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Foreword
The text of document 66/414/FDIS, future edition 3 of IEC 61010-1, prepared by IEC TC 66, Safety o

measuring, control and laboratory equipment, was submitted to the IEC-CENELEC parallel vote an
approved by CENELEC as EN 61010-1 on 2010-10-01.

This European Standard supersedes EN 61010-1:2001.

This edition includes the following significant changes from EN 61010-1:2001, as wi numerous other
changes.

— The scope of the standard has been expanded to include all locations roducts may be
used, so that both professional and non-professional versions of thegcS e within the scope.

@ ses and the entirety of

o 1)10-2-030.

— The requirements for testing and measuring circuits (in v
Clause 16) have been removed and included in a particulaggtan

— Insulation requirements (6.7) have been completely rgffiri

— Specific requirements have been added for sojj nd thin-film insulation.

— Subclause 6.7 now contains only the insul jrements for MAINS CIRCUITS of OVERVOLTAGE
yjcm

CATEGORY Il up to 300 V, and for sec r

— The insulation requirements fg

— Additional requirements‘
— Surface temper e 10) have been modified to conform to the limits of EN 563.

— Radiation regfiréme
intended emRgsion

(Clause 12) have been modified, and take into account a distinction between
nintended emission.

ent; for reasonably foreseeable misuse and ergonomic aspects have been added
)-

clause (Clause 17) has been added to deal with HAZARDS and environments not covered by the
andard, along with a new informative annex (Annex J) dealing with RISK assessment.

A new informative annex (Annex E) addresses methods of reducing the POLLUTION DEGREE of a micro-
environment.

Requirements for the qualification of coatings for protection against POLLUTION have been added
(Annex H).

— A new informative annex (Annex |) has been added to further explain how to determine the WORKING
VOLTAGE of a MAINS CIRCUIT.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent
rights.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2011-07-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2013-10-01
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Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61010-1:2010 was approved by CENELEC as uro
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the gan ds‘ldicated:

IEC 60079 series NOTE Harmonized in EN 60079 series (partially modified).
IEC 60085 NOTE Harmonized as EN 60085. :

IEC 60112:1979 NOTE Harmonized as HD 214 S2:1980 (not mogfi

IEC 60127 series NOTE Harmonized in EN 60127 series (n odifi

IEC 60204 series NOTE Harmonized in EN 60204 sejfs (J3ial ified).
IEC 60332-1 series NOTE Harmonized in EN 6 se t modified).
IEC 60332-2 series NOTE Harmonized in EN hes (not modified).
IEC 60335 series NOTE Harmopy ' %0335 i€ (partially modified).

IEC 60364 series NOTE 60364 series (partially modified).

IEC 60439 series N in EN 60439 series (partially modified).

IEC 60439-1:14R9 O onized as EN 60439-1:1999 (not modified).
IEC 60445:1 N Harmonized as EN 60445:2000 (not modified).
IEC 6044993 OTE Harmonized as EN 60447:1993 (not modified).

0601 se NOTE Harmonized in EN 60601 series (partially modified).

64-1 NOTE Harmonized as EN 60664-1.

60695-10-2 NOTE Harmonized as EN 60695-10-2.

IEC 60950 series NOTE Harmonized in EN 60950 series (partially modified).
IEC 60950-1 NOTE Harmonized as EN 60950-1.

IEC 60990 NOTE Harmonized as EN 60990

IEC 61010-2-030 NOTE Harmonized as EN 61010-2-030.

IEC 61032 NOTE Harmonized as EN 61032

IEC 61243-3 NOTE Harmonized as EN 61243-3

IEC 61326 series NOTE Harmonized in EN 61326 series (not modified).

IEC 61508 series NOTE Harmonized in EN 61508 series (not modified).

IEC 61558 series NOTE Harmonized in EN 61558 series (partially modified).
I1ISO 9241 series NOTE Harmonized in EN ISO 9241 series.

ISO 14121-1 NOTE Harmonized as EN ISO 14121-1.

ISO 14738 NOTE Harmonized as EN ISO 14738.

ISO 14971 NOTE Harmonized as EN ISO 14971.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of thi r® For dated
references, only the edition cited applies. For undated references, the late ition ofghe referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifiggtio
applies.

Publication Year Title EN/HD Year

IEC 60027 Series Letter symbols to be - -
technology

IEC 60065 onic apparatus -EN 60065 Series

IEC 60068-2-14 EN 60068-2-14 -

IEC 60068-2-75 EN 60068-2-75 -

IEC 60073

asic and safety principles for man-machine EN 60073 -
interface, marking and identification - Coding
principles for indicators and actuators

* Series Polyvinyl chloride insulated cables of rated - -
voltages up to and including 450/750 V

Series Rubber insulated cables - Rated voltages up - -
to and including 450/750 V

Series Plugs, socket-outlets and couplers for EN 60309 Series
industrial purposes

IEC 60320 Series Appliance couplers for household and similar EN 60320 Series
general purposes
IEC 60332-1-2 - Tests on electric and optical fibre cables EN 60332-1-2 -

under fire conditions -

Part 1-2: Test for vertical flame propagation
for a single insulated wire or cable -
Procedure for 1 kW pre-mixed flame

IEC 60332-2-2 - Tests on electric and optical fibre cables EN 60332-2-2 -
under fire conditions -
Part 2-2: Test for vertical flame propagation
for a single small insulated wire or cable -
Procedure for diffusion flame

IEC 60335-2-24 - Household and similar electrical appliances - EN 60335-2-24 -
Safety -
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream appliances
and ice makers
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Publication Year Title EN/HD Year
IEC 60335-2-89 - Household and similar electrical appliances - EN 60335-2-89
Safety -

unit or compressor

IEC 60364-4-44 - Low voltage electrical installations - HD 60364ag-444
Part 4-44: Protection for safety - Protection LY
against voltage disturbances and
electromagnetic disturbances

IEC 60405 Nuclear instrumentation - Constructional 60495 -
requirements and classification of radiorfie
gauges

IEC 60417 - Graphical symbols for use on eqgme proo417 -

IEC 60529 - Degrees of protection provj ures - -
(IP Code)

Part 2-89: Particular requirements for
commercial refrigerating appliances with an
incorporated or remote refrigerant condensing Q

IEC 60664-3 - Insulation coordina ent within EN 60664-3 -
low-voltage system
Part 3: Use of cc? or moulding for
protectiogf8ORSt p

IEC 60695-11-10 - Fire g - EN 60695-11-10 -

DS Pafft 1 @t flames - 50 W horizontal and

vexcal e test methods

IEC 60799 x: al accessories - Cord sets and EN 60799 -
' connection cord sets

IEC 60825-1 afety of laser products - EN 60825-1 -

Part 1: Equipment classification and
requirements

\

Low-voltage switchgear and controlgear - EN 60947-1 -
Part 1: General rules

Low-voltage switchgear and controlgear - EN 60947-3 -
Part 3: Switches, disconnectors, switch-
disconnectors and fuse-combination units

C 61010-031

Safety requirements for electrical equipment EN 61010-031
for measurement, control and laboratory use -

Part 031: Safety requirements for hand-held

probe assemblies for electrical measurement

and test

IEC 61180 Series High-voltage test techniques for low-voltage EN 61180 Series
equipment

IEC 61180-1 - High-voltage test techniques for low-voltage EN 61180-1 -
equipment -
Part 1: Definitions, test and procedure
requirements

IEC 61180-2 - High-voltage test techniques for low-voltage EN 61180-2 -
equipment -
Part 2: Test equipment

IEC 61672-1 - Electroacoustics - Sound level meters - EN 61672-1 -
Part 1: Specifications

IEC 61672-2 - Electroacoustics - Sound level meters - EN 61672-2 -
Part 2: Pattern evaluation tests
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Publication Year Title EN/HD Year

IEC 62262 - Degrees of protection provided by enclosures EN 62262 -
for electrical equipment against external
mechanical impacts (IK code)

IEC Guide 104 - The preparation of safety publications and the -
use of basic safety publications and group
safety publications

ISO/IEC Guide 51 - Safety aspects - Guidelines for their inclusion - -
in standards *

ISO 306 1994  Plastics - Thermoplastic materials - 3 1996 "
Determination of Vicat softening temperatur,
(VST)

ISO 361 - Basic ionizing radiation symbol -

ISO 3746 - Acoustics - Determination of so po I1ISO 3746 -

levels of noise sources using

ISO 7000 - Graphical symbols cquipment - -

ISO 9614-1 - Acoustics - Dete? ound power EN ISO 9614-1 -
levels of s@lrces ugg® sound intensity -
Part 1: nt at discrete points

\\

" Superseded by EN ISO 306:2004.
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INTRODUCTION

This Interational Standard specifies the safety requirements that are generally applicable
all equipment within its scope. For certain types of equipment, these requirements will
supplemented or modified by the special requirements of one, or more than one, pggiggu
part 2 of the standard which must be read in conjunction with the part 1 requirements.

*
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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR
MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 1: General requirements

. L 2
1 Scope and object @

1.1 Scope
1.1.1 Equipment included in scope

This part of IEC 61010 specifies general safety requi eni fo e following types of
electrical equipment and their accessories, wherev aNgigfended to be used.

a) Electrical test and measurement equipme

This is equipment which by electromagne s tests, measures, indicates or records
one or more electrical or physi thi g 0 non-measuring equipment such as
signal generators, measurem@nt RstandardST power supplies for laboratory use,
transducers, transmitters, e

*

NOTE 1 This includes be
piece of equipment. ies intended to power equipment are within the scope of IEC 61558

(see 1.1.2 h)).

This stand s to test equipment integrated into manufacturing processes and
intended foltesti anufactured devices.

Magfacturing test equipment is likely to be installed adjacent to and interconnected with industrial
in Wks application.

industrial process-control equipment

his is equipment which controls one or more output quantities to specific values, with
ach value determined by manual setting, by local or remote programming, or by one or
more input variables.

Electrical laboratory equipment

This is equipment which measures, indicates, monitors, inspects or analyses materials, or
is used to prepare materials, and includes in vitro diagnostic (IVD) equipment.

This equipment may also be used in areas other than laboratories; examples include self-
test IVD equipment to be used in the home and inspection equipment to be used to check
people or material during transportation.

1.1.2 Equipment excluded from scope
This standard does not apply to equipment within the scope of:

IEC 60065 (Audio, video and similar electronic apparatus);
IEC 60204 (Safety of machinery — Electrical equipment of machines);

a)
b)
c) IEC 60335 (Household and similar electrical appliances);
d) IEC 60364 (Electrical installations of buildings);

e) IEC 60439 (Low-voltage switchgear and controlgear assemblies);
f) IEC 60601 (Medical electrical equipment);
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g) IEC 60950 (Information technology equipment including electrical business equipment,
except as specified in 1.1.3);

h) IEC 61558 (Power transformers, power supply units and similar);
i) IEC 61010-031 (Hand-held probe assemblies);
j) IEC 61243-3 (Live working — Voltage detectors — Part 3: Two-pole low-voltage tfpe).

1.1.3 Computing equipment

This standard applies only to computers, processors, etc. which form par; 0 em within

the scope of this standard or are designed for use exclusively with the e

conforming to its
of this standard. However,
ringent than those in this

NOTE Computing devices and similar equipment within the scope of
requirements are considered to be suitable for use with equipment withi
some of the requirements of IEC 60950 for resistance to moisture and liqigls ¥
standard (see 5.4.4 second paragraph)).

—

1.2 Object

1.21 Aspects included in scope

The purpose of the requirements of this st ensure that HAZARDS to the OPERATOR
and the surrounding area are reduc a¥olerab vel.
Requirements for prote@ion At ular types of HAZARD are given in Clauses 6 to 13,
as follows:

a) electric sho e¥®lause 6);

)
b) mechanic DsWee Clauses 7 and 8);
c) spread offire f the equipment (see Clause 9);
)
)

exegssive erature (see Clause 10);

o¥uids and fluid pressure (see Clause 11);

of radiation, including lasers sources, and sonic and ultrasonic pressure (see
use 12);

liberated gases, explosion and implosion (see Clause 13).

equirements for protection against HAZARDS arising from REASONABLY FORESEEABLE MISUSE
and ergonomic factors are specified in Clause 16.

Risk assessment for HAZARDS or environments not fully covered above is specified in
Clause 17.

NOTE Attention is drawn to the existence of additional requirements regarding the health and safety of labour
forces.

1.2.2 Aspects excluded from scope

This standard does not cover:

a) reliable function, performance, or other properties of the equipment not related to safety;
b) effectiveness of transport packaging;

c) EMC requirements (see the IEC 61326 series);

d) protective measures for explosive atmospheres (see the IEC 60079 series).

1.3 Verification

This standard also specifies methods of verifying that the equipment meets the requirements
of this standard, through inspection, TYPE TESTS, ROUTINE TESTS, and RISK assessment.
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1.4 Environmental conditions
1.4.1 Normal environmental conditions

This standard applies to equipment designed to be safe at least under the follo
conditions:

a) indoor use;

b) altitude up to 2 000 m; ®

c) temperature 5 °C to 40 °C;

d) maximum relative humidity 80 % for temperatures up to 31 °C ngglinearly to 50 %

relative humidity at 40 °C;
e) MAINS supply voltage fluctuations up to £10 % of the nomiga
f) TRANSIENT OVERVOLTAGES up to the levels of OVERVOLYRGE

NOTE 1 These levels of transient overvoltage are typical

h) applicable POLLUTION DEGREE of the inte
cases).

icted envirB™Mnental conditions for operation; nevertheless the

equipment must be safe within these norm ntal conditions.

1.4.2 Extended envifonfntaRgoMitions

This standard a
conditions specifie
manufacturer o

u ent designed to be safe not only in the environmental
TWbut also in any of the following conditions as RATED by the
nt:

a) outdoor us

aboye 2 000 m;

temperatures below 5 °C or above 40 °C;

ve humidity above the levels specified in 1.4.1;

AINS supply voltage fluctuations exceeding £10 % of the nominal voltage;

WET LOCATION;

TRANSIENT OVERVOLTAGES up to the levels of OVERVOLTAGE CATEGORY Il or IV (see

Annex K).

2 Normative references

The following referenced documents, where applicable, are indispensable for the application
of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

IEC 60027 (all parts), Letter symbols to be used in electrical technology

IEC 60065, Audio, video and similar electronic apparatus — Safety requirements

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature
IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60073, Basic and safety principles for man-machine interface, marking and identifi-
cation — Coding principles for indicators and actuators
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IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V

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

IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes

IEC 60320 (all parts), Appliance couplers for household and similar general *

IEC 60332-1-2, Tests on electric and optical fibre cables under fire g0 ng— Part 1-2: Test
for vertical flame propagation for a single insulated wire or ca@ re for 1 kW pre-
c

mixed flame

itions — Part 2-2: Test

IEC 60332-2-2, Tests on electric and optical fibre cablgs er
fe re or cable — Procedure for

for vertical flame propagation for a single small #is
diffustion flame

IEC 60335-2-24, Household and similar elec
requirements for refrigerating appliances, ic

u/iances — Safety — Part 2-24: Particular
Ppliances and ice-makers.

trical appliances — Safety — Part 2-89: Particular

IEC 60335-2-89, Household ang sitnj
[ ing appliances with an incorporated or remote

requirements for comigercj

IEC 60364-4-44,
Protection agai

0529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Use
of coating, potting or moulding for protection against pollution

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

IEC 60799, Electrical accessories — Cord sets and interconnection cord sets
IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements
IEC 60947-1, Low-voltage switchgear and controlgear — Part 1. General rules

IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectors,
switch-disconnectors and fuse-combination units

IEC 61010-031, Safety requirements for electrical equipment for measurement, control and
laboratory use — Part 031: Safety requirements for hand-held probe assemblies for electrical
measurement and test

IEC 61180 (all parts), High-voltage test techniques for low-voltage equipment
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IEC 61180-1, High-voltage test techniques for low-voltage equipment — Part 1: Definitions,
test and procedure requirements

IEC 61180-2, High-voltage test techniques for low-voltage equipment — Part 2: T,
equipment

IEC 61672-1, Electroacoustics — Sound level meters — Part 1. Specifications
IEC 61672-2, Electroacoustics — Sound level meters — Part 2: Pattern evalucRg s‘

IEC 62262, Degrees of protection provided by enclosures for elggct eg@uipment against
external impacts (IK code)

IEC Guide 104, The preparation of safety publications ang the a)¥c safety publications
and group safety publications

ISO/IEC Guide 51, Safety aspects — Guidelines & sion in standards

ISO 306:1994, Plastics — Thermoplastic
temperature (VST)

— Determination of Vicat softening

ISO 361, Basic ionizing radiati @
*
ISO 3746, Acoustics — (nati®nh of sound power levels of noise sources using sound

pressure — Surve E& n enveloping measurement surface over a reflecting plane
ISO 7000, Grag bols for use on equipment
c

ISO 96141, A — Determination of sound power levels of noise sources using sound
inten arigl: Measurement at discrete points

s and definitions
or the purposes of this document, the following terms and definitions apply.

3.1 Equipment and states of equipment

3.1.1
FIXED EQUIPMENT
equipment fastened to a support, or otherwise secured in a specific location

[IEC 60050-826:2004, 826-16-07, modified]

3.1.2

PERMANENTLY CONNECTED EQUIPMENT

equipment that is electrically connected to a supply by means of a permanent connection
which can be detached only by the use of a TOOL

313
PORTABLE EQUIPMENT
equipment intended to be carried by hand

3.1.4
HAND-HELD EQUIPMENT
PORTABLE EQUIPMENT intended to be supported by one hand during NORMAL USE
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3.1.5

TOOL

external device, including keys and coins, used to aid a person to perform a mechanical
function

3.1.6

DIRECT PLUG-IN EQUIPMENT

equipment with a MAINS plug that is attached to the equipment housing with the us
MAINS supply cord so that the equipment is supported by the MAINS socket-o

3.2 Parts and accessories @
3.21

TERMINAL

component provided for the connection of a device to ext

[IEC 60050-151:2001, 151-12-12, modified]

NOTE TERMINALS can contain one or several contactsQ erefore includes sockets, connectors, etc.

3.2.2

FUNCTIONAL EARTH TERMINAL

TERMINAL by which electrical connepti ade directly to a point of a measuring or control
circuit or to a screening part W intended to be earthed for any functional purpose
other than safety *

iS WERMINAL is often called the measuring earth TERMINAL.

providing protection of equipment against certain external influences and, in any
tion, protection against direct contact

NOTE ENCLOSURES may also provide protection against the spread of fire (see 9.3.2 c)).

3.2.5
PROTECTIVE BARRIER
part providing protection against direct contact from any usual direction of access

[IEC 60050-195:1998, 195-06-15]

NOTE Depending on its construction, a PROTECTIVE BARRIER can be called a casing, cover, screen, door, guard,
etc.

A PROTECTIVE BARRIER can act alone; it is then only effective when it is in place. A PROTECTIVE BARRIER can also
act in conjunction with an interlocking device with or without guard locking; in this case, protection is ensured
whatever the position of the PROTECTIVE BARRIER.

3.3 Quantities

3.3.1

RATED (value)

quantity value assigned, generally by a manufacturer, for a specified operating condition of a
component, device or equipment

[IEC 60050-151:2001, 151-16-08, modified]
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3.3.2
RATING
set of RATED values and operating conditions

[IEC 60050-151:2001, 151-16-11]

3.3.3

WORKING VOLTAGE

highest r.m.s. value of the a.c. or d.c. voltage across any particular insulatiogfwhi c@ occur
when the equipment is supplied at RATED voltage

NOTE 1 Transients and voltage fluctuations are not considered to be part of the WQR VOUAGE
NOTE 2 Both open-circuit conditions and normal operating conditions are jak count.

3.4 Tests

3.4.1

TYPE TEST

test of one or more samples of equipment (or,
to show that the design and construction mee

ipment) made to a particular design,
more requirements of this standard

NOTE This is an amplification of the | -151:200
construction.

1-16-16 definition to cover design as well as

3.4.2
ROUTINE TEST
conformity test m

jvidual item during or after manufacture

[IEC 60050-1514

potential source of harm

3.5.3
HAZARDOUS LIVE
capable of rendering an electric shock or electric burn

3.54

MAINS

low-voltage electricity supply system to which the equipment concerned is designed to be
connected for the purpose of powering the equipment

3.5.5

MAINS CIRCUIT

circuit which is intended to be directly connected to the MAINS for the purpose of powering the
equipment
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3.5.6

PROTECTIVE IMPEDANCE

component or assembly of components whose impedance, construction and reliability are
suitable to provide protection against electric shock

3.5.7

PROTECTIVE BONDING

electrical connection of ACCESSIBLE conductive parts or protective screepj to de
electrical continuity to the means for connection of an external protective corfiuc LY

3.5.8

NORMAL USE @

operation, including stand-by, according to the instructions for u Rr obvious intended
purpose

3.5.9

NORMAL CONDITION
condition in which all means for protection agaj HA

Pare intact

¢

3.5.10

SINGLE FAULT CONDITION /

condition in which one means for p%again AZARD is defective or one fault is present

which could cause a HAZARD
L 2

NOTE |If a SINGLE FAULT CON 0 sultSgpnavoidably in one or more other fault conditions, all the failures are
considered as one SINGLE FALL T D N [IEC Guide 104].

3.5.11
OPERATOR
person operatifaeq@pment for its intended purpose

ET LOCATION
location where water or another conductive liquid may be present and is likely to cause
reduced human body impedance due to wetting of the contact between the human body and
the equipment, or wetting of the contact between the human body and the environment

3.5.14

REASONABLY FORESEEABLE MISUSE

use of a product in a way not intended by the supplier, but which may result from readily
predictable human behaviour

3.5.15
RISK
combination of the probability of occurrence of harm and the severity of that harm

3.5.16
TOLERABLE RISK
RISK which is accepted in a given context based on the current values of society

[ISO/IEC Guide 51:1999, 3.7]
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3.5.17
OVERVOLTAGE CATEGORY
numeral defining a TRANSIENT OVERVOLTAGE condition (see Annex K)

3.5.18

TRANSIENT OVERVOLTAGE

short duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatoryXisudy
highly damped

[IEC 60050-604, Amendment 1:1998, 604-03-13] 6
3.5.19 Q@

TEMPORARY OVERVOLTAGE
power frequency overvoltage of relatively long duration

[IEC 60050-604, Amendment 1:1998, 604-03-12]
3.6 Insulation @

3.6.1
BASIC INSULATION (
insulation of HAZARDOUS LIVE parts vides ic protection

[IEC 60050-195:1998, 1%5-06

s\ o for'functional purposes.

NOTE BASIC INSULATION ma

3.6.2
SUPPLEMENTAR UNyTI0

independent irgulati pplied in addition to BASIC INSULATION in order to provide protection
against electricQRogd in the event of a failure of BASIC INSULATION

1991998, 195-06-07, modified]

LE INSULATION
ation comprising both BASIC INSULATION and SUPPLEMENTARY INSULATION

[IEC 60050-195:1998, 195-06-08]

3.6.4

REINFORCED INSULATION

insulation which provides protection against electric shock not less than that provided by
DOUBLE INSULATION

NOTE REINFORCED INSULATION may be composed of several layers which cannot be tested singly as
SUPPLEMENTARY INSULATION Or BASIC INSULATION.

[IEC 60050-195:1998, 195-06-09, modified]

3.6.5

POLLUTION

addition of foreign matter, solid, liquid or gaseous (ionized gases), that may produce a
reduction of dielectric strength or surface resistivity

3.6.6
POLLUTION DEGREE
numeral indicating the level of POLLUTION that may be present in the environment
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3.6.7
POLLUTION DEGREE 1
no POLLUTION or only dry, non-conductive POLLUTION occurs, which has no influence

3.6.8

POLLUTION DEGREE 2

only non-conductive POLLUTION occurs except that occasionally a temporary conQuctivRly
caused by condensation is expected

3.6.9

POLLUTION DEGREE 3

conductive POLLUTION occurs, or dry, non-conductive POLLUT ursgwhich becomes
conductive due to condensation which is expected

NOTE In such conditions, equipment is normally protected against OSUN@MO ctunlight, precipitation, and

full wind pressure, but neither temperature nor humidity is controll

?

3.6.10
POLLUTION DEGREE 4
continuous conductivity occurs due to condud

—

, rain or other wet conditions

3.6.11 ,
CLEARANCE
shortest distance in air betwe 0 tive parts
* q \
3.6.12
CREEPAGE DISTAN
shortest distance g urface of a solid insulating material between two conductive

parts

[IEC 60080-15 7 151-15-50]

General

ests in this standard are TYPE TESTS to be carried out on samples of equipment or parts.
Their only purpose is to check that the design and construction ensure conformity with this
standard. In addition, manufacturers shall perform the ROUTINE TESTS of Annex F on 100 % of
equipment produced which has both HAZARDOUS LIVE parts and ACCESSIBLE conductive parts.

The equipment shall at least meet the requirements of this standard. It is permissible to
exceed the requirements. If, in this standard, a lower limit is specified for a conformity value,
then the equipment may demonstrate a larger value. If an upper limit is specified for a
conformity value, the equipment may demonstrate a lower value.

Tests on subassemblies that meet the requirements of the relevant standards specified in this
standard, and used in accordance with them, need not be repeated during TYPE TESTS of the
whole equipment.

Conformity with the requirements of this standard is checked by carrying out all applicable
tests, except that a test may be omitted if examination of the equipment and design
documentation demonstrates conclusively that the equipment would pass the test. Tests are
carried out both under reference test conditions (see 4.3) and under fault conditions (see 4.4).

Where conformity statements in this standard require inspection, this may include examination
of the equipment by measurement, examination of the markings on the equipment,
examination of the instructions supplied with the equipment, examination of the data sheets of
the materials or components from which the equipment is manufactured, etc. In each case,
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the inspection will either demonstrate that the equipment meets the applicable requirements,
or will indicate that further testing is required.

If, when carrying out a conformity test, there is any uncertainty about the exact value of
applied or measured quantity (for example voltage) due to the tolerance:

a) manufacturers should ensure that at least the specified test value is applied;
b) test houses should ensure that no more than the specified test value is ag .

4.2 Sequence of tests

The sequence of tests is optional unless otherwise specified. The enfunder test shall
be carefully inspected after each test. If the result of a test cau u ether any earlier
tests would have been passed if the sequence had been revgs earlier tests shall be
repeated.

4.3 Reference test conditions

4.31 Environmental conditions

Unless otherwise specified in this standard, ing environmental conditions shall exist

in the test location:

a) atemperature of 15 °C to 3

wge specified, each test shall be carried out on the equipment assembled for
and under the least favourable combination of the conditions given in 4.3.2.2

In case of doubt, tests should be performed in more than one combination of conditions.

If dimensions or mass make it unsuitable to carry out particular tests on completely
assembled equipment, tests on sub-assemblies are allowed, provided it is verified that the
assembled equipment will meet the requirements of this standard.

4.3.2.2 Position of equipment
The equipment shall be in any position of NORMAL USE and with any ventilation unimpeded.

Equipment intended to be built into a wall, recess, cabinet, etc., shall be installed as specified
in the manufacturer's instructions.

4.3.2.3 Accessories
Accessories and OPERATOR-interchangeable parts available from, or recommended by, the

manufacturer for use with the equipment under test shall be either connected or not
connected.

4.3.2.4 Covers and removable parts

Covers or parts which can be removed without using a TooL shall be removed or not removed.
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4.3.2.5 MAINS supply
The following requirements apply.

a) The supply voltage shall be between 90 % and 110 % of any RATED supply voltage
which the equipment can be set or, if the equipment is RATED for a greater fluctu .
any supply voltage within the fluctuation range.

b) The frequency shall be any RATED frequency.
c) Equipment for both a.c. and d.c. shall be connected to an a.c. or d.c. su ¢

d) Equipment for single-phase a.c. supply shall be connected both d reverse

polarity.

e) If the means of connection permits reversal, battery-operate
connected with both reverse and normal polarity.

4.3.2.6 Input and output voltages

shall be set to any voltage within the RATED v

4.3.2.7 Earth TERMINALS

PROTECTIVE CONDUCTOR TERMINALS, shaII be connected to earth.

FUNCTIONAL EARTH TERWALQ nnected or not connected to earth.

4.3.2.8 Contr

Controls which P TOR can adjust without the use of a ToOL shall be set to any position

except that:

electiolm devices shall be set to the correct value;

tions of settings shall not be made if they are prohibited by the manufacturer’s
ind®on the equipment.

Connections

he equipment shall be connected for NORMAL USE, or not connected.

4.3.2.10 Load on motors

Load conditions of motor-driven parts of equipment shall be in accordance with the NORMAL
USE.

4.3.2.11 Output
For equipment giving an electrical output:

a) the equipment shall be operated in such a way as to provide the RATED output power to
the RATED load,;

b) the RATED load impedance of any output shall be connected or not connected.
4.3.2.12 Duty cycle
Equipment for short-term or intermittent operation shall be operated for the longest RATED

period and shall have the shortest RATED recovery period consistent with the manufacturer's
instructions.
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Equipment for short-term or intermittent operation that develops significant heat during the
startup phase, and that relies on continued operation to dissipate that heat, shall also be
operated for the shortest RATED period followed by the shortest RATED recovery period.

4.3.2.13 Loading and filling

Equipment intended to be loaded with a specific material in NORMAL USE shall be loaRged h
the least favourable quantity of the materials specified in the instructions forgjse, in g
not loaded (empty) if the instructions for use permit this in NORMAL USE. *

NOTE If the specified material could cause a HAZARD during test, another material P us ovided that it
can be shown that the result of the test is not affected.

4.4 Testing in SINGLE FAULT CONDITION Q

4.4.1 General

The following requirements apply.

a) Examination of the equipment and its
conditions which are liable to result in HAZ

gram will generally show the fault
il which, therefore, shall be applied.

b) Fault tests shall be made a
demonstrated that no HAZARD ¢

ed foggfnecking conformity, unless it can be

c) The equipment shall be d r the least favourable combination of reference test

conditions (see 4.3)‘. h¥ge c®gbinations may be different for different faults and they

shall be recorded for eq@gh t.
4.4.2 Applicationgof fRlt Conditions
4.4.2.1 Geggeral

Fault congitions I include those specified in 4.4.2.2 to 4.4.2.14. They shall be applied only
e®nd shall be applied in turn in any convenient order. Multiple simultaneous

ot be applied unless they are a consequence of an applied fault.

For example, fans may be stopped one fan at a time unless they share a common power or control source.
t case, the common fans should be stopped simultaneously by interrupting the power or control source.

After each application of a fault condition, the equipment or part shall pass the applicable
tests of 4.4.4.

4.4.2.2 PROTECTIVE IMPEDANCE
The following requirements apply.
a) If a PROTECTIVE IMPEDANCE is formed by a combination of components, each component

shall be short-circuited or disconnected, whichever is less favourable.

b) If a PROTECTIVE IMPEDANCE is formed by the combination of BASIC INSULATION and a
current- or voltage-limiting device, both the BASIC INSULATION and the current- or voltage-
limiting device shall be subjected to single faults, applied one at a time. BASIC INSULATION
shall be bridged and the current- or voltage-limiting device shall be short-circuited or
disconnected, whichever is less favourable.

c) If a PROTECTIVE IMPEDANCE is formed with a single component that meets the requirements
of 6.5.4, it need not be short-circuited or disconnected.

4.4.2.3 Protective conductor

The protective conductor shall be interrupted, except for PERMANENTLY CONNECTED EQUIPMENT
and equipment utilizing a connector meeting the requirements of IEC 60309.
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4.4.2.4 Equipment or parts for short-term or intermittent operation
These shall be operated continuously if continuous operation could occur in a SINGLE FAULT

CONDITION. Individual parts may include motors, relays, other electromagnetic devices
heaters.

4.4.2.5 Motors

Motors shall be stopped while fully energized or prevented from starting, I heve‘ls less
favourable.

One supply phase of any multi-phase motor shall be interrupted @tor is operating
at its intended full load.

4.4.2.6 Capacitors

Capacitors (except for self-healing capacitors) in thgla inding circuits of motors shall
be short-circuited.

4.4.2.7 MAINS transformers

4.4.2.71 General

The secondary windings of
4.4.2.7.2, and overloade® asgdpe

ormers shall be short-circuited as specified in
4.4.2.7.3.

A transformer da \ e test may be repaired or replaced before the next test.
Tests for mAINgftransf ers tested as separate components are specified in 14.6.

Sh ircuit

ed output winding, and each section of a tapped output winding, which is loaded
L USE, shall be tested in turn, one at a time, to simulate short circuits in the load.
nt protection devices remain fitted during the test. All other windings are loaded or
aded, whichever load condition of NORMAL USE is less favourable.

4.4.2.7.3 Overload

Each untapped output winding, and each section of a tapped output winding, is overloaded in
turn one at a time. The other windings are loaded or not loaded, whichever load condition of
NORMAL USE is less favourable. If any overloads arise from testing in the fault conditions
of 4.4, secondary windings shall be subjected to those overloads.

Overloading is carried out by connecting a variable resistor across the winding. The resistor is
adjusted as quickly as possible and readjusted, if necessary, after 1 min to maintain the
applicable overload. No further readjustments are then permitted.

If overcurrent protection is provided by a current-breaking device, the overload test current is
the maximum current which the overcurrent protection device is just capable of passing for
1 h. Before the test, the device is replaced by a link with negligible impedance. If this value
cannot be derived from the specification, it is to be established by test.

For equipment in which the output voltage is designed to collapse when a specified overload
current is reached, the overload is slowly increased to a point just before the point which
causes the output voltage to collapse.

In all other cases, the loading is the maximum power output obtainable from the transformer.
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Transformers with overtemperature protection which meets the requirements of 14.3 during
the short-circuit test of 4.4.2.7.2 need not be subjected to overload tests.

4.4.2.8 Outputs

Outputs shall be short-circuited one at a time.

4.4.2.9 Equipment for more than one supply

\ 4
Equipment which is designed to be operated from more than one ty p shall be
simultaneously connected to these supplies, unless this is prevented b 0 ction.
4.4.210 Cooling
Equipment cooling shall be restricted as follows, one faulfgat a
a) air-holes with filters shall be closed,;
b) forced cooling by motor-driven fans shall be
c) cooling by circulation of water or other co De stopped;
d) loss of cooling liquid shall be simulated,
4.4.2.11 Heating devices
In equipment incorporatigg tin s, the following faults shall be applied one at a time:

a) timers which

3 period shall be overridden to energize the heating circuit
continuously;

b) temperatur
requiremerg@gs of

y except for overtemperature protection devices meeting the
shall be overridden to energize the heating circuit continuously.

Insul n between circuits and parts

tween circuits and parts which is below the level specified for BASIC INSULATION
ridged to check against the spread of fire if the method of 9.1 a) is used.

.13 Interlocks

Each part of an interlock system for the protection of the OPERATOR shall be short-circuited or
open-circuited in turn if the system prevents access to HAZARDS when a cover, etc. is removed
without the use of a TOOL.

4.4.2.14 Voltage selectors

Voltage selectors which an OPERATOR can set for different RATED supply voltages shall be set
for each possible setting with the equipment connected to each of its RATED supply circuits.

4.4.3 Duration of tests
4.4.3.1 General

The equipment shall be operated until further change as a result of the applied fault is
unlikely. Each test is normally limited to 1 h since a secondary fault arising from a SINGLE
FAULT CONDITION will usually manifest itself within that time. If there is an indication that a
HAZARD of electric shock, spread of fire or injury to persons may eventually occur, the test
shall be continued for 4 h unless one of these HAZARDS arises before then.
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4.4.3.2 Current limiting devices

If a device which interrupts or limits the current during operation is included to limit the
temperature of parts which can easily be touched, the maximum temperature attained
those parts shall be measured, whether the device operates or not.

4.4.3.3 Fuses

If a fault is terminated by the opening of a fuse and if the fuse does ngl Operaig within
approximately 1 s, the current through the fuse under the relevant fault hall be
measured. The pre-arcing time/current characteristics of the fuse sh ev, ed to find
out whether the minimum operating current is reached and what iggth xignum time before
the fuse operates. The current through the fuse may vary as a f i

If the minimum operating current of the fuse is not reached in equipment shall be
operated for a period corresponding to the maximum i ) continuously for the
duration specified in 4.4.3.1, with the fuse replaced

S

4.4.4 Conformity after application of fa d
4441 General ,
Conformity with requirements for @ro jon against electric shock after the application of

single faults is checked as foll

become HAZA

*
a) by making the measuxts .3.2 to check that no ACCESSIBLE conductive parts have
t

0on DOUBLE INSULATION or REINFORCED INSULATION to check that
ast at the level of BASIC INSULATION. The voltage tests are made
nd 6.8 (without humidity preconditioning) with the test voltage for

b) by performing
the protecti

as specifid@l in
BASICJNSULREO

surigg the temperature of transformer windings if the protection against electrical
is achieved by DOUBLE INSULATION or REINFORCED INSULATION within the
er. The temperatures of Table 20 shall not be exceeded.

Temperature

onformity with requirements for temperature protection is checked by determining the
temperature of the outer surface of the ENCLOSURE and of parts which can easily be touched
(See Clause 10).

4.4.4.3 Spread of fire

Conformity with requirements for protection against the spread of fire is checked by placing
the equipment on white tissue-paper covering a softwood surface and covering the equipment
with cheesecloth. No molten metal, burning insulation, flaming particles, etc. shall fall on the
surface on which the equipment stands and there shall be no charring, glowing, or flaming of
the tissue paper or cheesecloth. Melting of insulation material shall be ignored if no HAZARD
could arise.

4444 Other HAZARDS

Conformity with other requirements for protection against HAZARDS is checked as specified in
Clauses 7 to 16.
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5 Marking and documentation

5.1 Marking
5.1.1 General

Equipment shall bear markings as specified in 5.1.2 to 5.2. Except for marking ofgpnterfil

parts, these markings shall be visible from the exterior, or be visible after remgying a c or
opening a door without the aid of a TOOL, if the cover or door is intended be re@ved or
opened by an OPERATOR. Markings applying to the equipment as a whole s be put on

parts which can be removed by an OPERATOR without the use of a TOO

For rack- or panel-mounted equipment, markings are permi a surface that

becomes visible after removal of the equipment from the rac

Letter symbols for quantities and units shall be as BU027. Graphic symbols
shall be in accordance with Table 1 if applicabld no colour requirements for
symbols. Graphic symbols shall be explained in e d tation.

NOTE 1 IEC or ISO symbols should be used if availab

NOTE 2 Markings should not be on the bo f t€ equip ? except on HAND-HELD EQUIPMENT or where space
is limited.

Conformity is checked b‘ ingpffc

5.1.2 Identific

The equipment nimum, be marked with:

a) the name ogirad@mark of the manufacturer or supplier;

| numDbeT, name or other means to identify the equipment. If equipment bearing the
tir@tive designation (model number) is manufactured at more than one location,
t from each manufacturing location shall be marked so that the location can be

TE The marking of factory location may be in code and need not be on the equipment exterior.

onformity is checked by inspection.

51.3 MAINS supply
The equipment shall be marked with the following information.

a) Nature of supply:
1) a.c.: RATED MAINS frequency or range of frequencies;
2) d.c.: symbol 1 of Table 1.

NOTE 1 For information purposes it may be useful to mark
— equipment intended for a.c. with symbol 2 of Table 1;
— equipment suitable for both a.c. and d.c. with symbol 3 of Table 1;

— equipment for three-phase supply with symbol 4 of Table 1.
b) The RATED supply voltage(s) or the RATED range of supply voltages.

NOTE 2 RATED voltage fluctuations may also be marked.

c¢) The maximum RATED power in watts (active power) or volt-amperes (apparent power), or
the maximum RATED input current, with all accessories or plug-in modules connected. If
the equipment can be used on more than one voltage range, separate values shall be
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marked for each voltage range unless the maximum and minimum values do not differ by
more than 20 % of the mean value. The marked value shall not be less than 90 % of the
maximum value.

d) Equipment which an OPERATOR can set for different RATED supply voltages shall
provided with means for the indication of the voltage for which the equipment is
PORTABLE EQUIPMENT the indication shall be visible from the exterior. If the equip
constructed that the supply voltage setting can be altered without the use of a
action of changing the setting shall also change the indication.

e) Accessory MAINS socket-outlets accepting standard MAINS plugs shall b dwith the
voltage if it is different from the MAINS supply voltage. If the out or only with

specific equipment, it shall be marked to identify the equipment, fo itls intended. If
) f Table 1 placed

Conformity is checked by inspection and by measureme
the marking of 5.1.3 c). The measurement is madegg
maximum power consumption, but to exclude any igti
current has stabilized (usually after 1 min). Tran&

.\Q‘?}

put current to check
SuifMent in the condition of
urrent it is not made until the
ored.
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Table 1 — Symbols

Number Symbol Reference Description
1 —— IEC 60417-5031 (2002-10) Direct current
2 N IEC 60417-5032 (2002-10) Alternating current
3 ~_ IEC 60417-5033 (2002-10) Both direct and
4 3/\, IEC 60417-5032-1 (2002-10) | Three-p
5 | IEC 60417-5017 (2006-08)
6 @ IVE CONDUCTOR TERMINAL
7 ’ Frame or chassis TERMINAL
8 Not used
9 ‘ 417-5007 (2009-02) On (Power)
L 4
10 IEC 60417-5008 (2009-02) Off (Power)
Equipment protected throughout
11 IEC 60417-5172 (2003-02) by DOUBLE INSULATION or

REINFORCED INSULATION

Caution, possibility of electric
shock

IEC 60417-5041 (2002-10) Caution, hot surface

ISO 7000-0434B (2004-01) Caution ®

In position of a bi-stable push

15 control

IEC 60417-5268 (2002-10)

Out position of a bi-stable push

16 control

IEC 60417-5269 (2002-10)

17 1ISO 361 lonizing radiation

2> B> B>

See 5.4.1 which requires manufacturers to state that documentation must be consulted in all cases where
this symbol is marked.

514 Fuses
For any fuse which may be replaced by an OPERATOR, there shall be a marking beside the

fuseholder, which will enable the OPERATOR to identify the correct replacement fuse (see
5.4.5).
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Conformity is checked by inspection.

5.1.5 TERMINALS, connections and operating devices
5.1.5.1 General

If necessary for safety, an indication shall be given of the purpose of TERMINALS, corf@ectogs,
controls, and indicators, including any connections for fluids such as gas, water.and dr e.
Where there is insufficient space, symbol 14 of Table 1 may be used. *

NOTE 1 For additional information, see IEC 60445 and IEC 60447.

NOTE 2 Individual pins of multi-pin connectors need not be marked.

Push-buttons and actuators of emergency stop devices, and sed only to indicate a
warning of danger or the need for urgent action, shall begolo d coded as specified
in IEC 60073. If the meaning of colour relates to thgasa erd®s or the environment,
supplementary means of coding shall be provided (e 3).

NOTE 3 National authorities may require that equip d ertain environments meet the man-machine
interface requirements pertinent to that environment.

Conformity is checked by inspectio

5.1.5.2 TERMINALS @
TERMINALS for connecton\QA supply shall be identifiable.
The following TERMI e marked as follows:

a) FUNCTIONAISEART MINALS with symbol 5 of Table 1;

b) PROTMETIVE CTOR TERMINALS with symbol 6 of Table 1, except when the PROTECTIVE
TORgJERMINAL is part of an approved MAINS appllance inlet. The symbol shall be
the TERMINAL or close to it;

NALS of control circuits which are permitted by 6.6.3 to be connected to ACCESSIBLE
onductive parts, with symbol 7 of Table 1 unless connection is self-evident;

NOTE This symbol may also be considered as a warning symbol in that it indicates that a HAZARDOUS LIVE

voltage must not be connected to the TERMINAL. The symbol should also be used if it is likely that an OPERATOR
could make such a connection inadvertently.

d) TERMINALS supplied from the interior of the equipment and which are HAZARDOUS LIVE, with
the voltage, current, charge or energy value or range, or with symbol 14 of Table 1. This
requirement does not apply to MAINS supply outlets where a standard MAINS socket outlet
is used.

Conformity is checked by inspection.

5.1.6 Switches and circuit-breakers

If the power supply switch or circuit-breaker is used as the disconnecting device, the off-
position shall be clearly marked.

NOTE It is recommended that the on-position also be marked.

Symbols 9 and 10 of Table 1 can, in some cases, also be suitable as the device identification
(see 6.11.3.1 c)). A lamp alone is not considered to be a satisfactory marking.

If a push-button switch is used as the power supply switch, symbols 9 and 15 of Table 1 may
be used to indicate the on-position, or symbols 10 and 16 to indicate the off-position, with the
pair of symbols (9 and 15, or 10 and 16) close together.
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Conformity is checked by inspection.

51.7 Equipment protected by DOUBLE INSULATION or REINFORCED INSULATION

Equipment which is only partially protected by DOUBLE INSULATION Or REINFORCED INSULAT
shall not be marked with symbol 11 of Table 1.

NOTE Equipment protected throughout by DOUBLE INSULATION or REINFORCED INSULATION be marl ith
symbol 11 of Table 1. ‘

Conformity is checked by inspection.

5.1.8 Field-wiring TERMINAL boxes

If the temperature of the TERMINALS or the ENCLOSUR[g of Qufl ighg TERMINAL box or
compartment exceeds 60 °C in NORMAL CONDITION atg bief®te rature of 40 °C, or at
the maximum RATED ambient temperature if highgf; 1 I be a marking to warn the
installer to consult the installation instructions nining the temperature RATING of
the cable to be connected to the TERMINALS. iy shall be visible before and during
connection, or be beside the TERMINALS. Sym an acceptable marking.

Conformity, in case of doubt, is y m rement as specified in 10.3 a) and, if

applicable, by inspection of markin

5.2 Warning markmg

Warning marking .1.5.2¢c), 6.1.2 b), 6.6.2, 7.3.2b) 3), 7.4, 10.1 and 13.2.2
shall meet the follo requlirements.

Warning markiNgs sfgpll be visible when the equipment is ready for NORMAL USE. If a warning
applies tQa part part of the equipment, the marking shall be placed on or near that part.

.

arning markings shall be as follows:

ympBols shall be at least 2,75 mm high. Text shall be at least 1,5 mm high and contrast in
lour with the background;

) symbols or text moulded, stamped or engraved in a material shall be at least 2,0 mm high.
If not contrasting in colour, they shall have a depth or raised height of at least 0,5 mm.

If it is necessary for the RESPONSIBLE BODY or OPERATOR to refer to the documentation to
preserve the protection afforded by the equipment, the equipment shall be marked with
symbol 14 of Table 1. Symbol 14 is not required to be used if other symbols which address
the safety aspects are used and explained in the documentation.

If the instructions for use state that an OPERATOR is permitted to gain access, using a TOOL, to
a part which in NORMAL USE may be HAZARDOUS LIVE, there shall be a warning marking which
states that the equipment must be isolated or disconnected from the HAZARDOUS LIVE voltage
before access.

Conformity is checked by inspection.

5.3 Durability of markings

Required markings shall remain clear and legible under conditions of NORMAL USE and shall
resist the effects of the cleaning agents specified by the manufacturer.
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Conformity is checked by performing the following test for durability of markings on the
outside of the equipment. The markings are rubbed by hand, without undue pressure, for 30 s
with a cloth soaked with each specified cleaning agent (or, if not specified, with 70 %
isopropyl alcohol).

After the above treatment the markings shall be clearly legible and adhesive labels f#hall n
have worked loose or become curled at the edges.

5.4 Documentation L 2

5.4.1 General

the OPERATOR or
documentation for
to such personnel:

The following documentation necessary for safety purposes, ag
the RESPONSIBLE BODY, shall be provided with the equipge
service personnel authorized by the manufacturer shall bg ma

a) intended use of the equipment;
b) technical specification;

c) name and address of the manufacturer om whom technical assistance may

be obtained;
d) the information specified in 5.4. 4‘

e) information about how to miti
performed (see Clauge 17

remaining after a RISK assessment has been

assemblies) \ith aracteristics, the documentation shall indicate that only
accessories w manufacturer’s specifications shall be used;

f) for equipment which Xety asons requires specific accessories (for example probe
©CRC

g) if a HAZAR ulQbe Caused by an incorrect reading when measuring, indicating or
detecting rmf corrosive substances, or HAZARDOUS LIVE electrical quantities, the
instrygtions rovide guidance on how to determine that the equipment is functioning

ns for lifting and carrying (see 7.5).

symbols and warning statements that are marked on the equipment shall be
ined in the documentation. In particular, the documentation shall include a statement
hatl it must be consulted in all cases where symbol 14 of Table 1 is marked, in order to find
ut the nature of the potential HAZARDS and any actions which have to be taken to avoid them.

NOTE 1 Markings and text on equipment are considered equivalent to the documentation.

NOTE 2 If NORMAL USE involves the handling of harmful or corrosive substances, instruction should be given on
correct use and safety provisions. If any harmful or corrosive substance is specified or supplied by the equipment
manufacturer, the necessary information on its constituents and the correct disposal procedure should also be
given.

Documentation may be provided on printed or electronic media, however printed information
is required for all information necessary for safety that might not be available in electronic
form at the time it is needed. The documentation shall be delivered with the equipment.
Consideration shall be given to the ability of the RESPONSIBLE BODY to read the media.

Conformity is checked by inspection.

5.4.2 Equipment RATINGS
Documentation shall include the following:

a) the supply voltage or voltage range, frequency or frequency range, and power or current
RATING;

b) a description of all input and output connections as required by 6.6.1 a);
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c) the RATING of the insulation of external circuits as required by 6.6.1 b);
d) a statement of the range of environmental conditions for which the equipment is designed
(see 1.4);

e) a statement of the degree of ingress protection (IP), if the equipment is RATED accordin
IEC 60529;

f) for equipment with an impact RATING less than 5 J, the information specified in 8.1

Conformity is checked by inspection.

*

5.4.3 Equipment installation

The documentation shall include installation and specific commygs
necessary for safety, warnings against HAZARDS which caould
commissioning of the equipment. Such information includes,

tructions and, if
during installation or

a) assembly, location and mounting requirements;
b) instructions for protective earthing;

c) connections to the supply;

d) for PERMANENTLY CONNECTED EQUIPMENT:

1) supply wiring requirements;

2) requirements for any exter
overcurrent protection
circuit-breaker be’ngaNghe i

or circuit-breaker (see 6.11.3.1) and external
e 9.6.2) and a recommendation that the switch or
ent;

checked by inspection.

Equipment operation
structions for use shall include, if applicable:

a) identification and description of operating controls and their use in all operating modes;

b) instructions not to position the equipment so that it is difficult to operate the disconnecting
device;

c) instructions for interconnection to accessories and other equipment, including indication of
suitable accessories, detachable parts and any special materials;

d) specifications of limits for intermittent operation;

e) explanations of symbols related to safety which are used on the equipment;
f) instructions for replacement of consumable materials;

g) instructions for cleaning and decontamination;

h) a statement listing potentially poisonous or injurious substances that can be liberated from
the equipment, and possible quantities;

i) detailed instructions about RISK reduction procedures relating to flammable liquids
(see 9.5 ¢));

j) details of methods of reducing the RISKS of burns from surfaces permitted to exceed the
temperature limits of 10.1.
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If equipment conforming to IEC 60950 is used with equipment conforming to this standard,
and if there is a HAZARD due to moisture or liquids, the instructions for use shall specify any
additional precautions necessary.

There shall be a statement in the instructions that, if the equipment is used in a man
specified by the manufacturer, the protection provided by the equipment may be impajffed.

Conformity is checked by inspection.

*

5.4.5 Equipment maintenance and service

Instructions shall be provided to the RESPONSIBLE BODY in sufg
maintenance and inspection of the equipment, and to en
equipment after the maintenance and inspection procedure.

e to permit safe
ed safety of the

If applicable, manufacturer’s documentation shall in
supply cords by inadequately RATED cords.

replacing detachable MAINS

For equipment using replaceable batteries, t KiC Dattery type shall be stated.

The manufacturer shall specify any ich agg
by the manufacturer or his agent.

equired to be examined or supplied only

The RATING and charactgr' tI@ of laceable fuses shall be stated.

Instructions on the o] bjects shall be provided for service personnel, as necessary to
permit safe servjgi nd tinued safety of the equipment after servicing if the equipment is
suitable to be <I’VICG

-spec SKS that may affect the service personnel;

n@asures for these RISKS;
of the safe state of the equipment after repair.

Instructions for service personnel need not be supplied to the RESPONSIBLE BODY, but should be made
ble to service personnel.

onformity is checked by inspection.

5.4.6 Integration into systems or effects resulting from special conditions

Aspects resulting from integration into systems or effects resulting from special ambient or
application conditions shall be described in the documentation.

Conformity is checked by inspection of the documentation.

6 Protection against electric shock

6.1 General
6.1.1 Requirements

Protection against electric shock shall be maintained in NORMAL CONDITION and SINGLE FAULT
CONDITION (see 6.4 and 6.5). ACCESSIBLE parts (see 6.2) shall not be HAZARDOUS LIVE
(see 6.3). Voltage, current, charge or energy between an ACCESSIBLE part and earth, or
between any two ACCESSIBLE parts on the same piece of equipment within a distance of 1,8 m
(over a surface or through air), shall not exceed the levels of 6.3.1 in NORMAL CONDITION nor
of 6.3.2 in SINGLE FAULT CONDITION.
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Conformity is checked by the determination of ACCESSIBLE parts as specified in 6.2 and by the
measurements of 6.3 to establish that the levels of 6.3.1 and 6.3.2 are not exceeded, followed
by the tests of 6.4 to 6.11.

6.1.2 Exceptions

If it is not feasible for operating reasons to prevent the following parts being both ACESSIHRE
and HAZARDOUS LIVE, they are permitted to be ACCESSIBLE to an OPERATOR durjgg NOR E
while they are HAZARDOUS LIVE: *

a) parts of lamps and lamp sockets after lamp removal,;

b) parts intended to be replaced by an OPERATOR (for example,
HAZARDOUS LIVE during the replacement or other OPERATOH
ACCESSIBLE only by means of a TOOL and have a warning r

which may be
only if they are
5.2);

If any of the parts in a) and b) receives a charge from anQuter
HAZARDOUS LIVE 10 s after interruption of the supply

itor, they shall not be

If a charge is received from an internal capacg
of 6.3 to establish that the levels of 6.3.1 c)

ity is checked by the measurements
ceeded.

6.2 Determination of ACCESSIBL S

6.2.1 General

to 6.2.4 in all poQii AL USE. Test fingers (see Annex B) and pins are applied
without force unles i®specified. Parts are considered to be ACCESSIBLE if they can be
touched with a f a st finger or test pin, or if they could be touched in the absence of
a covering whigh is nsidered to provide suitable insulation (see 6.9.1).

Unless obvious, determin& f wNether a part is ACCESSIBLE is made as specified in 6.2.2

L USE, an OPERATOR is intended to perform any actions (with or without a TOOL)
cr€ase the accessibility of parts, such actions are taken before performing the
of 6.2.2 to 6.2.4.

Examples of such actions include:
removing covers;

opening doors;

c) adjusting controls;

d) replacing consumable material;

e) removing parts.

Rack-mounted and panel-mounted equipment is installed as specified in the manufacturer's
instructions before making the examinations of 6.2.2 to 6.2.4. For such equipment, the
OPERATOR is assumed to be in front of the panel.

6.2.2 Examination

The jointed test finger (see Figure B.2) is applied in every possible position. If a part could
become ACCESSIBLE by applying a force, the rigid test finger (see Figure B.1) is applied with a
force of 10 N. The force is exerted by the tip of the test finger so as to avoid wedge and lever
action. The test is applied to all outer surfaces, including the bottom. However, on equipment
accepting plug-in modules the tip of the jointed test finger is inserted only to a depth of
180 mm from the opening in the equipment.
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The test finger is likewise applied to all openings in the ENCLOSURE, including holes and
TERMINALS. In these cases, the ACCESSIBLE parts of the ENCLOSURE are considered to include
any part of the test finger which can be inserted into the hole or TERMINAL (see Figure 1).

A B
c
L 2
D
Key
A inside of equipment
B outside of equipment
C HAZARDOUS LIVE part ,
D tip of test finger is considered tq, CC
E test finger ¢
F \a rements through openings in ENCLOSURES

6.2.3 Openijfigs a e parts that are HAZARDOUS LIVE
A metal igst pin m long and 4 mm in diameter is inserted into any openings above parts

HAZ&R’DOUS LIVE. The test pin is suspended freely and allowed to penetrate up

tional safety measures of 6.5.1 for protection in SINGLE FAULT CONDITION are not
ired solely because a part is ACCESSIBLE only by this test.

NOTE This exception is permitted because the insertion of an object similar to this test pin is considered to be a
SINGLE FAULT CONDITION and one means of protection is sufficient.

This test is not applied to TERMINALS.

6.2.4 Openings for pre-set controls

A metal test pin 3 mm in diameter is inserted through holes intended to give access to pre-set
controls which require the use of a screwdriver or other TOOL. The test pin is applied in every
possible direction through the hole. Penetration shall not exceed three times the distance
from the ENCLOSURE surface to the control shaft or 100 mm, whichever is smaller.

6.3 Limit values for ACCESSIBLE parts
6.3.1 Levels in NORMAL CONDITION

Voltages above the levels of a) are deemed to be HAZARDOUS LIVE if any of the levels of b) or
c) are exceeded at the same time.

a) The a.c. voltage levels are 33 V r.m.s., 46,7 V peak and the d.c. voltage level is 70 V. For
equipment intended for use in WET LOCATIONS, the a.c. voltage levels are 16 V r.m.s.,
22,6 V peak and the d.c.voltage level is 35 V.

b) The current levels are:
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1) 0,5 mA r.m.s. for sinusoidal waveforms, 0,7 mA peak for non-sinusoidal waveforms or
mixed frequencies, or 2 mA d.c., when measured with the measuring circuit of
Figure A.1. If the frequency does not exceed 100 Hz, the measuring circuit of
Figure A.2 can be used. The measuring circuit of Figure A.4 is used for equipm
intended for use in WET LOCATIONS.

2) 70 mA r.m.s. when measured with the measuring circuit of Figure A.3. This rfflates
possible burns at higher frequencies.

c) The levels of capacitive charge or energy are:

*
1) 45 uC charge for voltages up to 15 kV peak or d.c.; line A i@hows the
capacitance versus voltage where the charge is 45 uC.
2) 350 mJ stored energy for voltages above 15 kV peak

6.3.2 Levels in SINGLE FAULT CONDITION

Voltages above the levels of a) are deemed to be HAZARDSQES LW if of the levels of b) or

c) are exceeded at the same time.

a) The a.c. voltage levels are 55 V r.m.s., 7, d the d.c. voltage level is 140 V. For
equipment intended for use in WET LOCATI a.C. voltage levels are 33 V r.m.s, 46,7 V

s of short duration, the duration versus

peak and the d.c. voltage level is 70 V . F
eéure ss a 50 kQ resistor.

voltage levels are those of Figurg
b) The current levels are:

1) 3,5 mA r.m.s. fog sirgfoi forms, 5 mA peak for non-sinusoidal waveforms or
mixed frequenciesg ON\15 d.c., when measured with the measuring circuit of
Figure A.1g If ncy does not exceed 100 Hz, the measuring circuit of
Figure A.2 . The measuring circuit of Figure A.4 is used for equipment
intende T LOCATIONS;

2) 500 mAmr.m. en measured with the measuring circuit of Figure A.3. This relates to
pgssible at higher frequencies.

c) T a cit@ce level is line B of Figure 3.
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Figure 2 — Maximum duration of short-term ACCESSIBLE voltages
in SINGLE FAULT CONDITION (see 6.3.2 a))
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Key
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Figure 3 — Capacitance level versus voltage in NORMAL CONDITION and SINGLE FAULT
CONDITION (see 6.3.1 c) and 6.3.2 ¢))
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6.4 Primary means of protection
6.4.1 General

ACCESSIBLE parts shall be prevented from becoming HAZARDOUS LIVE by one or more of
following means (see Annex D):

a) ENCLOSURES or PROTECTIVE BARRIERS (see 6.4.2);
b) BASIC INSULATION (see 6.4.3); °®
c) impedance (see 6.4.4).

Conformity is checked by inspection and as specified in 6.4.2. to 6.:4@
jre ts of 8.1.

6.4.2 ENCLOSURES and PROTECTIVE BARRIERS

ENCLOSURES and PROTECTIVE BARRIERS shall meet the gigi re

If ENCLOSURES or PROTECTIVE BARRIERS providedgrot y insulation, they shall meet the
requirements of BASIC INSULATION.

If ENCLOSURES or PROTECTIVE BARRIER
CREEPAGE DISTANCES between ACq
requirements of 6.7 and the apglica®

rogfle egllion by limiting access, CLEARANCES and
E parts d HAZARDOUS LIVE parts shall meet the
ements for BASIC INSULATION.

Conformity is checked as Qe 6.7 and 8.1.

6.4.3  BASICINS no\
CLEARANCES, EEP DISTANCES and solid insulation forming BASIC INSULATION between

ACCESSIBLE parqaang/HAZARDOUS LIVE parts shall meet the requirements of 6.7.

(S c’ecked as specified in 6.7.

mpedance

impedance used as a primary means of protection shall meet all the following
equirements:
a) it shall limit the current or voltage to not more than the applicable level of 6.3.2;

b) it shall be RATED for the maximum WORKING VOLTAGE and for the amount of power that it will
dissipate;

C) CLEARANCE and CREEPAGE DISTANCE between terminations of the impedance shall meet the
applicable requirements of 6.7 for BASIC INSULATION.

Conformity is checked by inspection, by measuring the voltage or current to confirm that they
do not exceed the levels of 6.3.2, and by measuring CLEARANCE and CREEPAGE DISTANCE as
specified in 6.7.

6.5 Additional means of protection in case of SINGLE FAULT CONDITIONS
6.5.1 General

ACCESSIBLE parts shall be prevented from becoming HAZARDOUS LIVE in SINGLE FAULT
CONDITION. The primary means of protection (see 6.4) shall be supplemented by one of a), b),
c) or d). Alternatively one of the single means of protection e) or f) shall be used. See
Figure 4 and Annex D.

a) PROTECTIVE BONDING (see 6.5.2);

b) SUPPLEMENTARY INSULATION (see 6.5.3);
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c) automatic disconnection of the supply (see 6.5.5);
d) current- or voltage-limiting device (see 6.5.6);

e) REINFORCED INSULATION (see 6.5.3);

f) PROTECTIVE IMPEDANCE (see 6.5.4).

Conformity is checked by inspection and as specified in 6.5.2 to 6.5.6.

HAZARDOUS part
: 6.4.1 b) 6.4.1 a) 6.4.
BASIC INSULATION ENCLOSURE or n
BARRIER
3 4
g 6.5.1¢) 6.5.1f)
2
2 a REINFORCED PROTECTIVE
o INSULATION IMPEDANCE
-
m
3 ® \
= N
6.5.1 b) \ 6.5.1 c) 6.5.1 d)
SUPPLEMENTARY OQCT Automatic Current- or
INSULATION 3 (or disconnection of voltage-limiting
screen) the supply device
J J

ACCESSIBLE part

IEC 1010/10

Figure 4 — Acceptable arrangement of protective means against electric shock

6.5.2 PROTECTIVE BONDING
6.5.2.1 General

ACCESSIBLE conductive parts shall be bonded to the PROTECTIVE CONDUCTOR TERMINAL if they
could become HAZARDOUS LIVE in case of a single fault of the primary means of protection
specified in 6.4. Alternatively, such ACCESSIBLE parts shall be separated from parts which are
HAZARDOUS LIVE by a conductive protective screen bonded to the PROTECTIVE CONDUCTOR
TERMINAL.

Conformity is checked as specified in 6.5.2.2 to 6.5.2.6.

6.5.2.2 Integrity of PROTECTIVE BONDING
The integrity of PROTECTIVE BONDING shall be assured as specified below.

a) PROTECTIVE BONDING shall consist of directly connected structural parts or discrete
conductors, or both. It shall withstand all thermal and dynamic stresses to which it could be
subjected before one of the overcurrent protective means specified in 9.6 disconnects the
equipment from the supply.
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b) Soldered connections subject to mechanical stress shall be mechanically secured
independently from the soldering. Such connections shall not be used for other purposes
such as fixing constructional parts.

c) Screw connections shall be secured against loosening.

d) If a part of the equipment is removable by an OPERATOR, the PROTECTIVE BONDIN t
remainder of the equipment shall not be interrupted (except for a part that also caies tiae
MAINS input connection to the whole equipment).

e) Unless they are specifically designed for electrical inter-connectio

requirements of 6.5.2.4, movable conductive connections, for exampl i
shall not be the sole PROTECTIVE BONDING path.
VE4BONDING, even if

f) The exterior metal braid of cables shall not be regarded as
connected to the PROTECTIVE CONDUCTOR TERMINAL.
g) If power from the MAINS supply is passed through equip t by other equipment,
means shall also be provided for passing the protect co c rough the equipment
e t

to protect the other equipment. The impedance ive conductor path through
the equipment shall not exceed that specified in

rr‘et the
ides, etc.,

h) Protective conductors may be bare or i ulation shall be green-and-yellow,
except in the following cases:

1) for earthing braids, either gree-an%l rolourless-transparent;

2) for internal protective condyftgg#aand other conductors connected to the PROTECTIVE
CONDUCTOR TERMINAL i PS such as ribbon cables, busbars, flexible printed
wiring, etc., any¢eol Used provided that no HAZARD is likely to arise from
non-identification tive conductor.

ONDING shall be provided with a TERMINAL that is suitable for
nductor and meets the requirements of 6.5.2.3.

Equipment using
connection to a

Conformity is cCRgckgll by inspection.

R(*ECTIVE CONDUCTOR TERMINAL
VE CONDUCTOR TERMINALS shall meet the following requirements.

e contact surfaces shall be metal.

NOTE 1 Materials of PROTECTIVE BONDING systems should be chosen to minimize electro-chemical corrosion
between the TERMINAL and the protective conductor, or any other metal in contact with them.

The integral protective conductor connection of an appliance inlet shall be regarded as the
PROTECTIVE CONDUCTOR TERMINAL.

c) For equipment provided with a rewirable flexible cord and for PERMANENTLY CONNECTED
EQUIPMENT, the PROTECTIVE CONDUCTOR TERMINAL shall be located near the MAINS supply
TERMINALS.

d) If the equipment does not require connection to a MAINS supply, but nevertheless has a
circuit or part which is required to be protectively earthed, the PROTECTIVE CONDUCTOR
TERMINAL shall be located near the TERMINALS of that circuit for which protective earthing is
necessary. If this circuit has external TERMINALS, the PROTECTIVE CONDUCTOR TERMINAL shall
also be external.

e) PROTECTIVE CONDUCTOR TERMINALS for MAINS CIRCUITS shall be at least equivalent in
current-carrying capacity to the MAINS supply TERMINALS.

f) Plug-in type PROTECTIVE CONDUCTOR TERMINALS combined with other TERMINALS and
intended to be connected and disconnected without the use of a TooL, shall be designed
so that the protective conductor connection makes first and breaks last with respect to the
other connections. Examples include plugs and appliance couplers for MAINS cords and
connector assemblies of plug-in units.

g) If the PROTECTIVE CONDUCTOR TERMINAL is also used for other bonding purposes, the
protective conductor shall be applied first and secured independently of other connections.
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The protective conductor shall be connected in such a way that it is unlikely to be removed
during servicing that does not require disconnection of the protective conductor.

h) For equipment in which the protective conductor is required for protection against a sin
fault in a measuring circuit, the following shall apply:

1) the PROTECTIVE CONDUCTOR TERMINAL and protective conductor shall have at | t
current RATING of the measuring TERMINALS;

2) the PROTECTIVE BONDING shall not be interrupted by any switching or inte ting
i) FUNCTIONAL EARTH TERMINALS (for example, measuring earth TERMINA I Qllow a
connection which is independent from the connection of the protecti uct

NOTE 2 Equipment may be equipped with FUNCTIONAL EARTH TERMINALS, irrc@e
taken.

j) If the PROTECTIVE CONDUCTOR TERMINAL is a binding scre
be of a suitable size for the bond wire, but with a thr
at least three turns of the screw engaged.

of e protective means

see Figure 5), it shall
¥er than 4,0 mm, with

k) The contact pressure required for a bondin jioff"shall not be capable of being
reduced by deformation of materials formin t onnection.

K

IEC 1011/10

Figure 5 — Examples of binding screw assemblies

Conformity is checked by inspection. Conformity for j) is also checked by the following test.

The binding screw assembly is to be tightened and loosened three times, together with the
least favourable conductor to be secured, using the tightening torques specified in Table 2. All
parts of the binding screw assembly shall withstand this test without mechanical failure.

Table 2 — Tightening torque for binding screw assemblies

Thread size 4,0 5,0 6,0 8,0 10,0
mm
Tightening torque 1.2 2.0 3.0 6.0 10,0
N-m
6.5.2.4 Impedance of PROTECTIVE BONDING of plug-connected equipment

The impedance between the PROTECTIVE CONDUCTOR TERMINAL and each ACCESSIBLE part for
which PROTECTIVE BONDING is specified shall not exceed 0,1 Q. If the equipment has a non-
detachable power cord, the impedance between the protective conductor plug pin of the MAINS
cord and each ACCESSIBLE part for which PROTECTIVE BONDING is specified shall not exceed
0,2 Q.
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Conformity is checked by applying a test current for 1 min and then calculating impedance.
The test current is the greater of

a) 25 A a.c. r.m.s. at RATED MAINS frequency or d.c.,

b) a current equal to twice the RATED current of the equipment.

If the equipment contains overcurrent protection devices for all poles of the MAINS sufly,

if the wiring on the supply side of the overcurrent protection devices cannot e
connected to ACCESSIBLE conductive parts in the case of a single fault, the current need
not be more than twice the RATED current of the internal overcurrent protecti ey
6.5.2.5 Impedance of PROTECTIVE BONDING of PERMANENTLY CON\ EQUIPMENT

PROTECTIVE BONDING of PERMANENTLY CONNECTED EQUIPMENT shd low impedance.

& of the overcurrent
ions for the building supply
TERMINAL and each ACCESSIBLE
. The voltage between them shall

Conformity is checked by applying a test current of
protection means specified in the equipment instal,
MAINS CIRCUIT for 1 min between the PROTECTIV
conductive part for which PROTECTIVE BONDI
not exceed 10 V a.c. r.m.s. or d.c.

t@on Wes for all poles of the MAINS supply, and
e overcurrent protection devices cannot become
connected to ACCESSIBLE con (ve poIn the case of a single fault, the test current need
not be more than twice e ED QU™ of the internal overcurrent protection devices.

6.5.2.6 Trans & VE BONDING screen

If the equipment contains overcurre
if the wiring on the supply sidef§o

If the transfor ) ed With a screen for PROTECTIVE BONDING purposes that is separated
only by BASIC @NSULA{I from a winding that is connected to a HAZARDOUS LIVE circuit, the
screen shall sa e requirements of 6.5.2.2 a) and b), and be of low impedance.

(s c?ecked by inspection and by one of the following tests:

current of twice the value of the overcurrent protection means of the winding is
plied for 1 min between the screen and the PROTECTIVE CONDUCTOR TERMINAL. The
Itage between them shall not exceed 10 V a.c. r.-m.s. or d.c.;

) the test of 6.5.2.4 using test current twice the value of the overcurrent protection means of
the winding. The impedance shall not exceed 0,1 L.

NOTE If test a) or b) is carried out, a specially prepared sample transformer having an extra lead-out wire
from the free end of the screen is used to ensure that the current during the test passes through the screen.

6.5.3 SUPPLEMENTARY INSULATION and REINFORCED INSULATION

CLEARANCES, CREEPAGE DISTANCES and solid insulation forming SUPPLEMENTARY INSULATION or
REINFORCED INSULATION shall meet the applicable requirements of 6.7.

Conformity is checked as specified in 6.7.

6.5.4 PROTECTIVE IMPEDANCE

A PROTECTIVE IMPEDANCE shall limit the current or voltage to the levels of 6.3.1 in NORMAL
CONDITION and 6.3.2 in SINGLE FAULT CONDITION.

Insulation between the terminations of the PROTECTIVE IMPEDANCE shall meet the requirements
of 6.7 for DOUBLE INSULATION or REINFORCED INSULATION.

A PROTECTIVE IMPEDANCE shall be one or more of the following:
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a) an appropriate single component which shall be constructed, selected and tested so that
safety and reliability for protection against electric shock is assured. In particular, the
component shall be:

1) RATED for twice the maximum WORKING VOLTAGE;
2) if a resistor, RATED for twice the power dissipation for the maximum WORKING V G
b) a combination of components.

A PROTECTIVE IMPEDANCE shall not be a single electronic device that p! S‘Iectron
conduction in a vacuum, gas or semiconductor

to@onfirm that they
S and CREEPAGE
ked by inspection of

Conformity is checked by inspection, by measuring the current or 4%
do not exceed the applicable levels of 6.3 and by measurin
DISTANCES as specified in 6.7. Conformity of a single compage!
its RATINGS.

6.5.5 Automatic disconnection of the supply

An automatic disconnection device shall mee h owing requirements.

a) It shall be RATED to disconnect the Ioad?’ e specified in Figure 2.

b) It shall be RATED for the maximu load ditions of the equipment.
Conformity is checked by insp,

device specification. In case of doubt, the device is
tested to check that it d®co

e supply within the required time.

6.5.6 Current- infiting device

A current- or v iting device shall meet all the following requirements:

a) it shallgbe RA limit the current or voltage to the levels not exceeding the values of 6.3.2;

e R§TED for the maximum WORKING VOLTAGE and, if applicable, for the maximum
al current;

NCE and CREEPAGE DISTANCE between the terminations of the current or voltage-
imiting device shall meet the applicable requirements of 6.7 for SUPPLEMENTARY
SULATION.

Conformity is checked by inspection, by measuring the voltage or current to confirm that they
do not exceed the levels of 6.3.2, and by measuring CLEARANCES and CREEPAGE DISTANCES as
specified in 6.7.

6.6 Connections to external circuits
6.6.1 General

In NORMAL CONDITION and in SINGLE FAULT CONDITION of the equipment, no ACCESSIBLE parts of
the equipment and no ACCESSIBLE parts of an external circuit shall become HAZARDOUS LIVE as
a result of connecting the external circuit to the equipment.

NOTE 1 External circuits are all circuits connected to TERMINALS of the equipment.

NOTE 2 For connection to MAINS supply source, see 6.10.

Protection shall be achieved by separation of circuits, unless short-circuiting of the separation
could not cause a HAZARD.

The manufacturer's instructions or equipment markings shall include the following information,
if applicable, for each external TERMINAL:
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a) RATED conditions at which the TERMINAL has been designed to operate while maintaining
safety (maximum RATED input/output voltage, specific type of connector, designated use,
etc.);

b) RATING of the insulation required for the external circuit to conform to the requirements
protection against electric shock, arising from the connection to the TERMINAL, in
CONDITION and SINGLE FAULT CONDITION.

Conformity is checked by:

1) inspection; 6 ¢
2) the determinations of 6.2;

3) the measurements of 6.3 and 6.7; %

4) the voltage test of 6.8 (without humidity preconditiognd Jable to the type of
insulation (see 6.7).

6.6.2 TERMINALS for external circuits

ACCESSIBLE conductive parts of TERMINALS t
shall not be HAZARDOUS LIVE 10 s after interru

h charge from an internal capacitor
T supply.

Conformity is checked by inspection M 7 ination of ACCESSIBLE conductive parts
as specified in 6.2 and in case of d measurement of the remaining voltage or charge.

6.6.3 Circuits with T®RMMRLS iCN are HAZARDOUS LIVE

b&ycoWnected to ACCESSIBLE conductive parts, except for circuits
» and which are designed to be operated with one TERMINAL
¥In such cases, the ACCESSIBLE conductive parts shall not be

These circuits s
which are not MAI
contact at ear (o)
HAZARDOUS LIV

ata voltage which is not HAZARDOUS LIVE, this TERMINAL contact is permitted to be
a common FUNCTIONAL EARTH TERMINAL or system (for example, a coaxial
system). This common FUNCTIONAL EARTH TERMINAL or system is also permitted to
onnected to other ACCESSIBLE conductive parts.

onformity is checked by inspection.

6.6.4 TERMINALS for stranded conductors

TERMINALS for stranded conductors shall be located or shielded so that there is no possibility
of accidental contact between HAZARDOUS LIVE parts of different polarity or between such
parts and other ACCESSIBLE parts, even if a strand of a conductor escapes from a TERMINAL.
Unless it is self-evident (which is preferable) TERMINALS shall be marked to show whether or
not they are connected to ACCESSIBLE conductive parts (see 5.1.5.2 ¢)).

Conformity is checked by inspection after fully inserting a stranded conductor with an 8 mm
length of insulation removed, with one of the strands free. The strand shall not touch parts of
different polarity or other ACCESSIBLE parts, when bent in every possible direction, without
tearing back the insulation or making sharp bends.

TERMINALS of circuits carrying HAZARDOUS LIVE voltage or current shall be anchored, fitted or
designed so that conductors will not work loose when they are tightened, loosened or when
connections are made.

Conformity is checked by manual test and inspection.
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6.7 Insulation requirements
6.7.1 The nature of insulation
6.7.1.1 General

Insulation between circuits and ACCESSIBLE parts (see 6.2) or between separatefcircuj

consists of a combination of CLEARANCES, CREEPAGE DISTANCES and solid insulatio n

used to provide protection against a HAZARD, the insulation needs to withs the e ric

stresses that are caused by the voltages that may appear on the MAINS o in the

equipment.

Electric stresses originating from MAINS include:

a) WORKING VOLTAGE across the insulation. This WORKING L normally the line-to-
neutral voltage of the MAINS supply (also see Annex |

b) TRANSIENT OVERVOLTAGES that may occasiona p n the line conductors. The
magnitude of the overvoltages depends on th L TAGE CATEGORY and the line-to-
neutral voltage of the MAINS supply;

c) short-term TEMPORARY OVERVOLTAGES th occur between the line conductor and
earth in electrical installations. These T VERVOLTAGES may have a value of the
line-to-neutral voltage of the MA| pPly plu 00 V, and may last up to 5 s;

d) long-term TEMPORARY OVERVQL
in electrical installatigns.
neutral voltage of the A

may occur between the line conductor and earth
RARY OVERVOLTAGES may have a value of the line-to
plus 250 V and may last longer than 5 s.

NOTE See IEC 603
The requireme

1) the requir leel of insulation (BASIC INSULATION, SUPPLEMENTARY INSULATION, or
REIN CED | ATION);

'mtm TRANSIENT OVERVOLTAGE that may appear on the circuit, either as a result of
al event (such as a lightning strike or a switching transient), or as the result of
eration of the equipment;

€ maximum WORKING VOLTAGE (including steady-state and recurring peak voltages);

the POLLUTION DEGREE of the micro-environment;

5) the maximum TEMPORARY OVERVOLTAGE that may occur in a MAINS CIRCUIT because of a
fault in the MAINS distribution system.

6.7.1.2 CLEARANCES

Required CLEARANCES depend on the factors in 6.7.1.1 a) to d) as well as the RATED altitude
for operation. If the equipment is RATED to operate at an altitude greater than 2 000 m, all
CLEARANCES shall be multiplied by the applicable factor of Table 3.

Table 3 — Multiplication factors for CLEARANCES of equipment RATED
for operation at altitudes up to 5 000 m

RATED operating altitude Multiplication factor
m
Up to 2 000 1,00
2 001 to 3 000 1,14
3001 to 4 000 1,29
4 001 to 5 000 1,48

See Annex C for details of how to measure CLEARANCES.
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6.7.1.3 CREEPAGE DISTANCES

Required CREEPAGE DISTANCES depend on the factors in 6.7.1.1 a) to d) as well as the
Comparative Tracking Index (CTI) of the insulating material.

Materials are separated into four groups according to their CTI values, as follows:

Material group | 600 < CTI
Material group Il 400 < CTI < 600 \ 2
Material group llla 175 < CTl < 400
Material group lllb 100 < CTl < 175

These CTI values refer to values obtained, in accordance wi
relevant material specifically made for the purpose and jeste
where the CTI value is not known, material group lllb isg asSQumMe

2, on samples of the
ion A. For materials

For glass, ceramics, or other inorganic insulati

m; @ which do not track, there are no
requirements for CREEPAGE DISTANCES.

See Annex C for details of how to megsuregfRE ISTANCES.

6.7.1.4 Solid insulation

*
The requirements for soli\atio epend on the factors in 6.7.1.1 a) to d).

The term “solid ins
monolithic blo
insulating matdfials,

is@sed to describe many different types of construction, including
\nsuling material and insulation subsystems composed of multiple
nized in layers or otherwise.

strength of a thickness of solid insulation is considerably greater than that of the
esPof air. The insulating distances through solid insulation are therefore typically
the distances through air. As a result, electric fields in solid insulation are
igher, and often are less homogeneous.

olld insulation material may contain gaps or voids. When a solid insulation system is
onstructed from layers of solid materials, there are also likely to be gaps or voids between
layers. These voids will perturb the electric field so that a disproportionately large part of the
electric field is located in the void, potentially causing ionization within the void, resulting in
partial discharge. These partial discharges will influence the adjacent solid insulation and may
reduce its service life.

Solid insulation is not a renewable medium: damage is cumulative over the life of the
equipment. Solid insulation is also subject to ageing and to degradation from repeated high
voltage testing.

6.7.1.5 Requirements for insulation according to type of circuit
Requirements for insulation in particular types of circuits are specified as follows:

a) in 6.7.2 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with a nominal supply voltage up to
300 V;

NOTE 1 See Annex | for nominal voltages of MAINS supplies.

b) in 6.7.3 for secondary circuits separated from the circuits in a) only by means of a
transformer;

c) in K.1 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il or IV or for OVERVOLTAGE
CATEGORY Il over 300 V;
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d) in K.2 for secondary circuits separated from the circuits in ¢) only by means of a
transformer

e) in K.3 for circuits that have one or more of the following characteristics:

1) the maximum possible TRANSIENT OVERVOLTAGE is limited by the supply source
within the equipment to a known level below the level assumed for the MAINS C TS

2) the maximum possible TRANSIENT OVERVOLTAGE is above the level assumedgfor tije
MAINS CIRCUIT;

3) the WORKING VOLTAGE is the sum of voltages from more than one cirggy is® mixed
voltage;

4) the WORKING VOLTAGE includes a recurring peak voltage tkgt inglude a periodic
non-sinusoidal waveform or a non-periodic waveform tha g some regularity;

5) the WORKING VOLTAGE has a frequency above 30 kHz.

NOTE 3 See K.3 for requirements for switching circuits such hing power supply.

6.7.2 Insulation for MAINS CIRCUITS of OVHE
voltage up to 300 V

GE CATEGORY Il with a nominal supply

6.7.2.1 CLEARANCES and CREEP#GE TANCES

CLEARANCES and CREEPAGE
taking the following into a

r MAINS CIRCUITS shall meet the values of Table 4

a) The values in ASIC INSULATION and SUPPLEMENTARY INSULATION. Values for
REINFORCED INS TIO hall be twice the values for BASIC INSULATION.

b) Minimum @EARANSg for BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED
INSULATION@®r PCBLUTION DEGREE 3 is 0,8 mm.

If theQquipment is RATED to operate at an altitude greater than 2 000 m, the CLEARANCES
mLﬁipIied by the applicable factor of Table 3.

ity is checked by inspection and measurement.

TABLE 4 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of
OVERVOLTAGE CATEGORY Il up to 300 V

Values for CREEPAGE DISTANCE
Printed wiring . . .
Voltage Values board material Other insulating material
line-to- for
neutral POLLUTION | POLLUTION | POLLUTION
ac. r.m.s. C:Eg:- DEGREE 1 DEGREE 2 | DEGREE 1 POLLUTION DEGREE 2 POLLUTION DEGREE 3
ord.c. "
All material I\{I’g’:‘erlsall All material | Material | Material | Material | Material | Material | Material
groups 9 I IFI,Ia ’ groups group | | group Il [ group lll | group | | group Il |group Il
\% mm mm mm mm mm mm mm mm mm mm
<150 0,5 0,5 0,5 0,5 0,8 1,1 1,6 2,0 2,2 2,5
>150 < 300 1,5 1,5 1,5 1,5 1,5 2,1 3,0 3,8 4,1 4,7

Coatings that meet the requirements of Annex H when applied to the outer surfaces of printed
wiring boards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.

Conformity of coatings is checked as specified in Annex H.
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6.7.2.2 Solid insulation
6.7.2.2.1 General

Solid insulation of MAINS CIRCUITS shall withstand the electric and mechanical stresses t
may occur in NORMAL USE, in all RATED environmental conditions (see 1.4), during the j
life of the equipment.

NOTE The manufacturer should take the expected life of the equipment into account wheg#%e ecting‘]sulating
materials.

Conformity is checked by inspection, and by the a.c. test of 6.8.3.1 wij ur. of at least
1 min, or for MAINS CIRCUITS stressed only by d.c., the 1 min d.c¥{e f @8.3.2, using the
applicable voltage from Table 5.

Table 5 — Test voltages for solid insula CCUITS
of OVERVOLTAGE CATEGOR
1 min a.c. test v 1 min d.c. test voltage
BASIC INSULATION BASIC INSULATION
Voltage line-to- and and
neutral a.c. r.m.s. or SUPPLE SUPPLEMENTARY REINFORCED
d.c. INSULATION INSULATION
\% \% \%
2700 1900 3 800
3 000 2100 4 200

Solid insulation sha et the following requirements, as applicable:

a) for solid irgulati
Clausgg 8;

de@and potted parts, the requirements of 6.7.2.2.2;
layers of printed wiring boards, the requirements of 6.7.2.2.3;

sed as an ENCLOSURE or PROTECTIVE BARRIER, the requirements of

in-film insulation, the requirements of 6.7.2.2.4.

oNiformity is checked as specified in 6.7.2.2.2 to 6.7.2.2.4, and in Clause 8, as applicable.

6.7.2.2.2 Moulded and potted parts
For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors

located on an interface between the same two layers moulded together shall be separated by
at least 0,4 mm (see Figure 6, item L) after the moulding is completed.

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.
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, \C .

IEC 1012/10

Key @
1 Layer 1
2 Layer 2

C Conductor

L Distance between conductors

Figure 6 — Distance between cond?t n interface between two layers
6.7.2.2.3 Inner insulating lay ited wiring boards
For BASIC INSULATION, $UPPQEME NSULATION and REINFORCED INSULATION, conductors

located between the samQiwlayePs shall be separated by at least 0,4 mm (see Figure 7,
item L).

Conformity is ke by ‘inspection and either by measurement of the separation or by
inspection of tRg ma cturer’s specifications.

*

IEC 1013/10

Key
L Distance between adjacent conductors
A Layers

C Conductors

Figure 7 — Distance between adjacent conductors along an interface of two inner layers

REINFORCED INSULATION of inner insulating layers of printed wiring boards shall also have
adequate electric strength through the respective layers. One of the following methods shall
be used:

a) the thickness of the insulation is at least 0,4 mm;

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.
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b) the insulation is assembled from at least two separate layers of printed wiring board
materials, each of which is RATED by the manufacturer of the material for an electric
strength of at least the value of the test voltage of Table 5 for BASIC INSULATION;

Conformity is checked by inspection of the manufacturer’s specifications.

c) the insulation is assembled from at least two separate layers of printed wiri bo

materials, and the combination of layers is RATED by the manufacturer of the materi n
electric strength of at least the value of the test voltage of Table 5 REINFORCED
INSULATION. *

Conformity is checked by inspection of the manufacturer’s specificatio@

6.7.2.2.4 Thin-film insulation

For BASIC INSULATION, SUPPLEMENTARY INSULATION and IN INFULATION, conductors
located between the same two layers (see Figur Psh be separated by the
applicable CLEARANCE and CREEPAGE DISTANCE of 6.2,

Conformity is checked by inspection and
inspection of the manufacturer’s specifications

asurement of the separation or by

H A
C
< IEC 1014/10

istance between adjacent conductors
Layers of thin-film material such as tape and polyester film
C Conductors

NOTE There may be air present between the layers

Figure 8 — Distance between adjacent conductors located between the same two layers

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequate
electric strength. One of the following methods shall be used:

a) the thickness through the insulation is at least 0,4 mm;

Conformity is checked by inspection and either by measurement of the part or by inspection of
the manufacturer’s specifications.

b) the insulation consists of at least two separate layers of thin-film materials, each of which
is RATED by the manufacturer of the material for an electric strength of at least the value of
the test voltage of Table 5 for BASIC INSULATION;

Conformity is checked by inspection of the manufacturer’s specifications.

c) the insulation consists of at least three separate layers of thin-film materials, any two of
which have been tested to exhibit adequate electric strength.
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Conformity is checked by the a.c. test of 6.8.3.1 with a duration of at least 1 min, or for MAINS
CIRCUITS stressed only by d.c, the 1 min d.c. test of 6.8.3.2 applied to two of the three layers
using the applicable voltage for REINFORCED INSULATION of Table 5.

NOTE For the purposes of this test a special sample may be assembled with only two layers of the materi

6.7.3 Insulation for secondary circuits derived from MAINS CIRCUITS of OVERVOLRAGE
CATEGORY Il up to 300 V

6.7.31  General *

CIRCUITS is
the secondary
connected to the

In this standard, secondary circuits are circuits where separation
achieved by a transformer in which the primary windings are s
windings by REINFORCED INSULATION, DOUBLE INSULATION, or
PROTECTIVE CONDUCTOR TERMINAL.

NOTE These circuits are assumed to be subjected to lower N T AGE levels than the MAINS

CIRCUIT.

6.7.3.2 CLEARANCES

CLEARANCES for secondary circuits shall me

a) for BASIC INSULATION and SUPP Y INSULATION, meet the values of Table 6, or for
REINFORCED INSULATION ic lues of Table 6;
b) pass the voltage test Of6. he applicable test voltage from Table 6.

The following ad]

1) values for viages for REINFORCED INSULATION are 1,6 times the values for BASIC
INSULATION

CLEARANCE is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION
EE 3.

ormity is checked by inspection and measurement and for b) by the a.c. test of 6.8.3.1
ith a duration of at least 5 s, or by the 1 min d.c. test of 6.8.3.2, using the applicable test
voltage from Table 6. The value of the d.c. test voltage is N2 times the a.c. r.m.s. test voltage.
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Table 6 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY Il up to 300 V

MAINS voltage, line-to-neutral, OVERVOLTAGE CATEGORY ||
Wonscondary <150 V >150 V < 300 V
a.c. r.m.s. a.c. r.m.s.
a.c. r.m.s. d.c. or a.c. peak CLEARANCE Test voltage CLEARANCE
\Y \% mm V a.c.r.m.s. mm
16 22,6 0,10 500 0,
33 46,7 0,11 510 850
50 70 0,12 520 860
100 140 0,13 540 900
150 210 0,16 580 940
300 420 0,39 0,94 1040
600 840 1,01 1,61 1450
1000 1400 1,92 2,52 1970
1250 1750 3,16 2280
1600 2 240 4,11 2730
2 000 2 800 5,30 3230
2 500 3509 6,91 3 850
3200 4 480 ,37 4 390 9,16 4 660
4 000 5 10,9 5320 11,6 5610
5000 00 14,0 6 590 14,9 6 960
6 300 848 18,2 8 270 19,1 8 620
8 000 200 23,9 10 400 24,7 10 700
< 14 000 30,7 12 900 31,6 13 300
17 500 39,6 16 100 40,5 16 400
22 400 52,5 20 400 53,5 20 700
28 000 67,9 25 300 68,9 25 600
25000 35000 87,9 31600 89,0 32 000
32 000 44 800 117 40 400 118 40 700
40 000 56 000 151 50 300 153 50 800
50 000 70 000 196 62 800 198 63 400
63 000 88 200 258 79 400 260 80 000
Linear interpolation is allowed.

6.7.3.3 CREEPAGE DISTANCES

CREEPAGE DISTANCES for BASIC INSULATION or SUPPLEMENTARY INSULATION for secondary circuits
shall meet the applicable values of Table 7, based on the WORKING VOLTAGE which stresses the
insulation. Values for REINFORCED INSULATION are twice the values for BASIC INSULATION.

Conformity is checked by inspection and measurement.

Coatings that meet the requirements of Annex H when applied to the outer surfaces of printed
wiring boards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.

Conformity of coatings is checked as specified in Annex H.
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Table 7 — CREEPAGE DISTANCES for secondary circuits

Printed wiring
board material

Other insulating material

Secondary
\\IIVSE{TI;{:(EB PD(;';;LRUETE'C;N Z‘;;LRUETEIOZN Z%ZLRUETEIOr POLLUTION DEGREE 2 POLLUTION DEGREE
agr Ln(:s All material Material |All material| Material Material Material Material Material Materigl
groups gr(:)l:r;lsli:, I groups group | group Il group Il group | group Il oup
\% mm mm mm mm mm mm mm ‘ mm
10 0,025 0,04 0,08 0,40 0,40 0,40 1,0 1,00
12,5 0,025 0,04 0,09 0,42 0,42 0,42 ,05 1,05
16 0,025 0,04 0,10 1,10 1,10
20 0,025 0,04 0,11 1,20 1,20
25 0,025 0,04 0,125 1,25 1,25
32 0,025 0,04 0,14 1,3 1,3
40 0,025 0,04 0,16 1,6 1,8
50 0,025 0,04 0,18 1,7 1,9
63 0,040 0,063 0,20 1,8 2,0
80 0,063 0,10 0,22 1,9 2,1
100 0,10 0,16 0,2 2,0 2,2
2,1 2,4
2,2 2,5
2,8 3,2
3,6 4,0
1,60 2,2 3,2 4,0 4,5 5,0
2,0 2,8 4,0 5,0 5,6 6,3
2,5 3,6 50 6,3 71 8,0
3,2 4,5 6,3 8,0 9,0 10,0
4,0 5,6 8,0 10,0 11 12,5
5,0 7,1 10,0 12,5 14 16
6,3 9,0 12,5 16 18 20
8,0 11 16 20 22 25
10,0 14 20 25 28 32
2500 10,0 12,5 18 25 32 36 40
3200 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 80 100 110 125
10 000 40 50 71 100 125 140 160
12 500 50 63 90 125
16 000 63 80 110 160
20 000 80 100 140 200
25 000 100 125 180 250
32 000 125 160 220 320
40 000 160 200 280 400
50 000 200 250 360 500
63 000 250 320 450 600

a For voltages above 1 000 V, CREEPAGE DISTANCES on printed wiring board material are the same as for other
insulators of the same Material Group.

b Material group lllb is not recommended for application in POLLUTION DEGREE 3 above 630 V.

Linear interpolation is allowed.

SEK Svensk Elstand




61010-1 © IEC:2010 -59 -

6.7.3.4 Solid insulation
6.7.3.4.1 General

Solid insulation in secondary circuits shall withstand the electrical and mechanical stres
that may occur in NORMAL USE, in all RATED environmental conditions (see 1.4), d t
intended life of the equipment.

NOTE The manufacturer should take the expected life of the equipment into account wheg#%e ecting‘]sulating
materials.

Conformity is checked by both of the following tests:

able 6 for BASIC
RL7/ON the values are

a) by the voltage test of 6.8.3.1 for 5 s using the applicable teg RO
INSULATION oOr SUPPLEMENTARY INSULATION. For REINFORGEN

multiplied by 1,6;

b) additionally, if the WORKING VOLTAGE exceeds 300 by Qe VPPageiest of 6.8.3.1 for 1 min
with a test voltage of 1,5 times the wo E for BASIC INSULATION or
SUPPLEMENTARY INSULATION and twice the WOR E for REINFORCED INSULATION.

1) for solid insulation used as an O‘RE O MOTECTIVE BARRIER, the requirements of
Clause 8;

irements of 6.7.3.4.2;
d wiring boards, the requirements of 6.7.3.4.3;
uirements of 6.7.3.4.4.

2) for moulded and pottgd p
3) for inner insulating lay@s
4) for thin-film in >\
Conformity is ¢ eRas sPecified in 6.7.3.4.2 to 6.7.3.4.4 and Clause 8, as applicable.

6.7.3.4.2 M and potted parts

SLtATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
een the same two layers shall be separated by the applicable minimum distance
(see Figure 6 item L).

onformity is checked by inspection and either by measurement of the separation or by
nspection of the manufacturer’s specifications.
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Peak value of the Minimum Peak value of the Minimum
a.c.ord.c. value a.c.ord.c. value
WORKING VOLTAGE WORKING VOLTAGE
or recurring peak or recurring peak
voltage voltage
kV mm kV mm
>0,046 7 < 0,33 0,05 >8,0 <10 ,5 *
>0,33<0,8 0,1 >10<12
>0,8<1,0 0,15 >12 <15
>1,0<1,2 0,2 >15 <20
>1,2<1,5 0,3 >20 <25
>1,56<2,0 0,45
>2,0<2,5 0,6
>2,5<3,0 0,8
>3,0<4,0 1,2
>4,0<5,0
>5,0 < 6,0
>6,0 < 8,0

6.7.3.4.3

Inner insulakM
For BASIC INSULATI L®MMENTARY INSULATION and REINFORCED INSULATION, conductors
located betwe e two layers shall be separated by the applicable minimum distance
of Table 8 (se item L).

ers of printed wiring boards

igur

is ghecked by inspection and either by measurement of the separation or by
the manufacturer’s specifications.

ED INSULATION of inner insulating layers of printed wiring boards shall also have
uate electric strength through the respective layers. One of the following methods shall

a) the thickness of the insulation is at least the applicable minimum distance of Table 8;

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.

b) the insulation is assembled from at least two separate layers of printed wiring board
materials, each of which is RATED by the manufacturer of the material for an electric
strength at least the value of the test voltage of Table 6 for BASIC INSULATION;

Conformity is checked by inspection of the manufacturer’s specifications.

c) the insulation is assembled from at least two separate layers of printed wiring board
materials, and the combination of layers is RATED by the manufacturer of the material for
an electric strength at least the value of the test voltage of Table 6 multiplied by 1,6.

Conformity is checked by inspection of the manufacturer’s specifications.

6.7.3.4.4 Thin-film insulation

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
located between the same two layers (see Figure 8, item L) shall be separated by at least the
applicable CLEARANCE and CREEPAGE DISTANCE of 6.7.3.2 and 6.7.3.3.
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Conformity is checked by measurement or by inspection of the part or the manufacturer’s
specifications.

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequ
electric strength. One of the following methods shall be used:
a) the thickness of the insulation is at least the applicable value of Table 8;
Conformity is checked by inspection and either by measurement of the ration by
inspection of the manufacturer’s specifications.

b) the insulation consists of at least two separate layers of thin-film Is a¥ch of which
is RATED by the manufacturer of the material for an electric str h\f at Bpast the value of
the test voltage of Table 6 for BASIC INSULATION;

Conformity is checked by inspection of the manufacturer’s S.

¢) the insulation consists of at least three separate e of -f materials, any two of
which have been tested to exhibit adequate eleciffic n

Conformity is checked by the a.c. test of Gl 1 a duration of at least 1 min, or, for
circuits stressed only by d.c., the 1 mi f 6.8.3.2, using the applicable test
voltage from Table 6 multiplied by 1,6, appRad (g Mo of the three layers.

NOTE For the purposes of this test a §ecj mple may
6.8 Procedure for v@tagﬁ

6.8.1 General \
The following test cedQes apply to type testing, and deterioration of the test specimen
may occur. Fuy usSQof the test specimen may not be appropriate.

be assembled with only two layers of the material.

Test equgment e voltage tests is specified in IEC 61180-1 and IEC 61180-2.
\ 2

jnsulating parts of the ENCLOSURE are covered with metal foil everywhere except
ERMINALS. For test voltages up to 10 kV a.c. peak or d.c., the distance from foil to
INAL is not more than 20 mm. For higher voltages it is the minimum to prevent flashover.
uidance to these minimum distances, see Table 9.

NOTE The distances of Table 9 will prevent flashover between foil and TERMINALS.

Table 9 — Distances between TERMINALS and foil

Test voltage Distance
kV mm
10 20
20 45
30 70
50 130
70 195
100 290

ACCESSIBLE parts of controls with parts made of insulating material are wrapped in metal foil
or have soft conductive material pressed against them.

The foil is applied after the humidity preconditioning (if applicable) and connected to the low
TERMINAL of the test voltage generator.
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CLEARANCES but not for tests of solid insulation.

The equipment is not energized during the tests.
When verifying CLEARANCES, the values for test voltages given in 6.7 apply to tests performe,
at 2 000 m. For other test site altitudes, the corrections of Table 10 are applied

NOTE 1 The electric testing of CLEARANCES will also stress the associated solid insulation.

NOTE 2 Where two or more protective means are used in combination (see 6.5.1), the vo s spe for
REINFORCED INSULATION might be applied to parts of circuits which are not required to withstag these vo&ages. To
test the complete equipment appropriately it may be necessary to test subassemblies separat

Table 10 — Correction factors according to test u
for test voltages for CLEARANCES,
Correction facto
Tes‘p‘égl'(tage >327 V < 600 V >600 V < 3 50 V < 25 kV >25 kV
Tes: ;°;tage >231V < 424 V >424 >2 475V < 17,7 kV >17,7 kV
Test site altitude
m P 4
0 1,16 1,22 1,24
500 1,12 1,16 1,17
1 000 1,08 1,11 1,12
2 000 1,00 1,00 1,00
3000 ; 0,92 0,89 0,88
4 000 0,92 0,85 0,80 0,79
0,88 0,78 0,71 0,70
ion is allowed.

umidity preconditioning

ss otherwise specified in this standard, the equipment is subjected to humidity
reconditioning before the voltage tests. The equipment s not energized during
preconditioning.

This treatment need not be applied to parts that are clearly unlikely to be influenced by
humidity and temperature.

Parts which can be removed without the use of a TOOL are removed and subjected to
humidity preconditioning together with the main part.

Preconditioning is carried out in a humidity chamber containing air with a humidity of 93 % RH
+3 % RH. The temperature of the air in the chamber is maintained at 40 °C + 2 °C.

Before applying humidity, the equipment is brought to a temperature of 42 °C + 2 °C, normally
by keeping it at this temperature for at least 4 h before the humidity preconditioning.

The air in the chamber is stirred and the chamber is designed so that condensation will not
precipitate on the equipment.

The equipment remains in the chamber for 48 h, after which it is removed and allowed a

recovery period of 2 h under the environmental conditions of 4.3.1, with the covers of non-
ventilated equipment removed.

SEK Svensk Elstand



61010-1 © IEC:2010 - 63 -

The tests are performed and completed within 1 h of the end of the recovery period after
humidity preconditioning. Parts that have been removed are re-assembled or not, whichever
is less favourable.

6.8.3 Test procedures

6.8.3.1 The a.c. voltage test

The generator shall be able to supply a power of at least 500 VA. The wave of thg power
frequency test voltage shall be substantially sinusoidal. This requirement is if The ratio
between the peak value and the r.m.s. value is \2 + 3 %. @

The test voltage is raised uniformly from 0 V to the specified va , and held at that

/| V
value for at least the specified time. %
No flashover of CLEARANCES or breakdown of solid in 18 shd®oc

during the test.

6.8.3.2 The 1 min d.c. voltage test

The d.c. test voltage shall be substantially
ratio between the peak value of the voltage"r

(ople. This requirement is fulfilled if the
erage value is 1,0 £ 3 %.

The d.c. test voltage is raised ygaifor 0 V to the specified value within 5 s and held at
that value for at least 1 gin.

No flashover of C \ akdown of solid insulation shall occur during the test.
6.8.3.3 Th u voltage withstand test

The test ghall cogfducted for five impulses of each polarity with an interval of at least 1 s
between Qpulses.” The impulse voltage test is carried out with a 1,2/560 us waveform (see
EC®61180-1). The wave shape of each impulse shall be observed (see Note 1).

rifying CLEARANCES within equipment by an impulse voltage test, it is necessary to
re that the specified impulse voltage appears at the CLEARANCE. PROTECTIVE IMPEDANCE
nd voltage-limiting devices in parallel with the insulation to be tested shall be disconnected.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test, but
partial discharges are allowed. Partial discharge will be indicated by a step in the resulting
wave shape which will occur earlier in successive impulses. Breakdown on the first impulse
may either indicate a complete failure of the insulation system or the operation of overvoltage
limiting devices in the equipment.

NOTE 1 If there are overvoltage limiting devices in the equipment, care must be taken to examine the waveshape
to ensure that their operation is not taken to indicate insulation failure. Distortions of the impulse voltage which do
not change from impulse to impulse may be caused by operation of an overvoltage limiting device and do not
indicate a (partial) breakdown of solid insulation.

NOTE 2 Partial discharges in voids can lead to partial notches of extremely short durations in the waveform which
may be repeated in the course of an impulse.

6.9 Constructional requirements for protection against electric shock
6.9.1 General
If a failure could cause a HAZARD:

a) the security of wiring connections subject to mechanical stresses shall not depend on
soldering;
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b) screws securing removable covers shall be captive if their length determines a CLEARANCE
Oor CREEPAGE DISTANCE between ACCESSIBLE conductive parts and HAZARDOUS LIVE parts;

c) accidental loosening or freeing of the wiring, screws, etc., shall not cause ACCESSIBLE par
to become HAZARDOUS LIVE;

d) CLEARANCES and CREEPAGE DISTANCES between the ENCLOSURE and HAZARDOUS L a
shall not be reduced below the values for BASIC INSULATION by loosening of parts orfgires

NOTE Screws or nuts with lock washers are not regarded as likely to become loose, nor ires whiCn are
mechanically secured by more than soldering alone.

Conformity is checked by inspection and by measurement of CLEA @» S CREEPAGE
DISTANCES.

6.9.2 Insulating materials
The following shall not be used as insulation for safety pu
a) materials which can easily be damaged (fo acquer, enamel, oxides, anodic
films);
b) non-impregnated hygroscopic materials Ale, paper, fibres, fibrous materials).
Conformity is checked by inspectio
6.9.3 Colour codlng @

Green-and-yellow msulatl\ | nd¥be used except for:
a) protective earth

PROTECTIVE onductors;
potential eq&glizafon conductors for safety purposes;

| e@th conductors.

checked by inspection.

Connection to the MAINS supply source and connections between parts of
equipment

6.10.1 MAINS supply cords

The following requirements apply to non-detachable MAINS supply cords and to detachable
MAINS supply cords supplied with the equipment.

Cords shall be RATED for the maximum current for the equipment and the cable used shall
meet the requirements of IEC 60227 or IEC 60245. Cords certified or approved by a
recognized testing authority are regarded as meeting this requirement.

If a cord is likely to contact hot external parts of the equipment, it shall be made of suitably
heat-resistant material.

If the cord is detachable, both the cord and the appliance inlet shall have adequate
temperature RATINGS.

Conductors coloured green-and-yellow shall be used only for connection to PROTECTIVE
CONDUCTOR TERMINALS.

Detachable MAINS supply cords with MAINS connectors according to IEC 60320 shall either
meet the requirements of IEC 60799, or shall be RATED at least for the current RATING of the
MAINS connector fitted to the cord.
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Figure 9 explains the terminology for MAINS supply cords.

Conformity is checked by inspection and, where necessary, by measurement.

Q
\ —
\ | —
§ ] ¢
NEE !
3
N dmm—
N | P
o
L — L ISSR——
. q ------
L [
/ 6 2 4
* Qa IEC 1015/10
Key \
1 Appliance co 5 Fixed mains socket-outlet
2 Appliance in 6 Mains connector
7 Mains plug
L 2

Figure 9 — Detachable MAINS supply cords and connections

.10.2 Fitting of non-detachable MAINS supply cords
6.10.2.1 Cord entry

MAINS supply cords shall be protected against abrasion and sharp bends at the point where
the cord enters the equipment, by one of the following means:
a) an inlet or bushing with a smoothly rounded opening;

b) a reliably fixed flexible cord guard made of insulating material protruding beyond the inlet
opening by at least five times the overall diameter of a cord with the largest cross-sectional
area which can be fitted. For flat cords, the larger cross-sectional dimension is taken as
the overall diameter.

Conformity is by inspection, and if needed by measurement of dimensions.

6.10.2.2 Cord anchorage
The cord anchorage shall relieve the conductors of the cord from strain, including twisting,
where they are connected within the equipment, and shall protect the insulation of the

conductors from abrasion. The protective earth conductor, if any, shall be the last to take the
strain if the cord slips in its anchorage.

Cord anchorages shall meet the following requirements:
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a) the cord shall not be clamped by a screw which bears directly on the cord;
b) knots in the cord shall not be used;

c) it shall not be possible to push the cord into the equipment to an extent which could ca
a HAZARD;

d) failure of the cord insulation in a cord anchorage which has metal parts shall nt caus
ACCESSIBLE conductive parts to become HAZARDOUS LIVE.

e) it shall not be possible to loosen the cord anchorage without the use of a T, : N
f) it shall be designed so that cord replacement does not cause a , angght shall be

clear how the relief from strain is provided.

A compression bushing shall not be used as a cord anchorag It is suitable for use
with the MAINS supply cord supplied with it or specified for it h cturer.
Conformity is checked by inspection and by the follg _glill test:

For each combination of cord and bushing, ¢
as far as possible. It is then subjected 2 0 a steady pull of the value shown in
Table 11, applied for 1 s each time in the le pble direction. Immediately afterwards it
is subjected for 1 min to a torque of, vaé; shogdgln Table 11. The torque shall be applied
as close as possible to the externa the cord anchorage or bushing.

shed into the equipment manually,

physical tests on cord anchorages

Force for pull test Torque for torque
test
N N-m
30 0,10
60 0,25
100 0,35

the tests:

the cord shall not have been damaged;
the cord shall not have been displaced longitudinally by more than 2 mm;
there shall be no signs of strain at the point where the anchorage clamps the cord;

4) CLEARANCES and CREEPAGE DISTANCES shall not have been reduced below the applicable
values;

5) the cord shall pass the a.c. voltage test of 6.8.3.1 (without humidity preconditioning) with
a duration of at least 1 min as follows:

i) for equipment with a protective earth conductor, the test is made between the
protective conductor and the line and neutral conductors joined together, with the test
voltage from Table 5 or Table K.8 for BASIC INSULATION for the appropriate line-to-
neutral voltage;

ii) for equipment without a protective earth conductor, the test is made between
ACCESSIBLE conductive parts of the equipment and the line and neutral conductors
joined together, with the test voltage from Table 5 or Table K.8 for REINFORCED
INSULATION for the appropriate line-to-neutral voltage.

6.10.3 Plugs and connectors
Plugs and connectors for connecting equipment to the MAINS supply, including appliance

couplers used to connect detachable MAINS supply cords, shall conform to the relevant
specifications for plugs, socket-outlets and connectors.
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If the equipment is designed to be supplied only at voltages below the level of 6.3.2 a) in
NORMAL CONDITION or SINGLE FAULT CONDITION, or from a source used solely to supply that
equipment, the plugs of the power supply cord shall not fit into the socket-outlets of MAINS
supply systems at voltages above the RATED supply voltage of the equipment. MAINS-t
plugs and sockets shall not be used for purposes other than connection of a MAINS supply.

If plug pins of cord-connected equipment receive a charge from an internal capacitor,\ge pils
shall not be HAZARDOUS LIVE 5 s after disconnection of the supply.
L 2

On equipment with accessory MAINS socket-outlets:

a) if the outlet can accept a standard MAINS supply plug, the
specified in 5.1.3 e);

I a marking as

b) if the outlet has a TERMINAL contact for a protective t
supply connection to the equipment shall include a tec
to a PROTECTIVE CONDUCTOR TERMINAL.

or, the input MAINS
onductor connected

Conformity is checked by inspection. For plugs &cei

the measurements of 6.3 are made to establi t >vels of 6.3.1 ¢) are not exceeded.

from each electrical sup whether external or internal to the equipment. The
disconnecting me®Qs, ct all current-carrying conductors.
al

6.11 Disconnection from supply s rcv

6.11.1 General 6

Except as specified in Qﬂ.@ t shall be provided with a means for disconnecting it
urc(:a ,

NOTE Equipme e provided with a switch or other disconnecting device for functional purposes.

is cagkgll as specified in 6.11.3.1 to 6.11.4.3.

Examples include:

a) equipment intended for supply only from a low energy source such as a small battery or signal powered
equipment;

b) equipment intended only for connection to an impedance protected supply. Such a supply is one having an
impedance of such value that, if the equipment is subjected to an overload or short circuit, the RATED supply
conditions are not exceeded and no HAZARD can arise;

c) equipment which constitutes an impedance protected load. Such a load is a component without discrete
overcurrent or thermal protection, and of such impedance that the RATING is not exceeded if the circuit of which
the component is a part is subjected to an overload or short circuit.

Conformity is checked by inspection. In case of doubt, a short circuit or overload is applied to
check that no HAZARD can arise.

6.11.3 Requirements according to type of equipment
6.11.3.1 PERMANENTLY CONNECTED EQUIPMENT and multi-phase equipment

PERMANENTLY CONNECTED EQUIPMENT and multi-phase equipment shall employ a switch or
circuit-breaker as the means for disconnection.

If a switch is not part of the equipment, documentation for equipment installation shall specify
that:
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a) a switch or circuit-breaker must be included in the installation;
b) it must be suitably located and easily reached;
c) it must be marked as the disconnecting device for the equipment.

Conformity is checked by inspection.

6.11.3.2 Single-phase cord-connected equipment

device:

Single-phase cord-connected equipment shall have one of the foIIowin: a o?necting

a) a switch or circuit-breaker;
b) an appliance coupler which can be disconnected without t TOOL;

Wtig in the building.

c) a separable plug, without a locking device, to mate witga s

Conformity is checked by inspection.

6.11.4 Disconnecting devices

6.11.4.1 General ,

If a disconnecting device is part offgh
practicable to the supply. P
between the supply s®urcqfan
interference suppression€Rir&its

disconnecting devgge \
Conformity is ¢, e insSpection.

Swit and circuit-breakers

ujpment, it shall be located electrically as close as
g components shall not be electrically located
disconnecting device, except that electromagnetic
permitted to be located on the supply side of the

nt?witch or circuit-breaker employed as a disconnecting device shall meet the
irements of IEC 60947-1 and IEC 60947-3 and be suitable for the application.

switch or a circuit-breaker is used as a disconnecting device, it shall be marked to
indicate this function. If there is only one device — one switch or one circuit-breaker — symbols
and 10 of Table 1 are sufficient.

A switch shall not be incorporated in a MAINS supply cord.
A switch or circuit-breaker shall not interrupt a protective earth conductor.
Conformity is checked by inspection.

6.11.4.3 Appliance couplers and plugs

If an appliance coupler or separable plug is used as the disconnecting device, it shall be
readily identifiable and easily reached by the OPERATOR. For single-phase PORTABLE
EQUIPMENT, a plug on a cord of length not greater than 3 m is considered to be easily reached.
The protective earth conductor of an appliance coupler shall be connected before the supply
conductors and disconnected after them.

Conformity is checked by inspection.
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7 Protection against mechanical HAZARDS

7.1 General

The equipment shall not cause a mechanical HAZARD in NORMAL USE, or cause a HAZ i
SINGLE-FAULT CONDITION that might not be easily noticed. Mechanical HAZARDS includ ut a
not limited to, the following:

a
b
c

d

sharp edges which could cause cuts (see 7.2); *
moving parts that could crush body parts or penetrate the skin (see

unstable equipment that could fall on a person while in use or whjle g ghoved (see 7.4);

—_ ~— ~— ~—

falling equipment, resulting from breakage of the carrying dgf
bracket (see 7.6) or other support part (see 7.5); and

’5), wall mounting

e) expelled parts from the equipment (see 7.7).

refers to the mass of each individual
pported by another unit, these units are

NOTE If the equipment consists of two or more units, the val
unit. However, if one or more units are intended to be attgch®
treated as a single unit.

Conformity is checked as specified in 7.2 to 7%

7.2 Sharp edges

All easily-touched parts‘of B t shall be smooth and rounded so as not to cause
injury during NORMAL USE gf {Ng eq ent.
Unless the fault pr nt vious HAZARD, easily-touched parts of the equipment shall not
cause an injury jamp! E FADLT CONDITION.

Conformigy is clgfd by inspection and, if necessary, by application of an object that

a filg;e In size, shape and hardness, to check for abrasions or cuts.

ptable procedure is outlined in UL 1439.
oving parts

3.1 General

HAzZARDS from moving parts shall not exceed a tolerable level except as specified in 7.3.2.
The conditions specified in 7.3.4 and 7.3.5 are considered to represent a tolerable level. If
these conditions are not met, a RISK assessment shall be carried out according to 7.3.3 or
Clause 17.

NOTE In this context moving parts mean parts that are driven by an energy source other than directly applied
human or animal effort.

Conformity is checked as specified in 7.3.2, 7.3.3, 7.3.4, 7.3.5 and Clause 17 as applicable.

7.3.2 Exceptions

If it is not feasible for operating reasons to prevent certain moving parts from causing a
potential HAZARD, access is permitted in the following circumstances.

a) Equipment with easily-touched moving parts which are obviously intended to operate on
parts or materials external to the equipment, for example drilling and mixing equipment,
shall be designed to minimize inadvertent touching of these moving parts (for example, by
guards or handles).

b) If, during routine maintenance outside NORMAL USE, it is unavoidable for technical reasons
for an OPERATOR to perform a function which requires access to moving parts that could
cause a HAZARD, access is permitted if all of the following precautions have been taken:
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1) access is not possible without the use of a TOOL;

2) the instructions for the RESPONSIBLE BODY include a statement that OPERATORS must be
trained before being allowed to perform the hazardous operation;

3) there are warning markings on covers or parts which have to be removed to obt
access, prohibiting access by untrained OPERATORS. As an alternative, sym 4
Table 1 shall be placed on the covers or parts, with the warnings includegg in tlae
documentation.

Conformity is checked by inspection. 2

7.3.3 RisK assessment for mechanical HAZARDS to body part

e minimum protective
osure and possibility

Risks shall be reduced to a tolerable level by at least the a
measure of Table 12, taking into account the severity, prob
of avoiding the HAZARD.

Conformity is checked by evaluation of the RISK as$s, ocumentation to ensure that the
RISKS have been eliminated or that only TOLE RI main.

.\Q‘?f

SEK Svensk Elstand



61010-1 © IEC:2010 -71 -

Table 12 — Protective measures against mechanical HAZARDS to body parts

Mechanical HAZARD conditions Minimum protective measures
d

Severity * Probability of exposure Possibility of
b avoiding the HAZARD °©

P

N

2

N

1

N

-

N
N

N
-

N

S22 n|jn|ln|n
m|m|m|m|m|fm,|m,|m
CARCARCARCARCARC AR

M No action

? Severity:

S = Serious HAZARDS, sufficient to break bones or @@
® Probability of exposure:

E, = Exposure is not intended during N U(
E, = Exposure is intended during

¢ Possibility of avoidinggthe

P, = Possibility of avoidan

— an augble or vile alarm is activated before body parts can be trapped.
P, = Ng possilgity ojgavoidance:

s other than P1.

protective measures:
ow level measures; warning markings, audible or visual signals or instructions for use.

B = Moderate measures; emergency switches, PROTECTIVE BARRIERS or covers removable only with a TOOL,
istances (see ISO 13852 or EN 294), or separations (see ISO 13854 or EN 349).

C = Stringent measures; interlocks, PROTECTIVE BARRIERS or covers removable only with a TooL and with
instructions to disconnect from the power source.

7.34 Limitation of force and pressure

The physical levels specified below are not considered to be hazardous. They are based on a
combination of contact force, duration and contact area. The levels below shall be met in
NORMAL CONDITION and SINGLE-FAULT CONDITION.

The maximum tolerable continuous contact pressure is 50 N/cm2, with a maximum force of
150 N.

The maximum tolerable temporary force for body contact areas of at least 3 cm2 is 250 N for a
maximum duration of 0,75 s. The measurement of this force is made with a force gauge which
has a spring ratio of at least 25 N/mm.

Conformity is checked by inspection and, in case of doubt, by measurement.
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7.3.5 Gap limitations between moving parts
7.3.51 Gap limitations between moving parts — Access normally allowed

If the force and pressure of the moving parts exceed the limits of 7.3.4 and if a body
could be inserted between moving parts, the width of the gap shall not decrease fro I
larger than the minimum gap of Table 13 for that body part to a value smaller gan tge
minimum gap in NORMAL CONDITION and SINGLE-FAULT CONDITION.

Conformity is checked by inspection and, in case of doubt, by measurement. ¢
7.3.5.2 Gap limitations between moving parts — Access nornga evnted

While parts are moving, gaps between moving parts into why arts could be inserted
shall not increase to more than the acceptable gap of . RMAL CONDITION and
SINGLE-FAULT CONDITION.
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Table 13 — Minimum maintained gaps to prevent crushing for different body parts

Minimum
gap (a) to
Part of body avoid lllustration
crushing
mm
Torso 500 ‘
Head 300

Leg 180 ,

i

[o) 120 !f (

50 max.

‘ Toes 50 % ? !

Arm 120 ?

Hand, wrist, fist 100 /ﬁ
Finger 25 .. E!

The values in this table are for adults. For equipment that may be
operated by children or youths, consideration should be given to
smaller dimensions.

SEK Svensk Elstandard



- 74 - 61010-1 © IEC:2010

Table 14 — Maximum gaps to prevent access for different body parts

Maximum

Gap (a) @ to prevent
Part of body access

mm

Head 120 ‘

Foot 35

Finger 4

children or youths, copsi@®rg
be given to smaller dig¥sio

7.4  Stability .

Equipment and assemb\ eqlipment not secured to the building structure before
|

operation shall b IYQta®te.

If means are vide
by an OPERAT eitigper

ensure that stability is maintained after the opening of drawers, etc.
ese means shall be automatic or there shall be a warning marking to

ormity is checked by inspection and by carrying out each of the following tests, if
pplicable, to ensure that the equipment will not overbalance. Containers contain the RATED
amount of substance which provides the least favourable conditions of NORMAL USE. Castors
are in their least favourable position of NORMAL USE. Doors, drawers, etc. are closed unless
otherwise specified below.

a) Equipment other than HAND-HELD EQUIPMENT is tilted in each direction to an angle of 10°
from its normal position.

b) Equipment which has both a height of 1 m or more and a mass of 25 kg or more, and all
floor-standing equipment, has a force applied at its top, or at a height of 2 m if the
equipment has a height of more than 2 m. The force is 250 N, or 20 % of the weight of the
equipment, whichever is less, and is applied to all surfaces in directions which could cause
the equipment to topple. Stabilizers used in NORMAL USE, and doors, drawers, etc.,
intended to be opened by an OPERATOR, are in their least favourable positions.

c) Floor-standing equipment has a force of 800 N applied downwards at the point of maximum
moment to:

1) all horizontal working surfaces;
2) other surfaces providing an obvious ledge and which are not more than 1 m above floor
level.

Doors, drawers, etc. are closed, except that those intended to be opened by an OPERATOR
are in their least favourable positions.
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d) The castor or support foot that supports the greatest load (M) is loaded with 4 times that
load (4M).

e) The castor or support foot that supports the greatest load is removed from the equipme
and the equipment is placed on a flat surface.

NOTE 1 During this test, the unit should be secured so that complete overturning is not possible iffhis co
present a HAZARD to those conducting the test. However, this restraint must not interfere with the de inatlen
of whether the unit would overbalance.

NOTE 2 The supporting block should be removed from a distance so that the unit carf@not se‘ HAZARD

during the test.
7.5 Provisions for lifting and carrying @

7.5.1 General

Equipment or parts having a mass of 18 kg or more I prg¥ided with a means for lifting
and carrying, or directions shall be given in the doc ti

Conformity is checked as specified in 7.5.2 a

7.5.2 Handles and grips ,
If carrying handles or grips fitt e equipment, or supplied with it, they shall be
capable of withstandinge¢ fo o) es the weight of the equipment.

Conformity is chedke

inReon and by the following test.

A single handl, grMAJ/S subjected to a force corresponding to four times the weight of the
equipment. UrRgss t andle mounting screws (if any) are secured against loosening, one
Screw is gemovi ore performing these tests. The force is applied uniformly over a 70 mm
cegtre of the handle or grip, without clamping. The force is steadily increased so
value is attained after 10 s and maintained for a period of 1 min.

an one handle or grip is fitted, the force is distributed between the handles or grips
e same proportion as in NORMAL USE. If the equipment is fitted with more than one handle
r grip but is so designed that it may readily be carried by only one handle or grip, the total
orce is applied to each handle or grip.

After the tests the handles or grips shall not have broken loose from the equipment and there
shall not be any permanent distortion, cracking or other evidence of failure which could cause
a HAZARD.

7.5.3 Lifting devices and supporting parts

Parts of lifting devices and parts that support heavy loads shall be RATED for the maximum
load or shall be tested to withstand four times the maximum static load.

Conformity is checked by inspection of the RATINGS of the parts, or by the following test:

A total load equal to four times the maximum load is placed at the least favourable position of
a RATED load in NORMAL USE.

During the test, no part of a lifting device or a load support shall break or deform to an extent
that could cause a HAZARD.
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7.6 Wall mounting

Mounting brackets on equipment intended to be mounted on a wall or ceiling shall withstand a
force of four times the weight of the equipment.

Conformity is checked after mounting the equipment in accordance with the manuffCture
instructions, using the fasteners and wall construction specified. Adjustable bracRgts e
adjusted to the position that will give the maximum projection from the wall.

If no wall construction is specified, a 12 mm + 2 mm thick plasterboar;
50 mm x 100 mm # 10 mm studs at 400 mm + 10 mm centres is used
Fasteners are applied as specified in the installation document ] t specified, are
positioned in the plasterboard between the studs.

all) @n nominal

The mounting brackets are then subjected to a weight &ual tighes the weight of the
equipment, acting vertically through the centre of grggm e 1 welght is applied gradually
and is increased from zero to full load in 5 s to 10 sf§th ined for 1 min.

a

acket, then one fastener is removed
cs the weight of the equipment.

If more than one fastener is specified for m¢
and the test is repeated with a weight equal t0

After the tests, there shall be no d to the bracket or the mounting surface which could
cause a HAZARD.

.

7.7 Expelled parts

Equipment shall co \I the energy of parts which could cause a HAZARD if expelled in

the event of af

The me
TOOL,

s of ion against expelled parts shall not be removable without the aid of a

2

8 does not address HAZARDS from parts that could be expelled from inside the equipment.

ormity is checked by inspection after application of the relevant fault conditions of 4.4.

8 Resistance to mechanical stresses

8.1 General

Equipment shall not cause a HAZARD when subjected to mechanical stresses likely to occur in
NORMAL USE.

The normal energy protection level required is 5 J. Levels below 5 J but not less than 1 J are
permitted provided that all the following criteria are met:

a) the lower level is justified by a RISK assessment carried out by the manufacturer (see
Clause 17);

b) when the equipment is installed in its intended application it cannot easily be touched by
unauthorized persons or the general public;

c) in NORMAL USE, the equipment is only accessed for occasional operations such as
adjustment, programming or maintenance;

d) the equipment is marked with an IK code in accordance with IEC 62262 or with symbol 14
of Table 1, and the RATED energy level and test method are stated in the accompanying
documentation. For non-metallic ENCLOSURES with a minimum RATED ambient temperature
below 2 °C, the stated value shall be that applicable to the lowest RATED ambient
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temperature. If impact energies used are between IK values of IEC 62262, any IK marking
shall be for the nearest lower value.

Conformity is checked by inspection and by performing each of the following tests on
ENCLOSURE as applicable:

1) the static test of 8.2.1;

2) for equipment other than HAND-HELD EQUIPMENT and DIRECT PLUG-IN EQUIPMEQNT, the ct
test of 8.2.2 at the energy level specified above. If the specified energy Igel is nogb J the
test of IEC 62262 is an alternative to the impact test of 8.2.2, usingge aypendulum

test) or test Ehc (vertical hammer) described in IEC 60068-2-75;

3) except for FIXED EQUIPMENT and equipment with a mass over 0
8.3.2, as applicable. The equipment is not operated during th @

thy test of 8.3.1 or

An ENCLOSURE with an impact RATING of at least IKO8
that would clearly have met the criteria of 8.1 i) t
subjected to the test of 8.2.2.

E manufacturer, and
at test, need not be

Parts which do not form part of an ENCL a ot subjected to the tests of 8.2.1
and 8.2.2.

After the tests, visibly damaged s and plays shall be inspected to check that
HAZARDOUS LIVE parts exceed| s of 6.3.2 have not become ACCESSIBLE, and
insulation of all other parts SURE which could have been affected by the tests

shall pass the voltage tes 6.8 W/thout humidity preconditioning) applicable to the type of
insulation (see 6.7). In 2d e equipment is inspected to check that:

i) there have bee f corrosive or harmful substances;

ii) ENCLOSURHEE show cracks which could cause a HAZARD;
iii) CLEARANCE e ot less than their permitted values;

Iati@ of internal wiring remains undamaged;

VE BARRIERS necessary for safety have not been damaged or loosened;
ving parts are exposed, except as permitted by 7.3;

ere has been no damage which could cause spread of fire.
ENCLOSURE rigidity tests

8.2.1 Static test

The equipment is held firmly against a rigid support and subjected to a force of 30 N applied
by the hemispherical end of a hard rod of 12 mm diameter. The rod is applied to each part of
the ENCLOSURE which could easily be touched when the equipment is ready for use, including
any part of the bottom of PORTABLE EQUIPMENT, and which could cause a HAZARD if distorted.

In case of doubt whether a non-metallic ENCLOSURE will pass this test at an elevated
temperature, this test is performed after the equipment is operated at an ambient temperature
of 40 °C, or the maximum RATED ambient temperature if higher, until a steady-state condition
is reached. The equipment is disconnected from the supply source before the test is
performed.

8.2.2 Impact test

Bases, covers, etc., intended to be removed and replaced by an OPERATOR have their fixing
screws tightened using a torque likely to be applied in NORMAL USE. With the equipment held
firmly against a rigid support, the impact is applied to any point on surfaces which are easily
touched in NORMAL USE and which would be likely to cause a HAZARD if damaged.
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NOTE A support is considered to be sufficiently rigid if its displacement is less than or equal to 0,1 mm under the effect
of an impact directly applied and whose energy corresponds to the degree of protection.

Non-metallic ENCLOSURES of equipment with a minimum RATED ambient temperature belqg
2 °C are cooled to the minimum RATED ambient temperature, then tested within 10 min.

Impacts may be applied to empty ENCLOSURES if it is clear that the equipment wolld hage
passed the test if it had been tested in complete condition.

If an ENCLOSURE is damaged by an impact but meets the pass criteria, a_ pe S&?E may
be used for the next impact.

. er equipment is
e impact by a smooth
ply 50 mm.

FIXED EQUIPMENT is mounted as specified in the installation ing
held firmly against a rigid support and each test point is subjgct
steel sphere with a mass 500 g #+ 25 g and with a diametgg of

The impact test can be performed with the equipm n at 90° to its normal position to
allow both the method of Figure 10 a) and Figura

Figure 10 a) shows the impact applied to a h¥ surface, with the sphere allowed to fall

freely from a height of X.

Figure 10 b) shows the impac
cord and allowed to fall gs a

vertical surface, with the sphere suspended by a
ough a vertical distance of X.

In both cases thedgi

be applied.
- /
X 2
1 /
IEC 1016/10
Figure 10a — Impact applied Figure 10b — Impact applied to a vertical
to a horizontal surface surface
Key
1 Sphere start position 2 Sphere impact position
3 Test sample 4 Rigid supporting surface

X Vertical fall distance. See Table 15 for values of X

Figure 10 — Impact test using a sphere
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Table 15 — Impact energy levels, test height and corresponding IK codes

Impact energy level
J
and IK Code
1 (IK06) 2 (IK07) 5 (IK08)
Vertical fall distance 200 400 1000
(X) mm
2

8.3 Drop test

8.3.1 Equipment other than HAND-HELD EQUIPMENT and DIREC EQUIPMENT

The equipment is placed in its position of NORMAL USE on ; ard rigid surface of
concrete or steel. It is then tilted about each bottom edgegin t athe distance between

the opposite edge and the test surface is 100 mm for ®to 20 kg, 25 mm for
equipment between 20 kg and 100 kg, or so tha n ade by the bottom and test
surface is 30°, whichever is less severe. It is theg a¥o, fall freely onto the test surface.

If the number of bottom edges exceeds fo % mber of drops shall be limited to four

edges. ,

NOTE If the equipment consists of two or
unit. However, if one or more units e
treated as a single unit. " 3

The method of tegt s w the equipment to topple onto any other face instead of
falling back onto t SIRCEg S Intended.

8.3.2 HAND@ELD EQWPMENT and DIRECT PLUG-IN EQUIPMENT

Mg the value for the mass refers to the mass of each individual
b be attached to, or supported by, another unit, these units are

ent ropped once through a distance of 1 m onto a 50 mm thick hardwood
g &density of more than 700 kg/m3 lying flat on a rigid base such as concrete.
nt is dropped so that it lands in the position expected to present the most severe

metallic ENCLOSURES of equipment with a minimum RATED ambient temperature below
°C are cooled to the minimum RATED ambient temperature, then tested within 10 min.

9 Protection against the spread of fire

9.1 General

There shall be no spread of fire outside the equipment in NORMAL CONDITION or in SINGLE FAULT
CONDITION. Figure 11 is a flow chart showing methods of conformity verification.

Equipment energized from a MAINS supply shall also meet the requirements of 9.6.

Conformity is checked by at least one of the following methods.
a) Testing in the SINGLE FAULT CONDITIONS (see 4.4) that could cause the spread of fire
outside the equipment. The conformity criteria of 4.4.4.3 shall be met.

b) Verifying elimination or reduction of the sources of ignition within the equipment as
specified in 9.2.

c) Verifying, as specified in 9.3, that if a fire occurs it will be contained within the equipment.

These alternative methods can be applied throughout the equipment or individually for
different sources of HAZARDS or for different areas of the equipment.
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NOTE 1 Methods b) and c) are based on fulfilling specified design criteria, in contrast to method a) which relies
entirely on testing in specified SINGLE FAULT CONDITIONS.

NOTE 2 See 13.2.2 concerning protection against fire caused by batteries.

9.1
There shall be no spread of fire
outside the equipment in NORMAL
CONDITION OR IN SINGLE FAULT
CONDITION ¢

a) b)

Eliminating or reducing the

4

Testing in the sources of ignition within
SINGLE FAULT the equipment
CONDITIONS 9.2
(see 4.4) that
could cause the
spread of fire ¢ ¢ # ¢
outside the Energy ep&on Energizing of Construction
equipment limitation Lrements the equipment requirements for
9.2a)1) )2) is controlled by components
a switch that is 9.3.2a) and b)
held closed by L
the
related to flammable OPERATOR ENCLOSURE
liquids 9.3.1a) requirements
9.2b) 9.3.2¢)

. !

Testing of circuits designed to
produce heat in SINGLE FAULT

Requirements for

CONDITIONS which could cause flammable liquids
ignition 9.5¢)
9.2 ¢c)
Overcurrent protection
9.6
[ ACCEPTABLE }
IEC 1017/10

Figure 11 — Flow chart to explain the requirements for protection
against the spread of fire

SEK Svensk Elstand



61010-1 © IEC:2010 - 81—

9.2 Eliminating or reducing the sources of ignition within the equipment

The possibility of ignition and occurrence of fire is considered to be reduced to a tolerab
level if all the following requirements a), b) and c), if applicable, are met.

a) Either 1) or 2):

1) the voltage, current and power available to the circuit or part of equipment ar&gmig#d
as specified in 9.4;

Conformity is checked by measurement of limited-energy values

ents for BASIC
will not cause

2) insulation between parts at different potentials meets t
INSULATION, or it can be demonstrated that bridging §
ignition.

Conformity is checked by inspection and in case oNgloub

b) Any ignition HAZARD related to flammable liquids o a tolerable level as specified
in 9.5.

Conformity is checked as specified in 9.5.

c) In circuits designed to produc t,«) igndi occurs when tested in SINGLE FAULT
CONDITION (see 4.4).

Conformity is checke® by4ie roRa ™ tests of 4.4, applying the criteria of 4.4.4.3.

9.3 Containme h™M the equipment, should it occur
9.3.1 Gene

The posgjbility Qg thgf spread of fire outside the equipment is considered to be reduced to a
tolerable Rvel if the equipment meets one of the following constructional requirements:

of the equipment is controlled by a switch that needs to be continuously held in
ergized state by the OPERATOR;

e equipment and the equipment ENCLOSURE conform to the constructional requirements
9.3.2 and the applicable requirements of 9.5 are met.

Conformity is checked by inspection and as specified in 9.3.2 and 9.5.

9.3.2 Constructional requirements
The following constructional requirements shall be met.

a) Connectors and insulating material on which components are mounted shall have a
flammability classification V-2, or better, of |IEC 60695-11-10. See also 14.7 for
requirements for printed wiring boards.

NOTE 1 V-0 is better than V-1, which is better than V-2.

Conformity is checked by inspection of data on materials, and, in case of doubt, by
performing the vertical burning test of IEC 60695-11-10 on samples of the material used in
the relevant parts.

b) Insulated wires and cables shall retard flame propagation.

NOTE 2 Wire with a flammability RATING of UL 2556 VW-1 or equivalent is considered to meet this
requirement.

Conformity is checked by inspection of data on materials, and, in case of doubt, by
performing whichever of the following tests is applicable:
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1) for wires and cables with overall cross-sectional area of the conductors exceeding
0,5 mm?2, the test of IEC 60332-1-2;

2) for wires and cables with overall cross-sectional area of the conductors of 0,5 mm?
less, the test of IEC 60332-2-2.

c) The ENCLOSURE shall meet the following requirements:

—

1) The bottom and sides of the ENCLOSURE within the 5° arc of Figure 13 of circ@js t
are not limited circuits according to 9.4 shall comply with one he fo
requirements:

i) have no openings;

ii) be made of metal with perforations as specified in Table &6;

iii) be a metal screen with a mesh not exceeding 2 mm e to centre and a
wire diameter of at least 0,45 mm;

iv) have openings with baffles according to Figur

2) The ENCLOSURE, and any baffle or flame | be made of metal (except
magnesium) or of non-metallic materialsda mmability classification of V-1 or
better, of IEC 60695-11-10.

3) The ENCLOSURE, and any baffle or fla

, shall have adequate rigidity.

Conformity is checked by insp {cas o doubt, the flammability classification of
requirement c) 2) is checked b ing the vertical burning test of IEC 60695-11-10 on
samples of the mateza/ us t evant parts.

Table 16 < le perforation of the bottom of an ENCLOSURE

Maximum diameter of holes Minimum spacing of holes
centre to centre
mm mm
1,14 1,70 (233 holes/645 mm?)
1,19 2,36
1.15 1,70
1,19 2,36
1,91 3,18 (72 holes/645 mm?)
1,90 3,18
1,60 2,77
1,98 3,18
1,60 2,77
2,00 3,00
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| O
*

I /_l

IEC 1018/10
Y > twice X but neve @\

Key

1 Baffle plates (may be below the bottom of the E

2 Bottom of ENCLOSURE

Q ¢ 12 — Baffle
IEC 1019/10

Key

A Part or component of the equipment that is considered to be a source of fire HAZARD. This consists of an
entire component or part of the equipment if it is not otherwise shielded, or the unshielded portion of a
component that is partially shielded by its casing.

B Projection of the outline of A on the horizontal plane.

C Inclined line that traces out the minimum area of the bottom and sides to be constructed as specified in
9.3.2c) 1) and 9.3.2 ¢) 2). This line projects at a 5° angle from the vertical at every point around the
perimeter of A and is oriented so as to trace out the maximum area.

D Minimum area of the bottom to be constructed as specified in 9.3.2 ¢) 1).

Figure 13 — Area of the bottom of an ENCLOSURE to be constructed
as specified in 9.3.2 ¢) 1)
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9.4 Limited-energy circuit

A limited-energy circuit is a circuit that meets all the following criteria.

a) The voltage appearing in the circuit is not more than 30 V r.m.s., 42,4 V peak, or 60 V d.
b) The current that can appear in the circuit is limited by one of the following means:

1) the maximum available current is limited inherently or by impedance so that i
exceed the applicable value of Table 17;

2) current is limited by an overcurrent protection device so that it c <£ed the

applicable values of Table 18;

not exceed the
of a fault in the

3) a regulating network limits the maximum available current
relevant value of Table 17 in NORMAL CONDITION or §
regulating network.

c) It is separated by at least BASIC INSULATION from er
exceeding criteria a) and b) above.

If an overcurrent protection device is used, it
resetting electromechanical device.

Conformity is checked by inspection and b
and the maximum available current, r

i)  the potentials appearing i re measured in the load condition that maximizes

the voltage; ®

ii) output current is meaRue
circuit) which S

ble¥17 — Limits of maximum available current

fter 60 s of operation, with the resistive load (including short
'ghest value of current.

pen-circuit output voltage (U or 0) Maximum available

current

L 3 \Y A
.C. r.m.s. d.c. Peak? a.c.r.m.s. ord.c.

U<z Uu<2 U<28 50

2<U<12,5 2<U<12,5 2,8 <U <17,6 100/ U
12,5<U<18,7 12,56<U<18,7 17,6 < U< 26,4 8

18,7<U <30 18,7< U <60 26,4 <U<42,4 150/ U

provided for convenience. The r.m.s.
determined as that value is related to heating.

The peak value (U) applies to non-sinusoidal a.c. and to d.c. with ripple exceeding 10 %, and is

value of the maximum available current shall be
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Table 18 — Values for overcurrent protection devices

Potential appearing in the circuit (U or U) Current that the device
breaks after not more
Vv than 120 sP ¢
A
a.c. r.m.s. d.c. Peak @ a.c. r.m.s. or d.
U<2 U<2 U<2,8 2,5
2<U<125 2<U<125 28<0<17,6 5/
125<U<18,7 12,5<U<18,7 17,6 < U< 26,4 0
18,7<U<30 18,7< U <60 26,4 < U< 42, 200/ U

The peak value (U) applies to non-sinusoidal a.c. and to d.c. with ri
for convenience. The r.m.s. value of the maximum available c
related to heating.

10 %, and is provided
ined as that value is

The evaluation is based on the specified time-curr g L _characteristic of the device, which is
different from the RATED breaking current. (For g I/UL 248-14 5 A fuse is specified to
break 10 A at 120 s or less and an IEC 60127 Ty is specified to break at 8,4 A at 120 s or
less.)

€ The breaking current of fuses is depeggant , and this has to be taken into account if the
temperature immediately around the ## igher than the room temperature.

9.5 Requirements fo? q@c ntaining or using flammable liquids
Flammable liquid cQN,Wr specified for use with, the equipment shall not cause the
spread of fire in NO L DMION or in SINGLE FAULT CONDITION.

The HAZARDS Rising@rom flammable liquids are considered to be reduced to a tolerable level
if one of e foll g requirements is met.

er&ure of the surface of the liquid and parts in contact with the surface, in
NDITION and SINGLE FAULT CONDITION, is limited to a temperature not exceeding
°C, where t is the fire point of the liquid (see 10.3 b)).

Fire point is the temperature to which a liquid must be heated (under specified conditions) so that the
vapour/air mixture at the surface will support a flame for at least 5 s when an external flame is applied and
withdrawn.

b) The quantity of liquid is limited to an amount that could not cause the spread of fire.

c) If the liquid can be ignited, the flames are contained to prevent the spread of fire outside
the equipment. Detailed instructions for use shall be provided to establish adequate RISK
reduction procedures.

Conformity with a) and b) is checked by inspection and by temperature measurement as
specified in 10.4.

Conformity with c) is checked as specified in 4.4.4.3.

NOTE 2 For liquids with toxic combustion by-products, it may be convenient to use a different liquid with similar
burn characteristics for testing purposes.

9.6 Overcurrent protection
9.6.1 General

Equipment intended to be energized from a MAINS supply shall be protected by fuses, circuit-
breakers, thermal cut-outs, impedance limiting circuits or similar means, to provide protection
against excessive current being drawn from the MAINS in case of a fault in the equipment.
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NOTE 1 Overcurrent protection devices supplied with the equipment are intended to provide protection against
faults which result in increased current flow, and therefore, increased heating and the probability of the start and
spread of fire. These devices are not intended to provide protection against short-circuits between MAINS
conductors and protective earth conductors. The building installation contains overcurrent protection devices ig
each unearthed MAINS conductor which are intended to protect against short-circuits between the MAINS condugl
and protective earth. The breaking capacity of the overcurrent protection device should be compatible with
current RATING of the installation.

A minimum of BASIC INSULATION is required between MAINS-connected parts of opposit lag@y
on the supply side of the overcurrent protection device.
L 2

Overcurrent protection devices shall not be fitted in the protective con . Fu or single
pole circuit-breakers shall not be fitted in the neutral conductor of mult eguipment.

fuses are used as overcurrent protection devices, the fuse holders should
fuses should be of the same RATING and characteristic. Overcurrent pr, i "t s/uld preferably be located
on the supply side of the MAINS CIRCUITS in the equipment, includin j
equipment generating high frequencies, it is essential for the i ression components to be located
between the MAINS supply and the overcurrent protection devic

Conformity is checked by inspection and by
voltage test of 6.8.3.1 with a duration of at le (without humidity preconditioning) with
the test voltage from Table 5 for BASIC INS the appropriate line-to-neutral voltage.
EMC capacitors meeting the requigy t¥of 144May be disconnected during the voltage
test.

e , and for solid insulation by the a.c.

9.6.2 PERMANENTLY&) NEQTED UIPMENT

Overcurrent prot 4 e optional in PERMANENTLY CONNECTED EQUIPMENT. If none
are fitted, the inst inStructions shall specify the characteristics of the overcurrent
protection devi edQired in the building installation.

onformity is checked by inspection.

10 Equipment temperature limits and resistance to heat

10.1 Surface temperature limits for protection against burns

The temperature of easily touched surfaces shall not exceed the values of Table 19 in NORMAL
CONDITION, and 105 °C in SINGLE FAULT CONDITION, at an ambient temperature of 40 °C.

Easily touched surfaces of equipment RATED for a maximum ambient temperature above 40 °C
are permitted to exceed the values of Table 19 in NORMAL CONDITION, and to exceed 105 °C in
SINGLE FAULT CONDITION, by not more than the amount by which the maximum RATED
temperature exceeds 40 °C.

If easily touched heated surfaces are necessary for the processing or heating of materials, or
where otherwise not avoidable, they are permitted to exceed the values of Table 19 in NORMAL
CONDITION and to exceed 105 °C in SINGLE FAULT CONDITION, provided that they are
recognizable as such by appearance or function or are marked with symbol 13 of Table 1.
Equipment heated by its environment to temperature values exceeding the values in Table 19
in NORMAL CONDITION and 105 °C in SINGLE FAULT CONDITION need not to be marked with
symbol 13.
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Surfaces protected by barriers that prevent them from being touched accidentally are not
considered to be easily touched surfaces, provided that the barriers cannot be removed
without the use of a TOOL.

Table 19 — Surface temperature limits in NORMAL CONDITION

Part

1 Outer surface of ENCLOSURE (unintentional contact)

a) metal, uncoated or anodized % ‘

b) metal, coated (paint, non metallic)

c) plastics 85

d) glass and ceramics

e) small areas (<2 cm?) that are not likely to be touc 00
NORMAL USE

2 Knobs and handles (NORMAL USE contact)

a) metal 55
b) plastics 70
c) glass and ceramics 65
d) non-metallic parts that in NORXA ay held only for 70
short periods (1 s -4 }
NOTE EN 563 gives inf bout the effect of the duration of contact.
*

Conformity is checked by Qe rentent as specified in 10.4, and by inspection of barriers to
check that they p aMgt cidentally touching surfaces that are at temperatures above
the values of Table h8t they cannot be removed without a TOOL.

10.2 Tempergure windings

cquld be caused by excessive temperature, the temperature of the insulating
indings shall not exceed the values of Table 20 in NORMAL CONDITION and SINGLE
ION.

ormity is checked by measurement as specified in 10.4, in NORMAL CONDITION and in the
pplicable SINGLE FAULT CONDITIONS of 4.4.2.5, 4.4.2.10 and 4.4.2.11, and also in any other
SINGLE FAULT CONDITIONS that could cause a HAZARD as a result of excessive temperature.

Table 20 — Maximum temperatures for insulation material of windings

Class of insulation NORMAL CONDITION SINGLE FAULT CONDITION
(see IEC 60085) °C °C
Class A 105 150
Class B 130 175
Class E 120 165
Class F 155 190
Class H 180 210

10.3 Other temperature measurements

The following other measurements are made, if applicable, for the purposes of other sub-
clauses. Tests are made in NORMAL CONDITION unless stated.

a) The temperature of a field-wiring TERMINAL box or compartment is measured if there is a
possibility that it could exceed 60 °C at an ambient temperature of 40 °C, or the maximum
RATED ambient temperature if higher (in connection with the marking requirement of 5.1.8).
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b) The temperature of the surface of flammable liquids, and parts in contact with the surface,
is measured in the SINGLE FAULT CONDITIONS of 4.4.2.10 and 4.4.2.11 (in connection with
9.5 a)).

c) The temperature of non-metallic ENCLOSURES is measured during the test of 10.5.1
establish a base temperature for the test of 10.5.2).

d) The temperature of parts made of insulating material which are used to supp@&t pags
connected to the MAINS supply (to establish a temperature for test 1) of 10.5.3).

e) The temperature of TERMINALS carrying a current exceeding 0,5 A if subsantigl hegt could
be dissipated in case of poor contact (to establish a temperature for t 1095.3).

10.4 Conduct of temperature tests

10.4.1 General

rticular SINGLE FAULT
cerning ventilation, cooling
liquid shall be at the highest

Equipment shall be tested under reference test conditi
CONDITION specifies otherwise, the manufacturer’s i
liquid, limits for intermittent use, etc. are followed.
RATED temperature.

Maximum temperature is determined by mea temperature rise under reference test
conditions and adding this rise to 4 °C,/to e ghaximum RATED ambient temperature if
higher.

The temperature of insugati windings is measured as the temperature of winding
wire and of core laminatioQi with the insulating material. It can be determined by the

resistance metho@or, S perature sensors selected and positioned so that they have
a negligible effect th erature of the winding. The latter method may be used if the
windings are nq m OWif it is difficult to measure resistance.

Temperagires sured when steady state has been reached.

pgrature measurement of heating equipment

t intended to produce heat for functional purposes is tested in a test corner.

he test corner consists of two walls at right angles, a floor and, if necessary, a ceiling, all of
lywood approximately 20 mm thick and painted matt black. The linear dimensions of the test
corner should be at least 15 % greater than those of the equipment under test. Equipment is
positioned at the distances from the walls, ceiling, or floor specified by the manufacturer. If no
distances are specified then:

a) equipment normally used on a floor or a table is placed as near to the walls as possible;

b) equipment normally fixed to a wall is mounted on one of the walls, as near to the other wall
and to the floor or ceiling as is likely to occur in NORMAL USE;

c) equipment normally fixed to a ceiling is fixed to the ceiling as near to the walls as is likely
to occur in NORMAL USE.

10.4.3 Equipment intended for installation in a cabinet or a wall

Such equipment is built in as specified in the installation instructions, using walls of plywood
painted matt black, approximately 10 mm thick when representing the walls of a cabinet,
approximately 20 mm thick when representing the walls of a building.
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10.5 Resistance to heat
10.5.1 Integrity of CLEARANCES and CREEPAGE DISTANCES

CLEARANCES and CREEPAGE DISTANCES shall meet the requirements of 6.7 when the equipm
is operated at an ambient temperature of 40 °C, or the maximum RATED ambient tem
if higher.

Conformity, in cases of doubt if the equipment produces an appreciable agfount of gheat, is
checked by operating the equipment under the reference test conditions o , yxcept that

the ambient temperature is 40 °C, or the maximum RATED ambient tem, re jtdffgher. After
this test, CLEARANCES and CREEPAGE DISTANCES shall not have eqgiced below the

requirements of 6.7.

If the ENCLOSURE is non-metallic, the temperature of pgrts N@ OSURE is measured
during the above test for the purposes of 10.5.2.

10.5.2 Non-metallic ENCLOSURES @
ENCLOSURES of non-metallic material shall be o elevated temperatures.
foll

Conformity is checked by test, after, f{e g treatments.

a) A non-operative treatment,
70 °C £2 °C, or at 18°C

W e equipment, not energized, is stored for 7 h at
bWe the temperature measured during the test of 10.5.1,
whichever is higher. If Qe QQuUipMent contains components that might be damaged by this
treatment, an CRRSOWE may be treated, followed by assembly of the equipment at
the end of the triQgEme

b) An operati ea nt, in which the equipment is operated under the reference test
conditions 4.39except that the ambient temperature is 20 °C +2 °C above 40 °C, or
abov em m RATED ambient temperature if higher than 40 °C.

im?es of the end of treatment the equipment shall be subjected to the suitable
.2 and 8.3, and meet the pass criteria of 8.1.

Insulating material
nsulating material shall have adequate resistance to heat.

a) Parts that are made of insulating material, and which are used to support other parts that
are connected to the MAINS supply, shall be made of insulating materials that will not cause
a HAZARD if short circuits occur inside the equipment.

b) If in NORMAL USE, TERMINALS carry a current exceeding 0,5 A and if substantial heat could
be dissipated in case of poor contact, the insulation which supports the TERMINALS shall be
made of material that will not soften to an extent that could cause a HAZARD or further short
circuits.

In case of doubt, conformity is checked by examination of material data. If the material data is
not conclusive, one of the following tests is performed.

1) A sample of the insulating material, at least 2,5 mm thick, is subjected to a ball-pressure
test using the test apparatus Figure 14. The test is made in a heating cabinet at the
temperature measured as specified in 10.3d) or 10.3e) £2 °C, or at 125 °C £ 2 °C,
whichever is higher. The part to be tested is supported so that its upper surface is
horizontal, and the spherical part of the apparatus is pressed against this surface with a
force of 20 N. After 1 h the apparatus is removed and the sample is cooled within 10 s to
approximately room temperature by immersion in cold water. The diameter of the
impression caused by the ball shall not exceed 2 mm.

NOTE 1 If necessary, the required thickness may be obtained by using two or more sections of the part.
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NOTE 2 For bobbins, only those parts that support or retain TERMINALS in position are subjected to the test.

NOTE 3 See IEC 60695-10-2 for more information about this test.

)

3 Support

IEC 1020/1
Key @
1 Part to be tested
2 Spherical part of the apparatus (diameter 5 mm) 0

Figure 14 — Ball-pressgir aratus

2) The Vicat softening test of ISO 306, met % RO. The Vicat softening temperature shall

be at least 130 °C.

11 Protection against HAZARD@UHS
*

11.1 General

Equipment shall \t give protection to OPERATORS and the surrounding area

e
against HAZARDS froMgflui ncountered in NORMAL USE.
NOTE 1 Fluids li to encountered fall into three categories:

a) tho ing cgﬂinuous contact, for example, in vessels intended to contain them;

occasional contact, for example, cleaning fluids;

aving accidental (unexpected) contact. The manufacturer cannot safeguard against such cases.

luTlds specified by the manufacturer, including cleaning and decontaminating fluids, are
onsidered. Other fluids are not considered.

NOTE 2 The term “fluids” includes both liquids and gases.

Conformity is checked by the treatment and tests of 11.2to 11.5.

11.2 Cleaning

If a cleaning or decontamination process is specified by the manufacturer, this shall not cause
a direct HAZARD, nor an electrical HAZARD, nor a HAZARD resulting from corrosion or other
weakening of structural parts relied upon for safety.

Conformity is checked by cleaning the equipment three times if a cleaning process is
specified and decontaminating the equipment once if a decontamination process is specified,
in accordance with the manufacturer’s instructions. If, immediately after this treatment, there
are any signs of wetting of parts likely to cause a HAZARD, the equipment shall pass the
voltage tests of 6.8 (without humidity preconditioning) applicable to the type of insulation (see
6.7) and ACCESSIBLE parts shall not exceed the limits of 6.3.1.
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11.3 Spillage

If, in NORMAL USE, liquid is likely to be spilt into the equipment, the equipment shall be
designed so that no HAZARD will occur, for example as a result of the wetting of insulation
of internal uninsulated parts, or as a result of the contact of potentially aggressive substan
(such as corrosive, toxic or flammable liquids) with parts of the equipment.

If in NORMAL USE potentially aggressive substances (such as corrosive, toxigaor fla e
liquids) are likely to be spilt on parts of the equipment, the wetted material siffuld be @alyzed
to determine compatibility with the aggressive substance.

Conformity is checked by inspection. In case of doubt, 0,2 | of watdi
height of 0,1 m over a period of 15 s onto each point in turn whq ht gain access to
electrical parts. Immediately after this treatment, the CLEA solid insulation shall
pass the voltage tests of 6.8 (without humidity precongliti pigable to the type of
insulation (see 6.7) and ACCESSIBLE parts shall not excee jis @il 3.1.

urgll steadily from a

11.4 Overflow

Liquid overflowing from any container in the &
a HAZARD during NORMAL USE, for example?
uninsulated parts that are HAZARDO .

Equipment likely to be moved ainer is full of liquid shall be protected against liquid
surging out of the contamer.

Conformity is che owing treatment and tests. The liquid container is completely
filled. A further iquid equal to 15 % of the capacity of the container or 0,25 |,
whichever is tHff grea is then poured in steadily over a period of 60 s. If equipment is likely
to be moved ile § container is full of liquid, it is then tilted 15° in the least favourable
direction§om t sition of NORMAL USE. Immediately after this treatment, the CLEARANCES
(eh su@tion shall pass the voltage tests of 6.8 (without humidity preconditioning)

the type of insulation (see 6.7) and ACCESSIBLE parts shall not exceed the limits

Battery electrolyte

atteries shall be so mounted that safety cannot be impaired by leakage of their electrolyte.

NOTE Also see 13.2.2.

Conformity is checked by inspection.

11.6 Specially protected equipment

If the equipment is RATED and marked by the manufacturer as conforming to one of the stated
degrees of protection of IEC 60529, it shall resist the entry of water to the extent specified.

Conformity is checked by inspection and by subjecting the equipment to the appropriate
treatment of IEC 60529, after which the CLEARANCES and solid insulation shall pass the
voltage tests of 6.8 (without humidity preconditioning) applicable to the type of insulation
(see 6.7) and ACCESSIBLE parts shall not exceed the limits of 6.3.1.

11.7 Fluid pressure and leakage
11.7.1 Maximum pressure

The maximum pressure to which a part of the equipment can be subjected in NORMAL USE or
SINGLE FAULT CONDITION shall not exceed the RATED maximum working pressure for the part.
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The maximum pressure shall be considered to be the highest of the following:

a) the RATED maximum supply pressure specified for an external source;
b) the pressure setting of an overpressure safety device provided as part of the assembly;
c) the maximum pressure that can be developed by a pressure generating device th

of the assembly, unless the pressure is limited by an overpressure safety device.

Conformity is checked by inspection of the RATINGS of the parts and, j cessary, by
measuring pressures. ¢

NOTE Equipment meeting the requirements of 11.7 may not be accepted as confor tional requirements
relating to high pressures. Annex G describes requirements and tests whj r ccegfled as evidence of
conformity with national regulations in the USA, in Canada, and in some other

11.7.2 Leakage and rupture at high pressure

Fluid-containing parts which in NORMAL USE have b e owing characteristics shall not
cause a HAZARD through rupture or leakage:

a) a product of pressure and volume greater kPa-l;

b) a pressure greater than 50 kPa.

Conformity is checked by inspecti
test.

p a HAZARD could arise, by the following hydraulic

The test pressur
leakage and by fa

m pressure multiplied by a factor of 1,5 for testing against
sting against burst.

NOTE National @thoriti ay allow safety to be established by calculation, for example according to the,
Pressure Equipm DireQive (97/23/EC).

re igraised gradually to the specified test value and is held at that value for 1 min.
shall not burst, suffer from permanent (plastic) deformation (factor 2,0), or leak
eakage at a gasket during these tests is not considered a failure unless it occurs
ure of below 1,5 times the maximum working pressure.

o leakage is allowed from fluid-containing parts intended for toxic, flammable, or otherwise
azardous substances if it could be a HAZARD.

If unmarked fluid-containing parts and pipes cannot be hydraulically tested, integrity is to be
verified by other suitable tests, for example, pneumatic tests using suitable media, at the
same test pressure as for the hydraulic test.

As an exception to the above requirements, fluid-containing parts of refrigeration systems
shall meet the relevant pressure-related requirements of IEC 60335-2-24 or IEC 60335-2-89
as applicable.

Conformity is checked as specified in IEC 60335-2-24 or IEC 60335-2-89 as applicable.

11.7.3 Leakage from low-pressure parts

Leakage from fluid-containing parts at pressures lower than the levels of 11.7.2 shall not
cause a HAZARD.

Conformity is checked by inspection of the RATINGS of parts and, if necessary, by subjecting
the parts to a fluid pressure of twice the maximum pressure in NORMAL USE. No leakage shall
occur which could cause a HAZARD.
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11.7.4 Overpressure safety device

An overpressure safety device shall not operate in NORMAL USE. It shall conform to the
following requirements.

a) It shall be connected as close as possible to the fluid-containing parts of the syste a
is intended to protect.

b) It shall be installed so as to provide easy access for inspection, maintenangg and r

c) It shall not be capable of being adjusted without the use of a TOOL. ¢

d) It shall have its discharge opening so located and directed that t a material is
not directed towards any person.

e) It shall have its discharge opening so located and directed t of the device will

not deposit material on parts if that could cause a HAZAR

f) It shall have adequate discharge capacity to ensure Qat t
RATED maximum working pressure of the system,

pressgfe cannot exceed the

There shall be no shut-off valve between an ovefgres ety device and the parts that it is
intended to protect.

Conformity is checked by inspection and t%

12 Protection against radiati ing laser sources, and against sonic
and ultrasonic prgss

12.1 General

The equipment
ionizing and m

ent producing ionizing radiation

lonizing radiation
2.21.1 General

Equipment containing or generating ionizing radiation (from either radioactive sources or X-
radiation) shall meet the following requirements.

a) If it is intended to emit radiation, it shall meet the requirements of 12.2.1.2. Alternatively, if
it is within the scope of IEC 60405, it shall be tested, classified, and marked according to
IEC 60405.

b) If it uses or generates radiation but only emits stray radiation, it shall meet the
requirements of 12.2.1.3.

NOTE 1 See IEC 60405, for further information on the requirements for equipment which utilizes ionizing
radiation.

NOTE 2 For X-ray and gamma radiation: 1 uSv/h = 0,1 mR/h and 5 uSv/h = 0,5 mR/h.
NOTE 3 Equipment that emits ionizing radiation is regulated by health authorities in most countries. These
regulations often address both the emissions of radiation from the equipment and the cumulative dose of radiation

received by the workers and others in the vicinity of the equipment. See the lonizing Radiation Directive
(96/29/EURATOM) or USA 29 CFR 1910.1096 as examples of these regulations.

Conformity is checked by inspection of the IEC 60405 compliance documentation or as
specified in 12.2.1.2 or 12.2.1.3, as applicable.
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12.2.1.2 Equipment intended to emit radiation

Equipment which contains radioactive substances or that generates x-rays, and is intended to
emit ionizing radiation outside the equipment, shall be tested and marked as follows:

The effective dose rate of radiation shall be measured at a constant distance of 50 m to 1
from all surfaces of the equipment. The measuring distance shall be between 50 mm .
If measurements are performed at any distance other than 50 mm, the equ Ient e

dose rate at a distance of 50 mm shall be calculated. If the effective dose eaS|Iy
reached point 50 mm from the outer surface exceeds 5 uSv/h, the equip e marked
with all the following markings, if applicable:

a) with symbol 17 of Table 1;

b) for equipment containing one or more radioactive substa e abbreviations of the
radionuclides;

c) either with the maximum dose rate value at 1 m, rate value between 1 uSv/h
and 5 uSv/h at the appropriate distance in m.
NOTE Examples of suitable markings are: “2,5 uSv/h 3 at 0,3 m".

Conformity is checked by measuring the f radiation in the conditions that will
produce maximum radiation. The 7 a of de ining the amount of radiation shall be
o energies. Equipment containing X-ray sources is

The effective dose iMended stray radiation at any easily reached point 100 mm from
the outer surfa t pment shall not exceed 1 uSv/h.

equi includes radioactive substances, cathode-ray tubes, X-ray sources, or electron
ith \aﬁtages exceeding 5 kV.

checked by measuring the amount of radiation in the conditions that will
maximum radiation. The method of determining the amount of radiation shall be
ctive over the range of possible radiation energies. Equipment containing cathode-ray
is tested while displaying a pattern from each beam not exceeding 30 mm % 30 mm or
e smallest possible display, whichever is larger. Equipment containing X-ray sources is set
to produce the maximum possible level of radiation. Displays are positioned so as to produce
maximum radiation.

12.2.2 Accelerated electrons

The equipment shall be so constructed that compartments in which electrons are accelerated
by voltages exceeding 5 kV cannot be opened without the use of a TOOL.

Conformity is checked by inspection.

12.3 Ultraviolet (UV) radiation

Equipment containing a UV source not designed to provide external UV illumination shall not
permit unintentional escape of UV radiation that could cause a HAZARD.

NOTE 1 Effects of UV-radiation include biological damage and degradation of materials such as plastic
ENCLOSURES and insulation.

NOTE 2 Attention is drawn to the possible existence of additional guidelines or requirements which may be
specified by national authorities responsible for the health and safety of labour forces.

Conformity is checked by inspection and by evaluation of the RISK assessment documentation.
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12.4 Microwave radiation

In NORMAL CONDITION and in SINGLE FAULT CONDITION, at any point 50 mm from the equipment,
the power density of spurious microwave radiation at frequencies between 1 GHz a
100 GHz shall not exceed 10 W/m2. This requirement does not apply to parts of
equipment where microwave radiation is propagated intentionally, for example, at w
output ports.

Conformity is checked by test under reference test conditions. *

12.5 Sonic and ultrasonic pressure

12.5.1 Sound level

If equipment produces noise at a level which could cause a t@e manufacturer shall
measure the maximum sound pressure level which the QguipMent produce (except for
sound from alarms and sound from parts remote fr c gment) and shall calculate the
maximum sound power level as specified in ISO 37 14-1.

Installation instructions shall specify how th % ANSIBLE BODY can ensure that the sound
pressure level from equipment, at its pol} & fter installation, will not reach a value
which could cause a HAZARD. These4 udfons shalldentify readily available and practicable
protective materials or measures i ay be used, including the fitting of noise-reducing
baffles or hoods.

*
NOTE 1 A sound pressure lev f ove a reference sound pressure of 20 uPa is at present regarded by
many authorities as tk@ th | wNgh a HAZARD may be caused. Special means, such as the use of protective
earpieces, can make a\@ el -hazardous to an OPERATOR.

NOTE 2 The ins use should recommend that the sound pressure level be measured or calculated by
the RESPONSIBLE @ODY t t the OPERATOR'S position in NORMAL USE and at whatever point 1 m from the
ENCLOSURE of the ip@nt has the highest sound pressure level.

is qpecked by measuring the maximum A-weighted sound pressure level at the
osition and at bystander positions, and if necessary, calculating the maximum

-1. The following conditions apply.

uring measurement, any part necessary for the correct operation of the equipment and
supplied by the manufacturer as an integral part of such equipment, for example, a pump,
is fitted and operated as in NORMAL USE.

b) Sound level meters used in the measurement conform either to type 1 of IEC 61672-1 or, if
an integrating sound level meter, to type 1 of IEC 61672-2.

c) The test room is semi-reverberant, with a hard reflecting floor. The distance between any
wall or any other object and the surface of the equipment is not less than 3 m.

d) The equipment is tested with the combination of load and other operating conditions (for
example, pressure, flow, temperature) which creates the maximum sound pressure level.

12.5.2 Ultrasonic pressure

If equipment not intended to emit ultrasound produces ultrasound at a level which could cause
a HAZARD, the manufacturer shall measure the maximum ultrasonic pressure level which the
equipment can produce. When measured both at the OPERATOR’s normal position and at 1 m
from the position on the equipment with the highest pressure level, the ultrasonic pressure
shall not exceed 110 dB above the reference pressure value of 20 uPa, for frequencies
between 20 kHz and 100 kHz.

Conformity is checked by measuring the pressure under reference test conditions.
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If equipment intended to emit ultrasound produces ultrasonic pressure at a level which could
cause a HAZARD, the manufacturer shall measure the maximum ultrasonic pressure level
which the equipment can produce.

The sound pressure shall be measured at the OPERATOR’S normal position and at 1 m f
position on the equipment with the highest pressure level both outside and inside tHff usef
beam.

Outside the useful beam the ultrasonic pressure shall not exceed 110 dB a ré¥erence
pressure value of 20 uPa, for frequencies between 20 kHz and 100 kH

If inside the useful beam the ultrasonic pressure exceeds 11Qgss encies between
20 kHz and 100 kHz, the equipment shall be marked with s @ d of Table 1 and the
following information shall be in the documentation:

a) the dimensions of the useful beam;

b) the area of the useful beam in which the ultrago re exceeds 110 dB;
c) the maximum sound pressure value insid ea.
Conformity is checked by inspection and t of the pressure under reference test

Equipment employing Iasx all meet the requirements of IEC 60825-1.
Conformity is check fied in IEC 60825-1.

13 Protgctio nst liberated gases and substances, explosion and implosion

conditions.
12.6 Laser sources Q"

nous and injurious gases and substances

ip t shall not liberate dangerous amounts of poisonous or injurious gases or
tances in NORMAL CONDITION.

he manufacturer’s documentation shall state which potentially poisonous or injurious gases
or substances can be liberated, and the quantities.

Conformity is checked by inspection of the manufacturer's documentation. The wide variety of
gases and substances makes it impossible to specify conformity tests based on limit values,
so reference should be made to tables of occupational threshold limit values.

13.2 Explosion and implosion
13.2.1 Components
If components liable to explode if overheated or overcharged are not provided with a pressure

release device, protection for OPERATORS shall be incorporated in the equipment (see 7.7
concerning expelled parts).

Pressure release devices shall be located so that a discharge will not cause danger to
OPERATORS. The construction shall be such that no pressure release device is obstructed.

Conformity is checked by inspection.
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13.2.2 Batteries and battery charging

Batteries shall not cause explosion or produce a fire HAZARD as a result of excessive charge
or discharge, or if a battery is installed with incorrect polarity. If necessary, protection shall
incorporated in the equipment, unless the manufacturer's instructions specify that it is for
only with batteries which have built-in protection.

If an explosion or fire HAZARD could occur through fitting a battery of the ng t or
example, if a battery with built-in protection is specified) there shall be a wafhing magking on
or near the battery compartment or mounting, and a warning i h algufacturer's

instructions. An acceptable marking is symbol 14 of Table 1.

If equipment has means for charging rechargeable batteries,
could be fitted and connected in the battery compartment, thegge
or near the compartment. The marking shall warn againgt th
batteries and indicate the type of rechargeable battery t caipe
circuit. An acceptable marking is symbol 14 of Tabl

chargeable cells
a warning marking in
g of non-rechargeable
Pd with the recharging

The battery compartment shall be designed t is no possibility of explosion or fire
caused by build-up of flammable gases.

uding inspection of battery data, to establish that
d to an explosion or fire HAZARD. If necessary, a short
any single component (except the battery itself) whose

NOTE Also see 11.5.

Conformity is checked by in
failure of a single comp®he
circuit and an open circuig
failure could lead

For batteries i e be replaced by an OPERATOR, an attempt is made to install a battery
with its polaritRgkeveged. No HAZARD shall arise.

logion of cathode ray tubes

tubes with a maximum face dimension exceeding 160 mm shall be intrinsically
against the effects of implosion and against mechanical impact, unless an
OSURE provides adequate protection.

A non-intrinsically protected tube shall be provided with an effective protective screen which
cannot be removed without the use of a ToOL. If a separate screen of glass is used, it shall
not be in contact with the surface of the tube.

A cathode-ray tube is considered to be intrinsically protected with respect to the effects of
implosion if no additional protection is necessary when it is correctly mounted.

Conformity for cathode-ray tubes is checked as specified in IEC 60065.

14 Components and subassemblies

14.1 General

If safety is involved, components and subassemblies, such as power supplies and built-in
information technology equipment, shall be used in accordance with their specified RATINGS
unless a specific exception is made. They shall conform to one of the following:

a) applicable safety requirements of a relevant IEC standard. Conformity with other
requirements of the component standard is not required. If necessary for the application,
components shall be subjected to the tests of this standard, except that it is not necessary
to carry out identical or equivalent tests already performed to check conformity with the
component standard;
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NOTE 1 For example if components meet the safety requirements of IEC 60950-1 but are RATED for a less
severe environment than the applicable environment of 1.4, they also need to meet relevant additional
requirements of this standard.

b) the requirements of this standard and, where necessary for the application, any additio
applicable safety requirements of the relevant IEC component standard, except that th
are no additional requirements for motors and transformers which have pa t
applicable tests of 4.4.2.5, 4.4.2.7, 14.2 and 14.6;

c) if there is no relevant IEC standard, the requirements of this standard;

d) applicable safety requirements of a non-IEC standard which are at least ® those
of the relevant IEC standard, provided that the component has bee rove the non-
IEC standard by a recognized testing authority.

NOTE 2 Tests performed by a recognized testing authority which config Rr ith applicable safety
requirements need not be repeated, even if the tests were performed ugng standard.

Figure 15 is a flow chart showing methods of conformity n.

Conformity is checked by inspection and, if necegsa®y,

a) c) d)

\ 4
Tested by a
No relevant IEC recognised testing
Complete standard authority to safety
requirements in requirements
IEC 610107 meeting or
exceeding
relevant [IEC
standards
Yes———
No
Yes \ 4

Relevant tests
of applicable
IEC component
standard

Test according to
IEC 61010

Test according to
IEC 61010

Additional
requirements
according to IEC 61010
(if necessary for
application)?

Relevant tests
of applicable

IEC component
standard

Yes

Test according to

IEC 61010

A 4

p{ Satisfactory |«
\ / IEC 1021/10

Figure 15 — Flow chart for conformity options 14.1 a), b), ¢) and d)
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14.2 Motors
14.2.1 Motor temperatures

Motors which, when stopped or prevented from starting (see 4.4.2.5), would present
electric shock HAZARD, a temperature HAZARD, or a fire HAZARD shall be protecte
overtemperature or thermal protection device meeting the requirements of 14.3.

Conformity is checked by measurement of the temperature in the SINGLE F. CONQTION of
4.4.2.5.

14.2.2 Series excitation motors @

If an overspeeding series excitation motor could cause H @ it shall be connected
directly to the devices driven by it.

Conformity is checked by inspection. {‘ a

14.3 Overtemperature protection devices

Overtemperature protection devices are dey ating in SINGLE FAULT CONDITION. They
shall meet all of the following requirgsRgt<®

a) be constructed so that relia un ensured;

b) be RATED to interrup? axqQum voltage and current of the circuit in which they are
employed,;
c) not operate in AL

If a self-resettfffg oveM@mMperature protection device is used to prevent a HAZARD in case of
failure of a terRgeraf@re control system (for example a thermostat), the protected part of the
equipmef® shall re intervention before becoming operational again.

L 2
s checked by inspection of the circuit diagram, the data sheet for the
erature protection device, and the method in which it is installed in the equipment,
by The following tests, with the equipment operated in SINGLE FAULT CONDITION (see 4.4).
number of operations is as follows:

self-resetting overtemperature protection devices are caused to operate 200 times;

non-self-resetting overtemperature protection devices, except thermal fuses, are reset
after each operation and thus caused to operate 10 times;

3) non-resetting overtemperature protection devices are caused to operate once.
NOTE Forced cooling and resting periods may be introduced to prevent damage to the equipment.

During the test, resetting overtemperature protection devices shall operate each time the
SINGLE FAULT CONDITION is applied and non-resetting overtemperature protection devices shall
operate once. After the test, resetting overtemperature protection devices shall show no sign
of damage which could prevent their operation in a further SINGLE FAULT CONDITION.

14.4 Fuse holders

If a fuse is intended to be replaced by an OPERATOR the fuse holder shall not permit
HAZARDOUS LIVE parts to be ACCESSIBLE during fuse replacement.

Conformity is checked by testing with the jointed test finger (see Figure B.2) applied without
force.
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14.5 MAINS voltage selection devices

Devices shall be constructed so that a change from one voltage or one type of supply to
another cannot occur accidentally. See 5.1.3 d) for marking requirements.

Conformity is checked by inspection and manual test.

14.6 MAINS transformers tested outside equipment

*
d Jutside the
t quipment.

If environmental conditions could affect the test results, MAINS transfor
equipment (see 4.4.2.7) shall be tested in the same conditions as exis

Conformity is checked by the short-circuit and overload tests s/
the test of 4.4.4.1 b) and c). If there is any doubt whether a
tests specified in 4.4.4 and 10.2 when installed in the eqgipm¥&t,
the transformer installed in the equipment.

4.2.7, followed by
would pass the other
dFts are repeated with

14.7 Printed wiring boards

Printed wiring boards shall be made of mat a flammability classification of V-1 or
better of IEC 60695-11-10. ,

This requirement does not ap wiring boards which contain only limited-energy

circuits meeting the rqu’re

ATING is checked by inspection of data on the materials.
ed by performing the vertical burn tests of IEC 60695-11-10
ant parts. The samples may be complete boards, sections of the
pecified in IEC 60695-11-10.

Conformity of thegfl
Alternatively, con
on three sampl

citdrs, in some cases combined with impedances or gas-filled surge arresters.

ny overvoltage limiting component or circuit that forms part of the equipment shall have
adequate strength to limit likely TRANSIENT OVERVOLTAGES.

Table 21 — Impulse withstand voltages for OVERVOLTAGECATEGORY ||

Line-to-neutral MAINS Impulse withstand
voltage voltage
Vr.m.s. ord.c. \
<50 500
>50 < 100 800
>100 < 150 1500
>150 < 300 2500
>300 < 600 4 000
>600 < 1 000 6000

Conformity is checked by applying 5 positive and 5 negative impulses with the applicable
impulse withstand voltage of Table 21, spaced up to 1 min apart, from a hybrid impulse
generator (see IEC 61180-1). The generator shall produce an open-circuit voltage waveform
of 1,2/50 us, a short-circuit current waveform of 8/20 us, with an output impedance (peak
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open-circuit voltage divided by peak short-circuit current) of 12 Q (resistance may be added in
series if needed to raise the impedance). The test impulse shall be applied while the circuit is
working under conditions during NORMAL USE, in combination with the MAINS supply. The MAIN
voltage is the maximum RATED line-to-neutral MAINS voltage.

The test voltage is applied between each pair of MAINS supply TERMINALS of the e@iipme
where voltage limiting devices are present.

No HAZARD shall arise in the event that the component ruptures or overheat g (1@ test. If
a rupture occurs, no part of the component shall bridge safety-relg insulgplon. If the
component overheats, it shall not heat other materials to their self-igni inf® Tripping the
circuit breaker of the MAINS supply is an indication of failure.

NOTE The test voltage and generator output impedance specified abo P\ ipment with a RATING for
OVERVOLTAGE CATEGORY Il. Conformity for equipment with a RATINGgfor O AGGlJCATEGORIES Il and IV is
specified in Clause K.4.

15 Protection by interlocks @

15.1 General

Interlocks used to protect OPERAT (HAZA shall prevent an OPERATOR from being
exposed to the HAZARD before the i removed and shall meet the requirements of 15.2
and 15.3.

*
Conformity is chegked, \ (on and by performing all relevant tests of this standard.

15.2 Preventi actMating

Until the actio high caused the interlock to operate has been reversed or cancelled, an
interlock @r the ection of an OPERATOR shall prevent the HAZARD being re-established by
reacti@glirfy wigout the use of a TooL.

ty is checked by inspection and, if necessary, by attempting to operate by hand any
lock part which can be touched by the jointed test finger (see Figure B.2).

5.3 Reliability

An interlock system for the protection of OPERATORS shall ensure that a single fault in the
interlock system is either unlikely to occur during the expected life of the equipment, or cannot
cause a HAZARD.

Conformity is checked by assessment of the interlock system. In case of doubt, the interlock
system or relevant parts of the system are cycled to switch the least favourable load in
NORMAL USE. The number of cycles is twice the maximum number likely to occur during the
expected life of the equipment or 10 000 cycles of operation whichever is higher. After the
test the protection shall not be impaired.

16 HAZARDS resulting from application

16.1 REASONABLY FORESEEABLE MISUSE

No HAZARDS shall arise if adjustments, knobs, or other software-based or hardware-based
controls are set in a way not intended, and not described in the instructions. Other possible
cases of REASONABLY FORESEEABLE MISUSE that are not addressed by specific requirements in
this standard shall be addressed by RISK assessment (see Clause 17).
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Conformity is checked by inspection and by evaluation of the RISK assessment
documentation.

16.2 Ergonomic aspects

If the following factors could give rise to a HAZARD, a RISK assessment shall be docyhente
taking into account at least the following aspects:

a) limitation of body dimensions; ®

b) displays and indicators;

c) accessibility and conventions of controls;

d) arrangements of TERMINALS.

Conformity is checked by inspection and by evaluation of the synent documentation.
NOTE RIsK assessment procedures for ergonomics may be f -2, EN 894-3, ISO 9241, SEMI S8,
and other documents. Not all of the requirements in these d ill"’be applicable to equipment within the

scope of this standard.

17 RISK assessment

’

HAZARDS not fully addressed in Clauses 6 to 16
@ sment is required. It shall be carried out and
BLERABLE RISK by an iterative process covering the

If examination of the equipment s
(see 1.2.1) might arise, the SK
documented to achieve® at@fas

following. \
a) RIsK analysis

RISk analy rocess to identify HAZARDS and to estimate the RISKS based on the
use of availSgle irflormation.

analysis requires a plan to evaluate the estimated severity and likelihood of a
nd to judge the acceptability of the resulting RISK level.

ISK reduction

If the initial RISK level is not acceptable, steps shall be taken to reduce the RISK. The
process of RISK analysis and RISK evaluation shall then be repeated, including checking
that no new RISKS have been introduced.

RISks remaining after a RISK assessment shall be identified in the instructions for the
RESPONSIBLE BODY. Adequate information about how to mitigate these RISKS shall be given
(see 5.4.1 e)).

In selecting the most appropriate methods of RISK reduction, the manufacturer shall apply the
following principles, in the order given:

1) eliminate or reduce RISKS as far as possible (an inherently safe design and construction);
2) take the necessary protective measures in relation to RISKs that cannot be eliminated,;

3) inform users of the residual RISKS due to any shortcomings of the protective measures
adopted, indicate whether any particular training is required, and specify any need to
provide personal protective equipment.

NOTE One RISK assessment procedure is outlined in Annex J. Other RISK assessment procedures are contained
in ISO 14971, SEMI S10-1296, IEC 61508, ISO 14121-1, and ANSI B11.TR3. Other established procedures which
implement similar steps can also be used.
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Conformity is checked by evaluation of the RISK assessment documentation to ensure that the
RISKS have been eliminated or that only TOLERABLE RISKS remain.
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Annex A
(normative)

Measuring circuits for touch current
(see 6.3)

NOTE This annex is based on IEC 60990, which specifies procedures for measuring to@h-c nt*nd also
specifies the characteristics for test voltmeters.

A.1  Measuring circuit for a.c. with frequencies up to 1 d#prd.c.
The current is measured using the circuit of Figure A.1. The r culated from:
1= Y
5
where

/ is the current, in amperes;

U is the voltage, in volts

This circuit represents theQup¥Rlance of the body and compensates for the change of physio-
logical response itfPfrequency.
2
R1 = C1

R3

®

|

(o) IEC 1022/10

| I |
1L

@)

R1 =1 500 Q with a relative tolerance of £5 %
R2 = 500 Q with a relative tolerance of +5 %

R3 = 10 kQ with a relative tolerance of +5 %

C1 = 0,22 pF with a relative tolerance of £10 %
C2 = 0,022 pF with a relative tolerance of £10 %

Figure A.1 — Measuring circuit for a.c. with frequencies up to 1 MHz and for d.c.
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A.2 Measuring circuits for sinusoidal a.c. with frequencies up to 100 Hz and
for d.c.

If the frequency does not exceed 100 Hz, the current may be measured using eithe
circuits of Figure A.2. When using the voltmeter, the current is calculated from:

2
(f’

| is the current in amperes;

U is the voltage, in volts, indicated by the voltmeter.

The circuit represents the impedance of the body fo not exceeding 100 Hz.
NOTE The value 2 000 Q includes the impedance of t strument.

IEC 1023/10

ith #pelative tolerance of +5 %

igure A.2 — Measuring circuits for sinusoidal a.c. with frequencies
up to 100 Hz and for d.c.

.3 Current measuring circuit for electrical burns at high frequencies

The current is measured using the circuit of Figure A.3. The current is calculated from:

where

| is the current in amperes;
U is the voltage, in volts, indicated by the voltmeter.

This circuit compensates for the effects of high frequency on the physiological response of the
body.
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102
R1 =1 500 Q with a relative tolerance of +5 % @
R2 = 500 Q with a relative tolerance of +5 %
C1 = 0,22 pF with a relative tolerance of £10 % ,

Figure A.3 — Currefit suring circuit for electrical burns

. .
A.4 Current measuriggQircu§for WET LOCATION

For WET LOCATION Qe CReNe is measured using the circuit of Figure A.4. The current is
calculated fromg

the current in amperes;
is the voltage, in volts, indicated by the voltmeter.

R1 —_— C1

R2

IEC 1024/10
R1 = 375 Q with a relative tolerance of £5 %
R2 = 500 Q with a relative tolerance of £5 %

C1 = 0,22 pF with a relative tolerance of £10 %
Figure A.4 — Current measuring circuit for wet contact
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Annex B
(normative)

Standard test fingers
(see 6.2)

80

250
|
:
|
|
|
|
|
|
!

IEC 1025/10

For tolerances and dimensior@oft in &ure B.2.

Dimensions in millimetres
NOTE This test fingoWg e st probe 11 of IEC 61032, Figure 7

Figure B.1 — Rigid test finger
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@50 5+0,5 180

R2 + 0,05

IEC 1026/10

*
Key \
1 insulating materia

section AA

sectiop BB

spherical

detail x (example)

2
3
4

side view

© o0 N O

chamfer all edges
Dimensions in millimetres

ances on dimensions without specific tolerance:

0

on angles: _10°

on linear dimensions:

up to 25 mm: 005 MM
over 25 mm: 10,2 mm
Material of finger: heat-treated steel, etc.

Both joints of this finger may be bent through an angle of (90 +1g)", but in one plane only.

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°.
For this reason, dimensions and tolerances of these details are not given in the drawing. The actual design shall

ensure a (90 +18)° bending angle.
NOTE This test finger is the same as test probe B of IEC 61032, Figure 2

Figure B.2 — Jointed test finger
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Annex C
(normative)

Measurement of CLEARANCES and CREEPAGE DISTANCES

The methods of measuring CLEARANCES and CREEPAGE DISTANCES are iggécated e
following examples 1 to 11 (see Figure C.1). These cases do not differentigle we@n gaps
and grooves or between types of insulation.

The following assumptions are made:

a) where the distance across a groove is equal to or lar (see Table C.1), the
CREEPAGE DISTANCE is measured along the contours ofthe 3 & example 2);

b) any recess is assumed to be bridged with an ins
being placed in the least favourable position (seff €

a length equal to X and

C) CLEARANCES and CREEPAGE DISTANCES
different positions in relation to each otig
least favourable position.

etween parts which can assume
asured when these parts are in their

In the following examples dimensi as the
POLLUTION DEGREE.

aiue given in Table C.1 depending on the

C.1 — Dimensions of X

TION DEGREE Dimension X
mm
0,25
1,0
L 2 3 1,5

associated CLEARANCE is less than 3 mm, the dimension X in Table C.1 may be reduced
0 one-third of this CLEARANCE.
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<X'mm

'''''''''''''' LSS .IEC 2749/2000
EXAMPLE 1 The path includes a parallel- or converging-sided groove of depth a
width less than X. *
The CLEARANCE and the CREEPAGE DISTANCE are measured directly S groove as
shown.

>X'mm
.... IEC 2750/2000

EXAMPLE 2 The path includes a paralle? rg@ve of any depth and equal to or more
than X.
The CLEARANCE is the “@e- 51O nce. The CREEPAGE DISTANCE follows the contour of

the groove.
\ =X'mm

IEC 2752/2000

EXAMPLE 4 The path includes a rib.

The CLEARANCE is the shortest direct air path over the top of the rib. The CREEPAGE DISTANCE
follows the contour of the rib.
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<X mm <X mm

%‘
- VOB IAIA Z /- IEC 0
EXAMPLE 5 The path includes an uncemented joint with groovesgle a wide on each
side.
The CLEARANCE and the CREEPAGE DISTANCE path is the “lipe-oN@i sgnce shown.

EXAMPLE 6 The N n uncemented joint with grooves equal to, or more than, X.
The CLEARANCHis the e-of-sight” distance.

The CRE GE DISTANCE follows the contour of the grooves.

>X mm <X mm

L L L <L L IEC 2755/2000

EXAMPLE 7 The path includes an uncemented joint with a groove on one side less than X
wide and the groove on the other side equal to, or more than, X wide.

The CLEARANCE and the CREEPAGE DISTANCE are as shown.
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EXAMPLE 8 The CREEPAGE DISTANCE through the uncemented joint & less t@n the
CREEPAGE DISTANCE over the barrier.

The CLEARANCE is the shortest direct air path over the top of the ba:e@
A
P

EXAMPLE 9 The gap betwee €
be taken into account. *

EXAMPLE 11 C = floating part

The CLEARANCE is the distance d + D. The CREEPAGE DISTANCE is also d + D.

CREEPAGE DISTANCE
= == == = CLEARANCE

Figure C.1 — Examples of methods of measuring CLEARANCES and CREEPAGE DISTANCES
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Annex D
(normative)

Parts between which insulation requirements are specified
(see 6.4 and 6.5.3)

The following symbols are used in Figures D.1 to D.3 to indicate: 6
a) Requirements: @
B  BASIC INSULATION is required
D DOUBLE INSULATION Or REINFORCED INSULATION is r
b) Circuits and parts:
A ACCESSIBLE part, not bonded to the PR DUCTOR TERMINAL
H circuit that is HAZARDOUS LIVE in NOR
R high impedance which, in ¢ with BASIC INSULATION, forms a PROTECTIVE
IMPEDANCE (see 6 5. Q

S protective gcre
Tp ACCESSI rnaMFERMINAL (not exceeding the values of 6.3.1 in NORMAL CONDITION)

MINA h may exceed the values of 6.3.1 in NORMAL CONDITION, and therefore
I n%be ACCESSIBLE)

ance of secondary circuit

econdary circuits shown may also be regarded merely as parts.
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\ Protection between HAZARDOUS LIVE circuits
and ACCESSIBLE parts

T
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YY)
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T
\AAAA
YY)
1+
N

-.,:1
:-.UJ

"'.-"'f..-"ff..-"'f.-""r

a) b)
Dl <> D! <9> O
¢

IEC 2760/2000

# f) n" _--"J-"'.-"'.-"'J-"'.-"'.-"'.-'".-"'::I"lil
] ] <_>D ¥ Ta
. Ta A L
1 ] oy
b1 w  H Py
¥l T, ] T,
i - B; r
1 ] oy
PP FFFFFFFF 4 5’:’; F F I T FFFr
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D*
/ /B A oI
N ] N ]
«*l H ] “ H z P
] ¥l Ta ] ¥ Ta
7 B .-' e B ¥
] .-:: ] 1
o i T

[
K
M
B
S
[y
0 M
Iy

5‘ IEC 1027/10

D* may be B if Z is sufficiently low (see 6.6.1)

Figures D.1e) to h) — Protection between HAZARDOUS LIVE circuits
and circuits which ACCESSIBLE external TERMINALS
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a) ACCESSIBLE part, b) ACCESSIBLE part,
not bonded to other not bonded to other
i - ACCESSIBLE 771 @ ACCESSIBLE
D parts B parts
¢

IEC 2762/2000

S

Figures D.2 a) and D.2 b) — Protection between a JAZARQO internal circuit
and an ACCESSIBLE part which is not bonded Qg oth& A SIBLE parts
c)
o fffffffff:-; ffffffffffff
B D
§ ~—> ¢ T, , ﬁ ~— | T,
" =
# pR ¢ < ] ¢ ¥
’ 3¢ /] b . /]
] <> ] ] > ] T
7 ’ /i
i i il ! v
J IEC 1028/10
Figures Q2 c) D.2 d) — Protection between a HAZARDOUS LIVE primary circuit
angl circuits which have ACCESSIBLE external TERMINALS
NOTE NI m&ans of protection are also possible for the circuits shown in Figures D.2 ¢) and D.2 d), such as
cti ning, PROTECTIVE BONDING of circuits (see 6.5.2) and PROTECTIVE IMPEDANCE (see 6.5.4).

Tn TN

HA1 é § H2
TN

IEC 1029/10

Tn

Figure D.3 — Protection of external ACCESSIBLE TERMINALS of two HAZARDOUS LIVE circuits

NOTE 2 The requirement for insulation between an ACCESSIBLE part not bonded to the PROTECTIVE CONDUCTOR
TERMINAL and either of the two HAZARDOUS LIVE circuits is as shown in D.1 a) to D.1 d).

The requirement for the insulation between H1 and H2 (X) is the most severe of the following:
B  BASIC INSULATION — if H1 and H2 are both connected, the insulation requirement is based

on the highest RATED WORKING VOLTAGE that stresses the insulation between the circuits;

D DOUBLE INSULATION or REINFORCED INSULATION — if H1 is connected and the TERMINALS of
H2 are ACCESSIBLE for connection purposes, the insulation requirement is based on the
highest RATED WORKING VOLTAGE that stresses the insulation of H1;

D DOUBLE INSULATION or REINFORCED INSULATION — if H2 is connected and the TERMINALS of
H1 are ACCESSIBLE for connection purposes, the insulation requirement is based on the
highest RATED WORKING VOLTAGE that stresses the insulation of H2.
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Annex E
(informative)

Guideline for reduction of POLLUTION DEGREES

The micro-environment inside equipment is determined by the environmen ondit to
which the equipment is exposed during operation, installation, mainteffian ¥d any
POLLUTION generated by the equipment itself as well as by the effective pPed sealing
measures.
Equipment can be divided into environmental situations as depiq ﬂ E.1.
Table E.1 — Environmental s 1S
Environmental . . : Bh or maintenance of
. R Equipment operated iq ...
situation
A controlled enviro controlled environment

controlled environment or
equipment is not opened during
installation or maintenance

uncontrolled environment

NOTE The envir@@mentgg s®uation of Table E.1 provides a systematic classification of the environments to which
the equipmegnt is eX@gsed#hand whether the equipment may be opened for installation and maintenance purposes.

f e POLLUTION DEGREE of the micro-environment may be achieved by the
able E.2.

Table E.2 — Reduction of POLLUTION DEGREES

POLLUTION DEGREE of micro-environment
POLLUTION DEGREE of macro environment 2 3 4
Environmental Environmental Environmental
situation situation situation
A B Cc B Cc B Cc
ENCLOSURE IPx5, IPx6 1 2 2 3 3 4 4
ENCLOSURE IPx7, IPx8 1 1 2 2 3 2 4
Constant heating within the equipment with an 1 2 2 3 3 4 4
ENCLOSURE of IPx4 or higher

IP RATINGS are according to IEC 60529.
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Annex F
(normative)

ROUTINE TESTS

F.1 General

*

ced which
can be clearly
acturing stages,

The manufacturer shall perform the tests of F.2 to F.4 on 100 % of eq
has both HAZARDOUS LIVE parts and ACCESSIBLE conductive part

removed if they would interfere with the tests. The equi
the tests, but the MAINS switch shall be in the on-posj

Wrapping the equipment in foil is not require LS dity preconditioning necessary.
Test site altitude correction of the test voltay quired.

The voltage test equipment sh maintain the required voltage for the specified

A continlly tes ade between the earth pin of the appliance inlet or the MAINS plug of
tedp equipment, or the PROTECTIVE CONDUCTOR TERMINAL of PERMANENTLY
QUIPMENT on the one side, and all ACCESSIBLE conductive parts which are

No value is specified for the test current.
F.3 MAINS CIRCUITS

F.3.1 General
A test voltage is applied between:

a) the MAINS TERMINALS connected together, and

b) all ACCESSIBLE conductive parts including the PROTECTIVE CONDUCTOR TERMINAL, if any,
connected together.

During this test, the equipment shall be electrically isolated from any external earthing. This
test is not applied to small metal parts such as name plates, screws or rivets, if they are
separated from parts which are HAZARDOUS LIVE by REINFORCED INSULATION or its equivalent.

NOTE For equipment which has all ACCESSIBLE conductive parts connected to the PROTECTIVE CONDUCTOR
TERMINAL, the interconnection of the ACCESSIBLE conductive parts is not necessary because the correct
interconnections are tested by F.2.

The test voltage may be a.c. or d.c. or impulse, and is selected from Table F.1 for the
appropriate OVERVOLTAGE CATEGORY. For the a.c. and d.c. tests, the test voltage is raised to
its specified value within 5 s, and maintained for at least 2 s. Impulse tests are the 1,2/50 us
test specified in IEC 61180, conducted for a minimum of three pulses of each polarity at 1 s
minimum intervals.
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No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test, nor
shall the test device indicate failure.

Table F.1 — Test voltages for ROUTINE TESTS of MAINS CIRCUITS

Nominal line-to-
neutral voltage OVERVOLTAGE CATEGORY Il OVERVOLTAGE CATEGORY llI OVERVOLTA ATERORY IV
of MAINS supply
a.c. r.m.s. or a.c. d.c. 1,2/50 pus a.c. d.c. 1,2/50 us d@® 1,2/50 us
d-c. Impulse Impulse
\% V r.m.s. \% V peak \% V peak
<150 840 1200 1200 3100 3100
>150 < 300 1400 2 000 2 000 4700 4 700
>300 < 600 2 200 3100 3100 6 000 6 000
>600 < 1 000 3 300 4700 4700 7 500 7 500

F.3.2 MAINS CIRcUITS with voltage limitin

For MAINS CIRCUITS with voltage limi
d.c. test of F.3.1 can be carried o

the voltage limiting device but e
*

F.4 Floating gjrcs \
A test voltage | 0 beMween
a) the TEGMINARQOT Joating input and output circuits, which can be HAZARDOUS LIVE in NORMAL

necte gether, and
E?onductive parts connected together.

test voltage of 0,9 times the clamping voltage of
twice the WORKING VOLTAGE of the MAINS CIRCUIT.

of the applied voltage in each case is 1,5 times the maximum RATED voltage to
but not less than 350 V a.c. rrm.s or 500 V d.c. If voltage-limiting (clamping) devices
p below the applied voltage, the value of the applied voltage is 0,9 times the clamping
oltage, but not less than that of the maximum RATED voltage to earth.

The test voltage is raised to its specified value within 5 s and maintained for at least 2 s, with
the circuit electrically isolated from any external earthing means.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test nor
shall the test device indicate failure.
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Annex G
(informative)

Leakage and rupture from fluids under pressure

The requirements and tests of this annex are accepted in the USA, Cana and in e
other countries, as proof of conformity with national regulations relating t¢hi
These requirements are not adequate for equipment intended for Jgxi
otherwise hazardous materials. Refer to national authorities for
equipment.

G.1 General

Fluid-containing parts of equipment under pressureg
or leakage in NORMAL CONDITION or SINGLE FAULT gOMD

Conformity is checked as specified in Clause }

4.
G.2 Pressures above 2 MPa @oduct pressure and volume greater

than 200 kPa:l
.

G.2.1 General

characteristics ause a HAZARD through rupture or leakage:

re and volume greater than 200 kPa-l;
re @ove 2 MPa.

Fluid-containing o\ipment which in NORMAL USE have both of the following
é N C

quipment includes fluid-pressure-actuated equipment employing flexible bellows, diaphragms,
bes, etc. and equipment such as flowmeters that are connected to process pressures RATED at or above

onformity is checked by inspection and by performing the hydrostatic tests of G.2.2 to G.2.6.
Any overpressure safety device which is used to limit the maximum working pressure is
inactivated during the tests.

Figure G.1 is a flow chart showing methods of conformity verification.

Throughout Clause G.2, values are based on RATED pressure Pgr. This is the maximum
pressure as marked on the equipment or, if no value is marked, the maximum transient
overpressure (maximum pressure which may be applied without permanent change in
performance). In the case of differential pressure equipment, the RATED pressure is the higher
of the working pressure and the static pressure.
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Visual
leakage?
Yes

No FAIL

Pressure
maintained?

Yes | N

No

Has outer
case?

No

Oneof C,D, E Yes

, (C) 3 X Pq (D)* | 1 x Px to case (E)*
Visual
leakage?
Yes N

C PASS ) C PASS ) ( FAIL ) C PASS ) C FAIL )

IEC 1030/10

Subclause references for tests A to F:

A=G.23a)-B=G.23b)-C=G.25a)-D=G.25b)-E=G.2.5¢)-F =G.2.6 - Py = RATED pressure
Figure G.1 — Conformity verification process (see G.2)
G.2.2 Conduct of hydrostatic tests for G.2.1
The part of the equipment that is normally subjected to the fluid pressure is filled with a

suitable liquid, such as water, to exclude air, and is then connected to a hydraulic pump. The
pressure is raised gradually to the specified test pressure.

Those portions of the equipment which normally receive indirect pressure loading, as in
hydraulically coupled systems, are subjected to the test pressure at the same time, either
through the original hydraulic filling fluid or, in its absence, by filling with the test liquid.
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Test pressure values are based on RATED pressure Pg, see G.2.1.

Test pressure values specified in G.2.3 to G.2.6 apply to equipment with RATED pressure up
14 MPa. For higher RATED pressures the values of Table G.1 apply.

If it is specified that pressure is applied to “the equipment”, this refers to that p of

equipment that is subjected to pressure in NORMAL USE. If it is specified that preQuregls
applied to “the outer casing” this refers to any unpressurized case, cover, housin at
encloses all or part of the pressurized equipment, but that is not itself subje ré@®sure in

NORMAL USE.
G.2.3 Initial tests
The following tests are performed.

a) A pressure of 2 x P is applied to the equipment fg wig®ut@y visible leakage.

b) A pressure of 3 x Pr is applied to the equipgieWt 4 nin without any rupture or failure

During test b), leakage may occur beca plits in Bourdon tubes, diaphragms, or
bellows, or because of joint or gas fa’re. are not considered to be test failures if
the pressure can be maintained gor in. HoW®Ver, if leakage is at a rate which prevents
pressure being maintained modifications specified in G.2.4 may be made,
and the test repeate%

1) If the equipmen
G.2.4 a), no

2) If the equj
the modifcatio

eQythe test of G.2.3 b) after modification only as specified in
c S, are performed.

as¥es the test of G.2.3 b) after modification as specified in G.2.4 b),
e removed, and one of the tests of G.2.5 is performed.

3) If tge eq t again fails the test of G.2.3 b), the modifications are removed and the
f G‘. Is performed.

ifications to minimize leakage
follbwing modifications may be made.

) External fittings may be modified to reduce leakage.

b) A leaking gasket or a flexible seal (not part of the measuring element) which forms a
structural partition between the part of the equipment that is under pressure in NORMAL USE
and the outer casing may be replaced by a stronger non-functional member to reduce
leakage.

G.2.5 Additional tests if modification succeeded in minimizing leakage

If any modification as specified in G.2.4 b) was made before successfully repeating the test of
G.2.3 b), the equipment is restored to its original state, and one of tests a), b) or c) below is
performed on the unmodified equipment. For equipment intended for toxic, flammable or
otherwise hazardous substances, test a) is performed.

a) A pressure of 2,5 x Pg is applied to the equipment for 1 min without any visible leakage.
b) A pressure of 3 x Pgr is applied to the equipment for 1 min without any rupture or failure
which results in fragments flying outside the outer casing.

NOTE 1 In this case, even if the pressure of 3 x Pg,;ep Cannot be maintained within the equipment, leakage
from the outer casing takes place at a rate which prevents a build-up of hazardous pressure.

c) If the equipment has an outer casing capable of being pressurized, it is subjected to a
pressure of Pg for 1 min without any rupture or failure which results in fragments flying
outside the outer casing.
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NOTE 2 In this situation, rupture and flying fragments are prevented by the capability of the outer casing to
resist pressure.

G.2.6 Additional test if modifications failed to reduce leakage

If the equipment failed the test of G.2.3 b) after the modifications of G.2.4, but the |
serves as a pressure relief mechanism, the equipment conforms to the requirerffents
G.2.3 b) if, after removal of the modifications, it passes the test specified below a if e
equipment has an outer casing, also passes one of tests a), b), and c) of G.2.

2
A pressure of 2,5 x Pr is applied to the equipment for 1 min without, ruptugy or failure
which results in fragments flying outside the equipment.
Table G.1 — Test pressures for equipment with pres bove 14 Mpa

Pr Pressure for Pressure for test Pressure for
test of G.2.5 ¢) of G.2.3 a) tests of G.2.3 b)
and G.2.5 b)
>14 <70 MPa Pr 1,75 x E 2,5 x Pg
plus 3 plus 7 MPa plus 7 MPa
>70 MPa Pr 1,3 1,5 x PR 2,0 x Pg
s 35 MPa plus 42 MPa plus 42 MPa

G.3

*
Pressures betw @ and 2 MPa, and pressure times volume
above 20

of equipment which in NORMAL USE have both of the following
t¥cause a HAZARD through rupture or leakage:

Fluid-containin art
characteristics\ghall

t of&ressure and volume greater than 200 kPal;
between 50 kPa and 2 MPa.

ty is checked by a hydrostatic test conducted as specified in G.2.2. Any
ressure safety device which is used to limit the maximum working pressure is inactivated
uring the test.

A pressure of 3 x Pg is applied to the equipment for 1 min without leakage, permanent
(plastic) deformation, or bursting. However, for equipment not intended for use with toxic,
flammable, or otherwise hazardous substances, leakage at a gasket at a pressure above
1,2 x Pris acceptable.

If a hydrostatic test cannot be performed on unmarked fluid-containing parts or pipes, their
integrity is verified by suitable equivalent tests, such as pneumatic tests at 3 x Pg.

For refrigeration systems see applicable national standards for example ANSI/UL 471, CSA
C22.2 No 120.

G.4 Pressures below 50 kPa, or pressure times volume below 200 kPa:l

Leakage from fluid-containing parts at lower pressures, or with a product of pressure and
volume below 200 kPa:l, shall not cause a HAZARD.

Conformity is checked by inspection of the RATINGS of parts and, if necessary, by subjecting
the parts to a fluid pressure of twice the maximum pressure in NORMAL USE. The pressure is
applied for 1 min. No leakage is to occur which could cause a HAZARD.
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G.5 Overpressure safety devices

An overpressure safety device shall not operate in NORMAL USE and shall conform to all t
following requirements.

a) It shall be connected as close as possible to the fluid-containing parts of the syst that
is intended to protect.

b) It shall be installed so as to provide easy access for inspection, maintena nd repalr.

c) It shall not be capable of being adjusted without the use of a TOOL.

d) It shall have its discharge outlet located and directed so that the ed terial is not
directed towards any person.

g) There shall be no shut-off valve between a
it is intended to protect.

Also see 11.7.4.

Conformity is checked by inw.
*
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Annex H
(normative)

Qualification of conformal coatings for protection against POLLUTION

H.1 General

This annex covers requirements for conformal coatings used on p Wigl boards to
reduce the POLLUTION DEGREE.

Conformal coatings shall meet the requirements of Clause H.

NOTE 1 The requirements of Clause H.2 assure that the con ha en suitably RATED for the

purpose of coating printed wiring boards. The requirements of
the printed wiring board after environmental and physical stres

he coating will continue to adhere to

Conformity is checked as specified in Clause £}

NOTE 2 Conformal coatings that meet th que of JANSI/UL 746E are considered to meet these
requirements.

H.2 Technical propgrti
The technical pr rig N mal coatings shall be suitable for the intended application.

In particular:

a) the manufggturer he coating material shall state that it is a coating for printed wiring
boards;

TED ,operating temperature range shall include the temperature range of the
apPlication;

omlparative tracking index (CTI), the insulation resistance and the dielectric strength
be suitable for the intended application;

the printed wiring board coating is to be exposed to sunlight, the coating shall have
adequate UV resistance;

the flammability RATING of the coating shall be at least the required flammability RATING of
the printed wiring board to which it is applied.

Conformity is checked by inspection of the manufacturer’s data.
H.3 Qualification of coatings
The coating shall meet the conformity requirements of Figure H.1 after the tests of Table H.1.

Conformity is checked as specified in Table H.1 and Figure H.1, on 6 specimens of the coated
printed wiring board.
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Table H.1 — Test parameters, test conditions and test procedures

Item T.e.st, . Test parameter, conditions Test procedure
conditioning
1 Scratch Temperature: 15 °C.... 35 °C The scratch test is conducte r
resistance o to 5.5 of IEC 60664-3.
Humidity: 45 %.... 75 % R.H.
Any combination of temperature and humidity
within these ranges is acceptable.
2 Cold Conditioning temperature: T _, .
conditioning T .in is the minimum RATED ambient temperature . for
or the minimum RATED storage temperature,
whichever is lower, of the specimen.
Any humidity is acceptable.
Conditioning time: 24 h
3 Dry heat Conditioning temperature: T__ .. en is placed in a temperature
T ax I8 the maximum RATED surface amber and held at T___ for the
temperature, maximum RATED ami specified conditioning time.
4 Rapid change of max The conditioning procedure follows test
temperature ATED surface Na of IEC 60068-2-14.
um RATED ambient
r maximum RATED storage
hichever is highest, of the
imum temperature: T . .
7 is the minimum RATED ambient temperature
r the minimum RATED storage temperature,
whichever is lower, of the specimen.
‘ Rate of change of temperature: within 30 s
Cycle time (duration of one cycle):
Tax @nd T . are each held until steady state
conditions of the specimens are achieved and
then maintained for 10 min.
The cycle starts when the specimen has
reached the target within 2° C.
Number of cycles: 5 cycles
5 Damp heat Temperature: 40°C+2°C The specimens are placed in the
o 0 o humidity chamber and held at the
Humidity: 90 %...95 % R.H. specified temperature and humidity for
Conditioning time: 24 h the specified conditioning time.
6 Adhesion of Temperature: 15°C.... 35 °C The test procedure follows the test
coating N described in 5.8.2 of IEC 60664-3 using
Humidity: 45 %.... 75 % R.H. the specified pull force.
Pull force: 5N
7 Humidity Temperature: 40°C+2°C The specimens are placed in the
conditioning o o o humidity chamber and held at the
Humidity: 90 %...95 % R.H. specified temperature and humidity for
Conditioning time: 48 h the SpeCified Conditioning time.
8 Insulation Temperature : 40x2°C Insulation  resistance is measured
resistance of between the two outer conductors with
conductors Humidity: 90 %...95 % R.H. the smallest CREEPAGE DISTANCE for at

Insulation resistance: 2100 MQ

least 1 min. The test voltage shall be as
close to the WORKING VOLTAGE as
possible.
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Figure H.1 (below) describes the test sequence and conformity.

Preparation and scratch resistance

Preparation of the
test specimens

Each specimen is to be assembled in the normal manner, using the normal so
procedure, including any cleaning and protection steps that are normally applj )

Table H.1, item 1

Scratch resistance test

Visual inspection

Conformity is checked by inspection.

The specimens shall show no:
- separation from base material,
. cracks,
=  voids,
. areas with adjacent unprotected conductj
DISTANCE between the parts is less than
uncoated printed wiring boards.

*

he CREEPAGE
ed CREEPAGE DISTANCE for

NOTE Areas of the specimens where
involved in the subsequent testing angsi

est is applied need not be

Table H.1, item 2

Table H.1, item 3

Table H.1, item 4

Table H.1, item 5

Mechanical and electrical tests after conditioning

Table H.1, it

dhesion of coating (tape test)

Conformity is checked by inspection.

On all specimens, the coating shall not have loosened and there shall be no material
transferred to the tape that is visible to the naked eye.

NOTE In order to assess whether there has been any transfer of material, the tape may
be placed on a sheet of white paper or card. If a white or light-coloured coating is being
tested, a suitably contrasting coloured paper or card is used instead.

Table H.1, item 7

Humidity conditioning

Table H.1, item 8

Insulation resistance

Conformity is checked by measuring of the insulation resistance of Table H.1, item 8. All
specimens shall meet the required value.

|

Visual inspection

Conformity is checked by inspection.
All specimens shall show no

blistering,

swelling,

separation from base material,

cracks,

voids,

areas with adjacent unprotected conductive parts where the CREEPAGE
DISTANCE between the parts is less than the required CREEPAGE DISTANCE for
uncoated printed wiring boards.
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Annex |
(informative)

Line-to-neutral voltages for common MAINS supply systems
For the purposes of this standard, Table |.1 gives the line-to-neutral voltag at sho e

used for determining CLEARANCE, CREEPAGE DISTANCE, and solid insulatiorffre 'el‘ants of
MAINS circuits.

Table I.1 — Line-to-neutral voltages for common MAI systems

MAINS systems and nominal voltages Line-to-
neutral
Three-phase four- Three-phase Three-phase voltage
wire systems 2 three-wire three-wire plit-phase) pertinent to
systems systems three-wire MAINS
with earthed systems 2 system type
neutral unearthed i or d.c. a.c. ord.c. and nominal
voltage
P1 L1 L1
P2
N
N
L2
3 2’3 § L2
E E
\Y \ \ \
12,5 to 48 30/60 50
66/115 100 60 100/200 100
. 110, 115 110, 115 110/220 150
120, 127 120, 127 115/230
120/240
220/380 220, 230, 240 200 220 220/440 300
230/400 260, 277, 347 230 240/480
240/415 380, 400, 415 240
260/440 440, 480
2771480
347/600 500 480 480/960 600
380/660 577
400/690 600
417/720
480/830
660 1000 1000
690, 720
830, 1 000
a8 Voltages shown as two voltages separated by a “/” represent the phase-to-neutral (or line-to-neutral) voltage
followed by the phase-to-phase (or line-to-line) voltage. For example, “120/208” indicates that the voltage from
any phase to neutral is 120 V, and the voltage from any phase to another phase is 208 V. Likewise, “220/440”
indicates that the voltage from either line-to-neutral is 220 V, and the voltage from line-to-line is 440 V.
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Annex J
(informative)

RiIsSK assessment

A RISK assessment process based on ISO/IEC Guide 51 (1999) is given b . Oth K
assessment procedures are contained in ISO 14971, SEMI S10, IEC 61508, 60441241, and
ANSI TR3. Other established procedures which implement similar steps used.

J.1 RISK assessment procedure
TOLERABLE RISK is achieved by the iterative process of gIs t (RISK analysis and
RISK evaluation) and RISK reduction (see Figure J.1).

Definition of intended
use and reasonably
foreseeable misuse

y

Hazard identification

y

RISK estimation

RIsK analysis

2

RISK assessment

RisK reduction l

RISK evaluation

Is tolerable RISK

No achieved?

=

IEC 1032/10

Figure J.1 — Iterative process of RISK assessment and RISK reduction
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J.2 Achieving TOLERABLE RISK

The following procedure (see Figure J.1) should be used to reduce RISKS to a tolerable level;

a) identify the likely user group(s) for the product, process, or service (including tho
special needs and the elderly), and any known contact group (e.g. use or cofftact
children);

b) identify the intended use and assess the REASONABLY FORESEEABLE MISU thegro uct,
process or service;

c) identify each HAZARD (including any hazardous situation and har n Ising in all
stages and conditions for the use of the product, process or segic clygling installation,

maintenance, repair, and destruction or disposal,
d) estimate and evaluate the RISK (see Figure J.1) to e % d user/contact group
arising from each HAZARD identified;

W Sj

e) judge if the RISK is tolerable (e.g. by compari lar products, processes or

services);
f) if the RISK is not tolerable, reduce the RISK es tolerable.
When reducing RISKS the order of priority shg follows:

erently safe design and construction);

2) take the necessary prote es in relation to RISKS that cannot be eliminated

(protection devices)®

3) inform users qf th
adopted, indi
provide persona

RISKS due to any shortcomings of the protection measures
th y particular training is required, and specify any need to
roteion equipment (information for safety).

This procedur@is S on the assumption that the user has a role to play in the RISK
reductiong proc y complying with the information provided by the manufacturer (see

Initial RISK

!

Inherently safe design

Design Protective devices

Information for safety

A

RISK remaining after design

!

Additional protective devices

Training

Use
Personal protective equipment

Organization

!

Residual RISK

IEC 1033/10

Figure J.2 — RISK reduction

The steps taken in the design procedure are shown in order of priority. The steps to be taken
by the user are not in order of priority because this would depend on the application. It is
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emphasized that the additional protection devices, personal protection equipment and
provision of information to users should not be used as substitutes for design improvements.

J.3  An application of RISK assessment procedures

For HAZARDS in the scope of this standard, examples of severity of harm are @ven§n
Table J.1. Probability of harm is given in Table J.2. The RISK category, whigh is s d
based on severity and probability, is given in Table J.3. *

Table J.1 — Severity of harm

Severity group People Equipment / Faci nvironment

Catastrophic One or more fatalities mical release with
hte or public health

pact

Severe Disabling injury/iliness Chemical release with
temporary environmental

or public health impact

Moderate Medical treatment or
restricted work activity,

Chemical release
triggering external
reporting requirements

Minor First aid onl Non-serious equipment or Chemical release
facility damage requiring only routine
cleanup without
T reporting

Table J.2 — Probability of harm

Ligelihoo Expected rate of occurrence

L 3 More than five times a year

More than once per year, but not more than five times a year

More than once in five years, but not more than one a year

More than once in ten years, but not more than one in five years

Unlikely No more than once in ten years

Table J.3 — RISK category

Risk assessment / RISK category
Severity of harm Probability of harm
Frequent Likely Possible Rare Unlikely
Catastrophic 3 3 3 2 2
Severity Severe 3 3 2 2 1
Moderate 3 2 1 1 1
Minor 2 1 1 1 1
Key Category Description
1 Broadly acceptable This fulfils the requirement for TOLERABLE RISK.
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2 As low as reasonably practicable This does not automatically fulfil the requirement for
TOLERABLE RISK. If possible, these RISKS should be
reduced further to Category 1. If not possible, then the
instructions should contain a description of the RISK so
that the RESPONSIBLE BODY can take appropriate steps
to protect the safety of OPERATORS.

3 Intolerable This contains RISKS that are not TOLERABLE RISK
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Annex K
(normative)

Insulation requirements not covered by 6.7

K.1 Requirements for MAINS CIRCUITS N

K.1.1 General

The concept of OVERVOLTAGE CATEGORIES is elaborated in IEC 6Q C 60664-1. The

descriptions below are made up of edited extracts from these_t ards.

An OVERVOLTAGE CATEGORY is, as the definition 3.5.17 staRgs, a ’ defining a TRANSIENT
OVERVOLTAGE condition. The OVERVOLTAGE CATEG eated to achieve insulation
coordination between different parts of the MAINS jnstallation. |IEC 60364-4-44 says
o distinguish different degrees of
tions on continuity of service and on
e decision of the appropriate RATING of

availability of equipment with regard to requi
an acceptable probability of failure’. This me
the OVERVOLTAGE CATEGORY of a pieggmof ay be made on grounds of reliability as
well as on grounds of safety. In i andard, Tequirements in Clauses 5 to 16 apply to
equipment not forming part of stallation, and the requirements for CLEARANCES
and CREEPAGE DISTANCRg pf OVERVOLTAGE CATEGORY Il, with MAINS voltages up

to 300 V. \
Equipment formin ar he building installation may include installation material,

equipment inte me3®sure or control the MAINS supply within the building, and similar
equipment. Allsuch ipment is permanently connected to the MAINS, and is permanently
installed in the\Quild#hg. However, equipment that utilizes the MAINS supply only for powering

itself and@ssocia equipment is not considered to be part of the building installation, even if
iti ent® connected or permanently installed in the building.

facturer rates equipment for OVERVOLTAGE CATEGORY Ill OR OVERVOLTAGE CATEGORY
e relevant requirements of this annex apply.

VERVOLTAGE CATEGORY | is used, within the context of |IEC 60364-4-44, for equipment
intended to be connected to a MAINS supply in which means have been taken to substantially
and reliably reduce TRANSIENT OVERVOLTAGES to a level where they cannot cause a HAZARD.
OVERVOLTAGE CATEGORY | is not relevant to this standard.

OVERVOLTAGE CATEGORY Il is for equipment intended to be supplied from the building wiring. It
applies both to plug-connected equipment and to PERMANENTLY CONNECTED EQUIPMENT.
Subclause 6.7 covers only the requirements for OVERVOLTAGE CATEGORY Il with a nominal
supply voltage up to 300 V. The requirements for higher OVERVOLTAGE CATEGORIES and for
OVERVOLTAGE CATEGORY Il with a nominal supply voltage above 300 V are covered by this
annex.

OVERVOLTAGE CATEGORY lIl is for equipment intended to form part of a building wiring
installation. Such equipment includes socket outlets, fuse panels, and some MAINS installation
control equipment. Manufacturers may also design equipment for OVERVOLTAGE CATEGORY |lI
when a higher degree of reliability and availability is desired.

OVERVOLTAGE CATEGORY |V is for equipment installed at or near the origin of the electrical
supply to a building, between the building entrance and the main distribution board. Such
equipment may include electricity tariff meters and primary overcurrent protection devices.
Manufacturers may also design equipment for OVERVOLTAGE CATEGORY IV when an even
higher degree of reliability and availability is desired.
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K.1.2 CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS

CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS shall meet the values of the
following tables as applicable:

a) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY IlI, with nominal supply voltage o)
300 V, Table K.2;

b) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY lll, Table K.3;

c) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY |V, Table K.4. ¢

NOTE 1 See Annex | for nominal voltages of MAINS supplies.

The values in the following tables are for BASIC INSULATION an C ARY INSULATION.
Values for REINFORCED INSULATION shall be twice the values f LATION.

If the equipment is RATED to operate at an altitude greaterqQgan 0 ythe CLEARANCES shall

be multiplied by the applicable factor of Table K.1.

NOTE 2 Material group Illb is not recommended for, ti POLLUTION DEGREE 3 above line-to-neutral
voltages of 630 V.

Conformity is checked by inspection ggc Msu eyt

ting altitude Multiplication factor
m

Up to 2 000 1,00

2 001 to 3 000 1,14
3 001 to 4 000 1,29
4 001 to 5 000 1,48

Table K.2 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS
of OVERVOLTAGE CATEGORY Il above 300 V

Values for CREEPAGE DISTANCE
Printed wiring board . . .
Yonage Values material Other insulating material
ine-to-
neutral a.c. for POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
r.m.s. or c:sg:' DEGREE 1 DEGREE 2 DEGREE 1
d.c. All Material All Material | Material | Material | Material | Material | Material
material | groups |, | material | group | | group Il | group lll | group | | group Il | group Il
groups I, llla groups
\% mm mm mm mm mm mm mm mm mm mm
>300 < 600 3,0 3,0 3,0 3,0 3,0 4,3 6,0 7,5 8,3 9,4
>600 <1 000 5,5 5,5 5,5 5,5 5,5 7,2 10,0 12,5 14,0 16,0
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Table K.3 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of
OVERVOLTAGE CATEGORY llI

Values for CREEPAGE DISTANCE
Printed wiring board Other insulating material
Voltage material
. Values
line-to- for
neutral a.c. | . . o | POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 E3
"-":‘-5- or ANCE | DEGREE1 DEGREE2 | DEGREE 1
.C.
All Material All Material | Material | Material Material
material | groups |, | material | group | | group Il | group Il group Il
groups I, llla groups
\ mm mm mm mm mm
<150 1,5 1,5 1,5 1,5 2,5
>150 < 300 3,0 3,0 3,0 3,0 4,7
>300 < 600 5,56 55 5,5 5,5 9,4
>600 < 1 000 8,0 8,0 8,0 8,0 16
Table K.4 — CLEARANCESY REEPAGE DISTANCES for MAINS CIRCUITS of
RGE CATEGORY IV
Values for CREEPAGE DISTANCE
wiring Other insulating material
Voltage bo&fd material
line-to- Va
neutral a.c. | . POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
DEGREE 1 DEGREE 2 DEGREE 1
L 3 All Material All Material | Material | Material | Material | Material | Material
material | groups |, | material | group | | group Il | group Ill | group | | group Il | group Il
groups 11, llla groups
mm mm mm mm mm mm mm mm mm mm
3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0
5,5 5,5 5,5 55 55 55 5,5 5,5 55 5,5
>300 < 600 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,3 9,4
>600 < 1 000 14,0 14,0 14,0 14,0 14,0 14,0 14,0 14,0 14,0 16,0

Coatings that meet the requirements of Annex H when applied to the outer surfaces of printed
wiring boards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.

Conformity of coatings is checked as specified in Annex H.

K.1.3 Solid insulation for MAINS CIRCUITS

K.1.3.1 General
Solid insulation of MAINS CIRCUITS shall withstand the electrical and mechanical stresses that

may occur in NORMAL USE, in all RATED environmental conditions (see 1.4), during the intended
life of the equipment.

NOTE 1 The manufacturer should take the expected life of the equipment into account when selecting insulating
materials.

Conformity is checked by both of the following tests:
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a) the a.c. test of 6.8.3.1 with a duration of at least 5 s or the peak impulse test of 6.8.3.3
using the applicable voltages from Tables K.5, K.6 or K.7;

b) the a.c. test of 6.8.3.1 with a duration of at least 1 min, or for MAINS CIRCUITS stressed on
by d.c. the 1 min d.c. test of 6.8.3.2 using the applicable voltages from Table K.8.

NOTE 2 These two different voltage tests are required for these circuits for the following reasons. Tes chec
the effects of TRANSIENT OVERVOLTAGES, while test b) checks the effects of long-term stress of solid insul3on.

NOTE 3
above.

If the test from Tables K.5 to K.7 is performed for at least 1 min, there is no need toq, at the tesT of b)

Table K.5 — Test voltages for solid insulation in MAIN
of OVERVOLTAGE CATEGORY Il above 300

Test volta
Voltage line-to- 5sa.c. test
neutral a.c. r.m.s. V a.c. r.ms.
ord.c.
BASIC INSULATION BAsic
\% and INSULATION and
SUPPLEMENTARY SUPPLEMENTARY | REINFORCED
INSULATION INSULATION INSULATION
>300 < 600 4 000 6 400
>600 < 1 000 6 000 9 600
*
Table K.6 es for solid insulation in MAINS CIRCUITS
f OVERVOLTAGE CATEGORY llI
Test voltage
Vv ge Ife-to- 5s a.c. test Impulse test
neu /' r.m.s.
Vrm.s. \% k
ord.c. rms pea
BASIC INSULATION BAsIC
\ and INSULATION and
SUPPLEMENTARY REINFORCED | SUPPLEMENTARY | REINFORCED
INSULATION INSULATION INSULATION INSULATION
<150 1390 2210 2 500 4 000
>150 < 300 2210 3510 4 000 6 400
>300 < 600 3310 5400 6 000 9 600
>600 < 1 000 4 260 7 400 8 000 12 800

Table K.7 — Test voltages for solid insulation in MAINS CIRCUITS
of OVERVOLTAGE CATEGORY IV

Test voltage
Voltage line-to- 5s a.c. test Impulse test
neutral a.c. r.m.s.
or d.c. Vrm.s. V peak
BASIC INSULATION BASIC INSULATION
Y/ and and

SUPPLEMENTARY REINFORCED | SUPPLEMENTARY REINFORCED
INSULATION INSULATION INSULATION INSULATION

<150 2210 3510 4 000 6 400

>150 < 300 3310 5400 6 000 9 600

>300 < 600 4 260 7 400 8 000 12 800

>600 < 1 000 6 600 11 940 12 000 19 200
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Table K.8 — Test voltages for testing long-term stress
of solid insulation in MAINS CIRCUITS

Test voltage

Voltage line-to- 1 min a.c. test 1 min d.c. test voltage
neutral a.c. r.m.s. Vr.m.s. Vd.c.
or d.c.
Basic BaAsic
\V] INSULATION and REINFORCED INSULATION and RE| CED
SUPPLEMENTARY INSULATION SUPPLEMENTARY INSUL N
INSULATION INSULATION

<150 1350 2700
> 150 < 300 1500 3 000
> 300 < 600 1800 3600
> 600 <1000 2 200 4400

1) for solid insulation used as an ENCLOSUR
2) for moulded and potted parts, the

3) for inner layers of printed wirin

4) for thin-film insulation, the

Conformity is checked as

K.1.3.2 Mouldedgand Mgtted parts

For BASIC INSQATIOff, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
located twee same two layers moulded together (see Figure K.1, item L) shall be
by 3t least the applicable minimum distance of Table K.9 after the moulding is

ty is checked by inspection and either by measurement of the separation or by
ction of the manufacturer’s specifications.

IEC 1012/10

Key
1 Layer 1
2 Layer 2

C Conductor

L Distance between conductors

Figure K.1 — Distance between conductors on an interface between two layers
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K.1.3.3 Inner insulating layers of printed wiring boards

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
located between the same two layers (see Figure K.2, item L) shall be separated by at least
applicable minimum distance of Table K.9.

Conformity is checked by inspection and either by measurement of the separation or by ins,

the manufacturer’s specifications.

Key:

L Distance between adjacent conductors

A Layers

C Conductors

*
Figure K.2 — Distance b

a

A
!

&

cent conductors along an interface of an inner layer

A

1013/10

&c’

Table K.9 values for distance or thickness of solid insulation
LWe-tode Minimum thickness Minimum distance L
ge (see Figure K.2)
a, b a, b
)
Vr.m.s.ord.c. mm mm
<300 0,4 0,4
>300 < 600 0,6 0,6
>600 < 1 000 1,0 1,0

a

b These values apply for BASIC INSULATION,
REINFORCED INSULATION.

These values are independent of the OVERVOLTAGE CATEGORY.

SUPPLEMENTARY INSULATION and

REINFORCED INSULATION of inner insulating layers of printed wiring boards shall also have
adequate electric strength through the respective layers. One of the following methods shall

be used:

a) the thickness through the insulation is at least the value of Table K.9.

Conformity is checked by inspection and either by measurement of the separation or by inspection
of the manufacturer’s specifications.

b) the insulation is assembled from at least two separate layers of printed wiring board
materials, each of which is RATED by the manufacturer of the material for an electric
strength of at least the value of the test voltage of the applicable Table K.5, Table K.6 or
Table K.7 for BASIC INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.
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c) the insulation is assembled from at least two separate layers of printed wiring board
materials, and the combination of layers is RATED by the manufacturer of the material for

an electric strength of at least the value of the applicable Table K.5, Table K.6 or Table
K.7 for REINFORCED INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.

K.1.3.4 Thin-film insulation

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSUL . o?ductors
located between the same two layers (see Figure K.3, item L) shall b r y at least
the applicable CLEARANCE and CREEPAGE DISTANCE of K.1.2.

Conformity is checked by inspection and either by measurement g t

gtion or by inspection of
the manufacturer’s specifications.

C
L 3 IEC 1014/10

istance between adjacent conductors
Layers of thin-film material such as tape and polyester film

Conductors

NOTE There may be air present between the layers

Figure K.3 — Distance between adjacent conductors located between
the same two layers

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequate
electric strength. One of the following methods shall be used.

a) The thickness through the insulation is at least the value of Table K.9.

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.

b) The insulation consists of at least two separate layers of thin-film materials, each of which
is RATED by the manufacturer of the material for an electric strength of at least the value of
the test voltages from Table K.5, Table K.6 or Table K.7 as applicable for BASIC INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.
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¢) The insulation consists of at least three separate layers of thin-film materials, any two of
which have been tested to exhibit adequate electric strength.

Conformity is checked by the a.c. test of 6.8.3.1 with a duration of at least 1 min or
MAINS CIRCUITS stressed only by d.c. the 1 min d.c. test of 6.8.3.2 applied to two of
three layers using the applicable voltage for REINFORCED INSULATION of Table K. Ak
K.6 or Table K.7.

NOTE For the purposes of this test a special sample may be assembled with only two lay, of the r@terial.
K.2 Insulation in secondary circuits

K.2.1 General

In this standard, secondary circuits are circuits wheregsep r MAINS CIRCUITS is
achieved by a transformer in which the primary windj re a d from the secondary
windings by REINFORCED INSULATION, DOUBLE IN N, a screen connected to the
PROTECTIVE CONDUCTOR TERMINAL.

NOTE These circuits are assumed to be subjected w TRANSIENT OVERVOLTAGE levels than the MAINS

CIRCUIT. ,

K.2.2 CLEARANCES
CLEARANCES for secondgy cifui

a) for BASIC INSULATI
Tables K.10,

PLEMENTARY INSULATION, meet the applicable values of
for REINFORCED INSULATION meet twice that value; or

b) pass the vol .8 using the applicable value of Table K.10, Table K.11 or Table
K.12.
For the licati Tables K.10 to K.12, the following applies:

rtast voltages for REINFORCED INSULATION are 1,6 times the values for BASIC
N;

if the equipment is RATED to operate at an altitude greater than 2 000 m, the values for
LEARANCES are multiplied by the applicable factor of Table K.1;

)

minimum CLEARANCE is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION
DEGREE 3.

Conformity is checked by inspection and measurement and for b) by the a.c. test of 6.8.3.1
with a duration of at least 5 s, or by the 1 min d.c. test of 6.8.3.2, using the applicable test

voltage from Tables K.10 to K.12. The value of the d.c. test voltage is V2 times the a.c. r.m.s.
test voltage.
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Table K.10 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY Il above 300 V

Secondary WORKING VOLTAGE MAINS VOLTAGE MAINS VOLTAGE
>300 < 600 V >600<1 000V
r.m.s. r.m.s.
a.c. r.m.s. d.c. CLEARANCE Test voltage CLEARANCE
or a.c. peak
\% \% mm m

16 22,6 1,5 2 1590
33 46,7 1,5 0 2210
50 70 1,5 2 210
100 140 1,6 2 260
150 210 1,6 3,2 2 300
300 420 1,8 3,4 2 400
840 2,4 3,9 2 630

1400 3,5 5,0 3110

1750 ) 5,8 3430

2 240 6,9 3 850

2 80 8,2 4 330

3500 1 9,8 4920

10 12 5780

00 12 15 7 000

16 18 8 200

820 20 22 9700

11 200 26 28 11 900

14 000 33 35 14 500

17 500 42 44 17 600

22 400 55 57 21900

28 000 71 73 27 000

35000 91 93 33 200

44 800 120 41 600 122 42 200
56 000 154 52 200 157 53 100
70 000 199 66 100 202 67 000
88 200 261 85 300 262 85 600

Linear interpolation is allowed.
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Table K.11 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY llI

Secondary MAINS voltage MAINS voltage MAINS voltage MAINS voltag
WORKING <150V >150 <300V >300 < 600 V >600 <1
VOLTAGE a.c. r.m.s. a.c. r.m.s. a.c. r.m.s. a.c.

ac. d.c. or Test Test Test
rm.s. a.c. CLEARANCE | voltage CLEARANCE voltage CLEARANCE voltage ANCE
v peak mm V a.c. mm V a.c. mm V a.c. mm
\ r.m.s. r.m.s. r.m.s.

16 22,6 0,48 1100 1,5 1800 2,9 2

33 47,3 0,50 1100 1,5 1800 5,4

50 70 0,53 1120 1,5 1800 5,5

100 140 0,61 1170 1,6 1880 5,6
150 210 0,69 1200 1,6 57
300 420 0,94 1360 1,8 3140 6,0
600 840 1,6 1880 2,4 3440 6,6
1000 1400 2,5 2 500 3,5 4 000 7,4
1250 1750 3,2 3020 4,2 5,8 4 480 8,1
1600 2 240 4,1 3 560 4 6,9 5 040 9,3
2 000 2 800 5,3 41 @ 4 800 8,2 5620 11
2 500 3 500 S, 5 560 9,8 6 320 12
3200 4 480 10 6 400 12 7 500 15
4 000 5600 12 7 500 15 9100 17
5000 7 000 16 9 600 18 10 600 20
6 300 8 820 20 11 600 22 12 600 25
26 14 600 28 15 500 31
33 17 800 35 18 700 38
41 21 500 42 21900 44 22 800 47
54 27 200 55 27 600 57 28 400 60
69 33 500 71 34 300 73 35200 76
89 41 600 91 42 400 93 43 200 96
118 53 000 120 53 700 122 54 500 125
153 66 100 154 66 500 157 67 600 160
198 82 400 199 82700 202 83 800 205
63 000 | 88 200 260 104 000 261 104 400 262 104 700 265 105 700
Linear interpolation is allowed.
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Table K.12 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY IV

Secondary MAINS voltage MAINS voltage MAINS voltage MAINS voltds
WORKING VOLTAGE <150 V >150 < 300 V >300 <600V >600 <Za00
a.c. r.m.s. a.c. r.m.s. a.c. r.m.s. a.gffr.m.s.
a.c. d.c. or CLEARANCE Test CLEARANCE Test CLEARANCE Test CLEARANCE st
r.m.s. |a.c.peak voltage voltage voltage tage
Vol " rme | ™ | ime | ™ | e * e
16 22,6 1,5 1800 2,9 2 820 54 4 5680
33 46,7 1,5 1800 3,0 2900 5,4 8,3 5680
50 70 1,5 1800 3,0 2900 5, 8,4 5740
100 140 1,6 1880 3.1 4 Y60 8,5 5 800
150 210 1,6 1880 3,2 420 8,6 5 860
300 420 1,8 2 040 3,4 4 600 8,9 5 960
600 840 2,4 2 440 3,9 4 860 9,6 6 240
1000 1400 3,5 3200 5,0 5240 10 6 400
1250 1750 4,2 3620 5,8, 4 8,1 5 560 11 7 000
1600 2 240 5,2 4120 ,9 40 9,3 6 120 12 7 500
2 000 2 800 6,5 5620 11 7 000 13 8 100
2 500 3500 8,1 L 6 320 12 7 500 15 9 100
3200 4 480 10 7 500 15 9100 17 10 100
4 000 5 600 2 500 15 9100 17 10 100 19 11 200
5000 7 000 9 600 18 10 600 20 11 600 23 13 100
6 300 8 820 0 11 600 22 12 600 25 14 100 27 15 100
26 14 600 28 15 500 31 16 900 33 17 800
33 17 800 35 18 700 38 20 000 40 21 000
42 21 900 44 22 800 47 24 200 50 25 500
55 27 600 57 28 400 60 29 700 63 31 000
71 34 300 73 35200 76 36 400 79 37 600
91 42 400 93 43 200 96 44 400 99 45 400
120 53 700 122 54 500 125 55 600 129 57 100
154 66 500 157 67 600 160 68 700 164 70 100
199 82700 202 83 800 205 84 900 209 86 300
63 000 | 88200 261 104 400 262 104 700 265 105 700 268 106 800
Linear interpolation is allowed.

K.2.3 CREEPAGE DISTANCES

CREEPAGE DISTANCES for BASIC INSULATION or SUPPLEMENTARY INSULATION for secondary
circuits shall meet the applicable values of Table K.13, based on the WORKING VOLTAGE which
stresses the insulation. Values for REINFORCED INSULATION are twice the values for BASIC

INSULATION.
Conformity is checked by inspection and measurement.

Coatings that meet the requirements of Annex H when applied to the outer surfaces of printed
wiring boards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.
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Conformity is checked by inspection and as specified in Annex H.

— 143 -

Table K.13 — CREEPAGE DISTANCES for secondary circuits

E"nted wiring Other insulating material
oard material
Secondary
popns POLLUTION |POLLUTION|POLLUTION
a\.l(?.L:.‘r\:.i. DEGREE 1 | DEGREE 2 | DEGREE 1 POLLUTION DEGREE 2 PoLLU
el Al Material All Material | Material | Material Material
.C. . . b
material [group I, Il| material | group | group Il | group Il group Il
groups or llla groups
\% mm mm mm mm mm
10 0,025 0,04 0,08 1,00 1,00
12,5 0,025 0,04 0,09 1,05 1,05
16 0,025 0,04 0,10 1,10 1,10 1,10
20 0,025 0,04 0,11 1,20 1,20 1,20
25 0,025 0,04 0,125 1,25 1,25 1,25
32 0,025 0,04 0,14 1,3 1,3 1,3
40 0,025 0,04 0,16 1,4 1,6 1,8
50 0,18 1,5 1,7 1,9
63 1,6 1,8 2,0
80 1,7 1,9 2.1
100 1,8 2,0 2,2
125 1,9 2,1 2,4
160 2,0 2,2 2,5
200 2,5 2,8 3,2
250 3,2 3,6 4,0
320 4,0 4,5 5,0
400 5,0 5,6 6,3
500 6,3 7,1 8,0
630 8,0 9,0 10,0
5,6 8,0 10,0 11 12,5
7.1 10,0 12,5 14 16
9,0 12,5 16 18 20
11 16 20 22 25
14 20 25 28 32
18 25 32 36 40
12,5 16 22 32 40 45 50
16 20 28 40 50 56 63
20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 80 100 110 125
10 000 40 50 71 100 125 140 160
12 500 50 63 90 125
16 000 63 80 110 160
20 000 80 100 140 200
25 000 100 125 180 250
32 000 125 160 220 320
40 000 160 200 280 400
50 000 200 250 360 500
63 000 250 320 450 600

a

For voltages above 1 000 V, CREEPAGE DISTANCES on printed wiring board material are the same as for other
insulators of the same material group.

Material group lllb is not recommended for application in pollution degree 3 above 630 V.

Linear interpolation is allowed.
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K.2.4 Solid insulation
K.2.4.1 General

Solid insulation in secondary circuits shall withstand the electrical and mechanical stres
that may occur in NORMAL USE, in all RATED environmental conditions (see 1.4), d t
intended life of the equipment.

NOTE The manufacturer should take the expected life of the equipment into account wheg#%e ecting‘]sulating
materials.

Conformity is checked by both of the following tests: @
a) by the voltage test of 6.8.3.1 for 5 s using the applicableffi e of Table K.10,

Table K.11 or Table K.12 for BASIC INSULATION and EARY INSULATION. For
REINFORCED INSULATION, the values are multiplied by 1,8;

b) additionally, if the WORKING VOLTAGE exceeds 304 thgWolf@Ge test of 6.8.3.1 for 1
min, with a test voltage of 1,5 times the wo@Ki % GE for BASIC INSULATION and
SUPPLEMENTARY INSULATION and twice the WORING @ E for REINFORCED INSULATION.

1) for solid insulation used as an E ER, the requirements of Clause 8;
2) for moulded and potted parts, ti*e ments of K.2.4.2;
3) for inner insulating lgyer iring boards, the requirements of K.2.4.3;

)

N

for thin-film insulationx quirements of K.2.4.4.
Conformity is chec asQeWied in K.2.4.2 to K.2.4.4 and Clause 8, as applicable.

K.2.4.2 Moglde potted parts

INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
eeNl the same two layers shall be separated by the applicable minimum distance
(see Figure K.1, item L).

ormity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.
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Table K.14 — Minimum values for distance or thickness
(see K.2.4.2 to K.2.4.4)

Peak value of the . Peak value of the .

a.c. or d.c Minimum a.c. or d.c Minimum
WORKING VOLTAGE value WORKING VOLTAGE value
or recurring peak or recurring peak

voltage voltage
kV kV

>0,046 7 < 0,33 0,05 >8,0 <10 3,5
>0,33<0,8 0,1 >10<12

>0,8<1,0 0,15 >12<15
>1,0<1,2 0,2 >15<20
>1,2<15 0,3

>1,6<2,0 0,45

>2,0<25 0,6

>2,56<3,0 0,8

>3,0<4,0 1,2

>4,0<5,0 1,5

>5,0<6,0

>6,0 < 8,0

. \ ¢ . .
K.2.4.3 Inner insulat ers@f printed wiring boards
For BASIC INSULA MENTARY INSULATION and REINFORCED INSULATION conductors

located between thegam layers shall be separated by the applicable minimum distance
of Table K.14 € FidQge K.2, item L).

is ¢ ed by inspection and either by measurement of the separation or by
f tigp manufacturer’s specifications.

ED INSULATION of inner insulating layers of printed wiring boards shall also have
uale electric strength through the respective layers. One of the following methods shall
ed:

a) the thickness of the insulation is at least the applicable minimum distance of Table K.14.

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.

b) the insulation is assembled from at least two separate layers of printed wiring board
materials, each of which is RATED by the manufacturer of the material for an electric
strength at least the value of the test voltage of the applicable Table K.10 to K.12 for BASIC
INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.

c) the insulation is assembled from at least two separate layers of printed wiring board
materials, and the combination of layers is RATED by the manufacturer of the material for
an electric strength at least the value of the test voltage of the applicable Table K.10,
Table K.11 or Table K.12 multiplied by 1,6 for REINFORCED INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.
K.2.4.4 Thin-film insulation

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION conductors
located between the same two layers (see Figure K.3, item L) shall be separated by at least
the applicable CLEARANCE and CREEPAGE DISTANCE of K.2.2 and K.2.3.

SEK Svensk Elstandard



- 146 — 61010-1 © IEC:2010

Conformity is checked by inspection and either by measurement of the separation or by
inspection of the manufacturer’s specifications.

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequ
electric strength. One of the following methods shall be used:
a) the thickness through the insulation is at least the applicable value of Table K.14;

Conformity is checked by inspection and either by measurement of the
inspection of the manufacturer’s specifications.

by

b) the insulation consists of at least two separate layers of thin-film
is RATED by the manufacturer of the material for an electric str
the test voltage of the applicable Table K.10, Table K.
INSULATION;

’

Conformity is checked by inspection of the manufactur’s s

c) the insulation consists of at least three separat@ | S hin-film materials, any two of
which have been tested to exhibit adequate efctri th.

with a duration of at least 1 min, or for
Wc. test of 6.8.3.2, using the applicable
multiplied by 1,6, applied to two of the

voltages from Table K.10, Table able 4
three layers.
NOTE For the purposesﬁf th@ ), a special sample may be assembled with only two layers of

Conformity is checked by the a.c. test o
MAINS CIRCUITS stressed only by d.c.,

the material.

K.3 Insulation t not addressed in 6.7, Clause K.1 or Clause K.2

um possible TRANSIENT OVERVOLTAGE is limited by the supply source or within
uipment (see K.4.) to a known level below the level assumed for the MAINS CIRCUIT,;

€ maximum possible TRANSIENT OVERVOLTAGE is above the level assumed for the MAINS
CIRCUIT;

the WORKING VOLTAGE is the sum of voltages from more than one circuit, or is a mixed
voltage;

d) the WORKING VOLTAGE includes a recurring peak voltage that may include a periodic non-
sinusoidal waveform or a non-periodic waveform that occurs with some regularity;

e) the WORKING VOLTAGE has a frequency above 30 kHz.

In cases a) to c), CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION are
determined according to K.3.2.

In cases d) and e) CLEARANCES are determined according to K.3.3.

In all cases K.3.4 addresses CREEPAGE DISTANCE and K.3.5 solid insulation

NOTE Requirements for measuring circuits are given in IEC 61010-2-030.
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K.3.2 CLEARANCE calculation

CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION are determined from the
following formula:

CLEARANCE = D4 + F x (D, — Dy)

where

F is a factor, determined from one of the equations:

F

(1,25 x Uy/Uy)— 0,25  if Uy/Uy > 0,2

F=0 if U,/Upy < 0,2

where
U,, = the maximum peak value of the OLTAGE;

U, = the maximum additiona®T, T OVERVOLTAGE

D4 and D, are veﬁ@m Table K.15 for U,

where

1 regrd®ents the CLEARANCE that would be applicable to a TRANSIENT
LTAGE with the shape of a 1,2 x 50 us impulse.

32 represents the CLEARANCE that would be applicable to the peak WORKING
VOLTAGE without any TRANSIENT OVERVOLTAGE;

RANCES for REINFORCED INSULATION are twice the values for BASIC INSULATION.

If the equipment is RATED to operate at an altitude greater than 2 000 m, the CLEARANCES shall
be multiplied by the applicable factor of Table K.1.

Minimum CLEARANCE, for BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED
INSULATION, is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION DEGREE 3.

Conformity is checked by inspection and measurement or by the a.c. test of 6.8.3.1 with a
duration of at least 5 s or the impulse voltage test of 6.8.3.3, using the applicable voltage from
Table K.16 for the required CLEARANCE.
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Table K.15 — CLEARANCE values for the calculation of K.3.2

Maximum voltage CLEARANCE Maximum voltage CLEARANCE
Un D, D, Un D, D,
\Y mm mm \% mm m
14,1 to 266 0,010 0,010 4 000 2,93 6,
283 0,010 0,013 4 530 3,53 7,29
330 0,010 0,020 5 660 4,92 1(&
354 0,013 0,025 6 000 5 10,8
453 0,027 13,1
500 0,036 15,2
566 0,052 17,2
707 0,081 22,8
800 0,099 29,5
891 0,12 38,5
1130 0,19 51,2
1410 0,38 66,7
1500 0,45 86,7
1770 0,75 116
2 260 195 150
2 500 195
2 830 255
3 540 5,04 100 000 165 290
Linear interpolat is a
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Table K.16 — Test voltages based on CLEARANCES

Test voltage
Required CLEARANCE Impulse asglaromHi
1,2/50 ps
mm V peak V r.m.s.
0,010 330 230 L 3
0,025 440 310
0,040 520 370
0,063 600
0,1 810
0,2 1150 0
0,3 1310 10
0,5 840
1,0 1060
1,5 1390
2,0 1680
2,5 @ 1960
. Q 4070 2210
4930 2 680
5 5 330 2900
5,0 5720 3110
6,0 6 460 3510
8,0 7 840 4 260
* 10,0 9 100 4 950
12,0 10 600 5780
15,0 12 900 7 000
20 16 400 8 980
25 19 900 10 800
30 23 300 12 700
40 29 800 16 200
50 36 000 19 600
60 42 000 22 800
80 53 700 29 200
100 65 000 35400
Liner interpolation is allowed.

NOTE Two examples of calculations follow:
EXAMPLE 1:

CLEARANCE for REINFORCED INSULATION for a WORKING VOLTAGE with peak value of 3 500V and an additional
transient voltage of 4 500 V (this can be expected within an electronic switching-circuit):

Maximum voltage U,, U, = U, + U,= (3500 + 4 500) V = 8 000 V
U,/ U,..=3500/8 000 = 0,44 > 0,2
thus F = (1,25 x U, / U, ) - 0,25 = (1,25 x 3 500 / 8 000) - 0,25 = 0,297

Values derived from Table K.15 at 8 000 V:
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D, =8,25 mm, D, = 15,2 mm

CLEARANCE = D, + Fx (D,—- D,) = 8,25 + 0,297 x (15,2 — 8,25) = 8,25 + 2,06 = 10,3 mm

For REINFORCED INSULATION the value is doubled. CLEARANCE = 20,6 mm.

EXAMPLE 2:

CLEARANCE for BASIC INSULATION for a circuit driven from a MAINS transformer connected to an outNg of ghe
distribution system with a MAINS voltage of 230 V and OVERVOLTAGE CATEGORY Il. The circuj ludes t ent

overvoltage limiting devices (see 14.8 and K.3.4) which limit the maximum voltage (includj me* ) in the
circuit to 1 000 V.

The peak value (U, ) of the voltage in the circuit is 150 V.

The maximum value of the voltage Un, is therefore 1 000 V.
U,=1000V

u,/U, =150/1000=0,15<0,2, thus F=0
CLEARANCE D1 = 0,15 mm interpolated from Table K.15

The CLEARANCE is then corrected for altitude and check

K.3.3  CLEARANCES in circuits hayjgg rgfu
VOLTAGES with frequenci ve 30 k

CLEARANCES for BASIC IN ULATY PLEMENTARY INSULATION for circuits having recurring
peak voltages but not requencies above 30 kHz shall meet the values of the
second column of Table KY ing the recurring peak voltage as the index. (See Figure K.4
for an example of ' voltage.)

-

IEC 1206/02

Key
A Peak value of recurring voltage

B Working voltage value

Figure K.4 — Example of recurring peak voltage

CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION for circuits that are
subjected to frequencies above 30 kHz shall meet the values of the third column of Table
K.17, using the peak value of the WORKING VOLTAGE as the index.

CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION for circuits that may be
subjected to both recurring peak voltages and to frequencies above 30 kHz shall meet the
higher of these requirements.
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CLEARANCES for REINFORCED INSULATION are twice the values for BASIC INSULATION.

If the equipment is RATED to operate at an altitude greater than 2 000 m, the CLEARANCES ar,
multiplied by the applicable factor of Table K.1.

The minimum CLEARANCE, for BASIC INSULATION, SUPPLEMENTARY INSULATION and REIfIFORC
INSULATION, is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION DEGREE 3.

*

Conformity is checked by inspection and measurement.

Table K.17 — CLEARANCES for BASIC INSULATION in circuits havin ing peak voltages

or WORKING VOLTAGES with frequencies ab

Voltage
peak value Frequg(r)lcki:li up 23

\ mm
0 to 330 0,02
400 0,04
0,07
0,11
0,26
0,48
0,76

1,1

2 000 1,8

2 500 1,8 2,6
A4 3 000 2,4 3,5
4 000 3,8 5,7

5000 57 8

6 000 7,9 10

8 000 11 15

10 000 15,2 20
12 000 19 25
15 000 25 32
20 000 34 44
25000 44 58
30 000 55 72
40 000 77 100

50 000 100
Linear interpolation is allowed.

K.3.4 CREEPAGE DISTANCES

The requirements of K.2.3 apply.

Conformity is checked as specified in K.2.3.
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K.3.5 Solid insulation

The requirements of K.2.4 apply except that in K.2.4.1 a), K.2.4.3 b) and c), and K.2.4.4 b)
and c) the values of Table K.16 are used in place of the applicable values of Table K.
Table K.11, or Table K.12.

To determine the required test voltage from Table K.16, the following procedure @all §e

applied:
rﬁg the
do not

a) Calculation of the theoretically required CLEARANCE according to K.3.2
requirements of K.3.3. Minimum CLEARANCES for POLLUTION DEG

apply.
b) Application of the resulting theoretically required CLEARAN u ble K.16 to
determine the required test voltage.
Conformity is checked as specified in K.2.4, using the tegt vo efnined above in place
2

of the test voltage from Table K.10, Table K.11, or Table .

K.4 Reduction of TRANSIENT OVERVOLT use of overvoltage limiting
devices

TRANSIENT OVERVOLTAGES in a G
components. Components suitabl
arrestors.

(ay b ited by combinations of circuits or
is purpose include varistors and gas-filled surge

.

VISR or circuit is intended to reduce TRANSIENT OVERVOLTAGES SO
h¥&ve reduced CLEARANCES, a RISK assessment (see Clause 17)
to account both of the following aspects:

If the overvoltage limitj
that the circuit fol Wi
shall be performed,

a) the circ@t sh duce TRANSIENT OVERVOLTAGES to the lower level even under SINGLE

LT CO S;

ircgt shall operate as intended even after withstanding repeated TRANSIENT
OLTAGES.

ty is checked by evaluation of the RISK assessment documentation to ensure that the
have been eliminated or that only TOLERABLE RISKS remain.
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Annex L
(informative)

Index of defined terms

Term

ACCESSIBLE (of a part)
BASIC INSULATION ...ttt et et e ettt e e e e e e e e e e e e eaa s
CLEARANCE ...ttt ettt et e e
CREEPAGE DISTANCE .. cittuititiieeii et e eeiee et e eeeieeen e eaeeeeanaeennns

DIRECT PLUG-IN EQUIPMENT ..ot
DOUBLE INSULATION ...t
ENCLOSURE ...t

FIXED EQUIPMENT ...coiiiiiiiiiiiiii e
FUNCTIONAL EARTH TERMINAL .........c.oeinnnnnt. ,
HAND-HELD EQUIPMENT ..o A 3.1.4

HAZARD

OLLUTION DEGREE ... i e ettt eae e 3.6.6

Lo MU o] Nl o] =T ] 2= = PPN 3.6.7
POLLUTION DEGREE 2 ...t ittt ettt ettt ettt ettt e et ettt e et et e et e et r e et r e et r e et e et re et e et aeen et 3.6.8
POLLUTION DEGREE 3 .oiitiiiitiiit ittt ettt et e e et e et e et e et e et e e et e e et e e et n e e et e a e e aa e e et eenetaenes 3.6.9
POLLUTION DEGREE 4 ...ttt ittt ettt e et e e et e ettt e et e e et e e et e e e e e e e e e e e a e e e aeeneaens 3.6.10
PORTABLE EQUIPMENT ..t ttti ettt e eet e et e e et e e e e e et e e et e e e et e e e et e e e e e e eet e eeanaeeeteeean e eeenaeeennaees 3.1.3
PROTECTIVE BARRIER ... ettt ittt ettt et et et e et e et e et e et ettt e et e ettt e et e e et t e et r e et re et e et ae et aaenaeen e 3.2.5
PROTECTIVE BONDING .ttt ittt s et e st st s s e e e s e e st s st e s e e e raaes 3.5.7
PROTECTIVE CONDUCTOR TERMINAL . ...ttt e e e e raes 3.2.3
PROTECTIVE IMPEDANCE ... ctu ittt ittt et et e et e et e et e et e et ettt e et ettt e et r e et ae et r e et r e et r e et aeetaaenaeen e 3.5.6
RATED (VAIUEG ) ottt e e e e e et et e et et et et et e et e et e en e en e 3.3.1
L NN I8 3.3.2
REASONABLY FORESEEABLE MISUSE ... .iiiiiiiiiiii i naes 3.5.14
REINFORCED INSULATION L. ctuitu ittt ettt e et e et e et e et e et e et ettt e et e et r e et r e et te et r e et r e et r e et aaetaaenaeenaes 3.6.4
RESPONSIBLE BODY ..etuttuttittett e tteete et e et e et e et e et e et e et e et e e et e ea e eh e eh e eh e eh e ea e ea e en e enaeenns 3.5.12
Y] TSP PP PRSP 3.5.15
L O L I 3.4.2
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SINGLE FAULT CONDITION . .ttt e et ettt e et e e e e s e s e e s e s s e saneaaeaanas 3.5.10
SUPPLEMENTARY INSULATION L.ttt e ae e 3.6.2
TEMPORARY OVERVOLTAGE .. .ottt it e e e e e ettt aa e e aae e 3.5.

WET LOCATION .o e e e
WORKING VOLTAGE
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