load to be applied to a tool so that the stress imposed corresponds to that

being
rmal use.

from cold,

le being
running idle

e of a tool,
D

hand, or

Rt~ donatac tha chavitnct nath hahanan fian ~oanAli it narte Ay Ihah i~ A

conductive

Creepage di

T TC T CUCTTOTC S tiC— oot St pPatT DT CTTT v O COTTO O CTOVE DT (S, U OCTWCTTT T

part and the bounding surface of the tool, measured along the surface of the insulating material.

Clearance: denotes the shortest distance between two conductive parts, or between a conductive part
and the bounding surface of the tool, measured through air.

The bounding surface of the tool is the outer surface of the enclosure, considered as though metal foil are pressed into contact

with accessible

All-pole disconnection:

surfaces of insulating material.

denotes, for single-phase a.c. tools and for d.c. tools, disconnection of both

supply conductors by a single switching action or, for tools to be connected to more than two supply
conductors, disconnection of all supply conductors, except the earthed (grounded) conductor, by a
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single switch

ing action.

The protective earthing conductor is not a supply conductor.

Accessible p

art or Accessible part:

denotes a part or surface which can be touched by means of the

standard test finger shown in Figure 1;-page-322. For accessible metal parts, it includes any other metal

which is in e

lectrical contact with such parts.

The term body includes all accessible metal parts, shafts of handles, knobs, grips and the like and
metal foil in contact with all surfaces of insulating material; it does not include inaccessible metal parts.

Watertight to
specified tes

Splash-proof
not result in

A Type Test
the equipme

ols denotes a tool so constructed that moisture will not enter the tool enclosu
| conditions.

tools  denotes a tool so constructed or protected that the exposure to@ beati
the entrance of water into the enclosure under specified test conditions.

is testing of a representative sample of the equipment with the“objective of de
ht, as designed and manufactured. can meet the requirements of this standard.

re under

ng rain will

ermining if

Routine Sen
that is recomn

icing  denotes servicing of or replacement of motor brushes or fuses and othe
mended in the instruction manual to be performed by.the user. It does not incl

I service
de

maintenance

Cautionary Markings denote markings required by this standard that are preceded by the

CAUTION, V]

Appliance C
cord to a tog

VARNING, or DANGER.

pupler _ is a means enabling the connéction and disconnection at will of a flexil
|. It consists of two parts, 1) a conneetor which is the part integral with the tool

that the instruction manual recommends be done-py/authorized service persomnel.

Bignal words

le cable or
or attached

to a flexible
the power su

Areas not Prj
tool (by the f

cable permanently attached to the tool. and 2) the mating connector which is a
pply cord.

ptected Against Deposition"of Dirt are defined as all points where air drawn
an) can reach, especially areas where deposits of carbon dust, metal filings, ar

ached to

through the
d wood dust

occur. The a
3 General r6
3.1 Tools sh

danger-to-pel
sueh-eareles

quirement

all be sO designed and constructed that in normal use they function safely-se-as

Fsenssor-surroundings so as to reduce the risk of injury or electric shock even-if

reas of concern aretusually around the brush holders and to the rear of the cofnmutator.

ta-general—€ Compliance is checked by confirming the tool meets the relevant construction requirements
and by carrying out all the relevant tests.

4 General notes on tests

4.1 Tests according to this standard are type tests.
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The recommended sequence of tests is given in Appendix G.

If it is evident from the design of the tool that a particular test is not applicable, this test is not made.

If the tool is designed for different supply voltages, for both a.c. and d.c., for different speeds, etc., mere-than-ene-sample additional
samples may be required.

If the test of Sub-clause 11.6 has to be made, additional samples are required.

If it is necessary

The testing of g
such samples i

4.3 Unless (
be _conducte

Unless othel

to dismantle a Class Il tool for the relevant tests, one additional sample is required.

omponents may necessitate the submission of additional samples of these components{When th
necessary, they should be submitted together with the tool.

therwise specified, the-tests-are-cartied-outin-the-orderofthe-clavses-of-Part g
0 on a new sample.

wise specified, each test is to be conducted only once.

Arfay

e submission of

ach test may

Before testing ig
is in working or

4.4 The tes
position whig

4.5 If the te
general, ma
temperature
example, the
+2°C.

4.6 Tools fo
d.c. and thos

Tools for a.g

PV =V=Y
TTCTCTTUC

started, the tool is operated at rated voltage or at thellower limit of the rated voltage range in ordg
er.

s are carried out with the tool, oryany movable part of it, placed in the mos
h may occur in normal use.

5t results are influenced by the temperature of the ambient air, the room temp
fntained at 20 +5°C. If, however, the temperature attained by any part is
sensitive device, or s’ influenced by the temperature at which a change of sta

temperature of boiling water, the room temperature is, in case of doubt, mai

" a.c. onlyzare tested with a.c. at rated frequency, if marked, those for d.c. only a
e for a(c/d.c. are tested at the more unfavorable supply.

. Which are not marked with rated frequency or marked with a frequency range

60 Hz are te

r to verify that it

unfavorable

erature is, in
limited by a
e occurs, for
htained at 23

e tested with

p of 50 Hz to

tad wagth Ajthapr CO Ll2 Ay 00 Ll2 ahinhavny jo tha patinnal fracyinpay

StCT—vvit1 Ciai1CT OU 1T1Z- 01 OU T1Z; vwinCriCcver 1o ichauaonar mcqacrcy:

Tools marked with a rated frequency range other than 50 Hz to 60 Hz are tested at the most unfavorable
frequency within the range.

Tools designed for more than one rated voltage are tested at the most unfavorable voltage.

Unless otherwise specified, tools designed for one or more rated voltage ranges are tested at the most
unfavorable voltage within the relevant range.

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

voltage multi

plied by a factor, the supply voltage, is equal to:
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— the upper limit of the rated voltage range multiplied by this factor, if greater than 1.
— the lower limit of the rated voltage range multiplied by this factor, if smaller than 1.

Where reference is made to maximum or minimum rated input, the rated input related to the upper limit or lower limit respectively
of the rated voltage range is meant.

- When testing tools for d.c. only, the possible influence of polarity on the operation of the tools is taken
 into consideration.

If the tool is designed for more than one rated voltage or rated voltage range, it may be necessary to make some of the tests at the
‘~minimum, the mean and the maximum values of the rated voltage or the rated voltage range in order to establish the most

unfavorable vol

4.7 Tools fol
with the rele
results, prov

4.8 If, in non
tested with 1
element is tg
incorporated|
according to

4.9 Unless (

eleetronie-sp

setting can B

If the adjusting
by hand or with

setting can be gltered by hand.

Adequate sealir]

4.10 When
conditions, in
design of thd

When the c
manufacture
such that raf

ge.

' which alternative heating elements or accessories are available are tested if
Vant section of Part 2, with those elements or accessories which givesthe mos
ded that the elements or accessories used are within the tool mariufacturer’s s

Inal use, the heating element cannot be operated unless the.motor is running, t
he motor running. If the heating element can be operated.without the motor
sted with or without the motor running, whichever is the more unfavorable. Hea

in the tool are connected to a separate supply Unless otherwise specifieq
1EC-Publication-335-1 the standard listed under "Heating Elements" in the Apg

eed-control; are tested with these controls @djusted to their most unfavorable
e altered by the user.

heans of the control is accessible without the“aid of a tool, this sub-clause applies whether the settin
the aid of a tool; if the adjusting means js\not accessible without the aid of a tool, this sub-clause a|

g is regarded as preventing alteration of the setting by the user.

the conditions of agrmal load are specified in Part 2, the tool is loaded accor
respective of any~marking of short-time or intermittent operation, unless it is evi
tool that these tonditions will not occur in normal use.

bnditions Yof normal load are not specified in Part 2, the tool is loaded acc
I’s instructions, in the absence of such instructions, the tool is operated continuo
edvinput is attained.

accordance
t unfavorable
ecifications.

e element is
running, the
ing elements
and tested
endix E.

therwise specified, tools provided with a regulating device or a similar control—¢therthanr-an

setting. If the

b can be altered

bplies only if the

ing to these

Hent from the

brding to the
Usly at a load

For accessories performing a function which is within the scope of one of the sections of Part 2, the tests

are made in

accordance with that section.

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 such that rated input is attained.

Electronic speed control devices are set for the highest speed.
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4.11 If torque is to be applied, the method of loading is chosen so as to avoid additional stresses, such
as those caused by side thrust. Additional loads necessary for the correct operation of the tool are,
however, taken into consideration.

4.12 Tools intended to be operated at safety extra-low voltage are tested together with their supply
transformer, if this is normally sold with the tool.

4.13 For the purpose of Clauses 8, 15, 23, and 25, parts separated from live parts by double insulation
or reinforced insulation are not regarded as likely to become live in the event of an insulation fault;
connection of accessible metal parts to an earthing terminal or earthing contact does not remove the
necessity for carrying out these tests.

4.14 If Clas{
are not sepa
such parts a

4.15 Unless
voltage, suc

| tools have accessible conductive parts which are not connected to an earthing
rated from live parts by an intermediate metal part which is connected to an‘eart
re checked for compliance with the appropriate requirements specified for-€las

otherwise specified, if Class | or Class Il tools have parts operéatifig as safd
) parts are checked for compliance with the appropriate requirements specified

terminal and
ning terminal,
5 1 tools.

ty, extra-low
for Class Il

tools.

4.16 For todls incorporating electronic circuits, see Appendix B.

4.17 Reuting-tests-are-presently-underconsideration:

5 Rating

5.1 The maximum rated voltage is:

250 \V for d.c. tools and tools employing:iniversal motors;

440 WV for other tools.

50 M

for Class Il tools;the-gpreferred-values-oef-therated-voltage-are-24-V-and-42-

Compliance |s checked by inspéction of the marking.

The requiremen lines and earth

does not excee

ts of this standard are based on the assumption that in normal use the voltage between the supply
| 254~V 2507V,

6 Classification

Tools are cle
6.1 According to protection against electric shock:
— Class | tools;
— Class Il tools;

— Class Il tools.

The class numbers are not intended to reflect the safety level of the tools, but only the means by which the safety is obtained.
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6.2 According to degree of protection against moisture:
— ordinary tools;

— splash-proof tools;

— watertight tools.

If Class Il tools are sold with a separate safety isolating transformer for their supply from the mains, their classification is not altered.
Tools that require splashproof or watertight classifications are specified in Clause 20.

7 Marking
7.1 Tools shall be marked with:
— rated voltage(s) or rated voltage range(s), in volts;
— symbol for nature of supply, if applicable;

— rated frequency or rated frequency range, in hertz, unless the tool is designed for|d.c. only or
for alc. of both 50 Hz and 60 Hz;

— rated input (if greater than 25 W) in watts or kilewatts, or rated current, in ampere

0

— manufacturer’'s name, trade mark, or identification mark;

The manufacturer’s identification may be in a traceable codé.if’the tool is identified by the brand or trademark of 4 private labeler.

— manufacturer’'s model or type reference;

— rated operating time, or rated*operating time and rated resting time, in hours, minpites or
secands, if applicable;

This marking. if|lapplicable. will bespeeified in the Part 2 requirements.

— symbol for Class Il construction, for Class Il tools only;

— rated ne=tead speed:

H L sdla H A 1 rclaal aklo. la. oLl 1o H 1 | H
Applies only to teets-with—atotatintottptt-means—A-tootprovidet-with-more-thanone—speed{by-mechanicator€lectrical means)

shall be marked with the no load speed obtainable with the unit in the highest possible speed setting. This does not apply to nut
setters, screwdrivers, drain cleaners, belt sanders. band saws. and tools with predominately linear work function motion.

— WARNING — To reduce the risk of injury, user must read and understand instruction manual;

The word "Warning” shall be in capital letters not less than 2.4 mm high, and shall not be
separated from the cautionary statement.

The statement shall be verbatim except the term "Operator’s manual.” or "User guide” may be
used for the term "instruction manual.”
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The word "Warning" shall not be separated from the cautionary statement.

— date of manufacture;

The date of manufacture may be a dating period not exceeding any one month. The date of manufacture may be abbreviated or in
established, accepted code, or a code affirmed by the manufacturer. The code shall not require reference to the manufacturer’s
records to determine when the product was manufactured.

— symbol for degree of protection against moisture, if applicable.

Tools for star-delta connection should be clearly marked with the two rated voltages (e.g. 200A /380 Y.)

TFherated—inpH +
T t

£ lLictha totql m 1
€100 HStREtoarmMakt

came—tim
e-Sametme:

tad
retatetHpd

If a tool has altg

loading possiblqg.

-

If the motor of 4
with regard to f

7.1.1 If a nameplate carries a required marking and is on a‘part that must be remove

servicing_of

e

tool is marked separately, the marking of the tool and that of the motor,sheuld be such that there
e rating and manufacturer of the tool itself.

he tool, the construction shall be such that the. nameplate_must be returned

g to the highest

tan be no doubt

d for normal
to_its proper

location for t

7.1.2 A cautionary marking shall be permanent and*shall be located on a part permanentl

the tool or or]

he tool to be operable;

a part that cannot be removed withoufiimpairing the operation or the appearand

attached to
e of the tool.

A fold-over labg]

7.1.3 Cautio

attached to the power supply cord is_aceeptable.

ary_markings shall be uséd" verbatim as stated. Optional cautionary statem

PNts may be

added to th

markings. as deemed (necessary. by the manufacturer. Cautionary statemen

s _having_the

same signal

word may be combined. into one paragraph under one signal word. The order

f statements

shall be ma

rkings _required by:Part 1. markings required by the applicable Part 2. and

any_optional

markings.

7.1.4 In cas
the order of

7.2 Tools fo

Severity; e., danger, warning, and caution.

bs where danger, warning, and caution appear together, the cautionary markings shall be in

ating time or

r short-time operation or intermittent operation shall be marked with rated ope

EIT= nd votnd ractina + anactingaly sinlace th nAaratin a i

rated operattr

construction

o I a0 o ro oo P TRt
g~ aimc—arnd ratcU— roourty arnic ToSPTTtveTy; ot oS i opoiattyg— armic— 1S it

of the tool or by the description of normal load given in Part 2.

mited by the

The marking of short-time operation or intermittent operation shall correspond to normal use.

The marking of intermittent operation shall be such that the rated operating time precedes the rated

resting time,

both markings being separated by an oblique stroke.
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7.3 For tools with heating elements incorporated, the complete marking for heating elements required in
tECPubtication—-335-1 the standard listed under Heating Elements in Appendix E, shall in addition, be
given on the marking plate of the tool.

7.4 If the tool can be adjusted to suit different rated voltages or different rated inputs, the voltage or input
to which the tool is adjusted shall be easily and clearly discernible.

This requirement does not apply to tools for star-delta connection.
The term "star delta” is the same as "Y delta.”

For tools where frequent changes in voltage setting are not required, this requirement is deemed to be met if the rated voltage or

the rated input fo which the tool is adjusted, can be determined from a wiring diagram fixed to the tool; the wiring fliagram may be
on the inside of fa cover which has to be removed to connect the supply conductors. This diagram may be on.a.card| which is riveted
to the cover, or|on a paper or similar label secured to the cover by an adhesive, but it must not be on a’label loosely attached to
the tool.

7.5 For toolg marked with more than one rated voltage or rated voltage rangé, ‘the rated inpuit for each of
these voltages or ranges shall be marked, if greater than 25 W.

The upper and lower limits of the rated 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 rapge does not
exceed 10 percent of the mean value of the range, in which-case the marking for rated ihput may be
related to th¢ mean value of this range.

7.6 When symbols are used, they shall be as follows:

Vo e volts

A AN amperes

Hz (). hertz

W Al watt

KW s, kilowatts

ME ¢ microfarads

N liters

Kg kilograms

N/em2 . newtons per square
centimeter

Pa paschals

h hours

min.- minutes

S seconds

v alternating current

3V three-phase alternating
current

ANV three-phase alternating
current with neutral

T T T direct current

NO e no load speed

U alternating or direct
current

O Class Il Construction

Table Continued on Next Page
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Table Continued

A splash-proof
construction
Y P watertight construction
Jmin revolutions or

reciprocation per minute

The symbol for nature of supply shall be placed next to the marking for rated voltage.

The dimensions of the symbol for Class Il construction 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
which case t
shall not be

The symbol
technical infd

not be less than 5 mm_unless the Inrgpcf dimension of the toal does not exce

ed 15 cm, in

he dimensions of the symbol may be reduced, but the length of the sides of the
ess than 3 mm.

for Class Il construction shall be so placed that it will be obvious that it is
rmation and is unlikely to be confused with any other marking.

nnnnnnn

outer square

b part of the

Atevision-of-th
7.7 Termina
The "N" mark id
Protective ef

These indicad
removed wh

7.8 Tools tg
diagram, fixe

The correct mo(
towards the ter
should show ho

The connection

7.9 Unless i
part of the tg

FRT=V- PN
TGet

o\ hels—far-the-tvwpnes—-of friiatiogy v =)
SYHRoISTOItREtYPES O CORStrUCHOR—W CORSIGET

s intended exclusively for the neutral conductor shall betindicated by the letter
only required in multi-phase circuits.
Farthing terminals shall be indicated by the @<symbol.

itions shall not be placed on screws, removable washers or other parts wh
bn conductors are being connected.

be connected to more than two supply conductors shall be provided with
d to the tool, unless the corréct mode of connection is obvious.

e of connection is deemed to‘be obvious if the terminals for the supply conductors are indicated by
inals. The earthing conductor is not a supply conductor. For tools for star-delta connection, thg
v the windings are tg"be“connected.

diagram may be\that referred to in Sub-clause 7.4.

is obvieusly unnecessary, switches shall be marked or placed so as to indicate
ol they control.

.
ot

N.

ch might be
h connection
arrows pointing

wiring diagram

clearly which

Indications used for this purpose shall, wherever practicable, be comprehensible without a knowledge of
languages, national standards, etc.
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7.10 A push-button shall be colored red only if it serves to open the circuit to be controlled and has no
other function.

This requirement does not apply to push-buttons used for locking the mains switch. This requirement refers to emergency-off
switches only and does not preclude the use of red trigger, rocker. toggle. or other switches and controls.

For tools which might eause-danger result in a risk of injury 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 0.

The figure 0

shall not be used for any other indication.

- This requireme

t does not preclude the use of the figure 0 for the minimum setting of a variable speed control40

degree. 0 depth

- of cut. or simila

~ The position
- positions of

7.11 Regulating devices and the like, intended to be adjusted during operation shall be pro

indication foi
adjusted.

An indication of

If figures are
0 and the pg

The first requirg
its "off" position

The indications

7.12 Tools
accompanie(

7.13 instruetion-sheets Cautionary markings shall be written in the official language(s) of t

which the to
Where symb

Compliance

indication.
of the moving contacts of the mains switch shall correspond to the indications fo
[s operating means.

the direction of adjustment to increase or to decrease the“walue of the charag

+ and - is considered to be sufficient.

used for indicating the different positions, the\"off"" position shall be indicated
sition for a greater output, input, speed, etcz, shall be indicated by a higher figu

ment does not apply to regulating devices provided with an adjusting means, if its "fully-on” positig

for the different positions of the operating means of a control device need not be placed on the de

| by an-instruction-sheet-giving the necessary instructions for the use of the tog

bl is to be sold. .See Appendix H for translations.

pls are (Used, they shall be those indicated in this standard.

withthe requirements of Sub-clauses 7.1 to 7.13 is checked by inspection.

the different
ided with an

teristic being

by the figure
re.

n is opposite to

ice itself.

provided with electronic yregulating devices shall either—have—a—special-marking—or be

e country in
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7.14 Required mMarking shall be easily visible, legible, and durable.

To comply with this clause a marking shall be etched. molded. die-stamped, paint-stenciled; permanently secured, stamped. or
etched metal; or indelibly stamped lettering on pressure-sensitive labels secured by adhesive. Ordinary usage. handling, storage
and the like, of the tool will be considered in determination of the permanence of marking.

Marking specified in Sub-clauses 7.1 to 7.12 shall be on a main part of the tool in such a way that it is
clearly discernible when the tool is ready for use.

Marking on, and indications for, switches, thermostats, thermal cut outs and other control devices shall be
placed in the vicinity of these components; they shall not be placed on removable parts if theése parts can
be replaced |n such a way that the marking is misleading.

Compliance |s checked by inspection and, if the label is not in compliance with the'standards specified in
Appendix E. |the following tests: by-rubbing-the-marking-by-hand-for-+5-s-with-a-piece-of-cloth-soaked-with

After being dubjected to the conditions described below. a pressure sensitive label or a labgl secured by
cement or aflhesive is considered to be of a permanent nature if (1) amimediately following temoval from
each test medium and (2) after being exposed to room temperature for 24 hours following temoval from
each medium:

>
m

Hach sample demonstrates good adhesion and\the edges are not curled.

B. Tlhe label resists defacement or removal as.demonstrated by scraping across the test panel
with |a flat steel blade, held at right angles-to the test panel. The blade is to be 0.8 mm thick
and pf any convenient width.
C. The printing is legible and is not'defaced by rubbing with thumb or finger pressure.

Label Heatirlg Test

Three samples of the label applied to test surfaces as in the intended application are to be placed for 240
hours in an ¢ven maintained at'the temperature specified below.
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Maximum Temperature During Temperature Test of Oven Temperature
Surface to Which Applied
c c
60 or less 87
80 or less 105
100 or less 121
125 or less 150
150 or less 180
Over 150 a

use.

2 A label that is applied to a surface attaining a temperature greater than 150°C, during thestemperature test,
heated at a|temperature representative of the temperatures attained by the appliance during‘intended use and

s to be
abnormal

Label Immernsion Tests

Six_samples| of the labels applied to text surfaces as in thésintended application are to b

b placed in a

controlled atmosphere

maintained at 23.0 +2.0°C with d<50 +5 percent relative_humidity for 24 _hours.

Three samples are the

n to be immersed in water and thfee samples immersed in IRM 903

(Calumet Oil

No. 3) as specified in_Tests for Rubber Property —“Effect of Liquids ANSI/ASTM D 471
temperature [of 21.0 £2.0°C for 48 hours in each case.

Label Standard Atmosphere Test

Three samples of the label applied to {est surfaces as in the intended application are to be

— 1979 at a

laced for 72

hours in a controlled atmosphere maintained at 23.0 +2.0°C with a 50+5 percent relative hu

idity.

After all the |tests of this standard, the marking shall be easily legible; it shall not be easi
remove marking plates andthey shall show no curling.

ha dur 1
Gt

y possible to

. s "
EoRStGerator:

tact for
teStH6t

h kirver+ o o
o tnetaRghe-turaomty—©

leines + HTSERT=Y= |
KgpPratesS1Sha
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.8 Protection against electric shock

8.1 Tools shall be so constructed and enclosed that there is adequate protection against accidental
- contact with live parts and, for Class Il tools, with metal parts separated from live parts by basic insulation
- only, even after removal of detachable parts.

The insulating properties of lacquer, enamel, ordinary paper, cotton, oxide film on metal parts, beads and
sealing compound shall not be relied upon to give the required protection against accidental contact with
live parts.

The enclosure of the tool shall have no openings other than those necessary for the use and working of
the tool, giving access to live parts and, for Class Il tools, to parts separated from live parts by basic

insulation on

Unless otherwig
parts.

Compliance
122.

In addition &
connected tg
122,

After remova
the test fingd

Apertures pi
finger of the
finger showry
the aperture

It shall not b
cotton, oxidg
possible to
separated fr

The standard te
to the axis of th

It is recommend

Y.

e specified, parts operating at safety extra-low voltage not exceeding 24 42.4 V peak are(rjotcons

s checked by inspection and by a test with the standard test fingetshown in Fi

pertures in Class Il tools and apertures in Class | tools,” other than those i
an earthing terminal or earthing contact, are tested with the test pin shown in F

| of detachable parts, the test finger and theitest pin are applied in every poss
r being applied without appreciable force and the test pin with a force of 10 N.

same dimensions, which is applied\with a force of 50 N; if this finger enters, the
in Figure 1-page122, is repeated, except that the force necessary to push the f]
is exerted. An electrical contact indicator is used to show contact.

b possible to touch barellive parts or live parts protected by lacquer, enamel, orl

film, beads or sealing compound only, with the test finger. For Class Il tools i
buch bare live partsiwith the test pin shown in Figure 2 ;page-122, or, to touch
bm live parts by-basic insulation only with the test finger shown in Figure 1.

st finger mush be so designed that each of the jointed sections can be turned through an angle of
e finger in the same direction only.

ed that a lamp be used for the indication of contact and that the voltage be not less than 40 V.

dered to be live

gure 1-page

metal parts
gure 2-page

ible position,

pventing the entry of the test finger arefurther tested by means of a straight Ynjointed test

test with the
nger through

tinary paper,
t shall not be
metal parts,

DO° with respect

Ventilation openings shall not be excessively large.

Compliance is checked by inspection and by trying to insert a steel ball, 6 mm in diameter, through the
air-intake openings other than those adjacent to the fan.

The ball shall not enter.

This requirement does not imply that live parts must not be visible through ventilation openings.
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8.2 Shafts of operating knobs, handles, levers and the like shall not be live.

8.3 For tools other than those of Class Ill, handles and grasping surfaces erknebs-of containing switch
operating means, if of metal, shall either be adequately covered by insulating material, or their accessible
parts shall be separated from theirshafts-erfixings other conductive parts of the tool by supplementary
insulation and separated from live parts by double or reinforced insulation.

In the case of tools that do not contain the switching means in a handle or grasping surface, the handle or grasping surface primarily
used to control the tool are to comply with clause 8.3.

8.3.1 For tools other than those of Class lll, switch actuators shall be formed of insulating material or, if

of metal, shall be either adequately covered by insulating material or their accessible p

separated fr(

8.3.2 For_t

m live parts by double or reinforced insulation.

ols of Class 1l _construction, auxiliary handles and auxiliary drasping 9

arts _shall be

urfaces, as

recommend

d_in_the instruction_manual, shall be formed of insulating material or,_if of m

btal, shall be

either adequ

tely covered by insulating material or their accessible parts shall belséparated filom live parts

by double in

sulation and separated from their output shafts by double or reinforced insulatig

n.

Compliance

and by the tests of Clauses 15 and 19.

8.4 For Clag
metal, shall |

Compliance

8.5 Tools intended to be connected to the supply by*means of a plug shall be so designed t

use there is
Compliance
The tool is 0|

The tool swi
means of thq

One second
which does

This voltage

with the requirements of Sub-clauses 8.2, and 8.3,_8.3.1. ahd’8.3.2 is checked
s 1l tools, capacitors shall not be connected to accessible metal parts, and their
be separated from accessible metal parts by supplementary insulation.

is checked by inspection and by the tests specified for supplementary insulatio

o risk of electric shock from charged’capacitors when touching the pins of the
is checked by the following test,>which is made ten times.
perated at rated voltag€e oy at the upper limit of the rated voltage range.

ch if any, is then moved to the "off' position and the tool is disconnected from
b plug.

after disconnection, the voltage between the pins of the plug is measured with é
ot appreciably affect the value to be measured.

shali‘hot exceed 34 V.

by inspection

casings, if of

=]

hat in normal
plug.

he supply by

N instrument

Capacitors having a rated capacitance not exceeding 0.1 pF are not considered to entail a risk of electric shock.

8.6 Parts providing protection against electric shock shall have adequate mechanical strength and shall
not work loose in normal use. It shall not be possible to remove them without the aid of a tool.

Compliance is checked by inspection, by manual test and by the tests of Clauses 16 and 19.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL

No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

24 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 JUNE 15, 2007

9 Starting
9.1 Motors shall start under all normal voltage conditions which may occur in use.
Centrifugal and other automatic starting switches shall operate reliably and without contact chattering.

Compliance is checked by operating the tool with no load ten times at a voltage equal to 0.85 times rated
voltage, regulating devices, if any, being set as in normal use.

Tools provided with a centrifugal or other automatic starting switch are, in addition, operated ten times at
a voltage equal to 1.1 times rated voltage. The interval between consecutive starts is made sufficiently
long to prevent undue heating.

In all cases, [the tool shall function safety-and-correctly.

9.2 Overload protection devices shall not operate under normal starting conditions:

The test of Sub-Clause 9.1 checks compliance with this requirement.
10 Input and current

10.1 The input of the tool at rated voltage and under normal load«shall not deviate from the rated input
by more than:

Rated input (W) Deviation
Up to and including 33.3 +10 W
over 33.3 up to and including 150 +30 percent
over 150 up to and including 300 +45 W
over 300 +15 percent

Compliance |s checked by measuring thexinput of the tool operated under normal load at rated voltage or
at the mean value of the rated voltagetange if the voltage range does not exceed 10 percent of its mean
value.

For tools markdd with a rated voltage rahge having limits differing by more than 10 percent of the mean value df the range, the
permissible devlations apply for both/limits of the range.

10.2 If the tpol is marked with rated current, the current taken by the tool under normal Ipad shall not
exceed the rpted current by more than 15 percent.

Compliance|is_thecked by measuring the current taken by the tool operating under |normal load
conditions, at rated voltage or at the mean value of the rated voltage range, if the voltage range does not
exceed 10 percent of its mean value.

For tools marked with a rated voltage range having limits differing by more than 10 percent of the mean value of the range, the
permissible deviations apply for both limits of the range.
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11 Heating
11.1 Tools shall not attain excessive temperatures in normal use.

Compliance is checked by determining the temperature rise of the various parts under the following
conditions.

11.2 The tool is operated in still air under load, or under the torque load necessary to attain rated input
or under the loading conditions as specified in Part 2, whichever causes the higher temperature rise, and
at a supply voltage equal to 0.94 times rated voltage, 1.00 times rated voltage or 1.06 times rated voltage,

whichever is

The torque i
rated voltagd
is adjusted t

When applyi
specified for

Heating elen
specified in |
335-1; when
at a voltage
input.

If it is neces

proportionally.

11.3 Tempe
non-uniform
measuremel

Such tempe
that they hay

Referee measu

In determinil
parts which

The temperd

the most unfavorable.

5 kept constant at the value recorded when operating at rated voltage, or at the
range, under the most unfavorable of the three loading conditions quoted i
b 0.94 or 1.06 times the rated voltage or mean of the rated voltage range.

g the torque load necessary to attain rated input, the operating, time to be ¢
normal load.

hents, if any, are operated as indicated in Sub-clauses 4,7~ahd 4.8 the conditi

the standards listed under "Heating Elements’ in Appendix E €latise—H-6f+4
the tool is operated at a voltage equal to 1.06 times rated voltage. When the tod

pqual to 0.94 times rated voltage, the input of heating.elements is reduced to 0.9

ary to make the test at an intermediate voltage, the input of the heating elemen

yature rises of windings are determifed by the resistance method unless the
or it involves severe complications to make the necessary connections for tf
ts. In this case, the measurement is made by thermocouples.

e the minimum effect on the temperature of the part under test.

ements shall be made-with 30 AWG type J thermocouple wire.

g the temperature rises of handles, knobs, grips and the like, consideration i
re grippéed-in normal use and, if of insulating material, to those parts in contact w

turevise of electrical insulation, other than that of windings, is determined on t

the insulati

mean of the
e the voltage

hosen is that

bns being as
L pblicati

bl is operated
0 times rated

s is adjusted

windings are
e resistance

ature rises are determifed by means of fine-wire thermocouples so chosen afd positioned

5 given to all
ith hot metal.

he surface of

N at plasnc A foiliipn ~ogild ~ogien o chart Ajpniid Anptant hatianngy L

whay 2 4 Lt
I, at pracCo vwhecrc—anarc— couia caaosC—a onort_cnoait; cormact oCtvwCCrT 11

e parts and

accessible metal parts, bridging of insulation or reduction of creepage distances or clearances below the
values specified in Sub clause 27.1.

11.4 The tool is operated:

— for the rated operating time for tools for short time operation;

— on consecutive cycles of operation, until steady conditions are established, for tools for
intermittent operation, the "on" and "off' periods being the rated "on" and "off' periods;

—un

til steady conditions are established for tools for continuous, operation.
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11.5 During the test, thermal cut-outs shall not operate. The temperature rises shall not exceed the
values shown in the following table except as allowed by Sub-clause 11.6.

Sealing compound, if any, shall not flow out.

Temperature rise deg
Parts C &

Windings¥, and core laminations in contact therewith, if the winding insulation is:

— of Class A material 2 75(65)
— of Class f material 2 90(80)
— of Class B material 2 95(85)
— of Class F material 2 115

Ambient of switches and thermostats marked with individual ratings: %

— without Timarking 30
— with T-m4rking T-25
—for-verr-hpt-conditions 3P
—for-het-copditions 9%
—for-cold-epnditions 44

Rubber or polyvinyl chloride insulation.of‘internal and external wiring including power supply

cords:
— without Timarking 509
— with T-marking T-259

Cord sheathys ‘used as supplementary insulation:

— without T-marking 35
— with T-marking T-25%

Rubber used for gaskets or other parts, the deterioration of which could affeet-safety result in
risk of injury to persons:

— when used as supplementary insulation or as reinforced insulation 40

Table Continued on Next Page
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Table Continued

Temperature rise deg

Parts C Ky
— in other cases 50
Material used as insulation other than for wires and windings ©):
— impregnated or varnished textile, paper or press board 70
— laminates|bonded with:
« melamine{formaldehyde, phenol-formaldehyde or phenol-furfural resins 85(1|75)
 urea-formgldehyde resin 65(150)
— moldings pf:
» phenol-fomaldehyde with cellulose fillers 85(1|75)
 phenol-formnaldehyde with mineral fillers 100(%200)
* melamine{formaldehyde 75(150)
 urea-formgldehyde 65(150)
— polyester |with glass-fibre reinforcement 110
— silicone rybber 145
— polytetrafjuoroethylene 266
— pure micg and tightly sintered ceramic iatérial, when such products are used as 400
supplementgry or reinforced insulation
— thermoplgstic material 7) —
Wood in geheral © 6%
Outer surfages of capacitors:
— with marking of maximum operating temperature (T) T-35
— without marking of maximum operating temperature:
* small ceramic capacitors for radio and television interference suppression 50
« other capacitors 20
External enclosure, except handles held in normal use 60
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Table Continued

Temperature rise deg
Parts C Ky
Handles, knobs, grips and the like which, in normal use, are continuously held:
— of metal 30
— of porcelain or vitreous material 40
— of molded material, rubber or wood 5i
Handles, knjobs, grips, and the like which, in normal use, are held for short periods only (e.g. of
switches):
— of metal 3%
— of porcelgin or vitreous material 4%
— of molded material, rubber or wood 60
Parts in contact with oil having a flash-point of t°C =50
1) To allowl|for the fact that the temperature of windings of universal motors, relays, solenoids, etc., measured|at points
accessible fo thermocouples is generally below the averageythe figures without parentheses apply when the rgsistance
method is Used and those within parentheses apply when/thermocouples are used. For windings of vibrator cdils and a.c.
motors, thelfigures without parentheses apply in both eases.
In case of doubt, the results obtained by means/of the resistance method are decisive.
2) The classification s shall be as given in_the following examples or in accordance with the Standards in Appendix E +£€
Examples df Class A material‘are:
—l|impregnated/cotton, silk, artificial silk and paper;
—|enamels based on oleo- or polyamide resins.
Examples-of-ClassBrrateriararc:
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Table Continued

Temperature rise deg

Parts C Ky

For the pur,

6) The valu|
metal.

Examples of Class E material are:

— moldings with cellulose fillers, cotton fabric laminates and paper laminates, bonded with melamine-

formaldehyde, phenol-formaldehyde or phenol-furfural resins;
— cross-linked polyester resins, cellulose triacetate film, polyethylene terephthalate films;

—|enamels based on polyvinyl formal, polyurethane or epoxy resins.

There is nollimit specified for windings insulated with materials other than those of Class A, Class E; Class B
but they shall withstand the test of Sub-clause 11.6.

These tests| are always made when the temperature rise of windings or core laminations_exceeds 75°C {#54)
there are dgubts with regard to the classification of winding insulation.

For totally gnclosed motors the temperature rise limits for Class A, Class E, apd, Class B may be increased by

A totally englosed motor is a motor so constructed that the circulation of the air between the inside and the ou
case is preyented, but not necessarily sufficiently enclosed to be called.airtight.

3) T signifids the maximum operating temperature.

4) This limig applies to cables, cords and wires complying with the relevant +£€ standards in Appendix E; for o
be different

5) This limig will become applicable as soen./as there are IEC standards for high temperature cables, cords an
limit is the temperature rating of the insulation.

7) There is no specifie-limit for thermoplastic material, which must withstand the tests of Sub-clause28.1 or 28.
purpose thg temperature rise must be determined.

8) The limit|is.corncerned with the deterioration of wood and it does not take into account deterioration of surfa

pr Class F,

and where

5°C (5-K).

side of the

bose of this test, switches and thermal cut-outs.fmarked with individual ratings may be considered ds having no
marking in this respect, if requested by the tool manufacturer.

hers it may

I wires.This

bs in parentheses apply, if the material is used for handles, knobs, grips and the like and is in contact with hot

2, for which

te finishes.

If these or other materials are used, they shall not be subjected to temperatures in excess of the thermal capabilities as
determined by aging tests made on the materials themselves.
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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 are based on an ambient temperature of 25°C.

In determining the temperature rise of the ambient of a switch or thermostat, the temperature rise resulting from the current through
the switch or thermostat is not taken into account, provided it does not influence its ambient temperature.

The value of the temperature rise of a copper or aluminum winding is calculated from the formula:

- R -R ‘R1 (2345 + ;) - (z‘2 - t,) for a copper winding

R2 -

\t = R‘ (225 + t,) - (t, - t;) for an aluminum winding

where:
At is the temperature rise in deg C K}
R, is fhe resistance at the beginning of the test
R, is [he resistance at the end of the test
t; is the room temperature at the beginning of the testin °C
t, is the room temperature at the end of the_test in °C

At the beginning of the test, the windings are to h&_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 aftef switching off, and then at short intervals so that a curve of resistance against time can be plotted|for ascertaining
the resistance gt the instant of switching off.

11.6 If the temperature_rise of a winding or core lamination exceeds the value specified i Sub-clause
11.5, three ddditional'samples are subjected to the following tests:

1) The temperature rise of the windings and core laminations is determined by the fest of Sub-
clause3+2

2) The samples are then dismantled as far as is possible without damaging any part. Windings
and core laminations are kept for ten days (240 h) in a heating cabinet, the temperature of
which is 80 +1°C in excess of the temperature rise determined according to item 1.

3) After this treatment, the samples are reassembled and no interturn short circuit shall occur.
Interturn short circuits may be detected by means of a winding tester.

4) Immediately afterwards, the samples shall withstand the tests of Clause 15.
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5) The samples are then subjected to a humidity treatment as specified in Sub-clause 14.4.

After this treatment, they shall again withstand the tests of Sub-Clause 45 15.3.

Faults which may occur in insulation, which did not show an excessive temperature rise during the test of Item 1 are ignored and
are repaired, if necessary, in order to complete the tests of this subclause.

12 Leakage
12.1 The led

Compliance
which may f

current
lkage current in normal use shall not be excessive.

is checked by measuring, immediately after the test of Sub-clause‘11.2, the leg
ow from any pole of the supply to the parts specified, the todl ‘being operat:

conditions sppecified in Sub-clause 11.2, but at a supply voltage equal to 1.06 times rated v(

A measuren
metal parts 4
of insulating
by basic ins{
The measur
— For single

e if d

e if g
— for three-p

e jf 0

ent is made of the leakage current which may flow from anly pole of the supply
nd metal foil with an area not exceeding 20 cm x 10%em in contact with accesq
material, connected together; and to metal parts ,of\Class Il tools, separated fr
lation only.

g circuit is shown:

bhase tools with-a-rated-voltage-not-exeeeding-256V.
f Class Il, Figure 3-page3123;

ther than Class Il, Figure 4<page-123:

hase tools &

f Class Il, Figure ,5-page-124;

kage current
bd under the
ltage.

fo accessible
ible surfaces
pm live parts
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« if other than Class |, Figure 6;-page-124.

The resistance of the measuring circuit shall be 1750 2660 +250 460 ohms, and is shunted by a capacitor
such that the time constant of the circuit is 225 us +15 us if it is suspected that high-frequency currents
are being generated, the measuring instrument shall have an accuracy of at least 5 percent for all
frequencies within the range of 20 Hz to 5000 Hz, but insensitive to higher frequencies.

For single-phase tools with a rated voltage not exceeding 250 V the leakage current is measured with the
selector switch shown in Figures 3 and 4, in each of the positions 1 and 2.

For other tools, the leakage current is measured with the switches a, b, and ¢, shown in Figures 5 and 6;
page—124, closed: for three-phase tools not suitable for single-phase supply, the measurements are
repeated with each of the switches a, b, and ¢, open in turn, the other two switches beirlg closed: for
single-phase| tools the measurements are repeated with one of the switches open.

After an opefating time as specified in Sub-clause 11.4, the leakage current shall not exceed|the following
values:

— to accessible metal parts and metal foil.

e for|Class Ill tools ............... 0.5 mA
e for|Class | tools ............... 675 0.5 mA
e for|Class Il tools............... 0.25 mA

— to metal parts of Class Il tools separated from live_parts by basic insulation only, if the |classification
according to|degree of protection against moistureJs:

e ordinary............... 50 3.5 mA
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e other than ordinary...............
If the tool incorporates one or more capacitors and is provided with a single-pole switch, the
measurements are repeated with the switch in the "off' position.

The cut-off frequency of 5,000 Hz may, for example, be obtained by connecting a capacitor of 150 £7.5 nF in parallel with the
resistive components of the measuring circuit. The measuring circuit may be partly or completely incorporated in the measuring
instrument. If an instrument of the rectifier type is used, it must rectify linearly from 0.2 mA upwards within the frequency range of
20 Hz to 10,000 Hz, and must be calibrated in r.m.s. values with a current of substantially sine-wave form. If high-frequency voltages
are not present, the cut-off frequency of the measuring instrument may exceed 5,000 Hz.

For tools with heating elements incorporated, the total leakage current must be either within the limits specified in the table or within

those specified [in Appendix E HEC—publication-335-1underSub-elause—13-2, whichever is the greater: the twoAlin
added.

its must not be

It is recommended that the tool be supplied through an isolating transformer; otherwise, it must be insulated from ¢arth.

The metal foil h
is smaller than {

. When its area
must, however,

ps the largest area possible on the surface under test, without exceeding the diménsions specified
he surface under test, it is moved so as to test all parts of the surface; the heat dissipation of the too

not be affected py the metal foil.

The test with th
excessive curre

13 Tools eq

13.1 The inq
interference

b switch in the "off" position is made to verify that capacitors connettéd behind a single-pole switch
nt.

Lipped with radio and television interference suppression

suppression shall not adversely affect.the safety of the tool.

orporation of components necessary to ‘aghieve an adequate degree of radio 3

Ho not cause an

nd television

Compliance |s checked by the tests of this standard.

Att 1 1o deavhn ta- th £. t+ that Lian. with-th FOOH+H- +, mna-th. Lhimite—farintorf £ 1+, tad hyvy th

Astentenie-draato-the tret thatcomplance i e requirementseanearains et tetnteareraa-efeststlenerted e

+ | o i m—th. clsSspp At nd-when wad-in dan. with-th ralevant C 1l S P ifi 1

tool,-as specifiefl-in the C.1.S.P.R. recommendations-and when measured-in-accordance with the relevant C.1.S.P.R. specifications;
L

14 Moisture|resistance

14.1 The erfclosure of)splash-proof and watertight tools shall provide the degree of protection against

moisture in 4

Compliance

ccordance* with the classification of the tool.

s chelcked by the appropriate treatment specified in Sub-clause 14.2.

Immediately after this treatment, the tool shall withstand the electric strength test specified in Sub-clause
15.3, and inspection shall show that water which may have entered the tool does not impair compliance
with this standard; in particular, there shall be no trace of water on insulation for which creepage distances
are specified in Sub-clause 27.1.

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 Sub-clause 14.4.
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14.2 Electrical components, including detachable elements, covers and other parts which can be
removed without the aid of a tool are removed and subjected, if necessary, to this treatment with the main
part.

Sealing rings of glands and other sealing means, if any, are aged in an atmosphere having the
composition and pressure of the ambient air by suspending them freely in a heating cabinet ventilated by
natural circulation.

They are kept in the cabinet at a temperature of 70 +2°C for 10 days (240 h).

Immediately afterwards, the samples are taken out of the cabinet and left at room temperature, avoiding
direct daylight, for at least 16 h, before being reassembled. The glands and other sealing means are then

tightened wit

The use of an ¢

h a torque equal to two-thirds of the torque applied for the test of Sub-clausg, 2

ectrically-heated cabinet is recommended. Natural circulation may be provided by holes inthe wall

6.1.

|k of the cabinet.

1) Splash-pri

sides as deg

The water-s

Dof tools are subjected for 2 hours to a water spray equivalent to a beating rain ¢n its top and

cribed below.

ray test apparatus is to consist of three spray heads mounted in a water supply

pipe rack as

shown in Fiqg

ure 14. Spray heads are to be constructed in @acecordance with the details shown

in Figure 15.

The water
between the

essure for all tests is to be maintained at 5psi. (35 kPa.) at each spray head.
center nozzle and the unit is to be appreximately 1.5 meters. The spray is to b

The distance
e directed at

an angle of 4
The tool is i

2) Watertigh
about 50 mn|

Tools required {

5 degrees to the vertical and in the dirgction or directions most likely to cause water to enter.

) be positioned as in normal use, as-recommended in the operators manual.

F tools are immersed for 24 h in-water at a temperature of 20 +5°C the top of t
) below the water level.

D be splash-proof or watertight are as specified in Sub-clause 20.17.

he tool being
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14.3 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 provided with an appliance inlet are fitted with an appropriate connector and flexible cable or cord;

other tools having rewirable cords, are fitted with the lightest permissible type of flexible cable or cord of
the smallest cross-sectional area spec:f/ed in Sub clause 24.2 and havmg an overall d/ameter equal to the

re/evant type of fleXIble cab/e or cord

The liquid cq
of the capac

Immediately
Sub-clause ]

ntainer of the tool is completely filled with water, and a further quantity equal‘t
ty of the container is poured in steadily over a period of 1 min.

| aAfter this treatment the tool shall withstand an electric strerigth test as
5.3.

The tool is gllowed to stand in normal test-room atmosphere for 24 h before being subjectd

of Sub-claus
14.4 Tools 4

Compliance
the tests of (

Cable entrie

Electrical co
removed wit
the main pa

The humidity
percent. The

“+) of any

Before being
4°C.

 14.4.
hall be preef protected against humid conditions which may occur in normal us

s checked by the humidity treatment described-in this sub-clause, followed im

Clause 12, (except do not repeat heating test) followed by the tests of Clause

5, if any, are left open;, if knock-outs aresprovided, one of them is opened.

ymponents, including detachable~heating elements, covers and other parts W
nout the aid of a tool, are removed and subjected, if necessary, to the humidity t
L.

treatment is carried.out in a humidity cabinet containing air with a relative hum
temperature of thé air, at all places where samples can be located, is maintain
convenient valuet‘between 20°C and 30°C.

placed imthe humidity cabinet, the sample is brought to a temperature betwsé

The sample

0 15 percent

specified in

bd to the test

e.

mediately by

15.

hich can be
eatment with

dity of 93 £2
bd within 1°C

pen t and t +

s kept in the cabinet for:

— 2 days (48 h) for ordinary tools
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— 7 days (168 h) for splash-proof and watertight tools.

In most cases, the sample may be brought to the specified temperature by keeping it at this temperature for at least 4 h before the
humidity treatment.

A relative humidity between 91 and 95 percent can be obtained by placing in the humidity cabinet a saturated solution of sodium
sulphate (Na,SO,) or potassium nitrate (KNOs) in water, having a sufficiently large contact surface with the air.

In order to achieve the specified conditions within the cabinet, it is necessary to ensure constant circulation of the air within and, in

general, to use

a cabinet which is thermally insulated.

After this treatment, the tool shall show no damage within the meaning of this standard.

The electric
brought to th

14.5 Tools t

strength test is made in the humidity cabinet, or in the room in which the s
e prescribed temperature, after reassembly of those parts which may haye’bes

hat utilize pressurized liguid systems shall be constructed using liquid handling

amples were
n removed.

components

considered

All metal hoses

ot likely to break or, if broken shall not affect the insulation systém.

and reinforced pressure tested hoses rated over twice the pressure encountered in normal use ar

not considered

likely to break.
washer. Pressu

Drdinary garden hose connections are considered likely to be mis-assembled by cross-threading or
e vessels are considered not likely to break if it can be shown thatthey withstand for one hour tw|

omission of the
ce the pressure

encountered in
electrical compd

Compliance

The tool _is

normal use. The requirements of this clause may be met by-using shields which will direct the
nents in case of a rupture.

is checked by the following test.

pperated as in_normal use and in_alleperating positions recommended in_th

fluid away from

e_instruction

manual with

the hose. fitting or vessel ruptured”for a period of one minute. The leaka

e _current of

accessible p
exceed:

\ for a Class |l tool

Following th

\ for a Class | tool.

S test, the toel shall meet the test of sub-clause 12.1 after being allowed to dry

arts is measured as described in Clause 12. During the test the leakage curfent shall not

for 24 _hours

at room tem

14.6 Tools t

Derature.

nat employ a non-pressurized liguid container shall be so constructed that failu

re of a hose.

fitting. or res

prveir, does not affect the electrical insulation.

Compliance is checked by the test of sub-clause 14.5.

15 Insulation resistance and electric strength

15.1 The insulation resistance and electric strength of tools shall be adequate.

Compliance is checked by the tests of Sub-clauses 15.2 and 15.3 which are made on the cold tool not
connected to the supply, immediately after the test of Sub-clause 14.4, in the humidity cabinet or in the
room in which the sample was brought to the prescribed temperature after reassembly of those parts
which may have been removed.
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15.2 The insulation resistance is measured with a d.c. voltage of approximately 500 V applied, the
measurement being made 1 min after application of the voltage, heating elements, if any, being
disconnected.

The insulation resistance shall be not less than that shown in the following table:

Insulation Resistance

Insulation to be tested resistance MQ)

Between live parts and the body

— for basic jnsulation 2
— for reinforced insulation 7
Between metal parts of Class Il tools which are separated from live parts by basic 2

insulation oply

Between metal parts of Class Il tools which are separated from live parts by basic 5
insulation oply and the body

Immediately |after this test, the test of sub-clause 15.3 is to bel¢onducted.

15.3 immediately-after-thetest-of-Sub-clause-15-2-tThe insulation is subjected for 1 min tq a voltage of
substantial sjne-wave form, having a frequency of 50.HZ or 60 Hz. The value of the test voltage and the
points of application are shown in the following table:

Test Voltage (V)

Pqints of application of test voltage Class Ill tools Class Il tool Clasg | tools

1. Between liye parts and parts of the body that are
separated from live parts by:

— Basic insulation only 500 - 1250
— Reinforced |insulation - 3750 3750
2. Between liye parts.of different polarity 500 1250 1250

3. For parts Vit doubterisutatior, betweerr rietat parts
separated from live parts by basic insulation only, and:

— Live parts - 1250 1250

— The body - 2500 2500

Table Continued on Next Page
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Table Continued

Points of application of test voltage

Test Voltage (V)

Class Il tools

Class Il tool

Class | tools

4. 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 Sub-clause
27.1

2500

1250

5. Between njetal foil in contact with handles, knobs, grips
and the like dnd their shafts, if these shafts can become live
in the event qf an insulation fault

6. Between the body and either metal foil wrapped around
the supply flexible cable or cord inside inlet bushings, cord
guards, cord gnchorages and the like, or a metal rod of the
same diameter as the flexible cable or cord, inserted in its
place

2500

2500

2500

1250

damaging thq tool.

The test is nqt made between the contacts of switches of micre-gap construction, motor-starting switches, relayy,
thermostats, {hermal cut-outs and the like, or on the insulation of capacitors connected between live parts of diff

Should separpte testing of the basic and supplementary insulation not be possible without disassembling or modifying the
tool, a separate sample is used which is subjected to the test of Sub-clause/4.4 after disassembly or modification.

The test between live parts of different polarity is only made where thé.necessary disconnections can be made Without

Initially not more than half the prescribed-yoltage is applied, then it is raised rapidly to the fyll value.

No flashovell or breakdown shall occur during the test.

To distinguidh _between capacitor leakage and unacceptable performance, a dc potential o

the value gien in the table\above may be substituted for the ac value.

The test equipment for conddcting the electric strength test is to have the following features and characteristics:

— A nleans for indicating the test voltage that is being applied to the tool under test. This may be accomplished by

sensipa.the voltage at the test leads or by an equivalent means.

— An output voltage that (1) has a sinusoidal waveform, (2) has a frequency that is within the range of 40 — 70 Hz. and
(3) has a peak value of the waveform that is not less than 1.3 and not more than 1.5 times the root-mean-square value.
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— A sensitivity of the test equipment that is such that when a resistor of 120.000 ohms is connected across the output
the test equipment does not indicate unacceptable performance for any output voltage less than the specified test
voltage. and the test equipment does indicate (breakdown) unacceptable performance for any output voltage equal to or
greater than the specified test value. The resistance of the calibrating resistor is to be adjusted as close to 120.000 as
instrumentation accuracy can provide, but never more than 120,000 ohms.

The sensitivity of the test equipment may be increased. a higher value of calibrating resistance may be used. if agreeable to those

concerned.

Care is taken that the metal foil is so placed that no flashover occurs at its edges.

The term "body” in item 6 refers to a metal enclosure or a foil covered insulating enclosure. In the latter case the foil should not

cover the cord

uard.

For Class Il to
reinforced insul{

When testing in
pressure is abo

there are sharp

If practicable, inf

Is incorporating both reinforced insulation and double insulation, care is taken that the ~voltage
ition does not overstress the basic insulation or the supplementary insulation.

bulating barriers, the metal foil may be pressed against the insulation by means of a $andbag of sud
it 5 kPa (0.5 N/cm?2). The test may be limited to places where the insulation is likely to be weak, for

metal edges under the insulation.

Sulating linings are tested separately.

applied to the

h a size that the
example where

16 Enduran

16.1 Tools 9
failure that nf
and connect

Moreover, 0

Compliance
starting switq

Immediately
15.3, the teq
shall not ha

Ce

hall be so constructed that, in extended normal use, there will be no electrical 0
ight impair compliance with this“standard. The insulation shall not be damaged
ons shall not work loose as\a result of heating, vibration, etc.

erload protection devices shall not operate under normal running conditions.

s checked by the-test by Sub-clause 16.2 and, for tools provided with a centri
h, also by the. test of Sub-clause 16.3.

after these tests, the tool shall withstand an electric strength test as specified i
t voltages being, however, reduced to #5 50 percent of the specified values.
ve ‘Worked loose, and there shall be no deterioration impaiting—safety that

r mechanical
and contacts

ugal or other

n Sub-clause
Connections
results in_an

increased risk Of Iury 10 DETSOITS 1T TTOTITEl USE:,
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16.2 The tool is 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.

Each cycle of operation comprises an "on" period of 100 s and an "off' period of 20 s, the "off' periods
being included in the specific 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 unfavorable.

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.

If the tempefature rise of any part of the tool exceeds the temperature rise determined dyripg the test of
Sub-clause [1.1, forced cooling or rest periods are applied, the rest periods being)exclufled from the
specified opérating time.

During thesq tests, overload protection devices shall not operate.

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

The change of position is made to prevent abnormal accumulation of carbon dusthii any particular place. The thrge positions are,
in general, horigontal, vertically up and vertically down.

During this test,|replacement of the carbon brushes is allowed and the teoLis oiled and greased as in normal use.
Forced cooling. |if provided, shall not affect the accumulation of catben dust.
In_general, extefnal temperatures are to be monitored for the.purpose of avoiding mechanical failures.

Accessories ne¢d not be mounted during this test.

16.3 Tools provided with a centrifugalyor other automatic starting switch are started 10,00Q times under
normal load land at a voltage equal to 0.9 times rated voltage, the operating cycle being thgt specified in

Sub-clause 16.2, forced cooling-being applied, if necessary.
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17 Abnormal operation

17.1 Tools shall be so designed that the risk of fire, mechanical damage or electric shock as a result of

abnormal or

careless operation is obviated as far as is practical.

17.2 Compliance is checked by the following test, heating elements, if any, being disconnected.

Tools incorporating series motors are operated at a voltage equal to 1.3 times rated voltage, for 1 min,

with no load.

the tool shall

Fuses, thermal
against the risk

For tools incorp|

17.3 Tools i
does not inc

Compliance
no load.

This test is §
open circuitd

the tool shall

pass the tests of sub-clauses 8.1 and 12.1.

ut-outs, overcurrent releases or the like, incorporated into the tool, may be used to provide the‘necq

brating induction motors and for magnetically driven tools, tests are under consideration.

ncorporating electronic devices shall be so designed that, in\the event of a failu
ease to such an extent that this might result in a hazare risk of fire.

s checked by operating the tool, for 1 min, at a voftage equal to 1.3 times rated

hen repeated with the electronic device short-circuited and again with the eleq
d.

other than existing openings.

ssary protection

of fire. If such a device operates within the testing time of 1 min, the test is consideredto be complied with.

e, the speed

voltage, with

tronic device

g these tests
hall pass the

tests of sub-

If the tool incor
considered to b

17.4 Switchq
direction of 1

Compliance

The tool is d
with no load,

rlause 8.1 and 12.1.

porates a second device for{limiting the speed should the electronic device fail to operate corrg
b withstood if that device @perates during the test.

bs or other devices' for reversing the motor shall withstand the stresses occurr
ptation is changed under running conditions, if such a change is possible in no

is checked' by the following test.

ctly, the test is

ng when the
mal use.

pltage range,

lperatéd at a voltage equal to rated voltage or to the upper limit of the rated vi

thA daovgon far ravnycina tha Adirantinn Af patatingy b in o nAacitingy orinh that +h

rotor rotates

P12V
TCOCVICCTUT TCVCTomyg tiCc anCcCuonT O 1ot orT oCiig 11 a POSTuoT Sacit uiat ai1c

in one direction at full speed. The device is then placed in the position in which the direction of the rotation

is reversed,

without stopping in an intermediate " off' position.

This sequence of operating is performed 25 times.

During the test, no electrical or mechanical failure of the device and no burning or undue pitting of the
contacts sha

Il occur.
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17.5 Three Ftools shall be able to operate under extreme overload conditions without impairing protection
against electric shock.

This test is not performed on Class lll tools.

Compliance is checked by the following test.

The tool is operated at 100 percent of rated input for 14-1/2 min and followed by operation at no-load for
1/2 min (a mechanical loading device may be driven in a freewheel mode). The load is increased in
increments by 10 percent of rated input until the end result. The overload condition must b

for a minimu,

m of 30 minutes. L eakage current is monitored between live parts and accessib

e_maintained
e dead metal

parts throughout the entire test per Clause 12.

Reciprocating, if

The tool is to b{

mpacting, or other mechanism preventing continuous rotary loading is bypassed or disabled.

b connected to a power source which maintains rated voltage throughout the test or'a variac may

e used and the

power_maintain

bd_manually. Class | tools shall be connected through a normal acting fuse.equal to the maximu

N branch circuit

protection, as d

btermined by the plug configuration, but not less than 30 amps. Class |l tools.are to be connected tg

a branch circuit

of high enough

For the purpos¢g

Capacity to ensure the branch circuit protection will not operate during the'test.

of this test "no-load” condition means the tool is attached to the\eading device without the load a

plied.

A Class 1l tool provided with a protective device that can be reset, replaced, repaired, or otherwise modified by {|

short-circuited.

buch protective devices are to be left in the circuit for Class | tools, and the opening of the device d

he user is to be
uring this test is

acceptable.

Class | and CI

5s 11 tools provided with a one-shot, non-resettable or non-replaceable thermal cutoff, permanentl

incorporated in

the motor, is ng

inoperative and

equires that these parts be replacediin order to return the tool to a functional condition. Opening of |

t short-circuited if the thermal cutoff. upen opening, renders each motor part, it is intended to protéct. permanently

he device during

this test is acce

If agreeable to

btable.

hose concerned, the first cycle may be 100 percent, 110 percent, 120 percent, 130 percent, 140

percent, or 150

percent of rated

If the tempe

input.

ature of the enclosure exceeds 90°C during the test, the tool manufacturer may

request that

the tool be d

perated atno-load until the enclosure temperature has stabilized. The overloa

[ test is then

continued fo

The end res

I the balance of the 14-1/2 min load cycle. until the end result occurs.

it is\considered to have occurred if:

(a) the branch circuit fuse opens (Class [ only); or
(b) flame appears; or

The flame is to be extinguished immediately.
(d) the tools stalls and will not operate at rated input; or
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If the tool stalls but will run at rated load, reapply the load at the highest level which allows the tool to run until end
results are achieved.

(e) a short-circuit develops in the winding which results in a spontaneous increase in current
50% or greater; or

If condition (a

b

¢) or (d) occurs before the end of the 30 s the test is terminated. However, should none of these

end conditions occur, the tool shall be cooled to room temperature. Without adjustment of the load from the value

during the 30 s interval, operation of the tool is to be resumed for one period of 30 s. or until condition (a

occurs, whichever occurs first.

(f) the tool has completed the 200 percent rated load: or

b). (c) or (d

(a) U
The no-load tim

At the momd

ne tool has been operated for 6 hours.
P to cool the enclosure to a stabile temperature is included in the 6 hours.

nt the end result occurs, the neutral conductor is opened and the.leakage curre

nt monitored

until it stabili
— for Class |
If the measu
— for Class |

Step A:_If the

zes or decreases.

fools

yed leakage current is less than or equal to 5.0 mA the tool is acceptable.
| tools

b measured leakage _current is less than or @qual to 0.5 mA. proceed to Step D

Step B: If thg

b tool does not operate and the measured leakage current exceeding 0.5 mA _bu

t is less than

2.0 mA. the

tool must be conditioned at 90°C untiF'the temperature is stabilized. If the meas

red leakage

current is greater than 2.0 mA the tool is non~compliant. After the temperature is stabilized

leakage curr

ent measurement is then repeated and if the current less than or equal to 0.5

At 90°C . the
a proceed to

Step D. If nd

Step C: If th

t, the tool is non-compliant,

p fool still operates, and.the measured leakage current exceeding 0.5 mA but is

less than 2.0

mA, it is to f

e operated at rated-ihput until the temperature stabilizes. If the measured leakd

ge _current is

greater _than

2.0 mA the toolis non-compliant. After the temperature is_stabilized, the me

asurement is

repeated_an|

d _if the current’is less than or _equal to 0.5 mA proceed to step D. If not,

[_the tool is

non-complia

During the test
current when m

0Lt

pasuired as specified in Clause 12 is not more than the values indicated.

there“shall be no exposure of live parts as determined by the probe test requirements of Claus¢ 8 and leakage

If the end result occurs in less than 30 min, the test is repeated using a different sample and starting at a lower load value, but not
less than 100 percent.

Step D: An electric strength test is performed on Class Il tools after the tools are cooled to room
temperature. Tools that do not operate after the end results require a 1250 V for 1 min applied between
live parts and accessible non-current-carrying metal parts or metal foil specified in Sub-clause 15.3. Tools
that operate after the end result requires a 2500 V for one min between live parts and accessible
non-current-carrying metal parts or metal foil over a plastic enclosure as specified in Sub-clause 15.3.
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18 Mechanical hazards

18.1 Moving parts shall as far as is compatible with the use and working of the tool, be so arranged or
enclosed as to provide, in normal use, adequate protection against personal injury.

Protective enclosures, guards and the like shall have adequate mechanical strength. They shall not be
removable without the aid of a tool, unless their removal is necessary in normal use, as specified in the
relevant Part 2.

Compliance is checked by inspection, by the test of Clause 19, and by a test with a standard test finger
similar to that shown in Figure 1-page—3#22 but having a circular stop plate with a diameter of 50 mm,
instead of the non-circular plate.

It shall not lpe possible to touch dangerets moving parts that may present a risk of injury to persons
through ventjlation openings with this test finger.

Fhisstandare—+4

Among the factgrs to be considered in determining the acceptability of an exposed moving .part.are (1) the dearee fof exposure, (2)
the sharpness df the moving part. (3) the likelihood of unintentional contact therewith. (4) the'speed of the moving part. and (5) the
likelihood that fingers, arms. feet. or clothing would be endanagered by the moving part "These factors are to be [considered with
respect to the ijtended operation of the tool and also during setting of any adjustment or replacement of any cuttirlg member.
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19 Mechanical strength

19.1 Tools shall have adequate mechanical strength and be so constructed as to withstand such rough

handling as may be expected in normal use.
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t
T

Compliance |s checked by the following tests:
A hand supgorted tool shall withstand being dropped three times on a concrete surface frofn a height of

1 m. The sample shall be positioned to vary the point of impact Three samples\are to be tested for a total
of nine drop$. Fewer samples may be used in accordance with the following table:
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Sample Number

Series

Num—

ber 1 2 3 1 2 3 1 2 3 1 2 3
1 A N N A N N A N N A N N
2 A N N A N N U A N U A N
3 A N N U A N A N U A

Arrows indicate sequence of test procedure

A — Acceptable results from drop
U — Unacceptable results froam drop
N — No test necessary

SA1162

Those tools that are not completely hand-supportediin’use, are to be subjected to the impadt that results
from the tool being allowed to fall or tip over frani'its intended gperating positions to strike a concrete
surface. Thdse tools that are not completely hand-supported in use, are also to be subjedted to a ball
impact of 6.8 J on any surface that is exposéd to a blow during its intended use. A separatd sample may
be used.

Those tools [ntended to rest on the ground or be used on the floor or ground shall be subjected to a ball
impact of 6.8 J on any surface that is exposed to a blow during its intended use.

Those tools that are to be subjected to a ball impact of 6.8 J shall be impacted by dropping d steel sphere

51 mm in diameter andsweighing 0.53 kg from a vertical height of 1320 mm, or through a gpendulum arc
having an impact of.6:8-J while the tool is supported against or on a rigid surface that preyents the tool

from moving|as a result of the impact.

19.1.1 Expgsed actuating mechanisms of switches and controls shall have adequate] mechanical
strength.

Compliance is checked by subjecting one sample to three impacts of 1.4 J.
Following the impact, the sample shall comply with sub-clause 8.1.

The actuating mechanisms shall receive an impact of 1.4 J by means of an impactor as described in sub-clause 19.3.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL
No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

48 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 JUNE 15, 2007

After the tesis of Sub-clauses 19.1 and-19-2the-sampie-shall-show-no-damage-withirthe-meaning-of this
Standard—in-particatar; live parts shall not have become accessible so as to cause.non-compliance with
the requirements of Sub-clauses 8.1, 15.1, 15.2, and 27.1. In case of doubt, supglementary| insulation or
reinforced insulation is subjected to an electric strength test as in Sub-clausé, 15.3 but with Y5 percent of
the values specified.

Damage to the {inish, small dents which do not reduce creepage distances and clearances below the values specified in Clause 27,
and small chips|which do not adversely affect the protection against electric shock'\@r moisture are neglected.

Cracks not visible to the naked eye and surface cracks in fiber-reinforced nieldings and the like are ignored.

If a decorative dover is backed by an inner cover, fracture of the decofative cover is neglected if the inner cover withstands the test
after removal of| the decorative cover.

The tests of Clause 19.1 are illustrated in the following flowchart:
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19.3 Exposed brush holders and their caps shall have adequate mechanical strength.

Compliance is checked by inspection and—in-ease-oef-dotbt, by removing and replacing the brushes ten
times, the torque applied when tightening the cap being as shown in the following table.

Blade width of test screwdriver (mm) Torque (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[toamd-mctuding 60 25

After this ted
not be dama

The blade widtl
however, the th

torque must nof]

Exposed bru

t, the brush holder shall show no damage impairing its further use, the_thread
ged and the cap shall show no cracks.

of the test screwdriver must be as large as possible but must not exceed the,length of the rece]
ead diameter is smaller than the length of the access, the blade width must not exceed this sai

be applied in jerks.

h covers or brush caps are also to be tested by withstanding a single impact of!

if any, shall

ks in the cap. If
f diameter. The

1.4 J applied

through the

pactor shown in Figure 16 when dropped from a Vértical height of 305 mm on

to a cover or

cap. There 4

hall be_no_breakage or _cracking of the brush cdp’ or_brush _covers or the insu

lating barrier

supports.

For the purposg

of this sub-clause, a crack is defined as a separation\of the material that extends through the thick}

hess of the cap.

Chipping of the

The test san|

slot is acceptable.

ple as a whole is to be rigidly supported so that the impact force of 1.4 J is abs

orbed by the

component U

The impacting &
in Figure 19.3 4

nder test.

pparatus consists of a cylindrical'selid steel impactor with a total mass of 225 g. with a dimensional
nd a guide tube which quides the impactor. The length, shape and the size of the guide tube sha

shape as shown
| not restrict the

impact force of

19.4 Insulati

1.4 J.

ng material of auxiliary handles and auxiliary arasping surfaces which overlay d

pad metal as

described in

Compliance

is checked by the following tests:

Sub-Clause.8:3.2 shall have adequate mechanical strength and shall resist deterioration.

The sample |s\to be impacted as in Sub-Clause 19.1 in such a manner that each auxiliary hgndle, or area
likely to be grasped. shall be impacted. Following the test, the sample shall pass the test of Sub-Clause

15.3, test 5.

For those tools having two auxiliary handles, a single sample may be dropped twice or two different samples may be used.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL

No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

JUNE 15, 2007

CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1

51

20 Construc

tion

20.1 Tools which can be adjusted to suit different voltages, or to different speeds, shall be so constructed
that accidental changing of the setting is unlikely to occur, if such a change might result in a hazard risk

Compliance

is checked by inspection and by manual test.

20.2 Tools shall be so constructed that accidental changing of the setting of control devices other than
the mains switch is unlikely to occur if such a change might result in a risk of injury.

Compliance

is checked by manual test.

20.3 It shall

moisture without the aid of a tool.

Compliance

20.4 If hand
shall not be

Compliance

20.5 Compg
fitted so as t

Compliance
This requiremen

Fixing by mean
components cal

Fixing by clamp|
position, is allo

not be possible to remove parts which ensure the required degree of prote

is checked by manual test.

es, knobs and the like are used to indicate the position of switches or similar cq
pbossible to fix them in a wrong position if this might result in.a hazard risk of in

is checked by inspection and by manual test.

nents which may require replacement, such as,_switches and capacitors sha
b facilitate their replacement by an authorized service facility.

is checked by inspection and, if necessary, by manual test.
t is considered to be met if the componentsform part of an assembly which is itself suitably fitted.

5 of soldered or crimped connections is*only allowed for small resistors, capacitors, inductors and
be suitably fixed by their connecting means. Fixing by means of rivets is not allowed.

ng and fixing by means af suitably shaped casing, such as the provision of a recess which holds t
ed.

20.6 Replac
terminal for

repositioning
internal wirin

Compliance ¥

ement of a flexible cable or cord requiring the displacement of a switch which &

xternal cenductors shall be possible without subjecting internal wiring to undue

of the(switch and before reassembling the tool, it shall be possible to verify,
is correctly positioned.

ction against

mponents, it
ury.

| be suitably

he like, if these

e component in

cts also as a
stress; after
whether the
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20.7 Wood, cotton, silk, ordinary paper and similar fibrous or hygroscopic material shall not be used as
insulation, unless impregnated or chemically rendered non-fibrous.

Insulating material is considered to be impregnated if the interstices between the fibers of the material are substantially filled with a
suitable insulant.

Driving belts

shall not be relied upon to ensure electrical insulation.

Compliance is checked by inspection.

This does not d

reclude the use of a special non-conductive belt or coupling available only from the tool manufagd

turer to achieve

double insulatio]

20.8 Reinforced insulation shall only be used when it is manifestly impracticable to provide sg

insulation an
Compliance
Appliance inlets]

20.9 Insulati
or reinforced

— be

— be

Compliance
Except for exch
This requireme

Fixing by mean
switches, non-d

Fixing by mean

h. The belt shall comply with the requirements for supplementary insulation.

d supplementary insulation.
is checked by inspection.
switches, brush holders and armature coils on shafts are examples where reinforced insulation m

ng barriers of Class Il tools, and parts of Class Il tooJswhich serve as supplemer]
insulation and which might be omitted during reassembly after routine servicing

fixed in such a way that they cannot be removed without being seriously damg

is checked by inspection and by manual test.
hinge-type tools, routine servicing includes replacement of power supply cords, switches and the lik
t is met if the barrier is.So*fixed that it can only be removed by breaking or cutting.

s of rivets is allewed, provided that these rivets need not be removed when replacing the brus
ptachable fleXible cables and cords and the like.

of arifadhesive is only allowed if the mechanical strength of the joint is equal to that of the barrier]

bparate basic

Ay be used.

tal insulation
, shall either:

ged; or

so designed that they cannot be replaced in an incorrect position, and that, if they are
omit{ed, the tool is rendered inoperable.@rmanifestly incomplete.

hes, capacitors,

An adequate interra

an insulating ba

rrier provided that the coating cannot easily be removed by scraping.

s—considered to be

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 breaking or cutting, or if it is clamped at both ends.
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20.10 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.

20.11 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

straight acce

ss to live parts.

Compliance is checked by inspection and measurement.

20.12 Class I 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 toold
cannot beco
reinforced in

Class-Htoeels
aeeessible

Compliance

For Class | tog
sufficiently largg

It is not to be e

For electrical cd
loosening of thg

Wires are cons|

5 shall be so constructed that, should any such part become loose or fall out
me so disposed that creepage distances or clearances over supplementary
Sulation are reduced to less than 50% of the values specified in Sub-clatuse 27

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

s, this requirement can be met by the provision of barriers, or.by fixing the parts adequately &
creepage distances and clearances.

pected that two independent parts will become loose orifallrout of position at the same time.

nnections, spring washers (wave, or curved spring\washers) are not considered to be adequate fg
parts.

dered as likely to become free from terminals or soldered connections, unless they are held in p

terminal or termjnation, independent of the terminal connection or solder.

Short rigid wire
loosened.

b are not regarded as liable to come away from a terminal, if they remain in position when the tg

bf position, it
insulation or

nd by providing

r preventing the

ace near to the

brminal screw is
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20.13 Supplementary insulation and reinforced insulation shall be so designed or protected that they are
not likely to be impaired by deposition of dirt, or by dust resulting from wear of parts within the tool, to such
an extent that creepage distances and clearances are reduced below the values specified in Sub-clause
27.1.

Parts of natural or synthetic rubber used as supplementary insulation in Class Il tools shall be resistant to
ageing and be so arranged and dimensioned that creepage distances and clearances are not reduced

below the values specified in Sub-clause 27.1, even if cracks occur.

Compliance is checked by inspection, by measurement and, for rubber, by the following test.

Parts of rubber are aged in an atmosphere of oxygen under pressure. The samples are suspended freely

in an oxygen
The bomb is
(210 +7 N/cH]

The sampled
they are takd

After this ted

bomb, the effective capacity of the bomb being at least ten times the volume,of
filled with commercial oxygen not less than 97 percent pure, to a pressure of,2,
7).

are kept in the bomb at a temperature of 70 £1°C, for 4 days (96 h)-immediate
b1 out of the bomb and left at room temperature, avoiding direct\daylight, for at

The use of the
explosion due t

20.14 Tools
and the like,
construction
case the oil
Compliance

Exposure of int
substances is a

The insulating g
20.15 It sha

Screw-type |

bxygen bomb presents some danger unless handled with cate. All precautions should be taken to
sudden oxidation.

shall be so constructed that insulation efsinternal wiring, windings, commutatq
and insulation in general, are not exposed to oil, grease or similar substance
necessitates that insulation be expesed to oil or grease, as in gears and the
pr grease shall have adequate insulating properties.

is checked by inspection.

ernal wiring, windings, commutators, slip rings and the like, and of insulation in general, to oil, gre
lowed, provided thosg-substances have no deleterious effect on such parts.

roperties of the @il or grease will already have been checked by the test of Sub-clause 15.3.
| not be& possible to gain access to brushes without the aid of a tool.

rush-Caps shall be so designed that, when tightening, two surfaces are clampe

t, the samples are examined and shall show no cracks visible to the naked eydq.

the samples.
1 +0.07 MPa

y afterwards,
least 16 h.

hvoid the risk of

rs, slip rings
5, unless the
ike, in which

ase and similar

d together.

Brush-holders which retain the brushes in position by means of a locking device shall be so designed that
the locking does not depend upon the brush-spring tension, if loosening of the locking device might make
accessible metal parts live.

Screw-type brush-caps which are accessible from the outside of the tool shall be of insulating material or
be covered with insulating material of adequate mechanical and electrical strength; they shall not project
beyond the surrounding surface of the tool.

Compliance is checked by inspection and by manual test, the properties of the insulating material being
verified:
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— by the tests of Sub-clauses 19.1 and 19.3 for screw-type brush-caps which are accessible

from

the outside of the tool:

— by the tests specified for supplementary insulation for Class | tools and Class Il tools;

_by

the tests specified for reinforced insulation for Class Il tools.

20.16 Tools equipped with radio and television interference suppressor shall be so fitted that they are
adequately protected by the tool against mechanical damage.

Compliance
The suppressor|

Care should be

is checked by inspection and by the test of Sub-clause 19.1.

may be either within the enclosure of the tool or in a strong casing firmly fixed by the tool.

taken, when designing the tool, to allow adequate space for fitting the suppressor.

than th

dAit A aof o d A
condittons—a-greater-degreeof au,;yn.qmuu 1S |\.\.1u||\.u| thanr-thatrecommends

B

It is, however, fecommended that the possible need for additional suppressor be taken into account when desig

providing adeqy

] Crinkh dAditi ] 19 A th.
tofiar- SUppPressor—sSuenaaaitona SHPpressormay e e pot ated-Hn-the—ea

£t
ttate-the ||u||ud ©

ate space to arrange them in the normal way.

hing the tool by

20.17 Tools|with water supply shall be either of Class Ill orsghall comply with the applicable tests of
Clause 14 de¢signed-for-use-in-conjunction-with-an-isofating-transformer-having-atrated-outpyt-voltage not
exceeding-115-\.

Compliance §s checked by the tests of Sub-Clause 14.3. 14.5, or 14.6. whichever is applicable.

Tools intendéd to be immersed in a liquid shall be’classified Watertight.

Compliance |s checked by the test of Sub-Clause 14.1 and 14.2.

Tools having a mass greater than 25ka*and commonly used outdoors shall be classified Splashproof.

Compliance

20.18 Switches shall be so located that accidental operation is unlikely to occur.

Compliance
on a horizon|

is checked by the-test of Sub-Clause 14.1 and 14.2.

s checKed'by inspection and by a test during which the tool is placed in any pos
fal surface.

sible position

o f Ll ! £

The edge is not

conStIoeTret

Inadvertent operation of the switch shall not then occur.
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20.19 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.

Compliance is checked by inspection and by manual test.
This requirement is considered to be met if the switch has a locking arrangement, such as a locking knob, provided it unlocks

automatically upon actuating the trigger or other actuating member. This requirement is considered to be met if the user can control
the tool with one hand while switching the tool off with the other hand.

Unless otherwise specified in the relevant Part 2, remote control is not allowed.

20.20 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 sere

greater leng

Compliance
distances ar

8

is checked by inserting longer screws, without appreciable force, rafter wh

ws having a

ch creepage
een reduced

d clearances between live parts and accessible metal parts shallriot have b

below the values specified in Sub-clause 27.1.

20.21 A handle. lever. knob. or other control shall be so located that when the accessory dr attachment
is installed oh the intended tool, and when reaching for the control, it isyhot necessary to travlerse an area
where the likelihood of injury to persons is present. An area whete the likelihood of injurly to persons
exists, adjacent to the control, shall be so guarded or located that/it cannot be entered unintentionally.
Compliance js checked by inspection.

21 Internal Wiring

21.1 Wirewdys shall be smooth and free from sharp edges.

Wires shall e protected so that they do_not' come into contact with burrs, cooling fins, etc{, which may
cause damage to the insulation of condugtors.

Holes in mefal through which insulated wires pass shall be provided with bushings or, unless required
otherwise in |Part 2, shall have-Smooth well-rounded edges.

Wiring shall pe effectivelysprevented from coming into contact with moving parts.

Compliance |s checkéed" by inspection.

A radius of 1.5 mmtisv€onsidered to be well rounded.

21.2 Internal wiring and electrical connections between different parts of the tool shall be adequately
protected or enclosed.

Compliance is checked by inspection.
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21.3 Internal wiring shall be either so rigid and so fixed or so insulated that, in normal use, creepage
distances and clearances cannot be reduced below the values specified in Sub-clause 27.1.

The insulation, if any, shall be such that it cannot be damaged in normal use.
Compliance is checked by inspection, by measurement and by manual test.
If the insulation of a conductor is not at least electrically equivalent to that of cables and flexible cords complying with {£E€

Publications227-6r245 applicable standard as shown in Appendix E, that conductor is considered to be a bare conductor. In case
of doubt, an electric strength test at 2000 V is made between the conductor and metal foil wrapped round the insulation under

conditions speci

fied in tECPublications—227-o0r245 applicable standard as shown in Appendix E.

Other tests mayf
For Class | 4
accessible m
wire insulatid

Insulating sleev
insulation and t

21.4 Condu
terminals oth

Compliance

21.5 Insulats

shall have an insulation of heat-resisting material, ifiecompliance with this standard is likely td

by deteriorat|

Compliance
determined (

21.6 Alumin
. .

Windings of a n

be necessary.

nd Class Il tools, direct contact between the insulation of wiring with basic)insulg
etal parts shall be effectively prevented except that in Class | tools direct con
n and accessible metal parts is permitted when the wire insulationvis at least (

Ps may be used to prevent such contact, provided that the sleeves withstand, the tests specified fo
at the conductors or sleeves are not likely to be lost during routine servicing!

tors identified by the color combination green or gfeen/yellow shall not be
er than earthing terminals.

is checked by inspection.
bd conductors which, in normal use, are subject to a temperature rise exceeding
on of the insulation.

is checked by inspection .and, if necessary, by special tests; the tempern
Juring the test of Sub-clausé 11.1.

Lm wires shall not be Used for internal wiring.

otor are not'considered to be internal wiring.

tion only and
fact between
.8 mm thick.

supplementary

connected to

50°C {56-K)

be impaired

ature rise is
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22 Components

22.1 Components shall comply with the safety requirements as specified in the relevant +£€ Appendix E
standards as-far-as-theyreasenably-apply.

If components are rated or marked with their operating characteristics, the conditions under which they
are used in the tool shall be in accordance with these ratings or markings (see Note 3 to the table of
sub-clause 11.5).

Capacitors connected in series with a motor winding shall be marked with their rated voltage, in volts, and

their rated capacitance, in microfarads.

The testing
separately, &

It is checked|
occur in the
being that rd
under the cd
relevant star

For capacito

voltage equa

greater than
y

Components ing

Compliance wit
this standard.

£ th Ha
ot

Al o o an
ferifar-cut-otiSan

lo-these-eontrols:

P2 PN | A l e tccrind 1+ dard far Ao 1o ran nahl + th
G OVERCatTEEaSEeSIS1SSUC O TS StantarGaSTaraS1STeasoianetogem

of components which have to comply with other standards is, in~general,
ccording to the relevant standard as follows.

tool. The component is then tested in accordance with its “marking, the numbdg
quired by the relevant standard. Components not marked*with individual rating
nditions occurring in the tool, the number of samples\being, in general, that re
dard.

I's connected in series with a motor winding, itNS verified that, when the tool is

I to 1.1 times rated voltage and under minimum load, the voltage across the ca
1.1 times the rated voltage of the capacitor.

: : . . X%
orporated in the tool are subjected.to all the tests of this standard as part of the tool.

the HE€ standards for the appli¢able component does not necessarily ensure compliance with the

waatl A Ai
WA PPERtt

carried out

that the marking of components marked with individual ratings.suits the conditions which may

r of samples
ys are tested
uired by the

bperated at a
pacitor is not

requirements of
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22.2 Mains switches shall have adequate breaking capacity, and shall be switches for frequent operation
suitable for the application.

Compliance is checked by inspection and by the following test.

Mains switches are tested together with the tool 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 each "off" period being not less then 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.

During this t¢
shall be no 4

Mains switch
Switchesfor

Mains switcH

tha A1 rrant
trT1e——CaiTerit

bSt, no sustained arcing or undue burning, pitting or welding of contacts shall'oc
lectrical or mechanical failure.

es marked with individual ratings are also tested in accordance with H=E-Pub|
Applianees the relevant component standard given in AppendiX\E:

es not marked with individual ratings are also tested in accordance with H£E€-Pt

arato

cur and there

relevant con

havinea tha valiin Anciipriney 1n tHha cudinh tahnn tha $amh An o pndar nai
I raving e varaC—oceartimy i e SwWitCri—witCTT € @O UoCTraitCs—ariacr—1i01

ponent standard given in Appendix E.

22.3 Tools s
fitted in the f

This requireme

22.4 Overload protection devices shall be of the non-self-resetting type.

Compliance

22.5 Plugs 4
shall neither
relevant stan
Standards; 1

hall not be fitted with mains switches .gf*micro-gap construction, nor shall mains
exible cable or cord.

t does not apply to micro gap switches complying with the standards given in Appendix E.

Wwith the requirement-of Sub-clauses 22.3 and 22.4 is checked by inspection.

nd appliance.infets for safety extra-low voltage circuits or for frequencies excq
be interchangeable with plugs and socket-outlets complying with tE€—Pubtie

dard givenin Appendix E Plugs-and-Socket-outletsfor-Domestic-and-Similar
or with*connectors and appliance inlets complying with {E€—Publication—320

switches be

eding 60 Hz
ation—83 the
Seneral-Use:
the relevant

standard given itvAppendix E.

22.6 Plugs and connectors on flexible cables or cords, used for an intermediate connection between
different parts of a tool, shall not be interchangeable with plugs and socket-outlets complying with {£€
Publication—83 the relevant standard given in Appendix E or with connectors and appliance inlets
complying with {E€-Publication-320 the relevant standard given in Appendix E, if direct supply of these
parts from the mains could cause danger risk of injury to persons or surroundings, or damage to the tool.

Compliance with the requirements of Sub-clauses 22.5 and 22.6 is checked by inspection and by manual
test.
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22.7 Capacitors shall not be connected between the contacts of thermal cut-outs.

Compliance is checked by inspection.

22.8 Components for basic radio and television interference suppression shall not be incorporated in the
plugs.

22.9 Inductd
attain excesq
the event of
Compliance

The inductorn
of parts in it{

The inductof
. Short-circuitg

- After the tes
The current of 1
-

22.10 Applig
Appendix E.

Where-apphane

22.11 Altern

rs for radio and television interference suppression inserted in the earthing cir
ive temperatures in normal use and shall withstand short-circuit currentswhich
An insulation fault.

is checked by the following tests.

is loaded for 1 h with a current of 19 A, after which the temperature rise of the
vicinity shall not exceed 1.7 times the limits shown in the'table of Sub-clause

is then connected to a 250 V a.c. supply source~protected by a 10 A fuse a
d to earth.

, the inductor shall show no damage impaiting its further use.
9 A corresponds with the smaller test current ofia 10 A fuse-link.

nce couplers shall normally_comply with {E€Publication-320 the relevant stan

ate magnet ‘wire of the same ANSI grade is considered equivalent; no additio

cuit shall not
may occur in

inductor and
71.5.

d the tool is

fard given in

hal testing is

required.

23 Supply ¢

bnneetion and external flexible cables and cords

23.1 Type Y and Z attachments shall not be used.
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23.2 Ordinary tools shall be provided with either a power supply cord with type X or type M attachment
or an appliance inlet.

Splash-proof tools shall be provided with either a power supply cord with type X or type M attachment or,
when permitted by Part 2, with an appliance inlet.

Other tools shall be provided with a power supply with type X or type M attachment.

It shall not be easily possible to replace the power supply cord for type M attachment by a cord for type
X attachment.

If an appliance inlet is used, it shall be so placed that the connector can be inserted without difficulty.

It shall be sollocated or enclosed that no live parts or one or more of the pins will be expdsed|to accidental
contact during insertion or removal of a connector.

Compliance |s checked by inspection, and by means of the test finger as shown‘inyFigure 1,-page-122; or,
for appliancq inlets, by means of the appropriate gauges specified in +£€-Pubfication-320 the appropriate

Standard given in Appendix E.

Flexible cords on tools not intended to be used with liquids shall be (I)hless than 0.5 m long} or (2) equal
or greater than 1.8 m long.

Flexible cords on tools intended to be used with liquids shall:

— if transportable be less than 0.5 m or greater than 4.0 m;
— if hand-held be greater than 4 m.

A tool intended for use with a detachable power supply cord shall not be provided with termfinal pins that
will accommeodate a standard flatiron or appliance plug.

If a 3-wire @irounding_type attachment plug or a 2-wire polarized attachment plug _is_provided, the
attachment plug connections shall be as shown in Figure 17.

23.3 Unless|otherwise statedyin Part 2, the lightest cables which can be used are:
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— Junior_hard service cord in_accordance with the National Electrical Code, ANSI/NFPA 70, or

Hard Usage cord in accordance with the Canadian Electric Code. Part 1.

iven in Appendix E.

licable standards
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however, not be used for tools having external metal parts, with a temperature rise exceeding 75°C {#5

K) and which might be touched in normal use by the cable or cord.
which is connected to the internal earthing terminal of the tool and to the earthing contact of the plug—f

Polyvinyl chloride insulated flexible cables or cords, unless specifically rated for the temperature shall,
Power supply cords of Class | tools shall be provided with a green/yellow striped or green conductor €ere,
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23.4 The nominal cross-sectional area of flexible cables or cords shall be not less than that shown in the

following table:
Rated current of tool Nominal cross-sectional AWG

area

A (mm?)
Up to and including 6 0.75 18
over 6 up to and including 10 1 18
over 10 up to and including 46 13 +51.25 16
over 13 up to and including 16 15 14
over 16 up to and including 25 2.5 12
over 25 up tp and including 32 4 10
over 32 up tp and including 40 8
over 40 up tp and including 63 10 4
Compliance with the requirements of Sub-clauses 23.3 and 23.4 is checked bydnspection.

23.5 Tools
relieved from
is protected

For Type X f
makeshift m
used.

Cord anchor
insulated fro
insulation.

bthods such as tying the cable or cord into a knot{or tying the ends with string

hges of power supply cords of Class Il togls shall be of insulating material or, if
M accessible metal parts by insulation\complying with the requirements for sy

rovided with a power supply cord shall have cord anchorages such that the cd
strain, including twisting, where they are connected within_the tool, and that t
rom abrasion.

exible cables or cords, it shall be clear as to how the)relief from strain is to be

nductors are

neir covering

bbtained and

shall not be

of metal, be
pplementary

Cord anchor
provided wit
accessible nf
which forms

Cord anchor

— the

hges of power supply~cords of tools other than Class Il shall be of insulating material or be

h an insulating.lining, if otherwise an insulation fault on the cable or cord
etal parts live. This lining shall be fixed to the cord anchorage, unless itis a ru
part of the.eoerd guard specified in Sub-clause 23.6.

hges. 0f. Fype X cords shall be so designed that:

cable or cord cannot touch clamping screws of the cord anchorage, if these s

acce

ssible or electrically connected to accessible metal parts;

could make
bber bushing

Crews are

— the cable or cord is not clamped by a metal screw which bears directly on the cable or cord;

— the components cannot readily be lost when replacing the cable or cord and at least one part

is se

curely fixed to an integral part of the tool;

— replacement of the flexible cable or cord does not require the use of a tool especially
designed for this purpose;
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— they are suitable for the different types of flexible cable or cord which may be connected,
unless the tool is so designed that only one type of cable or cord can be fitted.

Cord anchorages for Type X cords shall be so designed that replacement of the flexible cable or cord is
easily possible.

Cord anchorages may be a part of the mains switch.

Internal sScrews, if any, which have-to-be-eperated-when-replacing fix the power supply cord, shall not

serve to fix any other component unless, when omitted or incorrectly mounted, they render the tool
inoperative or manifestly incomplete or unless the parts which are intended to be fastened by them are
not detachable during the replacement of the cord.

Glands shall

The term "gland|

not be used as cord anchorages for power supply cords.

5" refers to a cord passing through a compression packing of the type generally used to prevent the ¢

ntry of moisture

or dust.

Compliance |s checked by inspection and by the following tests.

Tha tnnl je fittead wwith—a flaviblae ~abla Aar ecard-—and—theo-—econdietare—arontrodend—intao—thoa- - torminale —thao
TrTTIC tUUT 1S TUCU VVILIT T TICATUIC LauiC Ul LUrd arra uaic ouriuducctiurs arciiritrouuac cu irmtou are errimrials, e
tarminal-—ceraiie if ams haina tinhtoneod et crifficieonth/to—proveptitho- econdiectare—from—oaakih s ~chanaing
werrmrmriar oofi vwo, marry, IJCHIy LIyIILCIIUU JUJL oulnulcuuy 194 FICVCIII. arc Curiuauccituro 1T1uriT TA. Ily bllallyllly
thaoir nacitinn—The-ecord-anchoraon—icpepnd in-tho noarmal iaav=itc. ~lamnina—ceromce hoina—tahtanad adth
arcir ,JUJILIUI . 1TTITCCUTYU alu,llulayc To UosTuU 1T uarc11orrrar vways; 1t lzlalllpllly SUTCVWo UCIIly L rmericu vvitnri
Tha tacte akro firct mado—wigth tho linhtoact normicceibhlo2tvneg nf- floviibhle ~ahlo Ay cord ofltho cocmalloct
TrT1C1TCOotlo AT TiIrot T1riaduac vt uaiTc ”leLUJl IJCI'I”JOIU'U ] ’JC UT TTCATUTC Caurc UT CuUradur arrc—orrailic ot
~racco-cppetinhal-aroa-copppeifindin-Sih-plapcen 24 2  andithon wadth tho pnovt - hoavier tvyno-af-flovviblo ~ahbhla A
Croocooculivunar arca oJuCUTuIrnicU 1T oupu~oiiauotT o=.4, AlTCG _tiCTiT vitrT t1C TICALU TICavICT 1 ,JC UT TICATOIC CauIiC JUT
enrd aftheo ldranct craocc-cpptinnal-aroa-conpeifiod - HAalece tho tonl-icoo-Adocianed-that-aonhanalivino -afcabla
CUra uUririci1qgyr Cot CrvoooCcoltvuriardarca J’JUD”IUU, URNNC OO 1T TUUTN 1o ouU ucolyl cuariat ol lly UTTC L)'IJU uroavic
It shall not be possible to push the cable oreord into the tool to such an extent that the cabje or cord, or
internal partg of the tool, could be damaged.

The cable o
than 156 or (

cord is then subjected 260 10 times to a pull of three times the weight of the togd
yreater than 220 N-the-value-shown-nthe-following-table. The pulls are applied 4

| but not less
it a point 250

mm from thq cord guard in the-most unfavorable direction without jerks, each time for 1 s minute.
Immadiateahdaftansardetho choatheod -flovihlo ~ablac Aar carde arecribineted—for-3—mvn—to—atltorare—of-tho
HlHlICLllalCly ancrvwardos, i1 oricatriCu TICATUTC LaviCo Ul LUIUS adrc JUU]UULCU TOr L 17mmrTto a gui quc uruairc
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Mass-ef-teot-tkg)— Put-N)- Forgue—{Nm)-
Ypto-and-neluding2 30
Over--up-to-and-inctuding—4 60

Over4 106

During the test, the cable or cord shall not be damaged.

After the test, the cable or 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.

For the e sgppapannt Af tha Iapaitidinal Adicnlanapanmymt o panpls o paada An +tha ~oly
meastremenrt—oe—ie Torgrtadirar GiSPTacCiiieTit a rharin 19 rhagc—orT uic- cal

subjected to|the pull, at a distance of approximately 20 mm from the cord anchorage befor
tests.

er—eqrd while it is

b starting the

o

27
z7-

23.6 Flexible cables or cords of tools shall be protectediagainst excessive bending at the inl

the tool, by means of a cord guard of insulating material. Sueh-guards-shal-not-be-integrah
supply-cablejoer-cord-fortypeX-attachment:

The guards shall be fixed in a reliable manner) and shall be of such a design that they proje
tool for a disfance beyond the inlet openihg-of at least five times the overall diameter of the

delivered with the tool.

Compliance |s 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 @
approximately 100 mm_fenger than the guard.

The tool is sp held\that the axis of the cord guard, where the cable or cord leaves it, project
an angle of 45 tq the horizontal when the cable or cord is free from stress.

o
oC

et opening of

Wwith-a-pewer

t outside the
cable or cord

r cord being

s upwards at

A mass equal to 10 D* grams is then attached to the free end of the cable or cord. D being, in millimeters,

the overall diameter of the flexible cable or cord delivered with the tool.

If the cord guard is temperature sensitive, the test is made at a temperature of 23 +2°C.

Immediately after the mass has been attached, the curvature of the cable or cord shall nowhere be less

than 1.5 D.
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23.7 Cord guards shall have adequate mechanical strength and shall retain these properties throughout
extended normal use.

Compliance is checked by the following test.

The part of the tool comprising the cable entry, fitted with the cord guard and the flexible cable or cord for
which the tool is designed, is fixed in the oscillating member of an apparatus similar to that shown in
Figure 13—page—329. The sample is so mounted that the axis of oscillation is tangential to the outer
surface of the part in which the cord guard is secured, and, when the oscillating member is at the middle
of its travel, the axis of the cable or cord where it leaves the cord guard, is vertical.

A weight having a mass equal to that of the tool, but not less than 2 kg or more than 6 kg is attached to

the cable or

The oscillatin
the vertical),
flexings, the

A flexing is one
back to vertical

cord.

)g member is moved backwards and forwards through an angle of 90° (45 on
the number of flexings being 20,000 and the rate of flexing 60 perminute.
sample is turned through 90° about the center line of the cord guatd,

movement, either backwards or forwards. That is, from vertical to 45° in_one direction is the first
is the second flex, from vertical to the opposite 45° is the third flex, fronihthere back to vertical id

either side of
After 10,000

flex. from there
the fourth flex

continuing until

After the tesl
or cord shall
of the numbq{

Immediately
the conduct
anchorage, 1

The tool is
approximate

The operatid

During this t

10000 flexes have occurred.

the cord guard shall not have worked loose and neither the cord guard nor the
show any damage within the meaning of this standard, except that not more thg
br of strands of each conductor may have beeribroken.
after this test, the cord anchorage and the terminal screws are loosened, with
brs of the flexible cable or cord. However, if the cord guard is clamped un
e cord anchorage is not loosened,

hen lifted by the cord guard, without jerks, over a distance of approximately
y 1 s, and replaced on a support.

n is made ten times,

bst, the cord guard’shall not slip out of its location.

flexible cable
n 10 percent

but removing
der the cord

500 mm in

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL

No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

JUNE 15, 2007 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 67

23.8 Inlet openings for external wiring shall be so designed that the protective covering of the cable or
cord can be introduced without risk of damage.

Inlet openings for flexible cables or cords shall be in insulating material, or be provided with bushings of
insulating material, substantially free from ageing effects under conditions of normal use. The openings or

bushings shall be so shaped as to prevent damage to the cable or cord.

Inlet bushing

s shall be reliably fixed and shall not be removable without the aid of a tool.

For Class Il tools having inlet openings in metal, the bushings shall neither be of rubber nor form part of

the cord gua

rd.

For other to
forms part of

Compliance
Synthetic rubbe

23.9 The sp
easily introd

their insulatipn. It shall be possible to check that the conductors.are correctly connected a

before the c(

The removal
tool specially

Class | tools
uninsulated
accessible n

Compliance
with cables (

Tools with tyf

In the case (
distance not
the clamping
of 2 N is apf

pls having inlet openings in metal, a bushing, when used, shall not be of rub
the cord guard.

is checked by inspection and manual test.
is not considered to be rubber.

nce for the power supply cords inside a tool shall be adequatée to allow the con
ced and connected, and the covers, if any, fitted withoutfisk of damage to the ¢

ver is fitted.

of covers giving access to terminals for extergal conductors shall not require
designed for this purpose.

with cords for type X attachment and all Class Il tools shall be so desig
bnd of a conductor, should it become’ free from its terminal, cannot come into
etal parts.

ith the requirements of Subsclause 23.9 is checked by inspection and by an in
r flexible cords of the largest cross-sectional area specified in Sub-clause 24.2]

pe X attachment are‘subjected to the following additional test:

bf pillar terminals” where the conductors are not separately clamped by a specig
exceeding)>30 mm from the terminal, and in the case of other terminals with scr
screw onnut is loosened. Without removing the conductor from the conductor s
lied to-the wire in any direction and adjacent to the terminal, screw or stud. Thq

end of the c
connected t

nduetor shall not then come into contact with accessible metal parts or any oth

per, unless it

Huctors to be
onductors or
d positioned

the use of a

hed that the
contact with

Stallation test

)/ device at a
e clamping,
pace, a force
P uninsulated
er metal part

aranta

rcretor

For pillar terminals where the conductors arc separately clamped by a special device at a distance not exceeding 30 mm from the
terminal, the tool is considered to meet the requirement that the uninsulated end of the conductor shall not come into contact with
accessible metal parts.

The special device for clamping the conductors separately may, for example, be a cord anchorage.
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24 Terminals for external conductors

24.1 Tools shall be provided with terminals in which connection is made by means of screws, nuts or
equally effective devices.

Screws and nuts which clamp external conductors shall have a metric ISO thread or a thread comparable
in pitch and mechanical strength. They shall not serve to fix any other component, except that they may
also clamp internal conductors if these are so arranged that they are unlikely to be displaced when fitting
the supply conductors.

For tools with type X and type M attachments and having a rated input not exceeding 100 W, soldered
connections may be used for the connection of external conductors, provided that the conductor is so

positioned o
position, unlg

other metal parts cannot be reduced to less than 50% of the values specified in Sulpsclauss

the conducta

For the purpos¢g

—itis

— con
the te
mean
is pag

The terminals 0|
clause — may b

Switches havin
anchorage of th

Regtirerments

Push-in type ter

24.2 Termirn

[ fixed that reliance is not placed upon the soldering alone to maintain the
ss barriers are provided such that creepage distances and clearances between

r break away at the soldered joint.
of the requirements for power supply cords:

not to be expected that two independent fixings will become loose at the ‘same time:

Huctors connected by soldering arc not considered to be adequately, fixed, unless they are held in
mination, independently of the solder, but "hooking in" before soldering is, in general, considered
5 for maintaining the conductors of a power supply cord in poSition, provided the hole through whic
sed is not unduly large;

a component (e.g. a switch) built into the tool — on.the& assumption that they comply with the reqy
e used as terminals intended for external conductors.

) connecting leads (pig tails) arc allowed_ifsthe connection point is within the handle or housir]

E mains supply cable meets the requirements of Sub-clause 23.5.

Iminals are acceptable provided the component complies with the applicable standards given in Ap

als for type X attachment shall allow the connection of conductors hay

conductor in
ive parts and
27.1 should

lace near to
0 be a suitable
h the conductor

irements of this

g and the cord

pendix E.

ing nominal

cross-sectional areas as Shown in the following table.
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Rated current equipment

Nominal cross-sectional area

A

mm?

>
=<
@)

Up to and inclliding 3

Over 3 up to gnd including 6
Over 6 up to gnd including 10
Over 10 up toland including 13
Over 13 up toland including 16
Over 16 up toland including 25
Over 25 up toland including 32
Over 32 up toland including 40
Over 40 up toland including 63
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Where heavier gauge conductors are used, the terminals shall be sized aceordingly.

- Compliance
. measuremel

with the requirements of Sub-clauses24.1 and 24.2 is checked by in
t and by fitting cables or cords of the smallest and largest cross-sectional area

- the appropriate range shown in the table above.

' 24.3 Termin
Compliance

Terminals and terminations complying with. the standards in Appendix E are considered to be in compliance.
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24.4 Terminals shall be so fixed that, when the clamping means is tightened or loosened, the terminal
does not work loose, internal wiring is not subjected to stress and creepage distances and clearances are
not reduced below the values specified in Sub-clause 27.1.

Compliance is checked by inspection and by measurement after fastening and loosening ten times a
conductor of the largest cross-sectional area specified in Sub-clause 24.2, the torque applied being equal
to two-thirds of the torque specified in Sub-clause 26.1.

Terminals may be prevented from working loose by fixing with two screws, by fixing with one screw in a recess such that there is
no appreciable play or by other suitable means.

The requirement for fixation of terminals does not preclude the provision of supply terminals on switches or similar devices in a

recess if, after ¢
by inspection th

Covering with
however, be us

Terminals and t

24.5 Termin
contact pres

Terminals and t
24.6 Termin
the conductd

conductor cg

Compliance
and of the c(

The term "speci
the reshaping o

Conductors are
Terminals and t

24.7 Termin
length of the

onnection of the supply cable and after re-positioning of the switch or similar device in its recess, i

ealing compound without other means of locking is not considered to be sufficient. Self-harden
bd to lock terminals which are not subject to torsion in normal use.

Prminations complying with the standards in Appendix E are considered to be in compliance.

hls shall be so designed that they clamp the conductor between metal surfaces
sure and without damage to the conductor.

Prminations complying with the standards in Appendix E aréconsidered to be in compliance.

als of tools having a rated current not exceeding 16 A shall not require special g
r in order to effect correct connection,*and they shall be so designed or plg
nnot slip out when the clamping screws or nuts are tightened.

with the requirements of Sub-clatise 24.5 and 24.6 is checked by inspection of
bnductors, after the test of Sub-clause 24.4.

bl preparation of the conductor” ¢overs soldering of the strands, use of cable lugs, formation of eyel
the conductor before its introduction into the terminal or the twisting of a stranded conductor to con

considered to be damaged if they show deep or sharp indentations.

Prminations.complying with the standards in Appendix E are considered to be in compliance.

pls ofithe pillar type shall have dimensions as shown in the following table, ex

pt these components and the supply cable are, after re-assembly of the tool, in the correct pgsition.

can be verified

ing resins may,

vith sufficient

reparation of
ced that the

the terminals

ets, etc., but not
olidate the end.

cept that the
at least two

thread in the pillar may be reduced, if the mechanical strength is adequate ang

han o ~nnAiiatAry Af thin cmaallact Avacc cnntianal Avraa

full threads 'are—

n_onaanA~ranngt g
arC— T crgagCicht vwhcT o COTNOOCtoOT U a1 St ST oSS oSoTtorna arcto

Sub-clause 24.2 is tightly clamped.

specified in
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Maximum difference
Minimum Minimum Minimum length between diameter of
nominal thread | diameter of hole of thread in hole and nominal
Rated current of tool dia. for conductor pillar thread diameter
(A) (mm) (mm) (mm) (mm)
Up to and including 6 25 25 1.8 0.5
Over 6 up to and including 10 3.0 3.0 2.0 0.6
Over 10 up to and including 16 35 35 25 0.6
Over 16 up to and including 25 4.0 4.0 3.0 0.6
Over 25 up to and including 32 4.0 4.5 3.0 1.0
Over 32 up to and including 40 5.0 55 4.0 1.3
Over 40 up to and including 63 6.0 7.0 4.0 15

The length o
hole for the

The surface

the threaded part of the terminal screw shall not be less than the sum of the\di
onductor and the length of the thread in the pillar.

against which the conductor is clamped shall be free from sharp indentations o

Such terminals shall be so designed and located that the end of a conductor introduced inf

visible, or c4A
of the screw

The length of th
If the thread in

The part agains|
Terminals and t
24.8 Screw

the length of
if the mecha
of the larges
If the require
shall be reag
0.5 mm. Thq

metal, unles

If an interm

n pass beyond the threaded hole for a distance at least gqual to half the nom
or 2.5 mm, whichever is the greater.

e thread in the pillar is measured to the point where the threadys\first broken by the hole or the co
he pillar is recessed, the length of headed screws muste_increased accordingly.
which the conductor is clamped need not necessarily be in one piece with the part carrying the cl

Prminations complying with the standards incAppendix E are considered to be in compliance.

erminals shall have dimensionsnot less than those shown in the following tablg
the thread in the screw haleor nut and the length of thread on the screw may
nical strength is adequate and at least two full threads are in engagement wher
| cross-sectional area Specified in Sub-clause 24.2 is lightly clamped.

d length of thread-in a terminal screw hole is obtained by plunging, the edge of

length ofjthe extrusion shall be not more than 80 percent of the original thid
b the méchanical strength is adequate with a greater length.

pdiate” part, such as a pressure plate, is used between the head of the sd

hmeter of the
I projections.
o the hole is

nal diameter

hductor.

Bhmping screw.

, except that
be reduced,
a conductor

the extrusion

onably smooth and the length of thread shall exceed the specified minimum valfie by at least

kness of the

rew and the

alanath ~Af theanad An thia caravgy chall ha tmaraacnd annarAiaalhy Wit thn Aiaant

of the head

conductor, th
of the screw

a
COCTguT O o caU— O o T~ STTrevy— Shal T T caST U acToOTamgry; Ut e o Tictc

may be reduced by:

1 mm for rated currents not exceeding 16 A;

2 mm for rated currents exceeding 16 A.

Such an inte

rmediate part shall be locked against rotation.

If an intermediate part has more than one screw, screws with the following nominal thread diameter may

be used:
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3.5 mm for rated currents not exceeding 25 A;

4.0 mm for rated currents exceeding 25 A.

If the thread in the screw hole or nut is recessed, the length of headed screws must be increased accordingly.

Nominal difference

Nominal Length of Length of between diameter Height of
thread thread on thread in screw | of head and shank head of
Rated current of tool diameter screw hole or nut of screw screw
(A) (mm) (mm) (mm) (mm) (mm)
Up to and including 6 2.5 4.0 15 2.5 15
Over 6 up to and including 10 3.0 4.0 15 3.0 1.8
Over 10 up to pnd including 16 35 4.0 15 35 2.0
Over 16 up to pnd including 25 4.0 5.5 25 4.0 2.4
Over 25 up to pnd including 32 5.0 7.5 3.0 5.0 3.5
Over 32 up to pnd including 40 5.0 9.0 35 5.0 3.5
Over 40 up to pnd including 63 6.0 10.5 3.5 6.0 5.0
Terminals and terminations complying with the standards in Appendix E are considered.tosbé in compliance.
24.9 Stud terminals shall be provided with washers and shall hayvéimensions as shown in|the following
table:
Difference between thread and:
Nominal thread innéef diameter of washers outer diameter of washers
Rated Current of tool diameter (maximum) (minimumm)
(A) (mm) (mm) (mm)
Up to and incjuding 6 25 0.4 35
Over 6 up to pnd including 10 3.0 0.4 4.0
Over 10 up tq and including 16 3.5 0.4 4.5
Over 16 up tq and including 25 40 0.5 5.0
Over 25 up tq and including 32 5.0 0.5 55
Compliance ith the requirements of Sub-clauses 24.7 to 24.9 is checked by inspection, by measurement

and, if nece$sary, by the tests of Sub-clause 24.10. A negative deviation of 0.15 mm is al
nominal thrdad diametér-and for the nominal difference between diameters of head and

Screw.

If one or more ¢f thewdimensions required in Sub-clauses 24.7 to 24.9 are larger than specified, the other dimensi
correspondinglylincreased, but departures from the specified values must not impair the function of the terminal.

owed for the
shank of the

ns need not be

Terminals and terminations complying with the standards in Appendix E are considered to be in compliance.
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24.10 If the length of thread in the pillar, screw hole or nut, or the length of thread on the screw, is smaller
than that shown in the relevant table, or if the length of the extrusion is more than 80% of the original
thickness of the metal, the mechanical strength of the terminal is checked by the following tests.

Screws and nuts are subjected to the test of Sub-clause 26.1 but with the torque increased to 1.2 times
the torque specified.

After this test, the terminal shall show no damage impairing its further use.

A conductor is then fastened, as specified in Sub-clause 24.4, once more and, while clamped, is subjected
for 1 min to an axial pull, applied without jerks, of the value shown in the following table:

Rated current of tool Pull
(A) (N)
Up to and including 6 40
Over 6 up to and including 10 50
Over 10 up to and including 16 50
Over 16 up to and including 25 60
Over 25 up to and including 32 80
Over 32 up to and including 40 90
Over 40 up to and including 63 100

During this test, the conductor shall not move noticeably in théderminal.
Terminals and tprminations complying with the standards in Appendix E are considered to be in compliance.

24.11 Wher¢ terminals are provided for type X-and type M attachments, each terminal shall pe located in
proximity to ifs corresponding terminal, or terminals, of different polarity and to the earthing tefminal, if any.

Compliance s checked by inspection:
24.12 Termipal devices shall not\he accessible without the aid of a tool.
Compliance s checked by Inspection and by manual test.

24.13 Termipations shall be so designed that the conductor is retained in position independently of the
termination, peforesseldering or welding, so that it cannot slip out should the soldering or welding break.

Compliance |s\checked by inspection.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL
No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

74 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 JUNE 15, 2007

24.14 Terminals and terminations for type X and, when applicable, type M attachment shall be so located
or shielded that should a wire of a stranded conductor escape when the conductors are fitted, there is no
risk of accidental connection between live parts and accessible metal parts and, for Class Il tools, between
live parts and metal parts separated from accessible metal parts by supplementary insulation only.

Compliance is checked by inspection and, unless a special cord is prepared in such a way as to prevent
the escape of strands, by-mantal-test-and by the following test.

A 8 mm length of insulation is removed from the end of a flexible conductor having a nominal
cross-sectional area as specified in Sub-clause 23.4. One wire of the stranded conductor is left free and

the other wires are fully inserted into and clamped in the terminals.

The free wir
sharp bends

The free wird
or is connec
accessible n

The free wirg

Where the m
termination i

25 Provision
25.1 Accesq
shall be per
contact of th
Earthing tern
Class Il and

Compliance

If accessible mg
contact, they ar

Accessible metd
to become live

P js bent, without tearing the insulation back, in every possible direction, but/wi
round barriers.

of a conductor connected to a live terminal shall not touch any metal part which
fed to an accessible metal part or, for Class Il tools any metal partrwhich is s€
etal parts by supplementary insulation only.

b of a conductor connected to an earthing terminal shall nottouch any live part

ethod of connection requires special preparation of the’ conductor. e.g. solderin
b fitted to a type M attachment, e.g. crimping, this preparation is done with one st

for earthing
ible metal parts of Class | tools, which may become live in the event of an ins

hanently and reliably connected to anfearthing termination within the tool or to
b appliance inlet.

Class Il tools shall have no provision for earthing.
is checked by inspéction.

tal parts are screenéd from live parts by metal parts which are connected to the earthing terminal 9
P not, for the"purpose of this requirement, regarded as likely to become live in the event of an insu

| partSiwhich are separated from live parts by double insulation or by reinforced insulation, are not
h.the'event of an insulation fault.

thout making
is accessible

parated from

), or where a
rand left free.

ulation fault,
the earthing

hinals and earthing contacts.shall not be electrically connected to the neutral tefminal, if any.

r to the earthing
ation fault.

onsidered likely

Metal parts behind a decorative cover which does not withstand the test of Clause 19 are considered to be accessible metal parts.
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25.2 Earthing connections shall not be made using screwless terminals.

The clamping means of earthing terminals shall be adequately locked against accidental loosening and it
shall not be possible to loosen them without the aid of a tool.

Compliance is checked by inspection, by manual test and by the test of Clause 24.

In general, the designs commonly used for current-carrying terminals, other than some terminals of the pillar type, provide sufficient
resiliency to comply with the latter requirement; for other designs, special provisions, such as the use of an adequately resilient part

which is not like

ly to be removed inadvertently, may be necessary.

25.3 All parts of the earthing terminal shall be such that there is no risk of corrosion resulting from contact

between the
these parts.

The body of
is a part of
complying w

If the body o
be taken to 4

Compliance

The requiremen
nuts.

25.4 For tog
conductors
conductors b

A-test-foreo;

Compliance

e parts and the copper of the earthing conductor, or any other metal that is4in

the earthing terminal shall be of brass or other metal no less resistant\to corrog
fhe metal frame or enclosure, whenr then the screw or nut shall g of brass,
th Clause 29, or other metal no less resistant to corrosion.

f the earthing terminal is a part of a frame or enclosure of aluminum alloy, pred
void the risk of corrosion resulting from contact between copper and aluminum|

is checked by inspection.
t regarding the avoidance of the risk of corrosion does Aot preclude the use of adequately coated
Is with power supply cords or cablesthe arrangement of the terminals, or the

petween the cord anchorage and\the terminals, shall be such that the cun
ecome taut before the earthing cenductor if the cable or cord slips out of the cor

o derSn,

s checked by inspection.

contact with

ion, unless it
plated steel

autions shall
or its alloys.

Imetal screws or

length of the
rent-carrying
H anchorage.
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25.5 The connection between the earthing terminal or earthing contact, and parts required to be
connected thereto, shall be low resistance.

Compliance is checked by the following test, during which any inductors for interference suppression are
left in the earthing circuit.

A current of 1.5 times the rated current but not less than 25 A derived from an a.c. source with a no-load
voltage not exceeding 12 V is passed between the earthing terminal or earthing contact, and each of the
accessible metal parts in turn.

The voltage drop between the earthing terminal or the earthing contact of the tool, and the accessible
metal part is measured, and the resistance calculated from the current and this voltage drop.

In no case shall the resistance exceed 0.1 Q.
The resistance pf the flexible cable or 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.

26 Screws gnd connections
26.1 Screwgd connections, electrical or otherwise, shall withstand the mechanical stresseq occurring in
normal use. Bcrews transmitting contact pressure and screws which are likely to be tightenefl by the user
and have a pominal diameter less than 3 mm shall screwsinto metal.

Screws shall not be of metal which is soft or liable to<créep, such as zinc or pure aluminum

Screws of ingulating material shall have a nominal diameter of at least 3 mm; they shall nof be used for
any electrical connection.

Screws shall not be of insulating material if their replacement by a metal screw ¢ould impair
supplementdry insulation or reinfor¢ed" insulation, neither shall screws which may be removed when
replacing a power supply cord ar ‘undertaking other routine servicing, be of insulating material if their
replacement|by a metal screw-Could impair electrical insulation.

Compliance |s checked by.inspection and, for screws and nuts transmitting contact pressure)| or which are
likely to be tightened by the user, by the following test.

The screws pr nuts-are tightened and loosened:

10 t:' Ac for cornwpc in Anoannmant agih thy, A nf inciatine~ maatngial
IMCSTO—SCrevwo T ChgagCiTiCrit GO rSaradnyg iiatcrial;

5 times for nuts and other screws.

Screws in engagement with a thread of insulating material are completely removed and reinserted each
time.

When testing terminal screws and nuts, a flexible conductor of the largest cross-sectional area specified
in Sub-clause 24.2 is placed in the terminal.

The test is made by means of a suitable test screwdriver, spanner or key applying a torque as shown in
the following table, the appropriate column being.
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— for metal screws without heads if the screw when tightened does not protrude from the hole

— for other metal screws and for nuts....................cccoveunenn.. 1l
— for screws of insulating material:

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

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

e with a head having a slot or cross slots, the length of which exceeds. 1.5'fjmes the
overall thread diameter ............... ]
— forn other screws of insulating material.........................cc......... 1
{orque
Nominal diameter of screw (Nm)
(mm) [ 1 Il
Up to and indluding 2.8 0.2 0.4 0.4
Over 2.8 up tp and including 3.0 0.25 0.5 0.5
Over 3.0 up tp and including 3.2 0.3 0.6 0.6
Over 3.2 up P and including 3.6 0.4 0.8 0.6
Over 3.6 up tp and including 4.1 0.7 1.2 0.6
Over 4.1 up tp and including 4.7 0.8 1.8 0.9
Over 4.7 up tp and including 5.3 0.8 2.0 1.0
Over 5.3 up tp and including-6.0 - 2.5 1.25
The conductar~is” moved each time the screw or nut is loosened. Care is to be taken to insure
self-threading-serews-are-roterossthreaded-during-thetest

During the test, no damage impairing the further use of the screwed connections shall occur.

Screws or nuts which are likely to be tightened by the user include terminal screws or nuts, screws for fixing covers, if they have to
be loosened to open or to remove the cover, screws for fixing handles, knobs, etc.

The shape of the blade of the test screwdriver must suit the head of the screw to be tested. The screws and nut must not be
tightened in jerks.

Connectors complying with the standards in Appendix E are considered to be in compliance.
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26.2 Screws in engagement with a thread of insulating material shall have a length of engagement of at
least 3 mm plus one-third of the nominal screw diameter, or 8 mm, whichever is the shorter.

Correct introduction of the screw into the screw hole or nut shall be ensured.

This requirement does not apply to brush caps.

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

The requirement with regard to correct introduction is met if introduction of the screw in a slanting manner is prevented, for example,
by guiding the screw by the part to be fixed, by a recess in the female thread or by the use of a screw with the leading thread

removed.

Connectors cor_rlglying with the standards in Appendix E are considered to be in compliance.

26.3 Electri

insulating ma

parts to com

al connections shall be so designed that contact pressure is not transmi

pensate for any possible shrinkage or distortion of the insulating\material.

Connectors conjplying with the standards in Appendix E are considered to be in compliance:

26.4 Space-
unless they
of locking.

Thread-culttir
parts, unlesq
be used if th

Thread-cuttir
not necessa
connection.

Compliance

threaded (sheet metal) screws shall not be used for the connection of current-c
tlamp these parts directly in contact with each othefrahd are provided with a su

g (self-tapping) screws shall not be usedcfor the electrical connection of cu
they generate a full form standard machine screw thread. Such screws shall
Py are operated by the user unless thetthread is formed by a swaging action.

g and space-threaded screws may be used to provide earthing continuity, prov
y to disturb the connection.in hormal use and that at least two screws are u

with the requirements of Sub-clauses 26.3 and 26.4 is checked by inspection.

Connectors conpplying with the standards in Appendix E are considered to be in compliance.

26.5 Screwd

which make a mechanical connection between different parts of the tool, sh

against loosgning, if(the connection carries current.

Rivets used

tted through

terial which is liable to shrink or to distort, unless there is sufficientresiliency in the metallic

arrying parts,
itable means

rent-carrying
ot, however,

ded that it is
sed for each

all be locked

nections are

for\current-carrying connections shall be locked against loosening if these cor

olopin nareaal Lion

subject to to

STOTT 1T TToOTT i OSCTT

Compliance is checked by inspection and by manual test.

Spring washers

and the like may provide satisfactory locking.

For rivets, a non-circular shank or an appropriate notch may be sufficient.

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

use.

Connectors complying with the standards in Appendix E are considered to_be in compliance.
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27 Creepage distances, clearances and distances through insulation

27.1 Creepage distances, clearances and distances through insulation shall not be less than the values
in millimeters shown in the following table.

Working Voltage (1)

Distances <50(2) <130 <250 <440

Creepage distances
Between live parts of different polarity:
— if protected against deposition of dirt 1.0 1.0 2.0 3.0
— if not protected against deposition of dirt 2.0 2.5 3.0 5.0
Bgtween live parts and other metal parts:
— over basic insulation protected against deposition of

dirt:
« if of ceramic, pure mica and the like 1.0 1.0 2.043.0%9 -
« if of other material 15 2.0 3.0 -
— over basic insulation not protected against deposition 2.0 2.5 4.0 -
of dirt
— over reinforced insulation:
« if protected against deposition of dirt - 5.0 8.0 -
« if not protected against deposition of dirt - 8.0 8.0 -
Bdtween metal parts separated by supplementary insulation < 25 4.0 -

Bdtween lacquered or enamelled windings and metal parts
separated from live parts:

— by basic insulation only 1.0 15 2.0 -
— by reinforced insulation - 5.0 6.0 -
Bgtween windings having basic insulation and accessible - 2.5 4.0 -
metal parts of Class Il tools (5)
Clearapces
Bgtween live parts of different polarity:
— if protected against deposition ‘of.dirt 1.0 1.0 2.0 B.0
— if not protected against depasition of dirt 2.0 2.5 3.0 1.0

Bgtween live parts and other metal parts:
— separated by basic ifisulation:
« if protected @gainst deposition of dirt | 1.0 1.0 2.0-3.09 -

« if not profected against deposition of dirt 15 2.0 3.0 -
— separated.bysreinforced insulation:
« if protected against deposition of dirt | - 5.0 8.0 -
« if_not protected against deposition of dirt - 5.0 8.0 -
Bgtween metal parts separated by supplementary insulation - 25 4.0 -
Bgtween lacquered or enameled windings and metal parts
separateu [ronT nmve pPdarts.
— by basic insulation only 1.0 15 2.0 -
— by reinforced insulation - 65.0 6.0 -
Between windings having basic insulation and accessible - 25 4.0 -
metal parts of Class Il tools(5)
Distance through insulation between metal parts (4)
— separated by supplementary insulation - 1.0 1.0 -
— separated by reinforced insulation:
« in general - 15 2.0 -
« between windings and accessible metal - 1.0 2.0 -

Table Continued on Next Page
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Table Continued

Working Voltage (1)

Distances

<50(2)

<130

<250

<440

not, for example, to printed wiring circuits.

case the second value applies.

1 In general, the working voltage for tools is considered to be the rated voltage.
2) The values shown in the table for voltages equal to or smaller than 50 V apply to circuits of Class Ill type and

3) The first value applies only if the parts are rigid and located by mouldings, or if the design is otherwise such
that there is no likelihood of a distance being reduced by distortion or movement of the parts. If this is not the

4) This[distance s not applicable to the insulation of internal wiring and of external flexible cables or cordg.

5 Windings are considered to have basic insulation if they are wrapped with tape and then impregnated r if
they are covered with a layer of self-hardening resin, and if, after the test of Sub-clause 14.4, an-electfic
strength test as specified in Sub-clause 15.3 is withstood, the test voltage being applied between the

condudtors of the winding and metal foil in contact with the surface of the insulation. It is sufficient that th¢
wrappipg and impregnation, or the layer of self-hardening resin, cover the windings only atplaces where {t is not
possible to obtain the creepage distance or clearance specified for lacquered or enamélled winding.
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The requirement concerning the distance through insulation between metal parts does not apply if the
insulation is applied in thin sheet foil and consists of at least three layers, provided that, when two layers
are in contact, they withstand the electric strength test prescribed for reinforced insulation, the test

voltages being applied between the outer surfaces of the two layers.

Compliance

is checked by measurement.

The way in which creepage distances and clearances are measured is indicated in Appendix D.

For tools provided with an appliance inlet, the measurements are made with an appropriate connector
inserted; for tools with type X attachment, they are made with supply conductors of the largest

cross-sectiol
made on the

The measurd
unfavorable

Movable parf
assumed to

The clearand
unscrewed 4
the table.

Distances th
contact with

For the purp
covered with
with the test

If necessary,
in an endea

The force is

-2

hal area specified in Sub-Clause 24.2, and also without conductors; Tor other, g
tools as delivered.

bments are made with the belts, if any, in position with the belt tensioning devicg
ocation and also with the belts removed.

Is are placed in the most unfavorable position,; nuts and screws with non-circuld
have been tightened in the most unfavorable position.

es between terminals and accessible metal parts are<also measured with the s
s far as possible, but the clearances shall then be-hot less than 50% of the val
rough slots or openings in external parts ofjinsulating material are measured tq

the accessible surface.

bse of this clause, accessible surfacés of insulating material are treated as thou
a layer of metal foil, the foil being stretched across any openings, but presseq

finger of Figure 1-page-322.

a force is applied to any,point on bare conductors and to the outside of metd
or to reduce the creepage distances and clearances while taking the measure

applied by means_of a test finger having a tip as shown in Figure 1 and has a

N for bare-cenductors;

ols, they are

s in the most

ar heads, are

Lrews or nuts
lies shown in

metal foil in

gh they were
into corners

| enclosures,
ments.

value of:

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL

No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

82 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 JUNE 15, 2007

— 30 N for enclosures.

The contribution to the creepage distances of any grooves less than 1 mm is limited to its width. Any air gap less than 1 mm wide
is ignored in computing the total clearance.

The clearances required between live parts of different polarity do not apply to the air gap between the contacts of thermal cut-outs,
overload protection devices, switches of micro-gap construction and the like. or to the air gap between the current-carrying members

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

In general, the interior of a tool having a reasonably dust-proof enclosure is deemed to be protected against deposition of dirt,

provided the tool does not generate dust in itself; hermetic sealing is not required.

When assessin
consideration.

If the insulation
to be a bare co

The requiremet|
insulation only.

For live parts of
in the table are
accessible metd
are over insulati

Sub-clause 27.1

) creepage distances and clearances, the effect of insulating linings of metal enclosures or cqQvd

bn a conductor is not at least electrically equivalent to that of cables and flexible cords, that conduct
hductor. See also Sub-clause 21.3.

t concerning distances through insulation does not imply that the prescribed distance must o
t may consist of a thickness of solid insulation plus one or more layers.

different polarity separated by basic insulation only, creepage distan¢es and clearances smaller tharj

allowed, provided the tool does not shew-any-defeet-withinthesrheaning-of-this—standard exhibil
| parts live if these creepage distances and clearances are short-circuited consecutively and the cre
ng material withstanding the test of Sub-clause 28.3.

does not apply to printed wiring boards complyindg.with the applicable standards given in Appendi

rs is taken into

or is considered

e through solid

those specified
flame or make
Ppage distances

28 Resistan

28.1 Externd
wnRsafe incre

Compliance
ball-pressurd

The surface
is pressed a

The test is made n~a heating cabinet at a temperature of 75 +2°C or at a temperature whig

40-+2°K) in

Ce to heat, fire and tracking

| parts of insulating material, the deterioration of which might eause-the—teq
hse the risk of fire or shock{shall be sufficiently resistant to heat.

is checked by subjecting enclosures and other external parts of insulating
test by means of-the apparatus shown in Figure 10-page-126.

of the part tovbé tested is placed in the horizontal position and a steel ball of 5
hainst this stirface by a force of 20 N.

exeess of the temperature rise of the relevant part determined during the test (

whichever is

iHe—-become

material to a

mm diameter

h is 40 +2°C
bf Clause 11,

thAa hinhay

TTCTITgTicTs

After 1 h, the ball is removed and the diameter of the impression measured. This diameter shall not
exceed 2 mm.

The test is not made on parts of ceramic material or materials having an adequate Ball Softening Temperature rating in accordance
with the standards given in Appendix E.
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28.1.1 External parts of insulation material, the deterioration of which might increase the risk of fire or
shock. shall be sufficiently resistant to mold stress.

Compliance is checked by placing one sample tool in an air circulating oven for 7 hours at a temperature
10°C above the maximum attained on the enclosure during the Heating Test of Clause 11 or 70 +2°C,
whichever is higher. Following this conditioning there shall be no reduction of spacings as described in
Clause 27 or exposure of live parts or internal wiring as determined by Sub-Clause 8.1.

The tests of Clauses 28.1 and 28.1.1 are illustrated in the following flowchart:
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Yes

Are livesparts

accessible
to\\probes
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rating of 7 sec or
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1) comply with the 19 mm flame test

live parts in position shall
3) be rated HB and possess a Hot Wire Ignition (HWI

arts retainin

Insulatin

reater and

2) be rated V: or

reater. Rated materials are to be in accordance

rating of 60 arcs or

an High Ampere Arc Ignition (HAI

with the standards

[ootuU aydairiot

vwiarnmrT oo

Cmioiac uirc

rc~sdifiporc

h arn mavad

hall there be

iven in Appendix E.

Tho cdamnplo i pnrdcecond aaainct
TTTC- SANToTIC—1S— 1

Thao maoanc v ihich tha foren ic annlind & thnapn Innlead 4 nravant any

e ans Oy vwinCr tnCTOrCCIo apPOnCU 1o thiCrT TOCRCU Q- Orevericalty

e TTOVWCVCT, 1T e~ odimPrC~otdito 1O SsUNRCTT U et udriiTgiNC lIC St da TOTCCjuquosuiiCieritto

jo maintainad agthin 100~

in annrEavimatafli s D pain anA

Tha tamnpratiireic meagcirpad=mr maoanc af o thormoecardlo—incide theo

valyun for 2 min

rrrctierripecraturc ios rrecasurcy Yy rricdris  Ura e riiriotuy

vardc 1ur ZTTimrT.

minute _interval _between the flame applications. The enclosure shall not _support

nor-d
1o

oy mnrn than 9 pmainiidin affny tha fian 20 cnnand annlinatinpne Af +tha flapan
Or17oTC a1t rotc —cutcl e o oU- oSt OO aupncauoiTo _OT_ai1C Jicuiic;

rrrerraridarer o mmiocrticunmu-a- vurntdar rivricrecarncu i iic vart tvrvctecotcu T osutlrra vay it purtivrio Ul

Tho mandral ic inceprtod into-—a-ecapical-holoroamed -in the -pnartto-be toctad-in-ciehig oy, Hhiht nartinne Af

Compliance is checked by inspection and if necessary by the following test.

thna ~aninal Aart Af thna mandral Af Arpial Innath nratriiAdn fram hath cidac
rrC—Comicadlr qart ortrCTrianarCr O Cqaair e gt orota auC—TonT oUU TSt St

tha mandral hagth o farnn AF 19 A

rrCTranarc Wit T a TO0rCcC— O L1Z 1V,

furthor maovamaont fownvny (f thn camnlo ctarte o caffon-ormelt-dirina-tho toct 3 forep jidt crfficiont o

artaTCTr 11OV

Thao mandral ic hoatad ta a tamnaratiira Af 200

rrrcrrariaroy io ricatcu tu-a - terriperaturc ur Juu e int aNPIU/\”l'aLCI] JIThrraria o Trrainnailricy

(1 0J) Af thid

[EAAVARSI RN

Nyrina thao nhrind Af E min ecnarlcee af ahout G- mm-—intonatheara nradieced -atthe npnercrrface-bfthe-camnle

Doy urC OO U o1 SoAdiris Uraibuatr O T Ty uyrarc- OrouudCCudrinCuooCT surTdcc

wmhnra tha mhndral neatriiAdnce by maanc Af o hinh friandrmnn, annaratnr tha alantradnc Af iy

The enclosuire is_to _bewsupported in_its_intended operating position _in_a_draft-free_lpcation, and
non-polymeric parts are to be removed if possible. and all internal mechanisms of the tool are to remain

in place. Thd flame 6fa Bunsen burner is to be adjusted to have a 19 mm high vellow flamed with no blue
cone. Two 3P-second applications of the tip of the flame are to be applied to the selected section of the

vITCTC UITC TITEARTrTarcir ’Jl UtlTUuu T o Uy rrcarro vr a l”yll 1T CL’UUIIU)’ yUIIClDlLUI, TC CIC UCUTrUUC O U wirngimr arc 1r1rrioveu
enclosure with~a~1

ANaithar tha gdamnla nar anv, anacnc nradiicad diirina tha haatin~y chall ha innifad hy, tha epnad-.c
INCTUTCT e JarrfPiC T or—arty - gasto prouac cg-—gariigurec—Tricaurtyg—Sralil oC1gnncu— 1oy e~ Spuarns.

combustion

a_complete destruction of the sample as a result of this test.

live parts.

supportin

and part indirectl

live parts refers both to parts directl

arts retainin,

nsulatin

The tests of Clause 28.2 are illustrated in the following flowchart:
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28.3 Insulating parts retaining live parts in position and supplementary insulation of metal-encased Class
Il tools shall be of material resistant to tracking, if they are exposed to excessive deposition of moisture
or dirt in normal use.

For materials other than ceramic, compliance is checked by the standards given in Appendix E. or by the
following test:

A flat surface of the part to be tested, if possible at least 15 mm x 15 mm, is placed in the horizontal

position.

The sample ma|

" Two electrod
. Figure 12;-p4
© the rounded

2}, The force ex

The electrod
sine-wave fa
means of a

and 1. An oy

The surface
to fall centrq
correspondir]
from a heigh
The time int{

No flashovel

The test is mpade at three pfaces on the sample.

Care is taken th

In case of doub

be cut from the tool or molded as a separate piece.

les of platinum or other sufficiently non-corrodible material, with the dimensig
hge—128, are placed on the surface of the sample in the manner stiown in this fi
edges are in contact with the sample over their whole length.

erted on the surface by each electrode is about 1 N.

s are connected to a 50 or 60 Hz supply source haVing a voltage of 175 V off
rm. The total impedance of the circuit when the electrodes are short-circuited i
ariable resistor, so that the current is equal to:1.0 +0.1 A with a power factor
ercurrent relay with a tripping time of at least.Q)5 s is included in the circuit.

Ily between the electrodes. The solution has a volume resistivity of 400 ohm|
g to a concentration of about 0.1 pértent. The drops have a volume of 20*°,
t of 30 mm to 40 mm.

brval between one drop and-the next is 30 £5 s.

or breakdown between electrodes shall occur before a total of 50 drops has f5

at the electrodes are clean, correctly shaped and correctly positioned before each test is started.

, the test¥is repeated, if necessary on a new sample.

ns shown in
gure, so that

substantially
b adjusted by
between 0.9

Df the sample is wetted by allowing drops+<of a solution of ammonium chloride in dlistilled water

cm at 25°C,
mm?3 and fall

llen.

The test is not r

N H Lot £ £ s I I
TatC O Sttty PartS O CoOmMMutatorS O OTuSITCapsT
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29 Resistance to rusting

29.1 Ferrous parts, the rusting of which might eause-the-toolte-become-tunsafe increase the risk of injury
to persons shall be adequately protected against rusting.

Compliance is checked by the following test.

All grease is removed from the parts to be tested by immersion in carben-tetrachioride-or-trichloroethane
a suitable degreaser 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 pafts have been dried for 10 min in a heating cabinet at a temperature of 100 +5°C, their
surfaces shdll show no signs of rust.

When using the]liquids specified for the test, adequate precautions must be taken to prevent the inhalation of their|vapors.
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 pfotection against
rusting. Such prts are only subjected to the test if there is doubt about the effectiveriéss of the grease film, and|the test is then
made without pfevious removal of the grease.
30 _Tests by Manufacturers

30.1 Electrig Strength Test

30.1.1 The manufacturer_shall determine by routine production-line test that each tool produced will

withstand without an indication of unacceptable pérformance. the application of a potential a$ given in the
following table. The duration of application shall be 1 second.

Test potential
Class

Ploints between which poténtial is to be applied 1 ] 1
1. Live parts and dead metal partssinsulated from each other by basic 1200 1200 500
insulation.
2. Accessible|dead metal parts.or, for a tool with an outer enclosure of 1500
insulating material, metal foilirapped tightly around the enclosure and
inaccessible 1netal partsineluding metal foil in contact with the insulating
barriers provitled for Spacings involving supplementary or reinforced
insulation.
3. Live parts and accessible dead metal parts or, for a tool with an outer 3000
enclosure of insulating material, metal foil wrapped tightly around the
enclosure.
Note A: If necessary because of the inaccessibility of parts, test in accordance with items 1 and 2 may be conducted on sub-
assemblies of the tool, and, in this case, the test indicated in item 3 is to be conducted. If the tests in accordance with item 1

and 2 are conducted on the completely assembled tool, the tests indicated in item 3 may be omitted if there is no reinforced
insulation.

Note B: Those parts of the tests described in items 2 and 3 that include application of metal foil to outer enclosures of
insulating material may be waived if the manufacturer has an acceptable guality control program. This program is to
determine that the insulating material in gquestion is free from cracks and metal inclusions, and that it has the physical and
electrical strength required for the application. To determine that the material is free of cracks or metal inclusions. a 100
percent visual inspection is required. Periodic physical-property tests on molded parts shall also be conducted.

01
(=)

Table Continued on Next Page
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Table Continued

Points between which potential is to be applied
Note C: The test of item 3 may be waived for accessible metal
outer enclosure of insulating material that is subject to the control program indicated in Note B and (2) are so located that
they are remote from live parts and from inaccessible metal parts separated from live parts by basic insulation only. The
remoteness is to include consideration of possible displacement of parts as the result of improper assembly.

Test potential
Class

arts, such as assembly screws. that are: (1) isolated by an

The tool may be in a heated or unheated condition for the test.

The test shg

t the tool be

un-wired. mq

Parts such a

dified. or disassembled for the test.

S snap _covers. auxiliary handles. guards. or friction-fit knobs that would inter

ere_with the

performance

The test ma

of the test need not be in place.

be performed before final assembly if such a test represents that of the comp

eted tool.

If the tool en

hploys a_solid-state_component that can be damaged by.the test potential, the

test on_each

tool may be

conducted before the component is _electrically connected. In such a case, add|

tional testing

iS to be mad|

e of a random sampling of each day’s production with the circuitry rearranged

0 reduce the

likelihood of]

damage to any solid-state _component but retaining representative dielectric

tress of the

circuit.

The specifie

control of the applied voltage, manual eriadtomatic. shall be maintained under.

\conditions of

varying line |voltage. Higher test potentials may bé. used if the higher dielectric_stress is| not likely to
adversely affect the insulating systems of the product.
The test equipment is to have the following“features and characteristics:
A. Almeans of indicating thertest voltage that is being applied to the tool under test| This may
be _accomplished by sensing the voltage at the test leads or by an equivalent means.
B. Ah output voltage_ that (1) has a sinusoidal waveform. (2) has a frequency that is| within the
range of 40 — 70 .Hz..and (3) has a peak value of the waveform that is not to be less than 1.3
and hot more than1.5 times the root-mean-square value. As an alternative, a DC potential of
1.4 times the~-RMS value may be used.
C. Alméans of effectively indicating unacceptable performance. The indication is to lbe (1)
auditoryif it can be readily heard above the backaground noise level. (2) visual if it dommands

the attention of the operator, or (3) a device that automatically rejects an unacceptable product.
If the indication of unacceptable performance is auditory or visual, the indication is to remain
active and conspicuous until the test equipment is reset manually.
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D. When the test equipment is adjusted to produce the test voltage and a resistance of 120,000
ohms is connected across the output, the test equipment is to indicate an unacceptable
performance within 0.5 second. A resistance of more than 120,000 ohms may be used to
produce an indication of unacceptable performance, if the manufacturer elects to use a tester
having higher sensitivity.

There is not to be any transient voltage applied to the tool under test that results in the instantaneous
voltage applied to the product exceeding 120 percent of the peak value of the test voltage that the
manufacturer elects to use for this test. This requirement applies for the entire duration of the test,
including the time that the voltage is first applied to the product and the time that the voltage is removed
from the product.

During the te

st, a sufficient number of primary switching components shall be in the on paosit

on so that all

primary circy

itry will be stressed. Both sides of the primary circuit of the appliance are. to

e_connected

together to one terminal of the test equipment. The second equipment terminal is‘to-be

accessible d

Tools _utilizin|

pad metal.

0 _motors, relays, coils or _transformers, having circuitry_not subject to_excessi

connected to

e_secondary

build-up in ¢

ase of indication of unacceptable performance during the test, may be_tested

with only one

side of the p

30.2 Groung

30.2.1 The

yimary circuit connected to the dielectric test equipment.

ing Continuity Test

nanufacturer shall determine, by routine production-line test, that each Class | ti

bol produced

has continuit

A buzzer, lig

v between the ground pin of the plug and allaceessible dead metal.

ht, ohmmeter, or other suitable indication.ef continuity shall be used for the tes

31 Instructio

31.1 An_inst]

ns

uction manual shall be provided with a tool and packaged such that it is obvio,

us when tool

is removed f

General and
of the countr]

Instructions 4

The instruct

om the carton.

specific safety instructions required by this standard shall be written in the offici
v in which the tookis‘to be sold. See Appendix H for translations.

bhall be legible and contrast with the backaground.

on_manual shall include the name and address. street. city. state. postal

language(s

code of the

manufacture

or private labeler.

removed without damaqing the instructions.

31.2 The instruction manual shall include the following major categories in the sequence given:

— GENERAL SAFETY RULES

— SPECIFIC SAFETY RULES AND/OR SYMBOLS

— FUNCTIONAL DESCRIPTION
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— OPERATION

— MAINTENANCE

— ACCESSORIES

Equivalent terms for titles of cateqgories a) through g) may be used.

31.2.1 The GENERAL SAFETY RULES as presented in 31.3 shall be given verbatim and in the exact
same order. Alternatively, an instruction manual found to comply with the "Marking and instructions”
section of the latest edition of the product standard may be used.

The "action”

part of the subelement and "hazard description” subelement shall be distingu

ishable from

each other b

font. highlighting, or other means, consistent with the format set by the GENER

AL AND/OR

SPECIFIC S

31.2.2 The §
be given ver

The "action”

AFETY RULES.

Datim _and in the exact same order.

part of the subelement and "hazard description” subelement shall be disting

bPECIFIC SAFETY RULES, taken from Part 2 of this standard for thé appropriate tool, shall

ishable from

each other b

font, highlighting. or other means. consistent with the format set by the GENER

AL AND/OR

SPECIFIC S

The manufa
Definitions fd

31.2.3 The
components

31.2.4 The ]

AFETY RULES.

r symbols shown in Clause 7 of this standard shall be used verbatim.

or_controls of the tool.

[OOL ASSEMBLY _cateqgory of the instructions shall be provided. if appropriate

turer shall include in this section of the manuala definition of all symbols used on the tool.

FUNCTIONAL DESCRIPTION category.of the instructions, shall describe the essential

31.2.5 The

PERATION category of thésinstruction shall describe typical operating proced

res with the

tool.

31.2.6 The MAINTENANCE catedory of the instruction manual shall include instructions an

statements f

31.2.7 The A

Dr_any user-maintenance operations recommended by the manufacturer.

ACCESSORIES category of the instruction manual shall specify accessories and

)d_cautionary

attachments

recommend

d for usewith the tool. The Accessory or the Operation section of the manual

shall include

instructions ff

or praper use of such accessories or attachments.

The _manufactur

Generic terms such as spade bits, circular saw blades, and the like, may be used to speci

may refer to a manufacturer’s catalog to specify a range of accessories.

Se_with the tool.
accessories. The instruction manual
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31.2.8 At the manufacturer’s discretion, each mandatory element of GENERAL SAFETY RULES and
SPECIFIC SAFETY RULES of the instructions may be followed by "Supplemental” information provided
such information is related to the topic of the element.

The manufacturer may also supply additional elements the specific safety rules category of the
instructions for the tool. These additional safety rules shall be presented after the mandatory SPECIFIC
SAFETY RULES. The additional safety rules, whenever appropriate, shall have "action” and "hazard
description” subelement. The "action” part of the subelement and "hazard description” subelement shall

be distinguishable from each other by font, highlighting, or other means, consistent with the format set by
the GENERAL AND/OR SPECIFIC SAFETY RULES .

Any of the SAFETY RULES may be repeated within the instruction manual at the manufacturer’s

discretion.

31.3 GENERAL SAFETY RULES

NING! Read and understand all instructions. ___Failure to follow alllinstructions|listed below,

electric shock, fire and/or serious personal injury.

31.3.1 WAR
may result in

SAVE THESE INSTRUCTIONS.

31.3.2 Workl Area

31.3.2.1 Keep vour work area clean and well lit.  Cluttered.benches and dark areas invitg accidents.

hce of
fumes.

31.3.2.2 Do
flammable lid

not_operate power_tools _in_explosive satmospheres. such _as _in_the prese
juids, gases, or dust. Power tools create sparks which may ignite the dust o

31.3.2.3 Keep bystanders. children, and visitors® away while operating a power tool. Distractions

can cause you to lose control.

31.3.3 Electfical Safety

31.3.3.1 Grounded tools must be plugged into_an outlet properly installed and arounded in
accordance Wwith all codes and ordinances. Never remove the arounding prong or modify thel plug
in any way. [Do not use any‘adaptor plugs. Check with a qualified electrician if you are in doubt as

to whether tl

e outlet is properly grounded. If the tools should electrically malfunction or

break down.

grounding pi]

Applicable only

pvides a.lew resistance path to carry electricity away from the user.

to Class' | (grounded) tools.

31.3.3.2 Double Insulated tools are equi

ed with _a polarized plu

one blade is wider than the

other.) This plug will fit in a polarized outlet only one way. If the plug does not fit fully in the outlet

reverse the plug. If it still does not fit, contact a qualified electrician to install a polarized outlet.
Do not change the plug in any way. Double Insulation [@l eliminates the need for the three wire grounded

power cord and grounded power supply system.

Applicable only to Class |l tools.
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31.3.3.3 Avoid body contact with grounded surfaces such as pipes, radiators, ranges and
refrigerators. There is an increased risk of electric shock if your body is grounded.

31.3.3.4 Don't expose power tools to rain or wet conditions. Water entering a power tool will increase
the risk of electric shock.

This instruction need not be provided for tools classified watertight or splashproof.
31.3.3.5 Do not abuse the cord. Never use the cord to carry the tools or pull the plug from an

outlet. Keep cord away from heat, oil, sharp edges or moving parts. Replace damaged cords
immediately. Damaged cords increase the risk of electric shock.

31.3.3.6 WhEen operating a power tool outside, use an outdoor extension cord marked "W-A" or
"W." These ¢ords are rated for outdoor use and reduce the risk of electric shock.

31.3.4 Personal Safety

31.3.4.1 Stay alert, watch what vou are doing and use common _sense when operating_al power
tool. Do not bse tool while tired or under the influence of drugs, alcohol, or. medication. A moment

of inattentior] while operating power tools may result in serious personahigjury.

31.3.4.2 Drgss properly. Do not wear loose clothing or jewelry. Contain long hair. Keep vour hair,

clothing. and aloves away from moving parts. Loose clothes./jewelry. or long hair can [be caught in
moving partg.
31.3.4.3 Avqid accidental starting. Be sure switch is off before plugging in. Carrying tdols with your

finger on thel switch or plugging in tools that have theiswitch on invites accidents.

31.3.4.4 Reimnove adjusting keys or switches befefe turning the tool on. A wrench or a Key that is left
attached to a rotating part of the tool may result in personal injury.

31.3.4.5 DoJnot overreach. Keep properfooting and balance at all times. Proper footingland balance
enables better control of the tool in Unexpected situations.

31.3.4.6 Usg safety equipment."Always wear eye protection. Dust mask. non-skid safetyf shoes, hard
hat, or hearihg protection must-be used for appropriate conditions.
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31.3.5 Tool Use and Care

31.3.5.1 Use clamps or other practical way to secure and support the workpiece to a stable
platform. Holding the work by hand or against your body is unstable and may lead to loss of control.

31.3.5.2 Do not force tool. Use the correct tool for your application. The correct tool will do the job
better and safer at the rate for which it is designed.

31.3.5.3 Do not use tool if switch does not turn it on or off. Any tool that cannot be controlled with the
switch is dangerous and must be repaired.

31.3.5.4 Disconnect the plug from the power source before making any adjustments, changing
accessories.|or_storing the tool. Such preventive safety measures reduce the risk of stafting the tool

accidentally.

31.3.5.5 Store idle tools out of reach of children and other untrained persons. Tools ale dangerous
in_the hands|of untrained users.

31.3.5.6 Ma|ntain tools with care. Keep cutting tools sharp and clean. Properly maintaingd tools, with
sharp cuttind edges are less likely to bind and are easier to control.

31.3.5.7 Chéck for misalignment or binding of moving parts. bréakage of parts. and any| other

condition thdt may affect the tools operation. If damaged. have.the tool serviced before uising.
Many accidehts are caused by poorly maintained tools.

31.3.5.8 Usg only accessories that are recommended by the manufacturer for your model.
Accessories [that may be suitable for one tool, may become hazardous when used on another tool.

31.3.6 SER

E

31.3.6.1 Toal service must be performed only by qualified repair personnel. Service or maintenance
performed by unqualified personnel couldresult in a risk of injury.

31.3.6.2 Wheen _servicing a tool, .use only identical replacement parts. Follow_instructions in_the
Maintenancdg section_of this .manual. Use of unauthorized parts or_failure to_follow Maintenance

Instructions Inay create a risk of electric shock or injury.
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Al Thermal

Appendi x A — Thermal cut-outs and overload releases

cut-outs and overload releases shall operate reliably.

Compliance is checked by confirming the device conforms to referenced standards in Appendix E or by
the following tests.

Compliance is checked by subjecting three samples of the device to a test which is made at 1.25 times
the current passing through, and 1.1 times the voltage applied to the device when the tool is operated at
rated voltage or at the upper limit of the rated voltage range and under normal load.

The test is

made with a.c. or d.c., as appropriate, the test with a.c. being made at‘the

determined When the tool is operated under normal load.

The device i
After the tes

A2 Thermal
appreciably |

Compliance

5 caused to operate 15 times.
, the samples shall show no damage impairing their further use.

cut-outs and overload releases shall be so constructedythat their setting is
py heating, vibration, etc., occurring in normal use.

is checked by inspection during the test of Clause “16.

power factor

not changed
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Appendi x B — Electronic circuits
B1 Scope
This appendix applies to circuits comprising an electronic device, an electronic unit or an electronic
assembly with components such as resistors, capacitors and inductors, in the tools specified under Clause
1 of this standard. All clauses of this publication apply to electronic circuits except as modified in this

Appendix B or in Part 2 for the specific tool.

B2 Definitions

The following definitions apply:

B2.101 Elecfronic device: A part in which conduction is principally by electrons moving thfough a
vacuum, gaq or semiconductor.

B2.102 Elecfronic unit: A group of components, at least one of which issan electronic device, in which
the compongnts cannot be replaced without damage.

An example of this is an integrated circuit.

B2.103 Elecfronic assembly: A group of components at least*one of which is an electroni¢ device, but
in which individual parts may be replaced without damage.to the assembly.

An example of this is a group of components mounted on a printed,gircuit board.
B4 General hotes on tests

B4.2 Cumulative stress as a result of sequential testing shall be avoided. It may be necessary to replace
the affected samples or to use additional samples.

The number |of samples should be kept to a minimum by an evaluation of the relevant circults.

B4.18 Care |shall be taken that, except for the test specified in Clause B101, the supply sHall be free of
such perturbations from extérnal sources as may influence the results of the tests.

B4.101 If ar] electranic unit is so enclosed that the testing of individual components is imgossible, then
the entire elgctronicunit shall be considered as a whole.

It is, however, pcllll;ttcd to—take apart electronte—tmits—which—are—rot-so—vacttm—seated; bUIII'J:CtC:y cllbapou:atc , moulded-in or
potted that the enclosure forms one moulded part with the enclosed components, for the purpose of establishing creepage distances
and clearances between live parts and other metal parts as specified in Sub-clause B27.1.

B4.102 If an electronic unit or assembly is tested separately, the conditions of heat dissipation occurring
when it is incorporated in the tool are, if necessary, simulated during the tests.
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B4.103 All measurements shall be carried out with instruments which do no appreciably affect the values
to be measured, and which are not affected by factors such as waveform.

B7 Marking

B7.12 In countries in which the supply could be protected by earth-leakage circuit breakers, Class | tools
with electronic circuits where a failure of basic insulation would permit earth-leakage currents with a d.c.
component exceeding X mA and exceeding also Y% of the total earth-leakage current, shall be
accompanied by an instruction sheet giving the necessary information with regard to the protection of the
wiring by fuses or earth-leakage circuit breakers.

The values X and Y depend on the national usage of earth-leakage circuit breakers until international agreements have been
reached.

B8 Protectign against electric shock

B8.1 For thd

as live parts

eithe
the (

or th
resis

purpose of this sub-clause, wiring terminals and contacts and connéctors are
if:

r the part is connected to the output terminals of a safety, isalating transformer,
utput voltage of the transformer does not exceed 42.4 \(a:c. (peak value) or 4

e current between the part and either pole of the supply source through a non-
tance of 1750 £250 2006-+100 Q does not exceed 0.7 mA (peak value) or 2 1

not regarded

provided
.4 Vd.c.

inductive
nA d.c. and,

morgover:

— for]
exce

voltages between 42.4 V (peak value) and 450 V (peak value) the capacitancg does not

ed 0.1 pF.

— for]
exce

voltages between 450 V (peak yalue) and 15 kV (peak value) the discharge dges not
ed 45 uC.
— forl voltages over 15 kV (peak value), the energy of the discharge does not exceefd 350 mJ.
Voltages an
Discharges {

I currents are measured between the relevant part and either pole of the sy
ire measured immediately after the interruption of the supply.

pply source.

In the presence of harmonics and of frequencies higher than supply frequencies, the measufement of the

a.c. leakage |current(shall be made with a circuit have an impedance formed by a 1750 £25(0 2006-+160
Q resistive gomponent, including the resistance of the measuring instrument, shunted by g capacitor of

112 +6 nF.

The introduction of a time-limit for the measurement of the discharge after interruption of the supply is under consideration. For
frequencies exceeding 1 kHz, the limit of 0.7 mA (peak value) is multiplied by the value of the frequency in kilohertz, but must not
exceed 70 mA (peak value).

The internal resistance of the voltmeter used for the measurements should be at least 50 k Q.
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B15 Insulation resistance and electric strength

B15.1 In order to avoid overstressing of the components of electronic devices, units or assemblies,
arranged across insulation which need to be tested according to the main part for dielectric strength and
insulation resistance, such tests are not made if the relevant components are not live in the sense of
Sub-clause B8.1 of this appendix and if they cannot be disconnected.

Integrated circuits and the like on the secondary side of an isolating transformer are disconnected or
removed before the tests are made if they may be damaged or destroyed by capacitive charges or
currents.

If, during this test, a flashover or breakdown occurs over an insulation, the tool is not deemed to be

unsatisfacto
B17.101.

B16 Endura
Electronic comp
If, during these
component whi
electronic unit ig
If during these

component, ele
produced.

B17 Abnorn

B17.101 Cin
as regards €

personal injd

Compliance
a time and &

Examination
simulated.

The fault cof

y if the relevant insulation shall comply with the requirements of Item 240

nce

onents are tests as part of the tool during the tests of Part 1.

tests, a sample ceases to function as a result of the failure of an electrenic device, electronic U
h is unlikely to cause any hazardous condition in the sense of Clause'B17, that component, eleg
replaced and the test is continued.

ests the sample develops a fault which produces a malfudetion, the test is continued without rep

ctronic device or electronic unit, provided that no haZardous condition in the sense of Clause)

al operation

cuits shall be so designed and applied that any fault condition will not render th
lectric shock, fire hazards, mechanical hazards or €angereus malfunction that

ry.

s checked by simulating each of the following conditions mentioned below in tu
ssociated with it these other fault conditions which are an inevitable consequen

of the tool andits circuit diagrams will generally show the fault conditions whi

iditions~to be considered are:

f Sub-clause

nit or any other
tronic device or

lacement of the
B17 has been

e tool unsafe
may result in

'n and one at
ce.

ch should be

oipogitine Af Aranpana tapnecac and Alaaranmanc hatiamnny Ihvn pnavic Af Aiffn g

1) She#

Adic o
TOTC Cireaitnyg ot CIeCoagC—aiotanCCo ana cricaiantC o oCtw e T nive palts U1 aiict

if less than those of Clause B27 where a proper encapsulation has not been used.

ent polarities

2) Short circuit across insulating parts which do not comply with the requirements of Clause

B15.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL

No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

JUNE 15, 2007 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 99

3) Short circuit across or—f-applieable; open circuiting of electronic devices, electronic units,

and components such as I‘eSIStOI’S capac:tors and /nductors—net—eemplyrng—mﬁth—fEePubﬁeaﬁeﬁ

The tool is operated at rated voltage or at the most unfavorable voltage of the rated voltage range and
under the most unfavorable normal operating conditions as specified in Clause 11. If the operating time
specified in Clause 11 consists of more than one operating cycle, the duration of the test shall be equal
to one operdting cycle, if necessary.

During and gfter these tests, the tool shall comply with the requirements specified in"Sub-clause 17.1.
B27 Creepape distance, clearances and distances through insulation

B27.1 Circuits conductively connected to the supply terminals or to supply-caontacts shall conpply with Part
1.

B27.2 Supplement
Creepage distances and clearances in circuits separated fram the supply by an isolating transformer
— for| basic insulation between live parts of different polarity

— for the insulation between live parts

« and non-accessible parts in~Class Il construction, or

« accessible parts in construction according to other classes
— forl supplementary insulation

shall not be |ess than the vatues shown in the following table.

For reinforced insulation,\they shall not be less than twice the values shown in the table.
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Working voltage (peak) Minimum clearance Minimum creepage distance
V (r.m.s.) v (mm) (mm)
12 Up to and including 17 0.19 0.40
30 and over over 17 and including 43 0.28 0.55
60 and over over 43 and including 85 0.38 0.72
130 and over over 85 and including 184 0.62 1.12
250 and over over 184 and including 354 1.15 1.95

The distances through insulation shall comply with the following:

— for yoltages up to 42.4 V (peak ac or dc) there are no requirements.

— for yoltages over 42.4 V (peak a.c. or d.c.) the insulation must comply with the requirements ofithe voljage test of

Clausg B15.

B101 Operationundermains-berne-perturbation——

B101.1 Eleetronieee

i . . ion.
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Appendi x C — Construction of safety isolating transformers

The input windings and output windings shall be separated by an insulating barrier, and the construction
shall be such that there is no possibility of any connection between these windings, either directly or
indirectly, through other metal parts.

precautions shall be taken to prevent:

_ In particular,
—dis
— dis

of w
loos¢

placement of the input windings or the output windings, or the turns theredf;

placement of internal wiring or wires for external connections, undue displacent
ndings, or of internal wiring, in the event of rupture of wires adjacentyto conneg
bning of connections;

— willes, screws, washers and the like from bridging any part of the insulation betwe

circy

The input wi
to the next s

Examples of
a) W

b) W
that

parti
parti

c)C
trans
least

it and the output circuits, including the windings, should they loosen or become

nding and each output winding shall be wound in syeh a manner that each turn
Liccessive turn, in any given layer of the winding.

constructions which comply with these requirements for windings are:

indings on separate spools of adequate* insulating material.

indings on a single spool, with a~partition wall, of adequate insulating material,
he spool and partition wall are pressed or moulded in one piece, or that pushe

ion walls have an intermediate sheath or covering over the joint between the s
ion wall.

former iron core,ahd between the input winding and each output winding, proy
three layerstare” used, and that, when two layers are placed in contact, they w

electric strength_test prescribed for reinforced insulation, the test voltage being appl

the ¢

All windings

uter suffaces of the two layers.

shalihave the end turns retained by a positive means. This can be achieved |

ent of parts
tions or

en the input
free.

lies adjacent

provided
d-on
pool and the

bncentric windings-@n insulation which is applied in thin sheet form on a spool ¢r on the

ided that at
thstand the
ed between

by the use of

datina paatarial Ay aten nf A haord hal/ina pmaatapia fllh, nAanatratac +

e interstices

sheets of ing
and effective

tor: z t il s
g oo OUT 0y Oic- OSC O o o O 0O g T hiatC T v o oy pehictiatC St

ly seals off the end turns.

It is not to be expected that two independent fixings will become loose at the same time.
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Appendi x D — Measurement of creepage distances and clearances

The methods of measuring creepage distances and clearances to be used in interpreting the requirements
of Sub-clause 27.1 are indicated in Cases 1 to 10 of this appendix. In cases 1 to 10, solid lines are

clearance whereas dash lines indicate creepage.

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

The following assumptions are made;

1. Algroove may have parallel, converging or diverging sides.

2. Apy groove having diverging sides, a minimum width exceeding 0.25 mmy a-depth exceeding
1.5 ;mm and a width at the bottom equal to or greater than 1 mm , is regarded as ah air gap
(see| Case 8).

3. Any corner including an angle less than 80 Deg. is assumed to.be bridged with gn insulating
link of 1 mm width (0.25 mm for dirt-free situations) moved into‘the most unfavorable position
(see|Case 3).

4. Where the distance across the top of a groove is 1wy (0.25 mm for dirt-free sitliations) or
more¢, no creepage distance exists across the air space (see Case 2).

5. Alcreepage path is assumed not to exist if there is an air gap as defined in Item [P above
excdeding 0.25 mm.

6. Cleepage distances and clearances measured between parts moving relative to pach other
are measured when these parts are in their most unfavorable stationary positions.

7. Alcomputed creepage distanée’is never less than a measured clearance.

8. Any air gap less than 1 mm wide (0.25 mm for dirt-free situations) is ignored in gomputing
the tptal clearance.

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL
No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

JUNE 15, 2007 CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1 103

Case 1
— -— <] mm

S TR

X X X X X X X X X X X X

S3409

Condition: Path|under consideration includes a parallel- or converging-sided groove/of any depth with a width lessfthan 1 mm.

Rule: Creepage|distance and clearance are measured directly across the groove as shown.

Case 2
> mm

S3410

Condition: Path under consideration includes a parallel-sided groove of any depth and equal to or more than 1 mm wide.

Rule: Clearance is the "line of sight” distance. Creepage path follows the contour of the groove.
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Case 3

Condition: Path
than 1 mm.

Rule: Clearancg
groove by 1 mnj

5411

is the "line of sight” distance. Creepage path follows the contourof the groove but "short-circuits” t
(.025 mm for dirt-free situations) link.

e Y

under consideration includes a V-shaped groove with internal angle of less_than 80 Deg. and with

a width greater

he bottom of the

s
ISR

S3412

Condition: Path under consideration includes a rib.

Rule: Clearance
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Case 5

<l mm ——|7<— <]

5

S34

Condition: Path
wide on either g

Rule: Creepage

1.3
under consideration includes an uncemented joint with grooves less than 1 mm (0.25 mm for dir
ide.

and clearance path is the "line of sight” distance shown.

Case 6
>1 mm >1 mm

———‘ ’———

/ N/

-free situations)

ST
RS
0% %% 2% %%

AN AAAAAAAAAANANANAN

S3414

X

Condition: Path under consideration includes an uncemented joint with grooves equal to or more than 1 mm wide each side.

Rule: Clearance is the "line of sight” distance. Creepage path follows the contour of the grooves.
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>1 mm

-

Condition: Path
on the other sid

Rule: Clearancs

53415

under consideration includes an uncemented joint with a groove on one,side less than 1 mm wide]

e equal to or more than 1 mm wide.

and creepage path are as shown.

>1.5 mm

Case 7
<l mm

Case 8

A

and the groove

S3417

Condition: Path under consideration includes a diverging-sided groove equal to or greater than 1.5 mm deep and greater than 0.25
mm wide at the narrowest part and equal to or greater than 1 mm at the bottom.

Rule: Clearance is the "line of sight” distance. Creepage path follows the contour of the groove.

Case 3 applies as well to an internal corner if the angle is less than 80 Deg.
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Case 9
L'\«\d\
R ’
|
I
|
1
a
A
Vs
L‘
b

S3418

Gap between he¢ad of screw and wall of recess too narrow to be taken intoraccount.

Case 10

>Tmm

ﬁgiﬁ
. A
/

_>—'<— >1mm

"y

S3419

Gap between head of screw and wall of recess wide enough to be taken into account.
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Appendi x E — Reference standards

A component of a tool need not comply with the standards given in this appendix unless specifically stated
in the table below. In cases where a component shall comply with the standard specified in the "Shall
Comply With" column, the component shall comply with both the UL and CSA standards given.

Component Accepted by Tests of this Standard? Shall Comply With:

Switches No UL 1054, C22.2 No.55

Plastics Yes, or UL 94, UL 746A, UL 746B, UL 746C; C22.2 0.17, or IEC 707

Terminals &rconmectors TE5, O UL 460, UL 100, UL S1U UOA Uss.2 NO.1OS Ng.J._S

Plugs and Rleceptacles No UL 498; C222 Nol42

Cord Sets & Power Supply Cord No UL 817; C22:2"Nol21

Internal Wirihg No UL 44 UL 83; C22.2 No. 38C22.2 No.

75

Insulating Sleeving and Tubing No UL224, C22.2No. 1198.1

Euses No UL 198F. UL 198G, C2212No. 59.1
C22.2No. 59.2

Electronic Cpntrols Yes Not Applicable

Isolating Tralnsformers Yes Not Applicable

Thermal Cutouts and Overload No UL 1020, C22.2 Nol209

Heating Elepents No UL 1030, C22.2 N@.72

Power Supplies for Class Il Tools No UL 1012 or UL 1310, C22.2 No. 107 or
C22.2 No. 223

Sealing Rings and Glands Yes Not Applicable

Labels Yes, or UL 969; CSA C22.2 No. 0.15

Class B and| F Insulation System UL 1446
Grinder Gugrds ANSI B7.1

=

The following standards are referenced by, this standard, either by specific mention, or used as a basis for
development of requirements.

ELECTRICAL CODES

ANSI /NFPA| 70
National Elegtrical Code

CSA C22.1
Canadian Electrical*Code (CEC), Part |

C22.2 No. 011582
General Requirements — Canadian Electrical Code, Part Il

C22.2 No. 0.4-M1982
Bonding and Grounding of Electrical Equipment (Protective Grounding)

CAN3-C235-83
Preferred Voltage Levels for AC Systems, 0 to 50 000 V

Copyright Underwriters Laboratories Inc.
Provided by IHS under license with UL
No reproduction or networking permitted without license from IHS Not for Resale


https://ulnorm.com/api/?name=UL 745-1 2007.pdf

JUNE 15, 2007

CAN/CSA-C22.2 NO. 745-1 ¢ UL 745-1

109

EXTERNAL

UL 498

FLEXIBLE CABLES AND CORDS

Attachment Plugs and Receptacles

C
=

817

Cord Sets and Power-Supply Cords

UL 62

Flexible Cord and Fixture Wire

C22.2 No. 21-M1984

Cord Sets aﬁd Power Supply Cords

C22.2 No. 5]
Appliance P

FUSES

UL 512
Fuseholders

UL 198G
Fuses for Su

UL 198F
Plug Fuses

C22.2 No. 5
Fuses (Both

C22.2 No. 5
Supplementd

GRINDER G

ANSI| B7.1-1
Use, Care a

HEATING E

F-M1985
Lgs for Heater Cord Sets

pplementary Overcurrent Protection

h.1
Plug and Cartridge-Enclosed Types)

.2
i/ Fuses

UARDS

D88
nd Protection. of Abrasive Wheels

L EMENTS

UL 1030

Sheated Heating Elements

C22.2 No. 72
Heater Elem

ents

INSULATING MATERIALS

UL 1446

Systems of Insulating Materials, General
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ISOLATION TRANSFORMERS

IEC 742
Isolating Transformers and Safety Isolating Transformers

MARKING AND LABELING SYSTEMS

UL 969
Marking and Labeling

C22.2 No. 0.15
Adhesive Labels

LAMPHOLDER

C22.2 No. 43-M1984
Lampholders

UL 496

Edison-Basgd Lampholders
MOTORS

UL 1004

Electric Motars

C22.2 No. 77-1988
Motors with Inherent Overheating Protection

C22.2 No. 100-M1985
Motors and Generators

PLASTICS

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

UL 746A
Polymeric Materials(=\Short Term Property Evaluations

Polymeric Matetials—tongTerm-Property-Evalaations

UL 746C
Polymeric Materials — Use in Electrical Equipment Evaluations

C22.2 No. 0.17
Evaluation of Properties of Polymeric Materials

ASTM Standard, D648-82
Deflection Temperature of Plastics under Flexural Load
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IEC 112
D3638-85 CTl

IEC 707
Elame Tests

PRINTED WIRING BOARDS

UL 796
Printed-Wiring Boards

UL 840
Insulation Caoordination Including Clearances and Creepage Distances for Electrical Equipmient —

RADIO INTHRFERENCE SUPPRESSION

C22.2 No. 81M1986
Electromagnietic Interference (EMI) Filters

UL 1283
Electromagnietic Interference Filters

SWITCHES AND SPEED CONTROLS

UL 1054
Special-Use [Switches

UL 508
Industrial Cadntrol Equipment

UL 20
General Usgl Snap Switches

C22.2 No. 55-M1986
Special Use [Switches

C22.2 No. 156-M1987
Solid-State $peed Controls

C22.2 No. 14-M198%
Industrial CdntreMEquipment

C22.2 No. 111-M1986
General Use Switches

THERMAL PROTECTORS

UL 1020
Thermal Cutoffs for Use in Electrical Appliances and Components

C22.2 No. 24-1981
Temperature-Indicating and Regulating Equipment
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C22.2 No. 209
Thermal Cutoffs

WIRING MATERIALS

UL 224

Extruded Insulating Tubing

C

L 44

Rubber-Insulated Wires and Cables

C
0o

L 83

Thermoplast]

C

L 510
Insulating T4

C22.2 No. 1
Extruded Ing

MISCELLAN

C22.2 No. 64
Household @

C22.2 No. 64
Specialty Trd

CAN3-A165
Concrete M4

0121-M197§

Douglas Fir

UL 745-3
Portable Bat

C22.2 No. 74
Portable Bat,

ic-Insulated Wires and Cables

pe

D8.1-M1986
ulating Tubing

(O]UNS)

1-1980
fooking and Liquid-Heating Appliances

b-1988
nsformers

Series-M85
sonry Units

Plywood

fery-Operated Fools

15-3
fery-Opérated Tools
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F1 Scope

This_Appendix_a
or_equivalent

number

Appendi x F — Attachments and accessories

lies to accessories and mechanical attachments that are (1
roduct_designation) in_the instruction_manual accompanyin

packaged with the tool.

referred to by catalo
a_tool, or

2

F1.101 An accessory or attachment not explicitly covered in this appendix is to be investigated on the

basis of com

appropriate ¢

F1.102 Thes

pxamination and tests to determine acceptability for its intended use.

e reqguirements cover carbide-tipped circular saw blades. carbide-tippedplaner

pliance with the requirements of this appendix. insofar as they are applicable., and further

cutters, wire

brushes.

Solid, that is no|

F1.103 A ay

carbide-tipped, blades, cutters and bits are excluded.

ard or rotating backing pad may either be investigated for*use with a specific

ool or as an

accessory.

N

F2 Definitions

F2.101 An dttachment is a device attached to the housingionother component of the tool ang

not attach to

the spindle. Attachments include tables to convert hand held tools to bench m

may or may
unted types;

for example,

F2.102 An 4
F3 General

F3.101 The

a_router table.

ccessory is a device that is attached“only to the spindle of the tool.

fequirements

material of a part. the malfunctions of which might result in the likelihood of injur

v to persons,

shall have ploperties acceptable for.the expected conditions of intended use.

Compliance

F4 General
F4.101 Atta

= Wi

s checked by inspection.
hotes on test

hments and accessories shall withstand the appropriate test or tests.

that ~Affante than

L% %1 W § APV T N 4 L)

ersons.

— Without being affected to the extent that a moving part, likely to cause injury to persons, is
exposed to unintentional contact.

— Without affecting the mechanical performance of the accessory or tool so as to increase the
risk of injury to persons.
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F7 Marking

F7.101 An accessory or an attachment, or the package in which it is marketed, shall be marked with a
catalog number or equivalent means of identification.

The accessories mentioned in the following table and comparable components need not be marked with
catalog numbers or the equivalent.

Drill bit
Screwdriver

Accessory or attachment manufacturer

Tools for which the accessory is recommended by the

Drill or Hammers
| or screwdriver

Mounted ar|
Rotary file
Solid (not ¢
Sanding dig
Router bit

Hole saw
Chuck
Socket
Backing dis}

Polishin d and buff

Dril
nding wheel less than 50.8 mm in diameter ril
I rasp

Arbide-tipped) saw blade

c or belt

C and pad

F7.102 Accs
be identified

ssories and attachments that are recommended.by the manufacturer for use o a tool, shall

._The identification shall appear_in_at least.ohe of the following locations

. (1) on the

attachments

(2) _on _the package housing the attachment, (3) in the instruction book fi

or_the basic

appliance an

Those attachmd

F7.103 Car

d (4) in information furnished with the attachments.

nts referenced in the table in F7.101 may bé.referenced generically for indicated tool types.

ide-tipped circular saw blades. flexible backing pads. grinding wheels. and wire

rushes shall

be permanently marked with the maximdm speed, "..../min."

A wire brush or

backing pad under 38 mm in.diameter may include the marking on the package or literature. A gri

ding wheel less

than 102 mm in

F7.104 Cautionary markings'shall comply with Sub-clauses 7.1.3, 7.13 and 7.14.

F7.105 A cd
the accessol

diameter shall be marked*either on the wheel or package.

utionary marking shall be permanent and shall be located on a part permanently attached to

v or attachment or on a part that cannot be removed without impairing the ops

ration or the

appearance

of \thé _accessory or_attachment. If there is not sufficient room for the mal

rking_on_the

atfacshaant tha paavl sy ey ba tnaliidnd An thie tnctriiatiane favnichad vaathh tha

accessory or
attachment.

(© 19N CA v NI N NAI N T A NN N AV C IO TIOCUC O OTT OiC TSt oS tOTTS TON T I STTIC O vV It T tric

F7.106 A wire brush shall be permanently marked "Wear eye protection.”

aCCessory or

If there is not sufficient room on the wire brush, the marking shall be in the instructions furnished with the wire brush.
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F7.107 If the function of a handle, lever, knob, or other electrical or mechanical control is not obvious, it
shall be identified either on the attachment or in instructions furnished with the attachment.

F19 Mechanical strength

F19.101 An accessory or attachment, in combination with the tool, shall be constructed so as to withstand
such rough handling as may be expected in normal use.

Compliance is checked by the tests of Sub-clause 19.1 using the complete assembly of tool with
accessories and attachments.

F19.102 An accessory shall be resistant to overspeed.

Compliance s checked by rotating the accessory in accordance with the following tablé.\There shall not
be _breakagd, (separation of carbide tips from blade). or other effect that may resultin risk of injury to

persons.
Speed of Rotation in Percent of|
Rqtating Member Time or Number of Revolutions Maximum.Rotation Member Speed
Carbide-tipped saw 1,000,000 Revolutions 150
1 Hour 120
1 Hour 120
Wire brushes without
shank
PO to 150 mm 1 Hour 120
$150 to 230 mm 1 Hour 130
$230 mm 1 Hour 150
All other rotating 1 Hour 150
membgrs

A wire brush may discharge wires but shall ngt burst. There shall be no separation of the carbide tips from the saw blade. Flexible
backing pads shall not break apart. Accesseries listed in the table are exempt from this test.

F20 Construction

F20.101 Anledge. projéction, or corner of an accessory or attachment shall not be sufficigntly sharp to
constitute a likelihood-6f injury to persons in intended use or during operator maintenance.

Compliance ys checked by inspection.

This does not apply to an edge that must be sharp to enable the accessory or attachment to perform its intended function.
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F20.102 The stability of a bench-top or floor supported attachments shall be such that it will not be
- overturned readily while in any position that might be encountered during intended use. including positions
" that might be encountered prior to and after operation.

Compliance is checked by the following test.

The combination of the attachment and a representative tool, mounted in accordance with the
manufacturer’s instructions, is to be placed, with the motor switched off, on a plane inclined at an angle
of 7 degrees to the horizontal. The power-supply cord is to rest on the inclined plane in the most
unfavorable position. If, however, the attachment is such that, were it to be tilted to an angle of 7 degrees
when standing on a horizontal plane, a part of it not normally in contact with the supporting surface would
touch the horizontal plane, the attachment is to be placed on a horizontal support and tilted in the most

unfavorable

irection through an angle of 7 degrees. The results are considered to be acceptable if the

combination|

Tests are to

[does not overturn.

be_conducted _under the_most unfavorable conditions, but with the mietor unenergized. The

attachment i

b to be placed on the inclined plane with all doors, drawers. and othef movable

or adjustable

parts in the position tending to decrease the stability. If tested on a horizontal plane, the attachment is to

be tipped in

fhe direction of least stability. Legs and other supporting means. may be blocke

0 to preclude

the assembl!

from sliding. The attachment is to be tested in all possible.positions that might typically be

encountered

>
o

while the attachment:

in_a position of being assembled or prepared priot. to’ operation — for example.,

positioning

S
=

Sy
&

O
&

of the attachment prior to adding functional parts;
in position as if being used to perform oneZof its intended functions; and

in_a _position of being disassembled ok cleaned after operation — for example,

With

£

F20.103 An

cable functional parts removed.

attachment provided with wheels or casters for mobility shall be retractable of

of a locking

design, or of]

Compliance

F31 Instruct

F31.101 An

s checked by inspection.

ons

accessory ‘or_attachment shall be provided with instructions. The instructi

her means shall be provided to reduce unexpected movement of the tool during operation.

bns may be

packaged wi

th the (accessory or_attachment or printed on the package provided the

dqiccessory or

attachment g

an becremoved without damaaing the instructions. The instructions shall specifidally warn the

user of foreq

eeable potential sources of injury and shall state precautions necessary to

uard against

those conditiers:

TS

F31.102 The instructions shall include the following:
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F31.103 The following statement shall appear either on the packaqging of a wire brush or in the
instructions provided with the wire brush: "Allow wire brushes to run at operating speed for at least 1
minute before using wheel. During this time no one is to stand in front of or in line with the brush.”
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Appendi x G — Sequence of tests

SEQUENCE OF TESTS COMPLIANCE BY INSPECTION:

Standard Sample Number 2 Inspection 1
Reference Section
5 Rating e 1
7 Marking e 2
Note: Instruction Manual Compliance by Inspection.
COMPLIANCE BY INSPECTION AND/OR MINOR TEST:
Standard Sample Number 2 Inspection & Test 1
Reference Sdction
8 Protection Against Electric Shock 3
18 Mechanical Hazards 4
20 Construction e 5
21 Internal Wiring 6
23 Supply Connections and Flexible Cables and Cords n
24 Terminals 8
25 Provision for Earthing N 9
26 Screws and Connections &4 10
27 Creepage Distances and Clearance Distances b 11
2 Componentfparts are required for flex test.
COMPLIANCE| BY TEST:
Sample Number 8
Standard Test 2 3 4 56 .89 10
reference secfion
9 Starting 1
10 Input and Current 2
11 Heating 1
12 Leakage Current 2
13 Tools Equipped with Interference 3
Suppression
14 Moistufe-Resistance 1
15 Insulation Resistance and Electric 2
Strength
16 Endurance 4
iz Abnormal Operation — 17.5 i
-172.173 1
19 Mechanical Strength 3 1»
22 Components 3
28 Resistance to Heat ]
29 Resistance to Rust 4
a All or any combination of sequences may be conducted on a single sample if agreeable to those concerned. One seqguence
need not be completed as a prerequisite to starting of another.
b Nine drops required. Sample quantity varies between three and one to complete this test. Each sample shall pass a minimum of
three drops.
¢ Three samples shall be tested in accordance with Sub-Clause 17.5.
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Appendi x H — Translations

H1 Translations

Advisory Note: In Canada there are two official languages: therefore it is necessary to have CAUTION,
WARNING. and DANGER markings in both English and French on those products to be sold or used in
Canada. Following is a list of acceptable French translations of the markings specified in this Standard.

H1.1 Markings

7. Mparquage

AVERTISSEMENT. Afin de réduire le risque de blessures, l'utilisateur doitNire”et bign
comprendre le mode d’emploi.

Following is ja_list of acceptable French translations of the instructions specified in this Standard.

H1.2 Instructi

ons

31.3|REGLES DE SECURITE GENERALES

31.3|1 AVERTISSEMENT ! Vous devez lire et comprendre toutes les instructions. Le non-
respect, méme partiel. des instructions ci-aprés.entraine un risque de choc électrigue.

d’incendie et/ou de blessures graves.

CONSERVEZ CES INSTRUCTIONS

31.3[2 Aire de travail

31.3]2.1 Veilleza ce que l'aire-de travail soit propre et bien éclairée. Le désordre et le
mangue de lumiére favofisent les accidents.

31.3]2.2 N'utilisez pas d’outils électriques dans une atmospheére explosive, par exermple
en plésence de.liquides. de gaz ou de poussieres inflammables. Les outils éleg¢triques

créent des étificelles qui pourraient enflammer les poussiéres ou les vapeurs.

31.3]|2.3 Teneza distance les curieux, les enfants et les visiteurs pendant que vous
travdillez avec un outil électrigue. __lls pourraient vous distraire et vous faire faire une fausse
Manoeuvre.

31.3.3 Sécuritéélectrique

31.3.3.1 Les outils mis a la terre doivent étre branchés dans une prise de courant
correctement installée et mise a la terre conformémenta tous les codes et réglements
pertinents. Ne modifiez jamais la fiche de quelque facon que ce soit, par exemple en
enlevant la broche de mise & la terre. N'utilisez pas d'adaptateur de fiche. Si vous n'étes
pas certain que la prise de courant est correctement mise a la terre, adressez-vous a un
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