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least 500 VA.” Does this requirement apply throughout the rated output range of the volta
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Interpretation:

TC 66/Publication 61010-1 (2010), Third edition/I-SH 01

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

Part 1: General requirements

INTERPRETATION SHEET 1

IS Mterpretation sheet has been prepared by IEC technical committes 60 Sarety |

basuring, control and laboratory equipment.

e text of this interpretation sheet is based on the following documents:
ISH Report on voting
66/497A/ISH 66/505/RVD

Il information on the voting for the approval of this interpretationsheet can be found in t
bort on voting indicated in the above table.

C 61010-1:2010 contains a requirement in 6.8.3.1 pentaining to voltage testers for type tes
follows:

he generator shall be able to supply a power-of at least 500 VA.”
is has given rise to the following questions:

w does one interpret the requirement for voltage testers in 6.8.3.1 of IEC 61010-1:201
ecifically, this subclause requires:that “The generator shall be able to supply a power of

bter? What is meant by the-word “generator”? Is the “generator” the power supply within t
Itage tester, or the voltage-tester output, or something else?

voltage tester.used for type tests must be able to deliver at least 500 VA at its full-rat
tput voltage..lt does not necessarily need to deliver 500 VA if set for lower voltages.

r example, a voltage tester that can deliver 100 mA at any test output voltage up to 5 000
hd a  current corresponding to 500 VA above 5 000 V) would meet the requirement.

of

at
je
he

1%
Q

The requirements for voltage testers used for routine (production line) tests are included in
Annex F. The requirements of 6.8.3.1 do not apply to these voltage testers.”

Fe

bruary 2013 ICS 19.080, 71.040.10
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: General requirements

1)

2)

3)

4)

5)

6)

7)

8)

9)

Th

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardiZatioh compris
all national electrotechnical committees (IEC National Committees). The object of IEC,is to prom
international co-operation on all questions concerning standardization in the electrical and’electronic fields.
this end and in addition to other activities, IEC publishes International Standards, Fechnical Specificatio
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’ referred to as ‘I
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interes
in the subject dealt with may participate in this preparatory work. International, governmental and n
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clos
with the International Organization for Standardization (ISO) in accordance’with conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express,Jas nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical.committee has representation from
interested IEC National Committees.

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

In order to promote international uniformity, IEC ‘National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in their national and regional publications. Any diverger]
between any IEC Publication and the correspaondinig national or regional publication shall be clearly indicated
the latter.

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

All users should ensure that they\have the latest edition of this publication.

No liability shall attach to |IEC.of its directors, employees, servants or agents including individual experts g
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) ¢
expenses arising outyvof*the publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn-to the Normative references cited in this publication. Use of the referenced publicationg

indispensable:for the correct application of this publication.

Attentionrsis‘drawn to the possibility that some of the elements of this IEC Publication may be the subject
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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is.extended version (EXV) of the official IEC Standard provides the user with t

ne

comprehensive content of the Standard.

IEC 61010-2-033:2023 EXV includes the content of IEC 61010-2-033:2023, and the references
made to IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016.

The specific content of IEC 61010-2-033:2023 is displayed on a blue background.
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IEC 61010-2-033 has been prepared by IEC technical committee 66: Safety of measuring,
control and laboratory equipment. It is an International Standard.

This third edition cancels and replaces the second edition published in 2019. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

ed

ition:

a)

b)
c)

TH

ol n Ll FH £ [~ ™S datadl =i £ £ b
wiIdUOUT 4, dil TTUTTITauve TUTUTUTIUTCO TIdve UTTITT UalTUu aitu 1T1evy 1T1uTTimiauave TeTeTTIlITuCo T1d

been added;
4.4.2.101 is a new subclause about surge protective devices;
Subclause 6.6.101 modifies 6.6.101 and 6.6.102 of previous edition:

1) in 6.6.101.1, insulating material of group | may be allowed for détermination
CREEPAGE DISTANCES of measuring circuit TERMINALS;

2) in 6.6.101.2, CLEARANCES and CREEPAGE DISTANCES up to 3 000 V for measuring circ
TERMINALS in unmated position have been defined;

3) in 6.6.101.3, requirements for measuring circuit TERMINALS-In. partially mated positi
have been specified;

4) in 6.6.101.4, requirements for measuring circuit TERMINALS in mated position ha
been specified;

5) Subclause 6.6.101.5 replaces 6.6.102;
Subclause 6.101 replaces 6.9.101 of the previous*edition with modifications;

9.101 is a new subclause to consider the_ protection of measuring circuits against t
spread of fire and arc flash;

in 9.101.2, relocation of 101.3 of previouys edition;
in 9.101.3, relocation of 101.4 of previous edition;
in 101.3, relocation of Clause 102/f previous edition;

in K.2.1, another method for determination of CLEARANCES of secondary circuits
proposed;

in K.3.2, new Table K., 45 and Table K.16 for CLEARANCE calculation;
Clause K.4 of the previous edition has been deleted;

Subclause K.1044has been reviewed;

Table K.104 of the previous edition has been deleted;

Annex AA:“Figure AA.1 has been redesigned;

Annex\EE: addition of a new informative annex for determination of CLEARANCES for t
purposes of Table 101.

of

it

S

ne

etext of this International Standard is based on the following documents:
Draft Report on voting
66/787/FDIS 66/797/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
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available at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC are described in greater detail at www.iec.ch/publications.

A list of all parts of the IEC 61010 series, under the general title Safety requirements for
electrical equipment for measurement, control, and laboratory use, can be found on the IEC
website.

This document is to be used in conjunction with [IEC 61010-1:2010 and
IEC 61010-1:2010/AMD1:2016.

THis document supplements or modifies the corresponding clauses in IEC 61010-1 soas |to
convert that publication into the IEC standard: Particular requirements for hand-held
mubltimeters and other meters for domestic and professional use, capable of measuring’ mains
vdltage.

Where a particular subclause of IEC 61010-1 is not mentioned in this “"document, tHat
subclause applies as far as is reasonable. Where this document™states "addition",

nmodification", "replacement"”, or "deletion" the relevant requirement, test ‘specification or ndte
in|lEC 61010-1 should be adapted accordingly.

In|this standard:

a)| the following print types are used:

— requirements: in roman type;

— NOTES: in small roman type;

— conformity and tests: in italic type;

— terms used throughout this standard.which have been defined in Clause 3: SMALL
ROMAN CAPITALS;

b)| subclauses, figures, tables and notes*which are additional to those in IEC 61010-1 dre
numbered starting from 101. Additional annexes are lettered starting from AA apd
additional list items are lettered from aa).

THe committee has decided that\the contents of this document will remain unchanged until the
stability date indicated on _the IEC website under webstore.iec.ch in the data related to the
specific document. At this"date, the document will be
¢ | reconfirmed,

e | withdrawn,

o | replaced by.arevised edition, or

e | amended:

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION to IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016

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

IEC 61010-1 specifies the safety requirements that are generally applicable to all equipment
within its scope. For certain types of equipment, the requirements of IEC 61010-1 and its
amendment will be supplemented or modified by the special requirements of one or more
standard from the IEC 61010-2 series which is/are read in conjunction with the requirements

of

1)

IEC 61010-1.

IEC 61010-2-030:2023 specifies the safety requirements for equipment with testing
measuring circuits which are connected for test or measurement purposes to devices

or
or

2)

3)

4)

IE

circuits outside the measurement equipment itself.

IEC 61010-2-032:2023 specifies the safety requirements for hand-held~a
hand-manipulated current sensors for measuring, detecting, injecting current, or.indicati
current waveforms on circuits without physically opening the current path of) the circ
being measured.

Most of the requirements of IEC 61010-2-030:2023 have bgen* included
IEC 61010-2-032:2023. Equipment within the scopes of both IEC 61010-2-030:2023 a
IEC 61010-2-032:2023 is considered to be covered by the requirements of IEC 61010
032:2023.

However, for current sensors in combined equipment with) protective bonding a
automatic disconnection of the supply, IEC 61010-2-030:2023 and IEC 61010-2-032:20
are read in conjunction.

This document specifies the safety requirements for hand-held multimeters and oth
meters for domestic and professional use, capable cof measuring mains voltage, intend
to measure voltage and other electrical quantities\such as resistance or current.

All relevant requirements of IEC 61010-2-030:2023 have been included in this document

IEC 61010-2-034:2023 specifies the safetysrequirements for measurement equipment 1
insulation resistance and test equipment.for electric strength which are connected to uni
lines or circuits for test or measurementpurposes.

All  relevant requirements of-SMEC 61010-2-030:2023 have been included
IEC 61010-2-034:2023. However,for equipment within the scope of IEC 61010-2-032:20
and IEC 61010-2-034:2023, these standards are read in conjunction.

C 61010-031 specifies the-safety requirements for hand-held and hand-manipulated pro

aslsemblies and their related*accessories intended to be used in particular with equipment

th
pr

p scope of IEC 61010-2-030, IEC 61010-2-032, this document, and IEC 61010-2-034. The
bbe assemblies arefor non-contact or direct electrical connection between a part a

elgctrical test and( measurement equipment. They may be fixed to the equipment or

de

tachable accessories for the equipment.
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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR
MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 1: General requirements

1 Scope and object

1.1 Scope
1.1.1 Equipment included in scope

THis document specifies safety requirements for hand-held multimeters and_other meters for
ddmestic and professional use, capable of measuring MAINS.

HAND-HELD MULTImeters are multi-range multifunction measuring instruments intended |[to
me¢asure voltage and other electrical quantities such as resistance\of current. Their primgry
purpose is to measure voltage on a live MAINS. They are suitablete_be supported by one hapd
dduring NORMAL USE.

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

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

d) IEC 60364 (Electrical installations\of buildings);
e) IEC 60439 (Low-voltage switchgear and controlgear assemblies);
f) IEC 60601 (Medical electrical equipment);

g) IEC 60950 (Information technology equipment including electrical business equipment,
except as specified(n1.1.3);

(
(
c) IEC 60335 (Household and similar electrical appliances);
(
(

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 type).

aa) IEC©64557 (all parts), Electrical safety in low voltage distribution systems up |to
1000V AC and 1500V DC - Equipment for testing, measuring or monitoring |of
protective measures

HANB>HELD EQUIPMENT such as oscilloscopes, wattmeters, process control multimeters not
RATED for measuring voltage on a live MAINS, clamp multimeters and communications test sets
are not within the scope of this document.

1.1.3 Computing equipment

This standard applies only to computers, processors, etc. which form part of equipment within
the scope of this standard or are designed for use exclusively with the equipment.

NOTE Computing devices and similar equipment within the scope of IEC 60950 and conforming to its
requirements are considered to be suitable for use with equipment within the scope of this standard. However,
some of the requirements of IEC 60950 for resistance to moisture and liquids are less stringent than those in this
standard (see 5.4.4 second paragraph)).
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1.2 Object

1.2.1 Aspects included in scope

The purpose of the requirements of this standard is to ensure that HAZARDS to the OPERATOR

an

d the surrounding area are reduced to a tolerable level.

Requirements for protection against particular types of HAZARD are given in Clauses 6 to 13,

as

follows:

Reé
FQ

Ar
co
co
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TH

a)
b)
c)
d)
1.

Th

G) U:GUtIIU ohuu:\ T bUIII (OUU C:GUOU C)

b) mechanical HAZARDS (see Clauses 7 and 8);

c) spread of fire or arc flash from the hand-held MmuLTImeters (see Clause 9);
d) excessive temperature (see Clause 10);

e) effects of fluids and fluid pressure (see Clause 11);

Clause 12);
g) liberated gases, explosion and implosion (see Clause 13).

quirements for protection against HAZARDS arising from. "NORMAL USE, REASONAB
RESEEABLE MISUSE and ergonomic factors are specified in Clause 16 and Clause 101.

f) effects of radiation, including lasers sources, and sonic and ultrasgnic pressure (see

of

nex BB provides guidance to equipment manufacturers on HAZARDS that should pe
nsidered for equipment intended for performing tests and measurements on hazardous
nductors, including MAINS conductors and telecommiunication network conductors.
5K assessment for HAZARDS or environmentis not fully covered above is specified |in
puse 17.
TE Attention is drawn to the existence of+additional requirements regarding the health and safety of labgur
Cces.
.2.2 Aspects excluded from scope
is standard does not cover.:
reliable function, performance, or other properties of the equipment not related to safety
effectiveness oftransport packaging;
EMC requirements (see the IEC 61326 series);
protective measures for explosive atmospheres (see the IEC 60079 series).
B Verification
issstandard also specifies methods of verifying that the equipment meets the requirements
lilib b‘LallddIUI, i.;llngil illbpcbiiull, I'YFE TESTS, RUUTINE TESTS, dlllj RIS dbbcbblllclli.

1.4 Environmental conditions

1.4.1 Normal environmental conditions

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

a)
b)
c)

indoor use;
altitude up to 2 000 m;
temperature 5 °C to 40 °C;
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d)

e)
f)

g)
h)

maximum relative humidity 80 % for temperatures up to 31 °C decreasing linearly to 50 %
relative humidity at 40 °C;

MAINS supply voltage fluctuations up to 10 % of the nominal voltage;
TRANSIENT OVERVOLTAGES up to the levels of OVERVOLTAGE CATEGORY lI;

NOTE 1 These levels of transient overvoltage are typical for equipment supplied from the building wiring.
TEMPORARY OVERVOLTAGES occurring on the MAINS supply.

applicable POLLUTION DEGREE of the intended environment (POLLUTION DEGREE 2 in most
cases).

NG
€q

1

TH
CO

manufacturer of the equipment:

lipment must be safe within these normal environmental conditions.

4.2 Extended environmental conditions

TE 2 Manufacturers may specify more restricted environmental conditions for operation; nevertheléss® the

is standard applies to equipment designed to be safe not only in the €nvironmenial
nditions specified in 1.4.1, but also in any of the following conditions’>as RATED by the

a)| outdoor use;

b)| altitude above 2 000 m;

c)| ambient temperatures below 5 °C or above 40 °C;

d)| relative humidity above the levels specified in 1.4.1;

e)| MAINS supply voltage fluctuations exceeding +10 % 6PHthe nominal voltage;

f) | WET LOCATION;

g)| 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 applicatipn

ofthis document. For dated references, only the edition cited applies. For undated referencgs,

the latest edition of the referenced document (including any amendments) applies.

IE[C 60027 (all parts), Letter symbols to be used in electrical technology

IEC 60065, Audios'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

IE 60073, BCIOI'U Clr;d OleUty Nl l'r;ul".lllv\) ful man mCIUIL;I'nU l'ntUl fClUU, mal rlu'nu Clr;d :'d\:nt fi-

cation — Coding principles for indicators and actuators

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 including
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 purposes
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IEC 60332-1-2, Tests on electric and optical fibre cables 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 under fire conditions — Part 2-2: Test
for vertical flame propagation for a single small insulated wire or cable — Procedure for
diffustion flame

IEC 60335-2-24, Household and similar electrical appliances — Safety — Part 2-24: Particular
requirements for refrigerating appliances, ice-cream appliances and ice-makers

IEC 60335-2-89, Household and similar electrical appliances — Safety — Part 2-89: Rarticular
requirements for commercial refrigerating appliances with an incorporated @r “femaqte
refrigerant condensing unit or compressor

IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
Priotection against voltage disturbances and electromagnetic disturbances
IEIC 60364-4-44:2007/AMD1:2015
IEIC 60364-4-44:2007/AMD2:2018

IEC 60417, Graphical symbols for use on equipment
IEC 60529, Degrees of protection provided by enclosures ({2-Code)

IEC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Uge
of|coating, potting or moulding for protection againstpollution

IEC 60695-11-10, Fire hazard testing — Part 11210: Test flames — 50 W horizontal and vertigal
flame test methods

IEC 60799, Electrical accessories — Gord 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 60947-2, Low-ydéitage switchgear and controlgear — Part 2: Circuit-breakers

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

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing apd

measSurement techniques — Surge immunity test
IEC_81000-4-5:2014/AMD1:2017

IEC 61010-2-030:2023, Safety requirements for electrical equipment for measurement,
control, and laboratory use — Part 2-030: Special requirements for testing and measuring
circuits

IEC 61010-031:2022, Safety requirements for electrical equipment for measurement, control,
and laboratory use — Part 031: Safety requirements for hand-held and hand-manipulated
probe assemblies for electrical test and measurement

IEC 61010-2-032:2023, Safety requirements for electrical equipment for measurement,
control, and laboratory use — Part 2-032: Particular requirements for hand-held and
hand-manipulated current sensors for electrical test and measurement
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IEC 61180:2016, High-voltage test techniques for low-voltage equipment — Definitions, test

an

d procedure requirements, test equipment?

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 61672-2, Electroacoustics — Sound level meters — Part 2: Pattern evaluation tests

IEC 62262, Degrees of protection provided by enclosures for electrical equipment against

ex

ternal impacts (IK code)

IE

IE
m

IE
r

[\

IS
te

IS
pri

1S

IS
int

IS
up

EN
D4

C 62471, Photobiological safety of lamps and lamp systems

C TR 62471-2, Photobiological safety of lamps and lamp systems — Part 2: Guidance
hnufacturing requirements relating to non-laser optical radiation safety

3

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

3.1 Equipment and states of equipment

3.11
FIXED EQUIPMENT
equipment fastened to a support, or otherwise secured in a specific location

1

C 62598, Nuclear instrumentation — Constructional requirements and)¢lassification |of
Hiometric gauges

C Guide 104, The preparation of safety publications and the use~of\basic safety publicatiops
d group safety publications

O/IEC Guide 51, Safety aspects — Guidelines for their ine¢lusion in standards

D 306:2013, Plastics — Thermoplastic materials = Determination of Vicat softenihg
mperature (VST)

D 361, Basic ionizing radiation symbol

D 3746, Acoustics — Determination of sound power levels of noise sources using souhd
bssure — Survey method using an enveloping measurement surface over a reflecting plane

D 7000, Graphical symbols forcuse on equipment

D 9614-1, Acoustics — Détermination of sound power levels of noise sources using souhd
ensity — Part 1: Measurement at discrete points

D 13857, Safety(ofymachinery — Safety distances to prevent hazard zones being reached py
per and lower limbs

| 378-2,Refrigerating systems and heat pumps — Safety and environmental requirements.
sign,.censtruction, testing, marking and documentation

- Ferms—and-definitions

IEC 61180:2016 replaces everywhere IEC 61180, IEC 61180-1 and IEC 61180-2 are referenced in IEC 61010-

1.
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[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

3.1.3
PORTABLE EQUIPMENT
equipment intended to be carried by hand

4
ND-HELD EQUIPMENT
RTABLE EQUIPMENT intended to be supported by one hand during NORMAL USE

.1.5
oL
ernal device, including keys and coins, used to aid a person to (perform a mechanigal

TERMINAL by which electrical connection is made directly to a point of a measuring or contfol

PROTECTIVE CONDUCTOR TERMINAL
TERMINAL which is bonded to conductive parts of equipment for safety purposes and
intended to be connected to an external protective earthing system

S

3.24

ENCLOSURE

part providing protection of equipment against certain external influences and, in any
direction, 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]
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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
camponent, device or equipment

[IHEC 60050-151:2001, 151-16-08, modified]

3.8.2
RATING
set of RATED values and operating conditions

[I1§C 60050-151:2001, 151-16-11]

3.3.3

WOQRKING VOLTAGE
highest r.m.s. value of the a.c. or d.c. voltage across any pariigular insulation which can ocdur
when the equipment is supplied at RATED voltage

NQTE 1 Transients and voltage fluctuations are not considereddo be part of the WORKING VOLTAGE.

NQTE 2 Both open-circuit conditions and normal operating{conditions are taken into account.
3.4 Tests

3.4.1

TYPE TEST
tegt of one or more samples of equipment (or parts of equipment) made to a particular design,
to[show that the design and construction meet one or more requirements of this standard

NQTE This is an amplification. of ;the IEC 60050-151:2001, 151-16-16 definition to cover design as well |as
copstruction.

3.4.2
RQUTINE TEST
conformity test made on each individual item during or after manufacture

[I§EC 60050-151:2001, 151-16-17]

3.p Safety terms

3.54
ACCESSIBLE (of a part)
able to be touched with a standard test finger or test pin, when used as specified in 6.2

3.5.2
HAZARD
potential source of harm

3.5.3
HAZARDOUS LIVE
capable of rendering an electric shock or electric burn
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3.5.4
MAINS
electricity supply system

3.5.5

MAINS CIRCUIT

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

3.5.6

OTECTIVE IMPEDANCE
mponent or assembly of components whose impedance, construction and reliability- gre
itable to provide protection against electric shock

T
OTECTIVE BONDING

SINGLE FAULT CONDITION
condition in which one means for protection against HAZARD is defective or one fault is presgnt
which could cause a HAZARD

NQTE If a SINGLE FAULT CONDITION results unavoidably in one or more other fault conditions, all the failures are
considered as one SINGLE FAULT CONDITION [IEC Guide 104].

3.p.11
OHAERATOR
person operating equipment for its intended purpose

3.5.12
RESPONSIBLE(BODY
ingdividuahor group responsible for the safe use and maintenance of equipment

3.5M3
WET 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
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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]

3.5.17
OVERVOLTAGE CATEGORY
numeral defining a TRANSIENT OVERVOLTAGE condition (see Annex K)

3.5.18

TRANSIENT OVERVOLTAGE
shiort duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatoryy,usual
highly damped

[

y

BC 60050-604, Amendment 1:1998, 604-03-13]

3.5.19
TEMPORARY OVERVOLTAGE
pdwer frequency overvoltage of relatively long duration

[

BC 60050-604, Amendment 1:1998, 604-03-12]

3.5.101

MBASUREMENT CATEGORY
classification of testing and measuring circuits according to the type of MAINS to which they
arg intended to be connected

3.6 Insulation

3.6.1
BASIC INSULATION
ingulation of HAZARDOUS LIVE parts which provides basic protection

[

BC 60050-195:1998, 195-06-06]

NQTE BASIC INSULATION may Serve also for functional purposes.

3.6.2

SUPPLEMENTARY INSULATION
independent insulation applied in addition to BASIC INSULATION in order to provide protectipn
against electric\shock in the event of a failure of BASIC INSULATION

[I1BC 60050-195:1998, 195-06-07, modified]

insulation 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]
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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

3.6.7
PJLLUTION DEGREE 1
POLLUTION or only dry, non-conductive POLLUTION occurs, which has no influence

.8

LLUTION DEGREE 2

ly non-conductive POLLUTION occurs except that occasionally a temponary conductiv
used by condensation is expected

—

y

.9

LLUTION DEGREE 3
nductive POLLUTION occurs, or dry, non-conductive POLLUTION occurs which becomgs
nductive due to condensation which is expected

OO0 T W

TE In such conditions, equipment is normally protected against@xposure to direct sunlight, precipitation, gnd
full wind pressure, but neither temperature nor humidity is controlled:

3.6.10

PJLLUTION DEGREE 4

continuous conductivity occurs due to conductive dust, rain or other wet conditions

3.6.11

CLUEARANCE

shiortest distance in air between two.gonductive parts

3.6.12

CREEPAGE DISTANCE

shortest distance along the surface of a solid insulating material between two conductive

rts

[I1§C 60050-151:2007, 151-15-50]

4| Tests

4.1 General

D T oo
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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.


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

IEC 61010-2-033:2023 EXV © |IEC 2023 - 25—

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,
the inspection will either demonstrate that the equipment meets the applicable requirements,
or|will indicate that further testing is required.

Tgsts needed to support a RISK assessment (see Clause 17) are carried out{in the
cdmbinations of conditions and operations determined during the RISK assessment:

If,|when carrying out a conformity test, there is any uncertainty about the exact value of gn
adplied 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 testvalue is applied.

4.2 Sequence of tests

THe sequence of tests is optional unless otherwise specified. The equipment under test shpll
be carefully inspected after each test. If the result of atest causes doubt whether any earljer
tegts would have been passed if the sequence had been reversed, these earlier tests shall pe
repeated.

4.3 Reference test conditions
4.8.1 Environmental conditions

Unless otherwise specified in this standard, the following environmental conditions shall exjst
infthe test location:

a)| a temperature of 15 °C t035 °C;

b)| a relative humidity of not'more than 75 %, but not exceeding the limits of 1.4.1 d);
c)| an air pressure of {5 kPa to 106 kPa;

d)| no hoar-frost, dew; percolating water, rain, solar radiation, etc.

4.8.2 State of equipment
4.83.2.1 General

Unless_otherwise specified, each test shall be carried out on the equipment assembled for
NQRMAL USE and under the least favourable combination of the conditions given in 4.3.4.2
to 4.3.2.13.

NOTE 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.


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

- 26 — IEC 61010-2-033:2023 EXV © |IEC 2023

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

co

nnected.

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.

4,
Th

a)

b)
c)
d)

e)

In
VO
in

PH

Fy

Cq
ex

a)
b)

.3.2.6 Input and output voltages or currents

.3.2.7 Earth TERMINALS

.3.2.8 Controls

8.2.5 Power supply
e following requirements apply:

the voltage of the power supply connected to the MAINS shall be between 90,% |and 110
of any RATED supply voltage for which the hand-held multimeter can be set(r;’if the han
held multimeter is RATED for a greater fluctuation, at any supply voltage within t
fluctuation range;

the MAINS frequency shall be any RATED frequency;
hand-held multimeters for both a.c. and d.c. shall be connected.to.an a.c. or d.c. supply;

hand-held multimeters powered from MAINS by single-phasge_a.c. shall be connected bg
with normal and reverse polarity;

if the means of connection permit reversal, battery-operated and d.c. hand-he
multimeters shall be connected with both reverse andinormal polarity.

put and output voltages or currents, including floating voltages but excluding the supq
Itage connected to the MAINS, shall be set terany voltage or current within their RATED rang
normal and reverse polarity if possible.

OTECTIVE CONDUCTOR TERMINALS, if any, shall be connected to earth.

NCTIONAL EARTH TERMINALS Shall be connected or not connected to earth.

ntrols which an OPERATOR can adjust without the use of a TOOL shall be set to any positi
cept that:

MAINS 'selection devices shall be set to the correct value;

combinations of settings shall not be made if they are prohibited by the manufacturef

%
d-

d

<

el

frarking on the equipment.

4.3.2.9 Connections

The 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

us

E.

4.3.2.11 Output

For equipment giving an electrical output:
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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.

E(luipment 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” pe
operated for the shortest RATED period followed by the shortest RATED recovery period:

4.8.2.13 Loading and filling

Equipment intended to be loaded with a specific material in NORMAL USE shall be loaded wjth
the least favourable quantity of the materials specified in the instructions) for use, includipg
ngt loaded (empty) if the instructions for use permit this in NORMAL USE.

NQTE If the specified material could cause a HAZARD during test, another material may be used provided thaf it
cap be shown that the result of the test is not affected.

4.4 Testing in SINGLE FAULT CONDITION
4.4.1 General

THe following requirements apply.

a)| Examination of the equipment and its*ecircuit diagram will generally show the fallt

conditions which are liable to result in HAZARDS and which, therefore, shall be applied.

b)| Fault tests shall be made as specified for checking conformity, unless it can pe
demonstrated that no HAZARD could arise from a particular fault condition.

c)| The equipment shall be operated under the least favourable combination of reference tgst
conditions (see 4.3). These“combinations may be different for different faults and they
shall be recorded for eachytest. If the environmental limits of the reference test conditiops
(see 4.3) do not allow realistic assessment of SINGLE FAULT CONDITIONS, the test shall pe
conducted at the least favourable RATED environmental conditions of the equipment.

4.4.2 Application(of fault conditions
4.4.2.1 General

Fgult conditions shall include those specified in 4.4.2.2 to 4.4.2.14. They shall be applied only
onle at-a.time and shall be applied in turn in any convenient order. Multiple simultaneous
faults shall not be applied unless they are a consequence of an applied fault.

NOTE For example, fans may be stopped one fan at a time unless they share a common power or control source.
In that 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.
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b) 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.

4.4.2.4 Equipment or parts for short-term or intermittent operation

These—shaltbe—operated—econtintousty—ifeontintous—operation—ecottd-ocetr—i—a—SHNGEEFAGLT
CQONDITION. Individual parts may include motors, relays, other electromagnetic devices-apd
hegaters.

4.4.2.5 Motors

Motors shall be stopped while fully energized or prevented from starting, Whichever is less
fayourable.

One supply phase of any multi-phase motor shall be interrupted whileythe motor is operatipg
atlits intended full load.

4.4.2.6 Capacitors

Capacitors (except for self-healing capacitors) in the auxiliary winding circuits of motors shall
bed short-circuited.

4.4.2.7 MAINS transformers

4.4.2.71 General

THe secondary windings of MAINS transformers shall be short-circuited as specified
4.4.2.7.2, and overloaded as specified-in 4.4.2.7.3.

n

A transformer damaged during ene test may be repaired or replaced before the next test.
Tgsts for MAINS transformersitested as separate components are specified in 14.6.

4.4.2.7.2 Short_circuit

4%
o

E4ch untapped, output winding, and each section of a tapped output winding, which is load
in|NORMAL USE;\shall be tested in turn, one at a time, to simulate short circuits in the logdd.
Oyercurrent protection devices remain fitted during the test. All other windings are loaded [or
ndt loaded;-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
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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.

T Baforea-as I 12N PN PO P ¢ T Y- fion o bial oo + . Ee-tH-HHeaRa-aa-t
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the short-circuit test of 4.4.2.7.2 need not be subjected to overload tests.

£ 44 2 -t
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4.4.2.8 Outputs

Ouitputs shall be short-circuited one at a time.

4.4.2.9 Equipment for more than one supply

Equipment which is designed to be operated from more than one(type of supply shall pe
simultaneously connected to these supplies, unless this is prevented by the construction.

4.4.2.10 Cooling
Equipment cooling shall be restricted as follows, one fault at'a time:

a)| air-holes with filters shall be closed;

b)| forced cooling by motor-driven fans shall be_stopped;

c)| cooling by circulation of water or other coolant shall be stopped;
d)| loss of cooling liquid shall be simulated.!

4.4.2.11 Heating devices
Injequipment incorporating heating devices, the following faults shall be applied one at a time:

a)| timers which limit the heating period shall be overridden to energize the heating circhit
continuously;
b)|] temperature controllers, except for overtemperature protection devices meeting the
requirements of-14:3, shall be overridden to energize the heating circuit continuously.
4.4.2.12 Insulation between circuits and parts

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

4.4:243 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.

4.4.2.101 Surge protective devices

Surge protective devices used in MAINS CIRCUITS or in circuits measuring MAINS shall be short-
circuited and open-circuited.
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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.

If [a device which interrupts or limits the current during operation is included to Jlimit the
temperature of parts which can easily be touched, the maximum temperature attained py
thpse 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 not operate within
approximately 1 s, the current through the fuse under the relevant~fault condition shall pe
measured. The pre-arcing time/current characteristics of the fuse.shall be evaluated to fiphd
out whether the minimum operating current is reached and what\is’the maximum time befqgre
the fuse operates. The current through the fuse may vary as a function of time.

If the minimum operating current of the fuse is not reached-in the test, the equipment shall pe
operated for a period corresponding to the maximumJfusing time or continuously for the
ddration specified in 4.4.3.1, with the fuse replaced-with a short-circuit.

4.4.4 Conformity after application of fault conditions
4.4.4.1 General

Caonformity with requirements for protection against electric shock after the application |of
simgle faults is checked as follows:

a)l by making the measurements of 6.3.2 to check that no ACCESSIBLE conductive parts haye
become HAZARDOUS LIVE;

b)| by performing a voltage)test on DOUBLE INSULATION or REINFORCED INSULATION to check that
the protection is still at least at the level of BASIC INSULATION. The voltage tests are mage
as specified in-6.7 and 6.8 (without humidity preconditioning) with the test voltage for
BASIC INSULATION;

c)| by measucing the temperature of transformer windings if the protection against electrigal
HAZARDS. /48 achieved by DOUBLE INSULATION or REINFORCED INSULATION within the
transformer. The temperatures of Table 20 shall not be exceeded.

4.4.4.2-Temperature

Conformity 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.
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4.4.4.4 Other HAZARDS

Conformity with other requirements for protection against HAZARDS is checked as specified
Clauses 7 to 16.

5 Marking and documentation

5.1 Marking

in

5 | Caoanaral
T oITTTreTarl

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

parts, these markings shall be visible from the exterior, or be visible after removing,a ¢over
ofdening a door without the aid of a TooL, if the cover or door is intended to berremoved
opened by an OPERATOR. Markings applying to the equipment as a whole shalknot be put

p

Fd
b€

L€
sh

sy

NG
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is

Cq
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a)
b)

Cq

rts which can be removed by an OPERATOR without the use of a TOOL.

r rack- or panel-mounted equipment, markings are permitted to de on a surface th
comes visible after removal of the equipment from the rack or paneh

tter symbols for quantities and units shall be as specified in [EC 60027. Graphic symbg
all be in accordance with Table 1 if applicable. There are” no colour requirements f
mbols. Graphic symbols shall be explained in the documeéntation.

TE 1 IEC or ISO symbols should be used if available.

TE 2 Markings should not be on the bottom of the equipment, except on HAND-HELD EQUIPMENT or where spg
imited.

nformity is checked by inspection.

.1.2 Identification

e equipment shall, as a minimum, be marked with:

the name or trade mark of\the manufacturer or supplier;

a model number, name or other means to identify the equipment. If equipment bearing t
same distinctive designation (model number) is manufactured at more than one locatid
equipment from each manufacturing location shall be marked so that the location can

identified.

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

NOTE 101\‘Some national regulations can require a marking to indicate the name and edition of the stand
used forcempliance evaluation.

nformity is checked by inspection.

al
or
or
ol

at

S
or

hrd

5.1.3 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;


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

b)

-32 - IEC 61010-2-033:2023 EXV © |IEC 2023

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

NOTE 2 RATED voltage fluctuations may also be marked.

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
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)

e)

Cq
th
ra
ap
du
th

st

e>lclude any initial inrush current, the measurement is not made until the current hgs

Equipment which an OPERATOR can set for different RATED supply voltages shall\ pe
provided with means for the indication of the voltage for which the equipment is_set- Hor
PORTABLE EQUIPMENT the indication shall be visible from the exterior. If the equipment is po
constructed that the supply voltage setting can be altered without the use ofca-TooL, the
action of changing the setting shall also change the indication.

Accessory MAINS socket-outlets accepting standard MAINS plugs shall be ‘marked with the
voltage if it is different from the MAINS supply voltage. If the outlet (s,for use only wifth
specific equipment, it shall be marked to identify the equipment forcwhich it is intended| If
not, the maximum RATED current or power shall be marked, or symbol 14 of Table 1 placgd
beside the outlet with the full details included in the documentation.

nformity is checked by inspection and by measurement of.pewer or input current to chelck
b requirements of 5.1.3 ¢) have been met. The measurement is made at each RATED voltage
hge with the equipment in the condition of maximum\pOwer or current consumption gps
plicable with all accessories and plug-in modules c¢onnected. If the input current varips
ring the normal operating cycle, the steady-state current is taken as the mean indication|of
b highest measured r.m.s. value during a 1 miih period of the normal operation cycle. Jo

bilized (usually after 1 min). Transients are.jgnored.
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Table 1 — Symbols

Number Symbol Reference Description

1 J— IEC 60417-5031 (2002-10) Direct current

2 N IEC 60417-5032 (2002-10) Alternating current

3 N IEC 60417-5033 (2002-10) Both direct and alternating current

4 3 ~ |IEC 60417-5032-1 (2002-10) Three-phase alternating current

5 | IEC 60417-5017 (2006-08) Earth (ground) TERMINAL

6 @ IEC 60417-5019 (2006-08) PROTECTIVE CONDUCTOR TERMINAY

7 ’ IEC 60417-5020 (2002-10) Frame-or chassis TERMINAL

8 Not used

9 | IEC 60417-5007 (2009-02) On (Power)

10 Q IEC 60417-5008+(2009-02) Off (Power)
Equipment protected throughout

11 ] IEC 60217-5172 (2003-02) by DOUBLE INSULATION or
REINFORCED INSULATION
Caution, possibility of electric

12 ffi
shock

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

14 A ISO 7000-0434B (2004-01) Caution 2

15 .D. IEC 60417-5268 (2002-10) In position of a bi-stable push
control

16 IEC 60417-5269 (2002-10) Out position of a bi-stable push
control

A\
17 /8.4 1ISO 361 lonizing radiation
a

this symbol is marked.

a See 5.4.1 which requires manufacturers

to state that documentation must be consulted in all cases where

5.1.4 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, connectors,
controls, and indicators. Where there is insufficient space, symbol 14 from Table 1 may be

used.

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

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

PUsh-buttons and actuators of emergency stop devices, and indicators used only to indicatg a
warning of danger or the need for urgent action, shall be coloured red and coded_ as specifi
in|I[EC 60073. If the meaning of colour relates to the safety of persons or the“environme
supplementary means of coding shall be provided (see IEC 60073).

Nd
int

Cq

5.
TH

Th
a)

b)

c)

d)

as

TE 3 National authorities may require that equipment used in certain environments meet the man-mach
brface requirements pertinent to that environment.

nformity is checked by inspection.

1.5.2 TERMINALS

RMINALS for connection to the MAINS supply shall be identifiable.

e following TERMINALS shall be marked as follows:

FUNCTIONAL EARTH TERMINALS with symbol 57of Table 1;

PROTECTIVE CONDUCTOR TERMINALS with*symbol 6 of Table 1, except when the PROTECTI
CONDUCTOR TERMINAL is part of anvapproved MAINS appliance inlet. The symbol shall
placed on the TERMINAL or close;tglit;

TERMINALS of circuits whichmare permitted by 6.6.3 to be connected to ACCESSIB
conductive 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 L
voltage must not be connected to the TERMINAL. The symbol should also be used if it is likely that an OPERAT]
could make such a corinection inadvertently.

TERMINALS supplied from the interior of the hand-held multimeter and which could
HAZARDOUS\LIVE, with the voltage, current, charge or energy value or range, or w
symbol 42 ef Table 1.

) TERMINALS supplied from other TERMINALS which could be HAZARDOUS LIVE, with symbol
or symbol 14 of Table 1.

VE
OR

of
th

C

nformity is checked by inspection

5.1.5.101 Measuring circuit TERMINALS

Measuring circuit TERMINALS are usually arranged in pairs or sets. Each pair or set of
TERMINALS may have a RATED voltage or a RATED current, or both, within that set, and each
individual TERMINAL will have a RATED voltage to earth. For some hand-held multimeters, the
RATED voltage between TERMINALS may be different from the RATED voltage to earth. Markings

sh

all be clear to avoid misunderstanding.

Each pair or set of measuring circuit TERMINALS that are intended to be used together shall be
marked with the value of the RATED voltage or the RATED current as applicable to the pair or
set of TERMINALS.
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TERMINALS of measuring circuits RATED for MAINS voltage measurements shall be marked with
"CAT IlI" or "CAT IV" and its RATED a.c. r.m.s. line-to-neutral or d.c. voltage as applicable.
Marking those TERMINALS with these two types of MEASUREMENT CATEGORY is permissible.
Marking of MEASUREMENT CATEGORY Il is not allowed. Other measuring circuit TERMINALS shall
be marked with the value of the RATED voltage to earth.

NOTE CLEARANCES and solid insulation for MEASUREMENT CATEGORIES are specified for a nominal a.c. r.m.s. line-
to-neutral or d.c. voltage of MAINS being measured. Neutral is considered to be earthed (see Table K.101 Annex I).

Measuring circuit TERMINALS that do not have a RATING for connection to voltages above the

leyelsof 6.3 1, may be marked with alternative mnrlzinge

Measuring circuit TERMINALS which are dedicated only for connection to specific TERMINALS |of
other equipment need not be marked provided that there is a means of identifying thege
TERMINALS.

THRMINAL markings shall be visible when the hand-held multimeter is ready_for NORMAL UBE
with connectors and TERMINALS mated and shall reference the applicable TERMINALS.

Caonformity 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-
pdsition shall be clearly marked.

NQTE 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 identificatipn
(see 6.11.3.1 c)). A lamp alone is not considered to be a satisfactory marking.

If B push-button switch is used as the_power supply switch, symbols 9 and 15 of Table 1 mpy
bg used to indicate the on-position,:or)symbols 10 and 16 to indicate the off-position, with the
pgir of symbols (9 and 15, or 10 and 16) close together.

Caonformity is checked by inspection.

5.1.7 Equipment protected by DOUBLE INSULATION or REINFORCED INSULATION

Equipment which~is_only partially protected by DOUBLE INSULATION or REINFORCED INSULATION
shfall not be marked with symbol 11 of Table 1.

=

NQTE Equipment protected throughout by DOUBLE INSULATION or REINFORCED INSULATION may be marked with

syihbol 11.0f\Fable 1.

Conformity is checked by inspection.

5.1.8 Field-wiring TERMINAL boxes

If the temperature of the TERMINALS or the ENCLOSURE of a field-wiring TERMINAL box or
compartment exceeds 60 °C in NORMAL CONDITION at an ambient temperature of 40 °C, or at
the maximum RATED ambient temperature if higher, there shall be a marking to warn the
installer to consult the installation instructions before determining the temperature RATING of
the cable to be connected to the TERMINALS. The marking shall be visible before and during
connection, or be beside the TERMINALS. Symbol 14 is an acceptable marking.

Conformity, in case of doubt, is checked by measurement as specified in 10.3 a) and, if
applicable, by inspection of markings.
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5.2 Warning markings

Warning markings specified in this document shall meet the following requirements.

Warning markings shall be visible when the hand-held multimeter is ready for NORMAL USE. If a
warning applies to a particular part of the hand-held multimeter, the marking shall be placed
on or near that part.

The size of warning markings shall be as follows.

a)| Symbols shall be at least 2,75 mm high. Text shall be at least 1,5 mm high and contrast|in

colour with the background.

b)] 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 Jt is necessary for the RESPONSIBLE BODY or OPERATOR to refer to the instruction manual [to
preserve the protection afforded by the hand-held multimeter, the hand-held-multimeter shgll
be marked with symbol 14 of Table 1. Symbol 14 is not required to berused together wjth
symbols which are explained in the manual.

If the instructions for use state that an OPERATOR is permitted to gaih access, using a TOOL,[to
a part which in NORMAL USE may be HAZARDOUS LIVE, there shalbbe a warning marking which
states that the hand-held multimeter shall be isolated or disconnected from the HAZARDOUS
LIVE voltage before access.

NQTE National regulations can require safety markings in a natighally accepted language.

Caonformity is checked by inspection.

5.8 Durability of markings

Required markings shall remain clear.and legible under conditions of NORMAL USE and shall
regist the effects of the cleaning agents specified by the manufacturer.

D

Caonformity 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 jeach specified cleaning agent (or, if not specified, with 70(%
isppropyl alcohol).

Affer the above treatment the markings shall be clearly legible and adhesive labels shall not
hdve worked logse’or become curled at the edges.

5.4 Documentation

5.4.17 ‘General

The following documentation necessary for saitety purposes, as needed by the OPERATOR or
the RESPONSIBLE BODY, shall be provided with the hand-held multimeter, in an accepted
language of the country where the product is intended to be placed on the market. The
following safety documentation for service personnel authorized by the manufacturer shall be
made available to those personnel, in a language selected by the manufacturer:

a) intended use of the equipment;

b) technical specification;

c) name and address of the manufacturer or supplier from whom technical assistance may
be obtained;

d) the information specified in 5.4.2 to 5.4.6;
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information about how to mitigate RISKS remaining after a RISK assessment has been
performed (see Clause 17);

for equipment which for safety reasons requires specific accessories (for example probe
assemblies) with specific characteristics, the documentation shall indicate that only
accessories which meet the manufacturer’s specifications shall be used;

if a HAZARD could be caused by an incorrect reading when measuring, indicating or
detecting harmful or corrosive substances, or HAZARDOUS LIVE electrical quantities, the
instructions shall provide guidance on how to determine that the equipment is functioning
correctly;

h)
ag

bb

If
RA
ME
be

W

instructions for lifting and carrying (see 7.5.1).

)the documentation shall indicate that probe assemblies to be used fop—MAINS
measurements shall be RATED as appropriate for MEASUREMENT CATEGORY WF or(lV
according to IEC 61010-031:2022 and shall have a voltage RATING of at least'the voltage
of the circuit to be measured;

) information about each relevant MEASUREMENT CATEGORY (see 5.1.5.101)!
the hand-held multimeter is capable of measuring in multiple MEASUREMENT CATEGORY
TINGS for the same measuring circuit, the documentation shall”clearly identify the

ASUREMENT CATEGORIES where the hand-held multimeter may be-used and where it shall rjot
used.

Arning symbols and warning statements that are matked on the equipment shall pe

explained in the documentation. In particular, the documentation shall include a statemgnt

th
ou

NG

\[e
co

bt it must be consulted in all cases where symbol 14(of Table 1 is marked, in order to find
t the nature of the potential HAZARDS and any actiens which have to be taken to avoid them.

TE 1 Markings and text on equipment are considered‘\equivalent to the documentation.

TE 2 If NORMAL USE involves the handling of harmful or corrosive substances, instruction should be given |on
rect use and safety provisions. If any harmful Of ‘€orrosive substance is specified or supplied by the equipment

mgnufacturer, the necessary information on its, constituents and the correct disposal procedure should also [be

givi
Dq
is
fo
Cq

Cq
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a)

.4.2 Equipmeént RATINGS

en.

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

nformity is checked-by inspection.

cumentation shall include the following:

thelsupply voltage or voltage range, frequency or frequency range, and power or currgnt
RATING;

b)
c)
d)

a description of all input and output connections as required by 6.6.1 a);
the rating of the insulation of external circuits as required by 6.6.1 b);

a statement of the range of environmental conditions for which the equipment is designed
including:

1) indoor or outdoor use,
altitude,
temperature,

)
)
4) relative humidity,
) MAINS supply voltage fluctuations,
)

OVERVOLTAGE CATEGORY, except for cord/plug-connected equipment,
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7) WET LOCATION, if applicable,
8) POLLUTION DEGREE of the intended environment,

e) for equipment RATED for ingress protection according to IEC 60529 the information required

in 11.6.1;
f) for equipment with an impact RATING less than 5 J, the information specified in 8.1 d).

Conformity is checked by inspection.

5.4.3 Equipment installation

THe documentation shall include installation and specific commissioning instructions_.and,
ngcessary for safety, warnings against HAZARDS which could arise during instaliation
commissioning or as a result of improper installation or commissioning of the equipment. Su
information includes, if applicable:

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 external switch or circuit-bréaker (see 6.11.3.1) and exterr
overcurrent protection devices (see 9.6.2) and a. recommendation that the switch
circuit-breaker be near the equipment;

e)| ventilation requirements;

f) | requirements and safety characteristics for special external services, for examp
maximum and minimum temperature, pressuire, or flow of air or cooling liquid;

g)| instructions relating to sound level (see42.5.1).

NQTE It is recommended to add a statement in the documentation for the installation that the safety of 3
sy$tem incorporating the equipment is the responsibility of the assembler of the system.

Caonformity is checked by inspeetion.

5.4.4 Equipment operation
Instructions for use shall include, if applicable:

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

b)|instructionsthot to position the equipment so that it is difficult to operate the disconnecti
device;

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

or
ch
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or

of

d) cnacificatinne Af limitc far intarmittant Anaratinn-:
oo tro oSO Tto—To ettt oOperator

N A |4 v
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 manner not
specified by the manufacturer, the protection provided by the equipment may be impaired.

Conformity is checked by inspection.

5.4

Ingtructions shall be provided to the RESPONSIBLE BODY in sufficient detail to permit-sdfe
maintenance, inspection and testing of the equipment, and to ensure continued safety’of the
equipment after the maintenance, inspection and test procedure.

If ppplicable, manufacturer’s documentation shall instruct against replacing detachable MAINS
sulpply cords by inadequately RATED cords.

Fqr equipment using replaceable batteries, the specific battery type shall be stated.

THe manufacturer shall specify any parts which are required to/he examined or supplied of
by| the manufacturer or his agent.

y

THe RATING and characteristics of replaceable fuses shallbe stated.

Ingtructions on the following subjects shall be provided for service personnel, as necessary|to
permit safe servicing and continued safety of the equipment after servicing if the equipment|is
sufitable to be serviced:

a)| product-specific RISKS that may affectithe service personnel;
b)| protective measures for these RISKS;
c)| verification of the safe state of the equipment after repair.

NQTE Instructions for service personnel need not be supplied to the RESPONSIBLE BODY, but should be mgde
available to service personnel.

Caonformity is checked by inspection.

5.4.6 Integration into systems or effects resulting from special conditions

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

Caonformity 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 ACCESSIBLE
and HAZARDOUS LIVE, they are permitted to be ACCESSIBLE to an OPERATOR during NORMAL USE
while they are HAZARDOUS LIVE:

a)[partsof tampsand-tamp socketsafter tamp Temovat;

b)| parts intended to be replaced by an OPERATOR (for example, batteries) and which may pe
HAZARDOUS LIVE during the replacement or other OPERATOR action, but only if they dre
ACCESSIBLE only by means of a TooL and have a warning marking (see 5.2);

If Bny of the parts in a) and b) receives a charge from an internal capacitor, they shall not pe
HAZARDOUS LIVE 10 s after interruption of the supply.

If B charge is received from an internal capacitor, conformity is checked by the measurements
of|6.3 to establish that the levels of 6.3.1 ¢) are not exceeded.

6.2 Determination of ACCESSIBLE parts
6.2.1 General

Unless obvious, determination of whether a part is ACCESSIBLE is made as specified in 6.3.2
tol6.2.4 in all positions of NORMAL USE. Test fingérs (see Annex B) and pins are applied
without force unless a force is specified. Parts are’considered to be ACCESSIBLE if they can be
toyiched with any part of a test finger or test pinyor if they could be touched in the absence|of
a govering which is not considered to provide‘suitable insulation (see 6.9.2).

If,]in NORMAL USE, an OPERATOR is intended to perform any actions (with or without a TOQL)
that could increase the accessibilitycof parts, such actions are taken before performing the
examinations of 6.2.2 to 6.2.4.

NQTE Examples of such actions include:
a) | removing covers;
b) | opening doors;

C

-

adjusting controls;
d) | replacing consumable material;

e) | removing parts.

Rack-mounted and panel-mounted equipment is installed as specified in the manufacturel's

instructions—before—making the examinations—of 622 to 6.2 4 For such eguipment—the
T N Al ot 7

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

™ ]

Key

A inside of equipment

B outside of equipment

C HAZARDOUS LIVE part

D tip of test finger is considered to be ACCESSIBLE
E test finger

6.2.3 Openings above parts that are HAZARDOUS LIVE

A metal test pin 100 mm long and 4 mm.jfn diameter is inserted into any openings above pa
ich are HAZARDOUS LIVE. The test pin is suspended freely and allowed to penetrate lp

wh
to

TH
,

D

NG
sl

TH

6.2.4 Openings for pre-set controls

A
o

\

L

IEC 1007/10

Figure 1 — Measurements through openings in ENCLOSURES

1700 mm.

e additional safety measures-of 6.5.1 for protection in SINGLE FAULT CONDITION are I
Huired solely because a partis ACCESSIBLE only by this test.

TE This exception is permitted because the insertion of an object similar to this test pin is considered to b
GLE FAULT CONDITION and'one means of protection is sufficient.

is test is not applied to TERMINALS.

metal test pin 3 mm in diameter is inserted through holes intended to give access to pre-3
ntfols  which require the use of a screwdriver or other TOOL. The test pin is applied in evg

~

(1S

ot

et

ssible direction fhrnugh the hole  Peonetration shall not exceed three times the distan

p

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 30 V r.m.s., 42,4 V peak and the d.c. voltage level is 60 V. For
equipment intended for use in WET LOCATIONS, the a.c. voltage levels are 16 V r.m.s,,

b)

22,6 V peak and the d.c.voltage level is 35 V.
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 equipment
intended for use in WET LOCATIONS.

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

The levels of capacitive charge or energy are:

1) 45 nuC charge for voltages up to 15 kV peak or d.c.; line A of Figure 3 shows the

.B.2 Levels in SINGLE FAULT CONDITION

are exceeded at the same time.

The capacitance level is line B of Figure 3.

capacitance versus voltage where the charge is 45 nC.
2) 350 mJ stored energy for voltages above 15 kV peak or d.c.

Itages above the levels of a) are deemed to be HAZARDOUS LIVE if any of the levels of b)|or

The a.c. voltage levels are 50 V r.m.s., 70 V peak and the d.c. voltage level is 120 V. Hor
equipment intended for use in WET LOCATIONS, the a.c. voltage leyels are 33 V r.m.s, 46,7V
peak and the d.c. voltage level is 70 V . For voltages of short duration, the duration versus
voltage levels are those of Figure 2, measured across a 50 kQ resistor.

The current levels are:

1) 3,5 mA r.m.s. for sinusoidal waveforms, 5 mA peak for non-sinusoidal waveforms |or
mixed frequencies, or 15 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 measuringeircuit of Figure A.4 is used for equipmgnt
intended for use in wet locations;

2) 500 mA r.m.s. when measured with the measuring circuit of Figure A.3. This relates|to
possible burns at higher frequencies:
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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
A NORMAL CONDITION
B SINGLE FAULT CONDITION

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 the

fol

a)
b)
c)

lowing means (see Annex D):

ENCLOSURES or PROTECTIVE BARRIERS (see 6.4.2);
BASIC INSULATION (see 6.4.3);
impedance (see 6.4.4).

Cq

6.

EN

re

If
CR
re

Cq

CL
AQ

Cq

Ar
re

a)
b)

c)

Cq

.4.3 BASIC INSULATION

.4.4 Impedance

nformity is checked by inspection and as specified in 6.4.2. to 6.4.4.

1.2 ENCLOSURES and PROTECTIVE BARRIERS

CLOSURES and PROTECTIVE BARRIERS shall meet the rigidity requirements of.8. 1.

ENCLOSURES or PROTECTIVE BARRIERS provide protection by insulation,. they shall meet t
quirements of BASIC INSULATION.

ENCLOSURES or PROTECTIVE BARRIERS provide protection by limiting access, CLEARANCES a
EEPAGE DISTANCES between ACCESSIBLE parts and HAZARDOUS LIVE parts shall meet t
quirements of 6.7 and the applicable requirements for BASIGJINSULATION.

nformity is checked as specified in 6.7 and 8.1.

EARANCES, CREEPAGE DISTANCES and solid~insulation forming BASIC INSULATION betwe
CESSIBLE parts and HAZARDOUS LIVE parts'sShall meet the requirements of 6.7.

nformity is checked as specified in76.7.

impedance used as-“a~ primary means of protection shall meet all the followi
juirements:
it shall limit the eurrent or voltage to not more than the applicable level of 6.3.2;

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

CLEARANGE and CREEPAGE DISTANCE between terminations of the impedance shall meet t
applicable requirements of 6.7 for BASIC INSULATION.

nfermity is checked by inspection, by measuring the voltage or current to confirm that th

24

d

not exceed the levels Or 06.3.Z, and by measuring CLEARANCE and CREEFPAGE DISTANCE

specified in 6.7.

6.5 Additional means of protection in case of SINGLE FAULT CONDITIONS

6.5.1 General

as

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) or
b) below. Alternatively, one of the single means of protection c) or d) below shall be used (see
Figure 4 and Annex DD).

a)
b)

SUPPLEMENTARY INSULATION (see 6.5.3);
CURRENT- OR VOLTAGE-LIMITING DEVICE (SEE 6.5.6);
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REINFORCED INSULATION (SEE 6.5.3);
PROTECTIVE IMPEDANCE (SEE 6.5.4).

Conformity is checked by inspection and as specified in 6.5.3, 6.5.4, or 6.5.6, as applicable.

Ad
Cco

Sp
HA
TE

Cq

6.

HAZARDOUS LIVE part

.9.1.1 General

6.4.1 b) 6.4.1 a) 6.4.1c)
BAsiC ENCLOSURE or Impedance
INSULATION BARRIER

6.5.1 ¢) 6.5.1 d)
REINFORGED PROTECTIVE
[ and INSULATION IMPEDANCE
h
b \\
6.5.1 b)
6.5.1
a) Current or
SUPPLEMENTARY voltagedimiting

INSULATION

device

ACEESSIBLE part

Figure 4 — Acceptable arrangement of protective means against electric shock

CESSIBLE conductive parts shall be bonded to the PROTECTIVE CONDUCTOR TERMINAL if they
uld become HAZARDOUS™LIVE in case of a single fault of the primary means of protectipn
ecified in 6.4. Alternatively, such ACCESSIBLE parts shall be separated from parts which gre
ZARDOUS LIVE by ‘& conductive protective screen bonded to the PROTECTIVE CONDUCTOR
RMINAL.

nformity~iS.checked as specified in 6.5.2.2 to 6.5.2.6.

5.1.2_lntegrity of PROTECTIVE BONDING

Th

a)

b)

d)

e Integrity ot PROTECTIVE BONDING shall be assured as specified below.

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.

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.

Screw connections shall be secured against loosening.

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


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

IEC 61010-2-033:2023 EXV © |IEC 2023 - 47 -

e)

g)

Unless they are specifically designed for electrical inter-connection and meet the
requirements of 6.5.2.4, movable conductive connections, for example, hinges, slides, etc.,
shall not be the sole PROTECTIVE BONDING path.

The exterior metal braid of cables shall not be regarded as PROTECTIVE BONDING, even if
connected to the PROTECTIVE CONDUCTOR TERMINAL.

If power from the MAINS supply is passed through equipment for use by other equipment,
means shall also be provided for passing the protective conductor through the equipment
to protect the other equipment. The impedance of the protective conductor path through
the equipment shall not exceed that specified in 6.5.2.4.

h)

Ed
co

Cq

PH

b)

c)

d)

nnection to a protective conductor and meets the requirements 0f'6.5.2.3.

.$.1.3 PROTECTIVE CONDUCTOR TERMINAL

Protective conductors may be bare or insulated. Insulation shall be green-and-yellow,
except in the following cases:

1) for earthing braids, either green-and-yellow or colourless-transparent;

2) for internal protective conductors, and other conductors connected to the . PROTECTI
CONDUCTOR TERMINAL in assemblies such as ribbon cables, busbars, flexible print
wiring, etc., any colour may be used provided that no HAZARD is likely to arise frg
non-identification of the protective conductor.

W
Sam

uipment using PROTECTIVE BONDING shall be provided with a TERMINAL that is suitable for

nformity is checked by inspection.

OTECTIVE CONDUCTOR TERMINALS shall meet the fellowing requirements.

The contact surfaces shall be metal.

NOTE 1 Materials of PROTECTIVE BONDING systems should be chosen to minimize electro-chemical corrosfon
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 TERMINALs

For equipment provided withCa rewirable flexible cord and for PERMANENTLY CONNECTED
EQUIPMENT, the PROTECTIVE_CONDUCTOR TERMINAL shall be located near the MAINS supply
TERMINALS.

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 CONDUCTQR
TERMINAL shall beylocated near the TERMINALS of that circuit for which protective earthing|is
necessary. If this circuit has external TERMINALS, the PROTECTIVE CONDUCTOR TERMINAL shgll
also be external.

PROTEGTIVE CONDUCTOR TERMINALS for MAINS CIRCUITS shall be at least equivalent
curreant=carrying capacity to the MAINS supply TERMINALS.

n

Plug-in type PROTECTIVE CONDUCTOR TERMINALS combined with other TERMINALS ahd
infended to be connected and disconnected without the use of a TooL, shall be designgd

g)

h)

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.

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.
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.

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

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

2) the PROTECTIVE BONDING shall not be interrupted by any switching or interrupting device.
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FUNCTIONAL EARTH TERMINALS (for example, measuring earth TERMINALS) shall allow a
connection which is independent from the connection of the protective conductor.

NOTE 2 Equipment may be equipped with FUNCTIONAL EARTH TERMINALS, irrespective of the protective means
taken.

If the PROTECTIVE CONDUCTOR TERMINAL is a binding screw assembly (see Figure 5), it shall
be of a suitable size for the bond wire, but with a thread size no smaller than 4,0 mm, with
at least three turns of the screw engaged.

The contact pressure required for a bonding connection shall not be capable of being
reduced by deformation of materials forming part of the connection.

Key
A | fixed part
B | washer or clamping plate
C | anti-spread device
D | conductor space
Figure 5 — Examples of binding screw assemblies
Caonformity is checked by inspection. Confofmity for j) is also checked by the following test.

TH
le

pd

6.

5.1,4 Impedance of PROTECTIVE BONDING of plug-connected equipment

Th

IEC 10MM/10

e binding screw assembly is to heé,tightened and loosened three times, together with the

hst favourable conductor to be secured, using the tightening torques specified in Table 2. All
rts of the binding screw assembly shall withstand this test without mechanical failure.

Table 2 <Tightening torque for binding screw assemblies

Thread size 4,0 50 6,0 8,0 10,0
mm
Tightening torque 19 20 30 6.0 10.0
N-m , , , , ,

A PDnAOTCOoTIN /I AARMNILIAT AN TR Aia] a ackh Aco-coin ot

Laan ane hatias n—th Al I e~
C TP T OO~ OCTW O TTT e~ T N\NOUTCECTTIVE CUNDUGCTON TENVITINAL artd CatT ToOoCo0ToEE Part or

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.

Conformity is checked by applying a test current for 1 min and then calculating impedance.
The test current is the greater of

a)
b)

25 A a.c. r.m.s. at RATED MAINS frequency or d.c.,
a current equal to twice the RATED current of the equipment.

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

if

the wiring on the supply side of the overcurrent protection devices cannot become
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connected to ACCESSIBLE conductive parts in the case of a single fault, the test current need
not be more than twice the RATED current of the internal overcurrent protection devices.

6.5.1.5 Impedance of PROTECTIVE BONDING of PERMANENTLY CONNECTED EQUIPMENT

PROTECTIVE BONDING of PERMANENTLY CONNECTED EQUIPMENT shall be of low impedance.

Conformity is checked by applying a test current of twice the value of the overcurrent
protection means specified in the equipment installation instructions for the building supply
MAINS CIRCUIT for 1 min between the PROTECTIVE CONDUCTOR TERMINAL and each ACCESSIBLE
cdnductive part for which PROTECTIVE BONDING is required. The voltage between them_shall
ndt exceed 10 V a.c. r.m.s. or d.c.

If the equipment contains overcurrent protection devices for all poles of the MAINS supply, ahd
if [the wiring on the supply side of the overcurrent protection devices canhot become
cdnnected to ACCESSIBLE conductive parts in the case of a single fault, the tgst current nepd
ndt be more than twice the RATED current of the internal overcurrent protection devices.

6.9.1.6 Transformer PROTECTIVE BONDING screen

If the transformer is fitted with a screen for PROTECTIVE BONDING, ‘purposes that is separated
ornlly by BASIC INSULATION from a winding that is connected to\@ HAZARDOUS LIVE circuit, the
scfeen shall satisfy the requirements of 6.5.2.2 a) and b), and_be of low impedance.

Caonformity is checked by inspection and by one of the following tests:

a)la test current of twice the value of the overcurrent protection means of the winding|is
applied for 1 min between the screen and_the PROTECTIVE CONDUCTOR TERMINAL. The
voltage between them shall not exceed 10.\\a.c. rm.s. or d.c.;

b)|the test of 6.5.2.4 using test current twi¢e the value of the overcurrent protection means|of
the winding. The impedance shall not exceed 0,1 Q.

NOTE |If test a) or b) is carried out, a\Specially prepared sample transformer having an extra lead-out wjire
from the free end of the screen is usedto ensure that the current during the test passes through the screen.

6.9.2 Not used
6.9.3 SUPPLEMENTARY INSULATION and REINFORCED INSULATION

CUEARANCES, CREEPAGE DISTANCES and solid insulation forming SUPPLEMENTARY INSULATION |or
RHINFORCED INSULATION shall meet the applicable requirements of 6.7.

Caonformity iS.checked as specified in 6.7.

6.9.4 PPROTECTIVE IMPEDANCE

A IPROTECTIVE 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:

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 VOLTAGE.
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b) a combination of components.

A PROTECTIVE IMPEDANCE shall not be a single electronic device that employs electron
conduction in a vacuum, gas or semiconductor

Conformity is checked by inspection, by measuring the current or voltage to confirm that they
do not exceed the applicable levels of 6.3 and by measuring CLEARANCES and CREEPAGE
DISTANCES as specified in 6.7. Conformity of a single component is checked by inspection of
its RATINGS.

6.5.5 Not used
6.5.6 Current- or voltage-limiting device
A turrent- or voltage-limiting device shall meet all the following requirements:

a)| it shall be RATED to limit the current or voltage to the levels not exceeding theyvalues of 6.3.p;

b)|it shall be RATED for the maximum WORKING VOLTAGE and, if applicable) for the maximym
operational current;

C)| CLEARANCE and CREEPAGE DISTANCE between the terminations. 0f the current or voltage-
limiting device shall meet the applicable requirements 1ofY 6.7 for SUPPLEMENTARY
INSULATION.

Canformity is checked by inspection, by measuring the voltage or current to confirm that they
dq not exceed the levels of 6.3.2, and by measuring CLEARANCES and CREEPAGE DISTANCES BS
splecified in 6.7.

6.6 Connections to external circuits
6.6.1 General

IN|NORMAL CONDITION and in SINGLE FAULTCONDITION of the equipment, no ACCESSIBLE parts|of
the equipment and no ACCESSIBLE parts of an external circuit shall become HAZARDOUS LIVE ps
a fesult of connecting the external circuit to the equipment.

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

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

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

THe manufaeturer's instructions or equipment markings shall include the following informatign,
if applicableyfor each external TERMINAL:

a)| RATED conditions at which the TERMINAL has been designed to operate while maintainihg
safety (maximum RATED input/output voltage, specific type of connector, designated uge,
etc.);

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

Conformity is checked by:

1) inspection;
2) the determinations of 6.2;
3) the measurements of 6.3 and 6.7;

4) the voltage test of 6.8 (without humidity preconditioning) applicable to the type of
insulation (see 6.7).
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6.6.2 TERMINALS for external circuits

ACCESSIBLE conductive parts of TERMINALS that receive a charge from an internal capacitor
shall not be HAZARDOUS LIVE 10 s after interruption of the supply.

Conformity is checked by inspection, and by the determination of ACCESSIBLE conductive parts
as specified in 6.2 and in case of doubt by measurement of the remaining voltage or charge.

6.6.3 Circuits with TERMINALS which are HAZARDOUS LIVE

THese circuits shall not be connected to ACCESSIBLE conductive parts, except for circujts
which are not MAINS CIRCUITS, and which are designed to be operated with one TERMINAL
contact at earth potential. In such cases, the ACCESSIBLE conductive parts shall/not pe
HAZARDOUS LIVE.

If such a circuit is also designed to be operated with one ACCESSIBLE TERMINAL contact (signal
loyw) floating at a voltage which is not HAZARDOUS LIVE, this TERMINAL contactis’permitted to pe
connected to a common FUNCTIONAL EARTH TERMINAL or system (for jexample, a coaxjal
scfeening system). This common FUNCTIONAL EARTH TERMINAL or systenris also permitted |to
bg connected to other ACCESSIBLE conductive parts.

Caonformity is checked by inspection.

6.6.4 TERMINALS for stranded conductors

THRMINALS for stranded conductors that are intended to be connected during installatign,
maintenance, or operation of the equipment shall;be located or shielded so that there is ho
passibility of accidental contact between HAZARDOUS LIVE parts of different polarity or betwegn
such parts and other ACCESSIBLE parts, evenyif a strand of a conductor escapes from| a
TERMINAL. This requirement does not apply,to connections that are only to be made at the
manufacturing facility.

Caonformity is checked by inspection~after fully inserting a stranded conductor

a)l with the maximum length">0f insulation removed as specified by the equipmgnt
manufacturer, or

b)| with an 8 mm length'‘of insulation removed if no specification is given by the equipmgnt
manufacturer.

Wijth one of the strands free, the free strand shall not touch parts of different polarity or other
AJCESSIBLE parits,;~-when bent in every possible direction, without tearing back the insulation (or
making sharp bends.

THRMINALS: of circuits carrying HAZARDOUS LIVE voltage or current shall be anchored, fitted |or
dgsigned 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.

6.6.101 Measuring circuit TERMINALS
6.6.101.1 General

When determining the values of CREEPAGE DISTANCES for measuring circuit TERMINALS of a
hand-held multimeter intended to be connected only to a hand-held probe assembly
complying with IEC 61010-031:2022, or to a current sensor complying with IEC 61010-2-
032:2023, the applicable values of CREEPAGE DISTANCES from material group | are allowed to
be applied to all material groups.
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Requirements for measuring circuit TERMINALS in unmated position, partially mated or mated
position are defined respectively in 6.6.101.2, 6.6.101.3 and 6.6.101.4. Requirements for

specialized measuring circuit TERMINALS are defined in 6.6.101.5.

Annex CC provides information regarding the recommended dimensions of 4 mm "banana"

TERMINALS.

6.6.101.2 Measuring circuit TERMINALS in unmated position

The following requirements apply to measuring circuits TERMINALS in unmated position when

RATED voltages are applied to any other TERMINALS of the hand-held multimeter.

AQCESSIBLE parts of unmated measuring circuit TERMINALS shall be insulated from HAZARDO
LIVE parts by PROTECTIVE IMPEDANCE or CLEARANCES and CREEPAGE DISTANCES meeting t
refluirements of a) and b) as follows.

D

a)| For measuring circuit TERMINALS with a voltage RATING up to 3 000 V:ythe CLEARANC
shall be at least the applicable values of Table 101.

Table 101 — CLEARANCES for unmated measuring circuit' TERMINALS

Maximum voltage CLEARANCE
applied to the
conductive parts of the a.c. r.m.s. d.c.
TERMINAL
Vv mm mm
600 0,8 0,8
1 000 1,0 0,8
1500 2,0 1,1
2 000 3,2 1,8
3 000 6,4 3,5

For maximum voltages above.30 V a.c. r.m.s. or 60 V d.c. up to 600 V, CLEARANCES
are 0,8 mm.

Linear interpolation is allowed above 600 V.

NOTE See AnnexEE.

If the hand-held-multimeter is RATED to operate at an altitude greater than 2 000 m, t
value of the GLEARANCE shall be multiplied by the applicable factor of Table 3.

Conformity-is-checked by one of the following tests:

teuching the external parts of the TERMINAL in the least favourable positi
(see Figure 1), or

)" the a.c. voltage test of 6.8.3.1 or the d.c. voltage test of 6.8.3.2 for TERMINAL Stress

i) inspegction and measurement of CLEARANCE from the closest approach of the test fing

ES

er
DN

pd

only by d.c. with a duration of at least 5 s, or the impulse voltage test of 6.8.3.3, using

the applicable test voltage of Table K.16 for the required CLEARANCE.

Correction factors of Table 10 are applicable to the values of test voltages for CLEARANCES

given in Table K.16.

b) The CREEPAGE DISTANCE values shall be at least the applicable CLEARANCE values defined

in a) of this Subclause 6.6.101.2.

Conformity is checked by inspection and measurement of CREEPAGE DISTANCES from the
closest approach of the test finger touching the external parts of TERMINAL in the least

favourable position.
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In addition for hand-held multimeters RATED for WET LOCATIONS, conductive parts of TERMINALS
with voltage RATINGS above 16 V a.c. rrm.s., 22,6 V a.c. peak and 35V d.c. shall not be
ACCESSIBLE.

Conformity is checked by inspection and measurement.
6.6.101.3 Measuring circuit TERMINALS in partially mated position

ACCESSIBLE parts of measuring circuit TERMINALS in partially mated position shall be insulated
from HAZARDOUS LIVE parts by BASIC INSULATION.

Canformity is checked by inspection and measurement.

6.6.101.4 Measuring circuit TERMINALS in mated position

AQCESSIBLE parts of measuring circuit TERMINALS in mated position which are not'intended [to
bg hand-held or touched during the measurement operation shall be*jinsulated frgm
HAZARDOUS LIVE parts by BASIC INSULATION.

AQCESSIBLE parts of TERMINALS in mated position of other measuring, €ircuits shall be insulated
frgm HAZARDOUS LIVE parts by DOUBLE INSULATION or REINFORCED INSULATION.

Canformity is checked by inspection and measurement.

6.6.101.5 Specialized measuring circuit TERMINALS

Specialized measuring circuit TERMINALS are TERMINALS intended to be connected [to
cgmponents, sensors, and devices.

NQTE These specialized TERMINALS include, but are-not limited to, TERMINALS for thermocouple sockets.

Camponents, sensors, and devices intended to be connected to specialized measuring circpit
TERMINALS shall not be both ACCESSIBLE and HAZARDOUS LIVE, in either NORMAL CONDITION or|in
SINGLE FAULT CONDITION, even when the highest RATED voltage is applied to any other
measuring circuit TERMINAL.

Conformity is checked by-inspection and measurement. Components, sensors, and devices
infended to be connected’ to specialized measuring circuit TERMINALS are connected. The
measurements of 6.3\are made to establish that the levels of 6.3.1 and 6.3.2 are not
exceeded when each of the following voltages is applied to each of the other measuripg
cificuit TERMINALS_if applicable:

a)| highest RATED a.c. voltage at any RATED MAINS frequency;
b)| highest-RATED d.c. voltage;
c)| highest RATED a.c. voltage at the related maximum RATED measurement frequency.

6.7 Tnsulation requirements
6.7.1 The nature of insulation
6.7.1.1 General

Insulation between circuits and ACCESSIBLE parts (see 6.2) or between separate circuits
consists of a combination of CLEARANCES, CREEPAGE DISTANCES and solid insulation. When
used to provide protection against a HAZARD, the insulation needs to withstand the electric
stresses that are caused by the voltages that may appear on the MAINS supply or in the
equipment.

Electric stresses originating from MAINS include:
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WORKING VOLTAGE across the insulation. This WORKING VOLTAGE is normally the line-to-
neutral voltage of the MAINS supply (also see Annex I);

TRANSIENT OVERVOLTAGES that may occasionally appear on the line conductors. The
magnitude of the overvoltages depends on the OVERVOLTAGE CATEGORY and the line-to-
neutral voltage of the MAINS supply;

short-term TEMPORARY OVERVOLTAGES that may occur between the line conductor and
earth in electrical installations. These TEMPORARY OVERVOLTAGES may have a value of the
line-to-neutral voltage of the MAINS supply plus 1 200 V, and may lastup to 5 s;

long-term TEMPORARY OVERVOLTAGES that may occur between the line conductor and earth

NG

TH
1)

2)

3)
4)
5)

6.

Reé
for
cy

Sq

f.1.2 CLEARANCES

FEARANCES shall be multiplied by the applicable factor of Table 3.

in electrical installations. These TEMPORARY OVERVOLTAGES may have a value of the lingjto
neutral voltage of the MAINS supply plus 250 V and may last longer than 5 s.

TE See |IEC 60364-4-44, Clause 442 for additional information on these TEMPORARY OVERVOLTAGES.
e requirements for insulation depend on:
the required level of insulation (BASIC INSULATION, SUPPLEMENTARY)~INSULATION, |or

REINFORCED INSULATION);

the maximum TRANSIENT OVERVOLTAGE that may appear on the circdit, either as a result|of
an external event (such as a lightning strike or a switching transient), or as the result|of
the operation of the equipment;

the maximum WORKING VOLTAGE (including steady-state and recurring peak voltages);
the POLLUTION DEGREE of the micro-environment;

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

quired CLEARANCES depend on the factors in 6.7.1.1 a) to d) as well as the RATED altituge
operation. If the equipment is RATED«<t0O operate at an altitude greater than 2 000 m, pll

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

e‘Xnnex C for details of how to measure CLEARANCES.

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 < CTIl <600
Material group llla 175 < CTI < 400
Material group IllIb 100 < CTI < 175
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These CTI values refer to values obtained, in accordance with IEC 60112, on samples of the
relevant material specifically made for the purpose and tested with solution A. For materials
where the CTI value is not known, material group IlIb is assumed.

For a hand-held multimeter not powered from the MAINS or from the measuring circuit, the
applicable values of CREEPAGE DISTANCES from material group | are allowed to be applied to all
materials.

For glass, ceramics, or other inorganic insulating materials which do not track, there are no

re

uirements for CREEPAGE DISTANCES
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edquipment. Solid“insulation is also subject to ageing and to degradation from repeated hi

VO

6.

Reé

CREEPAGE DISTANCE may be split in several portions of different materials and/oriha
ferent POLLUTION DEGREES if one of the CREEPAGE DISTANCES is dimensioned to,withsta
b total voltage or if the total distance is dimensioned according to the material)having t
vest CTl and the highest POLLUTION DEGREE.

e Annex C for details of how to measure CREEPAGE DISTANCES.

f.1.4 Solid insulation

e requirements for solid insulation depend on the factors in 6:7.1.1 a) to d).

e term “solid insulation” is used to describe many diffefent types of construction, includi
bnolithic blocks of insulating material and insulation subsystems composed of multig
bulating materials, organized in layers or otherwise;

e electric strength of a thickness of solid insulation is considerably greater than that of t
me thickness of air. The insulating distances\through solid insulation are therefore typica
aller than the distances through air. As "a result, electric fields in solid insulation 3
pically higher, and often are less homogéneous.

nstructed from layers of solid materials, there are also likely to be gaps or voids betwe
ers. These voids will perturb“the electric field so that a disproportionately large part of t
ctric field is located in the void, potentially causing ionization within the void, resulting
rtial discharge. These partial discharges will influence the adjacent solid insulation and m
Huce its service life.

lid insulation js\.not a renewable medium: damage is cumulative over the life of t

Itage testings

f.1.5 “Requirements for insulation according to type of circuit

quirements for insulation in particular types of circuits are specified as follows:

lid insulation material may contaih gaps or voids. When a solid insulation system |i
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a)
b)
c)
d)

e)

in 6.7.2 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with a nominal supply voltage up

to 300 V;

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

only;

in Clause K.1 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il or IV or for OVERVOLTAGE

CATEGORY Il over 300 V;

in Clause K.2 for secondary circuits separated from the circuits in ¢) by means of
transformer only;

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

a
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the maximum possible TRANSIENT OVERVOLTAGE is limited by the supply source or
within the HAND-HELD multimeter to a known level below the level assumed for the
MAINS CIRCUIT;

the 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;

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;

5)
6)

f) | in Clause K.101 for measuring circuits RATED for MEASUREMENT CATEGORIES.

NQTE 1

NQTE 2 These requirements are illustrated in the flowchart of Annex DD, Figure DD.1.

NQTE 3 See Clause K.3 for requirements for switching circuits such as a switching powef supply.

the WORKING VOLTAGE has a frequency above 30 kHz;
the circuit is a measuring circuit where MEASUREMENT CATEGORIES do not apply;

See Annex | for line-to-neutral voltage pertinent to MAINS type and nominal voltage.

THe TRANSIENT OVERVOLTAGE levels for the MAINS correspond to (the impulse voltage values

specified in Table 102.

6.Y.2 Insulation for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with a nominal supply
voltage up to 300 V

6.7.2.1 CLEARANCES and CREEPAGE DISTANCES

CUEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS shall meet the values of Table| 4

ta

a)

b)

Canformity is checked\by inspection and measurement.

ing the following into account.

The values in Table 4 are for BASIC INSULATION and SUPPLEMENTARY INSULATION. Values for
REINFORCED INSULATION shall be twice the values for BASIC INSULATION.

Minimum CLEARANCE for BASIGANSULATION, SUPPLEMENTARY INSULATION and REINFORCED
INSULATION for POLLUTION DEGREE 3 is 0,8 mm.

If the equipment is RATED 10 operate at an altitude greater than 2 000 m, the CLEARANCES
shall be multiplied by the*applicable factor of Table 3.

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

Values for CREEPAGE DISTANCE
Printed wiring . . .
\{olta & Values board material Other insulating material
:23t;;l for POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
a.c.r.m.s. | ¢-EAR" | DEGREE1 | DEGREE 2 | DEGREE 1
ord.c. ANCE Material
All material rzuer;al All material | Material | Material | Material | Material | Material | Material
groups g I IFI)Ia ’ groups group | | group Il | group Il | 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

Linear interpolation of the CREEPAGE DISTANCES is allowed.
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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.

6.7.2.2 Solid insulation

6.7.2.2.1 General

Solid insulation of MAINS CIRCUITS shall withstand the electric and mechanical stresses that

may occur in NORMAL USE, in all RATED environmental conditions (see 1.4), during the intend

lif

Sq

a)
b)
d)
Cq

6.

Fd
lo

of the equipment.

TE The manufacturer should take the expected life of the equipment into account when selegting insulat

terials.

nformity is checked by inspection, and by the a.c. test of 6.8.3.1 or the df¢; test of 6.8.3
ing the applicable voltage from Table 5 for 1 min.

Table 5 — Test voltages for solid insulation in MAINS CIRCUITS

of OVERVOLTAGE CATEGORY Il up to 300V

1 min a.c. test voltage 1 min d.c. test voltage
BASIC INSULATION BASIC INSULATION
Voltage line-to- and and
neutral a.c. r.m.s. or SUPPLEMENTARY | REINFORCED~ | SUPPLEMENTARY | REINFORCED
d.c. INSULATION INSULATION INSULATION INSULATION
\ V \ \% \
<150 1 350 2700 1900 3800
>150 < 300 1 500 3000 2100 4 200

lid insulation shall also meet the follewing requirements, as applicable:

for solid insulation used as @an ENCLOSURE or PROTECTIVE BARRIER, the requirements

Clause 8;

for moulded and potted-\parts, the requirements of 6.7.2.2.2;

for inner layers of printed wiring boards, the requirements of 6.7.2.2.3;
for thin-film insulation, the requirements of 6.7.2.2.4.

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

f.2.2.2 Moulded and potted parts

2d

2:

of

r BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductgrs

cated 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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IEC 1012/10

Key
1 Layer 1
2 Layer 2

C Conductor

L Distance between conductors

Figure 6 — Distance between conductors on an interface between’ two layers

6.7.2.2.3 Inner insulating layers of printed wiring boards

Fdr BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFOGRCED INSULATION, conductqrs
lotated between the same two layers shall be separated by _at least 0,4 mm (see Figure|7,
item L).

Caonformity is checked by inspection and either by{measurement of the separation or py
ingpection of the manufacturer’s specifications.
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Kely
L Distance betweensadjacent conductors
A Layers

C Conductors

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

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.
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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 test voltage of Table 5 for REINFORCED
INSULATION.

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

6.7.2.2.4 Thin-film insulation

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors
log i _— he
aplplicable CLEARANCE and CREEPAGE DISTANCE of 6.7.2.1.

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

H )
C
IEC 1014/10

Key
L Distance between adjacent conductors

A Layers of thin-film material such as tape and polyester film
C Conductors

NQTE There may be air present betwween the layers

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

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequdte
elgctric 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)Lthe”insulation consists of at least two separate layers of thin-film materials, each of whigh
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.

Conformity is checked by the a.c. test of 6.8.3.1 or the 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 for 1 min.

NOTE For the purposes of this test a special sample may be assembled with only two layers of the material.
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6.7.3 Insulation for secondary circuits derived from MAINS CIRCUITS of OVERVOLTAGE
CATEGORY Il up to 300 V

6.7.3.1 General

In this standard, secondary circuits are circuits where separation from MAINS CIRCUITS is
achieved by a transformer in which the primary windings are separated from the secondary
windings by REINFORCED INSULATION, DOUBLE INSULATION, or a screen connected to the
PROTECTIVE CONDUCTOR TERMINAL.

NGFE—Fh H b o lo lo P Y 1 } 1 4o 4o 1
= mMeSt e CUtS— arC—aSSuM et 10— D eSO CTeU— 1O TOWEeT— TRARINSTENT OVERVOLCTAOLE CVEeTS—tafi the ViR NS

CIRCUIT.

6.7Y.3.2 CLEARANCES
CUEARANCES for secondary circuits shall meet a) or b):
a)|for BASIC INSULATION and SUPPLEMENTARY INSULATION, meet the valuesof Table 6, or for

REINFORCED INSULATION meet twice the values of Table 6;
b)| pass the voltage test of 6.8 using the applicable test voltage from Table 6.

THe following adjustments apply:
1)| values for test voltages for REINFORCED INSULATION aré_1,6 times the values for BASIC

INSULATION;

2)| if the equipment is RATED to operate at an altitude_greater than 2 000 m, the values for
CLEARANCES are multiplied by the applicable factor of Table 3;

3)| 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 tegst
vditage from Table 6. The value of the-d:c. test voltage is \2 times the a.c. r.m.s. test voltag

D
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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 Il

Wosgoondary <150 V >150 V <300V
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 Test voltage
\Y \% mm V a.c.r.m.s. mm V a.c. r.m.s.
16 22-6 846 580 045 836
30 42,4 0,11 510 0,50 840
50 70 0,12 520 0,53 860
100 140 0,13 540 0,61 900
150 210 0,16 580 0,69 940
300 420 0,39 770 0,94 1040
600 840 1,01 1070 1,61 1450

1000 1400 1,92 1630 2,52 1970
1250 1750 2,50 1960 3,16 2 280
1600 2 240 3,39 2 390 4,11 2730
2 000 2 800 4,49 2 890 5,30 3230
2 500 3 500 6,02 3 520 6,91 3 850
3200 4 480 8,37 4390 9,16 4 660
4 000 5600 10,9 5 320 11,6 5610
5000 7 000 14,0 6 590 14,9 6 960
6 300 8 820 18,2 8 270 19,1 8 620
8 000 11 200 23,9 10 400 24,7 10 700
10 000 14 000 3057 12 900 31,6 13 300
12 500 17 500 39,6 16 100 40,5 16 400
16 000 22 400 52,5 20 400 53,5 20 700
20 000 28 000 67,9 25 300 68,9 25600
25000 35 000 87,9 31 600 89,0 32 000
32 000 44800 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
Lingar interpolation is allowed.
6. 33— CREEPAGE DISTANEES

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

Ec:ianrt:(r‘n‘;vti;ir?agl Other insulating material
Secondary
‘\’,vgf.r}g:i Z‘;;"Rugéor Z(;;LRU;éozN Z(;;LRU;éor POLLUTION DEGREE 2 POLLUTION DEGREE 3
agr :.‘n;s All material | Material [All material| Material Material Material Material Material Material
groups gr(:)\:[:lsI;, 1 groups group | group Il group llI group | group Il | group b
\% mm mm mm mm mm mm mm mm mm
10 0025 004 008 040 040 040 1.00 100 1.00
12,5 0,025 0,04 0,09 0,42 0,42 0,42 1,05 1,05 1,06
16 0,025 0,04 0,10 0,45 0,45 0,45 1,10 1,10 1,10
20 0,025 0,04 0,11 0,48 0,48 0,48 1,20 1,20 1,20
25 0,025 0,04 0,125 0,50 0,50 0,50 1,25 1,25 1,25
32 0,025 0,04 0,14 0,53 0,53 0,53 1,3 1,3 1,3
40 0,025 0,04 0,16 0,56 0,80 1,10 1,4 1,6 1,8
50 0,025 0,04 0,18 0,60 0,85 1,20 1,5 1,7 1,9
63 0,040 0,063 0,20 0,63 0,90 1,25 1,6 1,8 2,0
80 0,063 0,10 0,22 0,67 0,95 1,3 1,7 1,9 2,1
100 0,10 0,16 0,25 0,71 1,00 1,4 1,8 2,0 2,2
125 0,16 0,25 0,28 0,75 1,05 1.5 1,9 2,1 2,4
160 0,25 0,40 0,32 0,80 1,1 1,6 2,0 2,2 2,5
200 0,40 0,63 0,42 1,00 1,4 2,0 2,5 2,8 3,2
250 0,56 1,0 0,56 1,25 1.8 2,5 3,2 3,6 4,0
320 0,75 1,6 0,75 1,60 22 3,2 4,0 4,5 5,0
400 1,0 2,0 1,0 2,0 2,8 4,0 5,0 5,6 6,3
500 1,3 2,5 1,3 2,5 3,6 5,0 6,3 7.1 8,0
630 1,8 3,2 1,8 352 4,5 6,3 8,0 9,0 10,0
800 2,4 4,0 2,4 4,0 5,6 8,0 10,0 11 12,5
1 000 3,22 502 3,2 5,0 7,1 10,0 12,5 14 16
1 250 4,2 6,3 9,0 12,5 16 18 20
1 600 5,6 8,0 11 16 20 22 25
P 000 7,5 10,0 14 20 25 28 32
P 500 10,0 12,5 18 25 32 36 40
3 200 12,5 16 22 32 40 45 50
¥ 000 16 20 28 40 50 56 63
b 000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
B 000 32 40 56 80 100 110 125
1p 000 40 50 71 100 125 140 160
1R 500 50 63 90 125
16000 63 80 110 160
20 000 80 100 140 200
25000 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 Illb is not recommended for application in POLLUTION DEGREE 3 above 630 V.

Linear interpolation is allowed.
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6.7.3.4 Solid insulation

6.7.3.4.1 General

Solid insulation in secondary 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 The manufacturer should take the expected life of the equipment into account when selecting insulating
materials.

Cq
a)

b)

Sq
1)

2)
3)
4)

Cq
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.Y.3.4.2 Moulded and potted parts

nformity is checked by both of the following tests:

by the voltage test of 6.8.3.1 for 5 s using the applicable test voltage of Table 6 for'BAY
INSULATION Or SUPPLEMENTARY INSULATION. For REINFORCED INSULATION the Values 4
multiplied by 1,6;

with a test voltage of 1,5 times the WORKING VOLTAGE for BASIC™ INSULATION
SUPPLEMENTARY INSULATION and twice the WORKING VOLTAGE for REINFQREED INSULATION.

lid insulation shall also meet the following requirements, as applicable:

for solid insulation used as an ENCLOSURE or PROTECTIVE(BARRIER, the requirements
Clause 8;

for moulded and potted parts, the requirements of 6.7.3:4.2;

for inner insulating layers of printed wiring boards, the requirements of 6.7.3.4.3;

for thin-film insulation, the requirements of 6.7.3.4.4.

nformity is checked as specified in 6.7.3.4.2.t0 6.7.3.4.4 and Clause 8, as applicable.

r BASIC INSULATION, SUPPLEMENTARY' INSULATION and REINFORCED INSULATION, conductd
tated between the same two layers shall be separated by the applicable minimum distan
Table 8 (see Figure 6 item L).

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

additionally, if the WORKING VOLTAGE exceeds 300 V, by the voltage test 0f6.8.3.1 for 1 mi

of
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Table 8 — Minimum values for distance or thickness (see 6.7.3.4.2 to 6.7.3.4.4)

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 3,5
>0,33<0,8 0,1 >10 <12 4,5
>0,8 < 1,0 0,15 >12 <15 5,5
>1,0<1,2 0,2 >15 <20 8
>1,2<1,5 0,3 >20 < 25 10
>1,5<2,0 0,45 >25 <30 12,5
>2,0<2,5 0,6 >30 <40 17
>2,5<3,0 0,8 >40 < 50 22
>3,0 < 4,0 1,2 >50 < 60 27
>4,0 < 5,0 1,5 >60 < 80 35
>5,0<6,0 2 >80 <100 45
>6,0 < 8,0 3
6.7.3.4.3 Inner insulating layers of printed wiring boards

FQr BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductqrs
lo¢ated between the same two layers shall be-separated by the applicable minimum distange
of(Table 8 (see Figure 7, item L).

Caonformity is checked by inspectionand either by measurement of the separation or py
ingpection of the manufacturer’s spegifications.

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

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

Conformity is_checked by inspection and either by measurement of the separation or py
inspection.of.the manufacturer’s specifications.

b)|the insulation is assembled from at least two separate layers of printed wiring bogrd
matefials, each of which is RATED by the manufacturer of the material for an electfic
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 adequate
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 separation or by

inspection of the manufacturer’s specifications.

b)

c)

6.8 Procedure for voltage tests

6.8.1 General

TH
m

Tq
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the insulation consists of at least two separate layers of thin-film materials, each of whi
is RATED by the manufacturer of the material for an electric strength of at least the value
the test voltage of Table 6 for BASIC INSULATION;

Conformity is checked by inspection of the manufacturer’s specifications.
the insulation consists of at least three separate layers of thin-film materials, any two
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 af least 1 min, or,
circuits stressed only by d.c., the 1 min d.c. test of 6.8.3.2, using the applicable tg
voltage from Table 6 multiplied by 1,6, applied to two of the three layers.

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

e following test procedures apply to type testing, and deterioration of the test specim
by occur. Further use of the test specimen may not be appropriate.

st equipment for the voltage tests is specified in IEC 61180:2016.

r testing CLEARANCES of unmated \TERMINALS (see 6.6.101.2 a) ii))), the reference point

plication of the test voltage is determined using the test finger applied to the external pa
the TERMINAL in the least favourable position with the closest approach. Alternatively, a te
bbe with a tip in the shape ©f the test finger can be used for application of the test voltage

r other testing, ACGESSIBLE insulating parts of the ENCLOSURE are covered with metal f
erywhere except-around unmated TERMINALS. For test voltages up to 10 kV a.c. peak
kV d.c., the distance from foil to TERMINAL is not more than 20 mm. For higher voltages it
b minimum toyprevent flashover. For guidance on these minimum distances, see Table 9.

TE Theldistances of Table 9 will prevent flashover between foil and TERMINALS.

Table 9 — Distances between TERMINALS and foil

ch
of

of

for
st

for
(ts
st

or
S

-

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

When verifying a CLEARANCE within equipment, it is necessary to ensure that the specified
voltage appears at the CLEARANCE. PROTECTIVE IMPEDANCE, impedances and voltage-limiting
devices in parallel with the insulation to be tested may be disconnected.

TRe equipment is not energized during the tests.

When verifying CLEARANCES, the values for test voltages given in 6.7 apply to tests‘performed
at| 2 000 m. For other test site altitudes, the corrections of Table 10 are. applied for
CLEARANCES but not for tests of solid insulation.

NQTE 1 The electric testing of CLEARANCES will also stress the associated solid insulation:-

NQTE 2 Where two or more protective means are used in combination (see 6.5.1){ \the voltages specified |for
RE|NFORCED INSULATION might be applied to parts of circuits which are not required to~withstand these voltages. |To
tedt the complete equipment appropriately it may be necessary to test subassembliés separately.

Table 10 — Correction factors according to test site altitude
for test voltages for CLEARANCES

Correction factors
Tes‘p‘ég::age >327 V < 600 V >600 V < 3600V >3 500 V < 25 kV >25 KV
Tes: ;°;tage >231V < 424 V >424°02 2 475V >2 475V < 17,7 kV >17,7 kV
Test site altitude
m
0 1,08 1,16 1,22 1,24
500 1,06 1,12 1,16 1,17
1 000 1,04 1,08 1,11 1,12
2 000 *,00 1,00 1,00 1,00
3000 0,96 0,92 0,89 0,88
4 000 0,92 0,85 0,80 0,79
5000 0,88 0,78 0,71 0,70
Linear interpolation is allowed.

6.8.2- 'Humidity preconditioning

Unless otherwise specified in this standard, the equipment is subjected to humidity
preconditioning before the voltage tests. The equipment is 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.
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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.

The tests are performed and completed within 1 h of the end of the recovery period-after
hdmidity 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 voltage tester shall be capable of maintaining the test voltage throtghout the test within
+3 % of the specified value. This requirement is fulfilled if the ratio\between the peak valuye
arld the r.m.s. value is \2 + 3 %.

THe a.c. voltage test is performed at the RATED MAINS frequency, but for equipment RATED for
MAINS frequencies including 50 Hz and 60 Hz, a test at either 50 Hz or at 60 Hz is sufficient.

The test voltage is raised uniformly from 0 V to the specified value within 5 s and held at that
value for at least the specified time.

Nao flashover of CLEARANCES or breakdown of solid insulation shall occur during the test.

6.8.3.2 The d.c. voltage test
The voltage tester shall have a_regulated output capable of maintaining the test voltage
thfoughout the test within 3% of the specified value. The d.c. test voltage shall pe

supbstantially free of ripple. This requirement is fulfilled if the ratio between the peak value|of
the voltage and the averagé.value is 1,0 + 3 %.

The d.c. test voltagesis raised uniformly from 0 V to the specified value within 5 s and held|at
that value for at lgast the specified time.

N¢ flashover of CLEARANCES or breakdown of solid insulation shall occur during the test.

6.8.3.3- The impulse voltage test

The\test shall be conducted for five impulses of each polarity with an interval of at least 1 s
between impulses. The impulse voltage test is carried out with a 1,2/50 us waveform (see
Figure 1 of IEC 61180-1). The wave shape of each impulse shall be observed (see Note 1).

When verifying CLEARANCES within equipment by an impulse voltage test, it is necessary to
ensure that the specified impulse voltage appears at the CLEARANCE. PROTECTIVE IMPEDANCE
and 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.
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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

ma

y be repeated in the course of an impulse.

6.9 Constructional requirements for protection against electric shock

6.9.1 General

If
a)
b)
c)

d)

NG
mg

Cq
DI

6.9.2 Insulating materials

Th

a)

b)
Cq

6.9.3 Colour coding

Gi

a)
b)
c)

h failure could cause a HAZARD:

the security of wiring connections subject to mechanical stresses shall not depend
soldering;

screws securing removable covers shall be captive if their length determines‘a CLEARAN
Oor CREEPAGE DISTANCE between ACCESSIBLE conductive parts and HAZARDOUS-LIVE parts;

to become HAZARDOUS LIVE;

shall not be reduced below the values for BASIC INSULATION by loosening of parts or wires

TE Screws or nuts with lock washers are not regarded as likely to(become loose, nor are wires which
chanically secured by more than soldering alone.

nformity is checked by inspection and by measur€ment of CLEARANCES and CREEPA
STANCES.

e following shall not be used as insulatio@for safety purposes:

materials which can easily be damaged (for example, lacquer, enamel, oxides, anog
films);

non-impregnated hygroscopicmaterials (for example, paper, fibres, fibrous materials).

nformity is checked by inspection.

een-and-yellow-insulation shall not be used except for:

protective-earth conductors;
PROTEGCTIVE BONDING conductors;
poténtial equalization conductors for safety purposes;

accidental loosening or freeing of the wiring, screws, etc., shall not cause "ACCESSIBLE paf

CLEARANCES and CREEPAGE DISTANCES between the ENCLOSURE_and HAZARDOUS LIVE paf

pn

ire

C

d)

funttional earth conductors.

Conformity is checked by inspection.

6.10 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.
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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 PROTEEIIVE
CQNDUCTOR TERMINALS.

Degtachable 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.

Figure 9 explains the terminology for MAINS supply cords.

Canformity is checked by inspection and, where necessary, by mgasurement.

7777

5 7
1
3 / \
J—
Noaooad
p——
[N
PRS-
L P
6 2 4
IEC 1015/10
Kely
1 Appliance coupler 5 Fixed mains socket-outlet
2 Appliance inlet 6 Mains connector
3 Cable 7 Mains plug

4 Equipment

Figure 9 — Detachable MAINS supply cords and connections

6.10.2 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:
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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
the overall diameter.

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

6.10.2.2 Cord anchorage

as
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d)

e)
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e cord anchorage shall relieve the conductors of the cord from strain, including twistin
ere they are connected within the equipment, and shall protect the insulation-of 't
nductors from abrasion. The protective earth conductor, if any, shall be the last to‘take t
ain if the cord slips in its anchorage.

rd anchorages shall meet the following requirements:

the cord shall not be clamped by a screw which bears directly on the cord;
knots in the cord shall not be used,;

it shall not be possible to push the cord into the equipment to, an,extent which could cau
a HAZARD;

failure of the cord insulation in a cord anchorage which\has metal parts shall not cau
ACCESSIBLE conductive parts to become HAZARDOUS LIVE,

it shall not be possible to loosen the cord anchorage ‘without the use of a TOOL.

it shall be designed so that cord replacementydoes not cause a HAZARD, and it shall
clear how the relief from strain is provided.

compression bushing shall not be usedf@s a cord anchorage unless it is suitable for u
th the MAINS supply cord supplied with itoor specified for it by the manufacturer.

nformity is checked by inspection,and by the following push-pull test:

r each combination of cordiand bushing, the cord is pushed into the equipment manua
far as possible. It is/then subjected 25 times to a steady pull of the value shown
ble 11, applied for 1 s each time in the least favourable direction. Immediately afterwards
subjected for 1 min'to a torque of the value shown in Table 11. The torque shall be appli
close as possibleto the external end of the cord anchorage or bushing.

Table 11 — Values for physical tests on cord anchorages

91
he

)_/,
in

it
ed

Mass of equipment Force for pull test Torque for torque
test
kg N N-m
<1 30 0,10
>1<4 60 0,25
>4 100 0,35

After the tests:

1)
2)
3)
4)

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;

CLEARANCES and CREEPAGE DISTANCES shall not have been reduced below the applicable

values;
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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

6.10.3 Plugs and connectors

Plugs and connectors for connecting equipment to the MAINS supply, including @applian

couplers used to connect detachable MAINS supply cords, shall conform tolthe relevg

splecifications for plugs, socket-outlets and connectors.

If the equipment is designed to be supplied only at voltages below the‘tevel of 6.3.2 a)

NQRMAL CONDITION or SINGLE FAULT CONDITION, or from a source used 'Solely to supply th

edquipment, the plugs of the power supply cord shall not fit into the“socket-outlets of MAI
supply systems at voltages above the RATED supply voltage of 'the equipment. MAINS-ty
pliigs and sockets shall not be used for purposes other than conhection of a MAINS supply.

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

On equipment with accessory MAINS socket-outlets!

a)| if the outlet can accept a standard MAINS supply plug, there shall be a marking
specified in 5.1.3 e);

b)| if the outlet has a TERMINAL contact for a protective earth conductor, the input MAI
supply connection to the equipment shall include a protective earth conductor connect
to a PROTECTIVE CONDUCTOR TERMINAL.

Caonformity is checked by inspection. For plugs receiving a charge from an internal capacit
the measurements of 6.3 are\made to establish that the levels of 6.3.1 ¢) are not exceeded.

6.11 Disconnection from supply source

6.11.1 General

EXxcept as specified in 6.11.2, equipment shall be provided with a means for disconnecting

frqm each™electrical supply source, whether external or internal to the equipment. T
disconnectiing means shall disconnect all current-carrying conductors.

NQTE V' Equipment may also be provided with a switch or other disconnecting device for functional purposes.

NS
2d

Conformity is checked as specified in 6.11.3.1 to 6.11.4.3.

6.11.2 Exceptions

A disconnecting device is not required if a short circuit or overload cannot cause a HAZARD.

NOTE 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;
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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

PﬂRMANENTLY CONNECTED EQUIPMENT and multi-phase equipment shall employ a switch |or
cincuit-breaker as the means for disconnection.

—

If B switch is not part of the equipment, documentation for equipment installation shall spec
that:

Yy

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.

Caonformity is checked by inspection.

6.11.3.2 Single-phase cord-connected equipment

Sipgle-phase cord-connected equipment shall have one of the following as a disconnectipg
ddvice:

a)| a switch or circuit-breaker;
b)lan appliance coupler which can be disconnected without the use of a TOOL;

c)|a separable plug, without a locking device, to mate with a socket-outlet in the building.

Caonformity is checked by inspection,

6.11.4 Disconnecting devices
6.11.4.1 General

If B disconnecting device is part of the equipment, it shall be located electrically as close ps
practicable to thecsupply. Power-consuming components shall not be electrically locatgd
bdtween the supply source and the disconnecting device, except that electromagnetic
inferference suppression circuits are permitted to be located on the supply side of the
disconnecting-device.

Caonformity is checked by inspection.

6.1T1T-472—Switches and circult-breakers

An equipment circuit-breaker employed as a disconnecting device shall meet the relevant
requirements of IEC 60947-2 and be suitable for the application.

An equipment switch employed as a disconnecting device shall meet the relevant
requirements of IEC 60947-3, and be suitable for the application.

If a 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
9 and 10 of Table 1 are sufficient if the symbols are marked on or adjacent to the switch or
circuit-breaker.
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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

re

dibs _identifiabhle and gasily rgachad by thg OPERATOR Eor sinale-.nhase PORTAR
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measurements shall be equal to or higher than their RATED a.c. r.m.s. line-to-neutral or d
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.101  Hand-held multimeter ratings

.1 General

UIPMENT, a plug on a cord of length not greater than 3 m is considered to be easily reachs
e protective earth conductor of an appliance coupler shall be connected before the supy
nductors and disconnected after them.

nformity is checked by inspection.

RMINALS of measuring circuits intended for MAINS voltage measureménts shall be RATED f
minimum voltage of 300 V a.c. r.m.s. line-to-neutral or 300 V dic*, a maximum voltage
D00 V and a minimum MEASUREMENT CATEGORY |II.

e RATED voltage of the TERMINALS of a measuring .€ircuit intended for MAINS volta
Itage.

TE These TERMINALS can also have RATING for other funetions.

nformity is checked by inspection.

Protection against mechanical‘HAZARDS

e equipment shall not cause a mechanical HAZARD in NORMAL USE, or cause a HAZARD in
NGLE-FAULT CONDITION thaf*might not be easily noticed. Mechanical HAZARDS include, but 3
t limited to, the following:

sharp edges which could cause cuts (see 7.2);

moving parts.that could crush body parts or penetrate the skin (see 7.3);

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

unstable‘equipment that could fall on a person while in use or while being moved (see 7.4);

d.
y

or
of

je
c.

expelled parts from the equipment (see 7.7)

NOTE

If the equipment consists of two or more units, the value of the mass refers to the mass of each individual

unit. However, if one or more units are intended to be attached to and supported by another unit, these units are
treated as a single unit.

Conformity is checked as specified in 7.2 to 7.7.

7.2 Sharp edges

All easily-touched parts of the equipment shall be smooth and rounded so as not to cause

inj

ury during NORMAL USE of the equipment.

Unless the fault presents an obvious HAZARD, easily-touched parts of the equipment shall not

ca

use an injury in SINGLE FAULT CONDITION.
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Conformity is checked by inspection and, if necessary, by application of an object that

represents a finger in size, shape and hardness, to check for abrasions or cuts.

NOTE An acceptable procedure is outlined in UL 1439.
7.3 Moving parts
7.3.1 General

HAzARDS from moving parts shall not exceed a tolerable level except as specified in 7.3
The_canditions anm‘ifind in 734 and 735 are considered to represent a tolerable level

2.
If

thése conditions are not met, a RISK assessment shall be carried out according to 7.3.3
Clause 17.

NQTE In this context moving parts mean parts that are driven by an energy source other than_directly appl
human or animal effort.

Caonformity is checked as specified in 7.3.2, 7.3.3, 7.3.4, 7.3.5 and Clause 1Y, as applicable.

7.8.2 Exceptions

If [it is not feasible for operating reasons to prevent certain moving parts from causing
pdtential HAZARD, access is permitted in the following circumstanees.

a)| Equipment with easily-touched moving parts which are.obviously intended to operate
parts or materials external to the equipment, for example drilling and mixing equipme
shall be designed to minimize inadvertent touching 6f these moving parts (for example,
guards or handles).

or

bn
nt,
by

b)| If, during routine maintenance outside NORMALCUSE, it is unavoidable for technical reasops

cause a HAZARD, access is permitted if aJl, of the following precautions have been taken:
1) access is not possible without thécuse of a ToOL;

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

access, prohibiting access by untrained OPERATORS. As an alternative, symbol 14
Table 1 shall beplaced on the covers or parts, with the warnings included in t
documentation.

Caonformity is checkéd by inspection.

7.8.3 RiIsK assessment for mechanical HAZARDS to body parts

Ripks shall’be reduced to a tolerable level by at least the applicable minimum protecti
measure of Table 12, taking into account the Severity, probability of exposure and possibil
of|avieiding the HAZARD.

for an OPERATOR to perform a function whiech requires access to moving parts that coyld

3) there are warning markings on covers or parts which have to be removed to obtgin

of
he

ve
ity

Conformity is checked by evaluation of the RISK assessment documentation to ensure that t
RISKS have been eliminated or that only TOLERABLE RISKS remain.

he
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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 °©
S E, P, C
S E, P, C
S E, P, C
S FI |3I B
M E, P, B
M E, P, A
M E, P, A
M E, P, No action
2 Severity:

or

b Probability of exposure:
E, = Exposure is not intended during NORMAL USE
E, = Exposure is intended during NORMAL USE
¢ Possibility of avoiding the HAZARD:

P, = Possibility of avoidance:

P, = No possibility of avoidance:
Conditions other than P1.

4 Minimum protective measures:

M = Moderate HAZARDS, sufficient to bruise or scratch a body part.

S = Serious HAZARDS, sufficient to break bones or dismember a body part.

— The motion is visible and velocity is low enough ferbody parts to be removed without being trapped,

— an audible or visible alarm is activated before_body parts can be trapped.

A = Low 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,
distances (see ISO 13857),.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

TH
CO
NG

.3.4 Limitation of force and pressure

e physical levels specified below are not considered to be hazardous. They are based on
mbifation of contact force, duration and contact area. The levels below shall be met|i
RMAL CONDITION and SINGLE-FAULT CONDITION.

5

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 cm?2 is 250 N for a
maximum duration of 0,75 s.

Conformity is checked by inspection and, in case of doubt, by measurement. For the purposes
of this subclause, the width of a finger is considered to be 1,2 cm and the width of any other
body part is considered to be 5,0 cm. The contact area will be determined to be the width of
the body part multiplied by the width of the moving part, or the cross-sectional contact area of
the moving part, if smaller.


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

- 76— IEC 61010-2-033:2023 EXV © |IEC 2023

EXAMPLE In a particular case, a finger might be able to touch a moving part that is 0,9 mm wide. If the part can
exert a continuous force of 40 N, then the contact pressure would be calculated as:

Area = 1,2 cm x 0,09 cm = 0,108 cm?
Pressure = 40 N /0,108 cm? = 370 N/cm?

In this case, the pressure exceeds the permissible limit even though the force is less than the permissible limit. In
this case, the moving part would be considered to be hazardous.

7.3.5 Gap limitations between moving parts

7.8.5. 7 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 part
could be inserted between moving parts, the width of the gap shall not decrease from'a valfie
lagger than the minimum gap of Table 13 for that body part to a value smaller“than the
minimum gap in NORMAL CONDITION and SINGLE-FAULT CONDITION.

Caonformity is checked by inspection and, in case of doubt, by measurement,

7.8.5.2 Gap limitations between moving parts — Access normally‘prevented

While parts are moving, gaps between moving parts into which-bedy parts could be insertgd
shfall not increase to more than the acceptable gap of Table 14, in NORMAL CONDITION ahd
SINGLE-FAULT CONDITION.

Caonformity is checked by inspection and, in case of doubt, by measurement.
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Table 13 — Minimum maintained gaps to prevent crushing for different body parts

Minimum
gap (a) to
Part of body avoid Illustration
crushing
mm
Torso 500
Head 300 o
Leg 180
Foot 120
Toes 50
Arm 120
Hand, wrist, fist 100
Finger 25
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.

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

a)

b)

A Stability

Maximum
Gap (a) @ to prevent
Part of body access
mm
Head 120
Foot 35
Finger 4
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.
@ See Table 13 for examples of gap (a).

uipment and assemblies of equipment not secured\t6 the building structure befqg
eration shall be physically stable.

means are provided to ensure that stability is maintained after the opening of drawers, e
an OPERATOR, either these means shall be agtomatic or there shall be a warning marking
ply the means.

ch castor and support foot shall be RATED to support a load not less than its normal load,
e castors and support feet shall be tested according to d) or €), below.

nformity is checked by inspéction and by carrying out each of the following tests,
plicable, to ensure that thelequipment will not overbalance. Containers contain the RAT
hount of substance which provides the least favourable conditions of NORMAL USE. Castd
b in their least favourable position of NORMAL USE. Doors, drawers, etc. are closed unle
herwise specified bejow.

Equipment othier-than HAND-HELD EQUIPMENT is tilted in each direction to an angle of 1
from its normal position.

Equipment-which has both a height of 1T m or more and a mass of 25 kg or more, and
floor-standing equipment, has a force applied at its top, or at a height of 2 m if t
equipment has a height of more than 2 m. The force is 250 N, or 20 % of the weight of

or

if
ED

equipment, whichever is less, and is applied to all surfaces in directions which could cau

d)

the nqui'nmnnf  fa) fn’n’nln Stabilizers used in NORMAL USE, and rlnnre, drnwnre, ot

intended to be opened by an OPERATOR, are in their least favourable positions.

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.

The castor or support foot that supports the greatest load (M) is loaded with 4 times that

load (4M).
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e) The castor or support foot that supports the greatest load is removed from the equipment

and the equipment is placed on a flat surface.

NOTE During this test, the unit should be secured so that complete overturning is not possible if this could
present a HAZARD to those conducting the test. However, this restraint must not interfere with the determination

of whether the unit would overbalance.

7.5 Provisions for lifting and carrying

7.5.1 General

Egt

Homant -or
T T

an

Cq

If
ca

Cq

€q
sq
wi
th

If
in
or
fo

Af
sh
a

7.
P4

logd or shall betested to withstand four times the maximum static load.

Cq

A

.9.2 Handles and grips

tHPMenRt-o part.s haying & 5561
d carrying, or directions shall be give

nformity is checked as specified in 7.5.2 and 7.5.3.

carrying handles or grips are fitted to the equipment, or supplied with”it, they shall
pable of withstanding a force of four times the weight of the equipmeht,

nformity is checked by inspection and by the following test.

single handle or grip is subjected to a force corresponding)to four times the weight of t
uipment. Unless the handle mounting screws (if any) afe’ secured against loosening, o
rew is removed before performing these tests. The force is applied uniformly over a 70 n
(dth at the centre of the handle or grip, without clamping. The force is steadily increased
ht the test value is attained after 10 s and maintdined for a period of 1 min.

more than one handle or grip is fitted, the farce is distributed between the handles or gri
the same proportion as in NORMAL USE. Ifithe equipment is fitted with more than one hand
grip but is so designed that it may readily be carried by only one handle or grip, the to
ce is applied to each handle or grip.

fer the tests the handles or grips shall not have broken loose from the equipment and the
all not be any permanent distortion, cracking or other evidence of failure which could cau
HAZARD.

6.3 Lifting devicesiand supporting parts

rts of lifting deviees and parts that support heavy loads shall be RATED for the maximy

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

ng

DS
le
tal

m

of

fotal,load equal to four times the maximum load is placed at the least favourable position

a

ATED load in NORMAL |ISE
A= Oa GO AE =

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.

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 manufacturer's
instructions, using the fasteners and wall construction specified. Adjustable brackets are
adjusted to the position that will give the maximum projection from the wall.
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If no wall construction is specified, a 12 mm + 2 mm thick plasterboard (drywall) on nominal
50 mm x 100 mm + 10 mm studs at 400 mm + 10 mm centres is used as the support surface.
Fasteners are applied as specified in the installation documentation or, if not specified, are
positioned in the plasterboard between the studs.

The mounting brackets are then subjected to a weight equal to four times the weight of the
equipment, acting vertically through the centre of gravity. The test weight is applied gradually
and is increased from zero to full load in 5 s to 10 s, then maintained for 1 min.

If more than one fastener is snecified for mounting a bracket then one fastener is removed
T 7 7

arld the test is repeated with a weight equal to two times the weight of the equipment.

After the tests, there shall be no damage to the bracket or the mounting surface which coyld
cduse a HAZARD.

7.Y Expelled parts

Equipment shall contain or limit the energy of parts which could cause @) HAZARD if expelled
the event of a fault.

n

THe means of protection against expelled parts shall not be removable without the aid ofl a
TdoL.

NQTE Clause 8 does not address HAZARDS from parts that could be éxpelled from inside the equipment.

Caonformity 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
NQRMAL USE.

n

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

a)lthe lower level ,istjustified 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 py
unauthorized persons or the general public;

c)|in NORMAL USE, the equipment is only accessed for occasional operations such gs
adjasfment, 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
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 the
ENCLOSURE as applicable:

1) the static test of 8.2.1;

2) for equipment other than HAND-HELD EQUIPMENT and DIRECT PLUG-IN EQUIPMENT, the impact
test of 8.2.2 at the energy level specified above. If the specified energy level is not 5 J the
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test of IEC 62262 is an alternative to the impact test of 8.2.2, using test Eha (pendulum
test) or test Ehc (vertical hammer) described in IEC 60068-2-75;

3) except for FIXED EQUIPMENT and equipment with a mass over 100 kg, the test of 8.3.1 or
8.3.2, as applicable. The equipment is not operated during the tests.

An ENCLOSURE with an impact RATING of at least IKO8 by the ENCLOSURE manufacturer, and
that would clearly have met the criteria of 8.1 i) to 8.1 vii) after that test, need not be
subjected to the test of 8.2.2.

Parts which do not form part of an ENCIOSURE are not subjected to the tests of 8.2.1
arld 8.2.2.

After the tests, visibly damaged windows and displays shall be inspected to eheck that
HAZARDOUS LIVE parts exceeding the values of 6.3.2 have not become ACCESSIBLE, ahd
in$ulation of all other parts of the ENCLOSURE which could have been affected-by the tegts
shall pass the voltage tests of 6.8 (without humidity preconditioning) applicable'to the type|of
in$ulation (see 6.7). In addition the equipment is inspected to check that:

i) | there have been no leaks of corrosive or harmful substances;

ii)] ENCLOSURES show no cracks which could cause a HAZARD;

iii) CLEARANCES are not less than their permitted values;

iv) the insulation of internal wiring remains undamaged;

V)| PROTECTIVE BARRIERS necessary for safety have not been damaged or loosened;
vi) no moving parts are exposed, except as permitted-by 7.3;

vii) there has been no damage which could cause spread of fire.

8.2 ENCLOSURE rigidity tests
8.2.1 Static test

The equipment is held firmly againstca rigid support and subjected to a force of 30 N applipd
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, includiphg
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 elevatpd
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 conditipn
is|reached. The._équipment is disconnected from the supply source before the test|is
parformed.

8.2.2 Impact test

Basés, covers, etc., intended to be removed and replaced by an OPERATOR have their fixing

fionlod ol H £ H) L £ I’ Lioaol NPV YWD NNy (V. VYN H £ Id
S CWo LIHIII.UIIUU UOIIIH a Uuryuv llf\Uly U Ve dupuIireu T INUNNVIAL UoL. VVIUT Iric CYUITPoTITCTit r

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.

NOTE A support is considered to be sufficiently rigid if its displacement is less than or equal to 0,17 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 below
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 would have
passed the test if it had been tested in complete condition.
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If an ENCLOSURE is damaged by an impact but meets the pass criteria, a new ENCLOSURE may
be used for the next impact.

FIXED EQUIPMENT is mounted as specified in the installation instructions. Other equipment is
held firmly against a rigid support and each test point is subjected to one impact by a smooth
steel sphere with a mass 500 g + 25 g and with a diameter of approximately 50 mm.

The impact test can be performed with the equipment mounted at 90° to its normal position to
allow both the method of Figure 10 a) and Figure 10 b).

Fi

frgely from a height of X.

Fi

cdrd and allowed to fall as a pendulum through a vertical distance of X.

In

bg applied.

IEC 1016/10

Figure 10a — Impact-applied Figure 10b — Impact applied to a vertical

to a horizontal surface surface
Kely
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

Table 15 — Impact energy levels, test height and corresponding IK codes

gure 10 a) shows the impact applied to a horizontal surface, with the sphere allowed te\f

gure 10 b) shows the impact applied to a vertical surface, with the sphere suspended by

both cases the dimension X is determined from Table 15 according to-the energy level

all

Impact energy level
J

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

8.3 Drop test

8.3.1 Equipment other than HAND-HELD EQUIPMENT and DIRECT PLUG-IN EQUIPMENT

The equipment is placed in its position of NORMAL USE on a smooth, hard rigid surface of
concrete or steel. It is then tilted about each botfom edge in turn so that the distance between
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the opposite edge and the test surface is 100 mm for equipment up to 20 kg, 25 mm for
equipment between 20 kg and 100 kg, or so that the angle made by the bottom and test
surface is 30°, whichever is less severe. It is then allowed to fall freely onto the test surface.

If the number of bottom edges exceeds four, the number of drops shall be limited to four
edges.

NOTE If the equipment consists of two or more units, the value for the mass refers to the mass of each individual
unit. However, if one or more units are intended to be attached to, or supported by, another unit, these units are

tre

ated as a single unit.

TH
fa

TH
bd
TH
co

N

TH
Cd

Eq

Cq
a)

b)

c)
TH

different.sources of HAZARDS or for different areas of the equipment.

NG

.B.2 HAND-HELD EQUIPMENT and DIRECT PLUG-IN EQUIPMENT

.1 General

e method of test shall not allow the equipment to topple onto any other face instead
ling back onto the test face as intended.

e equipment is dropped once through a distance of 1 m onto a 50 mm-thick hardwo
ard having a density of more than 700 kg/m3 lying flat on a rigid base.such as concre
e equipment is dropped so that it lands in the position expected to present the most seve
ndition.

'C are cooled to the minimum RATED ambient temperature, then tested within 10 min.

Protection against the spread of fire and arc flash

ere shall be no spread of fire outside the equipment in NORMAL CONDITION or in SINGLE FAU
NDITION. Figure 11 is a flow chart showing ymethods of conformity verification.

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

nformity is checked by at least.one of the following methods.

Testing in the SINGLE _FAULT CONDITIONS (see 4.4) that could cause the spread of f
outside the equipmentiThe conformity criteria of 4.4.4.3 shall be met.

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

ese alterhative methods can be applied throughout the equipment or individually

Verifying, as.spécified in 9.3, that if a fire occurs it will be contained within the equipment,.

of

n-metallic ENCLOSURES of equipment with a minimum RATED ‘ambient temperature below

S

e

for

TE\Y Methods b) and c) are based on fulfilling specified design criteria, in contrast to method a) which rel

en

frefy o testimgimSpeciffed SINGCE FAULT CONDITIONS.

NOTE 2 See 13.2.2 concerning protection against fire caused by batteries.
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9.1
There shall be no spread of fire
outside the equipment in NORMAL
CONDITION OR IN SINGLE FAULT
CONDITION

a)

b)

v

IEC 61010-2-033:2023 EXV © |IEC 2023

Testing in the
SINGLE FAULT
CONDITIONS
(see 4.4) that
could cause the
spread of fire
outside the
equipment

Eliminating or requcing the
sources of ignition within
the equipment

Contaimmentof a firewithim

the equipment, should it

oceur
9.3

v

v

9.2
Energy Separation
limitation requirements
9.2 a)1) 9.2 a) 2)

l l

Requirements related to flammable
liquids
9.2 b)

Testing of circuits designed to
produce heat in SINGLE FAULT
CONDITIONS which could cause

Energizing of
the equipment
is controlled by
a switch that.is
held closed by

the
ORERATOR
9.3.1a)

Construction
requirements for
components
9.3.2a)and b)

:

ENCLOSURE
requirements
9.3.2¢)

Requirements for
flammable liquids

ignition 9.5¢)
9.2 ¢)
Overcurrent protection
9.6
( ACCEPTABLE T
IEC 1017/10

Figure 11 — Flow chart to explain the requirements for protection
against the spread of fire
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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 tolerable
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 are limited
as specified in 9.4;

Conformity is checked by measurement of limited-enerqy values as specified in 9.4.

2) insulation between parts at different potentials meets the requirements for.BAgIC
INSULATION, or it can be demonstrated that bridging the insulation will nét cauge
ignition.

Conformity is checked by inspection and in case of doubt by test.

b)| Any ignition HAZARD related to flammable liquids is reduced to a tolerahble-level as specifigd
in 9.5.

Conformity is checked as specified in 9.5.

c)|In circuits designed to produce heat, no ignition occurs ‘when tested in SINGLE FAULT
CONDITION (see 4.4).

Conformity is checked by the relevant tests of 4.4, applying the criteria of 4.4.4.3.

9.8 Containment of fire within the equipment, should it occur
9.8.1 General

THe possibility of the spread of fire outside’the equipment is considered to be reduced tg a
tolerable level if the equipment meets one-of the following constructional requirements:

a)| energizing of the equipment is controlled by a switch that needs to be continuously held
the energized state by the OPERATOR;

n

b)|the equipment and the equipment ENCLOSURE conform to the constructional requirements
of 9.3.2 and the applicable requirements of 9.5 are met.

Caonformity is checkedvby inspection and as specified in 9.3.2 and 9.5.

9.8.2 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 f{or
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? or
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 circuits that
are not limited circuits according to 9.4 shall comply with one of the following
requirements:

P
7

have no openinas:
g I

i)

be made of metal with perforations as specified in Table 16;

wire diameter of at least 0,45 mm;

iv) have openings with baffles according to Figure 12.

iii) be a metal screen with a mesh not exceeding 2 mm x 2 mm centre to centrerand

2) The ENCLOSURE, and any baffle or flame barrier, shall be made)of metal (exce
magnesium) or of non-metallic materials having a flammability classification of V-1
better, of IEC 60695-11-10.

3) The ENCLOSURE, and any baffle or flame barrier, shall have adequate rigidity.
Conformity is checked by inspection. In case of doubt, the~flammability classification

requirement c) 2) is checked by performing the vertical barning test of IEC 60695-11-10
samples of the material used in the relevant parts.

Table 16 — Acceptable perforation of the bottom of an ENCLOSURE

Minimum thickness Maximum diameter of holes Minimum spacing of holes
centre to centre
mm mm mm
0,66 1,14 1,70 (233 holes/645 mm?)
0,66 1,19 2,36
0,76 1.15 1,70
0,76 1,19 2,36
0,81 1,91 3,18 (72 holes/645 mm?)
0,89 1,90 3,18
0,91 1,60 2,77
0,91 1,98 3,18
1,00 1,60 2,77
1,00 2,00 3,00

pt
or

of
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| |

Kely

1
| | | | |
| I% -
2 IEC 1018/10

Y > twice X but never less than 25 mm

Baffle plates (may be below the bottom of the ENCLOSURE)
Bottom of ENCLOSURE

Figure 12 — Baffle

&F

IEC 1019/10

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.
Projection of the outline of A on the horizontal plane.

Inclined line that traces out the minimum area of the bottom and sides to be constructed as specified in
9.3.2¢c) 1) and 9.3.2 c) 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.

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 Vr.m.s., 42,4 V peak, or 60 V d.c.
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 it cannot
exceed the applicable value of Table 17;

2) current is limited by an overcurrent protection device so that it cannot exceed the
appticabte vatuesof Tabte18;

3) a regulating network limits the maximum available current so that it cannot exceed the
relevant value of Table 17 in NORMAL CONDITION or as a result of a fault in the régulatipg
network.

c)|It is separated by at least BASIC INSULATION from other circuits having cenergy valugs
exceeding criteria a) or b) above.

If fan overcurrent protection device is used, it shall be a fuse or a non{adjustable non-s¢lf-
regetting electromechanical device.

D

Caonformity is checked by inspection and by measuring the potentials appearing in the circlit
anld the maximum available current, under the following conditions:

i) | the potentials appearing in the circuit are measured in/the load condition that maximizes
the voltage;
ii)| output current is measured after 60 s of operatian, with the resistive load (including short
circuit) which produces the highest value of current.

Table 17 — Limits of maximum available current

Open-circuit output voltage (U or U) Maximum available

current

\ A
a.c. r.m.s. d.c. Peak? a.c.r.m.s. or d.c.

Uu<2 U<2 U<2s8 50

2<U<12,5 2<U<12,5 2,8<U0 <17,6 100/ U
12,6 <U<18,7 12,6 <U<18,7 176<0<26,4 8

18,7 < U< 30 18,7 < U< 60 264<U0<424 150/ U

The peakwalue (U) applies to non-sinusoidal a.c. and to d.c. with ripple exceeding 10 %, and is
provided. ‘for convenience. The r.m.s. value of the maximum available current shall be
detérmined as that value is related to heating.
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Table 18 — Values for overcurrent protection devices

Potential appearing in the circuit (U or 0) Current that the device
breaks after not more
Vv than 120 sP ©
A
a.c. r.m.s. d.c. Peak 2@ a.c.r.m.s.ord.c.
U<2 U<2 U<2,8 62,5
2<U<125 2<U<125 28<0<176 125/ U
12,5 <U<18,7 12,5 <U<18,7 17,6 < U<26,4 10
18,7< U <30 18,7< U <60 26,4 < U<42,4 200/ U

The peak value (U) applies to non-sinusoidal a.c. and to d.c. with ripple exceeding 10 %, and is, provided
for convenience. The r.m.s. value of the maximum available current shall be determined as\.that value is
related to heating.

The evaluation is based on the specified time-current breaking characteristic of(the” device, which is
different from the RATED breaking current. (For example, an ANSI/UL 248-14 5)A Tfuse is specified to
break 10 A at 120 s or less and an IEC 60127 T-type 4 A fuse is specified to-break at 8,4 A at 120 s or
less.)

The breaking current of fuses is dependent on temperature, and this has\to be taken into account if the
temperature immediately around the fuse is significantly higher than_the.wroom temperature.

9.9 Requirements for equipment containing or using flammable liquids

Flammable liquids contained in, or specified for use)with, the equipment shall not cause t
spread of fire in NORMAL CONDITION or in SINGLE FAULT CONDITION.

THe HAZARDS arising from flammable liquids>are considered to be reduced to a tolerable le
if pne of the following requirements is met.

a)| The temperature of the surface ©f the liquid and parts in contact with the surface,
NORMAL CONDITION and SINGLE FAULT CONDITION, is limited to a temperature not exceedi
t— 25 °C, where tis the fire point of the liquid (see 10.3 b)).

NOTE 1 Fire point is the temperature to which a liquid must be heated (under specified conditions) so that
withdrawn.

b)| The quantity of liquid is limited to an amount that could not cause the spread of fire.

c)| If the liquid canybe ignited, the flames are contained to prevent the spread of fire outsi
the equipment. Detailed instructions for use shall be provided to establish adequate RI
reduction procedures.

Conformity with a) and b) is checked by inspection and by temperature measurement
specified in 10.4.

vapour/air mixture at the surface will support a flame for at least 5 s when an external flame is applied g

el

in

he
nd

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 in
each unearthed MAINS conductor which are intended to protect against short-circuits between the MAINS conductor
and protective earth. The breaking capacity of the overcurrent protection device should be compatible with the
current RATING of the installation.

A minimum of BASIC INSULATION is required between MAINS-connected parts of opposite polarity
on the supply side of the overcurrent protection device.

Overcurrent prnfcr\finn devices shall naot ho fitted in the rr_\rn+nr~+i\ln conductor—Euses-or-single

pdle circuit-breakers shall not be fitted in the neutral conductor of multi-phase equipment.

NQTE 2 Overcurrent protection devices (for example, fuses) should preferably be fitted in all supply eonddctors|. If
fuges are used as overcurrent protection devices, the fuse holders should be mounted adjacent to each’other. The
fuges should be of the same RATING and characteristic. Overcurrent protection devices should preferably be locafed
on|the supply side of the MAINS CIRCUITS in the equipment, including any MAINS switch. It is recognized that,| in
eqgpiipment generating high frequencies, it is essential for the interference suppression components to be localed
befween the MAINS supply and the overcurrent protection devices.

Canformity is checked by inspection and by measurement, and for solidVinsulation by the alc.
valtage test of 6.8.3.1 or the d.c. voltage test of 6.8.3.2 (withouthbumidity preconditioning)
using the test voltage from Table 5 for BASIC INSULATION for the.appropriate line-to-neutral
valtage for 1 min. EMC capacitors meeting the requirements of Clause 14 may be
disconnected during the voltage test.

9.6.2 PERMANENTLY CONNECTED EQUIPMENT

Oyercurrent protection devices are optional in PERMANENTLY CONNECTED EQUIPMENT. If nope
arg fitted, the installation instructions shall specify the characteristics of the overcurrgnt
prptection devices required in the building installation.

Caonformity is checked by inspection.

9.6.3 Other equipment

If &an overcurrent protection deyice€ is provided, it shall be within the equipment.
Caonformity is checked by\inspection.

9.101 Protectionof'measuring circuits
9.101.1 General

THe hand¢held multimeter shall provide protection against fire or arc flash resulting fram
NQRMAL<USE and REASONABLY FORESEEABLE MISUSE of measuring circuits, as specified in|a)
and b).below:

a) —amr etectricatquantity that s withim specification for any TERMINAC wherT it 1S appiied to that
TERMINAL or to any other compatible TERMINAL, with the range and function settings set in
any possible manner (see 9.101.2);

b) a TEMPORARY OVERVOLTAGE or a TRANSIENT OVERVOLTAGE when it is applied on the
measuring circuit TERMINALS in a voltage measurement function (see 9.101.3).

Conformity is checked as specified in 9.101.2 and 9.101.3 as applicable.
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9.101.2 Protection against mismatches of inputs and ranges
9.101.2.1 General

In NORMAL CONDITION and in cases of REASONABLY FORESEEABLE MISUSE, no HAZARD shall arise
when the highest RATED voltage or current of a measuring circuit TERMINAL is applied to that
TERMINAL or to any other compatible TERMINAL, with any combination of function and range
settings.

NOTE Mismatches of inputs and ranges are examples of REASONABLY FORESEEABLE MISUSE, even if the
dogumentation or markings prohibit such mismatch A typical example is inadvertent connection of a high voliage
to p measuring input intended for current or resistance. Possible HAZARDS include electric shock, burns, fire, arc|ng
angl explosion.

THRMINALS that are clearly not of similar types and that will not retain the connectors’ of the
prpbe assembly or the accessory do not need to be tested and TERMINALS that.can only pe
adcessed by use of a TOOL do not need to meet the requirements of this Subclause 9.101.2.1.

THe hand-held multimeter shall provide protection against these HAZARDS. One of the
following techniques in a) or b) shall be used:

a)| use of a certified overcurrent protection device to interrupt short:circuit currents beforeg a
HAZARD arises (see 9.101.2.2);

c)| use of an uncertified current limitation device, an impedance, or a combination of both|to
prevent the HAZARD from arising (see 9.101.2.3).

Caonformity is checked by inspection, evaluation of the-design of the HAND-HELD multimeter,
arld as specified in 9.101.2.2 and 9.101.2.3, as applicable.

9.101.2.2 Protection by a certified overcurrent protection device

An overcurrent protection device is consjdered suitable if it is certified by a recognized testipg
adthority and if all of the following requirements in a) to ¢) are met.

a)| The a.c. and d.c. RATED voltages-of the overcurrent protection device shall be at least ps
high as, respectively, the highest a.c. and d.c. RATED voltages of any measuring circpit
TERMINAL on the hand-heldimultimeter.

b)] The RATED time-current‘Characteristic (speed) of the overcurrent protection device shall pe
such that no HAZARD ‘will result from any possible combination of RATED input voltages,
TERMINALS, and range selection.

NOTE In practice,~downstream circuit elements such as components and printed wiring board traces are
selected to bejable to withstand the energy that the overcurrent protection device will let through.

c)| The a.c{and d.c. RATED breaking capacities of the overcurrent protection device shall
exceed, respectively, the possible a.c. and d.c. short-circuit currents.

The possible a.c. and d.c. short-circuit currents shall be calculated as the highest RATED

voltages for any TERMINAL divided by the impedance of the overcurrent-protected

moaociirina  ~aleag W toloina tha ranadanan of tha tact laoda cnanifind 1o n 104 2 A4 iwto
e ouT g CmrooTs— g oo P CtoamCC— O thiC—tCotTCat o opC oMU o To Tz

account.

The possible a.c. short-circuit current does not need to exceed the applicable values of
Table AA.1.

Additionally, spacings surrounding the overcurrent protection device in the hand-held
multimeter and following the protection device in the measuring circuit shall be sufficiently
large to prevent arcing after the protection device opens.

Conformity is checked by inspection of the RATING of the overcurrent protection device and by
the following test.
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If the protection device is a fuse, it is replaced with an open-circuited fuse. If the protection
device is a circuit-breaker, it is set to its open position. A voltage of two times the highest
RATED voltage for any TERMINAL is applied to the TERMINALS of the overcurrent-protected
measuring circuit for 1 min. During and after the test, no damage to the hand-held multimeter
shall occur.

9.101.2.3 Protection by uncertified current limitation devices or by impedances

Devices used for current limitation shall be capable of safely withstanding, dissipating, or
interrupting the energy that will result from the application of the maximum RATED voltage of
arl[y compatible TERMINAL in NORMAL CONDITION and In the event of REASONABLY FORESEEABLE
MIBUSE.

An impedance used for limitation of current shall be an appropriate single component ps
splecified in a) or a combination of components as specified in b).

a)| An appropriate single component which is constructed, selected, and tested so that safgty
and reliability for protection against relevant HAZARDS is ensured.\tn particular, the
component shall:

1) be RATED for the maximum voltage that may be present in NORMAL CONDITION or duripg
the REASONABLY FORESEEABLE MISUSE event;

2) if a resistor, be RATED for twice the power or energy ‘dissipation that may occur |in
NORMAL CONDITION or from the REASONABLY FORESEEABLE MISUSE event;

3) meet the applicable CLEARANCE and CREEPAGE DISTANCE requirements of Annex K {or
BASIC INSULATION between its terminations.

b)] A combination of components which shall:

1) withstand the maximum voltage that may.be present in NORMAL CONDITION or during the
REASONABLY FORESEEABLE MISUSE event;

2) be able to dissipate the power orénergy that may occur in NORMAL CONDITION or frgm
the REASONABLY FORESEEABLE MISUSE event;

3) meet the applicable CLEARANCE and CREEPAGE DISTANCE requirements of Annex K {or
BASIC INSULATION between the terminations of the combination of components.

NOTE 1 The CLEARANCES-and CREEPAGE DISTANCES take into account the WORKING VOLTAGE across edch
insulation.

Caonformity is checked by inspection and by the following test, performed three times on the
sdame unit of hand-held multimeter. If the test results in heating of any component, the
hand-held multimeter is allowed to cool before the test is repeated.

THe possiblela.c. and d.c. short-circuit currents are calculated as the highest RATED voltage
fof any TERMINAL divided by the impedance of the current-limited measuring circuit, taking the
impedance of the test leads specified in 9.101.2.4 into account. For MEASUREMENT
CATEGORIES lll, the possible a.c. short-circuit current should not exceed the values |in
Tqble”AA.1.

A voltage equal to the highest RATED voltage for any TERMINAL is applied between the
TERMINALS of the measuring circuit for 1 min. The source of the test voltage shall be able to
deliver a current of at least the possible a.c. or d.c. short-circuit current as applicable. If the
function or range controls have any effect on the electrical characteristics of the input circuit,
the test is repeated with the function or range controls in every combination of positions,
including during the change of function or range. During the test, the voltage output of the
source is measured. If the source voltage decreases by more than 20 % for more than 10 ms,
the test is considered inconclusive and is repeated with a lower impedance source.

During and after the test, no HAZARD shall arise, nor shall there be any evidence of fire,
arcing, explosion, or damage to current limitation devices, impedances or any component
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intended to provide protection against electric shock, heat, arc or fire, including the
ENCLOSURE and traces on the printed wiring board, except for fuses which can open.

NOTE 2 This test can be extremely hazardous. Explosion shields and other provisions can be used to protect
personnel performing the test.

9.101.2.4 Test leads for the tests

The tests of 9.101.2.2 and 9.101.2.3 shall be performed with all test leads that are specified
or supplied by the manufacturer for use with the hand-held multimeter and if the manufacturer

has not specified the test leads the tests shall be performed with test leads that meet the

following specifications in a) to e):

a)| length of each test lead = 1,0 m;

b)| cross section of the conductor = 1,5 mm2, stranded copper wire (a conddétor with|a
16 AWG (American Wire Gauge) cross section is acceptable);

c)| connector compatible with the measuring circuit TERMINALS;

d)| connection to the test voltage source via a bare wire into suitable .screw TERMINALS |or
thimble connectors (twist-on wire connectors) or equivalent megans of providing a lpw
impedance connection;

e)| arranged as straight as possible.

Tgst leads built to these specifications will have a d.c. resistance of about 15 mQ each, |or
30 mQ per pair. For the purposes of calculation of possible fault current in 9.101.2.2 anpd
9.101.2.3, the value of 30 mQ can be used for these testeads.

If |the manufacturer-supplied test leads are ¢permanently connected to the hand-held
multimeter, then the attached test leads supplied by the manufacturer shall be used withqut
modification.

When the test procedures of 6.8.3 are applied to the hand-held multimeter, the test leads can
bg the test leads supplied with the test-generator without modification.

9.101.3 Protection against MAINS overvoltages

Vqltage measuring circuits\RATED for MEASUREMENT CATEGORIES shall have CLEARANCES apd
CHEEPAGE DISTANCES for.BASIC INSULATION between MAINS-connected conductive parts |of
opposite polarity including between the terminations of the devices or components used for
limpiting the current;

Canformity is«hecked by inspection and measurement.

In|addition;-these voltage measuring circuits shall take into consideration expected TRANSIENT
OJERVOLTAGES.

Conformity is checked by the following impulse voltage test using the applicable values of
Table 102.

The impulse voltage is applied between each pair of TERMINALS RATED for MAINS voltage
measurements while the circuit is working under conditions of NORMAL USE, in combination
with the MAINS voltage. The voltage measurement function selectors are set for the proper
function and range.

The impulse voltage test is conducted for five impulses of each polarity spaced up to 1 min
apart, from a combination wave generator according to |IEC 61000-4-5:2014, 6.2. The
generator produces an open-circuit voltage waveform of 1,2/50 us, a short-circuit current
waveform of 8/20 us, with an output impedance (peak open-circuit voltage divided by peak
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short-circuit current) of 2 Q maximum for MEASUREMENT CATEGORIES Ill and |V. Resistance
may be added in series if needed to raise the impedance.

The MAINS voltage used for the test is the maximum RATED line-to-neutral voltage of the MAINS
being measured. For measuring circuits RATED for MAINS voltages above 400 V a.c. r.m.s. line-
to-neutral or 400 V d.c., the test may be performed with an available MAINS voltage source
that has a voltage of at least 400 V a.c. r.m.s. or 400 V d.c. The MAINS voltage source does
not, in this case, need to match the measuring circuit RATING. For measuring circuits RATED for
MAINS in d.c., an a.c. source can be used. When an a.c. source is used, the impulses are
synchronized with the MAINS voltage phase, timed to occur at the peak of the MAINS voltage,
arld to be of the same polarity as the cycle, with a phase tolerance of £10° (see IEC 6100044-
5:p014, 6.2).

NQTE 1 This test can be extremely hazardous. Explosion shields and other provisions can be used to protect
pefsonnel performing the test.

Nao HAZARD shall arise. No flashover of CLEARANCES or breakdown of solid~insulation shpll
odcur during the test, but partial discharges are allowed. Partial discharge~will be indicated py
a ptep in the resulting wave shape which will occur earlier in successiveyimpulses. Breakdown
orl the first impulse may either indicate a complete failure of the insulation system or the
oderation of overvoltage limiting devices in the hand-held multimeter. If overvoltage limitihg
dgvices are present, they shall not rupture or overheat during'the test. Tripping the circuit
breaker of the MAINS installation is an indication of failure. P the results of the test dre
questionable or inconclusive, the test is to be repeated two,mare times.

NQTE 2 Partial discharges in voids can lead to partial notches of extremely short durations in the wave shdpe
whlich can be repeated in the course of an impulse.

Table 102 — Impulse voltages for«circuits connected to MAINS

Nominal a.c. r.m.s line- Impulse voltage
to-neutral or d.c.
voltage of MAINS being V peak
measured
Vv MEASUREMENT CATEGORY Ill | MEASUREMENT CATEGORY IV
<150 2 500 4 000
> 150 < 300 4 000 6 000
> 300 < 600 6 000 8 000
> 600.\= 1 000 8 000 12 000
>1'000 <1 500 10 000 15 000
>+1 500 <2 000 15 000 18 000
> 2 000 <3000 18 000 20 000
Values up to 1 000 V are from IEC 60664-1:2020, Table F.1.
Values over 1 000 V are from IEC TS 62993:2017, Table 1.

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.
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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.

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 L'orglt
1 Outer surface of ENCLOSURE (unintentional contact)
a) metal, uncoated or anodized 65
b) metal, coated (paint, non metallic) 80
c) plastics 85
d) glass and ceramics 80
e) small areas (<2 cm2) that are not likely to be toughed”in 100
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 NORMALNISE are held only for 70
short periods (1 s —4 s)
NOTE 1SO 13732-1 gives information about the effect of the duration of
contact.

Conformity is checked by measurement as specified in 10.4, and by inspection of barriers |to
cHeck that they protect against-accidentally touching surfaces that are at temperatures aboye
the values of Table 19, and-\that they cannot be removed without a TOOL.

10.2 Temperatures.of windings

If a2 HAZARD could)be caused by excessive temperature, the temperature of the insulatihg
material of windings shall not exceed the values of Table 20 in NORMAL CONDITION and SING|LE
FAULT CONDITION.

licable SINGLE FA

, 4.4.2.10 and 4.4.2.11, and also in any other

O U OnND v a L i C v v v i U

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
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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).

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 10:5:4 (to
establish a base temperature for the test of 10.5.2).

d)[ The temperature of parts made of insulating material which are used to support parts
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 substantial heat could

be dissipated in case of poor contact (to establish a temperature for test)1) of 10.5.3).
10.4 Conduct of temperature tests
10.4.1 General

Equipment shall be tested under reference test conditions:,\Uhless a particular SINGLE FAULT
CANDITION specifies otherwise, the manufacturer’s instructions concerning ventilation, cooling
liguid, limits for intermittent use, etc. are followed. Any~cooling liquid shall be at the highest
RATED temperature.

Maximum temperature is determined by meastiring the temperature rise under reference test
canditions and adding this rise to 40 °C, ofto the maximum RATED ambient temperature| if
higher.

Alternatively, temperature measureméents are made at the least favourable ambignt
temperature within the RATED ambient temperature range of the equipment if this representg a
le$s favourable condition. Measures are taken to eliminate errors caused by the method |of
adhieving the test ambient temperature (e.g. suitable baffling or enclosure if the test]|is
cdnducted in an environmental chamber and the forced air movements would cool the exterfor
of|the equipment).

The temperature ofinsulating material of windings is measured as the temperature of windihg
wire and of core (amination in contact with the insulating material. It can be determined by the
registance method or by using temperature sensors selected and positioned so that they haye
a pegligibleleffect on the temperature of the winding. The latter method may be used if the
windings.aré non-uniform or if it is difficult to measure resistance.

Tgmperatures are measured when steady state has been reached.

10.4.2 Temperature measurement of heating equipment

Equipment intended to produce heat for functional purposes is tested in a test corner.

The test corner consists of two walls at right angles, a floor and, if necessary, a ceiling, all of
plywood 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;
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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.

10.5 Resistance to heat

10.5.1 Integrity of CLEARANCES and CREEPAGE DISTANCES

CUEARANCES and CREEPAGE DISTANCES shall meet the requirements of 6.7 when the equipmgnt
is |operated at an ambient temperature of 40 °C, or the maximum RATED ambientdemperature
if higher.

Caonformity, in cases of doubt if the equipment produces an appreciable~amount of heat,|is
checked by operating the equipment under the reference test conditions of 4.3, except that
the ambient temperature is 40 °C, or the maximum RATED ambient temperature if higher. After
thls test, CLEARANCES and CREEPAGE DISTANCES shall not have. been reduced below the
reguirements of 6.7.

D

If |the ENCLOSURE is non-metallic, the temperature of parts-0f the ENCLOSURE is measurpd
ddring the above test for the purposes of 10.5.2.

10.5.2 Non-metallic ENCLOSURES

ENCLOSURES of non-metallic material shall be resistant to elevated temperatures.

Caonformity is checked by test, after one ofthe following treatments.

a)l A non-operative treatment, in which the equipment, not energized, is stored for 7 h |at
70 °C £ 2 °C, or at 10 °C + 2 °C.gbove the temperature measured during the test of 10.5{1,
whichever is higher. If the equipment contains components that might be damaged by this
treatment, an empty ENCLOSURE may be treated, followed by assembly of the equipment|at
the end of the treatment.

b)|An operative treatment, in which the equipment is operated under the reference tgst
conditions of 4.3;.except that the ambient temperature is 20 °C + 2 °C above 40 °C, |or
above the maximum RATED ambient temperature if higher than 40 °C.

Wi(thin 10 minutes of the end of treatment the equipment shall be subjected to the suital
stfesses of 8/2'and 8.3, and meet the pass criteria of 8.1.

e

10.5.3( Insulating material

InswHating—-material-shal-have-ade
a3 -gateHa—ShaHhav-e—4aa

uate rasistance to haat
<SRG < f to—8at-

guateresistan

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.
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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.
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.

7R \)
I
3
2
1EC 1020/10

Kely

1 Part to be tested

2 Spherical part of the apparatus (diameter 5 mm)

3 Support

Figure 14 — Ball-pressure test apparatus

2)| The Vicat softening test of ISO 306, method A120. The Vicat softening temperature shill
be at least 130 °C.

11 Protection against HAZARDS from fluids and solid foreign objects

11.1 General

Equipment shall be«designed to give protection to OPERATORS and the surrounding arpa

adainst HAZARDS from fluids and solid foreign objects encountered in NORMAL USE.

NQTE 1 Fluidsylikely to be encountered fall into three categories:

a) | those having continuous contact, for example, in vessels intended to contain them;

b) | those-having occasional contact, for example, cleaning fluids;

C) those having accidental (unexpected) contacl. 'ne manuracturer cannotl safeguard against such cases.

Fluids specified by the manufacturer, including cleaning and decontaminating fluids, are

co

nsidered. Other fluids are not considered.

NOTE 2 The term “fluids” includes both liquids and gases.

NOTE 3 All pressures in Clause 11 are gauge pressures.

Conformity is checked by the treatment and tests of 11.2 to 11.7 as applicable.
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.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

If
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ernal uninsulated parts, or as a result of the contact of potentially aggressive substanc
iIch as corrosive, toxic or flammable liquids) with parts of the equipmeént.

in NORMAL USE potentially aggressive substances (such as corrosive, toxic or flammak
uids) are likely to be spilt on parts of the equipment, the wettéd material should be analyz
determine compatibility with the aggressive substance.

nformity is checked by inspection. In case of doubt, 0,2 | of water is poured steadily from
ight of 0,1 m over a period of 15 s onto each pointin turn where liquid might gain access
betrical parts. Immediately after this treatment, Sthe CLEARANCES and solid insulation sh
ss the voltage tests of 6.8 (without humidity<{preconditioning) applicable to the type
bulation (see 6.7) and ACCESSIBLE parts shall'not exceed the limits of 6.3.1.

.4 Overflow

Liquid overflowing from any containef/in the equipment which can be overfilled shall not cau

a

HAZARD during NORMAL USE, for example as a result of the wetting of insulation or of intern

urfinsulated parts that are HAZARDOUS LIVE.
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uipment likely to be maved while a container is full of liquid shall be protected against liqy
rging out of the container.

nformity is checked by the following treatment and tests. The liquid container is completg
ed. A further quantity of liquid equal to 15 % of the capacity of the container or 0,28
ichever is-the greater, is then poured in steadily over a period of 60 s. If equipment is like
be moved while a container is full of liquid, it is then tilted 15° in the least favoural
ection-from the position of NORMAL USE. Immediately after this treatment, the CLEARANC
d solid insulation shall pass the voltage tests of 6.8 (without humidity preconditionin
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plicable to the type of insulation (see 6.7) and ACCESSIBLE parts shall not exceed the lim

jits

6.3°7.

1

.5 Battery electrolyte

Batteries 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.
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11.6 Equipment RATED with a degree of ingress protection (IP code)
11.6.1 General

Equipment RATED by the manufacturer as conforming to one of the degrees of protection as
defined in IEC 60529 shall adequately resist the ingress of solid foreign objects and water
which could lead to a HAZARD.

Equipment may have different degrees of protection depending on the mounting
arrangements, or the assembly or operating conditions. The degrees of protection shall be
pends on particular positions, covers, seals, or operating conditions, these conditions shpll
bg specified in the documentation.

If the RATING is marked on the equipment, it shall be marked on the equipment imma/manner|to
avfoid misunderstanding and misuse. The designations of IEC 60529 shall be used (IP cod¢).
THe IP code and related operating or non-operating conditions shall be, explained in the
dgcumentation together with other warnings.

1%
o

Fgr IPx8 testing, the water level above the equipment and the test.duration shall be appli
as| specified in the documentation. The aforementioned conditions. shall be more severe than
thpse for IPx7 according to IEC 60529.

Caonformity is checked by inspection and as specified in 11672 to 11.6.4 as applicable.

11.6.2 Conditions for testing

THe equipment shall be in a clean and new condition with all parts in place and mounted|in
the manner defined by the manufacturer. If it.iSyimpracticable to test the complete equipment,
representative parts or smaller equipment having the same full-scale design details shall pe
tested.

HAND-HELD EQUIPMENT is placed in thé’least favourable position. Portable equipment is placgd
in|the least favourable position of normal use. Other equipment is positioned or installed gs
specified in the installation instructions.

THRMINALS are considered to be part of the equipment. However, TERMINALS provided with a
prptective cap or cover necessary to maintain the rated degree of protection are installed ps
splecified by the manufacturer.

THe equipment'is-operating (energized) during the treatment except

a)| if the (manufacturer specifies degrees of protection for non-operating (de-energizgd)
equipment, or

b)| ify whether the equipment is operating or not operating during the treatment does rfot

affoctthe-testresuits.

EXAMPLE 1 A field housing contains electronics. Generally in this case it has no influence on the test results
whether the electronics inside is operated or not. So the testing of the equipment can also be conducted without
the electronics built in.

EXAMPLE 2 An equipment enclosure has a rotating shaft protruding from it using an appropriate seal for the
relevant ingress protection rating. In this case the rotation of the shaft is considered as affecting the test results.

11.6.3 Protection against solid foreign objects (including dust)

The applicable test of IEC 60529 for protection against solid foreign objects is performed.

After the test, conformity is checked by inspection of the sample according to the acceptance
criteria of IEC 60529.
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Additionally, the equipment is inspected for ingress of foreign objects. In particular, they shall

not:

a) deposit on insulation parts where it could lead to a HAZARD;
b) create accumulations that have the potential to cause the spread of fire.

NOTE A HAZARD could be caused by the bridging of conductive parts by conductive dust, or by non-conductive
dust made wet by humidity.

11.6.4 Protection against water

THe applicable test of IEC 60529 for protection against water is performed.

The equipment is inspected for ingress of water. If any water has entered, it shall-.not/impair
sdfety. In particular, it shall not:

a)| deposit on insulation parts where it could lead to a hazard;

b)| reach hazardous live parts or windings not designed to operate when wet;

c)| accumulate near the end of a cable or enter the cable where it could cause a hazard;
d)| accumulate where it could lead to a HAZARD taking in consideration movement of the
equipment.

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.

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 that is part
of the assembly, unless thepressure is limited by an overpressure safety device.

Caonformity is checked byy‘inspection of the RATINGS of the parts and, if necessary, by
measuring pressures.

NQTE Equipment meeting the requirements of 11.7 may not be accepted as conforming to national requiremepts
relpting to high pressures. Annex G describes requirements and tests which are accepted as evidence| of
cohformity with national regulations in the USA, in Canada, and in some other countries.

11.7.2 _Leakage and rupture at high pressure

Fluidécontaining parts which in NORMAL USE have both of the following characteristics shall rjot
calse a HAZARD througn rupture or 1eakage:

a) a product of pressure and volume greater than 200 kPa:l;
b) a pressure greater than 50 kPa.

National authorities may allow safety to be established by calculation, for example according
to the Pressure Equipment Directive (2014/68/EU).

Conformity is checked by inspection and, if a HAZARD could arise, by the following hydraulic
test.
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The test pressure (Pyyg) is the maximum pressure (P,,,,) multiplied by the applicable factor of
Figure 16. Any overpressure safety device which could limit the test pressure is deactivated
during the test.

The test pressure is raised gradually to P4 and is held at that value for 1 min. The sample
shall not burst, suffer from permanent (plastic) deformation, or leak. Provided that the test
pressure is maintained, leakage at a gasket during these tests is not considered a failure
unless it occurs at a pressure of below 75 % of Py, or below P,,,, whichever is greater.

Nq_leakage is allowed from fluid-containing parts intended for toxic, flammable, or otherwise
hdzardous substances if it could be a HAZARD.

If |fluid-containing parts cannot be hydraulically tested, integrity may be verified, by otHer
Sulitable tests, for example, pneumatic tests using suitable media, at the same test'pressyre
ag for the hydraulic test.

A9 an exception to the above requirements, fluid-containing parts of refrigeration systems
shfall meet the relevant pressure-related requirements of EN 378-2 or/IEC 60335-2-89 ps
applicable.

Caonformity is checked as specified in EN 378-2 or IEC 60335-2:89 as applicable.

Pneumatic overpressure tests should only be conducted«ifino other option is available. This
tept can be extremely hazardous. The sudden release ofstored energy due to a rupture of the
tegt specimen can lead to severe injury or death. The' stored energy in the pressurized systgm
sHould be understood and appropriate safeguards_put in place. These tests should only pe
coanducted behind an explosion shield or within{a suitable enclosure to protect laboratqgry
parsonnel from flying debris, audible hazards, and in extreme cases the blast wave.
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Figure 16 — Ratio between test pressure and maximum working pressure

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.
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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.

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 system that it
fsmteTnTdedtoprotect:

b)| It shall be installed so as to provide easy access for inspection, maintenance and repair,
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 the released !material
not directed towards any person.

S

e)| It shall have its discharge opening so located and directed that operatigmof the device W
not deposit material on parts if that could cause a HAZARD.

f) | It shall have adequate discharge capacity to ensure that the preSsure cannot exceed the
RATED maximum working pressure of the system.

THere shall be no shut-off valve between an overpressure safety.device and the parts that it|is

infended to protect.

Caonformity is checked by inspection and test.

12 Protection against radiation, including-laser sources, and against sonic
and ultrasonic pressure

12.1 General

W
—

THe equipment shall provide protection against the effects of internally generated ultraviol
ionizing and microwave radiation; laser sources, and sonic and ultrasonic pressure.

Canformity tests are carried out.if the equipment is likely to cause such HAZARDS.

12.2 Equipment producing ionizing radiation
12.2.1 lonizing radiation
12.2.1.1 Genetral

Equipment containing or generating ionizing radiation (from either radioactive sources or [X-
rafliation)-shall meet the following requirements.

a)| Klit/is intended to emit radiation, it shall meet the requirements of 12.2.1.2. Alternatively] if
1T IS wWithin the scope of IEC 62598, It shall be tested, classified, and marked according to
IEC 62598.

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 62598, for further information on the requirements for equipment which utilizes ionizing
radiation.

NOTE 2 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 62598 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 mm to 1 m
from all surfaces of the equipment. The measuring distance shall be between 50 mm and 1 m.
If measurements are performed at any distance other than 50 mm, the equivalent effective
dose rate at a distance of 50 mm shall be calculated. If the effective dose rate at any easily
reached point 50 mm from the outer surface exceeds 5 uSv/h, the equipment shall be marked
wifhall The Tollowing markings, if applicable:

a)[with symbol 17 of Table 1;

b)| for equipment containing one or more radioactive substances, with the abbreviations of the
radionuclides;

c)| either with the maximum dose rate value at 1 m, or with a dose rate value‘between 1 nSvfh
and 5 uSv/h at the appropriate distance in m.

NQTE Examples of suitable markings are: “2,5 nSv/h at 1 m”; "3 uSv/h at 0,3 m".

Caonformity is checked by measuring the amount of radiation\in the conditions that will
prpduce maximum radiation. The method of determining the(camount of radiation shall pe
effective over the range of possible radiation energies. Equipment containing X-ray sources|is
selt to produce the maximum possible level of radiation.

12.2.1.3 Equipment not intended to emit radiation

THe effective dose rate of unintended stray radiation at any easily reached point 100 mm frgm
the outer surface of the equipment shall not exceed 1 uSv/h.

NQTE Such equipment includes radioactive ySubstances, cathode-ray tubes, X-ray sources, or electijon
acgelerators with voltages exceeding 5 kV.

Caonformity is checked by measuting the amount of radiation in the conditions that will
prbduce maximum radiation. The) method of determining the amount of radiation shall pe
effective over the range of posSible radiation energies. Equipment containing cathode-ray
tubes is tested while displaying a pattern from each beam not exceeding 30 mm x 30 mm |or
the smallest possible display, whichever is larger. Equipment containing X-ray sources is get
to|produce the maximum.possible level of radiation. Displays are positioned so as to produge
maximum radiation,

12.2.2 Accelerated electrons

THe equipMment shall be so constructed that compartments in which electrons are acceleratgd
by voltages exceeding 5 kV cannot be opened without the use of a TOOL.

Canfarmity is checked by inspection

12.3 Optical radiation

Equipment with lamps and lamp systems emitting ultraviolet, visible, or infrared radiation,
including light emitting diodes, shall not permit unintentional escape of radiation that could
cause a HAZARD.

The radiation sources shall be assessed in accordance with IEC 62471 except for sources
considered to be safe (Table 22) or conditionally safe (Table 23). Lamp and lamp systems
assessed to be in Risk Groups 1, 2 or 3 of IEC 62471 shall be labelled in accordance with
IEC TR 62471-2. If the size or design of the lamp or lamp systems makes labelling
impractical, symbol 14 shall be marked on the equipment and the label shall be included in
the documentation.
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Information on protective measures, restrictions on use, and operating instructions that may
be necessary shall be provided, including the applicable conditions of use of Table 23.

NOTE Attention is drawn to the possible existence of additional guidelines or requirements which may be
specified by national authorities.

Conformity is checked by inspection and if necessary, by measurement of the optical radiation
to determine no hazard exists.

Table 22 — Lamp or lamp systems considered photobiologically safe

Lamp or lamp system

Indicator LEDs

Personal digital device screens

LCD screens

Computer displays

Photographic flash lamps

Interactive whiteboard presentation equipment

Task lighting with tungsten filament lamps, LED lamps, compact,fluorescent tubes,
or fluorescent tubes with diffusers

Any ‘Exempt Group’ (according to IEC 62471)

Table 23 — Lamp or lamp systems considered photobiologically
safe under certain'conditions

Lamp or lamp system Conditions of use
Fluorescent lighting without diffusers over the lamps Safe at normal illumination levels (~600 lux)
Metal halide/high-pressure mercury flood lights Safe if the front cover glass is intact and if the lamp is
not in line of sight
Desktop projectors Safe if the beam is not looked into
Lpw-pressure UVA black-lights Safe if not in line of sight and hands are not irradiateg
while holding the black-light

12.4 Microwave radiation

IN|NORMAL CONDITION and in SINGLE FAULT CONDITION, at any point 50 mm from the equipment,
thé power density of spurious microwave radiation at frequencies between 1 GHz anpd
100 GHz shalf'not exceed 10 W/m2. This requirement does not apply to parts of the
edquipment where microwave radiation is propagated intentionally, for example, at waveguifle
output ports.

Caonformity 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 HAZARD, the manufacturer shall
measure the maximum sound pressure level which the equipment can produce (except for
sound from alarms and sound from parts remote from the equipment) and shall calculate the
maximum sound power level as specified in ISO 3746 or ISO 9614-1.

Installation instructions shall specify how the RESPONSIBLE BODY can ensure that the sound
pressure level from equipment, at its point of use after installation, will not reach a value
which could cause a HAZARD. These instructions shall identify readily available and practicable
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protective materials or measures which may be used, including the fitting of noise-reducing
baffles or hoods.

NOTE 1 A sound pressure level of 80 dBA above a reference sound pressure of 20 pPa is at present regarded by
many authorities as the threshold at which a HAZARD may be caused. Special means, such as the use of protective
earpieces, can make a higher level non-hazardous to an OPERATOR.

NOTE 2 The instructions for use should recommend that the sound pressure level be measured or calculated by
the RESPONSIBLE BODY both at the OPERATOR'S position in NORMAL USE and at whatever point 1 m from the
ENCLOSURE of the equipment has the highest sound pressure level.

C nfarmaitbvydao ohaooliad bhi pmacooririne b maascimaiiioaLamaiabhtad oot s eaoore lavial ofFf 4+
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ORERATOR'S position and at bystander positions, and if necessary, calculating the maximym
Aqweighted sound power level produced by the equipment, as specified in either 1ISO,3746 or

ISIO 9614-1. The following conditions apply.

D

a)| During measurement, any part necessary for the correct operation of the gquipment ahd
supplied by the manufacturer as an integral part of such equipment, for example, a punip,
is fitted and operated as in NORMAL USE.

b)| Sound level meters used in the measurement conform either to type(1of 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 ahy
wall or any other object and the surface of the equipment is fiet'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 caupge
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
frgm the position on the equipment withthie highest pressure level, the ultrasonic pressuyre
shfall not exceed 110 dB above the reference pressure value of 20 uPa, for frequencies
bgtween 20 kHz and 100 kHz.

Caonformity is checked by meastiting the pressure under reference test conditions.

o

If pquipment intended to @mit ultrasound produces ultrasonic pressure at a level which col
cause a HAZARD, the, manufacturer shall measure the maximum ultrasonic pressure level
which the equipmentiean produce.

THe sound pressure shall be measured at the OPERATOR’S normal position and at 1 m from the
pdsition on theequipment with the highest pressure level both outside and inside the useful
bgam.

Ouitside“the useful beam the ultrasonic pressure shall not exceed 110 dB above the referenge
prwwﬂmmu;

If inside the useful beam the ultrasonic pressure exceeds 110 dB for frequencies between
20 kHz and 100 kHz, the equipment shall be marked with symbol 14 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 ultrasonic pressure exceeds 110 dB;
¢) the maximum sound pressure value inside the beam area.

Conformity is checked by inspection and measurement of the pressure under reference test
conditions.
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12.6 Laser sources

Equipment employing laser sources shall meet the requirements of IEC 60825-1.

Conformity is checked as specified in IEC 60825-1.

13 Protection against liberated gases and substances, explosion and implosion

13.1 Poisonous and injurious gases and substances

Equipment shall not liberate dangerous amounts of hazardous substances in NORMAL
CQNDITION and in SINGLE FAULT CONDITION.

1%
o

If potentially-hazardous substances are liberated, the OPERATOR shall not be diréctly expos
tola quantity of the substance that could cause harm.

If NORMAL operation of the equipment requires the discharge of hazardpus-substances, and if
that discharge is intended to be managed by the RESPONSIBLE BODY- invaccordance with the
manufacturer’s instructions, then such discharge is not considered to be liberation |of
hgzardous substances.

NQTE Chemical exposure limits and handling and disposal regulations-éan be found in Occupational Safety gnd
Heplth (OSHA) publications or national regulatory documentation. Local, national or regional regulations may
apply.

Caonformity is checked by inspection of the manufagtirer's documentation. The wide variety|of
gdses and substances makes it impossible to spécify conformity tests based on limit valugs,
sd 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 1.7
concerning expelled parts).

Pressure release devices shall be located so that a discharge will not cause danger [to
OHRERATORS. The caonstruction shall be such that no pressure release device is obstructed.

Caonformity is checked by inspection.

13.2.2 Batteries and battery charging

Batteries shall not cause explosion or produce a fire HAZARD as a result of excessive charge
orldischarge or if a battery is installed with incorrect polarity If necessary protection shall be
incorporated in the equipment, unless the manufacturer's instructions specify that it is for use
only with batteries which have built-in protection.

If an explosion or fire HAZARD could occur through fitting a battery of the wrong type (for
example, if a battery with built-in protection is specified) there shall be a warning marking on
or near the battery compartment or mounting, and a warning in the manufacturer's
instructions. An acceptable marking is symbol 14 of Table 1.

If equipment has means for charging rechargeable batteries, and if non-rechargeable cells
could be fitted and connected in the battery compartment, there shall be a warning marking in
or near the compartment. The marking shall warn against the charging of non-rechargeable
batteries and indicate the type of rechargeable battery that can be used with the recharging
circuit. An acceptable marking is symbol 14 of Table 1.
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The battery compartment shall be designed so that there is no possibility of explosion or fire
caused by build-up of flammable gases.

NOTE Also see 11.5.

Conformity is checked by inspection, including inspection of battery data, to establish that
failure of a single component cannot lead to an explosion or fire HAZARD. If necessary, a short
circuit and an open circuit is made on any single component (except the battery itself) whose
failure could lead to such a HAZARD.

Fqgr batteries intended to be replaced by an OPERATOR, an attempt is made to install a battgry
with its polarity reversed. No HAZARD shall arise.

13.2.3 Implosion of cathode ray tubes

Cathode-ray tubes with a maximum face dimension exceeding 160 mm shall be intrinsically
prptected against the effects of implosion and against mechanical impact, unless gan
ENCLOSURE provides adequate protection.

A |non-intrinsically protected tube shall be provided with an effective“protective screen whitch
cannot be removed without the use of a TOOL. If a separate screen of glass is used, it shpll
ngt 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.

Caonformity for cathode-ray tubes is checked as spgecified in IEC 60065.

14 Components and subassemblies

14.1 General

If [safety is involved, components and subassemblies, such as power supplies and builttin
inJormation 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 thencomponent standard is not required. If necessary for the applicatign,
components shall\be subjected to the tests of this standard, except that it is not necessqdry
to carry out identical or equivalent tests already performed to check conformity with the
component.standard;

NOTE 1 ( For example if components meet the safety requirements of IEC 60950-1 but are RATED for a lgss
severe~environment than the applicable environment of 1.4, they also need to meet relevant additiopal
requirements of this standard.

b)| the“requirements of this standard and, where necessary for the application, any additional
applicable safety requirements of the relevant IEC component standard, except that there
are no additional requirements for motors and transformers which have passed the
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 as high as those
of the relevant IEC standard, provided that the component has been approved to the non-
IEC standard by a recognized testing authority.

NOTE 2 Tests performed by a recognized testing authority which confirm conformity with applicable safety
requirements need not be repeated, even if the tests were performed using a non-IEC standard.

Figure 15 is a flow chart showing methods of conformity verification.
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Conformity is checked by inspection and, if necessary, by test.

b)

d)

TN

\ 4

[ Testedbya

Applicabte
requirements
of relevant IEC
component standard
fulfilled?

No

Relevant tests
of applicable
IEC component
standard

Additional
requirements

(if necessary for
application)?

Yes

Test according to
IEC 61010

according to IEC 61010

No

IEC 61

Complete
requirements in
IEC 610107

Test according to

No relevant IEC
standard

Yes—

Test according.to

010 IEC 61040

Relevant tests
of applicable

IEC component
standard

A 4

o satistactory )

2 Motors

b

2.1 Motor temperatures

recognised testing
authority to safety:
requirements
meeting\of
exceeding
relevant IEC

standards /

> atisfactory |«

)tors which, when stopped or prevented from startmg (see 442 5),

IEC 1021/10

Figure15 — Flow chart for conformity options 14.1 a), b), c) and d)

would present

overtemperature or thermal protectlon device meetmg the reqwrements of 14.3.

Conformity is checked by measurement of the temperature in the SINGLE FAULT CONDITION of

4.4.2.5.

14.2.2 Series excitation motors

If an overspeeding series excitation motor could cause a HAZARD,

directly to the devices driven by it.

Conformity is checked by inspection.

it shall

be connected
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14.3 Overtemperature protection devices

Overtemperature protection devices are devices operating in SINGLE FAULT CONDITION. They
shall meet all of the following requirements:
a) be constructed so that reliable function is ensured;

b) be RATED to interrupt the maximum voltage and current of the circuit in which they are
employed;

c) not operate in NORMAL USE.

If p self-resetting overtemperature protection device is used to prevent a HAZARD in case |of
fallure of a temperature control system (for example a thermostat), the protected part-of the
equipment shall require intervention before becoming operational again.

Caonformity is checked by inspection of the circuit diagram, the data sheet for the
oVertemperature protection device, and the method in which it is installed in:the equipmeht,
arld by the following tests, with the equipment operated in SINGLE FAULT CONDITION (see 4.4).
The number of operations is as follows:

1)| self-resetting overtemperature protection devices are caused to eperate 200 times;

2)| non-self-resetting overtemperature protection devices, excépt’ thermal fuses, are redet
after each operation and thus caused to operate 10 times;

3)| non-resetting overtemperature protection devices are caused to operate once.
NQTE Forced cooling and resting periods may be introduced to/sprevent damage to the equipment.

Dyring the test, resetting overtemperature protéction devices shall operate each time the
SINGLE FAULT CONDITION is applied and non-resgtting overtemperature protection devices shgll
oderate 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.

Caonformity is checked by-testing with the jointed test finger (see Figure B.2) applied withqut
fofce.

14.5 MAINS voltage selection devices

Devices shall-be constructed so that a change from one voltage or one type of supply [to
anjother 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

If environmental conditions could affect the test results, MAINS transformers tested outside the
equipment (see 4.4.2.7) shall be tested in the same conditions as exist inside the equipment.

Conformity is checked by the short-circuit and overload tests specified in 4.4.2.7, followed by
the test of 4.4.4.1 b) and c). If there is any doubt whether a transformer would pass the other
tests specified in 4.4.4 and 10.2 when installed in the equipment, the tests are repeated with
the transformer installed in the equipment.
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14.7 Printed wiring boards

Printed wiring boards shall be made of material with a flammability classification of V-1 or
better of IEC 60695-11-10.

This requirement does not apply to printed wiring boards which contain only limited-energy
circuits meeting the requirements of 9.4.

Conformity of the flammability RATING is checked by inspection of data on the materials.
Alternatively, conformity is checked by performing the vertical burn tests of IEC 60695-11-10
or] three samples of the relevant parts. The samples may be complete boards, sections of the
bdards or specimens as specified in IEC 60695-11-10.

1].8 Not used
14.101 Probe assemblies and accessories

Probe assemblies and accessories within the scope of IEC 61010-03452022 and currgnt
sejnsors within the scope of IEC 61010-2-032:2023 shall meet the requirements thereof.

At|minimum, one set of the test leads supplied with the hand-held-multimeter shall be RATED
agcording to IEC 61010-031:2022 for at least the highest)voltage and MEASUREMENT
CATEGORIES of the hand-held multimeter.

Conformity is checked by inspection of the documentation or by carrying out all the relevgnt
tests of IEC 61010-031:2022 or IEC 61010-2-032:2023 as applicable.

18 Protection by interlocks

15.1 General

Inferlocks used to protect OPERATORS from HAZARDS shall prevent an OPERATOR from beipg
exjposed to the HAZARD before the HAZARD is removed and shall meet the requirements of 1§.2
and 15.3.

Conformity is checked by(inspection and by performing all relevant tests of this standard.

185.2 Prevention ofreactivating

Until the action_which caused the interlock to operate has been reversed or cancelled, an
inferlock for the protection of an OPERATOR shall prevent the HAZARD being re-established py
reactivating\without the use of a TOOL.

Caonformity is checked by inspection and, if necessary, by attempting to operate by hand ahy
interlock part which can be touched by the jointed test finger (see Figure B.2).

15.3 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.


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

-112 - |EC 61010-2-033:2023 EXV © |[EC 2023

16 HAZzARDS 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

thi

C

s standard shall be addressed by RISK assessment (see Clause 17).

nformity is checked by inspection and by evaluation of the RISK assessm
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cumentation.

.2 Ergonomic aspects

the following factors could give rise to a HAZARD, a RISK assessment shall be\documente
ing into account at least the following aspects:

limitation of body dimensions;

displays and indicators;

accessibility and conventions of controls;
arrangements of TERMINALS.

nformity is checked by inspection and by evaluation of thé/RISK assessment documentatia

TE RISK assessment procedures for ergonomics may be found in EN 894-2, EN 894-3, ISO 9241, SEMI
I other documents. Not all of the requirements in these documents will be applicable to equipment within
pe of this standard.

RISK assessment

examination of the equipment shows\that HAZARDS not fully addressed in Clauses 6 to
be 1.2.1) might arise, then RIsKZassessment is required. It shall be carried out a
cumented to achieve at least @ TOLERABLE RISK by an iterative process covering t
lowing.

Risk analysis

RISk analysis is the _process to identify HAZARDS and to estimate the RISKS based on t
use of availablesnformation.

RISK evaluation

Each RISk analysis requires a plan to evaluate the estimated severity and likelihood of
RISK,<and to judge the acceptability of the resulting RISK level.

RiISK reduction

nt
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b8,
he

16
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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 checki
that no new RISKS have been introduced.

ng

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);
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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.

Conformity is checked by evaluation of the RISK assessment documentation to ensure that the
RISKS have been eliminated or that only TOLERABLE RISKS remain

101 Measuring circuits

101.1 General

THe hand-held multimeter shall provide protection against HAZARDS resulting-from NORMAL UBE
and REASONABLY FORESEEABLE MISUSE of measuring circuits, as specified in.a) to c) below:

a)| a current measuring circuit which could interrupt the circuit being.measured during range
changing, or during the use of current transformers without internal protection (see 101.3);
b)| a displayed voltage value which can be incorrect or ambiguous (see 101.3);
c)| other HAZARDS that could result from REASONABLY FORESEEABLE MISUSE shall be addressgd
by RISK assessment (see Clause 16 and Clause 17).

Any interconnection between the hand-held multiméter and other devices or accessorigs

infended to be used with the hand-held multimeter shall not cause a HAZARD even if the
dgcumentation or markings prohibit the interconnection while the hand-held multimeter |is
used for measurement purposes (see 6.6).

Caonformity is checked as specified in\6.6, Clause 16, Clause 17, 101.2 and 101.3 ps
afplicable.

101.2 Current measuring citcuits

Current measuring circuits.shall be so designed that, when range changing takes place, the
shfall be no interruption which could cause a HAZARD.

—

e

Canformity is checked by inspection, and when an interruption of the current measuring circyit
may occur, by causing the device to switch the maximum RATED current 6 000 times.

When the secondary circuit of a current transformer is disconnected from its burden, a high
voltage can’/ appear between the ends of the open circuit, and could lead to a hazardopus
sifuation:

Current—measuringcircuits imtendedfor conmection to currenttransformers—without—mternal
protection shall be adequately protected to prevent a HAZARD arising from interruption of these
circuits during operation.

Conformity is checked by an overload test at a value of 10 times the maximum RATED current
for 1 s, and, if applicable, by causing the hand-held multimeter to switch the maximum RATED
current 6 000 times. No interruption which could cause a HAZARD shall occur during the tests.

101.3 Indicating devices
101.3.1 General

No HAzZARD shall occur from reading a voltage value when the hand-held multimeter is
operated for measuring MAINS voltages and in the event of REASONABLY FORESEEABLE MISUSE.
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A displayed voltage value is considered to be unambiguous when the value is less than 10 %
inaccurate, or if there is an indication when the value is out of range, or if there is a clear
indication that the value is not correct. A display off is also considered to be unambiguous.

The tests of 101.3.2, 101.3.3 and 101.3.4 shall be performed when relevant.

The a.c. r.m.s. voltages applied to the TERMINALS during the tests have a frequency of 50 Hz
or 60 Hz.

A |voltage value displayed by the hand-held multimeter shall not be affected by the expected
variation of its battery voltage.

Canformity is checked by the following test:

-~

Fqgr each measuring circuit TERMINAL RATED for MAINS voltage measurements, the voltage
the dashed list below is applied to these TERMINALS.

n

— | a.c. measurement TERMINALS are connected to 60 V a.c. r.m.s.
— | d.c. measurement TERMINALS are connected to 120 V d.c.

THhe supply voltage of the d.c. source connected to the battery connectors decreases by ho
more than 20 mV/s from the maximum battery voltage to zero. The d.c. source used for this
test shall be the batteries or similar source while the impedance of the batteries and ripple-
frae conditions are taken into account. The test terminates when the display turns off.

THe displayed voltage values during the test shall be unambiguous.

NQTE See 101.3.1 for the meaning of the term "uhambiguous".
101.3.3 Over-range indication

THe hand-held multimeter shall be able to display unambiguously over-range voltage valugs
whenever the value is above the maximum absolute value of the range to which the hand-hgld
multimeter is set.

NQTE Examples of ambiguous indications include the following, unless there is a separate unambiguqus
indication of an over-rapge-value:

a) | analogue HAND-HELD multimeter which stops at the exact ends of the range;
b) | digital HAND=HELD multimeter which shows a low value when the true value is above the range maximum (for
example 1€00%,5 V displayed as 001,5 V).

Conformityis checked by the following test:

An_over-range voltage is applied to the measuring circuit TERMINALS RATED for MAINS voltage
measurements set to each voltage measurement range.

The value of the over-range voltage applied to the TERMINALS is set at 110 % of the RATED
voltage measurement range. For measurements RATED for d.c., the over-range voltage is
applied with positive and negative polarities.

The displayed voltage values during the test shall be unambiguous.

101.3.4 Permanent overvoltages

The hand-held multimeter shall be able to withstand permanent overvoltages and continue to
give an unambiguous indication of any HAZARDOUS LIVE voltages up to the maximum RATED
voltage.
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NOTE 1

Conformity is checked by the following test:

Subclause 9.101.3 provides requirements for protection against HAZARDS from TRANSIENT OVERVOLTAGES.

An overvoltage is applied for 5 min to the measuring circuit TERMINALS RATED for MAINS voltage
measurements of the hand-held multimeter set to each voltage measurement range.

The value of the overvoltage applied to the TERMINALS is based on the TERMINALS' RATED

’4¢]

Itage between the TERMINALS:

a)

b)

c)

NG
ov

THh
7o

Af
Vo

1)

2)

Th

whemn the TERMINALS RATED voltage value is up to 1 000 V a.c. r.m.s., ihe overvolia
value is the TERMINALS' RATED voltage value multiplied by 1,9 but without exceedi
1100 V a.c. rm.s.;

when the TERMINALS' RATED voltage value is above 1 000V a.c. r.m.s. thecovervolta
value is the RATED voltage value multiplied by 1,1;

when the TERMINALS' RATED voltage is d.c., the overvoltage value is the,-RATED volta
value multiplied by 1,1.

TE 2 The 1,9 multiplication factor is derived from phase-to-phase voltage . measurements with a 10
brvoltage condition.

e above test may need to be repeated at any combination “of settings, TERMINALS a
ltage RATINGS.

fer each overvoltage has been applied, each measuring circuit TERMINAL RATED for MAI
Itage measurements shall in turn:

measure a voltage of 60 V a.c. r.m.s. or 120V d.c. based on the measurement TERMIN
input type;

measure a voltage equal to the maximum RATED voltage for the measurement TERMIN
under test.

e displayed voltage values shall be;itnambiguous.

he
19
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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 touch-current, and also

specifies the characteristics for test voltmeters.

Al1l  Measuring circuit for a.c. with frequencies up to 1 MHz and for d.c.

THe current is measured using the circuit of Figure A.1. The current is calculated ffom:

I
500
where
/ is the current, in amperes;
U is the voltage, in volts, indicated by the voltmeter.

THis circuit represents the impedance of the body and compensates for the change of phys
logical response of the body with frequency.

I

R1 =+ C1
— | O
<
R3
O
(o) IEC 1022/10

R1

1500 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 uF with a relative tolerance of £10 %

C2 = 0,022 uF with a relative tolerance of +10 %

Figure A.1 — Measuring circuit for a.c. with frequencies up to 1 MHz and for d.c.

O-


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

IEC 61010-2-033:2023 EXV © IEC 2023 - 117 —

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 either of the
circuits of Figure A.2. When using the voltmeter, the current is calculated from:

where

I | is the current in amperes;

U] is the voltage, in volts, indicated by the voltmeter.

THe circuit represents the impedance of the body for frequencies not exceeding 100 Hz.

NQTE The value 2 000 Q includes the impedance of the measuring instrument.

IEC 1023/10

R ¥ 2 000 Q with a relative tolerance of +5 %

Figure A.2 — Measuring-circuits for sinusoidal a.c. with frequencies
up to 100 Hz and for d.c.

Al3 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:

whefe

| 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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—

R1l=1 500 Q with a relative tolerance of +5 %

R2|= 500 Q with a relative tolerance of +5 %

C1|= 0,22 uF with a relative tolerance of £10 %

i

IEC 1024/10

Figure A.3 — Current measuring circuit forcelectrical burns

Al4  Current measuring circuit for WET LOCATION

FQr WET LOCATION the current is measured usifg“the circuit of Figure A.4. The current

cdlculated from:
U
| = —

500
where
I | is the current in amperesj
U| is the voltage, in voltsi.indicated by the voltmeter.

R1 ——)|

o IEC 1024/10
R1 = 375 Q with a relative tolerance of +5 %
R2 = 500 Q with a relative tolerance of £5 %

C1 = 0,22 uF with a relative tolerance of £10 %

Figure A.4 — Current measuring circuit for wet contact

S
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Annex B
(normative)

Standard test fingers
(see 6.2)

on

O

@50
1
|
|
|
|
|
|
|
1
|
I

12

tolerances and dimensions of the fingertip, see Figure B.2.

TE This test finger is the same as test probe 11 of IEC 61032, Figure 7

Figure B.1 — Rigid test finger

1EC-1025/10

Dimensions in millimet

es
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IEC 1026/10

1 insulating material
2 section AA spherical

3 section BB detail x (example)
4

handle side view

© oo N o

5 stop plate chamfer all edges

Dimensions in millimetfes
Tolerances on dimensions without.specific tolerance:
0

- on angles: by

- on linear dimensions:

up to 25 mm: 005 MM
over 25 mm: +0,2 mm
Mdterialof\finger: heat-treated steel, etc.

Bothvjoints of this finger may be bent through an angle of (90 ”8 )°, 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

+18)" bending angle.

ensure a (90
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 indicated in the
following examples 1 to 11 (see Figure C.1). These cases do not differentiate between gaps

and grooves or between types of insulation.

THe following assumptions are made:

a)| where the distance across a groove is equal to or larger than X (see Table”C.1), the

CREEPAGE DISTANCE is measured along the contours of the groove (see example2);

b)| any recess is assumed to be bridged with an insulating link having a length €qual to X apd

being placed in the least favourable position (see example 3);

c)| CLEARANCES and CREEPAGE DISTANCES measured between parts| which can assume

least favourable position.

different positions in relation to each other are measured when\ these parts are in their

In|the following examples dimension X has the value given-in-Table C.1 depending on the

PQLLUTION DEGREE.

Table C.1 — Dimensions of X

POLLUTION DEGREE Dimension X
mm
1 0,25
2 1,0
3 1,5

If the associated CLEARANCE (s‘less than 3 mm, the dimension X in Table C.1 may be reduc
tolone-third of this CLEARANCE.
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<X'mm

IEC 2749/2000

AMPLE 1 The path includes a parallel- or converging-sided groove of any depth with

width less than X.

a

THe CLEARANCE and the CREEPAGE DISTANCE are measured directly across the groove
shiown.
>X' mm
' IEG,_2750/2000
EXAMPLE 2 The path includes a parallel-sided groove of any,depth and equal to or mo

than X.

THe CLEARANCE is the “line-of-sight” distance. The CREEPAGE DISTANCE follows the contour
the groove.

TH

e CLEARANCE is the “linesof-sight” distance. The CREEPAGE DISTANCE follows the contour
the groove but “short-gircuits” the bottom of the groove by X link.
e /9PN
Ve / ~
Ve / ~

IEC 2751/2000

AMPLE 3 The path includes a V-shaped groove with a width greater than X.

of

of

IEC  2/52/2000

EXAMPLE 4 The path includes a rib.

The CLEARANCE is the shortest direct air path over the top of the rib. The CREEPAGE DISTANCE

fol

lows the contour of the rib.
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<X mm <Xmm

...... S IEC 2753/2000

E

AMPLE 5 The path includes an uncemented joint with grooves less than X wide on-ea

side.

Th

TH

TH

Wi

e CLEARANCE and the CREEPAGE DISTANCE path is the “line-of-sight” distance shown.

>X'mm >X'mm

IEC 2754/2000

AMPLE 6 The path includes an uncemented joint' with grooves equal to, or more than, X|.

e CLEARANCE is the “line-of-sight” distance:

e CREEPAGE DISTANCE follows the contour of the grooves.

=X mm <Xmm

L[ L L= L L IEC 2755/2000

AMPLE"7 The path includes an uncemented joint with a groove on one side less than
He 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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IEC 2756/2000

EXAMPLE 8 The CREEPAGE DISTANCE through the uncemented joint is less than the
CREEPAGE DISTANCE over the barrier.

THe CLEARANCE is the shortest direct air path over the top of the barrier.

IEC 2757/2000

EXAMPLE 9 The gap between the head of the screw and the-wall of the recess too narrow|to
be taken into account.

X mm

IEC 2758/2000

EXAMPLE 10 The gap between the head of the screw and the wall of the recess wife
erjough to be taken into accouht.

Me¢asurement of the CREEPAGE DISTANCE is from screw to wall when the distance is equal to X.

- VAV S~ IEC 2759/2000

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:

a)

b)

TH

Requirements:

B BASIC INSULATION is required

D DOUBLE INSULATION or REINFORCED INSULATION is required
Circuits and parts:

A ACCESSIBLE part, not bonded to the PROTECTIVE CONDUCTOR TERMINAL

H circuit that is HAZARDOUS LIVE in NORMAL CONDITION

R impedance meeting the requirements of 6.4.4

S protective screen

T, ACCESSIBLE external TERMINAL (not exceeding’the values of 6.3.1 in NORMAL CONDITIO

Tn TERMINAL (which may exceed the values of 6.3.1 in NORMAL CONDITION, and therefore
shall not be ACCESSIBLE)

Z impedance of secondary circuit

e secondary circuits shown may also be regarded merely as parts.



https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

- 126 -

IEC 61010-2-033:2023 EXV © |IEC 2023
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Figures D.1a) to d) — Protection between HAZARDOUS LIVE circuits
and ACCESSIELE"parts

2760/2000

e) 3 fff.-"..-"..i'fff.-':, f) 3 fffffffff:;
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f..-"..-"'-l" F A AINE T ff!#!f!!f!f
5 _+ S CE IEC 1027/10

D* may be B if Z is sufficiently low

Figures D.1e) to h) — Protection between HAZARDOUS LIVE circuits
and circuits with ACCESSIBLE external TERMINALS
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ACCESSIBLE part,

NG
prdg

F

NO

a) ACCESSIBLE part, b)
not bonded to other not bonded to other
771 |77] ACCESSIBLE 77 EMACCESSIBLE
:: D :: parts :: B ,.;‘ parts
5 ] 5 1
1 ] ] ]
] ] /] ]
1 .;" /] ::
4 / 1B
7777 777 brrrisrrased

IEC /2762/20(0

Figures D.2 a) and D.2 b) — Protection between a HAZARDOUS LIVE internakhcircuit
and an ACCESSIBLE part which is not bonded to other ACCESSIBLE parts

c) d)

" T TTHEITTTY

e B D y

ﬁ ~—> Ta ﬁ < Ta
f E g e

] PR ¢ o ] . ]

:: 53¢ ] Ta ,.'I: o ] Ta

r
’ B .-" o ’
Cor i il oo v 72 ! vl
IEC 1028/10

Figures D.2 c) and D.2 d) — Protection“between a HAZARDOUS LIVE primary circuit
and circuits which have<ACCESSIBLE external TERMINALS

TE 1 Other means of protection are also-possible for the circuits shown in Figures D.2 c) and D.2 d), such|as
tective screening, PROTECTIVE BONDING Of'Circuits (see 6.5.2) and PROTECTIVE IMPEDANCE (see 6.5.4).

X
TN = TN
H1 3 % H2
TN TN
IEC  1029/10

gure D.3 — Protection of external ACCESSIBLE TERMINALS of two HAZARDOUS LIVE circuits

OR

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

D

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;

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;

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

IEC 61010-2-033:2023 EXV © |IEC 2023

The micro-environment inside equipment is determined by the environmental conditions to

which the equipment is exposed during operation,

installation,

maintenance, and any

POLLUTION generated by the equipment itself as well as by the effectiveness of applied sealing

measures.

Equipment can be divided into environmental situations as depicted in Table E.1.

Table E.1 — Environmental situations

Environmental . . Installation or maintenance of
. . Equipment operated in ... . .
situation equipment in....
A controlled environment? controlled enyironment

B uncontrolled environment controlled enyironment or
equipmentAs hot opened during

installation or maintenance

C uncontrolled environment ungontrolled environment

d).

@ A controlled environment is an environment having,the conditions of 1.4.1 ¢) and

NQTE The environmental situation of Table E.1 proyjdes a systematic classification of the environments to wh
thqg equipment is exposed and whether the equipment“may be opened for installation and maintenance purposes,

Reduction of the POLLUTION DEGREE-10f the micro-environment may be achieved by t

methods of Table 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 (o B (o

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

THe manufacturer shalt perform the tests of F.2 to F.4 on 100 % of equipment produced which
hgs both HAZARDOUS LIVE parts and ACCESSIBLE conductive parts. Unless it can be cleafly
shiown that the result of the tests cannot be invalidated by subsequent manufacturing stagsgs,
tests shall be made with equipment fully assembled. Components shall not be-unwirgd,
modified or disassembled for the test, but snap-on covers and friction-fit knobs may pe
removed if they would interfere with the tests. The equipment shall not be energized duripg
the tests, but the MAINS switch shall be in the on-position.

Wrapping the equipment in foil is not required, nor is humidity preconditioning necessary.

Tgst site altitude correction of the test voltage is not required.

9%
Q

THe voltage test equipment shall be able to maintain the required voltage for the specifi
period of time. No other requirements apply.

Caonformity is checked by inspection.

F.2 Protective earth

A |continuity test is made between the _éarth pin of the appliance inlet or the MAINS plug |of
plug-connected equipment, or the-SPROTECTIVE CONDUCTOR TERMINAL oOf PERMANENTLY
CQNNECTED EQUIPMENT on the one<side, and all ACCESSIBLE conductive parts which 4re
required by 6.5.2 to be connected-to the PROTECTIVE CONDUCTOR TERMINAL on the other side.

D

NQTE No value is specified for the.test current.
F.B MAINS CIRCUITS

F.B.1 General
A fest voltage-is applied between:

a)| the MAINS TERMINALS connected together, and
b)|alll ACCESSIBLE conductive parts including the PROTECTIVE CONDUCTOR TERMINAL, if any,

ool b +lo
CUTITTITULITU I.UHULI 1CT.

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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3

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 I OVERVOLTAGE CATEGORY llI OVERVOLTAGE CATEGORY IV
of MAINS supply
a.c. r.m.s. or a.c. d.c. 1,2/50 ps a.c. d.c. 1,2/50 pus a.c. d.c. 1,2/50 ps
d.c. Impuise Impuise Impulse
\% V r.m.s. \% V peak V r.m.s. V V peak Vr.m.s. V V peak
<150 840 1200 1200 1400 2 000 2 000 2200 3 100 3100
150 < 300 1400 2 000 2 000 2 200 3100 3100 3300 4 700 4 700
300 <600 2 200 3100 3100 3 300 4700 4700 4 300 6 000 6 000
>p00 < 1 000 3 300 4700 4700 4 300 6 000 6 000 5.300 7 500 7 500

F.B.2 MAINS cIRcUITS with voltage limiting devices

Fd

th

F.4 Floating circuits

a)

b)

TH
eq

th

No flashoyeF.of CLEARANCES or breakdown of solid insulation shall occur during the test n
shall the_test device indicate failure.

The test voltage is(raised to its specified value within 5 s and maintained for at least 2 s, wj

C. test of F.3.1 can be carried out using a test voltage of 0,9 times the clamping voltage
p voltage limiting device but not less than twice the WORKING VOLTAGE of the MAINS CIRCUIT]

fest voltage is applied between

USE, connected together, and
ACCESSIBLE conductive parts connécted together.

e circuit electrically isolated from any external earthing means.

r MAINS CIRCUITS with voltage limiting devices that meet the réquirements of 14.8, the a.c.|or
of

the TERMINALS of floating input and outpl? circuits, which can be HAZARDOUS LIVE in NORMAL

e value of the applied voltage’in each case is 1,5 times the maximum RATED voltage |to
rth but not less than 350 V-a.c. r.rm.s or 500 V d.c. If voltage-limiting (clamping) devices
clamp below the applied voltage, the value of the applied voltage is 0,9 times the clampi
valtage, but not less than‘\that of the maximum RATED voltage to earth.

or
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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, Canada, and in some
other countries, as proof of conformity with national regulations relating to high pressures.
These requirements are not adequate for equipment intended for toxic, flammable, or

e

G

otherwise hazardous materials. Refer to national authorities for requirements for su
uipment.
1 General
lid-containing parts of equipment under pressure shall not cause a HAZARD-through ruptu

Fl
or

Cq

Gj2.1 General

Flyid-containing parts of equipment which in“NORMAL USE have both of the followi
chiaracteristics shall not cause a HAZARD through-rupture or leakage:

a)|a product of pressure and volume greater‘than 200 kPa:l;

b)|a pressure above 2 MPa.

NQTE Such equipment includes fluid-pressure-actuated equipment employing flexible bellows, diaphragn
Bolrdon tubes, etc. and equipment sueh _as flowmeters that are connected to process pressures RATED at or abd
2 MPa.

Conformity is checked by(inspection and by performing the hydrostatic tests of G.2.2 to G.2
Any overpressure safety device which is used to limit the maximum working pressure
inqctivated during the-fests.

Figure G.1 is asflow chart showing methods of conformity verification.

THroughaout)Clause G.2, values are based on RATED pressure Pg. This is the maximd
pressuré_as marked on the equipment or, if no value is marked, the maximum transig

oV

leakage in NORMAL CONDITION or SINGLE FAULT CONDITION.

nformity is checked as specified in Clause G.2 to G.4.

2 Pressures above 2 MPa and a product pressure and volume greater
than 200 kPa-l

erpressure (maximum pressure which may be applied without permanent change

ch

ns,
ve

6.
s

-

m
nt
n

pe

rfarmance). In the case of differential pressure equipment, the RATED pressure is the high

er

of

the working pressure and the static pressure.
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Visual
leakage?
Yes

No FAIL

3 x Pk (B)

Repeat (B) | No |

Pressure
aintained?

Repeat (B)

Pressure

No Yes

CPASS) C FAIL ) Yes No FAIL
Has outer
case?

N

CPASS) ( FAIL ) Remove C FAIL )CPASS)
Mods

OneofC,D, E Yes

2,5 x P (C) | 3xP.(D) | [ 1xP. to case (E)*
Visual
leakage?
Yes N

( PASS ) C PASS ) C FAIL ) C PASS ) C FAIL )

IEC 1030/1

Supclause references for tests A to F:

A$G.23a)-B=G.2.3b)-C=G.2.5a)-D=G.2.5b)-E=G.2.5¢)-F = G.2.6 - P, = 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 Pgr, see G.2.1.

Test pressure values specified in G.2.3 to G.2.6 apply to equipment with RATED pressure up to
14 MPa. For higher RATED pressures the values of Table G.1 apply.

Where it is specified in these test procedures that pressure is to be applied to “the
equipment”, the pressure shall be applied to that part of the equipment that is subjected to
pressure in NORMAL USE.

Where—t—ts—spectied—in—these—testprocedures—thatpressure—s—to—be—appted—to—the—otier
casing”, the pressure shall be applied to any unpressurized case, cover, enclosure) |or
hdusing that encloses all or part of the pressurized equipment, but that is not itself intended|to
bg pressurized in NORMAL USE.

G2.3 Initial tests
The following tests are performed.

a)| A pressure of 2 x Pg is applied to the equipment for 1 min without @ny’visible leakage.

b)|A pressure of 3 x Pg is applied to the equipment for 1 min without any rupture or failyre
which results in fragments flying outside the equipment.

During test b), leakage may occur because of splits 4n Bourdon tubes, diaphragms, |or
bellows, or because of joint or gasket failure. These are“iot considered to be test failureg if
the pressure can be maintained for 1 min. However\if leakage is at a rate which prevernts
pressure being maintained for 1 min, the modifications specified in G.2.4 may be made,
and the test repeated.

~

.

1) If the equipment passes the test of G.2.3 b) after modification only as specified
G.2.4 a), no further tests are performed.

n

2) If the equipment passes the test 0f-G.2.3 b) after modification as specified in G.2.4 p),
the modifications are removed, and one of the tests of G.2.5 is performed.

3) If the equipment again fails the test of G.2.3 b), the modifications are removed and the
test of G.2.6 is performed:
Gl2.4 Modifications to'minimize leakage

The following modifications may be made.

a)| External fittings ymay 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 reduge
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 Pr is applied to the equipment for 1 min without any visible leakage.

b) A pressure of 3 x Pr 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,;zp Cannot be maintained within the equipment, leakage
from the outer casing takes place at a rate which prevents a build-up of hazardous pressure.
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c) If the equipment has an outer casing capable of being pressurized, it is subjected to a
pressure of Pr for 1 min without any rupture or failure which results in fragments flying
outside the outer casing.

NOTE 2
resist pressure.

G.2.6

Additional test if modifications failed to reduce leakage

In this situation, rupture and flying fragments are prevented by the capability of the outer casing to

If the equipment failed the test of G.2.3 b) after the modifications of G.2.4, but the leakage
serves as a pressure relief mechanism, the equipment conforms to the requirements of

GJZ3 b) i1, arter removal or the modifications, It passes the test specified below and, Ii 1

equipment has an outer casing, also passes one of tests a), b), and c) of G.2.5.

A |pressure of 2,5 x Pr is applied to the equipment for 1 min without any rupturé”or faill

which results in fragments flying outside the equipment.

Table G.1 — Test pressures for equipment with pressures above)14 Mpa

Pr Pressure for Pressure for test Pressure for tests Pressure for
test of G.2.5 ¢) of G.2.3 a) of G.2.5 a) tests of G.2.3 b)
and G.2.6 and G.2.5 b)
>14 <70 MPa Pr 1,75 x Pg 2,0 x(Pg 2,5 x Pg
plus 3,5 MPa plus-7 MPa plus 7 MPa
>70 MPa Pr 1,3 x PR 1,5 x Pg 2,0 x Pg
plus 35 MPa plus 42 MPa plus 42 MPa

e

G|3 Pressures between 50 kPa and 2‘MPa, and pressure times volume
above 200 kPa:l

Fluid-containing parts of equipment,"which in NORMAL USE have both of the followipg
chiaracteristics shall not cause a HAZARD through rupture or leakage:

a)|a product of pressure and volume greater than 200 kPa:l;
b)|a pressure between 50°kPa and 2 MPa.

Conformity is checked\by a hydrostatic test conducted as specified in G.2.2. Any overpressure
safety device whichs used to limit the maximum working pressure is inactivated during the
tept.

A |pressure~of 3 x Pr is applied to the equipment for 1 min without leakage, permangnt
(plastic).deformation, or bursting. However, for equipment not intended for use with toxfc,
fldAmmable, or otherwise hazardous substances, leakage at a gasket at a pressure aboye
1,Px{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 Pr.

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.
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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.

G.

5 Overpressure safety devices

An overpressure safety device shall not operate in NORMAL USE and shall conform to all the
following requirements.

a)

b)
c)
d)

e)
f)

g)

Algo see 11.7.4.

Cq

Hshattbecommectedasctoseas possibtetothefrurd=contammgparts of the—systemrtha
is intended to protect.

It shall be installed so as to provide easy access for inspection, maintenance and repair.
It shall not be capable of being adjusted without the use of a TOOL.

It shall have its discharge outlet located and directed so that the released' material is 1
directed towards any person.

It shall have its discharge outlet located and directed so that operation’ of the device W
not cause a HAZARD by depositing material that could cause deterioration of parts.

It shall have sufficient discharge capacity to ensure that the. pressure will not exce
1,1 x Pr if there is a failure of the supply pressure control.

There shall be no shut-off valve between any overpressuré safety device and the parts th
it is intended to protect.

nformity is checked by inspection and test.

ot

19%
o

at
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Annex H
(normative)

Qualification of conformal coatings for protection against POLLUTION

1 General

T
re

Cq

NG

pu
thg

Cq

NG
reg

H

Th

In

b)

c)

d)

e)

Cq

H

IS annex covers requirements T1or contormal coatings used on printed wiring boards
Huce the POLLUTION DEGREE.

nformal coatings shall meet the requirements of Clause H.2 and H.3.

TE 1 The requirements of Clause H.2 assure that the conformal coating has been suitably RATED for
pose of coating printed wiring boards. The requirements of H.3 assure that the coating with.continue to adhereg
printed wiring board after environmental and physical stresses.

nformity is checked as specified in Clauses H.2 and H.3.

TE 2 Conformal coatings that meet the requirements of ANSI/UL 746E, are considered to meet thq
uirements.

2 Technical properties

e technical properties of conformal coatings shallbe suitable for the intended applicatid
particular:

boards;

intended application;

the comparative tracking index (CTI), the insulation resistance and the dielectric streng
shall be suitable for the intended application;

if the printed wiring boeard coating is to be exposed to sunlight, the coating shall ha
adequate UV resistance;

the flammability RATING of the coating shall be at least the required flammability RATING
the printed wiringyboard to which it is applied.

nformity is checked by inspection of the manufacturer’s data.

3 _Qualification of coatings

he
to

the manufacturer of the coating materialxshall state that it is a coating for printed wiriphg

the RATED operating temperature \range shall include the temperature range of the

Th

e rnnfing shall meet the r\nnfnrmify rnqnirnmnn'fc of Figllrn 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

Test,
conditioning

Test parameter, conditions

Test procedure

Cold
conditioning

Conditioning temperature: T _. .

T.in Is the minimum RATED ambient temperature
or the minimum RATED storage temperature,
whichever is lower, of the specimen.

Any humidity is acceptable.

Conditioning time: 24 h

The specimens are placed in a
temperature chamber and held at T _;
the specified conditioning time.

n for

2 Dry heat Conditioning temperature: T __ . The specimen is placed in a temperature
T ax IS the maximum RATED surface chamber and held at T__ forthe
temperature, maximum RATED ambient specified conditioning time.
temperature, or maximum RATED storage
temperature, whichever is higher, of the
specimen.

Any humidity is acceptable.
Conditioning time: 48 h
3 Rapid change of | Maximum temperature: T . The conditioning procedure follows {est
temperature T ax 1S the maximum RATED surface Na of IEC60068-2-14.
temperature, maximum RATED ambient
temperature, or maximum RATED storage
temperature, whichever is highest, of the
specimen.
Minimum temperature: T .
T..in is the minimum RATED ambient temperature
or 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 specimiéns are achieved and
then maintained for 10, ntin.
The cycle starts when the specimen has
reached the target within 2° C.
Number of cycles: 50 cycles
4 Damp heat Temperature: 40°C+2°C The specimens are placed in the
(. . 0 humidity chamber and held at the
Humidity: 90 %...95 % R.H. specified temperature and humidity for
Conditioning time: 24 h the specified conditioning time.
5 Adhesion of Temperature: 15 °C.... 35 °C The test procedure follows the test
coating e 0 o described in 5.8.2 of IEC 60664-3 u$ing
HUmIdIty. 45 %.... 75 % R.H. the Specified puII force.
Pull force: 5N
6 Humidity Temperature: 40°C+2°C The specimens are placed in the
conditioning o 0 o humidity chamber and held at the
Humidity: 90 %...95 % R.H. specified temperature and humidity for
Gonditioning-time—49-h the specified conditioning time.
7 Insulation Temperature : 40+x2°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 soldering

procedure, including any cleaning and protection steps that are normally applied.

Visual inspection

Conformity is checked by inspection.

The specimens shall show no:
. 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 DISTANGE\f|
uncoated printed wiring boards.

NOTE Areas of the specimens where scratch resistance test is applied need n
involved in the subsequent testing and inspection.

ot be

|

Conditioning of the test specimens

Table H.1, item 1

Cold conditioning

Table H.1, item 2

Dry heat

Table H.1, item 3

Rapid change of temperature

Table H.1, item 4

Damp heat test

l

Mechanical and electrical\tests after conditioning

Table H.1, item 5

Adhesion of coating (tape test)

Visual inspection

Conformity is checked by inspection.

On all specimens, the coating shall not have loosened and there shall be no m4
transferred to the tapethat is visible to the naked eye.

NOTE In order to~assess whether there has been any transfer of material, the tap
be placed on a\'sheet of white paper or card. If a white or light-coloured coating is
tested, a suitably contrasting coloured paper or card is used instead.

terial

e can
being

Table H.1, item 6

Humidity/conditioning

Table H.1, item 7

Insulation resistance

Corniformity is checked by measuring of the insulation resistance of Table H.1, item 7}

specimens shall meet the required value.

All

|

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.

IEC 1031/10

Figure H.1 — Test sequence and conformity
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Annex |
(informative)

Line-to-neutral voltages for common MAINS supply systems

For the purposes of this standard, Table I.1 gives the line-to-neutral voltage that should be
used for determining CLEARANCE, CREEPAGE DISTANCE, and solid insulation requirements of
MAINS circuits.

Ts

Wi

Table 1.1 — Line-to-neutral voltages for common MAINS supply systems

ble I.1 is derived from Table B.1 of IEC 60664-1. It is applicable to MAINS supply systems
[h inherent control (see IEC 60664-1, 4.3).

MAINS systems and nominal voltages Ling-to-
nedtral
[hree-phase Three-phase Three-phase Three-phase Single-phase Single- volfage
four-wire four-wire three-wire three-wire two-wire phase (split- pertinent
systems 2 systems 2 systems systems systems phase) to MiaINS
three-wire system
ith earthed with unearthed with earthed a.c~or d.c. systems ? type| and
neutral unearthed phase a.c. or d.c. noniinal
neutral (IT voltage
TT system systems) b, ¢ 9
Iiw P1 R1 L1 L1
II "
— : E :3 E—;EZ ) ; Lz
F E
TN-C-S System
L1
L2
L3
| PEN N
[
\ \/ \Y \ \Y \Y
12,5 to 48 30/60 50
66/115 66 60 100
120/208 120/208 110, 115 100 100 100/200 ¢ 1%0
110, 115
1271220 120, 127 120 120, 127 110/220
115/230
TZ07240
220/380 230/400 200 200 220 220/440 300
230/400 277/480 220, 230, 240 240 230 240/480
240/415 260, 277, 347 240
260/440 380, 400, 415
277/480 440, 480
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347/600 347/600 500 347 480 480/960 600
380/660 400/690 577 380, 400, 415
400/690 600 440, 480, 600
417/720
480/830
660 1000 1000
690, 720
830, 1 000

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.
Z is an impedance which may connect neutral to earth (usually 1 500 Q).

When insulation is monitored, neutral of these systems is considered to be earthed.

Practise in Japan.
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Annex J
(informative)

RisKk assessment

A RISK assessment process based on ISO/IEC Guide 51 (1999) is given below. Other RISK
assessment procedures are contained in ISO 14971, SEMI S10, IEC 61508, ISO 14121-1, and
ANSI TR3. Other established procedures which implement similar steps can also be used.

J. RISK assessment procedure

TQLERABLE RISK is achieved by the iterative process of RISK assessment (RISK(analysis ahd
RI$K evaluation) and RISK reduction (see Figure J.1).

=
v

Definition of intended
P> use and reasonably
foreseeable, misuse

’

Hazard identification

v

RISK estimation

RIsK analysis

RISk assessment

RISk reduction l

RISK evaluation

Is tolerable RISK

\ achieved?

No

=

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 those with
special needs and the elderly), and any known contact group (e.g. use or contact by

children);

b) identify the intended use and assess the REASONABLY FORESEEABLE MISUSE of the product,

process or service;

c)

d)

e)

w
1)
2)

3)
Th

re
Fi

identify each HAZARD (including any hazardous situation and harmiul event) arising in
stages and conditions for the use of the product, process or service, including installatig
maintenance, repair, and destruction or disposal;

estimate and evaluate the RISK (see Figure J.1) to each identified user/contact gro
arising from each HAZARD identified;

judge if the RISK is tolerable (e.g. by comparison with similar products,- processes
services);

if the RISK is not tolerable, reduce the RISK until it becomes tolerable!
hen reducing RISKS the order of priority should be as follows:

eliminate or reduce RISKS as far as possible (inherently safe‘design and construction);

take the necessary protection measures in relation {0/ RiSks that cannot be eliminat
(protection devices);

inform users of the residual RISKS due to any shortcomings of the protection measur
adopted, indicate whether any particular traifing is required, and specify any need
provide personal protection equipment (information for safety).

is procedure is based on the assumption: that the user has a role to play in the RI
Huction procedure by complying with the” information provided by the manufacturer (s
jure J.2).

Initial RISK

\

Inherently safe design

Design Protective devices

Information for safety

O

RISK remaining after design

\

Additional protective devices

all

Tldillillg

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,

— 143 -

personal

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 given in
Table J.1. Probability of harm is given in Table J.2. The RISK category, which is selected

based on severity and probability, is given in Table J.3.

protection equipment and

Table J.1 — Severity of harm
Severity group People Equipment / Facility Environment
Catastrophic One or more fatalities System or facility loss Chemical rel€ase’with
acute or public*health
impact
Severe Disabling injury/iliness Major subsystem loss or Chenical release with
facility damage temporary environmental
or public health impact
Moderate Medical treatment or Minor subsystem loss or Chemical release
restricted work activity | facility damage triggering external
reporting requirements
Minor First aid only Non-serious equipment or Chemical release
facility damagg requiring only routine
cleanup without
reporting
Table J.2 — Probakility of harm
Likelihood Expected rate of occurrence
Frequent More than five times a<year
Likely More than once pgeryear, but not more than five times a year
Possible More than once-in five years, but not more than one a year
Rare 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
RisKk assessment / RISK category
Severity of harm Probability of harm
Frequent Likely Possible Rare Unlikely
Catastrophic 3 3 3 2 2
Severe 3 3 2 2 1
Severity
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.

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 RISKS.
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ejuipment intended to measure or control thexMAINS supply within the building, and simi
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Annex K
(normative)

Insulation requirements not covered by 6.7

1 Insulation for MAINS CIRCUITS

.1 General

e concept of OVERVOLTAGE CATEGORIES is elaborated in IEC 60364 and in IEC 60664-1."T
scriptions below are made up of edited extracts from these two standards.

OVERVOLTAGE CATEGORY is, as the definition 3.5.17 states, a numeral defininga TRANSIE
ERVOLTAGE condition. The OVERVOLTAGE CATEGORIES are created to achieve insulati
ordination between different parts of the MAINS supply installation. IEC 60364-4-44 says th

equipment with regard to required expectations on continuity. ‘'o6f service and on
ceptable probability of failure’. This means that the decision of the appropriate RATING of t
ERVOLTAGE CATEGORY of a piece of equipment may be made pn“grounds of reliability as w
on grounds of safety. In this standard, requirements in Clauses 5 to 16 apply to equipme
t forming part of the building installation, and the réquirements for CLEARANCES a
EEPAGE DISTANCES are based on OVERVOLTAGE CATEGORY Il, with MAINS voltages
300 V.

uipment forming part of the building installation may include installation materi

ne

NT
bn
at

18

an
he
ell
nt
nd

ip

al,
ar

uipment. All such equipment is permanently connected to the MAINS, and is permanently

stalled in the building. However, equipment that utilizes the MAINS supply only for poweri

s permanently connected or permanently installed in the building.

B manufacturer rates equipmeht for OVERVOLTAGE CATEGORY Ill OR OVERVOLTAGE CATEGO
the relevant requirements ‘gf-this annex apply.

ERVOLTAGE CATEGORY 1 is used, within the context of |IEC 60364-4-44, for equipmg

d reliably reducé TRANSIENT OVERVOLTAGES to a level where they cannot cause a HAZAR
ERVOLTAGE CATEGORY | is not relevant to this standard.

ERVOLTAGE CATEGORY Il is for equipment intended to be supplied from the building wiring
plies .both to plug-connected equipment and to PERMANENTLY CONNECTED EQUIPMEN
bclause 6.7 covers only the requirements for OVERVOLTAGE CATEGORY |l with a nomirn
pply, voltage up to 300 V. The requirements for higher OVERVOLTAGE CATEGORIES and 1

g
if

nt
ly

It
T.
al
or

(0]
an

1 ) H Il ! 14 1 AOO-N\L () 4
ERVULTAGE UATEGURT 1T WILTT a TIOTTTar sSUuppry vUIladayc abuUve OoUU v dic LUVCTTCU Uy U
nex.

is

OVERVOLTAGE CATEGORY lll 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 ||
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

fol

a)

b)
c)

lowing tables as applicable:

for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il, with nominal supply voltages above 300 V,
Table K.2;

for MAINS CIRCUITS of OVERVOLTAGE CATEGORY IlI, Table K.3;

for MAINS CIRCUITS of OVERVOLTAGE CATEGORY |V, Table K.4.

NG

TH
\'%:

If
b€

NG
VO

Cq
Vo

ap

N

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

e values in the following tables are for BASIC INSULATION and SUPPLEMENTARY INSULATIQN.
lues for REINFORCED INSULATION shall be twice the values for BASIC INSULATION.

he equipment is RATED to operate at an altitude greater than 2 000 m, the CLEARANCES shall
multiplied by the applicable factor of Table K.1.

TE 2 Material group lllb is not recommended for application in POLLUTION DEGREE 3 above line-to-neufral
tages of 630 V.

nformity is checked by inspection and measurement and, in-case of doubt, by the impulse
itage test of 6.8.3.3 or the a.c. test of 6.8.3.1 with a duration of at least 5 s using the
plicable test voltage from Table K.16 for the required CLEARANCE.

flashover of CLEARANCES shall occur during the test.

Table K.1 — Multiplication factors for'"CLEARANCES for equipment RATED
for operation at altitudes up to 5 000 m

RATED operating altitude Multiplication factor
m
Up to 2:000 1,00
2 001,40 3 000 1,14
3.001to 4 000 1,29
47001 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 . . .
\{olta he dalues material Other insulating material
line-tp~
neutral a—e- fOI' PoLLUTION POLLUTION PoLLUTION POLLUTION-DEGREE 2 POLLUTION DEGREH 3
CLEAR-
r.m.s. or ANCE DEGREE 1 DEGREE 2 DEGREE 1
d.c. All Material All Material | Material | Material | Material | Material | Material
material | groups I, | material | group | | group Il | group lll | group | | group Il | group Il
groups 11, 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

material
\{oltage Values
line-to- for
neutral a.c. CLEAR- | POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
r.m.s. or ANCE DEGREE 1 DEGREE 2 DEGREE 1
d.c.
All Material All Material | Material [ Material | Material | Material | _I!taterial
material | groups |, | material | group | | group Il | group lll | group | | group Il |\group lll
groups I, llla groups
\ mm mm mm mm mm mm mm mm mm mm
<15( 1,5 1,5 1,5 1,5 1,5 1,5 1,6 2,0 272 2,5
>150 < 300 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,8 4,1 4,7
>300 < 400 5,5 5,5 5,5 5,5 5,5 5,5 6,0 7,5 8,3 9,4
>600 < 11000 8,0 8,0 8,0 8,0 8,0 8,0 10,0 12,5 14,0 16

Table K.4 — CLEARANCES and CREEPAGE DISTANCES-for MAINS CIRCUITS of
OVERVOLTAGE CATEGORY [V

Values for CREEPAGE DISTANCE
Printed wiring Other insulating material
Yoltage board material
ine-to-
Values for
neutral a.c CLEARANCE | POLLUTION | POLLUTION | PQLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
r "L-S- or DEGREE 1 DEGREE 2 DEGREE 1
.C
All Material All Material | Material | Material | Material | Material | Material
material | groupsl, | material | group | | group Il | group Ill | group | | group|ll | group Il
groups 11,"Hla groups
\Y mm mm mm mm mm mm mm mm mm mm
<150 3,0 3.0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0
>150 < 300 5,5 55 5,5 5,5 5,5 5,5 5,5 5,5 5,5 5,5
>3P0 < 600 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,3 9,4
>6p0 < 1 000 1410 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 printgd

wifing beards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.

Caonformity 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 only
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. Test a) checks
the effects of TRANSIENT OVERVOLTAGES, while test b) checks the effects of long-term stress of solid insulation.

NOTE 3 If the test from Tables K.5 to K.7 is performed for at least 1 min, there is no need to repeat the test of b)
above.

Table K.5 — Test voltages tor solid insulation in MAINS CIRCUITS
of OVERVOLTAGE CATEGORY Il above 300 V

Test voltage
Voltage line-to- 5s a.c. test Impulse test
neutral a.c. r.m.s. V a.c. r.m.s. V peak
ord.c.
BASIC INSULATION BAsIC
\ and INSULATION and

SUPPLEMENTARY REINFORCED | SUPPLEMENTARY.”|" REINFORCED
INSULATION INSULATION INSULATION INSULATION

>300 < 600 2210 3510 4-000 6 400

>600 < 1 000 3310 5400 6 000 9 600

Table K.6 — Test voltages for solid insulation in MAINS CIRCUITS
of OVERVOLTAGE CATEGORY llI

Test voltage
Voltage line-to- 5s a.c, test Impulse test
neutral a.c. r.m.s. wWehs. V peak
ord.c.
BASIC INSURATION 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- 5 s a.c. test Impulse test
neutral a.c. r.m.s.
or d.c. Vrm.s. V peak
BASIC INSULATION BASIC INSULATION
\V; 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 4260 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

Sq

1)
2)
3)
4)

Cq

Fg
lo
=
co

Cq
in

N.3.2 Moulded and potted parts

Test voltage
Voltage line-to- 1 min a.c. test 1 min d.c. test voltage
neutral a.c. r.m.s. V r.m.s. V d.c.
ord.c.
BAsic Basic
\Y; INSULATION and REINFORCED INSULATION and REINFORCED
SUPPLEMENTARY INSULATION SUPPLEMENTARY INSULATION
INSULATION INSULATION

<150 1350 2700 1900 3 800

> 150 < 300 1 500 3000 2100 4 200

> 300 < 600 1 800 3600 2550 5100

> 600 <1000 2 200 4400 3100 60200

lid insulation shall also meet the following requirements, as applicablg;

for solid insulation used as an ENCLOSURE or BARRIER, the requirements of Clause 8;
for moulded and potted parts, the requirements of K.1.3.2;

for inner layers of printed wiring boards, the requirements of K.1.3.3;

for thin-film insulation, the requirements of K.1.3.4;

nformity is checked as specified in K.1.3.2 to K.1.3,4,7and in Clause 8, as applicable.

r BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductd
tated between the same two layers moulded together (see Figure K.1, item L) shall

mpleted.

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

IEC 1012/10

parated by at least the applicable_ minimum distance of Table K.9 after the moulding (i

Ke

y

Layer 1
Layer 2
Conductor

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 the
applicable minimum distance of Table K.9.

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

L C

- - IEC 1013/10

Kely:
L Distance between adjacent conductors
A Layers

(o} Conductors

Flgure K.2 — Distance between adjacent conductors‘along an interface of an inner layer

Table K.9 — Minimum values for distance or thickness of solid insulation

Line-to-neutral Minimum thickness Minimum distance L
voltage (see Figure K.2)
a a, b
Vr.m.s. ord.c. mm mm
<300 0,4 0,4
> 300 <600 0,6 0,6
> 600 <1000 1,0 1,0
2@ These values are independent of the OVERVOLTAGE CATEGORY.
b Thése“values apply for BASIC INSULATION, SUPPLEMENTARY INSULATION and
REINFORCED INSULATION.

REINFORCED INSULATION of inner insulating layers of printed wiring boards shall also haye
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 INSULATION, conductors
log L S~ two dayers (SEE I .gule HS, Ttem t, strattbe SepalatEd b? atteqst
the applicable CLEARANCE and CREEPAGE DISTANCE of K.1.2.

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

C
IEC 1014/10

Kely:

L Distance between adjacent conducters

A Layers of thin-film material suchtas tape and polyester film
C Conductors

NQTE There may be airspresent 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 adequdte
elgctric strength. One of the following methods shall be used.

Thethinlcn theotial £ too ]
a T C T 19 T C T

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.

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 K.5, Table
K.6 or Table K.7.

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

K.2 Insulation in secondary circuits

K.24+—General

In| this standard, secondary circuits are circuits where separation from MAINS CIRCUIFS |is

adhieved by a transformer in which the primary windings are separated from the secondgry

wihdings by REINFORCED INSULATION, DOUBLE INSULATION, or a screen connected to the

PROTECTIVE CONDUCTOR TERMINAL.

THe maximum TRANSIENT OVERVOLTAGE level of earthed secondary circuit i8 assumed to pe

ornle level lower from the series of impulse voltages of Table 102 for the-considered nominal

a.¢. r.m.s. line-to-neutral or d.c. voltage of the primary MAINS (€RCUIT with the same

OVERVOLTAGE CATEGORY or MEASUREMENT CATEGORY.

EXAMPLE If the nominal a.c. r.m.s. line-to-neutral voltage of MAINS being measured is 2 000 V in MEASUREMENT

CAJEGORY llI, the applicable impulse voltage is 15 000 V and the lower levelis 10 000 V.

CUEARANCES for secondary circuits are determined:

1)| for earthed secondary circuits, by the method“in K.2.2 or in K.3.2 using the lower
TRANSIENT OVERVOLTAGE value of one level, of.

2)| for all secondary circuits, by the method in K.3.2 using the U; value defined [in
IEC 61010-2-030:2023, Clause K.4.

K.]2.2 CLEARANCES

CUEARANCES for secondary circuits-shall:

a)[for BASIC INSULATION or+SUPPLEMENTARY INSULATION, meet the applicable values |of
Tables K.10, K.11 and K42, or for REINFORCED INSULATION meet twice that value; or

b)| pass the voltage test 0f'6.8 using the applicable value of Table K.10, Table K.11 or Table
K.12.

Far the applicatian jof Tables K.10 to K.12, the following applies:

1)| values for \test voltages for REINFORCED INSULATION are 1,6 times the values for BASIC
INSULATION;

2)| if the.equipment is RATED to operate at an altitude greater than 2 000 m, the values for
CKEARANCES are multiplied by the applicable factor of Table K.1;

3) “minimum CLEARANCE 1s U,Z mm for POLLUTION DEGREE Z and U,8 mm jor 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 Test voltage
or a.c. peak
vl vl AR V2 R~ aaaas V2 R~
16 22,6 1,5 1390 2,9 1590
33 46,7 1,5 1390 3,0 2210
50 70 1,5 1390 3,0 2210
100 140 1,6 1450 3,1 2 260
150 210 1,6 1450 3,2 2 300
300 420 1,8 1540 3,4 2 400
600 840 2,4 1620 339 2 630
1000 1400 3,5 2 450 5,0 3110
1250 1750 4,2 2770 5,8 3430
1600 2 240 5,2 3190 6,9 3 850
2 000 2 800 6,5 3700 8,2 4 330
2 500 3 500 8,1 4300 9,8 4 920
3200 4 480 10 4 950 12 5780
4 000 5 600 12 5780 15 7 000
5000 7 000 16 7 400 18 8 200
6 300 8 820 20 8 980 22 9700
8 000 11 200 26 11 200 28 11 900
10 000 14 000 33 13 800 35 14 500
12 500 17 500 42 16 900 44 17 600
16 000 22 400 55 21 200 57 21 900
20 000 28 000 71 26 300 73 27 000
25000 354000 91 32 600 93 33 200
32 000 44°800 120 41 600 122 42 200
40 000 56 000 154 52 200 157 53 100
50 000 70 000 199 66 100 202 67 000
63 000 88 200 261 85 300 262 85 600
Lirjear interpolation is allowed.
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Table K.11 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY Il

Secondary MAINS voltage MAINS voltage MAINS voltage MAINS voltage
WORKING VOLTAGE <150 V >150 < 300 V >300 < 600 V >600 <1000V
a.c. r.m.s. a.c. r.m.s. a.c. r.m.s. a.c. r.m.s.

a.c. d.c. or CLEARA Test Test Test Test
rm.s. | a.c. peak NCE voltage | CLEARANCE | voltage CLEARANCE voltage CLEARANCE | voltage
Y v mm V a.c. mm V a.c. mm V a.c. mm V a.c.

r.m.s. r.m.s. r.m.s. r.m.s.
16 22,6 0,48 1100 1,5 1 800 2,9 2 820 54 4,240
B3 46,7 0,50 1100 1,5 1800 3,0 2900 54 4.240
50 70 0,53 1120 1,5 1800 3,0 2900 55 4 300
100 140 0,61 1170 1,6 1880 3,1 2 960 56 4 360
150 210 0,69 1200 1,6 1880 3,2 3020 577 4 420
joo 420 0,94 1360 1,8 2 040 3,4 3140 6,0 4600
q00 840 1,6 1880 2,4 2 440 3,9 3440 6,6 4 860
1{000 1400 2,5 2 500 3,5 3200 5,0 4000 7,4 5240
1[250 1750 3,2 3020 4,2 3620 5,8 4 480 8,1 5 560
1(600 2 240 4,1 3 560 5,2 4120 6,9 5 040 9,3 6 120
21000 2 800 5,3 4180 6,5 4 800 82 5620 11 7 000
21500 3 500 6,9 5040 8,1 5 560 9,8 6 320 12 7 500
3]200 4 480 9,2 6 080 10 6 400 12 7 500 15 9 100
41000 5600 12 7 500 12 74600 15 9 100 17 10 1|00
51000 7 000 15 9100 16 9600 18 10 600 20 11 600
61300 8 820 19 11 200 20 11 600 22 12 600 25 14 100
81000 11 200 25 14 100 26 14 600 28 15 500 31 16 900
10000 14 000 32 17 400 33 17 800 35 18 700 38 20 0p0
12500 17 500 41 21 500 42 21900 44 22 800 47 24 200
16000 22 400 54 27 200 55 27 600 57 28 400 60 29 700
200000 28 000 69 33.500 71 34 300 73 35 200 76 36 400
25000 35000 89 41 600 91 42 400 93 43 200 96 44 400
321000 44 800 14.8 53 000 120 53 700 122 54 500 125 55 600
40/000 56 000 153 66 100 154 66 500 157 67 600 160 68 700
500000 70 000 198 82 400 199 82 700 202 83 800 205 84 900
63000 88200 260 104 000 261 104 400 262 104 700 265 105 700
Lirjear interpolation is allowed.
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Table K.12 — CLEARANCES and test voltages for secondary circuits derived from MAINS
CIRCUITS of OVERVOLTAGE CATEGORY |V

Secondary MAINS voltage MAINS voltage MAINS voltage MAINS voltage
WORKING VOLTAGE <150 V >150 < 300 V >300 < 600 V >600< 1000V
a.c. r.m.s. a.c. r.m.s. a.c. r.m.s. a.c. r.m.s.
a.c. d.c. or CLEARANCE Test CLEARANCE Test CLEARANCE Test CLEARANCE Test
r.m.s. |a.c. peak voltage voltage voltage voltage
Vo ™ e | ™ ime | ™ | fme | ™ | rme
16 22,6 1,5 1800 2,9 2 820 54 4 240 8,3 51680
B3 46,7 1,5 1800 3,0 2900 54 4 240 8,3 51680
50 70 1,5 1800 3,0 2900 5,5 4 300 8,4 51740
00 140 1,6 1880 3,1 2 960 5,6 4 360 8,5 51800
50 210 1,6 1880 3,2 3020 5,7 4 420 8,6 51860
300 420 1,8 2 040 3,4 3140 6,0 4 600 8,9 51960
600 840 2,4 2 440 3,9 3440 6,6 4860 9,6 61240
1/000 1400 3,5 3 200 5,0 4 000 7,4 5 240 10 61400
1[250 1750 4,2 3620 5,8 4 480 8,1 5 560 11 71000
11600 2 240 5,2 4120 6,9 5 040 9,3 6 120 12 71500
2|000 2 800 6,5 4 800 8,2 5620 11 7 000 13 81100
21500 3 500 8,1 5560 9,8 6 320 12 7 500 15 91100
31200 4 480 10 6 400 12 7.500 15 9 100 17 10100
41000 5600 12 7 500 15 9100 17 10 100 19 11/ 200
51000 7 000 16 9 600 18 10 600 20 11 600 23 13100
61300 8 820 20 11 600 22 12 600 25 14 100 27 15100
8|000 11 200 26 14 600 28 15 500 31 16 900 33 17,800
10 000 14 000 33 17 800 35 18 700 38 20 000 40 21(000
124500 17 500 42 21 900 44 22 800 47 24 200 50 25500
16000 | 22400 55 27 600 57 28 400 60 29 700 63 31000
200000 | 28 000 71 34 300 73 35200 76 36 400 79 371600
25000 | 35000 91 42 400 93 43 200 96 44 400 99 45400
32000 | 44800 120 53 700 122 54 500 125 55 600 129 571100
40000 | 56 000 154 66 500 157 67 600 160 68 700 164 701100
50000 | 70 000 199 82 700 202 83 800 205 84 900 209 86300
63000 | 88.200 261 104 400 262 104 700 265 105 700 268 106 800
Limear 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.

Table K.13 — CREEPAGE DISTANCES for secondary circuits

tl:rlnted wiring Other insulating material
oard material
Secondary
WORKING
a‘.’g.'-'r".’?n‘-;.'; Z%ZL;’ETéaN Z%ZL:JQOZN ':)%'&L:;éor POLLUTION DEGREE 2 POLLUTION DEGREE 3
or A Materialt AH Material|—Material—Material—Material|-Material—Material
1 material [group I, Il| material | group | | group Il | group lll | group | | group Il |group\lll®
groups or llla groups
\% mm mm mm mm mm mm mm mm mm
10 0,025 0,04 0,08 0,40 0,40 0,40 1,00 1,00 1,00
1R,5 0,025 0,04 0,09 0,42 0,42 0,42 1,05 1,05 1,05
16 0,025 0,04 0,10 0,45 0,45 0,45 1,10 1,10 1,10
20 0,025 0,04 0,11 0,48 0,48 0,48 1,20 1,20 1,20
25 0,025 0,04 0,125 0,50 0,50 0,50 1,25 1,25 1,25
32 0,025 0,04 0,14 0,53 0,53 0,53 1,3 1,3 1,3
40 0,025 0,04 0,16 0,56 0,80 1,10 74 1,6 1,8
50 0,025 0,04 0,18 0,60 0,85 1,20 1,5 1,7 1,9
63 0,040 0,063 0,20 0,63 0,90 1,25 1,6 1,8 2,0
80 0,063 0,10 0,22 0,67 0,95 1,3 1,7 1,9 2,1
100 0,10 0,16 0,25 0,71 1,00 14 1,8 2,0 2,2
125 0,16 0,25 0,28 0,75 1,05 N 1,9 2,1 2,4
160 0,25 0,40 0,32 0,80 1.1 1,6 2,0 2,2 2,5
300 0,40 0,63 0,42 1,00 1,4 2,0 2,5 2,8 3,2
450 0,56 1,0 0,56 1,25 1,8 2,5 3,2 3,6 4,0
320 0,75 1,6 0,75 1,60 2,2 3,2 4,0 4,5 5,0
400 1,0 2,0 1,0 2,0 2,8 4,0 5,0 5,6 6,3
00 1,3 2,5 1,3 2,5 3,6 5,0 6,3 7.1 8,0
430 1,8 3,2 1,8 3,2 4,5 6,3 8,0 9,0 10,0
400 2,4 4,0 2,4 4,0 5,6 8,0 10,0 11 12,5
1 Qoo 3,22 5,02 3,2 5,0 7.1 10,0 12,5 14 16
1450 4,2 6,3 9,0 12,5 16 18 20
1 400 5,6 8,0 11 16 20 22 25
2 oo 7,5 10,0 14 20 25 28 32
2 500 10,0 12,5 18 25 32 36 40
400 12,5 16 22 32 40 45 50
4 oo 16 20 28 40 50 56 63
5 (00 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 (00 32 40 56 80 100 110 125
10 qoo 40 50 71 100 125 140 160
12 500 50 63 90 125
16 Q00 63 80 110 160
20 ¢oo 80 100 140 200
25 (00 100 125 180 250
32 (o0 125 160 220 320
40 oo 160 200 280 400
50 qoQ 200 250 360 500
63 (066 256 326 456 566

2  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 IllIb is not recommended for application in pollution degree 3 above 630 V.

Linear interpolation is allowed.
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2.4 Solid insulation

2.4.1 General

Solid insulation in secondary 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 The manufacturer should take the expected life of the equipment into account when selecting insulating
materials.

C
a)

o

b)

S

1)
2)
3)
4)

O

Cq
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2.4.2 Moulded and potted parts

nformity is checked by both of the following tests:

by the voltage test of 6.8.3.1 for 5 s using the applicable test voltage of Table, 'K.1
Table K.11 or Table K.12 for BASIC INSULATION and SUPPLEMENTARY INSULATION. R
REINFORCED INSULATION, the values are multiplied by 1,6;

additionally, if the WORKING VOLTAGE exceeds 300 V, by the voltage testof 6.8.3.1 for
min, with a test voltage of 1,5 times the WORKING VOLTAGE for BASIO INSULATION a
SUPPLEMENTARY INSULATION and twice the WORKING VOLTAGE for REINFORGED INSULATION.

lid insulation shall also meet the following requirements, as applicable:

for solid insulation used as an ENCLOSURE or BARRIER, the reguirements of Clause 8;
for moulded and potted parts, the requirements of K.2.4.2;

for inner insulating layers of printed wiring boards, the requirements of K.2.4.3;

for thin-film insulation, the requirements of K.2.4 .4.

nformity is checked as specified in K.2.4.2 to K{2.4.4 and Clause 8, as applicable.

r BASIC INSULATION, SUPPLEMENTARY\INSULATION and REINFORCED INSULATION, conductd
tated between the same two layersgyshall be separated by the applicable minimum distan
Table K.14 (see Figure K.1, item-1).

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

07
or
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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.ord.c Minimum a.c.ord.c Minimum
WORKING VOLTAGE value WORKING VOLTAGE value
or recurring peak or recurring peak
voltage voltage
kV mm kV mm
>0,046 7 < 0,33 0,05 >8,0 <10 3,5
>0,33<0,8 0,1 >10 <12 4,5
>0,8 < 1,0 0,15 >12 <15 55
>1,0<1,2 0,2 >15 <20 8
>1,2<1,5 0,3 >20 <25 10
>1,6<2,0 0,45 >25 < 30 12,5
>2,0<2,5 0,6 >30 < 40 17
>2,5<3,0 0,8 >40 < 50 22
>3,0<4,0 1,2 >50 < 60 27
>4,0 < 5,0 1,5 >60 < 80 35
>5,0<6,0 2 >80 < 100 45
>6,0 < 8,0
K.2.4.3 Inner insulating layers of printed wiring boards

FQr BASIC INSULATION, SUPPLEMENTARY INSULATION, and REINFORCED INSULATION conductgrs
lo¢ated between the same two layers shall be separated by the applicable minimum distange
of(Table K.14 (see Figure K.2, item L).

=

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

REINFORCED INSULATION of innerinsulating layers of printed wiring boards shall also haye
adequate electric strength through the respective layers. One of the following methods shpll
be used:

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 py
inspection of the manufacturer’s specifications.

b)|the insulation is assembled from at least two separate layers of printed wiring bogrd
materials;{’each of which is RATED by the manufacturer of the material for an electfic
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.
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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 adequate
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 separation or by
inspection of the manufacturer’s specifications.

b)

c)

K

K.

TH
to

a)
b)

c)
d)

e)

3.1 General

the—msutatiomr consistsof atteasttwoseparate tayersof thin=fitmmmateriats;sachofwitich
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 fgr |BASIC
INSULATION;

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

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 for
MAINS CIRCUITS stressed only by d.c., the 1 min d.c. test of 6.8.3.2, using the applicable
voltages from Table K.10, Table K.11 or Table K.12 multipli€d by 1,6, applied to two of the
three layers.

NOTE For the purposes of the test for option c), a special sample may be assembled with only two layers| of
the material.

3 Insulation in circuits not addressed in 6.7, Clause K.1, Clause K.2 or
Clause K.101, and for measuring, circuits where MEASUREMENT CATEGORIEY
do not apply

e circuits covered by this Clause K.3 have one or more of the following characteristics in|a)
f):
the circuit is a measuring circuit where MEASUREMENT CATEGORIES do not apply;

the maximum possible TRANSIENT OVERVOLTAGE is above the level from the series |of
impulse voltagesiof Table K.101, assumed for the MAINS CIRCUIT;

the maximum_ possible TRANSIENT OVERVOLTAGE is limited by the supply source or within
the hand-held-multimeter to a known level below the level assumed for the MAINS CIRCUIT|;

the working voltage is the sum of voltages from more than one circuit, or is a mixgd
voltage;

the—working voltage includes a recurring peak voltage that may include a periodic

f)

In

In

non-sinusoidal waveform or a non-periodic waveform that occurs with some regularity;

the working voltage has a frequency above 30 kHz.

cases a) to d), CLEARANCES are determined according to K.3.2.

cases €) and f), CLEARANCES are determined according to K.3.3.

NOTE 1 CLEARANCES for measuring circuit TERMINALS are defined in 6.6.101.

In

all cases, K.3.4 addresses CREEPAGE DISTANCES and K.3.5 solid insulation.

NOTE 2 These requirements are illustrated in the flowchart of Annex DD, Figure DD.1.
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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=(1,25xU,/U,)- 0,25 if U, /U, >0,2
F=0 if U,/U,, <0,2
where

Uy =U, + Uy

U

w = the maximum peak value of the WORKING VOLTAGE;

U; = the maximum additional TRANSIENT OVERVOLTAGE
D, and D, are values taken from Table K.15 for Uy,
where

D, represents the CLEARANCE that would be applicable to a TRANSIENT
OVERVOLTAGE with the shape'of a 1,2 x 50 us impulse.

D, represents the CLEARANCE that would be applicable to the peak WORKING
VOLTAGE without any TRANSIENT OVERVOLTAGE;

CUEARANCES for REINFORCED (NSULATION are twice the values for BASIC INSULATION.

If fhe equipment is RATED to operate at an altitude greater than 2 000 m, the CLEARANCES shgll
bg multiplied by the-applicable factor of Table K.1.

Minimum CLEARANCE, for BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED
INSULATION,48-0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION DEGREE 3.

NQTE 1~ Fhe insulation between the primary and secondary winding of a transformer connected to MAINS| is
stresged-by the common mode voltage component transferred during a transient event from the primary side gnd
thg WORKING VOLTAGE across the insulation. This common mode voltage expressed as additional TRANSIENT
OVERVOLTAGE together with the maximum peak value of WORKING VOLTAGE U, form the maximum impulse voltage
u

m

For example for a MAINS CIRCUIT with a line-to-neutral voltage of 230 V r.m.s. and an impulse withstand voltage of
2 500 Vpppi the common mode voltage (additional TRANSIENT OVERVOLTAGE) is calculated as follows:

U, = 1,414 x 230 V r.m.s = 325 Vo,
U, = 2500 Vg, — 325 Vpgak = 2 175 Vppag

Conformity is checked by inspection and measurement, or by the a.c. voltage test of 6.8.3.1
with a duration of at least 5 s, or by the d.c. voltage test of 6.8.3.2 for measuring circuits
stressed only by d.c. with a duration of at least 5 s, or by the impulse voltage test of 6.8.3.3,
using the applicable test voltage of Table K.16 for the required CLEARANCE.
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Correction factors of Table 10 are applicable to the values of test voltages.

Table K.15 — CLEARANCE values for the calculation of K.3.2

IEC 61010-2-033:2023 EXV © |IEC 2023

Mvaoxlit;n;;n CLEARANCE Mvaoxlit?gu‘:n CLEARANCE
U, D, D, u, D, D,
Vv mm mm Vv mm mm
14,1 to 266 0,010 0,010 4 000 3,00 3,80
283 n,n»in n,n»in 4. 530 Q,RQ A,Qn
330 0,010 0,010 5 660 4,99 7,15
354 0,012 0,013 6 000 5,50 7490
453 0,030 0,030 7 070 6,84 9,55
500 0,040 0,040 8 000 8,00 11,0
566 0,053 0,053 8910 9,37 12,9
707 0,081 0,097 11 300 13,0 17,7
800 0,10 0,13 14 100 16,8 23,2
891 0,12 0,19 17 700 21,8 29,9
1130 0,22 0,36 22 600 29,2 39,2
1410 0,43 0,66 28 300 37,6 51,3
1500 0,50 0,76 35400 50,8 66,9
1770 0,77 1,04 45 300 68,0 89,2
2 260 1,26 1,55 56 600 85,0 115
2 500 1,50 1,80 70.700 111 148
2 830 1,83 2,20 89 100 148 190
3 540 2,54 3,16 100 000 170 215
Lipear interpolation is allowed.
NDPTE See Annex EE.
Table K.16'— Test voltages based on CLEARANCES
. a.c. peak . a.c. peak
Jogured, | mnese | Sows | sosotzor | fequred | medee | scrme | oot 4
mm V peak V \% mm V peak V V
0,010 330 230 330 16,5 14 000 7 600 10 700
0,025 440 310 440 17,0 14 300 7 800 11 000
0,040 520 370 520 17,5 14 700 8 000 11 300
0,063 600 420 600 18,0 15 000 8 200 11 600
041 806 500 700 19,0 15 800 8 600 12 100
n‘o 11440 820 880 20 16400 Q 000 12 700
0,3 1310 710 1010 25 19 900 10 800 15 300
0,5 1550 840 1200 30 23 300 12 600 17 900
1,0 1950 1060 1500 35 26 500 14 400 20 400
1,4 2 440 1330 1880 40 29 700 16 200 22 900
2,0 3100 1690 2 400 45 32 900 17 900 25 300
2,5 3 600 1960 2770 50 36 000 19 600 27 700
3,0 4 070 2 210 3130 55 39 000 21 200 30 000
3,5 4510 2 450 3470 60 42 000 22 900 32 300
4,0 4 930 2 680 3790 65 45 000 24 500 34 600
4,5 5 330 2 900 4100 70 47 900 26 100 36 900
5,0 5720 3110 4 400 75 50 900 27 700 39 100
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5,5 6 100 3320 4 690 80 53 700 29 200 41 300
6,0 6 500 3 520 4 970 85 56 610 30 800 43 500
6,5 6 800 3710 5 250 90 59 400 32 300 45 700
7,0 7 200 3 900 5510 95 62 200 33 800 47 900
7,5 7 500 4 080 5 780 100 65 000 35 400 50 000
8,0 7 800 4 300 6 030 110 70 500 38 400 54 200
8,5 8 200 4 400 6 300 120 76 000 41 300 58 400
9,0 8 500 4 600 6 500 130 81 300 44 200 62 600
9.5 8 800 4 800 6 800 140 86 600 47 100 66 700
10,0 9100 4 950 7 000 150 91 900 50 000 70 700
10,5 9 500 5200 7 300 160 97 100 52 800 74 700
11,0 9 900 5400 7 600 170 102 300 55 600 78 700
11,5 10 300 5600 7 900 180 107 400 58 400 82 600
12,0 10 600 5800 8 200 190 112 500 61 200 86 500
12,5 11 000 6 000 8 500 200 117 500 63 900 90 400
13,0 11 400 6 200 8 800 210 122 500 66 600 94 200
13,5 11 800 6 400 9 000 220 127 500 69 300 98 000
14,0 12 100 6 600 9 300 230 132 500 72 000 102 000
14,5 12 500 6 800 9 600 240 137-300 74 700 106 000
15,0 12 900 7 000 9 900 250 142 200 77 300 109 400
15,5 13 200 7 200 10 200 264 149 000 81 100 115 000
16,0 13 600 7 400 10 500

Liphear interpolation is allowed.

NQTE 2 An example of calculations is given below.

EXAMPLE CLEARANCE for REINFORCED INSULATION{for a WORKING VOLTAGE with peak value of 3 500V and

addlitional transient voltage of 4 500 V (this can be e€xpected within an electronic switching-circuit).

U {is the maximum voltage:

is the clearance for basic insulation.

is the CLEARANCE for REINFORCED INSULATION.

U, = U, + U,= (3500 +4 500) V=8 000V

U,/ U,..= 3 500)/8 000 = 0,44 > 0,2

Dy = 8,00 mm, D, = 11,0 mm

and D, vatues are derived from Table K.15 at 8 000 V:

thus F = (K25 = U, /U ) - 0,25 = (1,25 x 3 500/ 8 000) - 0,25 = 0,297

Dy 2D + F x (D,- D,) = 8,00 + 0,297 x (11,0 - 8,00) = 8,00 + 0,89 = 8,89 mm

CLEARANCE for REINFORCED INSULATION is doubled: Dg, = 2 x Dg, = 17,8 mm.

K.3.3

CLEARANCES in circuits having recurring peak voltages, or having WORKING
VOLTAGES with frequencies above 30 kHz

CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION for circuits having recurring

peak voltages but not subjected to frequencies above 30 kHz shall meet the values of the
second column of Table K.17, using the recurring peak voltage as the index. (See Figure K.4

for an example of a recurring peak voltage.)
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IEC 1206/02

Kely
A Peak value of recurring voltage

B Working voltage value

Figure K.4 — Example of recurring peak vaéltage

CUEARANCES for BASIC INSULATION and SUPPLEMENTARY ,INSULATION for circuits that dre
subjected to frequencies above 30 kHz shall meet the values of the third column of Tahle

K.17, using the peak value of the WORKING VOLTAGE as the index.

CUEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION for circuits that may
subjected to both recurring peak voltages and\to frequencies above 30 kHz shall meet t
higher of these requirements.

CUEARANCES for REINFORCED INSULATION are twice the values for BASIC INSULATION.

If the equipment is RATED to operatgat an altitude greater than 2 000 m, the CLEARANCES 3
multiplied by the applicable factof of Table K.1.

THe minimum CLEARANCE;for’ BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORC
INSULATION, is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION DEGREE 3.

Canformity is checked by inspection and measurement.

Table K.17 ~"CLEARANCES for BASIC INSULATION in circuits having recurring peak voltagg
or WORKING VOLTAGES with frequencies above 30 kHz

ED

Voltage CLEARANCES
; N Frequencies up to Frequencies
L B 30 kHz above 30 kHz
\% mm mm
0 to 330 0,01 0,02
400 0,02 0,04
500 0,04 0,07
600 0,06 0,11
800 0,13 0,26
1000 0,26 0,48
1200 0,42 0,76
1 500 0,76 1,1
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2 000 1,27 1,8
2 500 1,8 2,6
3000 2,4 3,5
4 000 3,8 5,7
5000 57 8

6 000 7,9 10
8 000 11 15
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.
Canformity is checked as specified in K.2.3.

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.10,
Tgble K.11, or Table K.12.

Tq determine the required.\test voltage from Table K.16, the following procedure shall pe
applied:

a) Calculation oftthe theoretically required CLEARANCE according to K.3.2 considering the
requiremepts_of K.3.3. Minimum CLEARANCES for POLLUTION DEGREES 2 and 3 do not
apply.

b) Application of the resulting theoretically required CLEARANCE value of Table K.16 to
deterthine the required test voltage.

Caonformity is checked as specified in K.2.4, using the test voltage determined above in plage
of|the, test voltage from Table K. 10, Table K.11, or Table K.12.

K.4 Not used

K.101 Insulation requirements for measuring circuits RATED for MEASUREMENT
CATEGORIES

K.101.1 General

Measuring circuits are subjected to WORKING VOLTAGES and transient stresses from the circuits
to which they are connected during measurement or test. When the measuring circuit is used
to measure MAINS, the transient stresses can be estimated by the location within the
installation at which the measurement is performed. When the measuring circuit is used to
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measure any other electrical signal, the transient stresses shall be considered by the
OPERATOR to ensure that they do not exceed the capabilities of the hand-held multimeter.

MEASUREMENT CATEGORIES take into account OVERVOLTAGE CATEGORIES, short-circuit current
levels, the location where the test or measurement is to be made and some forms of energy
limitation or transient protection included in the building installation. When the measuring
circuit is used to connect to MAINS, there is a RISK of arc blast. MEASUREMENT CATEGORIES in
accordance with Annex AA define the amount of energy available, which may contribute to arc
flash (see also BB.2.3).

K.101.2 CLEARANCES

Fgr hand-held multimeters intended to be powered from the circuit being measurgd,
CLEARANCES for the MAINS CIRCUIT shall be designed according to the requiremeénts of the
RATED MEASUREMENT CATEGORY, but overvoltage limiting devices may be used {o,'reduce the
TRANSIENT OVERVOLTAGES to a level consistent with a lower MEASUREMENT CATEGORY.
Additional marking requirements are given in 5.1.5.2 and 5.1.5.101.

CUEARANCES of measuring circuits RATED for MEASUREMENT CATEGORIES are specified |in

Tgble K.101.

NQTE See Annex | for line-to-neutral voltages for common MAINS.

If the hand-held multimeter is RATED to operate at an altitudé-greater than 2 000 m, the values
fof CLEARANCES shall be multiplied by the applicable factor of Table K.1.

Fdr BASIC INSULATION, SUPPLEMENTARY INSULATION.‘and REINFORCED INSULATION, the minimym
CLEARANCE for POLLUTION DEGREE 2 is 0,2 mm and<for POLLUTION DEGREE 3 is 0,8 mm.

Table K.101 — CLEARANCES for measuring circuits RATED for MEASUREMENT CATEGORIES

i Clearance
Nominal a.c. r.m.s.
ine-to-neutral or mm
d.c. voltage of
MAINS being BASIC INSULATION
measured and SUPRPLEMENTARY INSULATION ST 9 (L Sulel
Vv MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY llI CATEGORY IV CATEGORY llI CATEGORY IV
< 300 3,0 5,5 6,0 10,4
> 300 < 600 5,5 8,0 10,4 15
> 600 < 1 000 8,0 14,0 15,0 23,9
>1 000 £ 1,500 11,0 18,0 22,0 36
> 1 500.< 2 000 18,0 22,0 36 44
>'2 000 < 3 000 22,0 25,0 44 50

Conformity is checked by inspection and measurement or by the a.c. voltage test of 6.8.3.1
with a duration of at least 5s, or by the d.c. voltage test of 6.8.3.2 for measuring circuits
stressed only by d.c. with a duration of at least 5 s, or by the impulse voltage test of 6.8.3.3,

using the applicable test voltage of Table K.16 for the required CLEARANCE.

K.101.3 CREEPAGE DISTANCES

The requirements of K.2.3 apply.

Conformity is checked as specified in K.2.3.
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K.101.4 Solid insulation

K.101.4.1

General

- 165 -

Solid insulation 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

hand-held multimeter.

Conformity is checked by both of the following tests:

£ T ok 09
ravic T\. 1v< JUJ,

l W 1

a) thU l'lIIIJUI’OU VUI’I.‘CISU tUOt Uf 6.8.3.3 UOI'IIH l.‘l"l.U GI\IIJIII.UCH.‘;IIU l‘UOt VUI’I.‘CISU T
an alternative, the a.c. voltage test of 6.8.3.1 using the applicable test voltage
Table K.103 with a duration of at least 5 s;

b)| for measuring circuits stressed by a.c. or a.c. plus d.c. voltage, the a.c. voltage test
6.8.3.1 or for measuring circuits stressed only by pure d.c. voltage, the d.c. voltage test
6.8.3.2, using the test voltage determined by K.101.4.2 with a duration of af least 1 min.

NQTE Test a) checks the effects of TRANSIENT OVERVOLTAGES, while test b) checks the effects of long-term strd

of polid insulation.

Table K.102 — Impulse test voltages for testing electric strength of solid
insulation for measuring circuits RATED for MEASUREMENT CATEGORIES

of

of
of

Nominal a.c. r.m.s.

Impulse test valtage

ine-to-neutral or V peak
d.c. voltag_e of
Mr:?:szsér(\’g and SUPBPAI\.?EII\(;EI:'?KII;y;LIOSNULATION REINFORCED INSULATION
v MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY Il CATEGORY IV CATEGORY Il CATEGORY IV
< 300 4 000 6000 6 400 9 600
> 300 <600 6 000 8 000 9 600 12 800
> 600 <1000 8 000 12 000 12 800 19 200
> 1000 < 1500 10 000 15 000 17 900 27 100
> 1500 < 2 000 15 000 18 000 27 100 32 000
> 2 000 < 3 000 18000 20 000 32 000 36 000

Table K-103 - a.c. test voltages for testing electric strength of solid
insulation for measuring circuits RATED for MEASUREMENT CATEGORIES

Nominal ascyr.m.s.
ine-to-neutral or

a.c. test voltage

\Y

d.c. voltaqe of
Woasured. T AR T REINFORGED INSULATION
Vv MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY Il CATEGORY IV CATEGORY Il CATEGORY IV
< 300 2 200 3 300 3 500 5100
> 300 <600 3300 4 300 5100 7 000
> 600 <1000 4 300 6 600 7 000 10 000
> 1000 <1500 5400 8 200 9700 15 000
> 1500 < 2 000 8 200 9 700 15 000 18 000
>2 000 =3 000 9700 11 000 18 000 20 000
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101.4.2 Long-term stress test voltage value calculation

Test voltage values for testing the long-term stress of solid insulation are determined as

fol

lows.

The test voltage value for BASIC INSULATION and SUPPLEMENTARY INSULATION is calculated with
the following formula:

UT:AXUN+B

1

Fg

Sq
1)

2)
3)
4)

Cq

Fg
lo
sé€
co

101.4.3.2 Moulded and potted parts

ere
is the a.c. or d.c. test voltage;
is the nominal a.c. r.m.s. line-to-neutral or d.c. voltage of MAINS being measured
and B are parameters determined as follows:
when Uy <1000V, A=1 and B=1 200 V;
when Uy > 1 000V, A=1,5 and B = 750 V.

TE Parameter values up to 1 000 V are derived from IEC 60364-4-44:2007, 442.2.2 and parameter values o
00 V are derived from IEC TS 62993:2017, 6.1.3.1.

r REINFORCED INSULATION, the test voltage value is twice the-value for BASIC INSULATION.

101.4.3 Constructional requirements

101.4.3.1 General

lid insulation shall also meet the following requirements, as applicable:

for solid insulation used as an ENCLOSHRE or PROTECTIVE BARRIER, the requirements
Clause 8 apply;

for moulded and potted parts, the requirements of K.101.4.3.2 apply;

for insulating layers of printed wiring boards, the requirements of K.101.4.3.3 apply;
for thin-film insulation, the requirements of K.101.4.3.4 apply.

nformity is checked as(specified in K.101.4.3.2 to K.101.4.3.4, and Clause 8, as applicab

r BASIC INSULATION, SUPPLEMENTARY INSULATION, and REINFORCED INSULATION, conductg
cated betwéen the same two layers moulded together (see Figure K.1, item L) shall
parated by. at least the applicable minimum distance of Table K.104 after the moulding
mpleted.

er

of

—

S

S

Cq

ntormity is checked by inspection and either by measurement of the separation or

inspection of the manufacturer's specifications.

K.

101.4.3.3 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
the applicable minimum distance of Table K.104.

Conformity 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.104 — Minimum values for distance or thickness of solid insulation
for measuring circuits RATED for MEASUREMENT CATEGORIES

a.c. r.m.s. line-to-neutral Minimum Minimum distance L
or d.c. voltage thickness 2 (see Figure K.1 and
Figure K.2) &b
\% mm mm
< 300 0,4 0,4
> 300 < 600 0,6 0,6
> 000 ;U I,U

RE
ad
b€

a)

b)

c)

K

Fd
lo
th

Cq
in

a8 This value is independent of the MEASUREMENT CATEGORY.

This value applies for BASIC INSULATION, SUPPLEMENTARY INSULATION and
REINFORCED INSULATION.

INFORCED INSULATION of inner insulating layers of printed wiring boards shall also ha
equate electric strength through the respective layers. One of the fellewing methods sh
used.

The thickness through the insulation is at least the applicablevalue of Table K.104.

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

The insulation is assembled from at least two separate layers of printed wiring boa
materials, each of which is RATED by the manufacturer of the material for an elect
strength of at least the value of the applicable test voltage for BASIC INSULATION
Table K.102 or Table K.103 with a duration ofiatleast 5 s.

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

The insulation is assembled from at _least two separate layers of printed wiring bod
materials, and the combination of layers is RATED by the manufacturer of the material 1
an electric strength of at least thé‘value of the applicable test voltage for REINFORC
INSULATION of Table K.102 or Table K.103 with a duration of at least 5 s.

Conformity is checked by inspéection of the manufacturer's specifications.

.101.4.3.4 Thin-film insulation

r BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductd
tated between thefsame two layers (see Figure K.3, item L) shall be separated by at lesd
b applicable CLEARANCE and CREEPAGE DISTANCE of K.101.2 and K.101.3.

nformity 4s-checked by inspection and either by measurement of the separation or
bpection of the manufacturer's specifications.

RH

INFORCED INSULATION through the layers of thin-film insulation shall also have adequs

Ve
all

rs
st

electric strength Qne of the fnllnwing methods shall be used

a)

b)

c)

The thickness through the insulation is at least the applicable value of Table K.104.

Conformity is checked by inspection and either by measurement of the separation or by

inspection of the manufacturer's specifications.

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
the applicable test voltage for BASIC INSULATION of Table K.102 or Table K.103 with
duration of at least 5 s.

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

The insulation consists of at least three separate layers of thin-film materials, any two
which have been tested to exhibit adequate electric strength.

of
a

of
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Conformity is checked by the voltage tests of K.101.4.1 applied to two of the three layers
for REINFORCED INSULATION.

For the purposes of these tests, a special sample may be assembled with only two layers
of the material.
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Annex L
(informative)

Index of defined terms

Term Definition
ACCESSIBLE (Of @ Part) v 3.5.1
BAISIC INSULATION ..ttt ettt ettt ettt ettt ettt et e ettt ettt et et et e et et n et s et et n et e e e et e eenaeees 361
CLEARANCE .1ttt ettt ettt ettt ettt e et et e et e et e e e et e ena e enn e enn 316.11
CREEPAGE DISTANCE ...ttt etetieeit e e et e e e e e et e e e e e e eaa e e eaa e eean e e eee e eetn e eeenaaeenaeenneeennnaeen s @ieia)es 3.6.12
DIRECT PLUG-IN EQUIPMENT ...tttitiaeaiaeetaeeaneeeaaeeenaeennaeeennaeeenaeennnaeennaeeenneeennseeee (o} odheeennnns 3.1)6
DQUBLE INSULATION .1t tteti ettt ettt e ettt e et e e et e et e e et e e e et e e et s eeen e eene s e s oThamah e e eneeenenes 3.6)3
ENCLOSURE ..ttt ettt ettt ettt ettt et ettt e e e et ettt et AT ettt e 3.2)4
FIXED EQUIPMENT ...iitiiiitiaeitaeeniaeeeieeeenaeeeeeeeanaeeennaeeenaeeennaeesnaeeennseenne ke neennaeennaaennaaeennns 3.1]1
FUNCTIONAL EARTH TERMINAL ....ctittiieeetaeeieeeetaeeeneeeanaeeenneeeeneeeensme e eeeeneeeenseeennaaeenaeeennnns 3.2)2
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Annex AA
(normative)

MEASUREMENT CATEGORIES

AA.1 General

For the purposes of this document, the following MEASUREMENT CATEGORIES are used. These

M

IEC 60364-4-44:2007, 443.6 or IEC 60664-1:2020, 4.3.

MEASUREMENT CATEGORIES are based on locations on the MAINS where measurements can
made.
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TE |IEC 60364-4-44 and IEC 60664-1 overvoltage categories are created to achieve an¢insulation coordinat
he components and equipment used within low-voltage MAINS.

A.2 MEASUREMENT CATEGORIES

\.2.1 MEASUREMENT CATEGORY Il

FASUREMENT CATEGORY |l is applicable to test and measuring circuits connected directly
lization points (socket outlets and similar points) of the low-voltage MAINS installation (s
ble AA.1 and Figure AA.1).

AMPLE Measurements on MAINS CIRCUITS of household appliances, portable TooLS and similar equipment, g
the consumer side only of socket-outlets in fixed installations.

\.2.2 MEASUREMENT CATEGORY lII

EASUREMENT CATEGORY Il is applicable to test and measuring circuits connected to t
stribution part of the building'ss“low-voltage MAINS installation (see Table AA.1 a
jure AA.1).

avoid RISKS caused b§ithe HAZARDS arising from these higher short-circuit curren
ditional insulation and @ther provisions are required.

r equipment thatiis part of a fixed installation, the fuse or circuit breaker of the installati
considered to provide adequate protection against short-circuit currents.

AMPLE Measurements on distribution boards (including secondary meters), photovoltaic panels, circ
akers, wiring, including cables, bus-bars, junction boxes, switches, socket-outlets in the fixed installation, g
lipment-for industrial use and some other equipment such as stationary motors with permanent connection
fixed installation.
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MEASUREMENT CATEGORY |V is applicable to test and measuring circuits connected at the

SO

urce of the building's low-voltage MAINS installation (see Table AA.1 and Figure AA.1).

Owing to the high potential short-circuit currents existing in these circuits, any accidental
short-circuit caused whilst making measurements can create a high-energy-level arc flash
which is extremely dangerous to bystanders in the immediate vicinity. Great precautions must
be taken to avoid any chance of a short-circuit.

EXAMPLE Measurements on devices installed before the MAINS CIRCUIT breaker or isolator switch in the building
installation.
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AA.2.4 Measuring circuits without a MEASUREMENT CATEGORY RATING

Many types of test and measuring circuits are not intended to be directly connected to the
MAINS. Some of these measuring circuits are intended for very low energy applications, but
others of these measuring circuits may experience very high amounts of available energy
because of high short-circuit currents or high open-circuit voltages. There are no standard
transient levels defined for these circuits. An analysis of the WORKING VOLTAGES, loop
impedances, TEMPORARY OVERVOLTAGES, and TRANSIENT OVERVOLTAGES in these circuits is
necessary to determine the insulation requirements and short-circuit current requirements.

EXAMPLTE —Thermocoupie measuring circulits, Nigh-frequency measuring circuits, automotive testers, and esters
used to characterize the MAINS installation before the installation is connected to the MAINS.

I,
000

/e

CAT Il
IEE

Kely
1 | low-voltage’supply source over or under ground 9 distribution board
2 | service.fuse 10 light switch
3 | tariffmeter 11 lighting
4 | MAINS CIRCUIT breaker or isolator switch 2 12 junction box
5 ‘photovottaicpamet +3—socketwiring
6 d.c.toa.c. inverter 14 socket outlets
7 circuit breaker or isolator switch 15 plug-in lamps
8 generation meter 16 household appliances, portable tools

The MAINS CIRCUIT breaker or isolator switch may be installed by the service provider. If not, the demarcation
point between CAT IV and CAT Ill is the first isolating switch in the distribution board.

CAT Il MEASUREMENT CATEGORY ||
CAT Il MEASUREMENT CATEGORY IlI
CAT IV MEASUREMENT CATEGORY |V

Figure AA.1 — Example to identify the locations of MEASUREMENT CATEGORIES
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Table AA.1 — Characteristics of MEASUREMENT CATEGORIES

MEASUREMENT Short-circuit current? Location
CATEGORY (typical)
kA
I <10 Circuits connected to MAINS socket outlets and similar points in
the MAINS installation
11 <50 MAINS distribution parts of the building
v > 50 Source of the MAINS installation

[

The values of loop impedances (installation impedances) do not take into account the resistance of the telst

leads and impedances internal to the measuring equipment. These short-circuit currents vary, depending
the characteristics of the installation and the nominal voltage of the distribution system.

n
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Annex BB
(informative)

HAzARDS pertaining to measurements performed
in certain environments

BB.1 General

Ar
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BB.2.1 General

Te
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cincuit is used to measure MAINS, the transient stresses can“be estimated by the locati
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BB.2.2 Electric shock

M
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BB.2.3 Arc flash and arc blast

Ar

ionization of materials. An*arc blast is a release of mechanical, acoustical, thermal, a

op

A
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cu

TH

nex BB provides guidance to the equipment manufacturer on HAZARDS that should
nsidered for equipment intended to measure electrical quantities in certain environmen
is list of HAZARDS is not to be considered comprehensive: other HAZARDS certainly_exist
pse and in other environments.

B.2 Hazards

sting and measuring circuits are subjected to WORKING VOLTAGES and transient stress
m the circuit to which they are connected during measuremept or test. When the measuri

Lhin the installation at which the measurement is performega:

A\INS CIRCUITS present a HAZARD of electric shock:»The voltages and currents are above t
rmissible levels (see 6.3), and access to the" circuit is usually required to perform t
pasurement. The manufacturer should provide adequate information to permit the OPERAT
be aware of the HAZARD of electric shock}; and should ensure that the design requiremer
this document and those of other related documents (for example, see 5.4 and IEC 6101
1 for voltage probe assemblies) are-met.

arc flash is a release.of thermal energy from an electric arc by the vaporization a

tical energy from an €lectric arc.

c flash occurs when a conductor (such as a probe tip or a low-impedance measuring circy
mporarily bridges two high-energy conductors and then opens or is withdrawn. This ¢
sult in areing, which ionizes the air. lonized air is conductive and can result in continu
rrent flow)in the vicinity of the conductors.

particles (from the active conductors) which are the primary RISK to the OPERATOR and oth

edarc’flash will release significant amounts of very hot air and molten or vaporised me
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in

S

g
bn

he
DR
ts
0-

hd
hd

it)
an
Bd

al

persons in the immediate vicinity.

er

If there is sufficient available energy, then the ionization of the air will continue to spread and
the flow of current through the air continues to increase. The resulting arc blast is similar to
an explosion, and can cause significant injury or death to an OPERATOR or a bystander.

When the measuring circuit is used to measure live MAINS, there is a RISK of arc flash.
MEASUREMENT CATEGORIES (see Annex AA) define the amount of energy available, which may
contribute to arc flash. In conditions where arc flash can exist, the instructions for use need to
specify additional precautions to reduce the HAZARD related to shock and burn from arc flash.


https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

IEC 61010-2-033:2023 EXV © IEC 2023 -175 -

BB.2.4 Thermal burns

Any conductor (such as jewellery) that connects two high-energy conductors may become hot
from current flow through the item. This can cause burns to the skin adjacent to the item.

BB.3 Telecommunications networks

The voltages and currents continually present in telecommunications networks are below the
levels that could be considered HAZARDOUS LIVE. However, the "ring" voltages (the voltage
i e . .. X nal
incoming call) are typically around 90 V a.c., which is considered HAZARDOUS LIVE=If| a
technician were to come into contact with the hazardous conductor while the ring event wps
odcurring, then the technician could suffer an electric shock.

IEC 62949 addresses safety requirements for equipment to be .‘cohnected |[to
telecommunications networks. IEC 62949 addresses the possibility of electric shock frgm
contact with telecommunications conductors, and concludes that, with theyaccess limitatiops
posed by the connectors, the RISK is reduced to a negligible levelS However, if in the
prpcess of test or measurement, the conductor is made fully ACCESSIBLE, then there is| a
passibility of electric shock.

THe manufacturer of equipment that may be used for testing and measuring |of
ecommunications networks should be aware of the HAZARD.from the ring voltage and shoyld
take suitable steps to reduce the HAZARD where possiblé by limiting access to the conductgrs
and in other cases, by providing adequate instructions and warnings to the OPERATOR (see §.4
and IEC 61010-031).

BB.4 Current measurements in inductive circuits

When a current-measuring device is inserted in series with an inductive circuit, a HAZARD can
ogcur if the circuit is suddenly opened+(a probe falls off or a fuse opens, for example). Sugh
sudden events can produce an inductive voltage spike across the unintentional opening of the
cincuit. These spikes can be many times the magnitude of the WORKING VOLTAGE of the circdit,
and can cause breakdown of insulation or electric shock to an OPERATOR.

THe manufacturer should-provide adequate instructions to an OPERATOR to ensure that
current-measuring devices are not used in series with inductive circuits, or if it is necessary|to
dd so, then precautions are taken to mitigate the HAZARD of electric shock from the voltage
spiike (see 5.4, andy101.2).

BB.5 Battery-driven circuits

Batteries can present electrical, explosion and fire HAZARDS to the person conducting tests pn
them. or their associated circuits anmplpq incliide batteries used for Q’rand-hy sources arlto

operate motors.

HAZARDS can arise from electric shock, explosions from short-circuiting the TERMINALS of the
battery, or explosions from arc ignition of gases evolved from the battery during charging
cycles.

BB.6 Measurements at higher frequencies

Some measuring equipment depends on inductive connection to the circuit being measured
(see also IEC 61010-2-032). The behaviour of the measuring circuit will, in these cases,
depend on the frequency of the signal being measured. If the measuring device is used to
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measure a frequency higher than that for which it was designed, then circulating currents
could cause significant heating of some of the conductive parts of the measuring device.

The manufacturer should provide adequate instructions for the use of such devices.

BB.7 Measurements using measuring circuits with a FUNCTIONAL EARTH TERMINAL

Oscilloscopes and spectrum analysers are examples of equipment that often include
FUNCTIONAL EARTH TERMINALS in the measuring circuit. A case of REASONABLY FORESEEABLE
MIBUSE is when the OPERATOR might disconnect the PROTECTIVE CONDUCTOR TERMINAL so ‘that
the FUNCTIONAL EARTH TERMINAL can float above earth potential. This allows the OPERATOR|to
make a floating measurement, but introduces a HAZARD. If the OPERATOR inadvértently
connects the FUNCTIONAL EARTH TERMINAL to a HAZARDOUS LIVE voltage, then the chassis of the
measuring equipment could also be connected to the HAZARDOUS LIVE voltage, and the
OHERATOR or a bystander could receive an electric shock from the. lchassis (sge
IEC 61010-2-030:2023, 101.1 c)).
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Annex CC
(informative)

4 mm "banana" TERMINALS

CC.1 General

A HAZARD can arise from an OPERATOR's reliance on values displayed by the hand-held

mrmﬂmmmmm—m—mmm—wmcme
parts are not in contact with one another.

THis annex gives the recommended dimensions for safety purposes of 4 mm TERMINALS wh
prpbe assemblies complying with Annex E of IEC 61010-031:2022 can be connected. The
4 jnm TERMINALS are often called "banana connectors".

T D
® S

CC.2 Dimensions

THe dimensions of the TERMINALS given in Figure CC.1 are compatible with the requirements
of ITERMINALS RATED for MEASUREMENT CATEGORIES up to 1 000 \;

THese dimensions ensure that the CLEARANCES and CREEPAGE DISTANCES values of 6.6.101 gre
me¢t when the connectors and TERMINALS are mated, unmated or partially mated, and that
conductive parts of mated connectors and TERMINALS/are in contact with one another.

NQTE Extraction or insertion forces and contact resistance Values have not been considered.
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2
= B l__
=l C 1
IEC
N
Kely ‘\\
= 3,90 mm 0,05 mm (compressed) N G<6,4mm
> 6,6 mm wY K=28,1mm
<7,9 mm A@ 4 mm<s<H<6mm
6 mm< E<6mm R\ L =20 mm
<12 mm L\ M = 4,00 mm +0,05 mm

A
B
g
2
F
Tplerances on dimensions without(specific tolerances: +0,1 mm
1|is a male TERMINAL (O N

2|is a female TERMINAL .\ °

X is the location where the best contact occurs

Ais the maximun\dk’meter where the contact occurs

T

he minimun{values of E and H depend on whether or not plastic parts are present.

<« Figure CC.1 - Recommended dimensions of 4 mm TERMINALS
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Annex DD
(informative)

Flowchart for insulation according to the type of circuit

A circuit can fall under more than one category. It is then necessary to follow two or more
branches of the flowchart of Figure DD.1 and compare the results. For example, a measuring
circuit can be RATED for MEASUREMENT CATEGORY |lIl and can also be RATED for measuring
signals at 1 MHz. This measuring circuit has to be evaluated under both K.3.3 and
Clpuse K 10T,
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Annex EE
(informative)

Determination of CLEARANCES for Table 101

D, values of Table K.15 are interpolated values from Table F.2 of IEC 60664-1:2020. D,
values of Table K.15 below 100 mm are interpolated values from Table F.8 of IEC 60664-
1:2020 and D, values of Table K.15 above 100 mm are extrapolated values from Table F.8 of
IEC 60664-1:2020.

CUEARANCES of Table EE.1 have been calculated using linear interpolation of D, values.frgm
Tgble K.15 for BASIC INSULATION (see K.3.2) with a 25 % safety factor. TRANSIENT
OVERVOLTAGES have been disregarded.

Table EE.1 — CLEARANCE values for Table 101

[A] [B] [C] [D] [E] [F] [G] [H]
dc rms. Safety Peak value Exact CLEARANCE Final CLEARANCE
or d.c. factor
voltage x 1,25 a.c. d.c. a.c. d.c. a.c. d.c.
\Y \Y \Y Vv mm mm mm mm
300 375 530 375 0,046 0,016 0,8 0,8
600 750 1061 750 0,31 0,11 0,8 0,8
1000 1250 1768 1250 1,03 0,48 1,0 0,8
1500 1875 2 652 1875 2,00 1,14 2,0 1,1
2 000 2 500 3 536 2 500 3,20 1,80 3,2 1,8
3 000 3750 5 303 3 750 6,40 3,45 6,4 3,5
Cplumn [A]: Nominal a.c. r.m.s. or'd.c. voltage to which the TERMINAL of the hand-held multimeter [is
RATED
Cplumn [B]: Values including,a safety factor of +25 %
Cplumn [C]: Peak valuesiof the a.c. r.m.s. voltage
Cplumn [D]: Peak yalues of the d.c. voltage
Cplumns [E] and [F]: Exact values according to Table K.15
Cplumns [G] and [H]: ,~Final CLEARANCE values with the following

The 0,8 mm value is the minimum CLEARANCE value for POLLUTION DEGREE 3. Sing¢e
TERMINALS are external and exposed, POLLUTION DEGREE 3 has been used.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 2-033: Particular requirements for hand-held multimeters

1)

2)

3)

4)

5)

6)

7)

8)

9)

IE

and other meters for domestic and professional use,
capable of measuring mains voltage

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris
all national electrotechnical committees (IEC National Committees). The object of IEC is-fo_promote internatio

in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as\'IEC Publication(s)”). Th
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt W
may participate in this preparatory work. International, governmental and nonggevernmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely With'the International Organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natio
Committees in that sense. While all reasonable effortsarev/made to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for 3
misinterpretation by any end user.

In order to promote international uniformity, IEG, National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible intheir national and regional publications. Any divergence betwg
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latt

IEC itself does not provide any attestation, of conformity. Independent certification bodies provide conform
assessment services and, in some areas; access to |[EC marks of conformity. IEC is not responsible for 3
services carried out by independent certification bodies.

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

No liability shall attach to IEC.or its directors, employees, servants or agents including individual experts 3
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) ¢
expenses arising outvof*the publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

indispensable:far the correct application of this publication.

Attention/s drawn to the possibility that some of the elements of this IEC Publication may be the subject of pat
rights. lEC.shall not be held responsible for identifying any or all such patent rights.

C 61010-2-033 has been prepared by IEC technical committee 66: Safety of measurin

Cco

Standardization (ISO) in accordance with conditions determined by agreement between the two organizationg.

Attention is drawn-to the Normative references cited in this publication. Use of the referenced publicationg

ng
hal

co-operation on all questions concerning standardization in the electrical and electronie-fields. To this end gnd

ts,
eir
ith
ng
for

hal
all

hal
EC
ny

ns
en

ity
ny

nd
or
nd
EC

is

ent

gy

ntrol and laboratory equipment. It is an International Standard

This third edition cancels and replaces the second edition published in 2019. This edition

co

nstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

ed

ition:

a) Clause 2, all normative references have been dated and new normative references have

b)

been added;

4.4.2.101 is a new subclause about surge protective devices;
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c) Subclause 6.6.101 modifies 6.6.101 and 6.6.102 of previous edition:

1) in6.6.101.1, insulating material of group | may be allowed for determination of CREEPAGE
DISTANCES of measuring circuit TERMINALS;

2) in 6.6.101.2, CLEARANCES and CREEPAGE DISTANCES up to 3 000 V for measuring circuit
TERMINALS in unmated position have been defined;

3) in 6.6.101.3, requirements for measuring circuit TERMINALS in partially mated position
have been specified;

4) in 6.6.101.4, requirements for measuring circuit TERMINALS in mated position have been

spnecified:
5) Subclause 6.6.101.5 replaces 6.6.102;
d)| Subclause 6.101 replaces 6.9.101 of the previous edition with modifications;

e)| 9.101 is a new subclause to consider the protection of measuring circuits against the spread
of fire and arc flash;

f)| in 9.101.2, relocation of 101.3 of previous edition;

g)| in 9.101.3, relocation of 101.4 of previous edition;

h)| in 101.3, relocation of Clause 102 of previous edition;
i) | in K.2.1, another method for determination of CLEARANCES of secondary circuits is proposgd;
j) | in K.3.2, new Table K.15 and Table K.16 for CLEARANCE calculation;
k)] Clause K.4 of the previous edition has been deleted;

[) | Subclause K.101.4 has been reviewed;

m) Table K.104 of the previous edition has been deleted;

n)| Annex AA: Figure AA.1 has been redesigned;

o)| Annex EE: addition of a new informativé<annex for determination of CLEARANCES for the
purposes of Table 101.

THe text of this International Standard.issbased on the following documents:

Draft Report on voting

66/787/FDIS 66/797/RVD

FdJll information on the voting for its approval can be found in the report on voting indicated
the above table.

n

THe language used for the development of this International Standard is English.

THis document was drafted in accordance with ISO/IEC Directives, Part 2, and developed|in
adcordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availahle
at| wwwsiec.ch/members_experts/refdocs. The main document types developed by IEC gre
dgscribed in greater detail at www.iec.ch/publications. j

A list of all parts of the IEC 61010 series, under the general title Safety requirements for
electrical equipment for measurement, control, and laboratory use, can be found on the IEC
website.

This document is to be used in conjunction with [IEC 61010-1:2010 and
IEC 61010-1:2010/AMD1:2016.

This document supplements or modifies the corresponding clauses in IEC 61010-1 so as to
convert that publication into the IEC standard: Particular requirements for hand-held
multimeters and other meters for domestic and professional use, capable of measuring mains
voltage.
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Where a particular subclause of IEC 61010-1 is not mentioned in this document, that subclau

23

se

applies as far as is reasonable. Where this document states "addition", "modification",
"replacement”, or "deletion" the relevant requirement, test specification or note in [IEC 61010-1

should be adapted accordingly.

In this standard:

a) the following print types are used:

— requirements: in roman type;

= NOTESTIn smalt roman 1ype,
— conformity and tests: in italic type;

— terms used throughout this standard which have been defined in Clause 3: SMALLYROM
CAPITALS;

b)| subclauses, figures, tables and notes which are additional to those in IEC.61010-1 dre

list items are lettered from aa).

THe committee has decided that the contents of this document will remain unchanged until t
stability date indicated on the IEC website under webstore.iec.ch\in the data related to t
spiecific document. At this date, the document will be

¢ | reconfirmed,

o | withdrawn,

o | replaced by a revised edition, or

e | amended.

numbered starting from 101. Additional annexes are lettered starting fromyAA and additional

IMPORTANT — The "colour inside" logo on the cover page of this document indicate
that it contains colours which are considered to be useful for the correct understandin
df its contents. Users should therefore print this document using a colour printer.

14
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INTRODUCTION

IEC 61010-1 specifies the safety requirements that are generally applicable to all equipment
within its scope. For certain types of equipment, the requirements of IEC 61010-1 and its
amendment will be supplemented or modified by the special requirements of one or more
standard from the IEC 61010-2 series which is/are read in conjunction with the requirements of
IEC 61010-1.

1) IEC 61010-2-030:2023 specifies the safety requirements for equipment with testing or

measuring circuits which are connected for test or measurement purposes to devices

or

2)

3)

4)

IE
as
th

pr

circuits outside the measurement equipment itself.

IEC 61010-2-032:2023 specifies the safety requirements for hand-held—~a
hand-manipulated current sensors for measuring, detecting, injecting current, or.indicati
current waveforms on circuits without physically opening the current path of the@ireuit bei
measured.

Most of the requirements of I|EC 61010-2-030:2023 have bgen* included
IEC 61010-2-032:2023. Equipment within the scopes of both IEC 61010-2-030:2023 a

032:2023.

disconnection of the supply, IEC 61010-2-030:2023 and IEC61010-2-032:2023 are read
conjunction.

for domestic and professional use, capable of measuring mains voltage, intended
measure voltage and other electrical quantities sdch as resistance or current.

All relevant requirements of IEC 61010-2-030:2023 have been included in this document

insulation resistance and test equipment.for electric strength which are connected to uni
lines or circuits for test or measurementpurposes.

All  relevant requirements of-SMEC 61010-2-030:2023 have been included
IEC 61010-2-034:2023. However,for equipment within the scope of IEC 61010-2-032:20
and IEC 61010-2-034:2023, these standards are read in conjunction.

C 61010-031 specifies the-safety requirements for hand-held and hand-manipulated pro
semblies and their related*accessories intended to be used in particular with equipment
p scope of IEC 61010-2-030, IEC 61010-2-032, this document, and IEC 61010-2-034. The
bbe assemblies arefor non-contact or direct electrical connection between a part a

elgctrical test and measurement equipment. They may be fixed to the equipment or

de

tachable accessories for the equipment.

However, for current sensors in combined equipment with protective bonding and automat

hd
ng
ng

in
hd

IEC 61010-2-032:2023 is considered to be covered by the requirements of IEC 6101042-

c
in

This document specifies the safety requirements for hand~held multimeters and other metgrs

to

IEC 61010-2-034:2023 specifies the safety\requirements for measurement equipment for

in
D3

n
5e
hd
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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
FOR MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 2-033: Particular requirements for hand-held multimeters
and other meters for domestic and professional use,
capable of measuring mains voltage

IE

follows:

1.

R4

TH
do

H{

measure voltage and other electrical quantities suchras resistance or current. Their primg

pu
du

Ad

aa

HAND-HELD EQUIPMENT such as oscilloscopes, wattmeters, process control multimeters 1

RA
ar

R4

.1.2 Equipment excluded from scope

.2.1 Aspectsiincluded in scope

Scope and object

C 61010-1:2010, Clause 1 and IEC 61010-1:2010/AMD1:2016, Clause 1 applylexcept

1.1 Equipment included in scope

place the existing text with the following:

is document specifies safety requirements for hand-held multimeters and other meters 1
mestic and professional use, capable of measuring MAINS,

nd-held multimeters are multi-range multifunction~measuring instruments intended

rpose is to measure voltage on a live MAINS. They are suitable to be supported by one ha
ring NORMAL USE.

d the following new item to the list and the following paragraph:
) IEC 61557 (all parts), Electrical safety in low voltage distribution systems up

1000 VAC and 1500 V'\DC - Equipment for testing, measuring or monitoring
protective measures

TED for measuring veltage on a live MAINS, clamp multimeters and communications test se
e not within the scape of this document.

bplace item c) of the second paragraph with the following new item c):

¢),\spread of fire or arc flash from the hand-held multimeters (see Clause 9);

or

ry
hd

to
of

ot
ts

Replace the third paragraph with the following two new paragraphs:

Requirements for protection against HAZARDS arising from NORMAL USE, REASONAB
FORESEEABLE MISUSE and ergonomic factors are specified in Clause 16 and Clause 101.

LY

Annex BB provides guidance to equipment manufacturers on HAZARDS that should be
considered for equipment intended for performing tests and measurements on hazardous

co

nductors, including MAINS conductors and telecommunication network conductors.
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2

Normative references

IEC 61010-1:2010, Clause 2 and IEC 61010-1:2010/AMD1:2016, Clause 2 apply except as

fol

lows:

Replace the following existing normative references:

IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —

Protection against voltage disturbances and electromagnetic disturbances
|[EC603644442007AMB 12615

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

IEC 61180 (all parts), High-voltage test techniques for low-voltage equipment

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

IEC 61180-2, High-voltage test techniques for low-voltage equipment — Part 2: Test equipmgnt
with the following new normative references:

IEC 60364-4-44:2007, Low-voltage electrical instaflations — Part 4-44: Protection for safety| —
Prptection against voltage disturbances and electromagnetic disturbances

IEC 60364-4-44:2007/AMD1:2015

IEC 60364-4-44:2007/AMD2:2018

IEC 61010-031:2022, Safety requiremehts for electrical equipment for measurement, contrpl,
arld laboratory use — Part 031: Safetywequirements for hand-held and hand-manipulated prope
aslsemblies for electrical test and measurement

IEC 61180:2016, High-voltage,test techniques for low-voltage equipment — Definitions, test ahd
prpcedure requirements, test equipment?

Add the following new:-normative references:

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing ahd
measuremehi-techniques — Surge immunity test

IEC 61000-4-5:2014/AMD1:2017

IEC.%61010-2-030:2023, Safety requirements for electrical equipment for measurement, contrpl,
a d I’Gbul atul_y UovT lnGHt 2 930: S'JUUI‘GI’ IUL’UI‘I UIIIUlItO fUI tUOtI‘Ily Glld nmreaour l'lly \.Il" Uul't\)

IEC 61010-2-032:2023, Safety requirements for electrical equipment for measurement, control,
and laboratory use — Part 2-032: Particular requirements for hand-held and hand-manipulated

cu

1

rrent sensors for electrical test and measurement

IEC 61180:2016 replaces everywhere IEC 61180, IEC 61180-1 and IEC 61180-2 are referenced in IEC 61010

-1.
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Terms and definitions

IEC 61010-1:2010, Clause 3 and IEC 61010-1:2010/AMD1:2016, Clause 3 apply except as

fol

lows:

3.5 Safety terms

Replace the definition of 3.5.4 with the following new definition:

3.p4

Ad

ME
cl
in

4

IE

M{INS
el¢ctricity supply system

d the following new term and definition:

.p.101

ASUREMENT CATEGORY
ssification of testing and measuring circuits according to the type of MAINS to which they 3
ended to be connected

Tests

C 61010-1:2010, Clause 4 and IEC 61010-1:2010/AMD1:2016, Clause 4 apply except

follows:

4,

R{

Th

a)

8.2.5 MAINS supply

eplace the existing title and text with the follewing:

.3.2.5 Power supply

e following requirements apply:

the voltage of the power supply connected to the MAINS shall be between 90 % and 110
of any RATED supply voltage for which the hand-held multimeter can be set or, if the han
held multimeter is RATED for a greater fluctuation, at any supply voltage within the fluctuati
range;

the MAINS frequency shall be any RATED frequency;
hand-held multimeters for both a.c. and d.c. shall be connected to an a.c. or d.c. supply;

hand-held-multimeters powered from MAINS by single-phase a.c. shall be connected bg
with narmal and reverse polarity;

if theymeans of connection permit reversal, battery-operated and d.c. hand-held multimete

%
d-

shall be connected with both reverse and normal polarity.

4.3.2.6 Input and output voltages

Replace the existing title and text with the following:

4.3.2.6 Input and output voltages or currents

Input and output voltages or currents, including floating voltages but excluding the supply
voltage connected to the MAINS, shall be set to any voltage or current within their RATED range,

in

normal and reverse polarity if possible.
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Add the following new subclause:

4.4.2.101 Surge protective devices

Surge protective devices used in MAINS CIRCUITS or in circuits measuring MAINS shall be short-
circuited and open-circuited.

5 Marking and documentation

IEC 61010-1:2010, Clause 5 and IEC 61010-1:2010/AMD1:2016, Clause 5 apply except ps
follows:

5.1.2 Identification

Add the following note after the existing note:

NQTE 101 Some national regulations can require a marking to indicate the name and edition of the standard uged
forlcompliance evaluation.

5.1.5 TERMINALS, connections and operating devices
5.1.5.1 General

Replace the first paragraph with the following:

If hecessary for safety, an indication shall be given-of the purpose of TERMINALS, connectofs,
controls, and indicators. Where there is insufficient'space, symbol 14 from Table 1 may be usgd.

5.1.5.2 TERMINALS
Replace the existing item d) with the following item d):

d)| TERMINALS supplied from the intérior of the hand-held multimeter and which could pe
HAZARDOUS LIVE, with the voltage, current, charge or energy value or range, or wjth
symbol 12 of Table 1;

Add the following new itemto the list:

aq) TERMINALS supplied from other TERMINALS which could be HAZARDOUS LIVE, with
symbol 12 of 'symbol 14 of Table 1.

Add the followihg-new subclause:

5.1.5.101Measuring circuit TERMINALS

Masurmg circuit TERMINALS are usually arranged in pairs or sets Each palr or set of TERMINALS

TERMINAL will have a RATED voItage to earth. For some hand held mulhmeters the RATED voltage
between TERMINALS may be different from the RATED voltage to earth. Markings shall be clear
to avoid misunderstanding.

Each pair or set of measuring circuit TERMINALS that are intended to be used together shall be
marked with the value of the RATED voltage or the RATED current as applicable to the pair or set
of TERMINALS.

TERMINALS of measuring circuits RATED for MAINS voltage measurements shall be marked with
"CAT IlI" or "CAT IV" and its RATED a.c. r.m.s. line-to-neutral or d.c. voltage as applicable.
Marking those TERMINALS with these two types of MEASUREMENT CATEGORY is permissible.
Marking of MEASUREMENT CATEGORY Il is not allowed. Other measuring circuit TERMINALS shall
be marked with the value of the RATED voltage to earth.
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NOTE CLEARANCES and solid insulation for MEASUREMENT CATEGORIES are specified for a nominal a.c. r.m.s. line-
to-neutral or d.c. voltage of MAINS being measured. Neutral is considered to be earthed (see Table K.101 Annex I).

Measuring circuit TERMINALS that do not have a RATING for connection to voltages above the
levels of 6.3.1, may be marked with alternative markings.

Measuring circuit TERMINALS which are dedicated only for connection to specific TERMINALS of
other equipment need not be marked provided that there is a means of identifying these
TERMINALS.

THRVMINAC TTarkings shattbe visibtewhenmthe trand=hetdmuttimeter s Teady for NORMAT USE wijth
connectors and TERMINALS mated and shall reference the applicable TERMINALS.

Caonformity is checked by inspection.

5.2 Warning markings

Replace the existing text with the following text:
Wharning markings specified in this document shall meet the following.requirements.

Warning markings shall be visible when the hand-held multimeter is ready for NORMAL USE. If a
warning applies to a particular part of the hand-held multimeter] the marking shall be placed pn
or(near that part.

THe size of warning markings shall be as follows.

a)| Symbols shall be at least 2,75 mm high. Text shall be at least 1,5 mm high and contrast|in

colour with the background.

b)] Symbols or text moulded, stamped or.erfigraved 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 Jt is necessary for the RESPONSIBLE'BODY or OPERATOR to refer to the instruction manual|to
preserve the protection affordedcby the hand-held multimeter, the hand-held multimeter shgll
bg marked with symbol 14 of Table 1. Symbol 14 is not required to be used together with
symbols which are explainediin the manual.

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 whigh
states that the hand=held multimeter shall be isolated or disconnected from the HAZARDOUS LIVE
voltage before access.

NQTE Natjonal regulations can require safety markings in a nationally accepted language.

Caonformity is checked by inspection.

5.4.1 General

Replace the first paragraph except its list with the following paragraph:

The following documentation necessary for safety purposes, as needed by the OPERATOR or the
RESPONSIBLE BODY, shall be provided with the hand-held multimeter, in an accepted language
of the country where the product is intended to be placed on the market. The following safety
documentation for service personnel authorized by the manufacturer shall be made available
to those personnel, in a language selected by the manufacturer:
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Add the following two new items to the list and a new paragraph at the end of the list:

aa

) the documentation shall indicate that probe assemblies to be used for MAINS
measurements shall be RATED as appropriate for MEASUREMENT CATEGORY Ill or IV
according to IEC 61010-031:2022 and shall have a voltage RATING of at least the voltage
of the circuit to be measured;

bb) information about each relevant MEASUREMENT CATEGORY (see 5.1.5.101).

If the hand-held multimeter is capable of measuring in multiple MEASUREMENT CATEGORY RATINGS
for the same measuring circuit, the documentation shall clearly identify the MEASUREMENT

CA
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a)
b)
c)
d)

Cq

.p.1 General

TEGORIES where the hand-neld multimeter may be used and where It shall not be used.

Protection against electric shock

C 61010-1:2010, Clause 6 and IEC 61010-1:2010/AMD1:2016, Clause 6 apply except ps
lows:

eplace the text, the conformity statement, and Figure 4 with the\following text, conformjty
htement and Figure 4:

CESSIBLE parts shall be prevented from becoming HAZARDQUS LIVE in SINGLE FAULT CONDITIQN.
e primary means of protection (see 6.4) shall be supplemented by one of a) or b) below.
ernatively, one of the single means of protection ¢),or’'d) below shall be used (see Figurg 4
d Annex DD).
SUPPLEMENTARY INSULATION (see 6.5.3);
current- or voltage-limiting device (see 6;5.6);
REINFORCED INSULATION (see 6.5.3);

PROTECTIVE IMPEDANCE (see 6.5.4):

nformity is checked by inspection and as specified in 6.5.3, 6.5.4, or 6.5.6, as applicable.
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HAZARDOUS LIVE part

INSULATION

device

r
I |
|

I 6.4.1 b) I 6.4.1 a) 6.4.1c)

! BAsiC I ENCLOSURE or Impedance

| INSULATION : BARRIER
z | .
F 1 i
1, 1 6.5.1 c) 6.5.1 d)
g I T REINFORCED PROTECTIVE
] | | and INSULATION IMPEDANCE
]
E |
31
< I | \

I ! 6.5.1 b)

1 6.5.1a) ! Current or

1| suppLEmENTARY |l voltage-limiting

|

|

I |

I |

ACCESSIBLE part

Figure 4 — Acceptable arrangement of profective means against electric shock

6.9.2 Protective bonding

Replace the existing title of 6.5.2 with the\following title and delete the text:

6.9.2 Not used
6.9.5 Automatic disconnection of the supply

Replace the existing title '0f)6.5.5 with the following title and delete the text:

6.9.5 Not used
6.6 Connections to external circuits

Add the faollowing new subclause and table:

6.6.101"Measuring circuit TERMINALS

6.6.101.1 General

When determining the values of CREEPAGE DISTANCES for measuring circuit TERMINALS of a hand-
held multimeter intended to be connected only to a hand-held probe assembly complying with
IEC 61010-031:2022, or to a current sensor complying with IEC 61010-2-032:2023, the
applicable values of CREEPAGE DISTANCES from material group | are allowed to be applied to all
material groups.

Requirements for measuring circuit TERMINALS in unmated position, partially mated or mated
position are defined respectively in 6.6.101.2, 6.6.101.3 and 6.6.101.4. Requirements for
specialized measuring circuit TERMINALS are defined in 6.6.101.5.
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Annex CC provides information regarding the recommended dimensions of 4 mm "banana"

TERMINALS.

6.6.101.2 Measuring circuit TERMINALS in unmated position

The following requirements apply to measuring circuits TERMINALS in unmated position when

RATED voltages are applied to any other TERMINALS of the hand-held multimeter.

ACCESSIBLE parts of unmated measuring circuit TERMINALS shall be insulated from HAZARDOUS

LIVE_parts by PROTECTIVE IMPEDANCE Or CLEARANCES and CREEPAGE DISTANCES meeting t

he

refluirements of a) and b) as follows.

a)| For measuring circuit TERMINALS with a voltage RATING up to 3 000 V, the CLEARANCES sh
be at least the applicable values of Table 101.

Table 101 — CLEARANCES for unmated measuring circuit TERMINALS

Maximum voltage
applied to the
conductive parts of the

CLEARANCE

TERMINAL a.c. r.m.s. d ¢
’ mm mm
600 05 v
1000 0 s
1500 20 -
2000 32 -
3000 64 >

are 0,8 mm.

NOTE See Annex EE.

Linear interpolation is allowed above 600 V.

For maximum voltages above 30 V a.c.¢:m.s. or 60 V d.c. up to 600 V, CLEARANCES

(see Figure)1), or

gi\/nn in Tahle K 16

Conformity is checked-by one of the following tests:

If the hand-held multimeter is'RATED to operate at an altitude greater than 2 000 m, the val
of the CLEARANCE shall bg_multiplied by the applicable factor of Table 3.

i) inspection and.neasurement of CLEARANCE from the closest approach of the test fing

touching the) external parts of the TERMINAL in the least favourable positi

ii) the are.\voltage test of 6.8.3.1 or the d.c. voltage test of 6.8.3.2 for TERMINAL stress
only™by d.c. with a duration of at least 5 s, or the impulse voltage test of 6.8.3.3, usi
thesapplicable test voltage of Table K.16 for the required CLEARANCE.

Correction factors of Table 10 are applicable to the values of test voltages for CLEARANC|

all

b) The CREEPAGE DISTANCE values shall be at least the applicable CLEARANCE values defined

in a) of this Subclause 6.6.101.2.

Conformity is checked by inspection and measurement of CREEPAGE DISTANCES from the
closest approach of the test finger touching the external parts of TERMINAL in the least

favourable position.

In addition for hand-held multimeters RATED for WET LOCATIONS, conductive parts of TERMINALS
with voltage RATINGS above 16 V a.c. rrm.s., 22,6 V a.c. peak and 35V d.c. shall not be

ACCESSIBLE.

Conformity is checked by inspection and measurement.
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6.6.101.3 Measuring circuit TERMINALS in partially mated position

ACCESSIBLE parts of measuring circuit TERMINALS in partially mated position shall be insulated
from HAZARDOUS LIVE parts by BASIC INSULATION.

Conformity is checked by inspection and measurement.

6.6.101.4 Measuring circuit TERMINALS in mated position

ACCESSIBLE parts of measuring circuit TERMINALS in mated position which are not intended to

be
LI

Ad
fra

Cq

6.
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Cq
TE
Sl

hand-held or touched during the measurement operation shall be insulated from HAZARDO
E parts by BASIC INSULATION.

CESSIBLE parts of TERMINALS in mated position of other measuring circuits shall be-insulat
m HAZARDOUS LIVE parts by DOUBLE INSULATION or REINFORCED INSULATION.

nformity is checked by inspection and measurement.

5.101.5 Specialized measuring circuit TERMINALS

ecialized measuring circuit TERMINALS are TERMINALS intended to be connected
mponents, sensors, and devices.

TE These specialized TERMINALS include, but are not limited to, TERMINALS for thermocouple sockets.

mponents, sensors, and devices intended to be connected to specialized measuring circ
RMINALS shall not be both ACCESSIBLE and HAZARBQUS LIVE, in either NORMAL CONDITION or
NGLE FAULT CONDITION, even when the highest RATED voltage is applied to any other measuri

cifcuit TERMINAL.

Cq
in
m
wh
if

a)
b)
c)
6.

Ad

Fd

nformity is checked by inspection and>measurement. Components, sensors, and devic
ended to be connected to specialized measuring circuit TERMINALS are connected. T|
basurements of 6.3 are made to establish that the levels of 6.3.1 and 6.3.2 are not exceed
en each of the following voltages is applied to each of the other measuring circuit TERMINAL
hpplicable:

highest RATED a.c. voltage at any RATED MAINS frequency;

highest RATED d.c..voltage;

highest RATED &.0¢.*voltage at the related maximum RATED measurement frequency.
f.1.3 CREEPAGE DISTANCES

d the fallowing new paragraph after the third paragraph:

r @ hand-held multimeter not powered from the MAINS or from the measuring circuit, t

S

9%
Q

it
in
ng

es
he
b d
S!

he

aI

plicable values of CREEPAGE DISTANCES from material group | are allowed ta be applied to

materials.

6.7.1.5 Requirements for insulation according to type of circuit

Replace the text with the following:

Requirements for insulation in particular types of circuits are specified as follows:

a)

b)

in 6.7.2 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with a nominal supply voltage up

to 300 V;

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

only;
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c)
d)

e)

in Clause K.1 for MAINS CIRCUITS of OVERVOLTAGE CATEGORY IIl or IV or for OVERVOLTAGE

CATEGORY Il over 300 V;

in Clause K.2 for secondary circuits separated from the circuits in ¢) by means of
transformer only;

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

a

1) the maximum possible TRANSIENT OVERVOLTAGE is limited by the supply source or within

the hand-held multimeter to a known level below the level assumed for the MAINS CIRCU

IT;

2) the maximum possible TRANSIENT OVERVOLTAGE is above the level assumed for the MAINS

ClRCI IIT;

NG
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6.

.8.1 General

3) the WORKING VOLTAGE is the sum of voltages from more than one circuit, or is a mix
voltage;

4) the WORKING VOLTAGE includes a recurring peak voltage that may includg, @ period

5) the WORKING VOLTAGE has a frequency above 30 kHz;
6) the circuit is a measuring circuit where MEASUREMENT CATEGORIES do)not apply;
in Clause K.101 for measuring circuits RATED for MEASUREMENT CAFEGORIES.

TE 1 See Annex | for line-to-neutral voltage pertinent to MAINS type and nominal voltage.
TE 2 These requirements are illustrated in the flowchart of Annex DD, Figure DD.1.

TE 3 See Clause K.3 for requirements for switching circuits such, as, a’switching power supply.

€ TRANSIENT OVERVOLTAGE levels for the MAINS cgrrespond to the impulse voltage valu
ecified in Table 102.

bplace the second and third paragraphswith the following three new paragraphs:
st equipment for the voltage tests\is’specified in IEC 61180:2016.

r testing CLEARANCES of unmated TERMINALS (see 6.6.101.2 a) ii))), the reference point
plication of the test voltagéjis determined using the test finger applied to the external pa
the TERMINAL in the ledstyfavourable position with the closest approach. Alternatively, a te
bbe with a tip in the shape of the test finger can be used for application of the test voltage

r other testing;” ACCESSIBLE insulating parts of the ENCLOSURE are covered with metal fi
erywhere except around unmated TERMINALS. For test voltages up to 10 kV a.c. peak
kV d.c., the\distance from foil to TERMINAL is not more than 20 mm. For higher voltages it
e minimam*to prevent flashover. For guidance on these minimum distances, see Table 9.

B.3.1~" The a.c. voltage test

non-sinusoidal waveform or a non-periodic waveform that occurs with some, regularity;

bd

ic

for
(fs
st

or
S

.

Replace the first sentence with the following sentence:

The voltage tester shall be capable of maintaining the test voltage throughout the test within
+3 % of the specified value.

6.8.3.2 The d.c. voltage test

Add a new sentence at the beginning of the first paragraph:

The voltage tester shall have a regulated output capable of maintaining the test voltage
throughout the test within £3 % of the specified value.
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Add the following new subclause:

6.101 Hand-held multimeter ratings

TERMINALS of measuring circuits intended for MAINS voltage measurements shall be RATED for a

mi

nimum voltage of 300 V a.c. r.m.s. line-to-neutral or 300 V d.c., a maximum voltage of 3 000 V

and a minimum MEASUREMENT CATEGORY IlI.

The RATED voltage of the TERMINALS of a measuring circuit intended for MAINS voltage
measurements shall be equal to or higher than their RATED a.c. r.m.s. line-to-neutral or d.c.

VO

NG
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TE These TERMINALS can also have RATING for other functions.
nformity is checked by inspection.
Protection against mechanical HAZARDS

C 61010-1:2010, Clause 7 and IEC 61010-1:2010/AMD1:2016, Clause 7 apply.

Resistance to mechanical stresses
C 61010-1:2010, Clause 8 applies.
Protection against the spread of fire

place the existing title with the following title:

Protection against the spread:of fire and arc flash

C 61010-1:2010, Clause 9 andyIEC 61010-1:2010/AMD1:2016, Clause 9 apply except ps

d the following new subclause and table:

101 Protection of measuring circuits
101.1 General

e hand-held multimeter shall provide protection against fire or arc flash resulting from NORMAL
E and"REASONABLY FORESEEABLE MISUSE of measuring circuits, as specified in a) and b) below:

a)

an‘electrical quantity that is within specification for any TERMINAL when it is applied to that

b)

TERMINAL or to any other compatible TERMINAL, with the range and function settings set in
any possible manner (see 9.101.2);

a TEMPORARY OVERVOLTAGE or a TRANSIENT OVERVOLTAGE when it is applied on the
measuring circuit TERMINALS in a voltage measurement function (see 9.101.3).

Conformity is checked as specified in 9.101.2 and 9.101.3 as applicable.
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9.101.2 Protection against mismatches of inputs and ranges
9.101.2.1 General

In NORMAL CONDITION and in cases of REASONABLY FORESEEABLE MISUSE, no HAZARD shall arise
when the highest RATED voltage or current of a measuring circuit TERMINAL is applied to that
TERMINAL or to any other compatible TERMINAL, with any combination of function and range
settings.

NOTE Mismatches of inputs and ranges are examples of REASONABLY FORESEEABLE MISUSE, even if the
documentation or mnrkinge prohibit such mismatch A typical example is inadvertent connection of a high \/nlfnga to
a Measuring input intended for current or resistance. Possible HAZARDS include electric shock, burns, fire, arcing gnd
explosion.

THRMINALS that are clearly not of similar types and that will not retain the connectors’ of the
prpbe assembly or the accessory do not need to be tested and TERMINALS that.can only pe
adcessed by use of a TOOL do not need to meet the requirements of this Subclause 9.101.2.1.

THe hand-held multimeter shall provide protection against these HAZARDS.'Ofne of the followihg
techniques in a) or b) shall be used:

a)| use of a certified overcurrent protection device to interrupt short:circuit currents beforeg a
HAZARD arises (see 9.101.2.2);

b)| use of an uncertified current limitation device, an impedance, or a combination of both [to
prevent the HAZARD from arising (see 9.101.2.3).

Caonformity is checked by inspection, evaluation of the design of the hand-held multimeter, ahd
aq specified in 9.101.2.2 and 9.101.2.3, as applicable:

9.101.2.2 Protection by a certified overcurrent protection device

An overcurrent protection device is consjderéd suitable if it is certified by a recognized testipg
adthority and if all of the following requirements in a) to ¢) are met.

a)| The a.c. and d.c. RATED voltages-of the overcurrent protection device shall be at least ps
high as, respectively, the highest a.c. and d.c. RATED voltages of any measuring circpit
TERMINAL on the hand-heldimultimeter.

b)] The RATED time-current‘Characteristic (speed) of the overcurrent protection device shall pe
such that no HAZARD ‘will result from any possible combination of RATED input voltagses,
TERMINALS, and range selection.

NOTE In practice;~downstream circuit elements such as components and printed wiring board traces are
selected to bejable to withstand the energy that the overcurrent protection device will let through.

c)| The a.c{and d.c. RATED breaking capacities of the overcurrent protection device shall
exceed, respectively, the possible a.c. and d.c. short-circuit currents.

The possible a.c. and d.c. short-circuit currents shall be calculated as the highest RATED
voltages for any TERMINAL divided by the impedance of the overcurrent-protected measuripg

ctrerit ftaoleina tha tmanadanon Af tha tact laada conanifind 1n O AN4 9 A it anoa it
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The possible a.c. short-circuit current does not need to exceed the applicable values of
Table AA.1.

Additionally, spacings surrounding the overcurrent protection device in the hand-held
multimeter and following the protection device in the measuring circuit shall be sufficiently large
to prevent arcing after the protection device opens.

Conformity is checked by inspection of the RATING of the overcurrent protection device and by
the following test.
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If the protection device is a fuse, it is replaced with an open-circuited fuse. If the protection
device is a circuit-breaker, it is set to its open position. A voltage of two times the highest RATED
voltage for any TERMINAL is applied to the TERMINALS of the overcurrent-protected measuring
circuit for 1 min. During and after the test, no damage to the hand-held multimeter shall occur.

9.101.2.3 Protection by uncertified current limitation devices or by impedances

Devices used for current limitation shall be capable of safely withstanding, dissipating, or
interrupting the energy that will result from the application of the maximum RATED voltage of
any compatible TERMINAL in NORMAL CONDITION and in the event of REASONABLY FORESEEABLE
MIFUSE.

An impedance used for limitation of current shall be an appropriate single compbénent ps
splecified in a) or a combination of components as specified in b).

a)| An appropriate single component which is constructed, selected, and tested!so that safgty
and reliability for protection against relevant HAZARDS is ensured.~In) particular, the
component shall:

1) be RATED for the maximum voltage that may be present in NORMAY CONDITION or duripg
the REASONABLY FORESEEABLE MISUSE event;

2) if aresistor, be RATED for twice the power or energy dissipation that may occur in NORMAL
CONDITION or from the REASONABLY FORESEEABLE MISUSE event;

3) meet the applicable CLEARANCE and CREEPAGE DISTANCE requirements of Annex K {or
BASIC INSULATION between its terminations.

b)] A combination of components which shall:

1) withstand the maximum voltage that may be present in NORMAL CONDITION or during the
REASONABLY FORESEEABLE MISUSE event;

2) be able to dissipate the power or energy that may occur in NORMAL CONDITION or frgm
the REASONABLY FORESEEABLE MISUSE event;

3) meet the applicable CLEARANCEYand CREEPAGE DISTANCE requirements of Annex K {or
BASIC INSULATION between thetérminations of the combination of components.

NOTE 1 The CLEARANCES and '6REEPAGE DISTANCES take into account the WORKING VOLTAGE across edch
insulation.

Caonformity is checked by_inspection and by the following test, performed three times on the
same unit of hand-held. multimeter. If the test results in heating of any component, the hand-held
multimeter is allowed<to cool before the test is repeated.

ThHe possible a.¢.-and d.c. short-circuit currents are calculated as the highest RATED voltage for
arly TERMINAL-divided by the impedance of the current-limited measuring circuit, taking the
impedancé )of the test leads specified in 9.101.2.4 into account. For MEASUREMENT
CATEGORIES Ill, the possible a.c. short-circuit current should not exceed the values |in
Tgble AA. 1.

A voltage equal to the highest RATED voltage for any TERMINAL is applied between the TERMINALS
of the measuring circuit for 1 min. The source of the test voltage shall be able to deliver a
current of at least the possible a.c. or d.c. short-circuit current as applicable. If the function or
range controls have any effect on the electrical characteristics of the input circuit, the test is
repeated with the function or range controls in every combination of positions, including during
the change of function or range. During the test, the voltage output of the source is measured.
If the source voltage decreases by more than 20 % for more than 10 ms, the test is considered
inconclusive and is repeated with a lower impedance source.

During and after the test, no HAZARD shall arise, nor shall there be any evidence of fire, arcing,
explosion, or damage to current limitation devices, impedances or any component intended to
provide protection against electric shock, heat, arc or fire, including the ENCLOSURE and traces
on the printed wiring board, except for fuses which can open.
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NOTE 2 This test can be extremely hazardous. Explosion shields and other provisions can be used to protect
personnel performing the test.

9.101.2.4 Test leads for the tests

The tests of 9.101.2.2 and 9.101.2.3 shall be performed with all test leads that are specified or
supplied by the manufacturer for use with the hand-held multimeter and if the manufacturer has
not specified the test leads, the tests shall be performed with test leads that meet the following
specifications in a) to e):

a) length of each test lead = 1,0 m;

b)| cross section of the conductor = 1,5 mm?2, stranded copper wire (a conductor with a 16 . AWG
(American Wire Gauge) cross section is acceptable);

c)| connector compatible with the measuring circuit TERMINALS;

d)| connection to the test voltage source via a bare wire into suitable screw..TERMINALS |or
thimble connectors (twist-on wire connectors) or equivalent means of-previding a low
impedance connection;

e)| arranged as straight as possible.
Tgst leads built to these specifications will have a d.c. resistanceof about 15 mQ each, |or

30 mQ per pair. For the purposes of calculation of possible fault current in 9.101.2.2 apd
9.101.2.3, the value of 30 mQ can be used for these test leads.

If he manufacturer-supplied test leads are permanently connéected to the hand-held multimeter,
then the attached test leads supplied by the manufacturér'shall be used without modification.

When the test procedures of 6.8.3 are applied tothe” hand-held multimeter, the test leads can
bg the test leads supplied with the test generator.without modification.

9.101.3 Protection against MAINS overvoltages

Vqltage measuring circuits RATED forsMEASUREMENT CATEGORIES shall have CLEARANCES aphd
CHREEPAGE DISTANCES for BASIC INSULATION between MAINS-connected conductive parts |of
opposite polarity including between the terminations of the devices or components used for
limiting the current.

Canformity is checked by‘inspection and measurement.

In|addition, these Voltage measuring circuits shall take into consideration expected TRANSIENT
OVERVOLTAGES.

Caonformity~is checked by the following impulse voltage test using the applicable values |of
Tgble 102,

Thenimpulse voltage is applied between each pair of TERMINALS RATED for MAINS voltage
measurements while the circuit is working under conditions of NORMAL USE, in combination with
the MAINS voltage. The voltage measurement function selectors are set for the proper function
and range.

The impulse voltage test is conducted for five impulses of each polarity spaced up to 1 min
apart, from a combination wave generator according to IEC 61000-4-5:2014, 6.2. The generator
produces an open-circuit voltage waveform of 1,2/50 us, a short-circuit current waveform of
8/20 us, with an output impedance (peak open-circuit voltage divided by peak short-circuit
current) of 2 Q maximum for MEASUREMENT CATEGORIES Ill and IV. Resistance may be added in
series if needed to raise the impedance.
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The MAINS voltage used for the test is the maximum RATED line-to-neutral voltage of the MAINS
being measured. For measuring circuits RATED for MAINS voltages above 400 V a.c. r.m.s. line-
to-neutral or 400 V d.c., the test may be performed with an available MAINS voltage source that
has a voltage of at least 400 V a.c. r.m.s. or 400 V d.c. The MAINS voltage source does not, in
this case, need to match the measuring circuit RATING. For measuring circuits RATED for MAINS
ind.c., an a.c. source can be used. When an a.c. source is used, the impulses are synchronized
with the MAINS voltage phase, timed to occur at the peak of the MAINS voltage, and to be of the
same polarity as the cycle, with a phase tolerance of £10° (see IEC 61000-4-5:2014, 6.2).

NOTE 1 This test can be extremely hazardous. Explosion shields and other provisions can be used to protect
persommmetperformmmg tiretest:

N@ HAZARD shall arise. No flashover of CLEARANCES or breakdown of solid insulation shaftiocqur
ddring 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 hand-held multimeter. If overvoltage limiting devices dre
present, they shall not rupture or overheat during the test. Tripping the cifcuit breaker of the
MAINS installation is an indication of failure. If the results of the test are questionable |or
ingonclusive, the test is to be repeated two more times.

NQTE 2 Partial discharges in voids can lead to partial notches of extremely shorrt durations in the wave shape whjch
cah be repeated in the course of an impulse.

Table 102 — Impulse voltages for circuits‘connected to MAINS

Nominal a.c. r.m.s line- Infpulse voltage
to-neutral or d.c.
voltage of MAINS being V peak
measured
V MEASUREMENT\CATEGORY |ll | MEASUREMENT CATEGORY IV
<150 2 500 4 000
> 150 =< 300 4 000 6 000
> 300 <600 6 000 8 000
> 600 <1000 8 000 12 000
>1000 <1500 10 000 15 000
> 1500 <2000 15 000 18 000
> 2 000ns 3 000 18 000 20 000
Values.up/to 1 000 V are from IEC 60664-1:2020, Table F.1.
Values over 1 000 V are from IEC TS 62993:2017, Table 1.

10 Equipment temperature limits and resistance to heat

IEC 61010-1:2010, Clause 10 and IEC 61010-1:2010/AMD1:2016, Clause 10 apply.

11 Protection against HAZARDS from fluids and solid foreign objects

IEC 61010-1:2010, Clause 11 and IEC 61010-1:2010/AMD1:2016, Clause 11 apply.

12 Protection against radiation, including laser sources, and against sonic and
ultrasonic pressure

IEC 61010-1:2010, Clause 12 and IEC 61010-1:2010/AMD1:2016, Clause 12 apply.
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13 Protection against liberated gases and substances, explosion and implosion

IEC 61010-1:2010, Clause 13 and IEC 61010-1:2010/AMD1:2016, Clause 13 apply.

14 Components and subassemblies

IEC 61010-1:2010, Clause 14 and IEC 61010-1:2010/AMD1:2016, Clause 14 apply except as

fol

lows:

14

Replace the existing title of 14.8 with the following title and delete the text:

14.8 Not used

Ad

14.101 Probe assemblies and accessories

Probe assemblies and accessories within the scope of IEC.61010-031:2022 and curre

S€

At
adg
of

Cq
te

IE

.8 Circuits used to limit TRANSIENT OVERVOLTAGES

d the following new subclause:

nsors within the scope of IEC 61010-2-032:2023 shall meet.the requirements thereof.

minimum, one set of the test leads supplied with the¢hand-held multimeter shall be RAT
cording to IEC 61010-031:2022 for at least the highestlvoltage and MEASUREMENT CATEGORI
the hand-held multimeter.

nformity is checked by inspection of the documentation or by carrying out all the releva
5ts of IEC 61010-031:2022 or IEC 61010-2-032:2023 as applicable.

Protection by interlocks

C 61010-1:2010, Clause 15 applies.

HAzARDS resulting(from application

C 61010-1:2010,/Clause 16 applies.

RISK assessment

C 61090-1:2010, Clause 17 applies.

nt

ED
ES

nt

Ad

adth
1T

101 Measuring circuits

101.1 General

The hand-held multimeter shall provide protection against HAZARDS resulting from NORMAL USE
and REASONABLY FORESEEABLE MISUSE of measuring circuits, as specified in a) to ¢) below:

a) a current measuring circuit which could interrupt the circuit being measured during range
changing, or during the use of current transformers without internal protection (see 101.2);

b)

a displayed voltage value which can be incorrect or ambiguous (see 101.3);
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c) other HAZARDS that could result from REASONABLY FORESEEABLE MISUSE shall be addressed
by RISK assessment (see Clause 16 and Clause 17).

Any interconnection between the hand-held multimeter and other devices or accessories
intended to be used with the hand-held multimeter shall not cause a HAZARD even if the
documentation or markings prohibit the interconnection while the hand-held multimeter is used
for measurement purposes (see 6.6).

Conformity is checked as specified in 6.6, Clause 16, Clause 17, 101.2 and 101.3 as applicable.

101.2 Current measuring circuits

Current measuring circuits shall be so designed that, when range changing takes place,’'there
shlall be no interruption which could cause a HAZARD.

Caonformity is checked by inspection, and when an interruption of the current medsuring circpit
may occur, by causing the device to switch the maximum RATED current 6 000-times.

When the secondary circuit of a current transformer is disconnected~from its burden, a high
voltage can appear between the ends of the open circuit, and ,could lead to a hazardopus
situation.

Cuyrrent measuring circuits intended for connection to current transformers without internal
prptection shall be adequately protected to prevent a HAZARD arising from interruption of thege
cifcuits during operation.

Caonformity is checked by an overload test at a valué of 10 times the maximum RATED currgnt
for 1 s, and, if applicable, by causing the hand-held multimeter to switch the maximum RATED
current 6 000 times. No interruption which cotild cause a HAZARD shall occur during the tests.

101.3 Indicating devices
101.3.1 General

N@ HAZARD shall occur from reading a voltage value when the hand-held multimeter is operated
fof measuring MAINS voltages.and in the event of REASONABLY FORESEEABLE MISUSE.

A displayed voltage value is considered to be unambiguous when the value is less than 10(%
inzccurate, or if there is an indication when the value is out of range, or if there is a cldar
indlication that the value is not correct. A display off is also considered to be unambiguous.

THe tests 0f<101.3.2, 101.3.3 and 101.3.4 shall be performed when relevant.

The afc.yr.m.s. voltages applied to the TERMINALS during the tests have a frequency of 50 Hz|or
6( HzZ,

101.3.2 Battery level

A voltage value displayed by the hand-held multimeter shall not be affected by the expected
variation of its battery voltage.

Conformity is checked by the following test:

For each measuring circuit TERMINAL RATED for MAINS voltage measurements, the voltage in the
dashed list below is applied to these TERMINALS.

— a.c. measurement TERMINALS are connected to 60 V a.c. r.m.s.
— d.c. measurement TERMINALS are connected to 120 V d.c.
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The supply voltage of the d.c. source connected to the battery connectors decreases by no
more than 20 mV/s from the maximum battery voltage to zero. The d.c. source used for this test
shall be the batteries or similar source while the impedance of the batteries and ripple-free
conditions are taken into account. The test terminates when the display turns off.

The displayed voltage values during the test shall be unambiguous.

NOTE See 101.3.1 for the meaning of the term "unambiguous".

101.3.3 Over-range indication

THe hand-held multimeter shall be able to display unambiguously over-range voltage values
whenever the value is above the maximum absolute value of the range to which the hand-held
multimeter is set.

NQTE Examples of ambiguous indications include the following, unless there is a separate unambiguous indicatfon
of Bn over-range value:

a) | analogue hand-held multimeter which stops at the exact ends of the range;

b)| digital hand-held multimeter which shows a low value when the true value is aboye’the range maximum (for
example 1 001,5 V displayed as 001,5 V).

Caonformity is checked by the following test:

An over-range voltage is applied to the measuring circuit GLERMINALS RATED for MAINS voltage
measurements set to each voltage measurement range.

The value of the over-range voltage applied to the\TERMINALS is set at 110 % of the RATED
valtage measurement range. For measurements{ RATED for d.c., the over-range voltage |is
afgplied with positive and negative polarities.

-

THe displayed voltage values during the test shall be unambiguous.

101.3.4 Permanent overvoltages

THe hand-held multimeter shall*be able to withstand permanent overvoltages and continue|to
giye an unambiguous indication of any HAZARDOUS LIVE voltages up to the maximum RATED
voltage.

®

NQTE 1 Subclause 9.104.8"provides requirements for protection against HAZARDS from TRANSIENT OVERVOLTAGH

Caonformity is chécked by the following test:

An overvoltage is applied for 5 min to the measuring circuit TERMINALS RATED for MAINS voltage
measurements of the hand-held multimeter set to each voltage measurement range.

Thewdlue of the overvoltage applied to the TERMINALS is based on the TERMINALS' RATED voltafje
between the TERMINALS:

a) when the TERMINALS' RATED voltage value is up to 1 000 V a.c. r.m.s., the overvoltage value
is the TERMINALS' RATED voltage value multiplied by 1,9 but without exceeding 1 100 V a.c.
r.m.s.;

b) when the TERMINALS' RATED voltage value is above 1 000 V a.c. r.m.s. the overvoltage value
is the RATED voltage value multiplied by 1,1;

c) when the TERMINALS' RATED voltage is d.c., the overvoltage value is the RATED voltage value
multiplied by 1,1.

NOTE 2 The 1,9 multiplication factor is derived from phase-to-phase voltage measurements with a 10 % overvoltage
condition.
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The above test may need to be repeated at any combination of settings, TERMINALS and voltage
RATINGS.

After each overvoltage has been applied, each measuring circuit TERMINAL RATED for MAINS
voltage measurements shall in turn:

1) measure a voltage of 60 V a.c. rm.s. or 120 V d.c. based on the measurement TERMINAL
input type;

2) measure a voltage equal to the maximum RATED voltage for the measurement TERMINAL
under test

THe displayed voltage values shall be unambiguous.



https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

IEC 61010-2-033:2023 © |IEC 2023 - 27 -

Annexes

All annexes of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 apply except as follows.
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Annex K
(normative)

Insulation requirements not covered by 6.7

K.2 Insulation in secondary circuits

K.2.1 General

De¢lete the note.
Add the following two new paragraphs and the example at the end of Subclause K.2)1:

THe maximum TRANSIENT OVERVOLTAGE level of earthed secondary circuit is assumed to be o
leyel lower from the series of impulse voltages of Table 102 for the considered nominal a
r.m.s. line-to-neutral or d.c. voltage of the primary MAINS CIRCUIT with the\same OVERVOLTA
CATEGORY or MEASUREMENT CATEGORY.

EXAMPLE If the nominal a.c. r.m.s. line-to-neutral voltage of MAINS being measured is 2 000 V in MEASUREMH

CAJEGORY lll, the applicable impulse voltage is 15 000 V and the lower level is;10-000 V.

CUEARANCES for secondary circuits are determined:

1)| for earthed secondary circuits, by the method in K.2.2yor in K.3.2 using the lower TRANSIE

OVERVOLTAGE value of one level, or

2)| for all secondary circuits, by the method{)in” K.3.2 using the U; value defined
IEC 61010-2-030:2023, Clause K.4.

K{3 Insulation in circuits not addressed in 6.7, Clause K.1 or Clause K.2
Replace the existing title of Clause K3 with the following:

K3 Insulation in circuits not addressed in 6.7, Clause K.1, Clause K.2 or
Clause K.101, and.for measuring circuits where MEASUREMENT CATEGORIES

do not apply

K.3.1 General

Replace the text with the following:

THe circuits/covered by this Clause K.3 have one or more of the following characteristics in
to|f):

a)Lthé circuit is a measuring circuit where MEASUREMENT CATEGORIES do not apply;

NT

a)

b) the maximum possible TRANSIENT OVERVOLTAGE is above the level from the series of impulse

voltages of Table K.101, assumed for the MAINS CIRCUIT;

c) the maximum possible TRANSIENT OVERVOLTAGE is limited by the supply source or within the

hand-held multimeter to a known level below the level assumed for the MAINS CIRCUIT;

d) the working voltage is the sum of voltages from more than one circuit, or is a mixed voltage;

e) 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;

f) the working voltage has a frequency above 30 kHz.

In cases a) to d), CLEARANCES are determined according to K.3.2.
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In cases e) and f), CLEARANCES are determined according to K.3.3.

NOTE 1 CLEARANCES for measuring circuit TERMINALS are defined in 6.6.101.

In all cases, K.3.4 addresses CREEPAGE DISTANCES and K.3.5 solid insulation.

NOTE 2 These requirements are illustrated in the flowchart of Annex DD, Figure DD.1.

K.3.2 CLEARANCE calculation

Replace—the—existing—conformity—statoment—TabloK15—TableK16—and—Note2—{inchding
Example 1 and Example 2) with the following new conformity statement, Table K.15, Table-K.[16
arld Note 2 (including a new example).
Caonformity is checked by inspection and measurement, or by the a.c. voltage test,of 6.8.3.1
with a duration of at least 5 s, or by the d.c. voltage test of 6.8.3.2 for measuring circufts
stressed only by d.c. with a duration of at least 5 s, or by the impulse voltage, test of 6.8.3]3,
using the applicable test voltage of Table K.16 for the required CLEARANCE:
Carrection factors of Table 10 are applicable to the values of test voltages.
Table K.15 — CLEARANCE values for the calculation of K.3.2
Mvac:(litr:;:q CLEARANCE Mvaoxlit?;;n CLEARANCE
U, D, D, U, D, D,
\Y mm mm \Y mm mm
14,1 to 266 0,010 0,010 4 000 3,00 3,80
283 0,010 0,010 4 530 3,53 4,80
330 0,010 0,01Q 5 660 4,99 7,15
354 0,012 0,043 6 000 5,50 7,90
453 0,030 0,030 7 070 6,84 9,55
500 0,040 0,040 8 000 8,00 11,0
566 0,053 0,053 8 910 9,37 12,9
707 0,081 0,097 11 300 13,0 17,7
800 0,10 0,13 14 100 16,8 23,2
891 0,12 0,19 17 700 21,8 29,9
1130 0,22 0,36 22 600 29,2 39,2
1410 0,43 0,66 28 300 37,6 51,3
1500 0,50 0,76 35 400 50,8 66,9
1770 0,77 1,04 45 300 68,0 89,2
2.260 1,26 1,55 56 600 85,0 115
2500 1,50 1,80 70 700 111 148
2830 1‘RQ ')")n 80 100 148 190
3540 2,54 3,16 100 000 170 215
Linear interpolation is allowed.
NOTE See Annex EE.



https://iecnorm.com/api/?name=f3933c358a456e31ca1ce1a50dda0e7b

— 30 -

IEC 61010-2-033:2023 © |IEC 2023

Table K.16 — Test voltages based on CLEARANCES

Required Impulse a.c. r.m.s. sg}gbp::';r Required Impulse a.c. r.m.s. sg}gbp:zalgr
CLEARANCE 1,2/50 pus 50/60 Hz d.c. CLEARANCE 1,2/50 ps 50/60 Hz d.c.

mm V peak \% \% mm V peak \% \%

0,010 330 230 330 16,5 14 000 7 600 10 700

0,025 440 310 440 17,0 14 300 7 800 11 000

0,040 520 370 520 17,5 14 700 8 000 11 300

0,063 600 420 600 18,0 15 000 8 200 11 600
0,1 806 500 700 19,0 15 800 8 600 12 100
0,2 1140 620 880 20 16 400 9 000 12700
0,3 1310 710 1010 25 19 900 10 800 15 300
0,5 1550 840 1200 30 23 300 12 600 17 900
1,0 1950 1060 1500 35 26 500 14 400 20 400
1,4 2 440 1330 1880 40 29 700 16 200 22 900
2,0 3100 1690 2 400 45 32900 17900 25 300
2,5 3600 1960 2770 50 36 000 19 600 27 700
3,0 4 070 2210 3130 55 39 000 21 200 30 000
3,5 4510 2 450 3470 60 42-000 22 900 32 300
4,0 4930 2 680 3790 65 45 000 24 500 34 600
4,5 5330 2900 4100 70 47 900 26 100 36 900
5,0 5720 3110 4 400 75 50 900 27 700 39 100
5,5 6 100 3320 4 690 80 53 700 29 200 41 300
6,0 6 500 3520 4970 85 56 610 30 800 43 500
6,5 6 800 3710 5 250 90 59 400 32 300 45700
7,0 7 200 3900 5510 95 62 200 33 800 47 900
7,5 7 500 4 080 5 780 100 65 000 35400 50 000
8,0 7 800 4 300 6,030 110 70 500 38 400 54 200
8,5 8 200 4 400 6 300 120 76 000 41 300 58 400
9,0 8 500 4 600 6 500 130 81 300 44 200 62 600
9,5 8 800 4 800 6 800 140 86 600 47 100 66 700
10,0 9100 4950 7 000 150 91 900 50 000 70 700
10,5 9 500 5200 7 300 160 97 100 52 800 74 700
11,0 9 900 5400 7 600 170 102 300 55 600 78 700
11,5 10,300 5600 7 900 180 107 400 58 400 82 600
12,0 10600 5 800 8 200 190 112 500 61200 86 500
12,5 11 000 6 000 8 500 200 117 500 63 900 90 400
13,0 11 400 6 200 8 800 210 122 500 66 600 94 200
1345 11 800 6 400 9 000 220 127 500 69 300 98 000
14,0 12 100 6 600 9 300 230 132 500 72 000 102 000
475 2500 6 800 9600 2240 37300 74700 106000
15,0 12 900 7 000 9 900 250 142 200 77 300 109 400
15,5 13 200 7 200 10 200 264 149 000 81 100 115 000
16,0 13 600 7 400 10 500

Linear interpolation is allowed.

NOTE 2 An example of calculations is given below.

EXAMPLE 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).
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Dg, is the clearance for basic insulation.
Dg, is the CLEARANCE for REINFORCED INSULATION.
U, is the maximum voltage:
u,=U, +U,=(3500+4500)V=28000V
u,/U,.=3500/8000=0,44>0,2

thus F=(1,25x U /U_)-0,25= (1,25 x 3500/ 8 000) - 0,25 = 0,297

D1 and D2 values are derived from Table K.15 at 8 000 V:
D, =8,00 mm, D, = 11,0 mm
Dgl =D, + Fx(D,—-D,) = 8,00 +0,297 x (11,0 - 8,00) = 8,00 + 0,89 = 8,89 mm

CLEARANCE for REINFORCED INSULATION is doubled: DRI =2x DBI =17,8 mm.

K{4 Reduction of TRANSIENT OVERVOLTAGES by the use of overvoltage limiting
devices

Replace the existing title of Clause K.4 with the following title~and delete the text:
Kl4 Not used

Add the following new clause and four tables:

K{101 Insulation requirements for measuring circuits RATED for MEASUREMENT
CATEGORIES

K.J101.1 General

Measuring circuits are subjected\to WORKING VOLTAGES and transient stresses from the circujts
tolwhich they are connectedduring measurement or test. When the measuring circuit is used
tolmeasure MAINS, the transjent stresses can be estimated by the location within the installatipn
at|which the measurement’is performed. When the measuring circuit is used to measure apy
other electrical signal,\the transient stresses shall be considered by the OPERATOR to ensyre
that they do not exceed the capabilities of the hand-held multimeter.

MEASUREMENTYCATEGORIES take into account OVERVOLTAGE CATEGORIES, short-circuit currgnt
leyels, the-tocation where the test or measurement is to be made and some forms of energy
limitation-ertransient protection included in the building installation. When the measuring circpit
is|used)to connect to MAINS, there is a RISK of arc blast. MEASUREMENT CATEGORIES |[in
agcordance with Annex AA define the amount of energy available, which may contribute to grc
23).

K.101.2 CLEARANCES

For hand-held multimeters intended to be powered from the circuit being measured,
CLEARANCES for the MAINS CIRCUIT shall be designed according to the requirements of the RATED
MEASUREMENT CATEGORY, but overvoltage limiting devices may be used to reduce the TRANSIENT
OVERVOLTAGES to a level consistent with a lower MEASUREMENT CATEGORY. Additional marking
requirements are given in 5.1.5.2 and 5.1.5.101.

CLEARANCES of measuring circuits RATED for MEASUREMENT CATEGORIES are specified in
Table K.101.
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NOTE See Annex | for line-to-neutral voltages for common MAINS.

If the hand-held multimeter is RATED to operate at an altitude greater than 2 000 m, the values
for CLEARANCES shall be multiplied by the applicable factor of Table K.1.

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, the minimum
CLEARANCE for POLLUTION DEGREE 2 is 0,2 mm and for POLLUTION DEGREE 3 is 0,8 mm.

Table K.101 — CLEARANCES for measuring circuits RATED for MEASUREMENT CATEGORIES

i Clearance
Nominal a.c. r.m.s.
ine-to-neutral or mm
d.c. voltage of
MAINS being BASIC INSULATION
measured and SUPPLEMENTARY INSULATION REINFORCED INSULATIDN
Vv MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY llI CATEGORY IV CATEGORY llI CATEGORY IV
< 300 3,0 5,5 6,0 10,4
> 300 < 600 5,5 8,0 10,4 15
> 600 <1 000 8,0 14,0 150 23,9
>1000<1500 11,0 18,0 22,0 36
>1500<2000 18,0 22,0 36 44
> 2 000<3000 22,0 25,0 44 50

Cq

or
ap

TH

Cq

K.
K

Sq
US

mulltimeter.

101.3 CREEPAGE DISTANCES

.N101.4.1 General

nformity is checked by inspection and measurement or by the a.c. voltage test of 6.8.3.1 wjth
Huration of at least 5 s, or by the d.c. voltage test of 6.8.3.2 for measuring circuits stressepd
ly by d.c. with a duration of at least 5 s, orby the impulse voltage test of 6.8.3.3, using the
plicable test voltage of Table K.16 for the“fequired CLEARANCE.

e requirements of K.2.3 apply.

nformity is checked asgspecified in K.2.3.

101.4 Solid insulation

lid insulation shall withstand the electrical and mechanical stresses that may occur in NORMAL
E, in al’RATED environmental conditions (see 1.4), during the intended life of the hand-hgld

C
a)

b)

Tiformity 1S Thecked by botirof the fotfowing tests.

the impulse voltage test of 6.8.3.3 using the applicable test voltage of Table K.102 or, as an
alternative, the a.c. voltage test of 6.8.3.1 using the applicable test voltage of Table K.103
with a duration of at least 5 s;

for measuring circuits stressed by a.c. or a.c. plus d.c. voltage, the a.c. voltage test of
6.8.3.1 or for measuring circuits stressed only by pure d.c. voltage, the d.c. voltage test of
6.8.3.2, using the test voltage determined by K.101.4.2 with a duration of at least 1 min.

NOTE Test a) checks the effects of TRANSIENT OVERVOLTAGES, while test b) checks the effects of long-term stress
of solid insulation.
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Table K.102 - Impulse test voltages for testing electric strength of solid
insulation for measuring circuits RATED for MEASUREMENT CATEGORIES

i Impulse test voltage
Nominal a.c. r.m.s.
line-to-neutral or V peak
d.c. voltage of
MAINS being BASIC INSULATION
measured and SUPPLEMENTARY INSULATION REINFORCED INSULATION
v MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY Il CATEGORY IV CATEGORY Il CATEGORY IV
< 300 4 000 o 000 o6 400 9 600
> 300 <600 6 000 8 000 9 600 12 800
> 600 <1000 8 000 12 000 12 800 19.200
> 1000 <1500 10 000 15 000 17 900 277100
> 1500 <2000 15 000 18 000 27 100 32 000
> 2000 <3000 18 000 20 000 32 000 36 000

Table K.103 - a.c. test voltages for testing electric strength of solid
insulation for measuring circuits RATED for MEASUREMENT CATEGORIES

i a.c. test valtage
Nominal a.c. r.m.s.
ine-to-neutral or M
d.c. voltage of
MAINS being BASIC INSULATION
measured and SUPPLEMENTARY INSULATION REINFORCED INSULATION
Vv MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT
CATEGORY llI CATEGORY IV CATEGORY llI CATEGORY IV
< 300 2 200 3 300 3 500 5100
> 300 <600 3 300 4 300 5100 7 000
> 600 <1000 4 300 6 600 7 000 10 000
>1000<1500 5400 8 200 9700 15 000
> 1500 <2000 8 200 9700 15 000 18 000
>2 000 <3000 9,00 11 000 18 000 20 000
K.[101.4.2 Long-<term stress test voltage value calculation

Tdst voltage~values for testing the long-term stress of solid insulation are determined as follow

THe testvoltage value for BASIC INSULATION and SUPPLEMENTARY INSULATION is calculated w
the follewing formula:

UT:AXUN+B

where
Ut is the a.c. or d.c. test voltage;
Uy is the nominal a.c. r.m.s. line-to-neutral or d.c. voltage of MAINS being measured;

Aand B are parameters determined as follows:
when Uy <1000V, A=1 and B=1 200 V;

when Uy > 1000V, A=1,5 and B=750 V.
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NOTE Parameter values up to 1 000 V are derived from IEC 60364-4-44:2007, 442.2.2 and parameter values over
1 000 V are derived from IEC TS 62993:2017, 6.1.3.1.

For REINFORCED INSULATION, the test voltage value is twice the value for BASIC INSULATION.

K.
K.

101.4.3 Constructional requirements

101.4.3.1 General

Solid insulation shall also meet the following requirements, as applicable:

1)

2)
3)
4)

Cq

Fa
lo
s€
co

Cq
in

Fd
lo

ap

Cq
in

nformity is checked by inspection and eithershy measurement of the separation or
spection of the manufacturer's specifications.
.101.4.3.3 Insulating layers of printed wiring boards

r BASIC INSULATION, SUPPLEMENTARYAINSULATION and REINFORCED INSULATION, conductd

for solid insulation used as an ENCLOSURE or PROTECTIVE BARRIER, the requirements
Clause 8 apply;

for moulded and potted parts, the requirements of K.101.4.3.2 apply;

for insulating layers of printed wiring boards, the requirements of K.101.4.3.3capply;

for thin-film insulation, the requirements of K.101.4.3.4 apply.

nformity is checked as specified in K.101.4.3.2 to K.101.4.3.4, and Clause 8, as applicab
[101.4.3.2 Moulded and potted parts

r BASIC INSULATION, SUPPLEMENTARY INSULATION, and REINFORCED INSULATION, conductd
cated between the same two layers moulded together (see Figure K.1, item L) shall
parated by at least the applicable minimum distance ofTable K.104 after the moulding|i
mpleted.

tated between the same two layers{(see Figure K.2, item L) shall be separated by at least t
plicable minimum distance of Table K.104.

nformity is checked by.ifispection and either by measurement of the separation or
bpection of the manufacturer's specifications.

Table K.104-—=Minimum values for distance or thickness of solid insulation
for-measuring circuits RATED for MEASUREMENT CATEGORIES

of

a.c. r.m.s. line-to-neutral Minimum Minimum distance L
or d.c. voltage thickness 2 (see Figure K.1 and
Figure K.2) &b
\% mm mm
<300 04 04
> 300 < 600 0,6 0,6
> 600 1,0 1,0

@ This value is independent of the MEASUREMENT CATEGORY.

This value applies for BASIC INSULATION, SUPPLEMENTARY INSULATION and
REINFORCED INSULATION.
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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)

b)

The thickness through the insulation is at least the applicable value of Table K.104.

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

by

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 qpplir\thn test \/nli‘ngn for BASIC INSULATION of Table K 102

or

Fd
lo
ap

Cq
in

RH

elgctric strength. One of the following methods shall be used.

a)

b)

c)

.101.4.3.4 Thin-film insulation

Table K.103 with a duration of at least 5 s.
Conformity is checked by inspection of the manufacturer's specifications.

The insulation is assembled from at least two separate layers of printed wirihng bo4d
materials, and the combination of layers is RATED by the manufacturer of the.material for
electric strength of at least the value of the applicable test voltage- for REINFORC
INSULATION of Table K.102 or Table K.103 with a duration of at least 5 s

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

r BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFQRCED INSULATION, conductd
tated between the same two layers (see Figure K.3, item L) shall be separated by at least t
plicable CLEARANCE and CREEPAGE DISTANCE of K.101.2 and K.101.3.

nformity is checked by inspection and either bysmeasurement of the separation or
bpection of the manufacturer's specifications.

INFORCED INSULATION through the layers ‘@fothin-film insulation shall also have adequs

The thickness through the insulationiis at least the applicable value of Table K.104.

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

The insulation consists of-at least two separate layers of thin-film materials, each of whi
is RATED by the manufacturer of the material for an electric strength of at least the value
the applicable test voltage for BASIC INSULATION of Table K.102 or Table K.103 with
duration of at least\ s.

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

The insulation consists of at least three separate layers of thin-film materials, any two
which haVerbeen tested to exhibit adequate electric strength.

Conformity is checked by the voltage tests of K.101.4.1 applied to two of the three layg
for'REINFORCED INSULATION.

AN
ED

ch
of

of

Fof the purposes of these tests, a special sample may be assembled with only two layg

of the material.
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Annex L
(informative)

Index of defined terms

Add the following defined term to the list:

MEASUREMENT CATEGORY .ttt aee s 3.5.101
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Add the following new annexes:

Annex AA
(normative)

MEASUREMENT CATEGORIES

AA.1 General

Fd

MHBASUREMENT CATEGORIES are not the same as the overvoltage categories according to K1
IEC 60364-4-44:2007, 443.6 or IEC 60664-1:2020, 4.3.

MEASUREMENT CATEGORIES are based on locations on the MAINS where measurfements can

made.

NQTE IEC 60364-4-44 and IEC 60664-1 overvoltage categories are created to achieve|an insulation coordinat
of fhe components and equipment used within low-voltage MAINS.

AA.2 MEASUREMENT CATEGORIES

AA.2.1 MEASUREMENT CATEGORY Il

MEASUREMENT CATEGORY Il is applicable to test and measuring circuits connected directly
utilization points (socket outlets and similar points) of the low-voltage MAINS installation (s
Tgble AA.1 and Figure AA.1).

EXAMPLE Measurements on MAINS CIRCUITS of household appliances, portable TooLS and similar equipment, g
on|the consumer side only of socket-outlets in fixed.installations.

AA.2.2 MEASUREMENT CATEGORY llI

MEASUREMENT CATEGORY lll is applicable to test and measuring circuits connected to t
distribution part of the building's low-voltage MAINS installation (see Table AA.1 a

Fi

Tg
ad

Fd
co

EX
brdg

eq

r the purposes of this document, the following MEASUREMENT CATEGORIES are used. Fhe

jure AA.1).

avoid RISKS caused.by the HAZARDS arising from these higher short-circuit curren
ditional insulation.@nd other provisions are required.

r equipment that is part of a fixed installation, the fuse or circuit breaker of the installation
nsidered to.provide adequate protection against short-circuit currents.

AMPLE\ "Measurements on distribution boards (including secondary meters), photovoltaic panels, circ
akers,wiring, including cables, bus-bars, junction boxes, switches, socket-outlets in the fixed installation, g
Llipment for industrial use and some other equipment such as stationary motors with permanent connection to

[
[N
<

he
hd

S

lit-
nd
he

fix

P PETIES
cUu 11stairtatiurt.

AA.2.3 MEASUREMENT CATEGORY IV

MEASUREMENT CATEGORY |V is applicable to test and measuring circuits connected at the source

of

the building's low-voltage MAINS installation (see Table AA.1 and Figure AA.1).

Owing to the high potential short-circuit currents existing in these circuits, any accidental
short-circuit caused whilst making measurements can create a high-energy-level arc flash which
is extremely dangerous to bystanders in the immediate vicinity. Great precautions must be taken

to

avoid any chance of a short-circuit.

EXAMPLE Measurements on devices installed before the MAINS CIRCUIT breaker or isolator switch in the building
installation.
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AA.2.4 Measuring circuits without a MEASUREMENT CATEGORY RATING

Many types of test and measuring circuits are not intended to be directly connected to the MAINS.
Some of these measuring circuits are intended for very low energy applications, but others of
these measuring circuits may experience very high amounts of available energy because of
high short-circuit currents or high open-circuit voltages. There are no standard transient levels
defined for these circuits. An analysis of the WORKING VOLTAGES, loop impedances, TEMPORARY
OVERVOLTAGES, and TRANSIENT OVERVOLTAGES in these circuits is necessary to determine the
insulation requirements and short-circuit current requirements.

EXANMPTE—Thermocoupie Measuring Circutts, TMgh=-frequency measuring Circuits, automotive (ESters, and tEsters
used to characterize the MAINS installation before the installation is connected to the MAINS.

3 L1 4
Sz =
EB o

1 i
|| 2 \\Q@:
¥
//////// N T
CATIV CATII CATI |

Kely .

1 | low-voltag ply source over or under ground 9 distribution board

2 | service f@ 10 light switch

3 | tarif er 11 lighting

4 A@s CIRCUIT breaker or isolator switch @ 12 junction box

5 “pnhotovortalc panel T3 SOCKet wWiring

6 d.c.toa.c. inverter 14 socket outlets

7 circuit breaker or isolator switch 15 plug-in lamps

8 generation meter 16 household appliances, portable tools

a8 The MAINS CIRCUIT breaker or isolator switch may be installed by the service provider. If not, the demarcation
point between CAT IV and CAT Ill is the first isolating switch in the distribution board.

CAT Il MEASUREMENT CATEGORY I
CAT Il MEASUREMENT CATEGORY IlI
CAT IV MEASUREMENT CATEGORY |V

Figure AA.1 — Example to identify the locations of MEASUREMENT CATEGORIES
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Table AA.1 — Characteristics of MEASUREMENT CATEGORIES

Mi,:iléziwlla'im Short-c(ltl;/cptil:talt.;urrent"‘ Location
kA
I <10 Circuits cqnnecteq to MAINS socket outlets and similar points in
the MAINS installation
11 <50 MAINS distribution parts of the building
v > 50 Source of the MAINS installation

a1 The values of loop impedances (installation impedances) do not take into account the resistance of the telst
leads and impedances internal to the measuring equipment. These short-circuit currents vary, depending*¢n
the characteristics of the installation and the nominal voltage of the distribution system.
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Annex BB
(informative)

HAzARDS pertaining to measurements performed
in certain environments

BB.1 General

Ar
co
TH

these and in other environments.

BB.2 Hazards

BB.2.1 General

Tg

IS

ingtallation at which the measurement is performed.

BB.2.2 Electric shock

MAINS CIRCUITS present a HAZARD of electric shock:“The voltages and currents are above t

ol

measurement. The manufacturer should provide adequate information to permit the OPERAT

to
th
fo

BB.2.3 Arc flash and arc blast

Ar
of
fra

Arf
te
in
flo

TH

the circuit to which they are connected during measurement or tests. When the measuring circ

nex BB provides guidance to the equipment manufacturer on HAZARDS that should
nsidered for equipment intended to measure electrical quantities in certain environmen
is list of HAZARDS is not to be considered comprehensive: other HAZARDS certainly_exist

sting and measuring circuits are subjected to WORKING VOLTAGES-and transient stresses fra

used to measure MAINS, the transient stresses can be estimated by the location within t

rmissible levels (see 6.3), and access to the" circuit is usually required to perform t

be aware of the HAZARD of electric shock,and should ensure that the design requirements
s document and those of other related*documents (for example, see 5.4 and IEC 61010-0
voltage probe assemblies) are met.

arc flash is a release of thérmal energy from an electric arc by the vaporization and ionizati
materials. An arc blasf is'a release of mechanical, acoustical, thermal, and optical ener
m an electric arc.

c flash occurs when a conductor (such as a probe tip or a low-impedance measuring circy
mporarily bridges two high-energy conductors and then opens or is withdrawn. This can res
arcing, which ionizes the air. lonized air is conductive and can result in continued curre
w in the{vicinity of the conductors.

pacticles (from the active conductors) which are the primary RISK to the OPFRATOR and oth

pe

edarc’flash will release significant amounts of very hot air and molten or vaporised me

S.
in

m
it
he

he
he
DR
of
31

pn

gy

it)
i
nt

al

rsons in the immediate vicinity.

er

If there is sufficient available energy, then the ionization of the air will continue to spread and
the flow of current through the air continues to increase. The resulting arc blast is similar to an

ex

plosion, and can cause significant injury or death to an OPERATOR or a bystander.

When the measuring circuit is used to measure live MAINS, there is a RISK of arc flash.
MEASUREMENT CATEGORIES (see Annex AA) define the amount of energy available, which may
contribute to arc flash. In conditions where arc flash can exist, the instructions for use need to
specify additional precautions to reduce the HAZARD related to shock and burn from arc flash.
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BB.2.4 Thermal burns

Any conductor (such as jewellery) that connects two high-energy conductors may become hot
from current flow through the item. This can cause burns to the skin adjacent to the item.

BB.3 Telecommunications networks

The voltages and currents continually present in telecommunications networks are below the
levels that could be considered HAZARDOUS LIVE. However, the "ring" voltages (the voltage
i S . .. X nal
incoming call) are typically around 90 V a.c., which is considered HAZARDOUS LIVE=If| a
te¢chnician were to come into contact with the hazardous conductor while the ring event wps
odcurring, then the technician could suffer an electric shock.

IEC 62949 addresses safety requirements for equipment to be '‘cohnected |[to
telecommunications networks. IEC 62949 addresses the possibility of electric shock frgm
contact with telecommunications conductors, and concludes that, with theyaccess limitations
posed by the connectors, the RISK is reduced to a negligible level. Howgever, if in the procejss
of|test or measurement, the conductor is made fully ACCESSIBLE, theh'\there is a possibility |of
ctric shock.

THe manufacturer of equipment that may be used for testing and measuring |of
telecommunications networks should be aware of the HAZARD,from the ring voltage and shoyld
take suitable steps to reduce the HAZARD where possiblé by limiting access to the conductqrs
arnld in other cases, by providing adequate instructions and warnings to the OPERATOR (see §.4
and IEC 61010-031).

BB.4 Current measurements in inductive circuits

When a current-measuring device is inserted in series with an inductive circuit, a HAZARD can
ogcur if the circuit is suddenly opened~(a probe falls off or a fuse opens, for example). Sugh
sudden events can produce an inductive voltage spike across the unintentional opening of the
cifcuit. These spikes can be many times the magnitude of the WORKING VOLTAGE of the circUit,
and can cause breakdown of insulation or electric shock to an OPERATOR.

THe manufacturer should-provide adequate instructions to an OPERATOR to ensure that
current-measuring devices are not used in series with inductive circuits, or if it is necessary|to
dd so, then precautions are taken to mitigate the HAZARD of electric shock from the voltage
spiike (see 5.4, andy101.2).

BB.5 Battery-driven circuits

Batteries can present electrical, explosion and fire HAZARDS to the person conducting tests pn
them. or their associated circuits anmplpq incluuide batteries used for Q’rand-hy sources arlto

operate motors.

HAZARDS can arise from electric shock, explosions from short-circuiting the TERMINALS of the
battery, or explosions from arc ignition of gases evolved from the battery during charging cycles.

BB.6 Measurements at higher frequencies

Some measuring equipment depends on inductive connection to the circuit being measured
(see also IEC 61010-2-032). The behaviour of the measuring circuit will, in these cases, depend
on the frequency of the signal being measured. If the measuring device is used to measure a
frequency higher than that for which it was designed, then circulating currents could cause
significant heating of some of the conductive parts of the measuring device.
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The manufacturer should provide adequate instructions for the use of such devices.

BB.7 Measurements using measuring circuits with a FUNCTIONAL EARTH TERMINAL

Oscilloscopes and spectrum analysers are examples of equipment that often include
FUNCTIONAL EARTH TERMINALS in the measuring circuit. A case of REASONABLY FORESEEABLE
MISUSE is when the OPERATOR might disconnect the PROTECTIVE CONDUCTOR TERMINAL so that
the FUNCTIONAL EARTH TERMINAL can float above earth potential. This allows the OPERATOR to
make a floating measurement, but introduces a HAZARD. If the OPERATOR inadvertently connects

thmmmmvm ; i aripng
eduipment could also be connected to the HAZARDOUS LIVE voltage, and the OPERATOR™oI a

byistander could receive an electric shock from the chassis (see IEC 61010-2-030:;2043,
101.1 c)).
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Annex CC
(informative)

4 mm "banana" TERMINALS

CC.1 General

A HAZARD can arise from an OPERATOR's reliance on values displayed by the hand-held
myttimreter-whenmconmectorsand-TERMINACS appear to beimmated-positiom butconductive parts
arg not in contact with one another.

THis annex gives the recommended dimensions for safety purposes of 4 mm TERMINALS wh
prpbe assemblies complying with Annex E of IEC 61010-031:2022 can be connected. The
4 jmm TERMINALS are often called "banana connectors".

T D
® >

CC.2 Dimensions

THe dimensions of the TERMINALS given in Figure CC.1 are compatible’ with the requirements|of
TERMINALS RATED for MEASUREMENT CATEGORIES up to 1 000 V.

THese dimensions ensure that the CLEARANCES and CREEPAGE DISTANCES values of 6.6.101 gre
me¢t when the connectors and TERMINALS are mated, unmated or partially mated, and tHat
conductive parts of mated connectors and TERMINALS/are’in contact with one another.

NQTE Extraction or insertion forces and contact resistance Values have not been considered.
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A= 3,90 mm £0,05 mm (compressed) G <6,4 mm
H= 6,6 mm K=8,1 mm
d<7,9mm 4mm<H<6mMm
2|6 mm < E<6 mm L =20 mm
H< 12 mm M = 4,00 mm +0,05 mm
Tplerances on dimensions without specific tolerances: £0,1 mm
1]lis a male TERMINAL
2|is a female TERMINAL
Xl is the location where_ the best contact occurs
A is the maximum.diameter where the contact occurs
The minimum{yalues of E and H depend on whether or not plastic parts are present.
Figure CC.1 — Recommended dimensions of 4 mm TERMINALS
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