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INTERPRETATION SHEET 1

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL, AND

LABORATORY USE - Part 1: General requirements

This interpretation sheet has been prepared by IEC technical committee 66: Safety of measuring, control
and laboratory equipment.

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

Full inform
voting indid

IEC 61010
“The gene
This has g

How does
this subcla

requirement apply throughout the rated outpui‘range of the voltage tester? What is meant |

“generator
something

Interpreta

“A voltage
does not n

For examg
current cor

The requir

ation on the voting for the approval of this interpretation sheet can be-found in th
ated in the above table.

e report on

£1:2010 contains a requirement in 6.8.3.1 pertaining to voltage testers for type tests as follows:

ator shall be able to supply a power of at least 500 VA"
ven rise to the following questions:

one interpret the requirement for voltage testers in 6.8.3.1 of IEC 61010-1:20107
use requires that “The generator shalbbe able to supply a power of at least 500 VA

? Is the “generator” the power.supply within the voltage tester, or the voltage testq
else?

ion:

fester used for type\tests must be able to deliver at least 500 VA at its full-rated outpt
pcessarily need to deliver 500 VA if set for lower voltages.

le, a voltage tester that can deliver 100 mA at any test output voltage up to 5 00
responding to 500 VA above 5 000 V) would meet the requirement.

Specifically,
” Does this
y the word
r output, or

t voltage. It

0V (and a

ements for voltage testers used for routine (production line) tests are included in Apnex F. The

requirements of 6.8.3.1 do not apply to these voltage testers.
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Preface

This is the harmonized CSA Group, ISA, and ULSE standard for Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory Use — Part 1: General Requirements. It is the third
edition of CAN/CSA-C22.2 No. 61010-1, the third edition of ANSI/ISA-61010-1 (82.02.01), and the third
edition of UL 61010-1. This edition of CAN/CSA-C22.2 No. 61010-1 supersedes the previous edition

published as CAN/CSA-C22.2 No. 61010-1 in 2004. This harmonized standard has been jointly revised on
June 6, 2023. For this purpose, CSA Group and ULSE are issuing revision pages dated June 6, 2023, and

ISA is issuing the changes to the edition dated June 6, 2023.

This harmonized standard is based on IEC Publication 61010-1: third edition Safety Requi

rements for

Electrical
issued Jun
and Corrig

This harm
and ULSE

This stand
standard.

This stand

Equipment for Measurement, Control, and Laboratory Use — Part 1: Generalre
e 2010, as revised by IEC Corrigendum 1 issued May 2011, AMD1 issued Dece
endum 1 to AMD1 issued March 2019. IEC publication 61010-1 is copyrighted| by the

bnized standard was prepared by CSA Group, the International Society of Autom

ard is considered suitable for use for conformity assessment within the stated s

brd was reviewed by the CSA Subcommittee on Safety-Requirements for Electrical

for Measurement, Control, and Laboratory Use, under the jufigdiction of the CSA Technical Ca

Consumer
Electrical §
been deve
of Canada

and Commercial Products and the CSA Strategic Steering Committee on Requi
bafety, and has been formally approved by the”CSA Technical Committee. This st
oped in compliance with the Standards Council of Canada requirements for Nationa
It has been published as a National Standard of Canada by CSA Group.

Applicatign of Standard

quirements
mber 2016,
IEC.

ation (ISA),

cope of the

Equipment
mmittee on
rements for
andard has
| Standards

Where ref¢rence is made to a spegific’number of samples to be tested, the specified number is to be

considered

Note: Althoug
responsibility

This is CA
Control, an
be used in
supplemer

a minimum quantity.

h the intended primary,application of this standard is stated in its scope, it is important to note that
of the users of the Standard to judge its suitability for their particular purpose.

N/CSA-C22.2 No. 61010-1, Safety Requirements for Electrical Equipment for Me
d Labotatory Use — Part 1: General requirements. This CAN/CSA-C22.2 No. 61010

it remains the

asurement,
Part1isto

conjunction with the appropriate CAN/CSA-C22.2 No. 61010 Part 2, which containg

5 clauses to

t.orymodify the corresponding clauses in the Part 1, to provide relevant requiremerlwts for each

type of pro

fuct:

This is the UL Standard for Safety for Electrical Equipment for Measurement, Control, and Laboratory Use;
Part 1: General Requirements. This UL Part 1 is to be used in conjunction with the appropriate UL Part 2,
which contains clauses to supplement or modify the corresponding clauses in the Part 1, to provide
relevant requirements for each type of product.

CAN/CSA-C22.2 No. 61010-1, ANSI/ISA-61010-1 (82.02.01), and UL 61010-1 contain identical
requirements and identical publication dates. The presentation and format of the standards material may
differ between the three published standards.

Level of Harmonization
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This standard adopts the IEC text with national differences.

This standard is published as an identical standard for CSA Group, ISA, and ULSE.

An identical standard is a standard that is exactly the same in technical content except for national
differences resulting from conflicts in codes and governmental regulations. Presentation is word for word
except for editorial changes.

All national differences from the IEC text are included in the CSA Group, ISA, and ULSE versions of the
standard. While the technical content is the same in each organization’s version, the format and

presentatio

Reasons for Differences from IEC

National Di
presentin t

Interpretat

The interpr
based on th
of the stan

identified, @ revision is to be proposed as soon as possible to each of the standards d¢

organizatio

IEC Copyright
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standard by

These mat
reproduced
All request;
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n may differ.

fferences from the IEC are being added in order to address regulatory_and safety
ne US and Canada.

ons

ptation by the standards development organization of antidentical or equivalent s
e literal text to determine compliance with the standard’in accordance with the proce
Hards development organization. If more than onedinterpretation of the literal tex

s to more accurately reflect the intent.

roup, the text, figures, and tables,\of International Electrotechnical Commission
bfety requirements for electrical equipment for measurement, control, and laboratory
requirements, copyright 2010, are used in this standard with the consent of the I
hical Commission. The IEC Foreword and Introduction are not a part of the requirem
t are included for information purposes only.

brials are subject.tocopyright claims of IEC, ISA and UL. No part of this publicati
in any form, ingluding an electronic retrieval system, without the prior written permig
pertaining to. the Safety requirements for electrical equipment for measurement, G

se — PartA):"General requirements, UL 61010-1 Standard should be submitted to UL{.

situations

standard is
dural rules
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Publication
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NATIONAL DIFFERENCES

In the CSA Group, ISA and ULSE publications of this standard, National Differences from the text of
International Electrotechnical Commission (IEC) Publication 61010-1, Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory Use, Part 1: General Requirements, copyright 2010,
are indicated by notations (differences) and are presented in bold text. The national difference type is
included in the body.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - Thesg are National Differences based on the national regulatory requirements.

D1 — These are National Differences which are based on basic safety principles ‘and requirements,
elimination| of which would compromise safety for consumers and users of produgts.

D2 — These are National Differences from IEC requirements based on exiSting safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IEC |or national
requirement) is not available or the text has not been included in the IEC standard.

DC - Thege are National Differences based on the component. standards and will not be deleted until a
particular Jomponent standard is harmonized with the IEC component standard.

DE - Thesp are National Differences based on editorial comments or corrections.

Each natiopal difference contains a description of what the national difference entails. Typically one of the
following words is used to explain how the text oftthe national difference is to be applied to the base IEC
text:

Addlition / Add - An addition entails adding a complete new numbered clause, subclause, table,
figure, or annex. Addition is notfeant to include adding select words to the base IEC tekt.

Modification / Modify - A modification is an altering of the existing base IEC text such as the
addition, replacement..or. deletion of certain words or the replacement of an enjire clause,
subclause, table, figure,*or annex of the base IEC text.

Deletion / Delete.- A deletion entails complete deletion of an entire numbered clause,| subclause,
table, figure, or-annex without any replacement text.



https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

14

CAN/CSA-C22.2 No. 61010-1-12 + ANSI/ISA-61010-1
(82.02.01) ¢+ UL 61010-1

JUNE 6, 2023

No Text on This Page



https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 ¢ ANSI/ISA-61010-1

JUNE 6, 2023 (82.02.01) ¢+ UL 61010-1 15

FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL, AND
LABORATORY USE - Part 1: General requirements

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes

International S

referred to as
the subject d
liaising with
Standardizati

2) The forma
opinion on thd

3) IEC Publig
sense. While
responsible fi

4) In order tg
maximum ex
correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical corn
whatsoever,
reliance upon

8) Attention is

correct application of this publicdtion:

9) Attention is
not be held rg

This Cons

tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Gui

ealt with may participate in this preparatory work. International, governmental and non-governmental
the IEC also participate in this preparation. IEC collaborates closely with the International; Or
bn (ISO) in accordance with conditions determined by agreement between the two organizations:

decisions or agreements of IEC on technical matters express, as nearly as possible, @n/international
relevant subjects since each technical committee has representation from all interested1EC National Co

ations have the form of recommendations for international use and are accepted.by IEC National Com|
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user.

promote international uniformity, IEC National Committees undertake to apply IEC Publications trans

) national or regional publication shall be clearly indicated in the\atter.

oes not provide any attestation of conformity. Independent certification bodies provide conformity assesg
areas, access to IEC marks of conformity. IEC.is.‘\h0t responsible for any services carried out b
bdies.

ould ensure that they have the latest edition\of this publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Commiittees for any personal injury, property damage or other damage
vhether direct or indirect, or for eosts (including legal fees) and expenses arising out of the publicat
this IEC Publication or any othef IEC Publications.

drawn to the Normative, references cited in this publication. Use of the referenced publications is indispg

drawn to the/possibility that some of the elements of this IEC Publication may be the subject of patent ri
sponsiblée for identifying any or all such patent rights.

plidatéd version of IEC 61010-1 bears the edition number 3.1. It consists of the f

des (hereafter
e interested in
organizations
banization for

consensus of
mmittees.

mittees in that
annot be held

parently to the

tent possible in their national and regional publications. Any\divergence between any IEC Publication and the

ment services
independent

pembers of its
lof any nature
lon, use of, or

nsable for the

phts. IEC shall

hird edition

(2010-06)

interpretation sheet (2013-02),

66/620/RV

documents 6674 4 BtS—and66/423/R VD itscormigenda— < 20t4+=05)and—2+(2613
and its amendment 1 (2016-12)
D]. The technical content is identical to the base edition and its amendment.

~10) and its

[documents 66/612/FDIS and

International Standard IEC 61010-1 has been prepared by IEC technical committee 66: Safety of

measuring

It has the s

, control and laboratory equipment.

tatus of a group safety publication, as specified in IEC Guide 104.

This third edition cancels and replaces the second edition published in 2001. It constitutes a technical

revision.
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This edition includes the following significant changes from the second edition, as well as numerous other

changes.

» The scope of the standard has been expanded to include all locations where these products may be
used, so that both professional and non-professional versions of these products are within the scope.

* The requirements for testing and measuring circuits (in various subclauses and the entirety of Clause 16)
have been removed and included in a particular standard IEC 61010-2-030.

* Insulation

requirements (6.7) have been completely rewritten.

oSp

* Su
CATH

*Th
« Additional
 Surface tg

« Radiation
intended er

* Requirem

* A new clg
standard, a

¢ A new infi
environmerj

* Requirem
H).

¢ A new inf
VOLTAGE of

ecific requirements have been added for solid insulation and thin-film insulation.

bclause 6.7 now contains only the insulation requirements for MAINS CIRCUITS of O
GORY Il up to 300 V, and for secondary circuits.

e insulation requirements for all other circuits have been moved to a nhew Annex K.
requirements for protection against mechanical HAZARDS (Clause 7) have been inclU
mperature limits (Clause 10) have been modified to conform to the limits of EN 563.

requirements (Clause 12) have been modified, andtake into account a distinctio
hission and unintended emission.

ents for reasonably foreseeable misuse and‘ergonomic aspects have been added (C

use (Clause 17) has been added todeal with HAZARDS and environments not cove
ong with a new informative annex (Ahnex J) dealing with RISK assessment.

brmative annex (Annex E) addresses methods of reducing the POLLUTION DEGREE
t.

ents for the qualification of coatings for protection against POLLUTION have been adg

ormative annex (Annex |) has been added to further explain how to determine th
B MAINS/GIRCUIT.

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

ERVOLTAGE

ded.

n between

lause 16).

red by the

bf a micro-

ed (Annex

e WORKING

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, may be found on the IEC website.

In this standard, the following print types are used:

— requirements and definitions: in roman type;

—NOTES:ins

maller roman type;

— conformity and tests: in italic type;

— terms used throughout this standard which have been defined in Clause 3: SMALL ROMAN CAPITALS.
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The committee has decided that the contents of this publication will remain unchanged until the stability
date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to the specific
publication. At this date, the publication will be

* reconfirmed,

« withdrawn,

* replaced

* amende

by a revised edition, or

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains|colours which are considered to be useful for the correct understanding of its|contents.
Users shpuld therefore print this document using a colour printer.

10V DE Addition:

Add the following to the end of the Foreword:

The numbering system in the standard uses:a ‘'space instead of a comma {o indicate

th

pusands and uses a comma instead of a period to indicate a decimal point. Fo

1 000 means 1,000 and 1,01 means 1.01.

Thiis edition incorporates Corrigendum-1 to IEC 61010-1, 3rd edition.

r example,
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INTRODUCTION

This International 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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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR
MEASUREMENT, CONTROL, AND LABORATORY USE - Part 1:

Genera

1 Scope

1.1

| requirements

and object

Scope

111 EqLipment included in scope

This group
mentioned
publication
principles |

This part o
and their a

a) Electrica

Thi
mo
me

NOT
equi

Thi

for festing manufactured devices!

NOT
this

b) Electrica

Thi
det

safety publication is primarily intended to be used as a product safety standard for t
in the scope, but shall also be used by technical committees in the preparat
s for products similar to those mentioned in the scope of this standard, in accordar
bid down in IEC Guide 104 and ISO/IEC Guide 51.

[ IEC 61010 specifies general safety requirements for the following types of electrica
Ccessories, wherever they are intended to be used.

| test and measurement equipment

5 is equipment which by electromagnetic means tests, measures, indicates or rec
e electrical or physical quantities, also nonzmeasuring equipment such as signal
hsurement standards, power supplies for faboratory use, transducers, transmitters, €

E 1 This includes bench-top power suppliesiintended to aid a testing or measuring operation on an|
bment. Power supplies intended to power equipment are within the scope of IEC 61558 (see 1.1.2 h)).

5 standard also applies to testlequipment integrated into manufacturing processes a

E 2 Manufacturing test equipment is likely to be installed adjacent to and interconnected with industrig
bpplication.

| industrial process-control equipment

5 is equipment which controls one or more output quantities to specific values, with
brmined by manual setting, by local or remote programming, or by one or more input

he products
on of their
ce with the

equipment

brds one or
generators,
tc.

pther piece of

nd intended

| machinery in

each value
variables.

c) Electrice

Haboratoryequipmert

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

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

1.1.2 Equipment excluded from scope

This standard does not apply to equipment within the scope of:

a) IEC 60065 (Audio, video and similar electronic apparatus);
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b) IEC 60204 (Safety of machinery — Electrical equipment of machines);
c) IEC 60335 (Household and similar electrical appliances);

d) IEC 60364 (Electrical installations of buildings);

e) IEC 60439 (Low-voltage switchgear and controlgear assemblies);

f) IEC 60601 (Medical electrical equipment);

g) IEC 60950 (Information technology equipment including electrical business equipment, except
as specified in 1.1.3);

h) IEC 61558 (Power transformers, power supply units and similar);
i) IEC 61010-031 (Hand-held probe assemblies);

j) IEC 61243-3 (Live working — Voltage detectors — Part 3: Two-pole low-voltage type).
1.112DV DR Modification of Clause 1.1.2 to add the following as new items kDV) and IDV):

kDV) IEC 62368-1 (Audio/Video, Information and~” Communication T¢chnology
Equipment — Part 1: Safety Requirements).

IDV) UL/ULC 1389 Plant Oil Extraction Equipment and Systems.

1.1.3 Computing equipment

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

NOTE Computing devices and similar equipmentwithin the scope of IEC 60950 and conforming to its requirements are [considered to
be suitable forfuse 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)).

1.113DV DR Modification of Clause 1.1.3 NOTE to revise as follows:

Replace “IEC,60950” with “IEC 60950 or IEC 62368-1” in two places.

1.1{4DV DR Addition of the following referencing the National Electrical Code and the
Canadian Electrical Code:

This standard applies to equipment:

a) To be employed in accordance with ANSI/NFPA 70, National Electrical Code®
(NEC);

b) Designed to comply with the general requirements of CAN/CSA C22.2 No. 0 and to
be installed in accordance with the Canadian Electrical Code (CEC), Part I, CSA
C22.1; or

c) Both (a) and (b).
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1.1.5DV DR Addition of the following new sub-clause:

1.1.5DV.1 Gas, vapor and voltage detectors or sensors

Equipment intended to measure, sense or detect one or more electrical or physical
quantities that identify an imminent hazard and used for signalling, may use this standard

on

ly when no alternative standard exists.

Note 1 This standard is considered not to apply to gas detectors and similar equipment within the scope of
ANSI/UL 2034, ANSI/UL 2075, CSA C22.2 No. 205, or ULC-S588.

No
wh

e 2 Examples of standards providing additional safety requirements for gas or vapor detector]
ch can be used in conjunction with this standard, are ANSI/UL 60079-29-1, ANSI/UL 920001;,AN

CSA C22.2 No. 60079-29-1, or CSA C22.2 No. 62990-1.

No
co

No

No
143

1.2 Obje

e 3 Clause 1.2.1 specifies the use of Clause 17 to assess conformity for hazards or ‘environm
ered in Clauses 6 to 16, including aspects not covered by this document in Clause 1.2.2.

e 4 Local and national codes may have additional requirements based on the.end products’ inten

e 5 This standard is considered not to apply to voltage detectors and ‘similar equipment within th
6, CAN/ULC 61243 series, or CSA C22.2 No 160.

\J
-

1.2.1 Aspects included in scope

The purpo
surroundin

Requirems

se of the requirements of this standard is to ensure that HAZARDS to the OPERAT
g area are reduced to a tolerable level.

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

lectric shock or burn (see Clause 6);

hechanical HAZARDS (see Clauses 7 and 8);
pread of fire.ftom the equipment (see Clause 9);
xcessive temperature (see Clause 10);

ffects’of fluids and fluid pressure (see Clause 11);

b or sensors,
BI/UL 920004,

bnts not fully

led use.

p scope of UL

OR and the

follows:

f) effects of radiation, including lasers sources, and sonic and ultrasonic pressure (see Clause 12);

g)li

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

Requirements for protection against HAZARDS arising from REASONABLY FORESEEABLE MISUSE and

ergonomic

factors are specified in Clause 16.

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

NOTE Attention is drawn to the existence of additional requirements regarding the health and safety of labour forces.
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1.2.2 Aspects excluded from scope

This standard does not cover:

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

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

d t t A moaciirac for avnloacoihn atraccnbarac (caoantha IEC COAN70 corviaa)
pro eC IV L TTTvUdouuroo 17Ul UI\HI\J\JIV\J LT IU\)PI LA~ B ve ) \\JUU TV TV UUVUT v Ul I\l\)l-
1.3 Verifigation

This standard also specifies methods of verifying that the equipment meets the\tequiremgnts of this
standard, through inspection, TYPE TESTS, ROUTINE TESTS, and RISK assessment,

1.4 Envirpnmental conditions

1.4.1 Normal environmental conditions

This standgrd applies to equipment designed to be safe at leastunder the following conditions:
a) indoor uge;

b) altitude Jp to 2 000 m;

c) temperature 5 °C to 40 °C;

d) maximum relative humidity 80 % _ far,temperatures up to 31 °C decreasing linearly to 50|% relative
humidity at40 °C;

€) MAINS supply voltage fluctudtions up to £10 % of the nominal voltage;

f) TRANSIEN OVERVOLTAGES Up to the levels of OVERVOLTAGE CATEGORY I;

NOTE 1 These leyels of transient overvoltage are typical for equipment supplied from the building wiring.

a) TEMPORAIRY OVERVOLTAGES occurring on the MAINS supply.

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

NOTE 2 Manufacturers may specify more restricted environmental conditions for operation; nevertheless the equipment must be
safe within these normal environmental conditions.

1.4.2 Extended environmental conditions

This standard applies to equipment designed to be safe not only in the environmental conditions specified
in 1.4.1, but also in any of the following conditions as RATED by the manufacturer of the equipment:

a) outdoor use;
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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;

€) MAINS supply voltage fluctuations exceeding +10 % of the nominal voltage;

f) WET LOCATION;

TRANSIENF-OVERVOEFAS a-thalavale-aof oviERyuolra o oA ar N (oo AR VEIVAY
g NTF-OVERVOETAGES u|.J l\.l tAe1eve1S OOV ERVYOETAGE-CATEGORY-HOF 1V oCC ARREX LAY D

2 Normative references

The followfing referenced documents, where applicable, are indispensable forCthie application of this
document.|For dated references, only the edition cited applies. For undated references, the Iatest edition
of the refefrenced document (including any amendments) applies.

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

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

IEC 60068{2-14,
Environmeéntal testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068}2-75,
Environmeéntal testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60073
Basic and [safety principles for man-machine interface, marking and identification — Coding plinciples for
indicators @nd actuators

IEC 60227|(all parts),
Polyvinyl chloride insufated cables of rated voltages up to and including 450/750 V

IEC 60245|(all parts),
Rubber indulated 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

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 premixed 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
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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: Particular requirements for commercial
refrigerating appliances with an incorporated or remote refrigerant condensing unit or compressor

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

IEC 60417,
Graphical symbols for use on equipment

IEC 60529,
Degrees of|protection provided by enclosures (IP Code)

IEC 606643,
Insulation ¢oordination for equipment within low-voltage systems ~)Part 3: Use of coating,| potting or
moulding fgr protection against pollution

IEC 6069511-10,
Fire hazaraq|testing — Part 11-10: Test flames — 50 W horizontal and vertical flame test methods

IEC 60799,
Electrical agcessories — Cord sets and interconnéction cord sets

IEC 608251,
Safety of laser products — Part 1: Equipment classification and requirements

IEC 609471,
Low-voltage switchgear and controlgear — Part 1: General rules

IEC 60947,
Low-voltage switchgearand controlgear — Part 2: Circuit-breakers

IEC 609473,
Low-voltage«switchgear and controlgear — Part 3: Switches, disconnectors, switch-disconnectors and
fuse-combination units

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

IEC 61180 (all parts),
High-voltage test techniques for low-voltage equipment

IEC 61180-1,
High-voltage test techniques for low-voltage equipment — Part 1: Definitions, test and procedure
requirements
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IEC 61180-2,
High-voltage test techniques for low-voltage equipment — Part 2: 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 external impacts (IK code)

IEC 62471
Photobiological safety of lamps and lamp systems

IEC TR 62471-2,
Photobiological safety of lamps and lamp systems — Part 2: Guidance on mmanufacturing rgquirements
relating to hon-laser optical radiation safety

IEC 62598
Nuclear ingtrumentation — Constructional requirements and classification of radiometric gauges

IEC Guide|104,
The prepgration of safety publications and the use ,of basic safety publications and gfoup safety
publications

ISO/IEC Gpide 51,
Safety asppcts — Guidelines for their inclusion jrn<standards

ISO 306:2013,
Plastics — Thermoplastic materials — Détermination of Vicat softening temperature (VST)

ISO 361,
Basic ionizjng radiation sympe}

ISO 3746,
Acoustics + Determifation of sound power levels of noise sources using sound pressure — Suryey method
using an enveloping measurement surface over a reflecting plane

ISO 7000,
Graphical symbols for use on equipment

ISO 9614-1,
Acoustics — Determination of sound power levels of noise sources using sound intensity — Part 1:
Measurement at discrete points

ISO 13857,
Safety of machinery — Safety distances to prevent hazard zones being reached by upper and lower limbs

EN 378-2,
Refrigerating systems and heat pumps — Safety and environmental requirements. Design, construction,
testing, marking and documentation
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2DV DC Addition of the following:

ANSI/NFPA 70,
National Electrical Code

ANSI/UL 50,
Enclosures for Electrical Equipment, Non-Environmental Considerations

ANSI/UL 50E,
Enclosures for Electrical Equipment, Environmental Considerations

ANSSI/UL 94,
Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

ANSSI/UL 498,
Attachment Plugs and Receptacles

ANSI/UL 746C,
Polymeric Materials — Use in Electrical Equipment Evaluatiohs

ANSI/UL 817,
Cord Sets and Power Supply Cords

ANSI/UL 1310,
Clgss 2 Power Units

ANSI/UL 60950-1,
Information Technology Equipment = Safety — Part 1: General Requirements

ANSI/UL 62368-1
Aupio/Video, Information and Communication Technology Equipment — Part
Refuuirements

CSA C22.1,
Cahadian Electrical Code, Part |

CAN/CSA €222 No. 0,
Geheral Requirements — Canadian Electrical Code, Part Il

CANI/ESA C22.2 No. 0.17

Evaluation of Properties of Polymeric Materials

CAN/CSA C22.2 No. 0.4,
Bonding of electrical equipment

CSA C22.2 No. 21,
Cord Sets and Power Supply Cords

CSA C22.2 No. 42,
General Use Receptacles, Attachment Plugs, and Similar Wiring Devices

CSA C22.2 No. 941,
Enclosures for Electrical Equipment, Non-Environmental Considerations

1: Safety
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CSA C22.2 No. 94.2,
Enclosures for Electrical Equipment, Environmental Considerations

CSA C22.2 No. 1821,
Plugs, Receptacles, and Cable Connectors of the Pin and Sleeve Type

CSA C22.2 No. 182.2,
Industrial Locking Type, Special Use Attachment Plugs, Receptacles, and Connectors

CSA C22.2 No. 182.3,
Special Use Attachment Plugs. Receptacles, and Connectors

CAN/CSA C22.2 No. 223,
Pawer Supplies With Extra-Low Voltage Class 2 Outputs

CAN/CSA C22.2 No. 60950-1,
Information Technology Equipment — Safety — Part 1: General Requirements

CAN/CSA C22.2 No. 62368-1,
Aydio/Video, Information and Communication Technology Equipment — Part 1: Safety
Requirements

3 Terms pnd definitions

For the pufposes of this document, the following terms and definitions apply.
3.1 Equipment and states of equipment

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

[IEC 6005(-826:2004, 826-16-07, modified]

3.1.2 PERMANENTLY CONNECTED EQUIPMENT : equipment that is electrically connected to g supply by
means of § 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

3.14 HAITD-HELD EQUIPMENT : PORTABLE EQUIPMENT intended to be supported by one hand duiing NORMAL
USE

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

3.1.6 DIRECT PLUG-IN EQUIPMENT : equipment with a MAINS plug that is attached to the equipment housing
without the use of a MAINS supply cord so that the equipment is supported by the MAINS socket-outlet

3.2 Parts and accessories
3.2.1 TERMINAL : component provided for the connection of a device to external conductors

[IEC 60050-151:2001, 151-12-12, modified]
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NOTE TERMINALS can contain one or several contacts and the term therefore includes sockets, connectors, etc.

3.2.2 FUNCTIONAL EARTH TERMINAL : TERMINAL by which electrical connection is made directly to a point of
a measuring or control circuit or to a screening part and which is intended to be earthed for any functional
purpose other than safety

NOTE For measuring equipment, this TERMINAL is often called the measuring earth TERMINAL.

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

3.24 ENC
direction, p

NOTE ENCLQ

3.25 PRO
access

[IEC 60050
NOTE Depen

A PROTECTI
conjunction wi
PROTECTIVH

| OSURE : part providing protection of equipment against certain external influences
otection against direct contact

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

TECTIVE BARRIER : part providing protection against direct contact ftonT any usual

-195:1998, 195-06-15]

th an interlocking device with or without guard locking; in:this'case, protection is ensured whatever the {
BARRIER.

3.3 Quantities

3.3.1 RAT
condition of

[IEC 60050

ED (VALUE) : quantity value assigned, generally by a manufacturer, for a specifieg
a component, device or equipment

-151:2001, 151-16-08, modified]

3.3.2 RATING : set of RATED yalues and operating conditions

[IEC 60050

3.3.3 WOR
which can ¢

£151:2001, 451-16-11]

KING_VOLTAGE : highest r.m.s. value of the a.c. or d.c. voltage across any particula
ccur when the equipment is supplied at RATED voltage

ing on its construction, a PROTECTIVE BARRIER can be called a.casing, cover, screen, door, guard, etd.

and, in any

lirection of

E BARRIER can act alone; it is then only effective when.itis'in place. A PROTECTIVE BARRIER can also act in

osition of the

operating

F insulation

NOTE 1 Transients and voltage fluctuations are not considered to be part of the WORKING VOLTAGE.

NOTE 2 Both open-circuit conditions and normal operating conditions are taken into account.

3.4 Tests

3.4.1

TYPE TEST : test 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

NOTE This is an amplification of the IEC 60050-151:2001, 151-16-16 definition to cover design as well as construction.

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


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 ¢ ANSI/ISA-61010-1
JUNE 6, 2023 (82.02.01) ¢+ UL 61010-1 31

[IEC 60050-151:2001, 151-16-17]
3.5 Safety terms

3.5.1 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

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

3.5.5 MAINS CIRCUIT : circuit which is intended to be directly connected to the MAINS for the|purpose of
powering the equipment

3.5.6 PRQTECTIVE IMPEDANCE : component or assembly of components whese impedance, gonstruction
and reliability are suitable to provide protection against electric shock

3.5.7 PRQTECTIVE BONDING : electrical connection of ACCESSIBLE(conductive parts or protective screening
to provide glectrical continuity to the means for connection of an.external protective conductor

3.5.8 NORMAL USE : operation, including stand-by, according to the instructions for use or for fhe obvious
intended pplrpose

3.5.9 NORMAL CONDITION : condition in which all.means for protection against HAZARDS are intgct

3.5.10 SINGLE FAULT CONDITION : condition(in which one means for protection against HAZARD |is defective
or one faulf is present which could causela HAZARD

NOTE 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].

3.5.11 OHERATOR : persah operating equipment for its intended purpose

3.5.12 RHSPONSIBLE~BODY : individual or group responsible for the safe use and maintenance of
equipment

3.5.13 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
3.5.16 TOLERABLERISK : 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)
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3.5.18 TRANSIENT OVERVOLTAGE : short duration overvoltage of a few milliseconds or less, oscillatory or
non-oscillatory, usually highly damped

[IEC 60050

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

3.5.19 TEMPORARY OVERVOLTAGE : power frequency overvoltage of relatively long duration

[IEC 60050
3.6
36.1 BAS

[IEC 60050

NOTE BASIC

3.6.2 sup
to provide

[IEC 60050
3.6.3 Dou

[IEC 60050

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

Insulation

C INSULATION : insulation of HAZARDOUS LIVE parts which provides basic protection

£195:1998, 195-06-06]

NSULATION may serve also for functional purposes.

PLEMENTARY INSULATION : independent insulation applied in addition’to BASIC INSULATI
rotection against electric shock in the event of a failure of BASIE INSULATION

£195:1998, 195-06-07, modified]
BLE INSULATION : insulation comprising both BASICINSULATION and SUPPLEMENTARY IN

-195:1998, 195-06-08]

3.6.4 REINFORCED INSULATION : insulation which:sprovides protection against electric shock ng

that provide

NOTE REINF
INSULATION

[IEC 60050

3.6.5 PoL
reduction o

3.6.6 POL
environmeri

d by DOUBLE INSULATION

[ORCED INSULATION may be composed of several layers which cannot be tested singly as SUPP
br BASIC INSULATION.

-195:1998, 195-06-09, modified]

LUTION : addition of foreign matter, solid, liquid or gaseous (ionized gases), that may
[ dielectric strength or surface resistivity

LUTION\DEGREE :
t

numeral indicating the level of POLLUTION that may be pres

ON in order

BULATION

t less than

| EMENTARY

produce a

ent in the

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

influence

3.6.8 POLLUTION DEGREE 2 : only non-conductive POLLUTION occurs except that occasionally a temporary
conductivity caused by condensation is expected

3.6.9 POLLUTION DEGREE 3 : conductive POLLUTION occurs, or dry, non-conductive POLLUTION occurs which
becomes conductive due to condensation which is expected

NOTE In such conditions, equipment is normally protected against exposure to direct sunlight, precipitation, and full wind pressure,
but neither temperature nor humidity is controlled.
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3.6.10 POLLUTION DEGREE 4 : continuous conductivity occurs due to conductive dust, rain or other wet

conditions

3.6.11

3.6.12 cR

CLEARANCE : shortest distance in air between two conductive parts

EEPAGE DISTANCE : shortest distance in air between two conductive parts

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

[IEC 60050

-151:2001, 151-15-50]

3.(*.12DV D2 Modification to replace with the following:

c
b

[IE

4 Tests

4.1 Geng

Tests in th
purpose is
manufactu
both HAZAR

The equip
requireme
demonstr

a’{
demonstra

Tests on s
and used i

Conformity
that a test
conclusive
conditions

EPAGE DISTANCE : shortest distance along the surface of a solid insulatin
ween two conductive parts

C 60050-151:2001, 151-15-50]

ral

is standard are TYPE TESTS to be carried out on samples of equipment or parts
to check that the design and constructiontensure conformity with this standard.
rers shall perform the ROUTINE TESTS of Annex F on 100 % of equipment produceg
DOUS LIVE parts and ACCESSIBLE condugtive parts.

ment shall at least meet the requirements of this standard. It is permissible to
ts. If, in this standard, a lower limit is specified for a conformity value, then the equ
e a larger value. If an_upper limit is specified for a conformity value, the equi
e a lower value.

Ibassemblies that'meet the requirements of the relevant standards specified in th
with therxequirements of this standard is checked by carrying out all applicable tq

may ‘be’omitted if examination of the equipment and design documentation de
y that the equipment would pass the test. Tests are carried out both under ref

g material

Their only
In addition,
which has

exceed the
pment may
bment may

s standard,

N accordance with them, need not be repeated during TYPE TESTS of the whole equipment.

sts, except
monstrates
erence test

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.

Tests needed to support a RISK assessment (see Clause 17) are carried out in the combinations 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 an applied or

measured

quantity (for example voltage) due to the tolerance:
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a) manufacturers should ensure that at least the specified test value is applied;
b) test houses should ensure that no more than the specified test value is applied.
4.2 Sequence of tests

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

4.3 Referpnce test conditions

4.3.1 Environmental conditions

Unless othe¢rwise specified in this standard, the following environmental conditions, shall exist|in the test
location:

a) a temperature of 15 °C to 35 °C;

b) a relativg humidity of not more than 75 %, but not exceeding the limits of 1.4.1 d);
c) an air prgssure of 75 kPa to 106 kPa;

d) no hoar-frost, dew, percolating water, rain, solar radiatién,etc.

4.3.2 Stafe of equipment

4.3.2.1 General

Unless oth¢rwise specified, each test shall be carried out on the equipment assembled for NORMAL USE
and under the least favourable combination of the conditions given in 4.3.2.2 t0 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 sup-assembliés‘are allowed, provided it is verified that the assembled equipment will meet the
requirements of this-standard.

4.3.2.2 Position of equipment

The equipment shall be in any position of NORMAL USE and with any ventilation unimpeded. Equipment
intended to be built into a wall, recess, cabinet, etc., shall be installed as specified in the manufacturer's
instructions.

4.3.2.3 Accessories

Accessories and OPERATOR-interchangeable parts available from, or recommended by, the manufacturer
for use with the equipment under test shall be either connected or not connected.

4.3.2.4 Covers and removable parts

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

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

b) The frequency shall be any RATED frequency.

C) Equimepm—
d) Equipmént for single-phase a.c. supply shall be connected both with normal and reverse,polarity.

e) If the means of connection permits reversal, battery-operated and d.c. equipment shall bg connected
with both réverse and normal polarity.

4.3.2.6 Input and output voltages

Input and ¢utput voltages, including floating voltages but excluding the MAINS supply voltage, ghall be set
to any voltage within the RATED voltage range.

4.3.2.7 Eprth TERMINALS
PROTECTIVE CONDUCTOR TERMINALS, if any, shall be conpected to earth.

FUNCTIONA| EARTH TERMINALS shall be connected orinot connected to earth.
4.3.2.8 Clontrols

Controls which an OPERATOR can adjust-without the use of a TOOL shall be set to any position eXcept that:
a) MAINS seglection devices shalltbe‘set to the correct value;

b) combinations of settings shall not be made if they are prohibited by the manufacturer’s matking on the
equipment

4.3.2.9 Connections

The equipr ent shall be connected for NORMAL USE,_or not connected

4.3.2.10 Load on motors

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

4.3.2.11 Output

For equipment giving an electrical output:

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

b) the RATED load impedance of any output shall be connected or not connected.
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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.

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

4.3.2.13 Loading and filling

Equipment
favourable
instructions

NOTE If the s
the result of th

intended to be loaded with a specific material in NORMAL USE shall be loaded wit
Huantity of the materials specified in the instructions for use, including not loaded e
for use permit this in NORMAL USE.

ecified material could cause a HAZARD during test, another material may be used provided that it can
e test is not affected.

h the least
mpty) if the

e shown that

4.4 Testing in SINGLE FAULT CONDITION

441 Gerleral

The following requirements apply.

a) Examingtion of the equipment and its circuit diagram._will generally show the fault conditiong which are
liable to result in HAZARDS and which, therefore, shall he applied.

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

c) The equ|pment shall be operated under the least favourable combination of reference test| conditions
(see 4.3). These combinations may be-different for different faults and they shall be recorded fof each test.
If the envirpnmental limits of the reference test conditions (see 4.3) do not allow realistic assessment of
SINGLE FAULT CONDITIONS, the ‘test shall be conducted at the least favourable RATED enyironmental
conditions ¢f the equipment.

4.4.2 Application of fault conditions

4421 General

Fault conditieas—shalHnelude-these-speeified-in4-4-22t04-4-214—They-shall-be-appled-enly one 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.

4422

PROTECTIVE IMPEDANCE

The following requirements apply.
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a) If a PROTECTIVE IMPEDANCE is formed by a combination of components, each component shall be short-
circuited or disconnected, whichever is less favourable.

b) If a PROTECTIVE IMPEDANCE is formed 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 Eguipment or parts for short-term or intermittent operation

These shdll be operated continuously if continuous operation could occur in a SINGLELFAULT| CONDITION.
Individual parts may include motors, relays, other electromagnetic devices and heaters:

4.4.2.5 Motors
Motors sh3gll be stopped while fully energized or prevented from starting, whichever is less favolrable.

One supply phase of any multi-phase motor shall be interrupted while the motor is operating at jts intended
full load.

4.4.2.6 Capacitors

Capacitorg (except for self-healing capacitors) in the auxiliary winding circuits of motors sh3ll be short-
circuited.

4.4.2.7 MAINS transformers
4.4.2.7.1 |General

The secorfdary windings of MAINS transformers shall be short-circuited as specified in 4.4.2.7.2, and
overloaded as specified in 4(4)2.7.3.

A transformer damaged-during one test may be repaired or replaced before the next test.

Tests for MAINS transformers tested as separate components are specified in 14.6.

4.4.2.7.2 ‘Shortcircuit

Each untapped output winding, and each section of a tapped output winding, which is loaded in NORMAL
USE, shall be tested in turn, one at a time, to simulate short circuits in the load. Overcurrent protection

devices remain fitted during the test. All other windings are loaded or not 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.
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Overloading is carried out by connecting a variable resistor across the winding. The resistor is adjusted as
quickly as possible and readjusted, if necessary, after 1 min to maintain the applicable overload. No further
readjustments are then permitted.

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

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

In all other ¢ases, the loading is the maximum power output obtainable from the transformer.

Transformgrs with overtemperature protection which meets the requirements of*\14.3 during| the short-
circuit test ¢f 4.4.2.7.2 need not be subjected to overload tests.

44.2.8 Outputs
Outputs shall be short-circuited one at a time.
4.4.2.9 Equipment for more than one supply

Equipment jwhich is designed to be operated from more, than one type of supply shall be simdiltaneously
connected {o these supplies, unless this is prevented:by the construction.

44210 Cooling

Equipment [cooling shall be restricted as.follows, one fault at a time:
a) air-holes|with filters shall be closed;

b) forced cqoling by motor-driven fans shall be stopped;

¢) cooling by circulation:ef'water or other coolant shall be stopped;

d) loss of cooling-liguid shall be simulated.
44.2.11 ?La«ng—de\ases

In equipment 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 circuit 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

Insulation between circuits and parts which is below the level specified for BASIC INSULATION shall be
bridged to check against the spread of fire if the method of 9.1 a) is used.
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4.4.2.13 Interlocks

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

4.4.2.14 \Voltage selectors

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

4.4.3 Duration of tests

4.4.3.1 General

The equiprhent shall be operated until further change as a result of the applied faultis unlikely. Each test is
normally limited to 1 h since a secondary fault arising from a SINGLE FAULT CONDITION will usugdlly manifest
itself within that time. If there is an indication that a HAZARD of electric shdck, 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.

4.4.3.2 Clurrent limiting devices

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

4.4.3.3 Fuses

If a fault is|terminated by the opening ofia fuse and if the fuse does not operate within approxjmately 1 s,
the current through the fuse under.the relevant fault condition shall be measured. Thel pre-arcing
time/curre:lg characteristics of the\fuse shall be evaluated to find out whether the minimurp operating
current is freached and what is the-maximum time before the fuse operates. The current through the fuse
may vary gs a function of time,

If the minimum operating.current of the fuse is not reached in the test, the equipment shall be ¢perated for
a period corresponding'to the maximum fusing time or continuously for the duration specified in 4.4.3.1,
with the fuge replaced with a short-circuit.

4.4.4 Conformity after application of fault conditions

4441 General

Conformity with requirements for protection against electric shock after the application of single faults is
checked as follows:

a) by making the measurements of 6.3.2 to check that no ACCESSIBLE conductive parts have 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 made as specified in 6.7
and 6.8 (without humidity preconditioning) with the test voltage for BASIC INSULATION;
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c) by measuring the temperature of transformer windings if the protection against electrical HAZARDS is
achieved by DOUBLE INSULATION or REINFORCED INSULATION within the transformer. The temperatures of
Table 20 shall not be exceeded.

44.4.2 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).

4.44.3 Spread of fire

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

insulation
4444 O

Conformity
16.

aterial shall be ignored if no HAZARD could arise.
her HAZARDS

with other requirements for protection against HAZARDS is ¢hetked as specified in Cl

5 Marking and documentation

5.1 Marki

5.1.1 Gen

Equipment
markings s
the aid of 2

applying to
without the

For rack- o
after remov

hg

eral

shall bear markings as specifiedyin 5.1.2 to 5.2. Except for marking of internal p
hall be visible from the exterior, or be visible after removing a cover or opening a d
TOOL, if the cover or door'is intended to be removed or opened by an OPERATOR
the equipment as a wholée ‘shall not be put on parts which can be removed by an
use of a TOOL.

al of the equipment from the rack or panel.

Letter symbpols for'quantities and units shall be as specified in IEC 60027. Graphic symbols

accordancs

with ‘Table 1 if applicable. There are no colour requirements for symbols. Graph

equipment
ecloth. No
equipment
Melting of

auses 7 to

arts, these
bor without
. Markings
OPERATOR

I panel-mounted gquipment, markings are permitted to be on a surface that becommes visible

shall be in
ic symbols

shall be explained in the documentation.

NOTE 1IEC o

r ISO symbols should be used if available.

NOTE 2 Markings should not be on the bottom of the equipment, except on HAND-HELD EQUIPMENT or where space is limited.

Conformity

5.1.2

is checked by inspection.

Identification

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

a) the name or trade mark of the manufacturer or supplier;
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b) a model number, name or other means to identify the equipment. If equipment bearing the same
distinctive designation (model number) is manufactured at more than one location, equipment from each
manufacturing location shall be marked so that the location can be identified.

NOTE The marking of factory location may be in code and need not be on the equipment exterior.
Conformity is checked by inspection.
5.1.3 MAINS supply

The equipment shall be marked with the following information.

a) Nature qf supply:

1) 4.c.: RATED MAINS frequency or range of frequencies;

2) d.c.: symbol 1 of Table 1.

NOTE 1 For information purposes it may be useful to mark

— equipment intended for a.c. with symbol 2 of Table 1;

— equipment suitable for both a.c. and d.c. with symbol 3 of Table 1;

— equipment for three-phase supply with symbol 4 of Table 1.

b) The RATED supply voltage(s) or the RATED range of supply voltages.

NOTE 2 RATED voltage fluctuations may also be marked.

c) The maximum RATED power in watts (active power) or volt-amperes (apparent power), or the maximum
RATED inpUt current, with all accessories 6r-plug-in modules connected. If the equipment can pe used on

more than| one voltage range, separate values shall be marked for each voltage range|unless the
maximum and minimum values do notdiffer by more than 20 % of the mean value. The marked value shall
not be lesg than 90 % of the maximum value.

d) Equipmeént which an OPERATOR can set for different RATED supply voltages shall be provided with means
for the indigation of the voltage for which the equipment is set. For PORTABLE EQUIPMENT the ind{cation shall
be visible [from the exterior. If the equipment is so constructed that the supply voltage setfing can be
altered without thetise of a TOOL, the action of changing the setting shall also change the indicgtion.

‘ Itage if it is
different frém i Spee 3 > it shall be
marked to identify the eqmpment for WhICh it is intended. If not, the maximum RATED current or power shall
be marked, or symbol 14 of Table 1 placed beside the outlet with the full details included in the
documentation.

Conformity is checked by inspection and by measurement of power or input current to check that the
requirements of 5.1.3 c¢) have been met. The measurement is made at each RATED voltage range with the
equipment in the condition of maximum power or current consumption as applicable with all accessories
and plug-in modules connected. If the input current varies during the normal operating cycle, the steady-
state current is taken as the mean indication of the highest measured r.m.s. value during a 1 min period of
the normal operation cycle. To exclude any initial inrush current, the measurement is not made until the
current has stabilized (usually after 1 min). Transients are ignored.
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5.1.3DV D2 Modification to 5.1.3 by replacing the last paragraph with the following:

Conformity is checked by inspection and by measurement of power or input current to

check that the requirements of 5.1.3 c) have been met. The measurement is made at each
RATED voltage range with the equipment consuming the maximum power or current as

applicable with all accessories and plug-in modules connected. If the input current varies
during the normal operating cycle, the steady-state current is taken as the mean indication
of the highest measured r.m.s. value during any 10 second period of the normal operation
cycle. To exclude any initial inrush current, the measurement is not made until the current
has stabilized (usually after 1 min). Transients are ignored.
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Table 1
Symbols
Number Symbol Reference Description
1 _-—= IEC 60417 - 5031 (2002-10) Direct current
2 N IEC 60417 - 5032 (2002-10) Alternating current
3 ~_ IEC 60417 - 5033 (2002-10) Both direct and alternating current
4 K~ [EC 604717 - 5032-T(2002-T0) | Three-phase arernating current
5 J__ IEC 60417 - 5017 (2006-08) Earth (ground) TERMINAL
6 @ IEC 60417 - 5019 (2006-08) PROTECTIVE.CONDUCTOR| TERMINAL
7 IEC 60417 - 5020 (2002-10) Frarme or chassis TERMINAL
71
8 Not used
9 | IEC 60417 - 5007 (2009502) | On (Power)
10 O IEC 60417 - 5008(2009-02) Off (Power)
Equipment protected throughgut
11 |:| IEC 60417 - 5172 (2003-02) by DOUBLE INSULATION or
REINFORCED INSULATION
Caution, possibility of electric
12 {g}
shock
13 & IEC 60417 - 5041 (2002-10) Caution, hot surface
14 A ISO 7000 - 0434B (2004-01) Caution *
15 £ (Tl aWaYaV, I ke 20 Lo YaYe X ZaYaVaVa ME Nal ln pOSition Of bi_StabIe pUSh
I I 1™\ vivi u N JZUU \LUUL IU} Contr0|
16 IEC 60417 - 5269 (2002-10) Out position of a bi-stable push
control
17 A SO 361 lonizing radiation

*

See 5.4.1 which requires manufacturers to state that documentation must be consulted in all cases where

this symbol is marked.

Su

1182


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 + ANSI/ISA-61010-1
44 (82.02.01) ¢+ UL 61010-1 JUNE 6, 2023

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).

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, ¢gntrols, and
indicators, |including any connections for fluids such as gas, water and drainage. (Whene there is
insufficient ppace, symbol 14 of Table 1 may be used.
NOTE 1 For aglditional information, see IEC 60445 and IEC 60447.

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

Push-buttons and actuators of emergency stop devices, and indicatofs used only to indicate afwarning of
danger or the need for urgent action, shall be coloured red and eoded as specified in IEC 60073. If the
meaning of| colour relates to the safety of persons or the environment, supplementary means of coding
shall be prgvided (see IEC 60073).

NOTE 3 Natiohal authorities may require that equipment used in certain’environments meet the man-machine interface|requirements
pertinent to that environment.

Conformitylis checked by inspection.

5.1.5.2 TERMINALS

TERMINALS for connection to the MAINS\SUpply shall be identifiable.
The following TERMINALS shall be:marked as follows:
a) FUNCTIONAL EARTH TERMINALS with symbol 5 of Table 1;

b) PROTECTJVE CONDUCTOR TERMINALS with symbol 6 of Table 1, except when the PROTECTIVE GONDUCTOR
TERMINAL i part.of-an approved MAINS appliance inlet. The symbol shall be placed on the TERMINAL or

close to it;

C) TERMINALS of circuits which are permitted by 6.6.3 to be connected to ACCESSIBLE 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 LIVE voltage must not be
connected to the TERMINAL. The symbol should also be used if it is likely that an OPERATOR could make such a connection
inadvertently.

d) TERMINALS supplied from the interior of the equipment and which are HAZARDOUS LIVE, with the voltage,

current, charge or energy value or range, or with symbol 14 of Table 1. This requirement does not apply to
MAINS supply outlets where a standard MAINS socket outlet is used.

Conformity is checked by inspection.
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5.1.6 Switches and circuit-breakers

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

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

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

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

Conformity is checked by inspection.
5.1.7 Equiipment protected by DOUBLE INSULATION or REINFORCED INSULATION

Equipment which is only partially protected by DOUBLE INSULATION or REINFORCED INSULATION $hall not be
marked with symbol 11 of Table 1.

NOTE Equiprment protected throughout by DOUBLE INSULATION or REINFORCED INSULATION may be marked with symbol 11 of
Table 1.

Conformity is checked by inspection.

5.1.8 Fie|d-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 maxifnum RATED
ambient tgmperature 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. Symbpl 14 is an
acceptabld marking.

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

5.2 Warning markings

Warning markings specifiedinthisstandard-stattmeet the fottowing requirements:

Warning markings shall be visible when the equipment is ready for NORMAL USE. If a warning applies to a
particular part of the equipment, 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.
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If it is necessary for the RESPONSIBLE BODY or OPERATOR to refer to the documentation to preserve the
protection afforded by the equipment, the equipment shall be marked with symbol 14 of Table 1. Symbol
14 is not required to be used if other symbols which address the safety aspects are used and explained in
the documentation.

If the instructions for use state that an OPERATOR is permitted to gain access, using a TOOL, to a part or
location which in NORMAL USE may present a HAZARD, there shall be a warning marking indicating that the
equipment must be placed in a safe state before access. Symbol 14 shall be used for this purpose with the
warning text included in the documentation. Additional symbols may be used to indicate the nature of the

HAZARD sucC

h as symbol 12, 13, or 17 as appropriate.

Symbols a
adjacent to

Conformity

5.3 Durability of markings

Required markings shall remain clear and legible under conditions of NORMAL USE and shal

effects of th

Conformity
equipment.

'e the preferred marking method over Iext warnings. supplemental text may_p
the symbol.

is checked by inspection.

e cleaning agents specified by the manufacturer.

is checked by performing the following test for durability of markings on the ouf
The markings are rubbed by hand, without undue pressure, for 30 s with a cloth s

b provided

resist the

side of the
paked with

each specifjed cleaning agent (or, if not specified, with 70 %-isopropyl alcohol).

After the aljove treatment the markings shall be clearlydéegible and adhesive labels shall not hgve worked
loose or bepome curled at the edges.

5.4 Docufmentation

5.4.1 Gerneral

The follow|ng documentation necessary for safety purposes, as needed by the OPERATOR or the

RESPONSIBL
authorized

a) intended

b) technica

E BODY, shall be provided with the equipment. Safety documentation for service
by the manufacturer shall be made available to such personnel:

use of the-equipment;

specification;

personnel

C) name an

adaress of the manufacturer or supptier from whon technicat assistance may be 0

d) the information specified in 5.4.2 to 5.4.6;

tained;

e) information about how to mitigate RISKS remaining after a RISK assessment has been performed (see
Clause 17);

f) 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;
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g) 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) instructions for lifting and carrying (see 7.5.1).

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

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

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

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

Conformity is checked by inspection.
5.4.2 Equipment RATINGS
Documentation shall include the following:
a) the supply voltage or voltage range, frequency or frequency range, and power or current RAT|NG;
b) a description of all input and output cehnections as required by 6.6.1 a);
c) the RATING of the insulation of external circuits as required by 6.6.1 b);
d) a statement of the range.of environmental conditions for which the equipment is designed ingluding:

1) indoor or outdoor use,

2) dltitude;

3) temperature,

4) relative humidity,

5) MAINS supply voltage fluctuations,

6) OVERVOLTAGE CATEGORY, except for cord/plug-connected equipment,
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).
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Conformity is checked by inspection.
5.4.3 Equipment installation

The documentation shall include installation and specific commissioning instructions and, if necessary for
safety, warnings against HAZARDS which could arise during installation or commissioning or as a result of
improper installation or commissioning of the equipment. Such information includes, if applicable:

a) assembly, location and mounting requirements;

b) instructions_for protective earthing;

¢) connectipns to the supply;
d) for PERMANENTLY CONNECTED EQUIPMENT:

1) stipply wiring requirements;

2) réquirements for any external switch or circuit-breaker (see 6:19/3.1) and external ivercurrent
protection devices (see 9.6.2) and a recommendation that the switch or circuit-breaker e near the
equipment;

e) ventilatign requirements;

f) requirements and safety characteristics for special; external services, for example: maximum and
minimum tgmperature, pressure, or flow of air or cooling liquid;

g) instructigns relating to sound level (see 12.5:4)

NOTE It is regommended to add a statement in the, doeumentation for the installation that the safety of any system incprporating the
equipment is the responsibility of the assembler, of the system.

Conformity|is checked by inspection.
5.4.4 Equipment operation
Instructionq for use shall'include, if applicable:

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

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

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

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

g) instructions for cleaning and decontamination;
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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 c));

j) details of methods of reducing the RISKS of burns from surfaces permitted to exceed the temperature
limits of 10.1.

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 $pecified by
the manufgcturer, the protection provided by the equipment may be impaired.

Conformity is checked by inspection.
5.4.4DV DR Modification of Clause 5.4.4, second paragraph as follows:

Rgplace “IEC 60950” with “IEC 60950 or IEC 62368-1".

5.4.5 Equipment maintenance and service

Instruction$ shall be provided to the RESPONSIBLE BOBY in sufficient detail to permit safe maintenance,
inspection|and testing of the equipment, and to ‘ehsure continued safety of the equipment after the
maintenange, inspection and test procedure.

If applicable, manufacturer’s documentation shall instruct against replacing detachable MAINS supply cords
by inadeqyately RATED cords.

For equipnpent using replaceable batteries, the specific battery type shall be stated.

The manufacturer shall spécify any parts which are required to be examined or supplied pnly by the
manufactufer or his agent:

The RATING and characteristics of replaceable fuses shall be stated.

Instructiong on‘the following subjects shall be provided for service personnel, as necessary to|permit safe
servicing and-Gontinued-safety-of the equipment-afterservicing-if the-equipmentis-suitable-to-be serviced:

a) product-specific RISKS that may affect the service personnel;
b) protective measures for these RISKS;

c) verification of the safe state of the equipment after repair.

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

Conformity is checked by inspection.
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5.4.6

Integration into systems or effects resulting from special conditions

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

Conformity
6 Protect

6.1

is checked by inspection of the documentation.

ion against electric shock

General

6.1.1 ReJuirements

Protection
(see 6.4 ar

bgainst electric shock shall be maintained in NORMAL CONDITION and SINGLEYFAULT
d 6.5). ACCESSIBLE parts (see 6.2) shall not be HAZARDOUS LIVE (see~6:3). Voltag

charge or gnergy between an ACCESSIBLE part and earth, or between any two 'ACCESSIBLE p

same piece
levels of 6.3

Conformity
measuremg
of6.41t0 6.1

of equipment within a distance of 1,8 m (over a surface or through-air), shall not
.1 in NORMAL CONDITION nor of 6.3.2 in SINGLE FAULT CONDITION.

is checked by the determination of ACCESSIBLE partsi.as specified in 6.2 a

1.

6.1.2 Exceptions

If it is not
HAZARDOUS
HAZARDOUS

a) parts of |

b) parts int
LIVE during
TooL and h

feasible for operating reasons to prevent the following parts being both AccCE
LIVE, they are permitted to be ACCESSIBLE to an OPERATOR during NORMAL USE whi
LIVE:

amps and lamp sockets after lamp' removal;

bnded to be replaced by an OPERATOR (for example, batteries) and which may be
the replacement or other OPERATOR action, but only if they are ACCESSIBLE only by
bve a warning marking. (see 5.2);

If any of th¢ parts in a) and_b) receives a charge from an internal capacitor, they shall not be

LIVE 10 s af

If a charge
establish th

er interruptionof the supply.

is received from an internal capacitor, conformity is checked by the measuremen
at the levels of 6.3.1 ¢) are not exceeded.

CONDITION
e, current,
arts on the
bxceed the

nd by the

bnts of 6.3 to establish that the levels of 6.3.1 and 6.3.2’are’not exceeded, followed by the tests

BSIBLE and
e they are

HAZARDOUS

means of a

HAZARDOUS

sof 6.3 to

6.2 Determination of ACCESSIBLE parts

6.2.1

General

Unless obvious, determination of whether a part is ACCESSIBLE is made as specified in 6.2.2 to 6.2.4 in all
positions of NORMAL USE. Test fingers (see Annex B) and pins are applied without force unless a force is
specified. Parts are considered to be ACCESSIBLE if they can be touched with any part of a test finger or test
pin, or if they could be touched in the absence of a covering 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 TooL) that could
increase the accessibility of parts, such actions are taken before performing the examinations of 6.2.2 to

6.2.4.
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NOTE Examples of such actions include:

a) removing covers;

b) opening doors;

c) adjusting c

d) replacing ¢

ontrols;

onsumable material;

e) removing parts.

Rack-mou
before ma
front of the

6.2.2 Examination

The jointe
ACCESSIBLE

force is ex

hted and panel-mounted equipment is installed as specified in the manufacturel's
ing the examinations of 6.2.2 to 6.2.4. For such equipment, the OPERATOR is @ssun
panel.

E by applying a force, the rigid test finger (see Figure B.1) is‘applied with a force o
pried by the tip of the test finger so as to avoid wedge and Yever action. The test is a

instructions
hed to be in

) test finger (see Fiqure B.2) is applied in every possible position. If a part colld become

f 10 N. The
pplied to all
e tip of the

RMINALS. In
b test finger

outer surfgces, including the bottom. However, on equipment accepting plug-in modules th
Jointed test finger is inserted only to a depth of 180 mm from the’opening in the equipment.
The test finger is likewise applied to all openings in the ENCLOSURE, including holes and T5
these casgs, the ACCESSIBLE parts of the ENCLOSURE are“considered to include any part of the
which can pe inserted into the hole or TERMINAL (see Figure 1).
A B
C
i
D ~E
IEC 1007/10
su1101
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
Figure 1

Measurements through openings in ENCLOSURES
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6.2.3 Openings above parts that are HAZARDOUS LIVE

A metal test pin 100 mm long and 4 mm in diameter is inserted info any openings above parts which are

HAZARDOUS

LIVE. The test pin is suspended freely and allowed to penetrate up to 100 mm.

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

NOTE This exception is permitted because the insertion of an object similar to this test pin is considered to be a SINGLE FAULT

CONDITION a

nd one means of protection is sufficient.

This test is
6.2.4 Ops

A metal tes
which requ
through the
control sha

6.3 Limit

6.3.1 Lev

Voltages a
exceeded 3

a) The a.c.
intended fo
level is 35

b) The curr

1) 0O
freq
doe

Figy

2)7
burn

ot appiied 10 TERMINALS.
nings for pre-set controls

t pin 3 mm in diameter is inserted through holes intended to give acéess to pre-9g
re the use of a screwdriver or other TOOL. The test pin is applied (n every possib
hole. Penetration shall not exceed three times the distance fromthé ENCLOSURE su
[t or 100 mm, whichever is smaller.

values for ACCESSIBLE parts
pls in NORMAL CONDITION

pbove the levels of a) are deemed to be HAZARDOUS LIVE if any of the levels of b
t the same time.

voltage levels are 30 V r.m.s., 42,4 ¥/,peak and the d.c. voltage level is 60 V. For
[ uUse in WET LOCATIONS, the a.c. voltage levels are 16 V r.m.s., 22,6 V peak and the

pnt levels are:

.5 MA r.m.s. for sinusoidal waveforms, 0,7 mA peak for non-sinusoidal waveform|
Liencies, or 2 mA'd.c., when measured with the measuring circuit of Figure A.1. If the
5 not exceed00’Hz, the measuring circuit of Figure A.2 can be used. The measurir
re A.4 is used for equipment intended for use in WET LOCATIONS.

D mA.’s. when measured with the measuring circuit of Figure A.3. This relates
s at\higher frequencies.

et controls
e direction
face to the

) or c) are

equipment
d.c.voltage

5 or mixed
frequency
g circuit of

fo possible

c) The levels of capacitive charge or energy are:

1) 45 pC charge for voltages up to 15 kV peak or d.c.; line A of Figure 3 shows the capacitance
versus voltage where the charge is 45 uC.

2) 350 mJ stored energy for voltages above 15 kV peak or d.c.
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6.3.1DV D2 National Difference Deleted

6.3.2 Levels in SINGLE FAULT 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 50 V r.m.s., 70 V peak and the d.c. voltage level is 120 V. For equipment
intended for use in WET LOCATIONS, the a.c. voltage levels are 33 V r.m.s, 46,7 V peak and the d.c. voltage
level is 70\ _Ear \ml‘rngnc of short duration the duration versus \mlfngp levels are those of Figure 2,

measured pcross a 50 kQ resistor.

b) The curient levels are:

1) 8,5 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_ Gireuit 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 fof\use in WET LOCATIONS

2) 500 mA r.m.s. when measured with the measuring circuit ‘of Figure A.3. This relates|to possible
burhs at higher frequencies.

c) The cappcitance level is line B of Figure 3.
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6.3.2DV D2 National Difference Deleted

50

\ \ v
3
3,0
[} ‘ 1
1 \ X
2,0 1

0,10 \

///"/

10 20 30 50 100 200 300 500 1000

AL >

su1193a IEC
Key

A a.c. voltage level in WET LOCATIONS C d.c. voltage level in WET LOCATIONS

B a.c. voltage level in dry locations D d.c. voltage level in dry locations

Note The lines A and C continue with lines B and D below the value of 0,25.

Figure 2

Maximum duration of short-term ACCESSIBLE voltages in SINGLE FAULT CONDITION (see 6.3.2 a))
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Figure 2DV D2 National Difference Deleted

Figure 2DV

Maximum duration of short-term ACCESSIBLE voltages in SINGLE FAULT CONDITION (see 6.3.2 a))
Figure deleted
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104

rd

102
102 2 3 5 7 108 2 3 5 7 104 2 3 5 7 10°
vV ———

IEC 1009/10

sS01165

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 ¢) and
6.3.2¢c))
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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 following
means (see Annex D):

a) ENCLOSURES or PROTECTIVE BARRIERS (see 6.4.2);

b) BASIC INSULATION (see 6.4.3);

c) impedarjce (see 6.4.4).
Conformity is checked by inspection and as specified in 6.4.2. to 6.4.4.

6.4.2 ENCLOSURES and PROTECTIVE BARRIERS

ENCLOSURES and PROTECTIVE BARRIERS shall meet the rigidity requirements of 8.1.

If ENCLOSURES or PROTECTIVE BARRIERS provide protection by insulation, they shall meet the rgquirements
of BASIC IN$ULATION.

If ENCLOSURES or PROTECTIVE BARRIERS provide protection bydimiting access, CLEARANCES an@l CREEPAGE
DISTANCES petween ACCESSIBLE parts and HAZARDOUS LIVE parts shall meet the requirements of|6.7 and the

applicable fequirements for BASIC INSULATION.
Conformity is checked as specified in 6.7 and 8.1.

6.4.3 BASIC INSULATION

CLEARANCHS, CREEPAGE DISTANCES and,'solid insulation forming BASIC INSULATION between |JACCESSIBLE
parts and HAZARDOUS LIVE parts shall jmeet the requirements of 6.7.

Conformity is checked as spetified in 6.7.
6.4.4 Impedance

An impedance used.as a primary means of protection shall meet all the following requirements:

a) it shall limit_the current or voltage to not more than the applicable level of 6.3.2;

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

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

Conformity is checked by inspection, by measuring the voltage or current to confirm that they do not
exceed the levels of 6.3.2, and by measuring CLEARANCE and CREEPAGE DISTANCE as specified in 6.7.
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6.5 Additional means of protection in case of SINGLE FAULT CONDITIONS

6.5.1 General

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

a) PROTECTIVE BONDING (see 6.5.2);

b) SUPPLEMENTARY INSULATION (see 6.5.3);

c¢) automatig disconnection of the supply (see 6.5.5);
d) current- or voltage-limiting device (see 6.5.6);

e) REINFORCED INSULATION (see 6.5.3);

f) PROTECTIVE IMPEDANCE (see 6.5.4).

Conformity|is checked by inspection and as specified in 6.5.2 to 6:5:6.

| HAZARDOUS pan\\K

6.4.1b) 6.4.1a) 6.4.1¢)
BASIC INSULATION | ENCLOSURE or IMPEDANCE
H BARRIER
8 i e
E i
S 6.5.1€) 6.5.1 )
2
Z: and REINFORCED PROTELTIVE
w i : INSULATION IMPEDANCE
& L
= H
8i ™
6.5.1b) 6.5.1a) 6.5.1c) 6.5.1 d)
SUPPLEMENTARY |i| PROTECTIVE Automatic Current - or
INSULATYON BONDING (or disconnection of voltage - limiting
i screen) the supply device
S | |
| ACCESSIBLE part
IEC 1010/10

su1102
Figure 4

Acceptable arrangement of protective means against electric shock
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6.5.2 PROTECTIVE BONDING

6.5.2.1 General

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

conductive

protective screen bonded to the PROTECTIVE CONDUCTOR TERMINAL.

Conformity is checked as specified in 6.5.2.2 t0 6.5.2.6.

6.5.2.2

y
The integri

a) PROTEC]
It shall wit
overcurren

b) Soldere
the solderi

c) Screw c

d) If a part
the equipn
whole equi

e) Unless

6.5.24, m
PROTECTIVI

f) The exte
the PROTEC

g) If power
also be p
equipment
specified i

tegrity of PROTECTIVE BONDING
y of PROTECTIVE BONDING shall be assured as specified below.

[IVE BONDING shall consist of directly connected structural parts or diserete conductc
hstand all thermal and dynamic stresses to which it could be subjected before
t protective means specified in 9.6 disconnects the equipment fromythe supply.

d connections subject to mechanical stress shall be mechanically secured indepen
ng. Such connections shall not be used for other purposes-such as fixing constructio

bnnections shall be secured against loosening.

ent shall not be interrupted (except for a\part that also carries the MAINS input conng
pment).

they are specifically designed for electrical inter-connection and meet the requ

ovable conductive connections; for example, hinges, slides, etc., shall not b
E BONDING path.

rior metal braid of cables shall not be regarded as PROTECTIVE BONDING, even if ¢
TIVE CONDUCTOR TERMINAL.

from the MAINS Supply is passed through equipment for use by other equipment,
fovided fop_‘passing the protective conductor through the equipment to protec
The impedance of the protective conductor path through the equipment shall not
6.5.2:4.

rs, or both.
one of the

dently from
nal parts.

of the equipment is removable by an OPERATOR, the PROTECTIVE BONDING for the r¢mainder of

ction to the

rements of
e the sole

bnnected to

neans shall
I the other
pxceed that

h) Protecti

Ve conductors may be pare or msufated. insutation shattbe green-and-yettow, €x

following cases:

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

cept in the

2) for internal protective conductors, and other conductors connected to the PROTECTIVE
CONDUCTOR TERMINAL in assemblies such as ribbon cables, busbars, flexible printed wiring, etc.,

any colour may be used provided that no HAZARD is likely to arise from non-identification of the
protective conductor.

Equipment using PROTECTIVE BONDING shall be provided with a TERMINAL that is suitable for connection to a
protective conductor and meets the requirements of 6.5.2.3.

Conformity is checked by inspection.
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6.5.2.3

PROTECTIVE CONDUCTOR TERMINAL

PROTECTIVE CONDUCTOR TERMINALS shall meet the following requirements.

a) The cont

act surfaces shall be metal.

NOTE 1 Materials of PROTECTIVE BONDING systems should be chosen to minimize electro-chemical corrosion between

the T

ERMINAL and the protective conductor, or any other metal in contact with them.

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

c) For equi
PROTECTIVH

d) If the eq
which is re

the TERMIN
TERMINALS,

€) PROTECT|IVE CONDUCTOR TERMINALS for MAINS CIRCUITS shall be atideast equivalent in currg

capacity to

f) Plug-in t
connected
connection
appliance G

g) If the P
conductor S
shall be co
disconnecti

h) For equ
measuring

1) the PROTECTIVE_ CONDUCTOR TERMINAL and protective conductor shall have at least

RATI

2) th

bment provided with a rewirable flexible cord and for PERMANENTLY CONNECTEDEQU
CONDUCTOR TERMINAL shall be located near the MAINS supply TERMINALS.

uipment does not require connection to a MAINS supply, but nevertheless has a cir|
juired to be protectively earthed, the PROTECTIVE CONDUCTOR TERMINAL shall be lo

LS of that circuit for which protective earthing is necessary. Nf*this circuit he
the PROTECTIVE CONDUCTOR TERMINAL shall also be external.

the MAINS supply TERMINALS.

ind disconnected without the use of a TooL, shallkbe designed so that the protective
makes first and breaks last with respect to the other connections. Examples include
ouplers for MAINS cords and connector assemblies of plug-in units.

ROTECTIVE CONDUCTOR TERMINAL is‘@lso used for other bonding purposes, the
hall be applied first and secured independently of other connections. The protectivg
hnected in such a way that it is\unlikely to be removed during servicing that does
pn of the protective conductor,

pment in which the protective conductor is required for protection against a singl
circuit, the followingtshall apply:

NG of the measuring TERMINALS;

e PROTECTIVE BONDING shall not be interrupted by any switching or interrupting devic

i) FUNCTION

PMENT, the

cuit or part
cated near
s external

nt-carrying

/pe PROTECTIVE CONDUCTOR TERMINALS combined<with other TERMINALS and intended to be

conductor
plugs and

protective
conductor
hot require

e fault in a

he current

T

L EARTH TERMINALS (fnr ny:\mpln, mnnellring earth TERMINAL Q) shall allow a conne.

ction which

is independ

ent from the connection of the protective conductor.

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

j) 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 e

ngaged.

k) The contact pressure required for a bonding connection shall not be capable of being reduced by
deformation of materials forming part of the connection.
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A .
- A
IEC 1011/10
su1103
Key
A fixed part
B washer or ¢lamping plate
C anti-spreaq device
D conductor gpace
Figure 5
Examples of binding screw assemblies
Conformity is checked by inspection. Conformity for j) is also checked by the following test.
The binding screw assembly is to.be"tightened and loosened three times, together with the least
favourable| conductor to be secured; using the tightening torques specified in Table 2. All parts of the
binding screw assembly shall withstand this test without mechanical failure.
Table 2
Tightening torque for binding screw assemblies
Thread size 40 50 6.0 8,0 10,0
mm
Tighteningtorque
9 N 1,2 2,0 3,0 6,0 10,0
‘m

6.5.2.4

Impedance of PROTECTIVE BONDING of plug-connected equipment

The impedance between the PROTECTIVE CONDUCTOR TERMINAL and each ACCESSIBLE part for which
PROTECTIVE BONDING is specified shall not exceed 0,1 Q. If the equipment has a non-detachable power

cord, the impedance between the protective conductor plug pin of the MAINS cord and each ACCESSIBLE
part for which PROTECTIVE BONDING is specified shall not exceed 0,2 Q.

Conformity is checked by applying a test current for 1 min and then calculating impedance. The test
current is the greater of
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a) 25 A a.c. .m.s. at RATED MAINS frequency or d.c.,
b) a current equal to twice the RATED current of the equipment.

If the equipment contains overcurrent protection devices for all poles of the MAINS supply, and if the wiring
on the supply side of the overcurrent protection devices cannot become 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.

6.5.2.4DV D2 Modification by replacing the text and the conformity statement with the
following:

The impedance between the PROTECTIVE CONDUCTOR TERMINAL and each ACGESSIBLE part for
whjch PROTECTIVE BONDING is specified shall not cause a potential drop of ,morg than 4 V.
Metal that is part of the protective bond shall not melt, and heating and burninj; shall not
oc¢ur to the extent that could cause a fire HAZARD.

Copformity is checked by inspection and by applying an a.c. test current for the duration
specified in Table 6.5.2.4DV.1 and then measuring the voltage drop. See 4.4.4,3 for test
conditions regarding the spread of fire.

The test current is twice the rating of the attachment plug cap, but not less than 40 A. If the
equipment contains overcurrent protection deviceés for all poles of the MAINS supply, and if
thg wiring on the supply side of the overcurrent protection devices canndt become
connected to ACCESSIBLE conductive parts in the case of a single fault, the test cuprent need
not be more than twice the RATED current.of-the internal overcurrent protection devices. If
thd test current exceeds 500 A, see CAN/CSA-C22.2 No. 0.4.

Table 6.5.2.4DV.1 D2 Addition:

Table 6.5.2.4DV.1
Duration of protective bonding test

Value of building MAINS supply overcurrent Time (Min)
protection means (A)

0-30
31-60
61-100

101 =200

201 and over 10

po o A~ N

6.5.2.5 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 conductive part for which PROTECTIVE BONDING
is required. The voltage between them shall not exceed 10 V a.c. rm.s. ord.c.
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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 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.

6.5.2.5DV D2 Modification:
In the first sentence of the conformity statement, replace “1 min” with “the duration

specified in Table 6.5.2.4DV.1”. In the second sentence of the conformity statement, replace
“10 V” with “4 V”,

6.5.2.6 Transformer PROTECTIVE BONDING screen

If the trangformer is fitted with a screen for PROTECTIVE BONDING purposes that is separated only by BASIC
INSULATION| from a winding that is connected to a HAZARDOUS LIVE circuit, the.screen shall| satisfy the

requirements of 6.5.2.2 a) and b), and be of low impedance.

Conformity is checked by inspection and by one of the following tests:
a) a test cuirrent of twice the value of the overcurrent protection means of the winding is appli¢d for 1 min
between the screen and the PROTECTIVE CONDUCTOR TERMINAL: The voltage between them shall not

exceed 10|V a.c.rm.s. ord.c.;

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

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

6.5.3 SUPPLEMENTARY INSULATION and REINFORCED INSULATION

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

Conformity is checked as ‘specified in 6.7.

6.5.4 PRPTECTIVEIMPEDANCE

A PROTECT|IVEJIMPEDANCE shall limit the current or voltage to the levels of 6.3.1 in NORMAL CONDITION and
6.3.2 in SINGLE'FAUIT 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 Automatic disconnection of the supply

An automa‘ic disconnection device shall meet both the following requirements.
a) It shall b¢ RATED to disconnect the load within the time specified in Figure 2.
b) It shall b¢ RATED for the maximum RATED load conditions of the equipment.

Conformity|is checked by inspection of the device specification. In case of doubt, the device s tested to
check that it disconnects the supply within the required time.

6.5.6 Curfent- or voltage-limiting device
A current- gr voltage-limiting device shall meet all the following requirements:
a) it shall b¢ RATED to limit the current or voltage to the lévels not exceeding the values of 6.3.2;

b) it shall Qe RATED for the maximum WORKING ¥OLTAGE and, if applicable, for the maximum pperational
current;

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

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

6.6 Connpctions to-external circuits

6.6.1 Gereral

In NORMAL “CONDtHON—and—m—SINGLEFACtTCONDITION—Oof —the cquiplllcllt, No—ACCESSIBLEparts of the
equipment and no ACCESSIBLE parts of an external circuit shall become HAZARDOUS LIVE as a result of
connecting the external circuit to the equipment.

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

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

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

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

b) RATING of the insulation required for the external circuit to conform to the requirements 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 deteyminations of 6.2;
3) the meajsurements of 6.3 and 6.7;
4) the voltgge test of 6.8 (without humidity preconditioning) applicable to the type lefinsulation (see 6.7).

6.6.2 TERMINALS for external circuits

ACCESSIBLE conductive parts of TERMINALS that receive a charge from ‘an internal capacitor ghall not be
HAZARDOU$ LIVE 10 s after interruption of the supply.

Conformity is checked by inspection, and by the determinatiof/0f ACCESSIBLE conductive parts as specified
in 6.2 and In case of doubt by measurement of the remaining-woltage or charge.

6.6.3 Cirguits with TERMINALS which are HAZARDOUSLIVE

These circlits shall not be connected to ACCESSIBLE conductive parts, except for circuits which are not
MAINS CIRQUITS, and which are designed to be operated with one TERMINAL contact at earth potential. In

such cases, the ACCESSIBLE conductive parts’shall not be HAZARDOUS LIVE.

If such a circuit is also designed to be-operated with one ACCESSIBLE TERMINAL contact (signal Ipw) floating

at a voltagge which is not HAZARDOUSLIVE, this TERMINAL contact is permitted to be connected tq a common
FUNCTIONAL EARTH TERMINAL,_Or. System (for example, a coaxial screening system). This common
FUNCTIONAL EARTH TERMINAL-ONSystem is also permitted to be connected to other ACCESSIBLE| conductive

parts.

Conformity is checkéd-by inspection.

6.6.4 TETMINALS for stranded conductors

TERMINALS for stranded conductors that are intended to be connected during installation, maintenance, or
operation of the equipment shall be located or shielded so that there is no possibility of accidental contact
between HAZARDOUS LIVE parts of different polarity or between such parts and other ACCESSIBLE parts,
even if a strand of a conductor escapes from a TERMINAL. This requirement does not apply to connections
that are only to be made at the manufacturing facility.

Conformity is checked by inspection after fully inserting a stranded conductor
a) with the maximum length of insulation removed as specified by the equipment manufacturer, or

b) with an 8 mm length of insulation removed if no specification is given by the equipment manufacturer.
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With one of the strands free, the free strand shall not touch parts of different polarity or other ACCESSIBLE
parts, when bent in every possible direction, without tearing back the insulation or making sharp bends.

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

Conformity
6.7

6.7.1 The

is checked by manual test and inspection.

Insulation requirements

nature of insulation

6.7.1.1

General

Insulation Petween circuits and ACCESSIBLE parts (see 6.2) or between separate. circuits co

combinatio
against a H
that may ag

Electric stre

a) WORKING
the MAINS s

b) TRANSIEN
overvoltage

c) short-ter|
installations

supply plus
d) long-tern

installationg
supply plus|

NOTE See IE

The require

N of CLEARANCES, CREEPAGE DISTANCES and solid insulation. When used’to provide
AZARD, the insulation needs to withstand the electric stresses thatyare caused by th
pear on the MAINS supply or in the equipment.

sses originating from MAINS include:

VOLTAGE across the insulation. This WORKING VOLTAGE) is normally the line-toneutra
Lipply (also see Annex |);

T OVERVOLTAGES that may occasionally appear on the line conductors. The magni
s depends on the OVERVOLTAGE CATEGORY‘@nd the line-toneutral voltage of the MAINS

N TEMPORARY OVERVOLTAGES that may/occur between the line conductor and earth |
. These TEMPORARY OVERVOLTAGES may have a value of the line-to-neutral voltage g
1200V, and may lastup to 5 s;

N TEMPORARY OVERVOLTAGES that may occur between the line conductor and earth i
. These TEMPORARY QVERVOLTAGES may have a value of the line-to neutral voltage 9
250 V and may lastlonger than 5 s.

[ 60364-4-44, Clause 442 for additional information on these TEMPORARY OVERVOLTAGES.

ments.forlinsulation depend on:

nsists of a
protection
e voltages

voltage of

ude of the
supply;

n electrical
f the MAINS

n electrical
f the MAINS

EINFORCED

1) the reg

uired level of insulation (BASIC INSULATION, SUPPLEMENTARY INSULATION, or R

INSULATION

’

2) the maximum TRANSIENT OVERVOLTAGE that may appear on the circuit, 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;

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

4) the POLLUTION DEGREE of the micro-environment;

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

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

Multiplication factors for CLEARANCE for equi;;belﬁt:sRATED for operation at altitudes up to 5 000 m
RATED operating altitude .
— Multiplication factor
Up to 2 000 1,00
2001 to 3000 1,14
3001 to 4 000 1,29
4001 to 5 000 1,48

See AnneN C for details of how to measure CLEARANCES.
6.7.1.3 JREEPAGE DISTANCES

Required ¢REEPAGE DISTANCES depend on the factors in 6{2.%1 a) to d) as well as the Jomparative
Tracking Irjdex (CTI) of the insulating material.

Materials gre separated into four groups according toheir CTl values, as follows:

Matgrial group | 600 < CTI

Matgrial group I 400 < CTI< 600
Matgrial group llla 175 <CTI <400
Matgrial group IlIb 100=CTI< 175

These CT| values refer\to values obtained, in accordance with IEC 60112, on samples of the relevant
material sgecificallymade for the purpose and tested with solution A. For materials where the CTI value is
not known,) material-group IlIb is assumed.

For glass, ceramics, or other inorganic insulating materials which do not track, there are no rgquirements
for CREEPAGE DISTANCES.

A CREEPAGE DISTANCE may be split in several portions of different materials and/or have different
POLLUTION DEGREES if one of the CREEPAGE DISTANCES is dimensioned to withstand the total voltage or if the

total distance is dimensioned according to the material having the lowest CTI and the highest POLLUTION
DEGREE.

See Annex C for details of how to measure CREEPAGE DISTANCES.
6.7.1.4 Solid insulation

The requirements for solid insulation depend on the factors in 6.7.1.1 a) to d).
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The term “solid insulation” is used to describe many different types of construction, including monolithic
blocks of insulating material and insulation subsystems composed of multiple insulating materials,
organized in layers or otherwise.

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

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

Solid insulg
insulation is

tion is not a renewable medium: damage is cumulative over the life,6fthe equipment. Solid

also subject to ageing and to degradation from repeated high voltage\testing.
6.7.1.5 Requirements for insulation according to type of circuit
Requireme

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

oV,

a)in6.7.2 fl

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

b)in6.7.3f
c)in K.1 fon
d) in K.2 for

e) in K.3 for

1) tihe maximum poOssible TRANSIENT OVERVOLTAGE is limited by the supply source or

equ

2) t
CIR(

Dr MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with‘@ nominal supply voltage up to 3(

Dr secondary circuits separated from the\cifcuits in a) only by means of a transforme
MAINS CIRCUITS of OVERVOLTAGE CATEGORY IIl or IV or for OVERVOLTAGE CATEGORY Il 0V
secondary circuits separated,from the circuits in ¢) only by means of a transformer

circuits that have one or more of the following characteristics:

pment to a knewn level below the level assumed for the MAINS CIRCUIT;

ne maximum possible TRANSIENT OVERVOLTAGE is above the level assumed for
uIT;

3) tH

ler 300 V;

within the

the MAINS

e WORKING VOLTAGE is the sum of voltages from more than one circuit, or is a mixed

oltage;

4) the WORKING VOLTAGE includes a recurring peak voltage that may include a periodic non-

sinu

soidal waveform or a non-periodic waveform that occurs with some regularity;

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

NOTE 2 Requ

irements for insulation of measuring circuits are specified in IEC 61010-2-030.

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

NOTE 4 The assumed TRANSIENT OVERVOLTAGE level for MAINS is equal to the required RATED impulse voltage of equipment

in Table 443.2

of IEC 60364-4-44:2007/AMD1:2015.
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6.7.2 Insulation for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il with a hominal supply voltage up to
300V

6.7.2.1 CLEARANCES and CREEPAGE DISTANCES

CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS shall meet the values of Table 4 taking the
following into account.

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

b) Minimum CLEARANCE for BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INULATION for
POLLUTION PEGREE 3 is 0,8 mm.
c) If the equipment is RATED to operate at an altitude greater than 2 000 m, the ELEARANCES shall be
multiplied by the applicable factor of Table 3.
Conformity is checked by inspection and measurement.
Table 4
CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of QVERVOLTAGE CATEGORY Il up fo 300 V
Values for CREEPAGE DISTANCES
Voltage Printed wiring board material Other insulating material
line-to-
Valuesfor | POLLUTION | POLLUTION | POLLUTION
neutral a.c.| .
eutrala.C.| CLEARANCE | DEGREE 1 | DEGREE 2 DEGREE1 | POLLUTION DEGREE2 | POLLUTION DEGREE 3
d.c. All material Material Printed wiring | Material | Material | Material | Material | Mat¢rial | Material
groups groups I, I, llla boards group | | groupll | grouplll | groupl | grodipll | group Il
\") mm mm mm mm mm mm mm mm mm mm
<150 0,5 0,5 05 05 0,8 1,1 1,6 2,0 2k 25
>150 2300 1,5 1,5 15 1,5 1,5 2,1 3,0 3.8 ah 4,7
Linear intefpolation of the CREEPAGE DISTANCES is allowed.
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 Splidinsulation
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 intended life of the equipment.

NOTE The manufacturer should take the expected life of the equipment into account when selecting insulating materials.

Conformity is checked by inspection, and by the a.c. test of 6.8.3.1 or the d.c. test of 6.8.3.2, using the
applicable voltage from Table 5 for 1 min.
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Table 5

Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il up to 300 V

1 min a.c. test voltage 1 min d.c. test voltage
Voltage line-to-neutral BASIC INSULATION REINFORCED BASIC INSULATION REINFORCED
a 3 rm.s. ord.c and SUPPLEMENTARY INSULATION and SUPPLEMENTARY INSULATION
D e INSULATION INSULATION
Vv Vv \') Vv Vv
<150 1350 2700 1900 3800
> 150 < 300 1500 3000 2100 4200

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

a) for solid fnsulation used as an ENCLOSURE or PROTECTIVE BARRIER, the requirements of Clausq

b) for moulded and potted parts, the requirements of 6.7.2.2.2;

c) for inner Jayers of printed wiring boards, the requirements of 6.7.2.2.3;

d) for thin-fijm insulation, the requirements of 6.7.2.2.4.

Conformity|is checked as specified in 6.7.2.2.2 to 6.7.2.2.4, andin/Clause 8, as applicable.

6.7|2.2.1DV D2 National Difference Deleted

6.7.2.2.2

Moulded and potted parts

1%

For BASIC INSULATION, SUPPLEMENTARY INSWLATION and REINFORCED INSULATION, conductors lochted on an
interface b¢tween the same two layersimoulded together shall be separated by at least 0,4 mm (see
Figure 6, itgm L) after the moulding js eompleted.

Conformity|is checked by inspection and either by measurement of the separation or by inspeg¢tion of the
manufacturer’s specifications.
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-
2 IEC 1012

su1104

Key

1 Layer 1

2 Layer 2

C Conductor

L Distance bgtween conductors

Figure 6
Distance between conductors on an interface between two layers
6.7.2.2.3 |Inner insulating layers of printed:wiring boards
For BASIC| INSULATION, SUPPLEMENTARY, INSULATION and REINFORCED INSULATION, conductprs located

between tHe same two layers shall be separated by at least 0,4 mm (see Figure 7, item L).

Conformity is checked by inspection and either by measurement of the separation or by inspq

manufactuper’s specifications:

ction of the

su1105

Key

L Distance between adjacent conductors
A Layers

C Conductors

Distance between adjacent conductors along an interface of two inner layers

C

Figure 7

IEC

1013/10
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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) 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 RqEED by The manufacturer of the material Tor an electric stirengih of at least the valué
voltage of Tlable 5 for BASIC INSULATION;

Conformity
c) the insul
combinatio
value of the
Conformity

6.7.2.2.4

For BASIC

between th
CREEPAGE [

Conformity
manufactun

is checked by inspection of the manufacturer’s specifications.

btion is assembled from at least two separate layers of printed wiring\board materiz

test voltage of Table 5 for REINFORCED INSULATION.
is checked by inspection of the manufacturer’s specifications.
Fhin-film insulation

INSULATION, SUPPLEMENTARY INSULATION and\"REINFORCED INSULATION, conductg

b same two layers (see Figure 8, item L)-shall be separated by the applicable CLEA
ISTANCE of 6.7.2.1.

is checked by inspection and eithet, by measurement of the separation or by inspe
er’s specifications.

of the test

Is, and the

h of layers is RATED by the manufacturer of the material for an electric strength of at least the

rs located
RANCE and

Ction of the



https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 ¢ ANSI/ISA-61010-1

JUNE 6, 2023 (82.02.01) # UL 61010-1 73

N ‘ - A

IEC 1014410
sp1106
Key
L Distance bdtween adjacent conductors
A Layers of thlin-film material such as tape and polyester film
C Conductors
NOTE There may be air present between the layers
Figure 8
Distance between adjacent conductors located between the same two layers

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequate electfic 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 inspéction and either by measurement of the part or by inspe
manufactuper’s specifications.

b) the insulation consists of at least two separate layers of thin-film materials, each of which
the manufacturer 6f'the material for an electric strength of at least the value of the test voltag
for BASIC INSULATION;

btion of the

S RATED by
b of Table 5

ConformityTsthecked by rrspectionrof the rmarufactarer sspecificatiorns.

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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6.7.2.2.4DV D2 National Difference Deleted

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.

NOTE These

6.7.3.2 c

CLEARANCE

a) for BASIq
INSULATION

b) pass the

ircuits are assumed to be subjected to lower TRANSIENT OVERVOLTAGE levels than the MAINS.CIRC

LEARANCES

5 for secondary circuits shall meet a) or b):

INSULATION and SUPPLEMENTARY INSULATION, meet the values _of Table 6, or for R
meet twice the values of Table 6;

voltage test of 6.8 using the applicable test voltage freti Table 6.

The following adjustments apply:

1) values fag

r test voltages for REINFORCED INSULATION-aré’1,6 times the values for BASIC INSULATI

UIT.

EINFORCED

DN;

2) if the equipment is RATED to operate at an altitdde greater than 2 000 m, the values for CLEARANCES are

multiplied b
3) minimum

Conformity
of at least §
ofthe d.c. t

CLEARAN(

y the applicable factor of Table 3;
CLEARANCE is 0,2 mm for POLLUTION DEGREE 2 and 0,8 mm for POLLUTION DEGREE 3.

is checked by inspection and measurement and for b) by the a.c. test of 6.8.3.1 with
s, or by the 1 min-g:¢. test of 6.8.3.2, using the applicable test voltage from Table 6
bst voltage is \2-times the a.c. r.m.s. test voltage.

Table 6
LES and\test voltages for secondary circuits derived from MAINS CIRCUITS of OVER

CATEGORY Il up to 300 V

a duration
The value

RVOLTAGE

Secondary WORKING VOLTAGE MAINS voltage, line-to-neutral, OVERVOLTAGE CATEGORY I
<150V >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
Vv \' mm Va.c.r.m.s. mm Va.c.r.m.s.

16 22,6 0,10 500 0,48 830

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

Table 6 Continued on Next Page
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Table 6 Continued
Secondary WORKING VOLTAGE MAINS voltage, line-to-neutral, OVERVOLTAGE CATEGORY I
<150V >150 V<300V
a.c.r.m.s. a.c. rm.s.
a.c.r.m.s. d.c. or a.c. peak CLEARANCE Test voltage CLEARANCE Test voltage
v v mm Va.c.r.m.s. mm Va.c.r.m.s.
300 420 0,39 770 0,94 1040
600 840 1,01 1070 1,61 1450
1000 1400 1,92 1630 2,52 1970
125( 1750 2,50 1960 3,16 2280
160( 2240 3,39 2390 4,1 2730
200( 2800 4,49 2890 5,30 3230
2500 3500 6,02 3520 6,91 3850
320( 4480 8,37 4390 9,16 4660
4004 5600 10,9 5320 11,6 5610
5 00d 7 000 14,0 6 590 14,9 6 960
6 30( 8820 18,2 8270 19,1 8620
8 00( 11 200 23,9 10400 247 10 700
10 00p 14 000 30,7 12 900 31,6 13 300
12 50p 17 500 39,6 16 100 40,5 16 400
16 00p 22400 52,5 20 400 53,5 PO 700
20 00p 28 000 67,9 25300 68,9 P5 600
25 00p 35000 87,9 31600 89,0 32 000
3200p 44 800 117 40400 118 10 700
40 00p 56 000 151 50 300 153 50 800
50 00p 70000 196 62 800 198 53 400
63 00p 88 200 258 79400 260 B0 000
Linear interpplation is allowed.
6.7.3.3 JREEPAGE DISTANCES
CREEPAGE PISTANCES for\BASIC INSULATION or SUPPLEMENTARY INSULATION for secondary circuitg shall meet
the applicgdble values(of Table 7, based on the WORKING VOLTAGE which stresses the insulation. Values for
REINFORCEP 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 L
CREEPAGE DISTANCES for secondary circuits
Printed wiring board Other insulating material
Secondary material
WORKING | POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
VOLTAGE | DEGREE1 | DEGREE 2 | DEGREE 1
a.c.r.m.s. Material
ord.c. All material | groups |, Il | All material | Material | Material | Material | Material | Material | Material
groups orllla groups group | group Il | group il group | group Il | group I
\'/ 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
12,5 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 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 N3 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 1325 1,8 25 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
500 1,3 2,5 13 2,5 3,6 5,0 6,3 71 8,0
630 1,8 3,2 1,8 3,2 4,5 6,3 8,0 9,0 10,0
800 2,4 4,0 24 4,0 5,6 8,0 10,0 1 12,5
1000 3,28 5,08 3,2 5,0 71 10,0 12,5 14 16
1250 42 6,3 9,0 12,5 16 18 20
1600 5,6 8,0 1 16 20 22 25
2000 75 10,0 14 20 25 28 32
2500 10,0 12,5 18 25 32 36 40
3200 12,5 16 22 32 40 45 50
4000 16 20 28 40 56 56 63
5000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 80 100 110 125
10 000 40 50 71 100 125 140 160
12 500 50 63 90 125
16 000 63 80 110 160
20 000 80 100 140 200
25000 100 125 180 250
32000 125 160 220 320
40 000 160 200 280 400

Table 7 Continued on Next Page
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Table 7 Continued
Printed wiring board Other insulating material
Secondary material
WORKING | POLLUTION | POLLUTION | POLLUTION POLLUTION DEGREE 2 POLLUTION DEGREE 3
VOLTAGE | DEGREE 1 | DEGREE 2 | DEGREE 1
a.c.r.m.s. Material
ord.c. All material | groups |, Il | All material | Material | Material | Material | Material | Material | Material
groups orllla groups group | group il | grouplll | groupl group Il | group lII°
Vv mm mm mm mm mm mm mm mm mm
50 000 200 250 360 500
63 OOO I 2‘:[\ ’!2{\ /1Il:{\ 600
@ For voltagds above 1 000 V, CREEPAGE DISTANCES on printed wiring board material are the same as for other'instlators of the
same Materifl Group.
® Material grup IlIb is not recommended for application in POLLUTION DEGREE 3 above 630 V.
Linear interpplation is allowed.

6.7.3.4 Splid insulation

6.7.3.4.1

General

Solid insulation in secondary circuits shall withstand the electrical.and mechanical stresses thaf may occur

in NORMAL

NOTE The m

Conformity

a) by the vpltage test of 6.8.3.1 for 5 s using the applicable test voltage of Table 6 for BASIC IN|
SUPPLEMEN

b) additionglly, if the WORKING VOLTAGE exceeds 300 V, by the voltage test of 6.8.3.1 for 1 min

voltage of

WORKING VPLTAGE for REINFORCED INSULATION.

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

1) for solid

2) for moulded and potted parts, the requirements of 6.7.3.4.2;

SE, in all RATED environmental conditions (see 1.4J,)ddring the intended life of the eq

is checked by both of the following tests:

TARY INSULATION. For REINFORCED INSULATION the values are multiplied by 1,6;

[,5 times the WORKING VOETAGE for BASIC INSULATION or SUPPLEMENTARY INSULATION a

insulationUsed as an ENCLOSURE or PROTECTIVE BARRIER, the requirements of Claus

hnufacturer should take the expected life of the equipmentinto account when selecting insulating materials.

uipment.

SULATION or

with a test
nd twice the

4
1%

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

4) for thin-film insulation, the requirements of 6.7.3.4.4.

Conformity is checked as specified in 6.7.3.4.2 to 6.7.3.4.4 and Clause 8, as applicable.

6.7.3.4.1DV D2 Modification by replacing items a) and b) of the first conformity statement
with the following:

a) by the voltage test of 6.8.3.1 for 5 s or the voltage test of 6.8.3.2 using the applicable test
voltage of Table 6 for BASIC INSULATION or SUPPLEMENTARY INSULATION. The value of the d.c.
test voltage is 2 times the a.c. r.m.s test voltage. For REINFORCED INSULATION the a.c. or d.c.
test voltage is multiplied by 1,6;
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b) additionally, if the WORKING VOLTAGE exceeds 300 V, by the voltage test of 6.8.3.1 for 1 min

or the voltage test of 6.8.3.2 with a test voltage of 1,5 times the WORKING VOLTAGE for BASIC
INSULATION Or SUPPLEMENTARY INSULATION and twice the WORKING VOLTAGE for REINFORCED
INSULATION.

6.7.3.4.2 Moulded and potted parts

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors located
between the same two layers shall be separated by the applicable minimum distance of Table 8 (see
Figure 6 item L).

Conformityis checked by inspection and either by measurement of the separation or by inspe¢tion of the
manufacturer’s specifications.

Minimum values for distance o.l;at?lliilgness (see 6.7.3.4.2 t0.6.7.3.4.4)
Peak value ¢f the a.c. ord.c. Minimum value Peak value of the a.c. ord.c. Minimum yalue
WORKING VOLTAGE or WORKING VOLTAGE or
recurring peak voltage recurring peak voltage
kV mm kV mm
>0,0467 < 0,33 0,05 >8,0<10 3,5
>0,83<0,8 0,1 >10<12 45
>018<1,0 0,15 >12<15 55
>110<1,2 0,2 >15<20 8
>12<1,5 0,3 >20< 25 10
>115<2,0 0,45 >25< 30 12,5
>2/0<2,5 0,6 >30<40 17
>2|5<3,0 08 >40 < 50 22
>3]0<4,0 1,2 >50 <60 27
>410<5,0 1,5 >60 < 80 35
>5/0<6,0 2 >80 <100 45
>6|0 < 8,0 2

6.7.3.4.3 [nner insulating layers of printed wiring boards

For BASIC |INSWLATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductdrs located
between the same iwo Tayers shall be separaied by the applicable minimum distance of lable 8 (see
Figure 7, item L).

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

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

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

Conformity is checked by inspection and either by measurement of the separation or by inspection
of the manufacturer’s specifications.
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b) the insulation is assembled from at least two separate layers of printed wiring board materials, each of
which is RATED by the manufacturer of the material for an electric strength 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 thg applicable
CLEARANCH and CREEPAGE DISTANCE of 6.7.3.2 and 6.7.3.3.

Conformity is checked by measurement or by inspection of the part or therpanufacturer’s specifications.

REINFORCEP INSULATION through the layers of thin-film insulation shallalso have adequate electfic 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) the insulation consists of at least two separate layers of thin-film materials, each of which Js RATED by
the manufacturer of the material for an eléctric strength of 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 insylation consistscof-at least three separate layers of thin-film materials, any two of which have
been testefl to exhibit adequate electric strength.

strdssed“only by d.c., the 1 min d.c. test of 6.8.3.2, using the applicable test voltage fijom Table 6
multiplied by 1,6, applied to two of the three layers.

Co%formity iS checked by the a.c. test of 6.8.3.1 with a duration of at least 1 min, or) for circuits

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

6.7.3.4.4DV D2 Modification by replacing the conformity statement of item c) with the
following:

Conformity is checked by the a.c. test of 6.8.3.1 with a duration of at least 1 min, or the 1
min d.c. test of 6.8.3.2, using the applicable test voltage from Table 6 multiplied by 1,6 for
a.c. tests or by 1,6 V2 for d.c. tests, applied to two of the three layers.
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6.8 Procedure for voltage tests
6.8.1 General

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

Test equipment for the voltage tests is specified in IEC 61180-1 and IEC 61180-2.

ACCESSIBLE insulating parts of the ENCLOSURE are covered with metal foil everywhere except around
TERMINALS. For test voltages up to 10 kV a.c. peak or d.c., the distance from foil to TERMINAL is not more

than 20 mm. For higher voltages it is the minimum to prevent flashover. For guidance to these minimum
distances, $ee Table 9.

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

Table 9
Distances between TERMINALS and foil
Test voltage Distance
kV mm
10 20
20 45
30 70
50 130
70 195
100 290

ACCESSIBLH parts of controls with parts made of insulating material are wrapped in metal foil ar 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 tg be tested\may be disconnected.

The equipmentis’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.

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

NOTE 2 Where two or more protective means are used in combination (see 6.5.1), the voltages specified for REINFORCED
INSULATION might be applied to parts of circuits which are not required to withstand these voltages. To test the complete equipment
appropriately it may be necessary to test subassemblies separately.
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Table 10

Correction factors according to test site altitude for test voltages for CLEARANCES

Correction factors
Test voltage
peak 2327V <600V 2600V <3500V 23 500V <25 kV 225 kV
Test voltage
2231V <424V 2424V <2475V 22475V <17,7kV 217,7 kV
r.m.s.
Test site altitude
m
q 1,08 1,16 1,22 1,24
540 1,06 1,12 1,16 117
1000 1,04 1,08 1,11 112
2000 1,00 1,00 1,00 1,00
3000 0,96 0,92 0,89 g,88
4 000 0,92 0,85 0,80 d,79
5000 0,88 0,78 0,71 g,70
Linear intergolation is allowed.

6.8.2 Humidity preconditioning

Unless otherwise specified in this standard, the equipments subjected to humidity preconditid

the voltagd tests. The equipment is not energized during preconditioning.

This treatment need not be applied to parts thatiare clearly unlikely to be influenced by h

temperature.

Parts whig¢h can be removed without the use of a TOOL are removed and subjected
preconditigning together with the main part.

Preconditigning is carried out in.a humidity chamber containing air with a humidity of 93 % RH

The tempeyature of the air in-the'’chamber is maintained at 40 °C + 2 °C.

Before applying humidity,.the equipment is brought to a temperature of 42 °C + 2 °C, normally|

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 pn
the equipment!

ning before

Umidity and

fo humidity

3 % RH.

by keeping

ecipitate on

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 humidity
preconditioning. Parts that have been removed are re-assembled or not, whichever is less favourable.
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6.8.3 Test procedures
6.8.3.1 The a.c. voltage test

The voltage tester shall have a regulated output capable of maintaining the test voltage throughout the
test. The waveform of the test voltage shall be substantially sinusoidal. This requirement is fulfilled if the
ratio between the peak value and the r.m.s. value is N2 + 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 vo alue for at

least the sp

tage is raised uniformly from 0 V to the specified value within 5 s and held at that
ecified time.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test.

6.8|3.1DV D2 National Difference Deleted

6.8.3.2 The d.c. voltage test

The d.c. tes
peak value

t voltage shall be substantially free of ripple. This requirement is fulfilled if the ratio bptween the

of the voltage and the average value is 1,0 £ 3 %:

The d.c. tes
at least the

t voltage is raised uniformly from 0 V to the Specified value within 5 s and held at that value for

specified time.

No flashover of CLEARANCES or breakdown of salid 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
impulses. The impulse voltage.test is carried out with a 1,2/50 us waveform (see Figure 1 of IE(
The wave shape of each impulse shall be observed (see Note 1).

When verifying CLEARANGES within equipment by an impulse voltage test, it is necessary to ens
specified impulse volfage appears at the CLEARANCE. PROTECTIVE IMPEDANCE and voltage-limit
ith thesinsulation to be tested shall be disconnected.

in parallel

s between
L 61180-1).

ire that the
ng devices

—but partial

discharges are a/Iowed Part/al d/scharge will be indicated by a step in the resulting wave shape which will
occur earlier in successive impulses. Breakdown on the first impulse may either indicate a complete failure
of the insulation system or the operation of overvoltage limiting devices in the equipment.

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

NOTE 2 Partial discharges in voids can lead to partial notches of extremely short durations in the waveform which may be repeated
in the course of an impulse.
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6.9 Constructional requirements for protection against electric shock

6.9.1 General

If a failure could cause a HAZARD:

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

b) screws securing removable covers shall be captive if their length determines a CLEARANCE or CREEPAGE
DISTANCE between ACCESSIBLE conductive parts and HAZARDOUS LIVE parts;

c¢) accidental loosening or freeing of the wiring, screws, etc., shall not cause ACCESSIBLE partg to become
HAZARDOU$ LIVE;

d) CLEARANCES and CREEPAGE DISTANCES between the ENCLOSURE and HAZARDOUS LIVE parts shall not be
reduced beglow the values for BASIC INSULATION by loosening of parts or wires.

NOTE Screwp or nuts with lock washers are not regarded as likely to become loose, nor are Wires which are mecharically secured
by more than|soldering alone.

Conformity is checked by inspection and by measurement of CLEARANCES and CREEPAGE DISTANCES.
6.9.2 Insplating materials

The following shall not be used as insulation for safety pufrposes:

a) materials which can easily be damaged (for example, lacquer, enamel, oxides, anodic films);
b) non-impregnated hygroscopic materials (forexample, paper, fibres, fibrous materials).
Conformity is checked by inspection.

6.9.3 Colour coding

Green-and-yellow insulation;shall not be used except for:

a) protective earth cénductors;

b) PROTECTIVE-BONDING conductors;

c) potential equalization conductors for safety purposes;

d) functional 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 PROTECTIVE CONDUCTOR
TERMINALS.

Detachablel MAINS supply cords with MAINS connectors according to IEC 60320 shall eithef meet the
requiremenits of IEC 60799, or shall be RATED at least for the current RATING of the MAINS ¢onnedtor fitted to
the cord.
Figure 9 explains the terminology for MAINS supply cords.
Conformitylis checked by inspection and, where necessary, by measuremeut.
¢ q
¢ q
¢ q
5 7
1
3 / \
O |
¢ ¢
O -
L —— | S—
6 2
4
IEC 1015/10
su1107
Key
1 Appliance ¢oupler 5 Fixed mains socket-outlet
2 Appliance iplet 6 Mains connector
3 Cable 7 Mains plug
4 Equipment
Figure 9

Detachable MAINS supply cords and connections

6.10.1DV D2 Modification of 6.10.1 as follows:

6.10.1DV.1 Delete the reference to the requirements of IEC 60227 or IEC 60245 for MAINS
supply cords in the second paragraph.
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6.10.1DV.2 Replace the fifth paragraph with the following:

Green covered conductors (with or without yellow stripes) shall be used only for

co

nnection to PROTECTIVE CONDUCTOR TERMINALS.

6.10.1DV.3 Delete the reference to the requirements of IEC 60799 for detachable MAINS

su

pply cords in the sixth paragraph.

6.10.1DV.4 Add the following paragraphs and new note after the sixth paragraph:

Re

Nq.

R
ar
18
NO
int
en

6.10.2 Fi

6.10.2.1

MAINS supq
the equipn

a) an inlet

b) a reliabl
least five ti
flat cords, {
Conformity

6.10.2.2

. s § I | set tained in ANSUUL 817 I
21.

CSA C22.2

quirements for general use receptacles, attachment plugs, and similar wiring devices

contained in ANSI/UL 498 and CSA C22.2 No. 42, CSA C22.2 No,-182.1, CSA
2.2, and CSA C22.2 No. 182.3.

TE This subclause only applies to cords connected to the external fixed MAINS socket-outlet a
brconnecting MAINS cords. This subclause does not apply to cords ‘fully contained within t
losure.

lting of non-detachable MAINS supply cords

Cord entry

ly cords shall be protected against abrasion and sharp bends at the point where the
ent, by one of the following means:

br bushing with a smoothly rounded opening;

y fixed flexible cord guard made of insulating material protruding beyond the inlet ofg
mes the overall diameterof a cord with the largest cross-sectional area which can b
he larger cross-sectional dimension is taken as the overall diameter.

is by inspectionyand if needed by measurement of dimensions.

Cord anchorage

C22.2 No.

d to external
e equipment

cord enters

ening by at
e fitted. For

The cord anchorage shall relieve the conductors of the cord from strain, including twisting, where they are
[vmmﬁmmmwmﬁmmwm—mmm—aﬁ' i i asion. The

connectedwitt ;
protective earth conductor, if any, shall be the last to take the strain if the cord slips in its anchorage.

Cord anchorages shall meet the following requirements:

a) the cord

b) knots in

shall not be clamped by a screw which bears directly on the cord;

the cord shall not be used;

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

d) failure of the cord insulation in a cord anchorage which has metal parts shall not cause ACCESSIBLE

conductive

parts to become HAZARDOUS LIVE.
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e) it shall not be possible to loosen the cord anchorage without the use of a TOOL.

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

A compression bushing shall not be used as a cord anchorage unless it is suitable for use with the MAINS
supply cord supplied with it or specified for it by the manufacturer.

Conformity

For each ¢

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

as far as

possible. It
time in the
value show
anchorage

mbination of cord and. huehing the caord_is ,nuchnrl inta_the nr;mi'nmpnf mnmmll}
is then subjected 25 times to a steady pull of the value shown in Table 11, applied-f
least favourable direction. Immediately afterwards it is subjected for 1 min to~ato
n in Table 11. The torque shall be applied as close as possible to the external end
pbr bushing.

br 1 s each
rque of the
of the cord

Table 11
Values for physical tests on cord anchorages
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 tets:
1) the cord shall not have been damaged;

2) the cord

shall not have been dispfaced longitudinally by more than 2 mm;

3) there shall be no signs of strainrat the point where the anchorage clamps the cord;

4) CLEARAN

5) the cord
least 1 min

CES and CREEPAGE DISTANCES shall not have been reduced below the applicable valu

shall pass the a.c. voltage test of 6.8.3.1 (without humidity preconditioning) with a du
as follows:

es,

ration of at

i) for equipment with a protective earth conductor, the test is made belween 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-toneutral voltage;

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

6.10.3 Plugs and connectors

Plugs and connectors for connecting equipment to the MAINS supply, including appliance couplers used to
connect detachable MAINS supply cords, shall conform to the relevant specifications for plugs, socket-
outlets and connectors.
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If the equipment is designed to be supplied only at voltages below the level of 6.3.2 a) in NORMAL
CONDITION or SINGLE FAULT CONDITION, or from a source used solely to supply that equipment, the plugs of

the power supply cord shall not fit into the socket-outlets of MAINS supply systems at voltages above the
RATED supply voltage of the equipment. MAINS-type plugs and sockets shall not be used for purposes other

than connection of a MAINS supply.

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

On equipment with accessory MAINS socket-outlets:

a) if the ouftetean auucpt astandarcHvAiNS cupp:y p:uy, there-shaltbe-amarkit gas cpcu;f;cd iy 5.1.3 8),

b) if the outlet has a TERMINAL contact for a protective earth conductor, the input MAINS-supply|connection

to the eqyipment shall include a protective earth conductor connected to a PROTECTIVE £ONDUCTOR
TERMINAL.

Conformity is checked by inspection. For plugs receiving a charge from\ ah internal capacitor, the
measuremgents of 6.3 are made to establish that the levels of 6.3.1 c) are not'‘exceeded.

6.10.3DV D2 Addition of the following to identify Canadian.and United States standards for
MAINS connectors:

Rdquirements for plugs of MAINS cords are contained in ANSI/UL 498 and CSA C22.2 No. 42,
CSA C22.2 No. 182.1, CSA C22.2 No. 182.2, and-CSA C22.2 No. 182.3.
6.10.4DV D2 Addition of new subclauses:

6.10.4DV.1 PERMANENTLY CONNECTED EQUIPMENT

Equipment intended for permanent connection to the MAINS shall meet the requirements of
Annex DVD.

Canformity is checked as specified in Annex DVD.
6.10.4DV.2 PERMANENTLY CONNECTED EQUIPMENT

Equipment’intended for permanent connection to the MAINS shall meet the requirements of
Annex.DVD.

Open-type or enclosed-type equipment for permanent installation of the MAINS shall meet
the requirements of Annex DVE.

Conformity is checked as specified in Annex DVE.

6.11 Disconnection from supply source
6.11DV D2 Modification of the title:

Add “and maintaining polarity” to the end of the subclause title.
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6.11.1

General

Except as specified in 6.11.2, equipment shall be provided with a means for disconnecting it from each
electrical supply source, whether external or internal to the equipment. The disconnecting means shall

disconnect

all current-carrying conductors.

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

Conformity

is checked as specified in 6.11.3.1 t0 6.11.4.3.

6.11.2 Exceptions

A disconne
NOTE Examp
a) equipment i

b) equipment
value that, if
HAZARD can

c) equipment
protection, an
overload or sh

Conformity
no HAZARD

Cting device is not required if a short circuit or overload cannot cause a HAZARD:
les include:
htended for supply only from a low energy source such as a small battery or signal powéred equipment;

ntended only for connection to an impedance protected supply. Such a supply ,is one having an imped
he equipment is subjected to an overload or short circuit, the RATED supply conditions are not exce

prise;

vhich constitutes an impedance protected load. Such a load is @ component without discrete overcurrg
of such impedance that the RATING is not exceeded if the circuit 6f which the component is a part is sy
prt circuit.

is checked by inspection. In case of doubt'@ short circuit or overload is applied to
Can arise.

6.11.3 Requirements according to type of-equipment

6.11.3.1

PERMANENT]
as the mea

If a switch i
a) a switch

b) it mustb

PERMANENTLY CONNECTED EQUIPMENT and multi-phase equipment

| Y CONNECTED EQUIPMENT and multi-phase equipment shall employ a switch or cirG
ns for disconnection.

5 not part of the'equipment, documentation for equipment installation shall specify th
pr circuit-breaker must be included in the installation;

b suitably located and easily reached;

ance of such
eded and no

nt or thermal
bjected to an

check that

uit-breaker

c) it must be marked as the disconnecting device for the equipment.

Conformity

is checked by inspection.

6.11.3.2 Single-phase cord-connected equipment

Single-phase cord-connected equipment shall have one of the following as a disconnecting device:

a) a switch or circuit-breaker;

b) an appliance coupler which can be disconnected without the use of a TooL;
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c) a separable plug, without a locking device, to mate with a socket-outlet in the building.
Conformity is checked by inspection.

6.11.4 Disconnecting devices

6.11.4.1 General

If a disconnecting device is part of the equipment, it shall be located electrically as close as practicable to
the supply. Power-consuming components shall not be electrically located between the supply source and
the discon pr‘ﬁng device pyr‘ppf that plpnfrnmqgnpfir‘ interference si |plnrpccinn circuits are Ir'm-rT]itted to be

located onjthe supply side of the disconnecting device.

Conformity is checked by inspection.
6.11.4.2 Pwitches and circuit-breakers

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

An equipmrent 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. Iffthere is only one device — one switch or ongcircuit-breaker — symbols 9 and 10 of|Table 1 are
sufficient iffthe symbols are marked on or adjacent te.the switch or circuit-breaker.

A switch shall not be incorporated in a MAINS supply cord.

A switch off circuit-breaker shall not intertupt a protective earth conductor.
Conformity is checked by inspectioh:

6.11.4.3 Appliance couplers'and plugs

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

Conformity is checked by inspection.
6.11.5DV D2 Addition of a new subclause:
6.11.5DV.1 Polarity of Connections to the MAINS Circuit

Any line-connected single-pole switch, any center contact of a lampholder, and any
automatic control with a marked off position shall be connected to a TERMINAL or lead
intended for connection to the ungrounded conductor of the supply circuit.

NOTE An “ungrounded” supply conductor is one that is not connected to protective earth at any point in the
building installation.
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7 Protection against mechanical HAZARDS
7.1 General

The equipment shall not cause a mechanical HAZARD in NORMAL USE, Or cause a HAZARD in @ SINGLE-FAULT
CONDITION that might not be easily noticed. Mechanical HAZARDS include, but are not limited to, the

following:
a) sharp edges which could cause cuts (see 7.2);

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

c) unstable lequipment that could fall on a person while in use or while being moved (see 7-4);

d) falling equipment, resulting from breakage of the carrying device (see 7.5), wall.mounting bracket (see
7.6) or othelr support part (see 7.5); and

e) 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 thexmass of each individual unit. Hpwever, if one
or more units gre intended to be attached to and supported by another unit, these units.are treated as a single unit.

Conformitylis checked as specified in 7.2to 7.7.
7.2 Sharp edges

All easily-tquched parts of the equipment shall be.smooth and rounded so as not to cause injury during
NORMAL UsE of the equipment.

Unless the|fault presents an obvious HAZARD, easily-touched parts of the equipment shall not cause an
injury in SIN[GLE FAULT CONDITION.

Conformity|is checked by inspection and, if necessary, by application of an object that represefts a finger
in size, shape and hardness, to:check for abrasions or cuts.

NOTE An acc¢ptable procedure is-outlined in UL 1439.
7.3 Moving parts

7.3.1 Gerneral

HAZARDS from moving parts shall not exceed a tolerable level except as specified in 7.3.2. The conditions

specified in 7.3.4 and 7.3.5 are considered to represent a tolerable level. If these conditions are not met, a
RISK assessment shall be carried out according to 7.3.3 or Clause 17.

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

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

7.3.2 Exceptions

If it is not feasible for operating reasons to prevent certain moving parts from causing a potential HAZARD,
access is permitted in the following circumstances.
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a) Equipment with easily-touched moving parts which are obviously intended to operate on parts or
materials external to the equipment, for example drilling and mixing equipment, shall be designed to
minimize inadvertent touching of these moving parts (for example, by guards or handles).

b) If, during routine maintenance outside NORMAL USE, it is unavoidable for technical reasons for an
OPERATOR to perform a function which requires access to moving parts that could cause a HAZARD, access

is permitted if all of the following precautions have been taken:

1) access is not possible without the use of a TOOL;

2) the instructions for the RESPONSIBLE BODY include a statement that OPERATORS must be trained
bef DIC lL)Cil Y d“UWCUI tU PCI fUI LLL ii 1T ;IdeI u'uua UpCI diiUI I,

3) there are warning markings on covers or parts which have to be removed_ to,ebtgin access,
prohibiting access by untrained OPERATORS. As an alternative, symbol 14 of TableA shall be placed
on {he covers or parts, with the warnings included in the documentation.

Conformity is checked by inspection.

7.3.3 RISK assessment for mechanical HAZARDS to body parts

RISKS shalllbe reduced to a tolerable level by at least the applicable minimum protective measure of Table
12, taking into account the severity, probability of exposure and{assibility of avoiding the HAZARD.

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

Table 12
Protective measures against mechanical HAZARDS to body parts
Mechanical HAZARD conditions Minimum protective
Severjty? Probability of exposure® Possibility of avoiding the HAZARD® measures*
S E, P, C
S E, P, C
S E, P, C
S E, P, B
M E, P, B
M E, P, A
M E, P, A
M E, Py No action
2 Severity:

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

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

- The motion is visible and velocity is low enough for body parts to be removed without being trapped, or

Table 12 Continued on Next Page


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

92

CAN/CSA-C22.2 No. 61010-1-12 + ANSI/ISA-61010-1
(82.02.01) ¢+ UL 61010-1

JUNE 6, 2023

Table 12 Continued

Mechanical HAZARD conditions

Severity?

Probability of exposure® Possibility of avoiding the HAZARD®

Minimum protective
measures®

- an audible or visible alarm is activated before body parts can be trapped.
P, = No possibility of avoidance:

Conditions other than P1.
4 Minimum protective measures:

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), pr separations (see ISO 13854 or EN 349).
C = Stringenf measures; interlocks, PROTECTIVE BARRIERS or covers removable only with a TOOL and with.instrtictions to
disconnect frpm the power source.
7.3.4 Limjtation of force and pressure
The physical levels specified below are not considered to be hazardous. Theyare based on a cpmbination
of contact force, duration and contact area. The levels below shall be’met in NORMAL CONpPITION and
SINGLE-FAULT CONDITION.
The maximpm tolerable continuous contact pressure is 50 N/cm?:With a maximum force of 150 N.
The maximpm tolerable temporary force for body contact areas of at least 3 cm? is 250 N for § maximum
duration of P,75 s.
Conformity|is checked by inspection and, in case\of doubt, by measurement. For the purpgses of this
subclause, |the width of a finger is considered#o be 1,2 cm and the width of any other bpdy 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 off the moving part, or the cross-segtional contact area of the moving part, if smaller.
EXAMPLE In f particular case, a finger might-be*able to touch a moving part that is 0,9 mm wide. If the part can exerfa continuous
force of 40 N, then the contact pressure would-be calculated as:
Area = 1,2 cm|x 0,09 cm = 0,108 cni®
Pressure = 40[N / 0,108 cm?= 370 N/cm?
In this case, the presstire/ exceeds the permissible limit even though the force is less than the permissible limit. In this case, the
moving part wpuld be-considered to be hazardous.
7.3.5 Gap limitati W vi
7.3.5.1 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 value larger 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.

Conformity is checked by inspection and, in case of doubt, by measurement.


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 ¢ ANSI/ISA-61010-1
JUNE 6, 2023 (82.02.01) ¢+ UL 61010-1 93

7.3.5.2 Gap limitations between moving parts — Access normally prevented

While parts are moving, gaps between moving parts into which body parts could be inserted shall not
increase to more than the acceptable gap of Table 14, in NORMAL CONDITION and SINGLE-FAULT CONDITION.

Conformity 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
avoid .
Part of body crushing lllustration
mm
>N
Torso 500 )I Q
7
Head 300 °
‘ —
Leg 180 ‘By
Foot 120 ]_I_-g
50 max
Toes 50 v
>
Arm 120 ?/E
/\
&
Hand, wrist, fist 100 /§L(
>
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.

su1108
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Table 14
Maximum gaps to prevent access for different body parts
Maximum Gap (a) ? to prevent access
Part of body
mm
Head 120
Foot 35
Finger 4

@ See Table

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.

13 for examples of gap (a)

7.4 Stabllity

Equipment
physically

If means @re provided to ensure that stability is maintained after thesopening of drawers,
either these means shall be automatic or there shall be a warning marking to apply the means.

OPERATOR,

Each castdg
and suppo

Conformity
that the e

provides tH
NORMAL US

a) Equipm
position.

b) Equipm
equipment|
m. The for
surfaces i

doors, drawers, etc., intended to be opened by an OPERATOR, are in their least favourable positi

¢) Floor-standing-equipment has a force of 800 N applied downwards at the point of maximum i

and assemblies of equipment not secured to the building structure before operat
stable.

r and support foot shall be RATED to support a load notdess than its normal load, or
t feet shall be tested according to d) or e), below.

is checked by inspection and by carrying out €ach of the following tests, if applicabl
guipment will not overbalance. Containers’contain the RATED amount of subst

e least favourable conditions of NORMAL'USE. Castors are in their least favourable
F. Doors, drawers, etc. are closed unless otherwise specified below.

bnt other than HAND-HELD EQUIPMENT is tilted in each direction to an angle of 10° fror

bnt which has both a height of 1 m or more and a mass of 25 kg or more, and all flg
has a force applied+at its top, or at a height of 2 m if the equipment has a height of
ce is 250 N, or 20\% of the weight of the equipment, whichever is less, and is a
directions whichcould cause the equipment to topple. Stabilizers used in NORM,

on shall be

etc. by an

the castors

p, fo ensure
ance which
position of

n its normal

or-standing
more than 2
bplied to all
\L USE, and
ons.

noment to:

1) g

IMhorizontal 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.

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

e) The castor or support foot that supports the greatest load is removed from the 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.
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7.5 Provisions for lifting and carrying

7.5.1 General

Equipment or parts having a mass of 18 kg or more shall be provided with a means for lifting and carrying,
or directions shall be given in the documentation.

Conformity

is checked as specified in 7.5.2 and 7.5.3.

7.5.2 Handles and grips

If carrying
withstandin|

Conformity

A single hg
Unless the
performing
grip, withot
maintained

If more tha
proportion
that it may

After the te
any permai

Te

handles or grips are fitted to the equipment, or supplied with it, they shall be
g a force of four times the weight of the equipment.

is checked by inspection and by the following test.

ndle or grip is subjected to a force corresponding to four times the weight of the
handle mounting screws (if any) are secured against loosening, ene screw is remo
these tests. The force is applied uniformly over a 70 mm width”at the centre of th{
t clamping. The force is steadily increased so that the tést value is attained afte
for a period of 1 min.

0 one handle or grip is fitted, the force is distributed between the handles or grips i
S in NORMAL USE. If the equipment is fitted with.tnore than one handle or grip but is s
adily be carried by only one handle or grip,the total force is applied to each handle

5ts the handles or grips shall not have.broken loose from the equipment and there s
ent distortion, cracking or other evidence of failure which could cause a HAZARD.

7.5.3 Lifting devices and supporting. parts

Parts of lifti
tested to wi

Conformity

A total load
in NORMAL U

ng devices and parts that.support heavy loads shall be RATED for the maximum load
thstand four times the. maximum static load.

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

equal tofedr times the maximum load is placed at the least favourable position of a
SE.

During the

capable of

bquipment.
ved before
e handle or
y 10 s and

h the same
b designed
or grip.

hall not be

or shall be

RATED load

est, no part of a lifting device or a load support shall break or deform fo an exten

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.

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


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 ¢ ANSI/ISA-61010-1

(82.02.01) ¢+ UL 61010-1 97

JUNE 6, 2023

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 specified for mounting a bracket, then one fastener is removed and 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 could cause a

HAZARD.

7.7 Expellled parts

Equipment shall contain or limit the energy of parts which could cause a HAZARD if‘\expelled in the event of

a fault.
The meang of protection against expelled parts shall not be removable without the aid of a ToOL.
NOTE Clausg 8 does not address HAZARDS from parts that could be expelled from inside the equipment.

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

8 Resistance to mechanical stresses

8.1 Gengral

Equipment shall not cause a HAZARD when subjected to mechanical stresses likely to occur in NORMAL USE.
The normdl energy protection level required is 5 J. Levels below 5 J but not less than 1 J are permitted
provided that all the following criteria are met:

a) the lowdr level is justified by'a RISk assessment carried out by the manufacturer (see Clause|17);

b) when the equipmentis installed in its intended application it cannot easily be touched by upauthorized
persons or|the genefalpublic;

C) in NORWMALNUSE, the equipment is only accessed for occasional operations such as adjustment,
programming.or maintenance;

d) the equipment is marked with an IK code in accordance with IEC 62262 or with symbol 14 of Table 1,
and the RATED energy level and test method are stated in the accompanying documentation. For non-
metallic ENCLOSURES with a minimum RATED ambient temperature below 2 °C, the stated value shall be
that applicable to the lowest RATED ambient 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;
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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 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 ENCLOSURE are not subjected to the tests of 8.2.1 and 8.2.2;

After the te

sts, visibly damaged windows and displays shall be inspected to check that HAZA

RDOUS LIVE

parts excegding the values of 6.3.2 have not become ACCESSIBLE, and insulation of all other parts of the
ENCLOSURE| which could have been affected by the tests shall pass the voltage)tests of 68 (without
humidity pfeconditioning) applicable to the type of insulation (see 6.7). In_@ddition the equipment is
inspected t check that:

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

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

iif) CLEARANCES are not less than their permitted values;

iv) the insulation of internal wiring remains undamaged;

V) PROTECT|VE BARRIERS necessary for safety have not been damaged or loosened;

vi) no movipg parts are exposed, except as permitted by 7.3;

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

8.2 ENCLOSURE rigidity tests

8.2.1 Stalic test

The equipment is\held firmly against a rigid support and subjected to a force of 30 N app
hemispherigal end of a hard rod of 12 mm diameter. The rod is applied to each part of the

which could easily be touched when the equipment is ready for use, including any part of the
PORTABLE EQUIPMENT, and which could cause a HAZARD If distorted.

ied by the
ENCLOSURE
bottom of

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

8.2.2 Impact test

Bases, covers, efc., intended fo be removed and replaced by an OPERATOR have their fixing screws
tightened using a torque likely to be applied in NORMAL USE. With the equipment held firmly against a rigid
support, the impact is applied to any point on surfaces which are easily touched in NORMAL USE and which
would be likely to cause a HAZARD if damaged.
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NOTE A support is considered to be sufficiently rigid if its displacement is less than or equal to 0,17 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.

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 i§ held firmly
against a figid 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 tg allow both
the method of Figure 10 a) and Figure 10 b).

Figure 10 @) shows the impact applied to a horizontal surface, with the sphere allowed to fall ffeely from a
height of X

Figure 10 b) shows the impact applied to a vertical surface;with the sphere suspended by|a cord and
allowed to ffall as a pendulum through a vertical distance of X,

In both cades the dimension X is determined from Tablé15 according to the energy level to be applied.

-

>
N
Frm e

I

IEC 1016/10
Figure 10a - Impact applied to a Figure 10b - Impact applied to a vertical
horizontal surface surface
su1109
Key
1 Sphere start position 2 Sphere impact position
3 Test sample 4 Rigid supporting surface

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

Figure 10

Impact test using a sphere
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Table 15
Impact energy levels, test height and corresponding IK codes
Impact energy level
and IK Code
1 (IK06) 2 (IK07) 5 (IK08)
Vertical fall 200 400 1000

distance (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 sutface of concre
It is then tilted about each bottom edge in turn so that the distance between the-opposite edge &
surface is 100 mm for equipment up to 20 kg, 256 mm for equipment between-20 kg and 100 kg
the angle made by the bottom and test surface is 30°, whichever is less\Sévere. It is then alld
freely onto the test surface.

If the numbgr 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 un
one or more uhits are intended to be attached to, or supported by, another unit, these units are treated as a single unit.

The metho
the test fac

of test shall not allow the equipment to\topple onto any other face instead of falling
b as intended.

8.3.2 HAND-HELD EQUIPMENT and DIRECT PLUG-IN EQUIPMENT

The equipment is dropped once through a distance of 1 m onto a 50 mm thick hardwood boa
density of more than 700 kg/m>lying flat on a rigid base such as concrete. The equipment is
that it landq in the position expected to present the most severe condition.

Non-metall,
cooled to th

c ENCLOSURES -of equipment with a minimum RATED ambient temperature below
e minimum-RATED ambient temperature, then tested within 10 min.

te or steel.
nd the test

or so that
wed to fall

t. However, if

back onto

d having a
iropped so

2 °C are

9 ProtecTon against the spread of fire

9.1 General

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

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

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

CONDITION.

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

equipment. The conformity criteria of 4.4.4.3 shall be met.

b) Verifying elimination or reduction of the sources of ignition within the equipment as specified in 9.2.
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c¢) Verifying, as specified in 9.3, that if a fire occurs it will be contained within the equipment.

These alternative methods can be applied throughout the equipment or individually for different sources of
HAZARDS or for different areas of the equipment.

NOTE 1 Methods b) and c) are based on fulfilling specified design criteria, in contrast to method a) which relies entirely on testing in
specified SINGLE FAULT CONDITIONS.

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

Containment of a fire within

Testing ifthe
SINGLE HAULT
CONDITIDNS
(see 4.4)[that
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the equipment
9.2

4l . 4 1 bld,
e cQuiIpItier I, SHouiu It

occur

9.3

|
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Energy Separation
limitation requirements
9.2a)1) 9.22a)2)

Y Y

Requirements related to flammable
liquids

Energizing of
the equipment
is contrelled’ by
a swjtch that is
held closed by

Constr{iction
requirements for
compopents
9.3.2a)@nd b)

the

y

OPERATOR
9.3.1a)

9.2b)

y

Testing of circuits designed to
produce heat in SINGLE FAULT
CONDITIONS whigh could cause
ignition
9.2¢)

ENCLOBURE
requireents
9.32¢)

Requirenients for
flammablg liquids
9.5[)

su1110

{ ACCEPTABLE

Overcurrent protection
9.6

Y

Figure 11

IEC 1017/10

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-energy values as specified in 9.4.

2) ipsulation between parts at different potentials meets the requirements for BASICAINSYLATION, or it
can be demonstrated that bridging the insulation will not cause 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 tolerable Jevel as specified in 9.5

Conmformity is checked as specified in 9.5.
c) In circuifs 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.

9.3 Contpinment of fire within the equipment, should it occur
9.3.1 General

The possilility of the spread of fire outsidesthe equipment is considered to be reduced to a tolefable level if
the equipnjent meets one of the following:-constructional requirements:

a) energizipg of the equipment is controlled by a switch that needs to be continuously held in the energized
state by th¢ OPERATOR,;

~h

9.3.2 and

b) the equipment and the equipment ENCLOSURE conform to the constructional requirements ¢
the applicgble requirements of 9.5 are met.

Conformity is checked by inspection and as specified in 9.3.2 and 9.5.

9.3.2 Constructional requirements
The following constructional requirements shall be met.

a) Connectors and insulating material on which components are mounted shall have a flammability
classification V-2, or better, of IEC 60695-11-10. See also 14.7 for requirements for printed wiring boards.

NOTE 1 V-0 is better than V-1, which is better than V-2.

Conformity is checked by inspection of data on materials, and, in case of doubt, by performing the
vertical burning test of IEC 60695-11-10 on samples of the material used in the relevant parts.

b) Insulated wires and cables shall retard flame propagation.
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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:

1) for wires and cables with overall cross-sectional area of the conductors exceeding 0,5
mm?, 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.

¢) The ENCLOSURE shall meet the following requirements:

nT
limit

2)T|
of n

3)T
Con

c) 2
mat

9.3
Fl

cla

9.3

he bottom and sides of the ENCLOSURE within the 5° arc of Figure 13 of circuits t
d circuits according to 9.4 shall comply with one of the following requirements:

i) have no openings;
i) be made of metal with perforations as specified in Table 16;

ii) be a metal screen with a mesh not exceeding 2 mm x_2,mm centre to centre
diameter of at least 0,45 mm;

iv) have openings with baffles according to Figure 12:

he ENCLOSURE, and any baffle or flame barrier, shall be made of metal (except mag
bn-metallic materials having a flammability classification of V-1 or better, of IEC 6069

he ENCLOSURE, and any baffle or flame bartier, shall have adequate rigidity.

formity is checked by inspection. In‘case of doubt, the flammability classification of r
is checked by performing the cvertical burning test of IEC 60695-11-10 on sam
brial used in the relevant parts,

2DV.1 D2 Addition of the following to the end of item a):

mability RATINGS,of ANSI/UL 94 V-0, V-1, and V-2 are considered equivalent tg
sifications of IEC 60695-11-10.

2DV.2:D2 Addition of the following to the end of Note 2:

Flalnmability RATINGS FT-1 of CSA C22.2 No. 0.3 and VW-1 of ANSI/UL 1581 are also considered a(

hat are not

and a wire

nesium) or

5-11-10.

bquirement
bles of the

the same

tceptable for

insulated wire and cable.
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Table 16

Acceptable perforation of the bottom of an ENCLOSURE

su1111

Key

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
3,81 1,31 3,13 (72 hotesto45 |m2)
0,89 1,90 3,18
0,91 1,60 2/
0,91 1,98 3,18
1,00 1,60 2,77
1,00 2,00 3,00
1
™Y
X ¢
A

Y = twice X but never less than 25 mm

IEC 1018/10

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

Figure 12
Baffle
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Key
A Part or com

D

su1166

idered to be a source of fire HAZARD  This consists of an entire com;

ponent or part

of the equipment if it is not otherwise shielded, or the unshielded portion of a component that is partially shielded by its casing.

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

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

D Minimum area of the bottom to be constructed as specified in 9.3.2 c) 1).

Figure 13

Area of the bottom of an ENCLOSURE to be constructed as specified in 9.3.2 c) 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)
vallies of Table 18;

3) g

urrent is limited by an overcurrent protection device so that it cannot exceed the

regulating network limits the maximum available current so that it cannot\exceed f{

valjie of Table 17 in NORMAL CONDITION or as a result of a fault in the regulating network.

c)ltis sepIrated by at least BASIC INSULATION from other circuits having energy values exceedin

or b) above.

If an over
electromeghanical device.
Conformity

maximum available current, under the following conditions:

i) the poter

ii) output ¢

produces the highest value of current.

Table 17
Limits of maximum available current

current protection device is used, it shall be a fuse, of)a non-adjustable non-s

is checked by inspection and by measuring the potentials appearing in the cird

tials appearing in the circuit are measured-in the load condition that maximizes the

Lirrent is measured after 60 s of operation, with the resistive load (including short ¢

applicable

he relevant

g criteria a)

bIf-resetting

uit and the

oltage;

rcuit) which

Open-circuit output voltage (U or 0) Maximum available current
\'/ A
a.p.r.m.s. d.c. Peak? a.c.r.m.s. prd.c.
Us2 Us2 U<28 50
24qUsi25 2<Us<125 28<0U<17,6 100/
12,570 18,7 25 UST18,7 1760264 8
18,7<U<30 18,7 <U<60 264<U<424 150/ U
2 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.
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Table 18
Values for overcurrent protection devices
Potential appearing in the circuit (U or ) Current that the device
breaks after not more than
120 sP¢
\' A
a.c.r.m.s. d.c. Peak?® a.c.r.m.s.ord.c.
Us2 Us<2 U<28 62,5
2<U<12,5 2<Us<125 28<0<17,6 125/U
12,5<U<18,7 125<U<187 17,6<U0<26,4 10
18,7]< U< 30 18,7<U<60 26,4<0<424 2007l
@ The peak vhlue (U) applies to non-sinusoidal a.c. and to d.c. with ripple exceeding 10 %, and is provided for convehignce. The
r.m.s. value ¢f 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 curfent. (For example, an ANSI/UL 248-14 5 A fuse 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 breakirjg current of fuses is dependent on temperature, and this has to be taken into accountif the temperature ifnmediately
around the fyse is significantly higher than the room temperature.

9.5 Requ

Flammable
in NORMAL (

The HAZARL
following re

a) The tem
and SINGLE
the liquid (s

NOT|E 1 Fire point is the temperature to which a liquid must be heated (under specified conditions) so that

mixty

b) The quantity of liquid is limited to an amount that could not cause the spread of fire.

c) If the ligy
Detailed ins

rements for equipment containing or using flammablé Jiquids

liquids contained in, or specified for use with, the €quipment shall not cause the sp
ONDITION Or in SINGLE FAULT CONDITION.

s arising from flammable liquids are considéred to be reduced to a tolerable level if
quirements is met.

perature of the surface of the liquid-and parts in contact with the surface, in NORMAL
FAULT CONDITION, is limited to a'temperature not exceeding t — 25 °C, where t is the
ee 10.3 b)).

re at the surface will support a flame for at least 5 s when an external flame is applied and withdrawn.

id can be\ignited, the flames are contained to prevent the spread of fire outside the

tructionsfor use shall be provided to establish adequate RISK reduction procedures|

read of fire

one of the

CONDITION
ire point of

he vapour/air

equipment.

Conformity

Conformity

Tertort

with c) is checked as specified in 4.4.4.3.

bd in 10.4.

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 protection devices shall not be fitted in the protective conductor. Fuses or single pole circuit-
breakers shall not be fitted in the neutral conductor of multi-phase equipment.

NOTE 2 Ovefcurrent protection devices (for example, fuses) should preferably be fitted in all supply conductors. (fifus¢s are used as
overcurrent grotection devices, the fuse holders should be mounted adjacent to each other. The fuses should b¢ of the same
RATING and haracteristic. Overcurrent protection devices should preferably be located on the supply side of the MAINS CIRCUITS
in the equipmient, including any MAINS switch. It is recognized that, in equipment generating high frequencies, it is egsential for the
interference quppression components to be located between the MAINS supply and the overcurrent protection devices

Conformity is checked by inspection and by measurement, and for solid insulation by the a.c. yoltage test
of 6.8.3.1 ¢r the d.c. voltage test of 6.8.3.2 (without humidity preconditioning) using the test voltage from
Table 5 fonl BASIC INSULATION for the appropriate line-to-neutral voltage ‘for 1 min. EMC capacitprs meeting
the requirements of Clause 14 may be disconnected during the voltage-test.

9.6.1ADV D2 Addition of the following for connections to overcurrent protective dlevices:

9.6.1ADV.1 A single-pole circuit breaker used“as an overcurrent protective device shall be
connected in the ungrounded supply conductor.

NQTE An “ungrounded” supply conductor is-one that is not connected to protective earth at any point in the
building installation. A “grounded” supply conductor is one that is connected to protective earth at fome point in
the building installation. It is sometimes called the “neutral conductor”.

9.6.1ADV.2 A multiple-pole circuit breaker used as an overcurrent protective device or
devices shall be so consftructed as to interrupt all of the neutral (grounded) and
ungrounded conductaors .of the MAINS supply simultaneously.

9.6.1ADV.3 A single fuse used as an overcurrent protective device shall be conngcted in
th¢ ungrounded supply conductor.

9.6.1ADV.4 Where fuses are used as overcurrent protective devices in both the neutral
(grounded) and ungrounded supply conductors, the fuseholders shall be mounted
adjacent to each other and the fuses shall be of the same RATING and characterisiics.

9.6.1ADV.5 The screw shell of a plug fuseholder and the ACCESSIBLE contact of an extractor
fuseholder connected to the ungrounded supply conductor shall be connected towards the
load. The ACCESSIBLE contact or screw shell of fuseholders connected in the neutral
(grounded) conductor shall be located towards the grounded supply line.
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9.6.1ADV.6 D2 National Difference Deleted
9.6.2 PERMANENTLY CONNECTED EQUIPMENT

Overcurrent protection devices are optional in PERMANENTLY CONNECTED EQUIPMENT. If none are fitted, the
installation instructions shall specify the characteristics of the overcurrent protection devices required in

the building

Conformity

installation.

is checked by inspection.

9.6.3 Oth
If an overcuy
Conformity
10 Equip
10.1 Surf

The tempe
and 105 °C

Easily toud

permitted t
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If easily to
otherwise
exceed 104
function or

values excg¢eding the values in Table 19 in NORMAL CONDITION and 105 °C in SINGLE FAULT CONC

notto be m
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rrent protection device is provided, it shall be within the equipment.
is checked by inspection.

ment temperature limits and resistance to heat

ace temperature limits for protection against burns

ature of easily touched surfaces shall not exceed thewalues of Table 19 in NORMAL
in SINGLE FAULT CONDITION, at an ambient temperature of 40 °C.

hed surfaces of equipment RATED for amaximum ambient temperature above
b exceed the values of Table 19 in NORMAL CONDITION, and to exceed 105 °C in sI

iched heated surfaces are nec€ssary for the processing or heating of materials
ot avoidable, they are permitted to exceed the values of Table 19 in NORMAL CONDI]

°C in SINGLE FAULT CONDJTION, provided that they are recognizable as such by app
are marked with symbol. .13 of Table 1. Equipment heated by its environment to tg

brked with symbol43.

ICONDITION,

40 °C are
NGLE FAULT

o

by not more than the amount by which:the maximum RATED temperature exceeds 40(°C

. or where
[ION and to
earance or
emperature
ITION need

Surfaces protected by barriers that prevent them from being touched accidentally are not consiglered to be

easily touch

ed surfaces; provided that the barriers cannot be removed without the use of a Tool.
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Table 19
Surface temperature limits in NORMAL CONDITION
Part Limit
°C
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) snfall areas ( <2 cm?) that are not likely to be touched in NORMAL 100
USE
2 Knobs gnd handles (NORMAL USE contact)
a) mgtal 55
b) pldstics 70
c) glgss and ceramics 65
d) nop-metallic parts thatin NORMAL USE are held only for short periods 70
(1p—45s)
NOTE ISO 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 tq check that
they prote¢t against accidentally touching surfaces that aré at temperatures above the values of Table 19,
and that they cannot be removed without a TOOL.
10.2 Tenjperature of windings
If a HAZARD could be caused by excessive temperature, the temperature of the insulating|material of
windings shall not exceed the values of Table 20 in NORMAL CONDITION and SINGLE FAULT CONDIT|ON.
Conformity is checked by measurement as specified in 10.4, in NORMAL CONDITION and in the applicable
SINGLE FAULT CONDITIONS of 4.4.2.5,4.4.2.10 and 4.4.2.11, and also in any other SINGLE FAULT|CONDITIONS
that could ¢ause a HAZARD as a.result of excessive temperature.
Table 20
Maximum temperatures for insulation material of windings
dlass.of insulation NORMAL CONDITION SINGLE FAULT CONDITION
(see’IEC 60085) °C °C
Class A 105 150
Class B 130 175
Class E 120 165
Class F 155 190
Class H 180 210

10.3 Other temperature measurements

The following other measurements are made, if applicable, for the purposes of other subclauses. Tests are
made in NORMAL CONDITION unless stated.
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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 0f 4.4.2.10 and 4.4.2.11 (in connection with 9.5 a)).

¢) The temperature of non-metallic ENCLOSURES is measured during the test of 10.5.1 (to establish a base

temperature for the test of 10.5.2).

d) The tem
MAINS supp

e) The tem
in case of p|

10.4 Con
10.4.1

Equipment
specifies 0
intermittent

Maximum 1
and adding

Alternative
RATED amb

Measures 3
(e.g. suitab
movement

The tempe
core laming
using temf
temperatur

difficult to npeasuresresistance.

Temperaturles are measured when steady state has been reached.

Gdneral

perature of parts made of insulating material which are used to support parts conne

cted to the

y (to establish a temperature for test 1) of 10.5.3).

perature of TERMINALS carrying a current exceeding 0,5 A if substantial heat could be
por contact (to establish a temperature for test 1) of 10.5.3).

Huct of temperature tests

shall be tested under reference test conditions. Unless“\a particular SINGLE FAULT
therwise, the manufacturer’s instructions concerning- ventilation, cooling liquid,
use, etc. are followed. Any cooling liquid shall be atthe highest RATED temperature.

emperature is determined by measuring the temperature rise under reference test
this rise to 40 °C, or to the maximum RATED @mbient temperature if higher.

y, temperature measurements are made at the least favourable ambient temperature
ient temperature range of the equipment if this represents a less favourable

re taken to eliminate errors caused by the method of achieving the test ambient tg
e baffling or enclosure if the-test is conducted in an environmental chamber and thg
would cool the exterior of the equipment).

ature of insulating material of windings is measured as the temperature of winding
tion in contact with the insulating material. It can be determined by the resistance m
erature sensors’ selected and positioned so that they have a negligible effe
b of the wihding. The latter method may be used if the windings are non-uniforr

dissipated

CONDITION
limits for

conditions

p within the
condition.
emperature
b forced air

wire and of
bthod or by
ect on the
n orif it is

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 Inlegrity of CLEARANCES and CREEPAGE DISTANCES

CLEARANCHS and CREEPAGE DISTANCES shall meet the requirements of 6.7 when the equipment|is operated
at an ambigent temperature of 40 °C, or the maximum RATED ambient temperature if higher.

Conformity, in cases of doubt if the equipment produces an appreciable amount of heat, is thecked 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 thisxtest, CLEARANCES an{l CREEPAGE
DISTANCES [shall not have been reduced below the requirements of 6.7,

If the ENCLPSURE is non-metallic, the temperature of parts of the ENCLOSURE is measured during the above
test for the|purposes of 10.5.2.

10.5.2 Non-metallic ENCLOSURES

ENCLOSURES of non-metallic material shall be resistantto elevated temperatures.

Conformity is checked by test, after one of the following treatments.

a) A non-operative treatment, in which fhe-equipment, not energized, is stored for 7 h at 70 °C t 2 °C, or at
10 °C + 2 °C above 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, folfowed by assembly.of\the equipment at the end of the treatment.

b) An opetative treatment,.in which the equipment is operated under the reference test conditions of 4.3,
except thaf the ambienttemperature is 20 °C £ 2 °C above 40 °C, or above the maximum RATED ambient
temperature if highetthan 40 °C.

Within 10 minutes of the end of treatment the equipment shall be subjected to the suitable strgsses of 8.2
and 8.3, and'meet the pass criteria of 8 1

10.5.3

Insulating material

Insulating material shall have adequate resistance to heat.

a) Parts that are made of insulating material, and which are used to support other parts that are connected
to the MAINS supply, shall be made of insulating materials that will not cause a HAZARD if short circuits occur
inside the equipment.

b) If in NORMAL USE, TERMINALS carry a current exceeding 0,5 A and if substantial heat could be dissipated
in case of poor contact, the insulation which supports the TERMINALS shall be made of material that will not
soften to an extent that could cause a HAZARD or further short circuits.
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In case of doubt, conformity is checked by examination of material data. If the material data is not
conclusive, one of the following tests is performed.

1) A sample of the insulating material, at least 2,5 mm thick, is subjected to a ball-pressure test using the
test apparatus Figure 14. The test is made in a heating cabinet at the temperature measured as specified
in 10.3d) or 10.3 e) £ 2 °C, or at 125 °C x 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.

-

EC 1020/10
su1112

Key
1 Part to be tepted
2 Spherical pgrt 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 shall 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 area against HAZARDS
from fluids and solid foreign objects encountered in NORMAL USE.
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NOTE 1 Fluid

s likely 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) contact. The manufacturer cannot safeguard against such cases.

Fluids specified by the manufacturer, including cleaning and decontaminating fluids, are considered. Other

fluids are n

ot considered.

NOTE 2 The

NOTE 3 All pfessures in Clause 11 are gauge pressures.

Conformity

11.2 Cle3ning

If a cleanipg or decontamination process is specified by the manufacturer, this shall not cal

HAZARD, nd
parts relied

Conformity
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manufactu
likely to ¢
preconditid
limits of 6.1

11.3  Spil
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a result of
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likely to b
compatibili

lage

77 TEC B B IS R [Pt .l :
CTTTT TTUTUS  TNCIUUTS DUUTTIYQUIUS allu ydosttso.

is checked by the treatment and tests of 11.2 to 11.7, as applicable.

r an electrical HAZARD, nor a HAZARD resulting from corrasion or other weakening
upon for safety.

is checked by cleaning the equipment three_times if a cleaning process is sp
hating the equipment once if a decontamination process is specified, in accordan
rer’s instructions. If, immediately after this treatment, there are any signs of wett
ause a HAZARD, the equipment shall:pass the voltage tests of 6.8 (witho
ning) applicable to the type of insulation (see 6.7) and ACCESSIBLE parts shall not
B. 1.

AL USE, liquid is likely to be)spilt into the equipment, the equipment shall be designe
occur, for example as'a result of the wetting of insulation or of internal uninsulated

se a direct
bf structural

ecified and
ce with the
ng of parts
Ut humidity
exceed the

i so that no
parts, or as

the contact of potentially aggressive substances (such as corrosive, toxic or flammable liquids)

\L USE potentially aggressive substances (such as corrosive, toxic or flammable
e spilt (on“parts of the equipment, the wetted material should be analyzed to
by withrthe aggressive substance.

liquids) are
determine

Conformity

IS CrnecKed Dy INSPection. In case Or aoubt, U, T or water IS poured Steadiry Trornn a

eight of 0,1

m over a period of 15 s onto each point in turn where liquid might gain access to electrical parts.
Immediately after this treatment, the CLEARANCES and solid insulation shall pass the voltage tests of 6.8
(without humidity preconditioning) applicable to the type of insulation (see 6.7) and ACCESSIBLE parts shall
not exceed the limits of 6.3.1.

11.4 Overflow

Liquid overflowing from any container in the equipment which can be overfilled shall not cause a HAZARD
during NORMAL USE, for example as a result of the wetting of insulation or of internal uninsulated parts that
are HAZARDOUS LIVE.

Equipment likely to be moved while a container is full of liquid shall be protected against liquid surging out
of the container.
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Conformity is checked by the following treatment and tests. The liquid container is completely filled. A
further quantity of liquid equal to 15 % of the capacity of the container or 0,25 I, whichever is the greater, is
then poured in steadily over a period of 60 s. If equipment is likely to be moved while a container is full of
liquid, it is then tilted 15° in the least favourable direction from the position of NORMAL USE. Immediately
after this treatment, the CLEARANCES and solid insulation shall pass the voltage tests of 6.8 (without
humidity preconditioning) applicable to the type of insulation (see 6.7) and ACCESSIBLE parts shall not

exceed the

limits 6.3.1.

11.5 Battery electrolyte

Batteries shall be so mounted that safety cannot be impaired by leakage of their electrolyte.

NOTE Also s¢]

Conformity

 13.2.2.

is checked by inspection.

11.6 Equipment RATED with a degree of ingress protection (IP code)

1.

11.6.1

Equipment
60529 shal

Equipment
assembly g
each moun
operating ¢

If the RATIN
misunderst
related ope
warnings.

For IPx8 te
the docums
IEC 60529.

bDV D2 Modification to 11.6 by replacing “(IP code)” with <(Type rating)”.

General

RATED by the manufacturer as conforming to oné,of the degrees of protection as def

may have different degrees of protection depending on the mounting arrangeme

ing arrangement. If the degree of protection depends on particular positions, cover
bnditions, these conditions shall*be specified in the documentation.

G is marked on the equipment, it shall be marked on the equipment in a mann
anding and misuse. The designations of IEC 60529 shall be used (IP code). The IF
rating or non-operating conditions shall be explained in the documentation togethe

5ting, the <vater level above the equipment and the test duration shall be applied as
ntationt_The aforementioned conditions shall be more severe than those for IPx7 a

ned in IEC

adequately resist the ingress of solid foreign.objects and water which could lead to @ HAZARD.

nts, or the

r operating conditions. The degrees.©f protection shall be specified in the documeéntation for

5, seals, or

br to avoid
P code and
with other

bpecified in
ccording to

Conformity

is checked by inspection and as specified in 11.6.2 to 11.6.4 as applicable.

11.6.1DV D2 Modification to 11.6.1 by replacing text as follows:

In the first paragraph, replace “IEC 60529” with “UL 50E and CSA C22.2 No. 94.2”.

In the third paragraph, replace “The designations of IEC 60529 shall be used (IP code)” with
“The designations of “UL 50E and CSA C22.2 No. 94 shall be used”.
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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 is impracticable to test the complete equipment, representative parts or
smaller equipment having the same full-scale design details shall be tested.

HAND-HELD EQUIPMENT is placed in the least favourable position. Portable equipment is placed in the least
favourable position of normal use. Other equipment is positioned or installed as specified in the installation
instructions.

TERMINALS are considered to be part of the equipment. However, TERMINALS provided with a protective cap
or cover fiecessary to maintain the rated degree of protection are installed as speciied by the
manufactufer.

The equiprhent is operating (energized) during the treatment except
a) if the mgnufacturer specifies degrees of protection for non-operating (de-enetgized) equipment, or

b) if, whether the equipment is operating or not operating during the treatment does not affect the test
results.

EXAMPLE 1 A field housing contains electronics. Generally in this case it has no.nfluence on the test results whether the electronics
inside is operpted or not. So the testing of the equipment can also be conductedwithout the electronics built in.

EXAMPLE 2]|An equipment enclosure has a rotating shaft protruding.from it using an appropriate seal for the refevant ingress
protection rat|ng. 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 applicible test of IEC 60529 for protection against solid foreign objects is performed.

After the tgst, conformity is checked:By inspection of the sample according to the acceptance criteria of
IEC 60529

~

Additionally, the equipment jsiinspected for ingress of foreign objects. In particular, they shall ng
a) deposit pn insulation.parts where it could lead to a HAZARD;

b) create accumulations that have the potential to cause the spread of fire.

NOTE A HAZ4ARD could be caused by the bridging of conductive parts by conductive dust, or by non-conductive dust made wet by
humidity.

11.6.3DV D2 Modification of 11.6.3 by replacing text as follows:
In the first sentence of the conformity statement, replace “IEC 60529” with UL 50E and CSA
C22.2 No. 94.2”.

11.6.4 Protection against water

The applicable test of IEC 60529 for protection against water is performed.
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The equipment is inspected for ingress of water. If any water has entered, it shall not impair safety. In
particular, it shall not:

a) deposit on insulation parts where it could lead to a hazard;

b) reach ha

zardous live parts or windings not designed to operate when wet;

¢) 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.

1.

In

CS
11.7 Fluic
11.7.1 Ma

The maxim
CONDITION §

The maxim
a) the RATE
b) the presg

c) the max
assembly, U

Conformity

NOTE Equipn
pressures. An
USA, in Cana

1.

6.4DV D2 Modification of 11.6.4 by replacing text as follows:

he first sentence of the conformity statement, replace “IEC 60529 with “U
A C22.2 No. 94.2”.

pressure and leakage
Ximum pressure

Lim pressure to which a part of the equipment can{e subjected in NORMAL USE or SI
hall not exceed the RATED maximum working pressure for the part.

Lm pressure shall be considered to be the highest of the following:
Db maximum supply pressure specified-for an external source;
ure setting of an overpressure safety device provided as part of the assembly;

mum pressure that can-be developed by a pressure generating device that is
nless the pressure is limited by an overpressure safety device.

is checked by inspection of the RATINGS of the parts and, if necessary, by measuring

ent meeting-the-requirements of 11.7 may not be accepted as conforming to national requirements rg

a, and in‘\some other countries.

71DV D2 Add requirements that implement Annex G as normative for certain t|

| 50E and

NGLE FAULT

part of the

joressures.

lating to high

hex G describies requirements and tests which are accepted as evidence of conformity with national regilations in the

ypes of

products:

11.7.1DV.1 Laboratory equipment and testing and measurement equipment having both of
the following characteristics shall meet the requirements of 11.7.2 and G.5:

a) a product of pressure and volume greater than 200 kPa-l,

b) a pressure greater than 50 kPa.

11.7.1DV.2 Laboratory equipment and testing and measurement equipment that do not
have those characteristics shall meet the requirements of 11.7.3 and 11.7.4, as applicable.

1.

7.1DV.3 Other types of equipment shall meet the requirements of Annex G, as

applicable.
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11.7.1DV.4 Conformity is checked as specified in 11.7.2 to 11.7.4 and Annex G.

11.7.2 Leakage and rupture at high pressure

Fluid-containing parts which in NORMAL USE have both of the following characteristics shall not cause a

HAZARD thr

ough rupture or leakage:

a) a product of pressure and volume greater than 200 kPa-l;

b) a presst

re greater than 50 kPa

National a
Pressure B

Conformity

The test p

Any overpilessure safety device which could limit the test pressure is deactivated during the tes

The test pr

suffer from permanent (plastic) deformation, or leak. Provided that the test pressure is

leakage at
Piest, OF be

No leakag
substance

If fluid-con
example, A

uthorities may allow safety to be established by calculation, for example_aecorg
quipment Directive (2014/68/EU).

ressure (Piqt) is the maximum pressure (P,.,) multiplied by the applicable factor o

essure is raised gradually to Pys and is held at that value for 1 min. The sample shé

a gasket during this test is not considered a failure*unless it occurs at a pressure be
ow P,,.,, Whichever is greater.

b /s allowed from fluid-containing parts intended for toxic, flammable, or otherwise
5 if it could be a HAZARD.

aining parts cannot be hydraulically tested, integrity may be verified by other suitah
neumatic tests using suitable média, at the same test pressure as for the hydraulic t

is checked by inspection and, if a HAZARD could arise, by the following hydraulic test.

ling to the,

f Figure 16.
"

Il not burst,
maintained,
ow 75 % of

hazardous

le tests, for
bSt.

As an excgption to the above requirements, fluid-containing parts of refrigeration systems shall meet the

relevant pr|
Conformity

Pneumatid
extremely
to severe

appropriaté safeguards put in place. These tests should only be conducted behind an explosi

bssure-related requirements of EN 378-2 or IEC 60335-2-89 as applicable.
is checked as ‘specified in EN 378-2 or IEC 60335-2-89 as applicable.

overpressure tests should only be conducted if no other option is available. This
hazardous. The sudden release of stored energy due to a rupture of the test specim
injuryror death. The stored energy in the pressurized system should be unde

test can be
en can lead
rstood and
bn shield or

within a suitable enclosure to protect laboratory personnel 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

11.7.2DV D2 Modification by replacing the note with the following note:
NOTE National authorities may allow-safety to be established by calculation, for example according fto the ASME
Boiler and Pressure Vessel Code.

11.7.3 Leakage from low-pressure parts

Leakage frgm fluid-containing parts at pressures lower than the levels of 11.7.2 shall not cause @ HAZARD.

Conformitylis chiecked by inspection of the RATINGS of parts and, if necessary, by subjecting the parts to a

fluid pressure oftwice the maximum pressure in NORMAL USE. No leakage shall occur which codld 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 is intended to
protect.

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.
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d) It shall have its discharge opening so located and directed that the released material is not directed
towards any person.

e) It shall have its discharge opening so located and directed that operation of the device will 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 intended to
protect.

Conformity is checked by inspection and test.

12 Proteftion against radiation, including laser sources, and against sonic and ultrasonic
pressure

12.1 General

The equipment shall provide protection against the effects of internally generated ultraviolet, ipnizing and
microwave radiation; laser sources, and sonic and ultrasonic pressure.

Conformity tests are carried out if the equipment is likely to catise such HAZARDS.

12(1DV D2 Modification by adding a note referencing USA and Canadian radiation
regulations:

NQTE 1A In the USA, x-ray equipment is within-the scope of 21 CFR 1020 and laser equipment is within the scope
of 21 CFR 1040. In Canada, both are within the scope of the Canadian Radiation Emitting Devices Act|

12.2 Equipment producing ionizing radiation
12.2.1 lohpizing radiation
12.2.1.1 General

Equipment containing or generating ionizing radiation (from either radioactive sources or X-radjation) shall
meet the fqllowing requirements.

a) Ifitis intended to emit radiation, it shall meet the requirements of 12.2.1.2. Alternatively, if it is within 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 0r 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 with all the following markings, if applicable:

a) with sym

b) for equ
radionuclid

bol 17 of Table 1;

ipment containing one or more radioactive substances, with the abbreviatig
b'S;

ns of the

c) either with the maximum dose rate value at 1 m, or with a dose rate value between 1 uSv/h and 5 pSv/h

at the apprq

NOTE Examp

Conformity
radiation. T
radiation ef
radiation.

12.21.3 K

The effecti
surface of t

NOTE Such ¢

exceeding 5 kY.

Conformity
radiation. T
radiation er
beam not ¢
containing
positioned

priate distance in m.

les of suitable markings are: “2,5 ySv/h at 1 m”; "3 ySv/h at 0,3 m".

is checked by measuring the amount of radiation inghe conditions that will produce
he method of determining the amount of radiation‘shall be effective over the range
hergies. Equipment containing X-ray sources is-set to produce the maximum possi

quipment not intended to emit radiation

e dose rate of unintended stray radiation at any easily reached point 100 mm fron
ne equipment shall not exceed TuSv/h.

lquipment includes radioactive”substances, cathode-ray tubes, X-ray sources, or electron accelerators

is checked by measuring the amount of radiation in the conditions that will produce
he method of determining the amount of radiation shall be effective over the range
ergies. Equipment containing cathode-ray tubes is tested while displaying a pattern
xceeding. 30 mm x 30 mm or the smallest possible display, whichever is larger.
X-ray_sources is set to produce the maximum possible level of radiation. Di
b0 @s o produce maximum radiation.

maximum
of possible
ble level of

n the outer

with voltages

maximum
of possible
from each
Equipment
splays are

12.2.2 Accelerated electrons

The equipment shall be so constructed that compartments in which electrons are accelerated by voltages
exceeding 5 kV cannot be opened without the use of a TOOL.

Conformity

is checked by inspection.

12.3 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.
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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.

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 or
other authorities.

Conformity is checked by inspection and if necessary, by measurement of the optical’fadiation to
determine ho hazard exists.

12{3DV D2 Add a new note:

NQTE 2A The ACIGH UV Guidelines, UL 746C, and CSA C22.2 No. 0.17 provide useful guidancq to the RISK
asgessment.

Table 22
Lamp or lamp systems considered photobiologically safe

Lamp or lamp system

Indicator LEDs
Personal digital device screens

LCD screenp

Computer d|splays

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 JlEC-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

Low-pressure UVA black-lights Safe if not in line of sight and hands are not irradiated 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, the power
density of spurious microwave radiation at frequencies between 1 GHz and 100 GHz shall not exceed 10
W/m?. This requirement does not apply to parts of the equipment where microwave radiation is
propagated intentionally, for example, at waveguide output ports.
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Conformity is checked by test under reference test conditions.
12.5 Sonic and ultrasonic pressure
12.5.1 Sound level

If equipment produces noise at a level which could cause a 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

from equipfnent, at its point of use after installation, will not reach a value which could cause

These instr
may be us¢g
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nd pressure level of 80 dBA above a reference sound pressure of 20 yPa is at present regarded by mal
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12.5.2 Ultrasonic pressure

If equipment not intended to emit ultrasound produces ultrasound at a level which could cause a HAZARD,
the manufacturer shall measure the maximum ultrasonic pressure level which the equipment can produce.
When measured both at the OPERATOR’s normal position and at 1 m from the position on the equipment
with the highest pressure level, the ultrasonic pressure shall not exceed 110 dB above the reference
pressure value of 20 uPa, for frequencies between 20 kHz and 100 kHz.

Conformity is checked by measuring the pressure under reference test conditions.

If equipment intended to emit ultrasound produces ultrasonic pressure at a level which could cause a
HAZARD, the manufacturer shall measure the maximum ultrasonic pressure level which the equipment can

produce.
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The sound pressure shall be measured at the OPERATOR’S normal position and at 1 m from the position on
the equipment with the highest pressure level both outside and inside the useful beam.

Outside the useful beam the ultrasonic pressure shall not exceed 110 dB above the reference pressure
value of 20 uPa, for frequencies between 20 kHz and 100 kHz.

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;
c¢) the max|mum sound pressure value inside the beam area.

Conformity is checked by inspection and measurement of the pressure under reference test copditions.
12.6 Laspr sources

Equipment employing laser sources shall meet the requirements of IEC 60825-1.
Conformity is checked as specified in IEC 60825-1.

13 Proteftion 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 CONDIFION and in
SINGLE FAULT CONDITION.

If potentially-hazardous substances-are liberated, the OPERATOR shall not be directly exposed tp a quantity
of the subgtance that could cause harm.

If NORMAL | operation of the equipment requires the discharge of hazardous substances, [and if that
discharge s intended«to*be managed by the RESPONSIBLE BODY in accordance with the manufacturer’s
instructions, then suchdischarge is not considered to be liberation of hazardous substances.

NOTE Chemijcal,exposure limits and handling and disposal regulations can be found in Occupational Safety and Health (OSHA)
publications dr'national regulatory documentation. Local, national or regional regulations may apply.

Conformity is checked by inspection of the manufacturer's documentation. The wide variety of gases and
substances makes it impossible to specify conformity tests based on limit values, so reference should be
made to tables of occupational threshold limit values.

13.2 Explosion and implosion
13.2.1 Components

If components liable to explode if overheated or overcharged are not provided with a pressure release
device, protection for OPERATORS shall be incorporated in the equipment (see 7.7 concerning expelled
parts).
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Pressure release devices shall be located so that a discharge will not cause danger to OPERATORS. The
construction shall be such that no pressure release device is obstructed.

Conformity is checked by inspection.
13.2.2 Batteries and battery charging

Batteries shall not cause explosion or produce a fire HAZARD as a result of excessive charge or discharge,
or if a battery is installed with incorrect polarity. If necessary, protection shall 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 explogion or fire HAZARD could occur through fitting a battery of the wrong type (forlexpmple, if a

battery wit

compartmept or mounting, and a warning in the manufacturer's instructions. An_acceptable
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e 11.5.
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ade on any single componegnt-(except the battery itself) whose failure could leaa
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he type of
mbol 14 of
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failure of a

d an open
to such a

ery with its

polarity reversed. No HAZARD shall arise.

13.2.3 Implosion of.cathode ray tubes

Cathode-ray tubesswith a maximum face dimension exceeding 160 mm shall be intrinsically protected
against the|effects of implosion and against mechanical impact, unless an ENCLOSURE provide$ adequate
protection.

A non-intrinsically protected tube shall be provided with an effective protective screen which cannot be
removed without the use of a TOOL. If a separate screen of glass is used, it shall not be in contact with the
surface of the tube.

A cathode-ray tube is considered to be intrinsically protected with respect to the effects of implosion if no
additional protection is necessary when it is correctly mounted.

Conformity for cathode-ray tubes is checked as specified in IEC 60065.
13.2.3DV DR Modification of Clause 13.2.3 fourth paragraph as follows:

Replace “IEC 60065” with “IEC 60065 or IEC 62368-1".
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14 Components and subassemblies
14.1 General

If safety is involved, components and subassemblies, such as power supplies and built-in information
technology equipment, shall be used in accordance with their specified RATINGS unless a specific
exception is made. They shall conform to one of the following:

a) applicable safety requirements of a relevant IEC standard. Conformity with other requirements of the
component standard is not required. If necessary for the application, components shall be subjected to the
tests of this_standard, except that it is not necessary to carry out identical or equivalent tests already
performed |to check conformity with the component standard;

NOTE 1 For example if components meet the safety requirements of IEC 60950-1 but are RATED for [a less severe
envifonment than the applicable environment of 1.4, they also need to meet relevant additional requirgments of this
stanpard.

14/1DV.0 DR Modification of 14.1, NOTE 1 as follows:

Regplace “IEC 60950-1" with “IEC 60950-1 or IEC 62368-1",

b) the requirements of this standard and, where necessary for the application, any additiona] applicable
safety requirements of the relevant IEC component standard, except that there are nq 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 i$ no relevant IEC standard, the requirements of this standard;
d) applicaljle safety requirements of a non<lEC standard which are at least as high as those of fhe relevant

IEC standgrd, provided that the companent 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 ip a flow chart:showing methods of conformity verification.

Conformity is checked by inspection and, if necessary, by test.

141DV D2 Addition-ofNorth-American-standards:

14.1DV.1 In item a), replace “IEC” with “ANSI, CAN, CSA, IEC, ISO, or UL”.
14.1DV.2 In item b), replace “IEC” with “ANSI, CAN, CSA, IEC, ISO, or UL".
14.1DV.3 In item c), replace “IEC” with “ANSI, CAN, CSA, IEC, ISO, or UL”.

14.1DV.4 In item d), replace “IEC” with “ANSI, CAN, CSA, IEC, ISO, or UL”, in three
instances. Add a new note:

NOTE 2A Annex DVA provides applicable safety requirements.
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14.2 Motors
14.2.1 Motor temperatures

Motors which, when stopped or prevented from starting (see 4.4.2.5), would present an electric shock
HAZARD, a temperature HAZARD, or a fire HAZARD shall be protected by an overtemperature or thermal

protection device meeting the requirements 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 overgpeeding series excitation motor could cause a HAZARD, it shall be connected |directly to the
devices driven by it.

Conformity is checked by inspection.
14.3 Overtemperature protection devices

Overtemperature protection devices are devices operating in SINGLE.FAULT CONDITION. They shall meet all
of the folloying requirements:

a) be consjructed 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 a self-repetting overtemperature protection device is used to prevent a HAZARD in case of|failure of a
temperatufe control system (for example_a thermostat), the protected part of the equipment ghall require
interventiop before becoming operational again.

Conformity is checked by inspection of the circuit diagram, the data sheet for the overtemperature
protection Hevice, and the miéthod in which it is installed in the equipment, and by the following tests, with
the equipment operated in_SINGLE FAULT CONDITION (see 4.4). The number of operations is as foflows:

1) self-resetting overtémperature protection devices are caused to operate 200 times;

2) non-self-resetting overtemperature protection devices, except thermal fuses, are reset|after each
operation andthus caused to operate 10 times;

3) non-resetting overtemperature protection devices are caused to operate once.

NOTE Forced cooling and resting periods may be introduced to prevent damage to the equipment.

During the test, resetting overtemperature protection devices shall operate each time the SINGLE FAULT
CONDITION is applied and non-resetting overtemperature protection devices shall operate once. After the

test, resetting overtemperature protection devices shall show no sign of damage which could prevent their
operation in a further SINGLE FAULT CONDITION.
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14.4 Fuse holders

If a fuse is intended to be replaced by an OPERATOR the fuse holder shall not permit HAZARDOUS LIVE parts
to be ACCESSIBLE during fuse replacement.

Conformity is checked by testing with the jointed test finger (see Fiqure B.2) applied without force.

14.5 MAINS voltage selection devices

Devices shall be constructed so that a change from one voltage or one type of supply to another cannot

occur acci

Conformity
14.6 MAIN

If environm
(see 4.4.2.%
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4.4.4.1b) 4
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14.7 Prin
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nfnlly See 513 d) for mnrking rnnlnirnmnnfc

is checked by inspection and manual test.
s transformers tested outside equipment

ental conditions could affect the test results, MAINS transformers tested outside the
) shall be tested in the same conditions as exist inside the equipment.

is checked by the short-circuit and overload tests specified in 4.4.2.7, followed by
nd c). If there is any doubt whether a transformer would pass the other tests specif]
hen installed in the equipment, the tests are repeated with the transformer instg

ed wiring boards

hg boards shall be made of material with a flammability classification of V-1 or be
0.

equipment

the test of
ed in 4.4.4
lled in the

tter of IEC

ement does not apply to printed wiring boards which contain only limited-enelgy circuits

requirements of 9.4.

of the flammability ‘RATING is checked by inspection of data on the materials. A
s checked by perfarming the vertical burn tests of IEC 60695-11-10 on three sam
Its. The samplés may be complete boards, sections of the boards or specimens as
11-10.

7DV D2 Addition of the following to the end of the first paragraph:

A

ternatively,
ples of the
bpecified in

equivalent to the same classification of IEC 60695-11-10.

14.8 Circuits used to limit TRANSIENT OVERVOLTAGE

onsidered

Any overvoltage limiting circuit that forms part of the equipment shall have adequate strength to limit likely
TRANSIENT OVERVOLTAGES.
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Table 21

Impulse voltages for OVERVOLTAGE CATEGORY I
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12 Q (resistance may be added in series if needed to raise the.impedance). Thqg
jle the circuit is operating under conditions of NORMAL USE, in combination with the M

voltage is the maximum RATED MAINS voltage.

oltage is applied between each pair of MAINS supply TERMINALS of the equipn]

b limiting circuits are present.

bltage limiting circuit components shall not ighite or heat other materials to their
overvoltage limiting circuit shall safely supfress the impulse and continue to funct

St.

pulse voltage and generator output impedance Specified above apply to equipment with a RATING for O
I. Conformity for equipment with a RATING for OVERVOLTAGE CATEGORIES Ill and LV is specified in

9DV D2 Add a new subclause:

9DV.14.9DV.1 Enclosures intended for outdoor use

nmetallic enclosures intended for outdoor use shall
uirements.of ANSI/UL 746C or of CSA C22.2 No. 0.17, or both as appropriate.

TE ANSI/UL 746C, clause 25, requires a 1 000 hour UV/water exposure preconditioning using a
rnatively’ a 720 hour UV/water exposure preconditioning using twin carbon arcs. CSA C2

bclause 5.9, permits only the 1 000 hour UV/water exposure preconditioning.

meet the UV

ed with the
erator (see
rcuit current
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impulse is
MINS supply.

nent where

self-ignition
on properly

ERVOLTAGE
lause K.4.

resistance

xenon-arc or
2.2 No. 0.17,

14.10DV D2 Add a new subclauses to address conductive coatings, shields, and tape:

14

.10DV.1 Conductive coatings

14.10DV.1.1 The bond of a conductive (metallic) coating applied to a polymeric part shall be
evaluated.

14

.10DV.1.2 Conformity is checked by:

a) Evaluating the bond in accordance with the requirements for “Adhesives” in

ANSI/UL 746C and/or CSA C22.2 No. 0.17, or
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b) Evaluating the product to determine that peeling or flaking of the coating would
not reduce spacings or bridge live parts so as to introduce a risk of fire or electric
shock.

14.10DV.2 Conductive shield or tape

14.10DV.2.1 If peeling of the conductive shield or tape could introduce a RisK of fire or
electric shock, the bond between a conductive shield or tape and any other surface shall
be investigated.

14.10DV.2.2 Conformity is checked by inspection.

14.11DV D2 Modification of subclause 14.11DV.1 by replacing it with the following:
14.11DV.1 Direct plug-in transformer units

Direct plug-in transformer units are subject to additional requirements found in ANSI/UL

1310, CAN/CSA C22.2 No. 223, ANSI/UL 60950-1, ANSI/UL"62368-1, CAN/CSA |C22.2 No.

60950-1, or CAN/CSA C22.2 No. 62368-1, as applicable.
15 Protegtion by interlocks

15.1 General

Interlocks Ysed to protect OPERATORS from HAZARDS shall prevent an OPERATOR from being exppsed to the
HAZARD befpre the HAZARD is removed and shall'meet the requirements of 15.2 and 15.3.

Conformity|is checked by inspection and.by performing all relevant tests of this standard.
15.2 Prevention of reactivating

Until the agtion which caused the interlock to operate has been reversed or cancelled, an interlock for the
protection qf an OPERATOR'shall prevent the HAZARD being re-established by reactivating without the use of
a ToOL.

Conformity|is checked by inspection and, if necessary, by attempting to operate by hand any interlock part
which can Qe 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.
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16 HAZARDS resulting from application
16.1 REASONABLY FORESEEABLE MISUSE

No HAZARDS shall arise if adjustments, knobs, or other software-based or hardware-based controls are set

in a way not intended, and not described in the instructions. Other possible cases of REASONABLY
FORESEEABLE MISUSE that are not addressed by specific requirements in this standard shall be addressed

by RISk assessment (see Clause 17).

Conformity is checked by inspection and by evaluation of the RISK assessment documentation.

16.2 Ergpnomic aspects

If the folloyving factors could give rise to a HAZARD, a RISK assessment shall be documented| taking into
account atfleast the following aspects:

a) limitation of body dimensions;

b) displaysland indicators;

c) accessibility and conventions of controls;
d) arrangements of TERMINALS.

Conformity is checked by inspection and by evaluation of the RISK assessment documentation.

NOTE RISK |assessment procedures for ergonomics may.be found in EN 894-2, EN 894-3, ISO 9241, SEMI B8, and other
documents. Not all of the requirements in these documents, will be applicable to equipment within the scope of this standard.

17 RISK assessment

If examination of the equipment shows that HAZARDS not fully addressed in Clauses 6 to 16|(see 1.2.1)

might arisg, then RISK assessment.is required. It shall be carried out and documented to achieye at least a
TOLERABLE|RISK by an iterativesprocess covering the following.

a) RISK anglysis

RISK analysis)is the process to identify HAZARDS and to estimate the RISks based onl the use of
avdilablesinformation.

b) RISK evatuation

Each RISk analysis requires a plan to evaluate the estimated severity and likelihood of a RISk, and
to judge the acceptability of the resulting RISK level.

¢) RISK reduction

If the initial RISK level is not acceptable, steps shall be taken to reduce the RIsK. The process of RISK
analysis and RISK evaluation shall then be repeated, including checking that no new RISKS have
been introduced.

RISKS remaining after a RISK assessment shall be identified in the instructions for the RESPONSIBLE BODY.
Adequate information about how to mitigate these RISKS shall be given (see 5.4.1 e)).
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In selecting the most appropriate methods of RISk reduction, the manufacturer shall apply the following
principles, in the order given:

1) eliminate or reduce RISKS as far as possible (an inherently safe design and construction);
2) take the necessary protective measures in relation to RISKS that cannot be eliminated;

3) inform users of the residual RISKS due to any shortcomings of the protective measures adopted, indicate
whether any particular training is required, and specify any need to provide personal protective equipment.

NOTE One RISK assessment procedure is outlined in Annex J. Other RISK assessment procedures are contained in 1ISO 14971,
SEMI S10-1296, IEC 61508, ISO 14121-1, and ANSI B11.TR3. Other established procedures which implement similar gteps can also
be used.

Conformity|is checked by evaluation of the RISK assessment documentation to ensuré.that the RISKS have
been eliminated or that only TOLERABLE RISKS remain.
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Annex A
(normative)

Measuring circuits for touch current

(see 6.3)

NOTE This annex is based on IEC 60990, which specifies procedures for measuring touch-current, and also specifies the
characteristics for test voltmeters.

A.1 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 from:

U

J= —
500

where

l'is the current, in amperes;

U i4 the voltage, in volts, indicated by the voltmeter.

This circuif represents the impedance of the body and compensates for the change of physiological
response df the body with frequency.

R3

L c2 O

|

o IEC 1022/10

|
11

o

sul114

R1 =1 500 Q with a relative tolerance of +5 %
R2 =500 Q with a relative tolerance of +5 %

R3 = 10 kQ with a relative tolerance of +5 %

C1 = 0,22 pF with a relative tolerance of +10 %
C2=0,022 pyF with a relative tolerance of +10 %

Figure A.1

Measuring circuit for a.c. with frequencies up to 1 MHz and for d.c.
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A.2 Measuring circuits for sinusoidal a.c. with frequencies up to 100 Hz and for d.c.

If the frequency does not exceed 100 Hz, the current may be measured using either of the circuits of
Figure A.2. When using the voltmeter, the current is calculated from:

U

1= 3000

where

IiS the-current n-amperas:
e-GHH e arhperes;

U is|the voltage, in volts, indicated by the voltmeter.

The circuit fepresents the impedance of the body for frequencies not exceeding 100 Hz:

NOTE The valpe 2 000 Q includes the impedance of the measuring instrument.

| .

IEC 1023/10
su1115

R =2 000 Q with a refative tolerance of 5 %

Figure A.2
Measuring circuits for sinusoidal a.c. with frequencies up to 100 Hz and for d.c.

A.3 Current measuring circuit for electrical burns at high frequencies
The current is measured using the circuit of Figure A.3. The current is calculated from:

U

J= —
500
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where

l'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.

R1 —
R2
IEC 1024/10
su1116

R1 =1 500 QJwith a relative tolerance of +5 %
R2 =500 Q wjith a relative tolerance of £5 %
C1 =0,22 pF|with a relative tolerance of +10 %

Figure A.3

Current)measuring circuit for electrical burns

A.4 Currpnt measuring-circuit for WET LOCATION
For WET LOCATION the current is measured using the circuit of Figure A.4. The current is calculaled from:

] U

500

where

lis the current in amperes;

U is the voltage, in volts, indicated by the voltmeter.
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R2 N

IEC 1024/10
su1116

R1 =375 Q with a relative tolerance of £5 %
R2 =500 Q with a relative tolerance of 5 %
C1 = 0,22 pF With a relative tolerance of +10 %

Figure A.4

Current measuring circuit-for wet contact
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Annex B
(normative)

Standard test fingers
(see 6.2)
5 I
‘ 80
- .
A
o N
Yol - 4 - - - - - - - - ~—
Q Q
Y

su1167

For tolerances and dimensions of the fingertip, see Figure B.2.
Dimensions [n millimetres
NOTE This {est finger is the same as test probe 11 of A/EC 61032, Figure 7

Figure B.1
Rigid test finger
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la— 20 —»]
il
|
|
|

\

su1168 |

Key

1 insulating material

2 section AA 6 spherical

3 section BB 7 detail x (example)
4 handle 8 side view

5 stop plate 9 chamfer all edges

Tolerances on dimensions without spegific tolerance:
0

- on amgles: -10'
- on lijear dimensions;
up tg 25 mm: 0-0,05 mm
over25 mm: 0,2 mm
Material of fipger: heat-treated steel, etc.

Both joints of this fiiger may be bent through an angle of (90 *'°)°, but in one plane only.

Dimensions i

h millimetres

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this reason,
dimensions and tolerances of these details are not given in the drawing. The actual design shall ensure a (90 *'%)° bending angle.

NOTE This test finger is the same as test probe B of IEC 61032, Figure 2

Figure B.2
Jointed test finger
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Annex C
(normative)

Measurement of CLEARANCES and CREEPAGE DISTANCES

The methods of measuring CLEARANCES and CREEPAGE DISTANCES are 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 t

is measurgd along the contours of the groove (see example 2);

b) any recs

in the leasffavourable position (see example 3);

C) CLEARAN

relation to

In the folld

DEGREE.

Table C.1
Dimensions of X

CES and CREEPAGE DISTANCES measured between parts which can assume different
bach other are measured when these parts are in their least favoufable position.

FE DISTANCE

ss is assumed to be bridged with an insulating link having a length equal to X“and bging placed

positions in

wing examples dimension X has the value given in Table C.1 depending on thg POLLUTION

POLLUTION DEGREE

Dimension X
mm

0,25
1,0
1,5

If the asso
of this CLEA

RANCE.

Ciated CLEARANCE is lessithan 3 mm, the dimension X in Table C.1 may be reduced

to one-third
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m——— CREEPAGE DISTANCE
== == == == CLEARANCE

< X'mm

Y
A

su1117

EXAMPLE 1 Tlhe path includes a parallel- or converging-sided groove of any depth with a width less than.X:
The CLEARANCE and the CREEPAGE DISTANCE are measured directly across the groove as shown:

2 Xmm

S4734

EXAMPLE 2 Tlhe path includes a parallel-sided groove of any depth and equal to or more than X.
The CLEARANCE is the “line-of-sight” distance. The CREEPAGE DISTANCE follows the contour of the groove.

=Xmm

S4735

EXAMPLE 3 The path includes a V-shaped groove with a width greater than X.

The CLEARANCE is the “line-of-sight” distance. The CREEPAGE DISTANCE follows the contour of the groove but “short-circuits”
the bottom of the groove by X link.
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S4736

EXAMPLE 4 The path includes a rib.

The CLEARANCE is the shortest direct air path over the top of the rib. The CREEPAGE DISTANCE follows the contour of the rib.

<Xmm < Xmm

/S s
/// 7/,
s /s
7/, "
g
S4737

EXAMPLE 5 The path includes an uncemented joint with grooves less than X wide on each side.
The CLEARANCE and the CREEPAGE.DISTANCE path is the “line-of-sight” distance shown.

>Xmm >2Xmm

7/, ////
//////
7/, 4
/
’/ //// g //// " //// " //// g //// " ////
LSS Sl S S S
/ /s /s /s /s /s 7
I INs /s /s /s ‘S /s
7/, /s / /s / /7 / /s / /s / 7
/7 /s / /s / /s 7/ /s / /s /
7 2L/, L /s , /// S,
%

S4738

EXAMPLE 6 The path includes an uncemented joint with grooves equal to, or more than, X.
The CLEARANCE is the “line-of-sight” distance.
The CREEPAGE DISTANCE follows the contour of the grooves.
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>Xmm < Xmm

S4531

EXAMPLE 7 The path includes an uncemented joint with a groove on one side less than X wide and\the groove on the other side
equal to, or m¢re than, X wide.

The CLEARANCE and the CREEPAGE DISTANCE are as shown.
2 - =

N
.// N
P N
P N

su1169

EXAMPLE 8 Tlhe 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.

=Xmm

S4533

EXAMPLE 9 The gap between the head of the screw and the wall of the recess too narrow to be taken into account.
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2. X' mm

EXAMPLE 1( The gap between the head of the screw and the wall of the recess wide enough to be-taken into account
Measurement of the CREEPAGE DISTANCE is from screw to wall when the distance is equal to.X:

su1119

EXAMPLE 11| C = floating part
The CLEARANCE is the distanced+D. The CREEPAGE DISTANCE is also d + D.

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 Figure D.3 to indicate:

a) Requirements:

B BA

Db

b) Circuits and parts:

A AC
Hci
R in
S pn

Ta A

Tn TERMINAL (which may exceed the values 0f-8:3.1 in NORMAL CONDITION, and therefo

be A
Zinm

The secong

SIC INSULATION is required

DUBLE INSULATION Or REINFORCED INSULATION is required

CESSIBLE part, not bonded to the PROTECTIVE CONDUCTOR TERMINAL
cuit that is HAZARDOUS LIVE in NORMAL CONDITION

pedance meeting the requirements of 6.4.4

ptective screen

CCESSIBLE external TERMINAL (not exceeding thewalues of 6.3.1 in NORMAL CONDITION

CCESSIBLE)

pedance of secondary circuit

ary circuits shown may also be regarded merely as parts.

)

e shall not
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A
) ) ézzéz vy d) 7271
D D
4| %
] |B B
@‘ ] S @ B IEC 2760/2000

su1120

Figures D.1
a) to d) — Protection between HAZARDOUS LIVE circuits and ACCESSIBLE parts

e) f)
B, R b,
TA TA
R
TA TA
B B
© U o
9) h)
D*
4 TA TA
Fr F
BN B
@ A © U
L] S IEC 1027/10
su1121
D* may be B if Z is sufficiently low
Figures D.1

e) to h) — Protection between HAZARDOUS LIVE circuits and circuits with ACCESSIBLE external TERMINALS
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ACCESSIBLE part, ACCESSIBLE part,
not bonded to other not bonded to other
ACCESSIBLE ACCESSIBLE
a) _+ parts b) _+ parts
741 Y ] 7] N Vi ] 7]
D B
\ \

|_> w

IEC 2762/2000

su1122

Figures D.2 @) and D.2 b) — Protection between a HAZARDOUS LIVE internal circuit and an’ACCESSIBLE part which is not

bonded to other ACCESSIBLE parts

c) d)
B D
- -
TA Ta
1 TA TA
B
IEC 1028/10
su1123
Figures D.2

D.2 c) and D2-dj—Protectionbetween-a HAZARBOUS HIVEprimary-circtit-and-ciretits-which-have- AGEESSIBLE external

TERMINALS

NOTE 1 Other means of protection are also possible for the circuits shown in Figures D.2 c) and Figures D.2 d), such as protective

screening, PROTECTIVE BONDING of circuits (see 6.5.2) and PROTECTIVE IMPEDANCE (see 6.5.4).
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N TN

H1 H2

IEC~1029/10

su1124
Figure D.3
Protection of external ACCESSIBLE TERMINALS 6f tWo HAZARDOUS LIVE circuits

NOTE 2 The fequirement for insulation between an ACCESSIBLE part'not bonded to the PROTECTIVE CONDUCT(
and either of fhe two HAZARDOUS LIVE circuits is as shown in Figufes D.1 a) to Figures D.1 d).

The requirgment for the insulation between H1\and H2 (X) is the most severe of the following:

B BASIC INJULATION — if H1 and H2 are beth“connected, the insulation requirement is based on
RATED WORKING VOLTAGE that stresses.the insulation between the circuits;

D DOUBLE |INSULATION or REINFORCED INSULATION — if H1 is connected and the TERMINALS
ACCESSIBLE for connection purposes, the insulation requirement is based on the highest RATE

VOLTAGE thit stresses the insulation of H1;

D DOUBLE |INSULATIONOr REINFORCED INSULATION — if H2 is connected and the TERMINALS
ACCESSIBLE for connection purposes, the insulation requirement is based on the highest RATH

VOLTAGE thjat stresses the insulation of H2.

R TERMINAL

the highest

of H2 are
ED WORKING

of H1 are
ED WORKING
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Annex E
(normative)

Guideline for reduction of POLLUTION DEGREES
Annex EDV D2 Modification by replacing “normative” with “informative” in the heading of

Annex E.

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 jtseffasweltas by theeffectivenessof appliedseatmg measures:

Equipmentcan be divided into environmental situations as depicted in Table E.1.

. TableEA1
Environmental situations
Environmental situation Equipment operated in ... Installation or maintenance of gquipment
in...
A controlled environment? controlled environment
B uncontrolled environment controlled environment or equipfnent is not
opened during installation or mgintenance
C uncontrolled environment uncontrolled environment

2 A controlleq environment is an environment having the conditions of 1.4*c) and d).

NOTE The enjironmental situation of Table E.1 provides a systematic classification of the environments to which the|equipment is
exposed and whether the equipment may be opened for installation and maintenance purposes.

Reduction ¢f the POLLUTION DEGREE of the micro-environment may be achieved by the methogdls of Table
E.2.

Table E.2
Reduction of POLLUTION DEGREES

POLLUTION DEGREE of micro-environment

POLLUTION DEGREE of macro 2 3 4
environment
Environmental situation Environmental Envirgnmental
situation sityation

A B C B (o3 B C
ENCLOSURE_IPx5 _1Px6 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 shall perform the tests of F.2 to F.4 on 100 % of equipment produced which has both
HAZARDOUS LIVE parts and ACCESSIBLE conductive parts. Unless it can be clearly shown that the result of
the tests cannot be invalidated by subsequent manufacturing stages, tests shall be made with equipment
fully assembled. Components shall not be unwired, modified or disassembled for the test, but snap-on
covers and-friction-fit knobs may. be removedif fhny would interfere with the tests. The r=Yall |ipmnr]t shall not

be energized during the tests, but the MAINS switch shall be in the on-position.

Wrapping fhe equipment in foil is not required, nor is humidity preconditioning necessary.
Test site alfitude correction of the test voltage is not required.

The voltagg test equipment shall be able to maintain the required voltage fehthe specified pefiod of time.
No other rgquirements apply.

Conformity is checked by inspection.
F.2 Protgctive earth

A continuity test is made between the earth pin of the appliance inlet or the MAINS plug of plug-connected
equipment| or the PROTECTIVE CONDUCTOR TERMINAL-OF PERMANENTLY CONNECTED EQUIPMENT|on the one
side, and gll ACCESSIBLE conductive parts which are‘required by 6.5.2 to be connected to the PROTECTIVE
CONDUCTOR TERMINAL on the other side.

NOTE No valle is specified for the test current.

F.3 MAINS CIRCUITS

F.3.1 General

A test voltgge is applied between:

a) the MAINIS TERMINALS-connected together, and

b) all ACCESSIBLE conductive parts including the PROTECTIVE CONDUCTOR TERMINAL, if any,| connected
together.

During this test, the equipment shall be electrically isolated from any external earthing. This test is not
applied to small metal parts such as name plates, screws or rivets, if they are separated from parts which
are HAZARDOUS LIVE by REINFORCED INSULATION or its equivalent.

NOTE For equipment which has all ACCESSIBLE conductive parts connected to the PROTECTIVE CONDUCTOR TERMINAL, the
interconnection of the ACCESSIBLE conductive parts is not necessary because the correct interconnections are tested by F.2.

The test voltage may be a.c. or d.c. or impulse, and is selected from Table F.1 for the appropriate
OVERVOLTAGE CATEGORY. For the a.c. and d.c. tests, the test voltage is raised to its specified value within
5 s, and maintained for at least 2 s. Impulse tests are the 1,2/50 us test specified in IEC 61180, conducted
for a minimum of three pulses of each polarity at 1 s minimum intervals.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test, nor shall the test
device indicate failure.
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Table F.1
Test voltages for ROUTINE TESTS of MAINS CIRCUITS
Nominal line-to-
neutral voltage of | OVERVOLTAGE CATEGORY Il | OVERVOLTAGE CATEGORY Il | OVERVOLTAGE CATEGORY IV
MAINS supply
a.c.r.m.s.ord.c. a.c. d.c. 1,2/50 us a.c. d.c. 1,2/50 us a.c. d.c. 1,2/50 us
Impulse Impulse Impulse
v Vr.m.s. v V peak Vr.m.s. \") V peak Vr.m.s. v V peak
<150 840 1200 1200 1400 2000 2000 2200 3100 3100
>150 <300 1400 2000 2000 2200 3100 3100 3300 4700 4700
>300 < 6p0 2200 3100 37100 37300 4700 4700 4300 6000 6000
>600 < 1 00 3300 4700 4700 4300 6000 6000 5300 7 500 7 500
F.3.2 MAINS CIRCcUITS with voltage limiting devices
For MAINS gIRCUITS with voltage limiting devices that meet the requirements of 14.8, the a.c. or|d.c. test of
F.3.1 can bg carried out using a test voltage of 0,9 times the clamping voltagé-ofthe voltage limiting device
but not lesg than twice the WORKING VOLTAGE of the MAINS CIRCUIT.
F.4 Floating circuits

A test volta

a) the TER
connected

b) ACCESSIH

The value d
than 350 V
the value o
RATED voltaj

The test vd
electrically

No flashovér of CLEARANCES or breakdown of solid insulation shall occur during the test nor sh

device indiq

he is applied between

MINALS of floating input and output circuits, "Wwhich can be HAZARDOUS LIVE in NG

f the applied voltage is 0,9.times the clamping voltage, but not less than that of the
ge to earth.

ogether, and
LE conductive parts connected together.

f the applied voltage in each caséyis 1,5 times the maximum RATED voltage to earth |
a.c. rm.s or 500 V d.c. If voltage-limiting (clamping) devices clamp below the appli

tage is raised to,its:specified value within 5 s and maintained for at least 2 s, with
solated from any‘external earthing means.

ate failure.

RMAL USE,

but not less
bd voltage,
maximum

the circuit

all the test
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Annex G
(informative)

Leakage and rupture from fluids under pressure

GDV D2 Modification by replacing “informative” with “normative” in the heading of Annex
G, and add the following text:

See 11.7.1DV for cases in which Annex G applies.

The requirements and tests of this annex are accepted in the USA, Canada, and in some othdr countries,
as proof of conformity with national regulations relating to high pressures. These requiremgnts are not
adequate fpr equipment intended for toxic, flammable, or otherwise hazardous materials,\Réefef to national
authorities|for requirements for such equipment.

G.1 General

Fluid-contgining parts of equipment under pressure shall not cause a HAZARD-through rupture of leakage in
NORMAL CONDITION or SINGLE FAULT CONDITION.

Conformity is checked as specified in Clause G.2 to G.4.
G.2 Pressures above 2 MPa and a product pressure andwolume greater than 200 kPa-|
G.2.1 Gehneral

Fluid-contgining parts of equipment which in NORMAL USE have both of the following charactgristics shall
not cause @ HAZARD through rupture or leakage:

a) a produgt of pressure and volume greatéerthan 200 kPal;

b) a pressure above 2 MPa.

NOTE Such gquipment includes fluidspressure-actuated equipment employing flexible bellows, diaphragms, Bourdon {ubes, etc. and
equipment such as flowmeters that(are connected to process pressures RATED at or above 2 MPa.

Conformity is checked- by inspection and by performing the hydrostatic tests of G.2.2 to|G.2.6. Any
overpressyre safety‘device which is used to limit the maximum working pressure is inactivated during the
tests.

Figure G.1|is.@flow chart showing methods of conformity verification.

Throughout Clause G.2, values are based on RATED pressure Pg. This is the maximum pressure as
marked on the equipment or, if no value is marked, the maximum transient overpressure (maximum
pressure which may be applied without permanent change in performance). In the case of differential
pressure equipment, the RATED pressure is the higher of the working pressure and the static pressure.
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Pressure
hintained?

Remove
mods

25 x Pg (F)

Pressure

Pressure
maintained?

maintained?

éigments? Yes

Yes
No
; Yes Yes
(easyd ) ( FAL ) EAIL
Yes
Yes
Yes
rNo l No bFAIL
PASS FAIL
( ) C ) Remove
mods
v v y
2,5xPR (C) 3xPg (D)* 0 lgzg €

ﬁggl\e\ @ Fragments?
Yes

P ¥ Y W e

( FAIL ) C PASS ) ( PASS ) ( FAIL ) ( PASS ) ( FAIL )

su1125

-

Yes N

Subclause references for tests A to F:
A=G.23a)-B=G.23b)-C=G.25a)-D=G.25b)-E=G.2.5c)-F =G.2.6 - Py = RATED pressure

Figure G.1
Conformity verification process (see G.2)
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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.

Test pressure values are based on RATED pressure Pg, see G.2.1.

Test press,
For higher

Where it i
pressure s

Where it i
pressure s

Lire values specified in G.2.3 to G.2.6 apply to equipment with RATED pressure~up
RATED pressures the values of Table G.1 apply.

5 specified in these test procedures that pressure is to be applied to./the equi
hall be applied to that part of the equipment that is subjected to pressure‘in NORMAL U

specified in these test procedures that pressure is to be applied to “the outer
hall be applied to any unpressurized case, cover, enclosure, orhousing that enclose

to 14 MPa.

bment”, the
SE.

tasing”, the
s all or part

of the prespurized equipment, but that is not itself intended to be pressurized in NORMAL USE.

G.2.3 Initial tests

The followmng tests are performed.

a) A presstire of 2 x Pg is applied to the equipment for<t-min without any visible leakage.

b) A presslire of 3 x Pg is applied to the equipment for 1 min without any rupture or failure whig¢h results in
fragments flying outside the equipment.

Duting test b), leakage may ocgur-because of splits in Bourdon tubes, diaphragms, or

bed
be

ause of joint or gasket failure. These are not considered to be test failures if the p
maintained for 1 min. However, if leakage is at a rate which prevents pressure being|

bellows, or
lessure can
maintained

for [ 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 in .2.4 a), no
further tests are performed.

2) If the eguipment passes the test of G.2.3 b) after modification as specified in G{2.4 b), the
moflificatiohs are removed, and one of the tests of G.2.5 is performed.

3)

f the ‘equipment again fails the test of G.2.3 b), the modifications are removed and

the test of

G.Z2©is performed.

G.2.4 Modifications to minimize leakage

The following modifications may be made.

a) External fittings may be modified to reduce leakage.

b) A leaking gasket or a flexible seal (not part of the measuring element) which forms a structural partition
between the part of the equipment that is under pressure in NORMAL USE and the outer casing may be
replaced by a stronger non-functional member to reduce leakage.


https://ulnorm.com/api/?name=UL 61010-1 2023.pdf

CAN/CSA-C22.2 No. 61010-1-12 + ANSI/ISA-61010-1

156 (82.02.01) ¢+ UL 61010-1 JUNE 6, 2023

G.2.5 Additional tests if modification succeeded in minimizing leakage

If any modification as specified in G.2.4 b) was made before successfully repeating the test of G.2.3 b), the
equipment is restored to its original state, and one of tests a), b) or c) below is performed on the
unmodified equipment. For equipment intended for toxic, flammable or otherwise hazardous substances,
test a) is performed.

a) A pressure of 2,5 x Pg is applied to the equipment for 1 min without any visible leakage.

b) A pressure of 3 x 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 Prarep cannot be maintained within the equipment, leakageyfom the outer

casirlg takes place at a rate which prevents a build-up of hazardous pressure.

c) If the eqyipment has an outer casing capable of being pressurized, it is subjected to'a pressuye of P for
1 min without any rupture or failure which results in fragments flying outside the oufencasing.

NOTE 2 In this situation, rupture and flying fragments are prevented by the capability of therouter casing to resist pressure.
G.2.6 Additional test if modifications failed to reduce leakage

If the equigment failed the test of G.2.3 b) after the modification's/of G.2.4, but the leakage Serves as a
pressure refief mechanism, the equipment conforms to the requirements of G.2.3 b) if, after renjoval of the
modifications, it passes the test specified below and, if the.equipment has an outer casing, also passes
one of testd a), b), and c) of G.2.5.

A pressurelof 2,5 x Pg is applied to the equipment fer.1 min without any rupture or failure which results in
fragments flying outside the equipment.

Table G.1
Test pressures for/equipment with pressures above 14 Mpa
Pr Pressure for test of Pressure for test of Pressure for tests of Pressure fpr tests of
G.2.5¢) G.2.3a) G.2.5a)and G.2.6 G.2.3b)[G.2.5b)
>14 <70 NIPa P& 1,75 x Pg plus 3,5 MPa 2,0 x Pg plus 7 MPa 2,5x Pg plus 7 MPa

> 70 MPh P 1,3 x Pg plus 35 MPa 1,5 x Pg plus 42 MPa 2,0 x Pg pliis 42 MPa
G.3 Pressures béetween 50 kPa and 2 MPa, and pressure times volume above 200 kPa-l
Fluid-contalningvparts of equipment which in NORMAL USE have both of the following charactefistics shall
not cause a-+HAZARB-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 which is used to limit the maximum working pressure is inactivated during the test.

A pressure of 3 x Pg is applied to the equipment for 1 min without leakage, permanent (plastic)
deformation, or bursting. However, for equipment not intended for use with toxic, flammable, or otherwise
hazardous substances, leakage at a gasket at a pressure above 1,2 x Pg is acceptable.
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If a hydrostatic test cannot be performed on unmarked fluid-containing parts or pipes, their integrity is

verified by suitable equivalent tests, such as pneumatic tests at 3 x Pg.

For refrigeration systems see applicable national standards for example ANSI/UL 471, CSA C22.2 No

120.
G.4 Pressures below 50 kPa, or pressure times volume below 200 kPa-l

Leakage from fluid-containing parts at lower pressures, or with a product of pressure and vo
200 kPa-l, shall not cause a HAZARD.

Conformit ; .
fluid pressure of twice the maximum pressure in NORMAL USE. The pressure is applied-fon
leakage is fo occur which could cause a HAZARD.

G.5 Overpressure safety devices

An overpré¢ssure safety device shall not operate in NORMAL USE and shall leonform to all th
requirements.

a) It shall He connected as close as possible to the fluid-containing parts of the system that it is
protect.

b) It shall be installed so as to provide easy access for inspection, maintenance and repair.
¢) It shall npt be capable of being adjusted without the use of a TOOL.

d) It shall |have its discharge outlet located and.directed so that the released material is n
towards arfy person.

lume below

e parts to a
1 min. No

e following

intended to

ot directed

e) It shall have its discharge outlet located-and directed so that operation of the device will pot cause a

HAZARD by|depositing material that couldieause deterioration of parts.

f) It shall have sufficient discharge capacity to ensure that the pressure will not exceed 1,1 x PR
failure of tHe supply pressure control.

g) There ghall be no shut/off valve between any overpressure safety device and the par
intended tq protect.

Also see 11.7.4,

if there is a

ts that it is

Conformity iS-echecked by inspection and test.
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Annex H
(normative)

Qualification of conformal coatings for protection against POLLUTION

H.1 General

This annex covers requirements for conformal coatings used on printed wiring boards to reduce the
POLLUTION DEGREE.

Conformal coatings shall meet the requirements of Clause H.2 and H.3.

NOTE 1 The
printed wiring
environmental

Conformity

NOTE 2 Confdg
H.2 Tech
The technid
a) the mant
b) the RATE

c) the com
suitable for

d) if the pri
resistance;

e) the flam
wiring boar

Conformity

H.3 Qualification of coatings

The coating

nical properties

equirements of Clause H.2 assure that the conformal coating has been suitably RATED for the purpd
boards. The requirements of H.3 assure that the coating will continue to adhere to the printed, wirin|
and physical stresses.

is checked as specified in Clauses H.2 and H.3.

rmal coatings that meet the requirements of ANSI/UL 746Eare considered to meet these requirements.

al properties of conformal coatings shall be suitable for.the intended application. In g

D operating temperature range shall include the temperature range of the intended a

parative tracking index (CTI), the insulation resistance and the dielectric streng
the intended application;

nted wiring board coating is.to be exposed to sunlight, the coating shall have ad
mability RATING of the_coeating shall be at least the required flammability RATING of
 to which it is applied.

is checked byninspection of the manufacturer’s data.

shall meet the conformity requirements of Figure H.1 after the tests of Table H.1.

facturer of the coating material shall state that it.is a coating for printed wiring boards;

se of coating
g board after

articular:
Ps
bplication;

h shall be

equate UV

the printed

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
1 Cold conditioning Conditioning temperature: Tp. The specimens are placed in a temperature
h held at T, for th ifi
Toin is the minimum RATED ambient o orian fimeac &t T for the specified
temperature or the minimum RATED storage '
temperature, whichever is lower, of the
specimen.
Any humidity is acceptable.
Conditioning time: 24 h
2 Dl'y edl Condanrioning termperaware. I'y,gy. Ine specimen 1s rature
Tinax IS the maximum RATED surface R eriag e T for s pecified
temperature, maximum RATED ambient ’
temperature, or maximum RATED storage
temperature, whichever is higher, of the
specimen.
Any humidity is acceptable.
Conditioning time: 48 h
3 Rapld change of Maximum temperature: T« The conditioning procedure followq test Na of
IE -2-14.
temperature Tnax is the maximum RATED surface G 3
temperature, maximum RATED ambient
temperature, or maximum RATED storage
temperature, whichever is highest, of the
specimen.
Minimum temperature: T,,.
Tin 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 ofjone cycle):
Tmax @nd T, areleach held until steady state
conditions of.the_specimens are achieved and
then maintained for 10 min.
The cyclé starts when the specimen has
reached.the target within 2° C.
Number of cycles: 5 cycles
4 Danp heat Temperature: 40 °C 2 °C The specimens are placed in the hyimidity
N chamber and held at the specified {femperature
Humidity: 90 %...95 % R.H. and humidity for the specified condjtioning time.
Conditioning time: 24 h
5 Adhegsion,of coating Temperature: 15 °C.... 35 °C The test procedure follows the test|described in
Humiditv: 45 % 75 % R H f5u.8\,§0f IEC 60664-3 using the spefified pull
Pull force: 5N
6 Humidity Temperature: 40 °C+2 °C The specimens are placed in the humidity
conditioning N chamber and held at the specified temperature
Humidity: 90 %...95 % R.H. and humidity for the specified conditioning time.
Conditioning time: 48 h
7 Insulation resistance | Temperature : 40 +2 °C Insulation resistance is measured between the
of conductors N two outer conductors with the smallest
Humidity: 90 %...95 % R.H. CREEPAGE DISTANCE for at least 1 min. The
Insulation resistance: =100 MQ test voltage shall be as close to the WORKING
VOLTAGE as possible.

Figure H.1 (below) describes the test sequence and conformity.
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Figure H.1
Test sequence and conformity

Preparation and scratch resistance

Preparation of the Each specimen is to be assembled in the normal manner, using the normal soldering procedure, including
test specimens 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,

il
voraSs

« areas with adjacent unprotected conductive parts where the CREEPAGE DISTANCH between
the parts is less than the required CREEPAGE DISTANCE for uncoated printed‘wirind boards.

NOTE Areas of the specimens where scratch resistance test is applied need not be involved ip the
subsequent testing and inspection.

Conditioning of the test specimens

Table H.1, itgm 1 Cold conditioning

Table H.1, itgm 2 Dry heat

Table H.1, itgm 3 Rapid change of temperature
Table H.1, itgm 4 Damp heat test

l

Mechanical and electrical tests.after conditioning

Table H.1, itgm 5 Adhesion of coating (tape test)

Visual inspegtion Conformity is checked by inspection,

On all specimens, the coating shallnot have loosened and there shall be no material transferred to the
tape that is visible to the naked eye.

NOTE In order to assess whether there has been any transfer of material, the tape can be plaged on a
sheet of white paper or gard. If a white or light-coloured coating is being tested, a suitably contrasting
coloured paper or cardvis used instead.

Table H.1, itgm 6 Humidity conditioning

Table H.1, itgm 7 Insulation resistance

Conformity.is checked by measuring of the insulation resistance of Table H.1, item 7. All specimens shall
meet the_required value.

Visual inspegtion Conformity is checked by inspection.

All specimens shall show no

« blistering

« swelling,

« separation from base material,
« cracks,

* voids,

« areas with adjacent unprotected conductive parts where the CREEPAGE DISTANCE between
the parts is less than the required CREEPAGE DISTANCE for uncoated printed wiring boards.
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Annex |

(informative)

Line-to-neutral voltages for common MAINS supply systems

For the purposes of this standard, Table I.1 gives the line-to-neutral voltage that should be used for

determining CLEARANCE, CREEPAGE DISTANCE, and solid insulation requirements of MAINS circuits.

Table I.1 is derived from Table B.1 of IEC 60664-1. It is applicable to MAINS supply systems with inherent
control (see IEC 60664-1, 4.3).

Table 1.1
Line-to-neutral voltages for common MAINS supply systems
MAINS systems and nominal voltages Line-to-
Three-phase four- Three-phase Three-phase Three-phase Single-phase Single-phase csll:;ra;
wire systems @ four-wire three-wire three-wire two-wire (split-phase) ertinegt b
systems @ systems systems systems three-wire P MAINS
i a
with earthed systems system tyde
neutral with unearthed unearthed with earthed a.c.ord.c. a.c.ord.c. i v
and nominpl
neutral (IT phase voltage
TT systems systems) b, ¢ 9
P1 P1 P1 1 L1
P2
N
N
P2 P2 L2
P3 P3 P8, E L2
E E E—b
E E = £ E E
TN-C-S System
b——««— L1
L2
L3
+ N
_F PE
i vV vV Vv \ \ \
125t048 30/60 50
66/115 66 60 100
1201208 1201208 110, 115 100 100 110/200 d 150
127/220 120, 127 120 110, 115 110/220
120, 127 115/230
120/240
220/380 230/400 200 200 220 220/440 300
230/400 217/480 220, 230, 240 240 230 240/480
240/415 260, 277, 347 240
260/440 380, 400, 415
277/480 440, 480
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, 1000
@ 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 120V, 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 220V, and the voltage from
line-to-line is 440 V.
b Zzisan impedance which may connect neutral to earth (usually 1 500 Q).
C  When insulation is monitored, neutral of these systems is considered to be earthed.
d Ppractise in Japan.

su1129b

IEC
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Annex J
(informative)

RISK 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 14121-1and ANSI TR3 er established
procedures which implement similar steps can also be used.

J.1 RISK assessment procedure

H i P~ N YN H'S +3 £ L ] H
TOLERABLE Risll\ o dAadulncvoeu Uy Uic nerauve  provoo Ul Risll\ AoV COOITICTIU \Risll\ Al IGlIyDI and RISK

evaluation)|and RIsSK reduction (see Figure J.1).
C Start )

Y

Definition of intended
= use and reasonably
foreseeable misuse

Hazard"{dentification

Risk analysis

Risk assessment

Risk estimation

RISK reduction

Risk evaluation

L No Is tolerable RISK

achieved?

Yes

1

=)

IEC 1032/10
su1127

Figure J.1
Iterative process of RISK assessment and RISK reduction
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J.2 Achieving TOLERABLE RISK

The followi

ng 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;

¢) identify each HAZARD (including any hazardous situation and harmful event) arising in all stages and

conditions
destructior

d) estimate
HAZARD idg

fortheuseof the product, process or Service, nciuding nstattatiomn, maimntemnarnce,
or disposal;

ntified;

e) judge if the RISK is tolerable (e.g. by comparison with similar products, processes or services

f) if the RIS
When redu
1) eliminat

2) take th
devices);

3) inform u
whether ar
(informatio,

This proce
by complyi

is not tolerable, reduce the Risk until it becomes tolerable.
cing RISKS the order of priority should be as follows:
b or reduce RISKS as far as possible (inherently safeddesign and construction);

b necessary protection measures in relation to RISKS that cannot be eliminated

y particular training is required, and*specify any need to provide personal protectior
h for safety).

ng with the information.provided by the manufacturer (see Figure J.2).

Figure J.2
RISK reduction

Initial RISK
!

repair, and

and evaluate the RISK (see Figure J.1) to each identified user/contact group‘arising from each

(protection

sers of the residual RISKS due to any.shortcomings of the protection measures adopted, indicate

equipment

Hure is based on the assumption that the user has a role to play in the RISK reduction procedure

Inherently safe design

Design Protective devices

Information for safety

!
RISK remaining after design

|

Additional protective devices

Training

Use - -
Personal protective equipment

Organization

i
Residual RISK
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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 emphasized that the
additional protection devices, personal protection equipment and provision of information to users should
not be used as substitutes for design improvements.

J.3 An application of RISK assessment procedures

For HAZARDS in the scope of this standard, examples of severity of harm are 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.

Table J.1
Severity of harm
Severity gfoup People Equipment / Facility Environment

Catastrophic One or more fatalities System or facility loss Chemical release with acute or

public‘health impact

Severe Disabling injury/illness Major subsystem loss or facility Chemical release with temporary

damage environmental or publ|c health
impact

Moderate Medical treatment or restricted Minor subsystem loss or fagility Chemical release triggering

work activity damage external reporting reqfiirements

Minor First aid only Non-serious equipmientor facility | Chemical release requiring only

damage routine cleanup withodit reporting
Table J22
Probability.of harm
Likelihood Expected rate of occurrence

Frequent More than five times a year

Likely More-than once per year, 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
RISK assessment / RISK category
Prebabiity-of-harm
Severity 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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Annex K
(normative)
Insulation requirements not covered by 6.7
K.1 Insulation for MAINS CIRCUITS

K.1.1 General

The concept of OVERVOLTAGE CATEGORIES is elaborated in IEC 60364 and in IEC 60664-1. The descriptions

below are made up of edited extracts from these two standards.

An OVERVPLTAGE CATEGORY is, as the definition 3.5.17 states, a numeral defining) a
OVERVOLTAGE condition. The OVERVOLTAGE CATEGORIES are created to achieve insulation d
between different parts of the MAINS supply installation. IEC 60364-4-44 says that ‘Impuls
(overvoltage) categories are to distinguish different degrees of availability of equipment wit
required expectations on continuity of service and on an acceptable probability of.failure’. This
the decisign of the appropriate RATING of the OVERVOLTAGE CATEGORY of a jpiece of equipm
made on grounds of reliability as well as on grounds of safety. In this standard, requirements i
to 16 apply to equipment not forming part of the building installation, and the requirements for ¢
and CREEPAGE DISTANCES are based on OVERVOLTAGE CATEGORY I, with MAINS voltages up to 30

Equipment forming part of the building installation may include installation material, equipment
measure dr control the MAINS supply within the building, and\similar equipment. All such e
permanently connected to the MAINS, and is permanently installed in the building. However, equ
utilizes thel MAINS supply only for powering itself and associated equipment is not considered {

the buildin

If a manufa

installation, even if it is permanently connected or permanently installed in the build

cturer rates equipment for OVERVOLTAGE,CATEGORY Ill or OVERVOLTAGE CATEGORY 1V,

requirements of this annex apply.

OVERVOLTA
connected
TRANSIENT
relevant to

OVERVOLTA
to plug-cor

GE CATEGORY | is used, within*the context of IEC 60364-4-44, for equipment inte
to a MAINS supply in whichcmeans have been taken to substantially and relid
OVERVOLTAGES to a level-where they cannot cause a HAZARD. OVERVOLTAGE CATEG
this standard.

GE CATEGORY Il isfforequipment intended to be supplied from the building wiring. It g
nected equipmént’and to PERMANENTLY CONNECTED EQUIPMENT. Subclause 6.7 cov

requirements for OVERVOLTAGE CATEGORY Il with a nominal supply voltage up to 300 V. The rg

for higher
above 300

OVERVOLTA

OVERVOLTAGE CATEGORIES and for OVERVOLTAGE CATEGORY Il with a nominal sup
\/ are covered by this annex.

GE“CATEGORY Il is for equipment intended to form part of a building wiring install

TRANSIENT
oordination
e withstand
h regard to
means that
ent may be
h Clauses 5
LEARANCES
V.

intended to
huipment is
ipment that
O be part of

ing.

he relevant

nded to be
bly reduce
ORY | is not

pplies both
ers only the
quirements
ply voltage

ation. Such

equipment

ncludes socket nllﬂni‘e, fuse pannle, and some MAINS installation control

equipment.

Manufacturers may also design equipment for OVERVOLTAGE CATEGORY Il when a higher degree of
reliability and availability is desired.

OVERVOLTAGE CATEGORY IV 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.

K.1.2 CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS

CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS shall meet the values of the following tables as
applicable:
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a) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY II, with nominal supply voltages above 300 V, Table K.2;

b) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY llI, Table K.3;

c) for MAINS CIRCUITS of OVERVOLTAGE CATEGORY IV, Table K.4.

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

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

If the equipment IS RATED to operate at amn altitude greater tham 20001, the CTCEARANCTHS shall be
multiplied bl the applicable factor of Table K.1.
NOTE 2 Matetial group Illb is not recommended for application in POLLUTION DEGREE 3 above line-to-neutralvoltaggs of 630 V.
Conformity|is checked by inspection and measurement and, in case of doubt, by'the impulse foltage test
of 6.8.3.3 qr the a.c. test of 6.8.3.1 with a duration of at least 5 s using the applicable test v¢ltage from
Table K. 16 for the required CLEARANCE..
No flashover of CLEARANCES shall occur during the test.
o Table K1 . .
Multiplicdtion factors for CLEARANCES for equipment RATED.for operation at altitudes up tp 5000 m
RATED operating altitude Multiplication factor
m
Up to 2 000 1,00
2001 to 3 000 1,14
3001 to 4 000 1,29
4001 to 5000 1,48
Table K.2
CLEARANCES and CREEPAGEDISTANCES for MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il above 300 V
Values for CREEPAGE DISTANCE
Voltage line- Printed wiring board material Other insulating material
to-neutral Values for
ac.rms. or | CLEARANCE | oeameiy: | onarera, | R LUTION | POLLUTION DEGREE 2 | POLLUTION|DEGREE 3
d.c.
All material Material All material | Material | Material | Material | Material | Matefial | Material
groups groups I, Il llla groups group | | groupll | group lll | group | | group Il | group Il
\") mm mm mm mm mm mm mm mm mm mm
>300 <600 3,0 3,0 3,0 3,0 3,0 43 6,0 75 8,3 9,4
>600 <1000 55 5,5 55 55 55 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 il
Values for CREEPAGE DISTANCE
Voltage line- Printed wiring board material Other insulating material
to-neutral Values for
ac.rms. or | CLEARANCE | ‘peaReb . | DEGREms: | SEGREe | POLLUTION DEGREE 2 | POLLUTION DEGREE 3
d.c.
All material Material All material | Material | Material | Material | Material | Material | Material
groups groups |, II, llla groups group | | groupll | grouplll | groupl | group Il | group il
\" mm mm mm mm mm mm mm mm mm mm
<150 1,5 1,5 1,5 1,5 1,5 1,5 1,6 2,0 2,2 2,5
>150 < 300 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,8 41 4,7
>300 <600 55 55 55 55 5,5 5,5 6,0 7,5 8J3 9,4
>600 < 1 000 8,0 8,0 8,0 8,0 8,0 8,0 10,0 12,5 140 16
Table K.4
CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of OVERVOLTAGE CATEGORY|IV
Values for CREEPAGE DISTANCE
Voltage Printed wiring board material Otherinsulating material
line-to-
Values for
neutral a.c. POLLUTION | POLLUTION | POLLUTION
M. or CLEARANCE| DEGREE 1 DEGREE 2 DEGREE 1 POLLUTION DEGREE 2 POLLUTION DEGREE 3
d.c. All material Material All material | Material.| Material | Material | Material | Material | Material
groups groups |, 11, llla groups group’l | group |l | group lll | groupl | groyp Il | group llI
\") 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 55 55 55 5,5 55 55 55 55 5[5 55
>300 < 600 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0 83 9,4
>600 < 1 000 14,0 14,0 14,0 14,0 14,0 14,0 14,0 14,0 14,0 16,0
Coatings that meet the requirements of Anhex H when applied to the outer surfaces of printed wiring
boards reduce the POLLUTION DEGREE of'the coated area to POLLUTION DEGREE 1.
Conformity of coatings is checked as’specified in Annex H.
K.1.3 Solid insulation for. MAINS CIRCUITS
K.1.3.1 General
Solid insulation ©fMAINS CIRCUITS shall withstand the electrical and mechanical stresses that may occur in
NORMAL USF, innall 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:

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 Table K.5, Table K.6 or Table 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 Table K.5 to Table K.7 is performed for at least 1 min, there is no need to repeat the test of b) above.
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Table K.5

Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il above 300 V

Voltage line-to-neutral
a.c.r.m.s.ord.c.

Test voltage

5sa.c.test
Va.c.r.m.s.

Impulse test

V peak

v BASIC INSULATION BASIC INSULATION
and SUPPLEMENTARY REINFORCED and SUPPLEMENTARY REINFORCED
INSULATION INSULATION INSULATION INSULATION
>300 <600 2210 3510 4000 6 400
>600 <1 000 3310 5400 6 000 9600
Table K.6

Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE CATEGORY llI

Test voltage

Impulse test
Voltage linefto-neutral 5sac. test V peak
a.c.r.m.s| ord.c.
v BASIC INSULATIONV BASIC INSULATION
SUPPLEMENTARY REINFORCED and SYPRUEMENTARY REINFORCED
INSULATION INSULATION [NQULATION INSULJATION
<140 1390 2210 2500 4400
>150 4 300 2210 3510 4000 6 400
>300 4 600 3310 5400 6 000 9 600
>600 <1 000 4260 7 400 8000 12800
Table K.7

Test voltages for solid insulation;inClMAINS CIRCUITS of OVERVOLTAGE CATEGORY IV

Test voltage

. 5s.a.c. test Impulse test
Voltage linetto-neutral
a.c.r.m.s}|ord.c. ya.c.rms. V peak
\'/ BASIC INSULATION BASIC INSULATION

and SUPPLEMENTARY REINFORCED and SUPPLEMENTARY REINFPRCED

INSULATION INSULATION INSULATION INSULATION
<140 2210 3510 4000 6 400
>150 4 300 3310 5400 6 000 9 600
>300 4600 4260 7400 8000 12800
>600 <1 000 6 600 11 940 12 000 1900

Table K.8

Test voltages for testing long-term stress of solid insulation in MAINS CIRCUITS

Test voltage

Voltage line-to- 1 m\iln a.c. test 1 min d.(\:l. :jest voltage
neutral a.c. rm.s. or rm.s. -C.
d.c. BASIC INSULATION BASIC INSULATION
\") and and

SUPPLEMENTARY REINFORCED SUPPLEMENTARY REINFORCED
INSULATION INSULATION INSULATION INSULATION

<150 1350 2700 1900 3800

>150 < 300 1500 3000 2100 4200

>300 <600 1800 3600 2550 5100

>600 < 1 000 2200 4400 3100 6200
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