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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION COORDINATION FOR EQUIPMENT
WITHIN LOW-VOLTAGE SYSTEMS -

Part 1: Principles, requirements and tests

FOREWORD

1) The IEC {internaticnal Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (EC National Committees). The object of the IEC is o promote
international co-operation on all questions concerning stangardization in the electrical and electronic fields. To
\his end and in addition to other activities, the 1EC publishes international Standards. Their preparation is
entrusted to technical committees; any IEC National Commiltee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (180) in accordance with conditions determined by agreement between the

iwo grganizations.

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

3) The documents produced have the form of recommendations for international use and are published in the form
of standards. technical specifications, technical reports or guides and they are accepted by the National

Committees in that sense.

4) In order to promote international unification, IEC National Committees underiake 1o apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter,

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The |EC shall not be held responsible for identifying any or all such patent rights.

This part of International Standard IEC 60664 has been prepared by Sub-Committee 28A:
Insulation coordination for low-voltage eguipment, of IEC Technical Committee 28: Insulation

coordination.

It has the status of a basic safety publication in accordance with IEC Guide 104,

This consolidated version of IEC 80664-1 is based on the first edition (1992) [documents
28A(C0)28+29+32+33 and 28A(C0O)31+34+35+36], its amendment 1 (2000) [documents
28A/141/FDIS and 28A/146/RVD} and its amendment 2 (2002) [documents 109/3A/FDIS

and 108/7/RVD].

It bears the edition number 1.2

A vertical line in the margin shows where the base publication has been modified by
amendments 1 and 2.

Annexes A to E are for information only.
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IEC 60664 consists of the following parts under the general title /nsulation coordination for
equipment within low-voltage systems:
Part 1: 1992, Principles, requirements and tests.

Part 2-1: 1997, Application guide - Dimensioning procedure worksheets and dimensioning
examples

Part 3: 1982, Use of coatings to achieve insulation coordination of printed board assemblies.
Part 4: 1997, Consideration of high-frequency voltage stress

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until 2006. At this date, the publication will be

+« reconfirmed,

+ withdrawn;

« replaced by a revised edition, or

e amended.

s




60664-1 © IEC:1992+A1:2000+A2:2002 -11 -

INTRODUCTION

This part of IEC 60664 is a revision of the 1st edition of IEC 60664 (including 60664A and
amendment 1) which was published in 1980 as a report having the status of a basic safety
publication following IEC Guide 104. It is now published as a standard. It is now numbered as
part 1 (covering principles, requirements and tests) in the new layout of the IEC 60664 series
in which some further paris are foreseen as follows:

IEC 60664-2 will cover concise requirements for clearances, creepage distances and solid
insulation.

IEC 60664-3 will cover use of coatings to achieve insulation coordination of printed board
assemblies.

IEC 60664-4 will be in the form of an application guide covering:

1) Dimensioning procedure worksheet and dimensioning examples.
2) Interface requirements and transient overvoltage control means.
3) Explanations to the pollution degrees.

4) Dielectric testing.

This part has been revised to

provide for distinguishing insulation coordination for:
- low-voltage mains;

- other installation systems;

-~ internal circuits of equipment;

indicate that controlled overvoltage conditions can either inherently exist in a system or be
achieved by means of overvoltage attenuating means;

emphasize that the overvoltage categories have a probabilistic implication rather than the
meaning of physical attenuation of the transient overvoitage downstream in the

installation;
spell out clearly the remaining duties of specialized Technical Committees;

take into account IEC 60364-4-41, IEC 60364-4-442 and 60364-4-443;
incorporate requirements for solid insulation.
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INSULATION COORDINATION FOR EQUIPMENT
WITHIN LOW-VOLTAGE SYSTEMS -

Part 1: Principles, requirements and tests

SECTION 1: GENERAL AND DEFINITIONS

11 Scope

1.4.1 This part of IEC 60864 deals with insulation coordination for equipment within low-
voitage systems. It applies to equipment for use up to 2 000 m above sea level having a
rated voltage up to a.c. 1 000 V with rated frequencies up to 30 kHz or a rated voltage up to
d.c. 1 500 V. ;

it specifies the requirements for clearances, creepage distances and solid insulation for
equipment based upon their performance criteria. It includes methods of electric testing with
respect to insulation coordination.

The minimum clearances specified in this part do not apply where jonized gases occur.
Special requirements for such situations may be specified at the discretion of the relevant
Technical Committee. :

This part does not deal with distances

- through liquid insulation,

- through gases other than air,

— through compressed air.

NOTE 1 Extension of the scope up to 1 MHz is under consideration.

NOTE 2 Higher voltages may exist in internal circuits of the equipment.
NOTE 3 Requirements for altitudes exceeding 2 000 m can be derived from table A.2 of annex A.

1.4.2 The object of this basic safety standard is to guide Technical Committees responsible
for different equipment in order to rationalize their requirements so that insulation coordination is

achieved.

It provides the information necessary to give guidance to Technical Committees when
specifying clearances in air, creepage distances and solid insulation for equipment.

1.2 Normative references

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

IEC Guide 104:1984, Guide to the drafting of safety publications, and the role of committees
with safety pilot functions and safety group functions

IEC 60038:1983, IEC standard voltages

IEC 60050(151):1978, International Elsctrotechnical Vocabulary (IEV) -= Chapter 151
Eiectrical and magnetic devices
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IEC 60050(604).1987, international Electrotechnical Vocabulary (IEV} - Chapter 604:
Genaeration, transmission and distribution of electricity = Operation

IEC 60060-1;1988, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance

IEC 60068-2-2:1974, Environmental testing — Part 2: Tests, Tests B: Dry heat

IEC 60068-2-3:1969, Environmental testing — Part 2: Tests, Test Ca: Damp heat, steady state
IEC 60088-2-14:1984, Environmental testing — Part 2: Tests, Test N: Change of temperature
IEC 60085:1984, Thermal evaluation and classification of electrical insulation

[EC 60099-1:1991, Lightning arresters — Part 1: Non-linear resistor type arresters for a.c.
systems

IEC 80112:1978, Method for determining the comparative and the proof-tracking indices of
solid insulating materials under moist conditions

|IEC 60216, Guide for the determination of thermal endurance properties of electrical
insulating materials

IEC 60243-1:1988, Methods of test for electric strength of solid insulating materials = Part 1:
Tests at power frequencies

IEC 60335-1:1991, Safety of household and similar electrical appliances — Part 1. General
requirements

|[EC 60364-4-41:1982, Electrical installations of buildings — Part 4: Protection for safety -
Chapter 41: Protection against electric shock

IEC 60364-4-442:1992, Electrical installations of buildings — Part 4. Protection for safety -
Chapter 44: Protection against overvoltages - Section 442: Protection of low-voltage
installations against faults between high-voltage systems and earth

IEC 60364-4-443:1990, Electrical installations of buildings — Part 4: Protection for safety -
Chapter 44: Protection against overvoltages - Section 443; Protection against overvoltages of

atmospheric origin or due to switching

IEC 60364-5-537:1981, Electrical installations of buildings — Part 5: Selection and erection of
electrical equipment — Chapter 53: Switchgear and controlgear — Section 537: Devices for
isolation and switching. Amendment No. 1 (1989)

\EC 60529:1989, Degrees of protection provided by enclosures (IP Cods)

IEC 60536:1976, Classification of electrical and electronic equipment with regard to protection
against electric shock

|IEC 60664-4:1997, Insulation coordination for equipment within low-voltage systems — Part 4.
Considerations of high-frequency voltage stress
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IEC 60664-5, Insulation coordination for equipment within low-voltage systems — Part 5:
A comprehensive method for determining clearance and creepage distances equal to or less
than 2 mm 1)

IEC 80669-1:1981, Switches for household and similar fixed eleclrical installations - Part 1.
General requirements

IEC 60730-1:1980, Automatic electrical controls for electrical household appliances — Part 1.
General requirements

IEC 61180-1:1992, High-voitage test techniques for low-voltage equipment — Part 1
Definitions, test and procedure requirements

IEC 61180-2:1994, High-voltage test techniques for low-voltage equipment - Part 2: Test
equipment

1.3 Definitions

For the purpose of this part of IEC 60664, the following definitions apply:

1.3.1

insulation coordination

mutual correlation of insulation characteristics of electrical equipment taking into account the
expected micro-environment and other influencing stresses

NOTE Expected voltage stresses are characterized in ierms of the characteristics defined in 1.3.5 10 1.3.7.

1.3.2
clearance
shortest distance in air between two conductive parts

1.3.3
creepage distance
shortest distance along the surface of the insulating material between two conductive parts

(IEV 151-03-37)

1.3.4
solid insulation
solid insulating material interposed between two conductive parts

1.3.5
working voltage
highest r.m.s. value of the a.c. or d.c. voltage across any particular insulation which can occur

when the equipment is supplied at rated voltage
NOTE 1 Transients are disregarded.
NOTE 2 Both open circuit conditions and normal operating conditions are taken into account.

1.3.6
recurring peak voltage (Urp)
maximum peak value of periodic excursions of the voltage waveform resulting from distortions

of an a.c. voltage or from a.c. components superimposed on a d.c. voltage

NOTE Random overvoltages, for example due to occasional switching, are not considered to be recurring peak
voltages.

1) To be published.
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1.3.7

overvoltage

any voltage having a peak value exceeding the corresponding peak value of maximum
steady-state voltage at normal operating conditions

1.3.71
temporary overvoltage
overvoltage at power frequency of relatively long duration

1.3.7.2
transient overvoltage
short duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatory, usually

highly damped (IEV 604-03-13)

1.3.7.21
switching overvoltage
transient overvoltage at any point of the system due to specific switching operation or fault

1.3.7.2.2
lightning overvolitage
transient overvoltage at any point of the system due to a specific lightning discharge

1.3.7.3
functional overvoltage
deliberately imposed overvoltage necessary for the function of a device

1.3.8 Withstand voltages

1.3.8.1

impulse withstand voltage

highest peak value of impulse voltage of prescribed form and polarity which does not cause
breakdown of insulation under specified conditions

1.3.8.2
r.m.s. withstand voltage
highest r.m.s. value of a voltage which does not cause breakdown of insulation under

specified conditions

1.3.8.3
recurring peak withstand voltage
highest peak value of a recurring voltage which does not cause breakdown of insulation under

specified conditions

1.3.8.4
temporary withstand overvoltage
highest r.m.s. value of a temporary overvoltage which does not cause breakdown of insulation

under specified conditions

1.3.9

rated voltage
value of voltage assigned by the manufacturer, to a component, device or equipment and to

which operation and performance characteristics are referred

NOTE Equipment may have more than one rated voltage value or may have a rated voltage range.
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1.3.9.1

rated insulation voltage

r.m.s. withstand voltage value assigned by the manufacturer to the equipment or to a part of
it, characterizing the specified (long-term) withstand capability of its insulation

NOTE The rated insulation voltage is not necessarily equal to the rated voltage of egquipment which is primarily
related to functional performance.

1.3.9.2

rated impulse voltage

impulse withstand voltage value assigned by the manufacturer to the equipment or to a part of
it, characterizing the specified withstand capability of its insulation against transient overvoltages

1.3.8.3

rated recurring peak voltage

recurring peak withstand voitage value assigned by the manufacturer to the equipment or to a
part of it, characterizing the specified withstand capability of its insulation against recurring

peak voltages

1.3.9.4

rated temporary overvoltage

temporary withstand overvoltage value assigned by the manufacturer to the equipment or to a
part of it, characterizing the specified short-term withstand capability of its insulation against

a.c. voltages

1.3.10
overvoltage category
numeral defining a transient overvoitage condition

NOTE Overvoltage categories |, If, ll and IV are used, see 2.2.2.1,

1.3.11
potlution
any addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of

electric strength or surface resistivity of the insulation

1.3.12 Environment

1.3.121
macro-environment
environment of the room or other location in which the equipment is installed or used

1.3.12.2
micro-environment
immediate environment of the insulation which particularly influences the dimensioning of the

creepage distances

1.3.13
pollution degree
numeral characterizing the expected pollution of the micro-environment

NOTE Pollution degrees 1, 2, 3 and 4 are used, see 2.5.1.

1.3.14
homogeneous fieid
electric fieid which has an essentially constant voltage gradient between electrodes (uniform

field), such as that between two spheres where the radius of each sphere is greater than the
distance between them

Y R R Py v 7 4 It (St T 1y AL Tt 7 [ Lol CIUPe S G P OB LN R o 3
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1.3.15

inhomogeneous field

electric field which does not have an essentially constant voltage gradient between electrodes
(non-uniform field) :

NOTE The inhomogeneous field condition of a point-plane electrode configuration is the worst case with regard to
voltage withstand capability and is referred to as case A. It is represented by a point electrode having a 30 pm
radius and a plane of 1 m x 1 m.

1.3.16
controlled overvoltage condition
condition within an electrical system wherein the expected transient overvoltages are limited

to a defined level

1.3.17 Insulations

1.3.17.1

functional insulation

insulation between conductive parts which is necessary only for the proper functioning of the
equipment

1.3.17.2
basic insulation
insulation applied to live parts to provide basic protection against electric shock

NOTE Basic insulation does not necessarily include insulation used exclusively for functional purposes {2-1 of
IEC 605386).

1.3.17.3

supplementary insulation

independent insulation applied in addition to basic insulation, in order to provide protection
against electric shock in the event of a failure of basic insulation (2.2 of IEC 60536)

1.3.17.4
double insulation
insulation comprising both basic insulation and supplementary insulation (2.3 of IEC 80536)

1.3.17.5

reinforced insulation

single insulation system applied to live parts, which provides a degree of protection against
electric shock equivalent to double insulation under the conditions specified in the relevant
|IEC standard (2.4 of IEC 60536)

NOTE A single insulation system does nol imply that the insulation must be one homogeneous piece: It may
comprise several layers which cannot be tested singly as basic or supplementary insulation.

1.3.18
partial discharge (PD)
electric discharge that partially bridges the insulation

1.3.18.1

apparent charge q

electric charge which can be measured at the terminals of the specimen under test
NOTE 1 The apparent charge is smaller than the partial discharge.

NOTE 2 The measurement of the apparent charge requires a shori-circuit condition at the terminals of the
specimen (see annex D, D.2) under test, ‘
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1.3.18.2

specified discharge magnitude

magnitude of the apparent charge which is regarded as the limiting value according to the
objective of this standard

NOTE The pulse with the maximum amplitude should be evaluated.

1.3.18.3
pulse repetition rate
average number of pulses per second with an apparent charge higher than the detection level

NOTE Within the scope of this standard it is not permitted to weigh discharge magnitudes according to the pulse
repetition rate.

1.3.18.4

partial discharge inception voltage (Uj)

lowest peak value of the test voltage at which the apparent charge becomes greater than the
specified discharge magnitude when the test voltage is increased above a low value for which
no discharge occurs

NOTE For a.c. lests the r.m.s. value may be used.

1.3.18.5

partial discharge extinction voltage (Us)

lowest peak value of the test voltage at which the apparent charge becomes less than the
specified discharge magnitude when the test voltage is reduced below a high tevel where
such discharges have occurred '

NOTE For a.c. tests the rm.s. value may be used.

1.3.18.6

partial discharge test voltage (Uy)

peak value of the test voltage for the procedure of 4.1.2.4.2 at which the apparent charge has
to be less than the specified discharge magnitude

NOTE For a.c. lests the r.m.s. value may be used.

1.3.19 Tests

1.3.19.1

type test

test of one or more devices made to a certain design to show that the design meets certain
specifications (IEV 151-04-13)

1.3.19.2

routine test ,

test to which each individual device is subjected during or after manufacture to ascertain
whether it complies with certain criteria (IEV 151-04-16)

1.3.18.3
sampling test
test on a number of devices taken at random from a batch (IEV 151-04-17)

1.3.20

electrical breakdown

faitlure of insulation under electric stress when the discharge completely bridges the
insulation, thus reducing the voltage between the electrodes almost to zero
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1.3.20.1
sparkover
electrical breakdown in a gaseous or liquid medium

1.3.20.2
flashover
electrical breakdown along a surface of solid insulation located in a gaseous or liguid medium

1.3.20.3
puncture
electrical breakdown through solid insulation

SECTION 2: BASIS FOR INSULATION COORDINATION

2.1 Basic principles

Insulation coordination implies the selection of the electric insulation characteristics of the
equipment with regard to its application and in relation to its surroundings.

fnsulation coordination can only be achieved if the design of the equipment is based on the
stresses to which it is likely to be subjected during its anticipated lifetime.

2.1.1 Insulation coordination with regard to voltage
Consideration shall be given to:

- the voltages which can appear within the system;

- the voltages generated by the equipment (which could adversely affect other eguipment in
the system):

— the degree of continuity of service desired;

- the safety of persons and property, so that the probability of undesired incidents due to
voltage stresses do not lead to an unacceptable risk of harm.

2.1.1.1  Insulation coordination with regard to long-term a.c. or d.c. voltages

insulation coordination with regard to long-term voltages is based on:

- rated voltage;
-~ rated insulation voltage;
— working voltage.

21.1.2 Insulation coordination with regard to transient overvoltage

Insulation coordination with regard to transient overvoltage is based on controlted overvoltage
conditions. There are two kinds of control:

= inherent control: The condition within an electrical system wherein the characteristics of
the system can be expected to limit the prospective transient overvoltages to a defined
level;
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-~ protective control: The condition within an electrical system wherein specific overvoltage
attenuating means can be expected to limit the prospective transient overvoltages to a
defined level.

NOTE 1 Overvoltages in large and complex systems such as low-voltage mains subjected to muitiple and variable
influences can only be assessed on a stalistical basis. This is particularly true for overvoltages of atmospheric
origin and applies whether the controlled condition is achieved as & consequence of inherent control or by means
of protective control.

NOTE 2 A probabilistic analysis is recommended to assess whether inherent control exists or whether protective

‘control is needed. This analysis requires knowledge of the electrical system characteristics, the keraunic levels,

transient overvoltage levels, etc. This approach has been used in IEC 60364-4-443 for electrical installations of
buildings connected to low-voltage mains.

NOTE 3 The specific overvoltage attenuating means may be a device having means for storage or dissipation of
energy and, under defined conditions, capable of harmlessly dissipating the energy of the overvoltages expected at
the location.

In order to apply the concept of insulation coordination, distinction is made between transient
overvoltages from two different sources:

- transient overvoltages originating in the system to which the equipment is connected
through its terminais;

— transient overvoltages originating in the equipment.
Insulation coerdination uses a preferred series of values of rated impulse voltage:
330V, 500V, 800V, 1500V,2500V,4000V,6000V, 8000V, 12000V.

2.1.1.3 Insulation coordination with regard to recurring peak voltage

Consideration shall be given to the extent partial-discharges can occur in solid insulation (see
3.3.2.2.1) or along surfaces of insulation (under consideration). :

2.1.1.4 Insulation coordination with regard to temporary overvoltage

Insulation coordination with regard to temporary overvoltages is based on the temporary
overvoltage specified in [EC 60364-4-442 (see 3.3.3.2.2 in this standard).

NOTE Currently available surge protective devices (SPDs) are not able to adequately deal with the energy
associated with temporary overvoltages.

2.1.2 Insulation coordination with regard to environmental conditions

The micro-environmental conditions for the insulation shall be taken into account as quantified
by pollution degree.

The micro-environmental conditions depend primarily on the macro-environmental conditions
in which the eguipment is located and in many cases the environments are identical
However, the micro-environment can be better or worse than the macro-environment where,
for example, enclosures, heating, ventilation or dust influence the micro-environment.

NOTE Protection by enclosures provided according to the classes specified in |IEC 60529 does not necessarily
improve the micro-environment with regard to poliution.
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The most important environmental parameters are as follows:

for clearances:

=  air pressure,
» temperature, if it has a wide variation;

for creepage distances:
« pollution,

« relative humidity,

= condensation;

for solid insulation:
= temperature,
< relative humidity.

2.2 Voltages and voltage ratings

For the purpose of dimensioning equipment in accordance with insulation coordination,
technical committees shall specify:

— the basis for voltage ratings,

— an overvoltage category according to the expected use of the eguipment, taking into
account the characteristics of the system to which it is intended to be connected.

2.21 Determination of voltage for long-term stresses

It is assumed that the rated voltage of equipment is not lower than the nominal voltage of the
supply system.

2.2.1.1  Voltage for dimensioning basic insulation
2.21.1.1 Equipment energized directly from the low-voltage mains

The nominal voltages of the low-voltage mains have been rationalized according to tables 3a
and 3b (see 3.2.1.1) and these voltages are the minimum to be used for the seiection of
creepage distances. They may also be used for the selection of rated insulation voltages.

For equipment having several rated voltages so that it may be used at different nominal
voitages of the low-voltage mains, the voltage selected shall be appropriate for the highest
rated voltage of the equipment.

Technical Committees shall consider whether the voltage is to be selected:

— based on line-to-line voltage, or
- based on line-to-neutrai voltage.

2.21.1.2 Systems, equipment and internal circuits not energized directly
from the low-voltage mains

The highest r.m.s. voltage which can occur in the system, equipment or internal circuits shall
be used for basic insulation. The voltage is determined for supply at rated voltage and under
the most onerous combination of other conditions within the rating of the equipment.

NOTE Fault conditions are not taken into account.
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2.21.2 Voltage for dimensioning functional insulation

The working voltage is used for determining the dimensions required for functional insulation.

2.2.2 Determination of rated impulse voltage

The transient overvoltages are taken as the basis for determining the rated impulse voltage.

2.2.21 Overvoltage categories

The concept of overvoltage categories is used for equipment energized directly from the low-
voltage mains.

NOTE This concept of overvoltage categories is used in IEC 60364-4-443.

A similar concept can also be used for equipment connected to other systems, for example
telecommunication and data systems.

2.2.2.1.1 Equipment energized directly from the supply mains

Technical Committees shall specify the overvoltage category as based on the following
general explanation of overvoltage categories (see also IEC 60364-4-443):

- Equipment of overvoltage category IV is for use at the origin of the installation.

NOTE Examples of such equipment are electricity meters and primary overcurrent protection equipment.

~ Equipment of overvoltage category Il is equipment in fixed installations and for cases
where the reliability and the availability of the equipment is subject to special
requirements,

NOTE Examples of such equipment are switches in the fixed installation and equipment for industrial use with
permanent connection to the fixed installation.

- Equipment of overvoltage category |l is energy-consuming equipment to be supplied from
the fixed installation.
NOTE Examples of such equipment are appliances, portable tools and other household and similar foads.

If such equipment is subjected to special requirements with regard to reliability and
availability, overvoltage category Il applies.

- Equipment of overvoltage category | is equipment for connection to circuits in which
measures are taken to limit transient overvoitages to an appropriately low level.

These measures shall ensure that the temporary overvoltages that could occur are sufficiently
limited so that their peak value does not exceed the relevant rated impulse voltage of table 1.

In the latter case the Technical Committee shall specify how the user is to be informed that
the equipment is for use on neutral-earthed systems only.

NOTE t Examples of such equipment are those caontaining electronic circuits protected lo this level, however see
the note in 2.1.1.4.

NOTE 2 Uniess the circuits are designed to take the temporary overvoltages into account, equipment of
overvoltage category 1 cannot be directly connected to the supply mains.

2.2.2.1.2 Systems and equipment not energized directly from the low-voltage mains

It is recommended that Technical Committees specify overvoltage categories or rated impulse
voltages as appropriate. Application of the preferred series of 2.1.1.2 is recommended.

NOTE Telecommunication or industrial control systems or independent systems on vehicles are examples of such
systems.
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2.2.2.2 Selection of rated impulse voltage for equipment

The rated impulse voltage of the equipment shall be selected from table 1 corresponding to
the overvoltage category specified and to the rated voltage of the equipment.

NOTE 1 Equipment with a particular rated impulse voltage and having more than one rated voltage may be
suitable for use in different overvoltage categories.

NOTE 2 For consideration of the switching overvoltage aspect, see 2.2.2.4.

Table 1 - Rated impulse voitage for equipment energized directly
from the low-voltage mains

Nominal voltage of Voltage line to neutral Rated impuise voltage 2)
the supply system 1) derived from nominal
] based on IEC 60038 3! voltages a.c. or d.c. Overvoltage category 4)
F - up to and including
‘ Three phase Single phase 1 n ] v
Vv
50 330 500 800 1500
; 100 500 800 1 500 2 500
f 120-240 150 800 1 500 2 500 4 000
© 230/400 277/480 300 1500 2 500 4 000 6 000
‘ 400/690 600 2 500 4 000 6 000 8 000
1000 1000 4 000 & 000 8000 | 12 000

See annex B for application to existing different low-voltage mains and their nominal voltages.

Ny

Equipment with these rated impuise voltages can be used in installations in accordance with |EC 60364-4-443.

T The / mark indicates a four-wire three-phase distribution system. The lower value is the voltage line-to-
neutral, while the higher value is the voltage line-to-line. Where only one value is indicated, it refers to
three-wire, three-phase systems and specifies the value line-to-line.

"¢ See 2.2.2.1.1 for an explanation of the overvoltage categories.

2.2.2.3 Impulse voltage insulation coordination within equipment

2.2.2.3.1 For parts or circuits within equipment which are significantly influenced by external
transient overvoltages, the rated impulse voltage of the equipment applies. Transient
overvoltages which can be generated by the operation of the equipment shall not influence
external circuit conditions beyond that specified in 2.2.2.4.

2.2.2.3.2 For other parts or circuits within equipment which are specifically protected against
transient overvoltages so that they are not significantly influenced by external transient
overvoltages, the impulse withstand voltage required for basic insulation is not related to the
rated impulse voltage of the equipment but to the actuai conditions for that part or circuit.
Application of the preferred series of impulse voltage vaiues as introduced in 2.1.1.2 is,
however, recommended to permit standardization. In other cases, interpolation of table 2

values is allowed.

2.2,2.4 Switching overvoltage generated by the equipment

For equipment capable of generating an overvoltage at the equipment terminals, for exampie
switching devices, the rated impulse voltage implies that the equipment shall not generate
overvoltage in excess of this value when used in accordance with the relevant standard and

instructions of the manufacturer.

NOTE The residual risk that voltages in excess of the rated impulse voltage can be generated depends on the
circuit conditions.
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If a switching device with a particular rated impulse voltage or overvoitage category does not
generate overvoltages higher than those of a lower overvoltage category, it has two rated
impulse voltages or two overvoltage categories: the higher one referring to its impulse
withstand voltage, the lower one referring to the generated overvoltage.

NOTE A given value of rated impulse voltage implies thal overvoltages up to thal magnitude may become
effective in the system and that, as a consequence, the equipment may be unsuitable for use in lower overvoltage
categories of require suppression means suitable for the lower category.

2.2.2.5 Interface requirements

Equipment may be used under the conditions of a higher overvoltage category where
appropriate overvoltage reduction is provided. Appropriate overvoltage attenuation can be
achieved by:

- an overvoltage protective device;

- a transformer with isolated windings;

- a distribution system with a multiplicity of branch circuits (capable of diverting energy of
surges);

- a capacitance capable of absorbing energy of surges;
- a resistance or similar damping device capable of dissipating the energy of surges.

NOTE Attention is drawn to the fact that any overvoltage protective device within the installation or within
equipment may have to dissipate more energy than any overvoltage protective device al the origin of the
installation having a higher clamping voltage. This applies particularly to the overvoltage protective device with the
lowest clamping voltage. '

2.2.3 Determination of recurring peak voltage

The waveshape of the voltage is measured by an oscitlloscope of sufficient bandwidth, from
which the peak amplitude is determined according to figure 3.

Peak voltage
u

L_. k_ Working voltage

e |

Working voltage

—

Peak voltage

IEC 120602

Figure 3 — Recurring peak voltage

E X
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2.2.4 Determination of temporary overvoltage
2.2.41 General

Situations related to the most onerous temporary overvoltages due to faults in the supply
system are considered in |IEC 60364-4-442.

NOTE |EC 60364-4-442 deals with the safety of persons and equipment in a low-voltage system in the event of a
fault between the high-voltage system and earth of transformers that supply iow-voltage systems.

2.2.4.2 Fault voltage

The magnitude and the duration of the fault voltage or the touch voltage' due to an earth fault
in the high-voltage system are shown in figure 44A of IEC 60364-4-442.

2.2.4.3 Stress due to temporary overvoltages

The magnitude and duration of a temporary overvoltage in low-voltage equipment due to an
earth fault in the high-voltage system are given in 3.3.3.2.2.

2.3  Frequency

Information on the dimensioning for frequencies above 30 kHz is given in |IEC 60664-4.

2.4 Time under voltage stress

With regard to creepage distances, the time under voltage stress influences the number of
occasions when drying-out can result in surface scintillations with energy high enough to
entail tracking. The number of such occasions is considered to be sufficiently large to cause
tracking

- in equipment intended for continuous use but not generating sufficient heat to keep the
surface of the insulation dry,

- in equipment subjected to condensation for extended periods during which it is frequently
switched on and off,

— on the input side of a switching device, and between its line and load terminals, that is
connected directly to the supply mains.

The creepage distances shown in table 4 have been determined for insulation intended to be
under voltage stress during a long period of time.

NOTE Technical Committees responsibie for equipment in which insutation is under voltage stress for only a short
time may consider allowing reduced creepage distances for functional insulation, for example of one voltage step
lower than specified in table 4.

2.5 Pollution

The micro-environment determines the effect of poliution on the insulation. The macro-
environment, however, has to be taken into account when considering the micro-environment.

Means may be provided to reduce poilution at the insulation under consideration by effective
use of enclosures, encapsulation or hermetic sealing. Such means to reduce poliution may
not be effective when the equipment is subject to condensation or if, in normal operation, it
generates poliutants itself.

Small clearances can be bridged completely by solid particles, dust and water and therefore
minimum clearances are specified where pollution may be present in the micro-environment.
NOTE 1 Pollution will becomne conductive in the presence of humidity. Pollution caused by contaminated water,
spol, metal or carbon dust is inherently conductive.

NUﬂE 2 Conductive pollution by ionized gases and metallic depositions occurs only in specific instances, for
Unf'nple in arc chambers of switchgear or controlgear, and is not covered by this part of IEC 60664.
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2.5.1 Degrees of poilution in the micro-environment

For the purpose of evaluating creepage distances and clearances, the following four degrees
of pollution in the micro-environment are established:

- Pollution degree 1
No pollution or only dry, non-conductive poliution occurs. The pollution has no influence.

-~ Pollution degree 2

Only non-conductive pollution occurs except that occasionally a temporary conductivity
caused by condensation is to be expected.

— Pollution degree 3

Conductive pollution occurs or dry non-conductive poliution occurs which becomes
conductive due to condensation which is to be expected.

- Pollution degree 4 _
Continuous conductivity occurs due to conductive dust, rain or other wet conditions.

2.5.2 Conditions of conductive pollution

The dimensions for creepage distance cannot be specified where permanently conductive
poliution is present, e.g. from carbon or metal dust. Instead, the surface of the insulation shall
be designed to avoid a continuous path of conductive pollution, e.g. by means of ribs and
grooves (see 3.2.1.4).

2.6 Information supplied with the equipment

Technical Committees shall specify the relevant information to be supplied with the equipment
and the way this is to be provided.

2.7 Insulating material
2.7.1 Comparative tracking index (CTi)

2.7.1.1 With regard to tracking, an insulating material can be roughly characterized
according to the damage it suffers from the concentrated release of energy during
scintillations when a surface leakage current is interrupted due to the drying-out of the
contaminated surface. The following behaviour of an insulating material in the presence of
scintillations can occur;

- no decomposition of the insulating material;

- the wearing away of insulating material by the action of electrical discharges (electrical
erosion),

- the progressive formation of conductive paths which are produced on the surface of
insulating material due to the combined effects of electric stress and electrolytically
conductive contamination on the surface (tracking).

NOTE Tracking or erosion wili occur when

- aliquid film carrying the surface leakage current breaks, and

-~ the appiied voltage is sufficient to break down the small gap formed when the film breaks, and

- the current is above a limiting value which is necessary to provide sufficient energy locally to thermally
decompose the insulating material beneath the film.

Deterloration increases with the time for which the current flows.
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2.7.1.2 A method of classification for insulating materials according to 2.7.1.1 does not exist.
The behaviour of the insulating material under various contaminants and voltages is
extremely comptex. Under these conditions, many materials may exhibit two or even all three
of the characteristics stated. A direct correlation with the material groups of 2.7.1.3 is not
practical. However, it has been found by experience and tests that insulating materials having
a higher relative performance also have approximately the same relative ranking according to
the comparative tracking index (CTI). Therefore, this standard uses the CTI values to
categorize insulating materials.

2.7.1.3 For the purpose of this standard, materials are classified into four groups according
to their CTI values. These values are determined in accordance with |EC 60112 using solution A.
The groups are as follows:

- material group |: 600 < CTI;

- material group Il 400 < CTI < 800;

— material group Illa: 175 < CTI < 400;

— material group illb: 100 < CTI < 175.

The proof tracking index (PTI) is used to verify the tracking characteristics of materials. A
material may be included in one of these four groups on the basis that the PTI, verified by the
method of IEC 60112 using solution A, is not less than the lower value specified for the group.

2.7.1.4 The test for comparative tracking index (CTI) in accordance with IEC 60112 is
designed to compare the performance of various insulating materials under test conditions.
It gives a qualitative comparison and in the case of insulating materials having a tendency to
form tracks, it also gives a quantitative comparison.

2.7.1.5 For glass, ceramics or other inorganic insulating materials which do not track,
creepage distances need not be greater than their associated clearance for the purpose of
insulation co-ordination. The dimensions of tabie 2 for inhomogeneous field conditions are

appropriate,

2.7.2 Electric strength characteristics

The electric strength characteristics of insulating material shall be considered by the technical
committees, taking into account the stresses described in 3.3.1,3.3.211and 3.3.2.2.1.

2.7.3 Thermal characteristics

The thermal characteristics of insulating material shall be considered by the technical
committees taking into account the stresses described in 3.3.2.1.2, 3.3.2.2.2 and 3.3.3.5,

NOTE See also IEC 60216.

2.7.4 Mechanical and chemical characteristics

The mechanical and chemical characteristics of insulating material shall be considered by
the technical committees, taking into account the stresses described in 3.3.2.1.3, 3.3.2.2.3

and 3.3.2.3. -
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SECTION 3: REQUIREMENTS AND DIMENSIONING RULES

3.1 Dimensioning of clearances

Clearances shall be dimensioned to withstand the required impulse withstand voltage.
For equipment directly connected to the low-voltage mains the required impulse withstand
voltage is the rated impulse voltage established on the basis of 2.2.2.2. If a steady-state
r.m.s. voltage, a temporary overvoltage or a recurring peak voltage requires larger clearances
than required for the impulse withstand voltage, the corresponding values of table 7a shall be
used. The l|argest clearance shall be selected, resulting from consideration of impulse
withstand voltage, steady-state r.m.s. voltage, temporary overvoltage and recurring peak
voltage.

NOTE Dimensioning for steady-state r.m.s. or recurring peak voltage leads to a situation in which there is no
margin to breakdown with the continuous application of these voltages. Technical Committees should take this into

account.

3.1.1 Dimensioning criteria
Clearance dimensions shall be selected taking into account the following influencing factors:

- impuise withstand voitage according to 3.1.4 for functional insulation and 3.1.5 for basic,
supplementary and reinforced insulation;

- steady-state withstand voltages and temporary overvoltages (see 3.1.1.2);
- recurring peak voltages (see 3.1.1.2),
- electric field conditions (see 3.1.2);

~ altitude: the clearance dimensions specified in table 2 and table 7a give withstand
capability for equipment for use in altitudes up to 2 000 m. For eguipment for use at higher
altitudes 3.1.3 applies;

- degrees of poliution in the micro-environment (see 2.5.1).

Larger clearances may be required due to mechanical influences such as vibration or applied
forces.

3.1.1.1 Dimensioning to withstand transient overvoltages

Clearances shall be dimensioned to withstand the required impuise withstand voitage,
according to table 2. For equipment directly connected {o the supply mains, the required
impulse withstand voltage is the rated impulse voltage established on the basis of 2.2.2.2

(table 1).

NOTE IEC 60664-5 provides an alternative and more precise dimensioning procedure for clearances not greater
than 2 mm.




60664-1 © |[EC:1992+A1:2000+A2:2002 - 47 -

Table 2 - Clearances to withstand transient overvoltages!

Minimum clearances in air up to 2 000 m above sea level
impu'f:eqrjl’t:itm " .nhomo?.’.‘.i.fus field Homo::::ogs field
voltage 1 5) (see 1.3.15) (see 1.3.14}
Poliution degree & Pollution degree &)
1 2 3 1 2 3
kV mm mm mm mm mm mm
0,332 0.01 0,01
0.40 0,02 0,02
0.50 2 0,04 0294 0.04
0.60 0,06 0.06 0,234
084
0.80 2 0,10 0,10
1,0 0,15 0,15 089
1.2 0,25 0.25 0,2
1,52 0.5 0.5 0.3 0.3
2.0 1.0 1.0 1.0 0,45 0,45
252 1.5 1.5 1,5 0,60 0,60
3.0 2,0 2.0 2.0 0.80 0.80
4,02 3.0 3.0 3.0 1.2 1.2 1.2
5.0 4,0 4.0 4.0 1.5 1.5 1.5
6.02 5.5 55 5,5 2,0 2,0 2,0
802 8.0 8.0 8.0 3.0 3.0 3.0
10 1 11 11 3.5 35 3.5
122 14 14 14 4.5 4.5 4.5
15 18 18 18 5,5 55 5.5
20 25 25 25 8.0 8.0 8.0
25 33 33 33 10 10 10
30 40 40 40 12,5 12,5 12,5
40 60 60 60 17 17 17
50 75 75 75 22 22 22
60 90 90 a0 27 27 27
I 80 130 ! 130 130 35 35 35
{_ 100 170 | 170 170 45 45 45

.3}

T

4

5)

&)

This voltage is
— for functional insulation, the maximum impulse voltage expected to occur across the clearance {see

3.1.4), ‘ g
_ for basic insulation directly exposed to or significantly influenced by transient overvoltages from the
low-voltage mains (see 2.2.2.2, 2.2.2.3.1 and 3.1.5), the rated impulse voltage of the equipment,

— for other basic insulation {(see 2.2.2.3.2), the highest impulse voltage that can occur in the circuit.

For reinforced insulation see 3.1.5.

Preferred values as specified in 2.1.1.2.

For printed wiring material, the values for poliution degree 1 apply except that the value shall not be less

than 0,04 mm, as specified in table 4.

The minimum clearances given for poliution degrees 2 and 3 are based on the reduced withstand

characteristics of the associaled creepage distance under humidity conditions (see IEC 60664-5).

For parls or circuits within equipment subject to impulse voltages according to 2.2.2.3.2, interpolation of

values is allowed. However, standardization is achieved by using the preferred series of impulse voliage

values in 2.1.1.2.

The dimensions for pollution degree 4 are as specified for pollution degree 3, except that the minimum
_&learance is 1.6 mm,

.

1 m‘s lable 2 replaces Table 2 on page 41 and bears an amended title.
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3.1.1.2 Dimensioning to withstand steady-state voltages,
temporary overvoltages or recurring peak voltages
Clearances shall be dimensioned according to table 7a to withstand the peak value of the
steady-state (d.c. or 50/60 Hz voltage), the temporary overvoltage or recurring peak voltage.
NOTE 1 information for the withstand characteristics for higher frequencies is given in [EC 60664-4.
i : Table 7 - Clearances to withstand steady-state voltages,
- temporary overvoltages or recurring peak voltages
Table 7a - Dimensioning of ¢learances Table 7b - Additional information concerning
f to withstand steady-state voltages, the dimensioning of clearances
temporary overvoltages or to avoid partial discharge
‘recurring peak voltages
Minimum clearances in air Minlmumzcé;;rancgs in al
up to 2 000 m above sea level up to i above
1 sea level
Voltage Voltage
(peak Case A Case B (peak vaiue) 2 Case A
vatue) 2 Inhomogeneous Homogeneous Inhomogeneous field
field conditions field conditions conditions
(see 1.3.15) {see 1.3.14) (see 1.3,15)
| kV mm mm kv mm
1
’ 0.33 0.0 0.01 0,33
J.4 0,02 0.02 0.4
0.5 0,04 0,04 0,5
1 c6 0.06 0,06 0.6 As specified for case A
2B 0.13 0,1 0.8 in
-0 0,26 0.15 1.0 table 7a
T2 0.42 0.2 1.2
rh 0,76 0,3 1,5
2.0 1.27 0.45 2.0
=5 1.8 0.6 2,5 2.0
o 2,4 0.8 3,0 3,2
40 3.8 1,2 4.0 11
o 57 1,5 5.0 24
6.0 7.9 2 6,0 64
£ 2 11.0 3 8.0 184
e 15,2 3.5 10 290
e 19 4.5 12 320
= 25 5.5 15
22 34 8 20
25 44 10 25
b 3¢ 55 12,5 30
. 4z 77 17 40 .
ST 100 22 50
& 27 50
" EC 35 80
10C 45 100
') The clearances for other voltages are obtained by " The clearances for other voltages are obtained
interpolation. by interpolation.
2) See figure 3 for recurring peak voltage. 2 See figure 3 for recurring peak voltage.
®) Dimensioning without partiai discharge is not
possible under inhomogeneous fisld conditions.
NOTE 2 M clearances are stressed with steady-state voltages of 2,5 kV (peak) and above, dimensioning
accor: the breakdown values in table 7a may not provide operation without corona (partial discharges),
especi I inhomogeneous fields. In order to provide corona-free operation, it is either necessary to use targer

clearaf ,hs given in table 7b, or to improve the field distribution.
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3.1.2 Electric field conditions

The shape and arrangement of the conductive parts (electrodes) influence the homogeneity of
the field and consequently the clearance needed to withstand a given voltage (see table 2,
table 7a and table A.1),

3.1.2.1  Inhomogeneous field conditions (case A of table 2)

Clearances not less than those specified in table 2 for inhomogeneous field conditions can be
used irrespective of the shape and arrangement of the conductive parts and without
verification by a voltage withstand test.

Clearances through openings in enclosures of insulating material shall not be less than those
specified for inhomogeneous field conditions since the configuration is not controlied, which
may have an adverse effect on the homogeneity of the electric field.

3.1.2.2 Homogeneous field conditions (case B of table 2)

Values for clearances in table 2 for case B are only applicable for homogeneous fields. They
can only be used where the shape and arrangement of the conductive parts is designed to
achieve an electric field having an essentially constant voltage gradient.

Clearances smaller than those for inhomogeneous field conditions require verification by a
voltage withstand test (see 4.1.1).

NOTE For small values of clearances, the uniformity of the electric field can deteriorate in the presence of
pollution. making it necessary to increase the clearances above the values of case B,

3.1.3 Altitude

As the dimensions in table 2 and table 7 are valid for altitudes up to 2 000 m above sea level,
clearances for altitudes above 2 000 m shall be multiplied by the altitude correction factor

specified in table A.2.

NOTE The breakdown voltage of a clearance in air for a homogeneous field (withstand voltage case B in
table A.1) is, according to Paschen's Law, proportional to the product of the distance between electrodes and the
atmospheric pressure. Therefore experimental data recorded at approximately sea level is corrected according to
the ditference in atmospheric pressure between 2 000 m and sea levei. The same correction is made for
inhomogeneous fields.

3.1.4 Dimensioning of clearances of functional insulation

For a clearance of functional insulation, the maximum impulse voltage expected to occur
across it under rated conditions of the equipment, in particular the rated voltage and rated
impulse voltage, is the appropriate impulse withstand voitage.

3.1.5 Dimensioning of clearances of basic, supplementary and reinforced insulation

Clearances of basic and supplementary insulation shall each be dimensioned as specified in
table 2 corresponding to

- the rated impulse voltage, according to 2.2.2.2 0r 2.2.2.3.1, or
- the impulse withstand voltage requirements according to 2.2.2.3.2.

i
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Clearances of reinforced insulation shall be dimensioned as specified in table 2 corresponding
to the rated impulse voltage but one step higher in the preferred series of values in 2.1.1.2
than that specified for basic insulation. If the impulse withstand voltage required for basic
insulation according to 2.2.2.3.2, is other than a value taken from the preferred series,
reinforced insulation shall be dimensioned to withstand 160 % of the impulse withstand
voltage required for basic insulation.

NOTE In a coordinated system, clearances above the minimum required are unnecessary for a required impulse
withstand voltage. However, it may be necessary, for reasons other than insulation coordination, to increase

clearances (for example due to mechanical influences). In such instances, the test voltage is to remain based on
the rated impulse voltage of the equipment, otherwise undue stress of associated solid insulation may occur.

For equipment provided with double insulation where basic insulation and supplementary
insulation cannot be tested separately, the insulation system is considered as reinforced
insulation.

NOTE When dimensioning clearances to accessible surfaces of insulating material, such surfaces are assumed to
be covered by metal foil. Further detaiis can be specified by Technical Committees.

3.1.6 Isolating distances

See IEC 60364-5-537.

3.2 Dimensioning of creepage distances

The values of table4 are suitable for the majority of applications. If more precise
dimensioning of creepage distances not greater than 2 mm is needed, IEC 60664-5 is
relevant,

3.2.1 Influencing factors

Creepage distances shall be selected from table 4. The foliowing influencing factors are taken
into account:

- Vvoltage according to 2.2.1 (see also 3.2.1.1);

— micro-environment (see 3.2,1.2);

- orientation and location of creepage distance (see 3.2.1.3),

- shape of insulating surface (see 2,.5.2 and 3.2.1.4);

- insulating materials (see 2.7.1);

— time under voltage stress (see clause 2.4).

NOTE The values of table 4 are based upon existing empirical data and are suitable for the majority of
applications. However, for functional insulation, other values of creepage distances than those of table 4 may be
appropriate,

3.21.1 Voltage

The basis for the determination of a creepage distance is the long-term r.m.s. value of the
voltage existing across it. This voltage is the working voltage {(see 3.2.2), the rated insulation
voltage (see 3.2.3) or the rated voltage (see 3.2.3).

Transient overvoltages are neglected since they will normally not influence the tracking
phenomenon. However, temporary and functional overvoitages have to be taken into account
if their duration and frequency of occurrence can influence tracking.
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3.2.1.2 Pollution

The influence of the degrees of pollution in the micro-environment, specified in 2.5.1, on the
dimensioning of creepage distances is taken into account in table 4.

NOTE In an equipment, different micro-environmental conditions can exist.
3.2.1.3 Orientation and location of a creepage distance

If necessary, the manufacturer shall indicate the intended orientation of the equipment or
component in order that creepage distances be not adversely affected by the accumulation of
pollution for which they were not designed.

NOTE Long-term storage has to be taken into account.
3.2.1.4 Shape of insulating surface

Preferably, the surface of solid insulation should include transverse ridges and grooves that
break the continuity of the leakage path caused by poilution. Likewise, ridges and grooves
may be used to divert any water away from insulation which is electrically stressed. Joints or
grooves joining conductive parts should be avoided since they can collect pollution or retain
water.

NOTE Long-term storage has fo be taken into account. The evaluation of the length of a creepage path is given in
clause 4.2.

3.21.5 Relationship to clearance

A creepage distance cannot be less than the associated clearance so that the shortest
creepage distance possibie is equal to the required clearance. However, there is no physical
relationship, other than this dimensional limitation, between the minimum clearance in air and
the minimum acceptable creepage distance.

Creepage distances less than the clearances required in case A of table 2 may only be used
under conditions of poliution degrees 1 and 2 when the creepage distance can withstand the
voltage required for the associated clearance (table 2). The test to demonstrate that the
creepage distance will withstand the voltage for the associated ciearance shali take into
account the altitude correction factor (see 4.1.1.2).

Comparison of the minimum clearances and creepage distances specified in this standard is
described in annex E.

3.2.2 Dimensioning of creepage distances of functional insulation

Creepage distances of functional insulation shall be dimensioned as specified in table 4
corresponding to the working voltage across the creepage distance considered.

NOTE When the working voltage is used for dimensioning, it may be appropriate to interpolate values for
intermediate voltages.

3.2.3 Dimensioning of creepage distances of basic, supplementary and
reinforced insulation

Creepage distances of basic and supplementary insulation shali be selected from tabie 4 for:

— the rationalized voltages (see 2.2.1.1) given in columns 2 and 3 of table 3a and columns
2, 3 and 4 of table 3b, corresponding to the nominal voltage of the supply low-voltage
mains;
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- the rated insulation voltage according to 2.2.1.1.1;

— the voltage specified in 2.2.1.1.2.

NOTE For supplementary insulation, the pollution degree, insulating material, mechanical stresses and
environmental conditions of use may be different from those for basic insulation.

Creepage distances of double insulation are the sum of the values of the basic and
supplementary insulation which compose the double insulation system.

Creepage distances for reinforced insulation shall be twice those determined for basic
insulation from table 4.

NOTE When dimensioning creepage distances to accessible surfaces of insulating material, such surfaces are
assumed to be covered by metal foil. Further details can be specified by Technical Committees.

Table 3a — Single-phase three or two-wire a.c. or d.c. systems
Voltages rationalized for table 4
Nominal voltage
of the supply system* For insulation For insulation
line-to-line 1 line-to-earth !
All systems Three-wire systems
mid-point earthed
A Vv V
12,5 12,5
24
25 25
30 32
42
48
50" 50
80 63
30-60 63 32
100** 100
110 125
120
150" 180
: 220 250
110-220
120-240 250 125
300 320
220-440 500 250
600" 630
. 480-960 1 000 500
. 1 000** 1 000
1} Line-to-earth insulation level for unearthed or impedance-earthed systems equais that
for line-to-line because the operating voltage to earth of any line can, in practice,
approach full line-to-line voltage. This is because the actual voltage to earth is
determined by the insulation resistance and capacitive reactance of each line to earth;
thus, low (bul acceptable) insulation resistance of one line <an in effect earth it and
raise the other two to full line-lo-line voltage to earth.
*  For relationship to rated voltage see 2.2.1.
* These values correspond to the values given in table 1.
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Table 3b — Three-phase four or three-wire a.c. systems

Voltages rationalized for table 4
Nominal voltage of
the supply system* For Insulaticn For insulation line-to-earth
line-to-line
All systems Three-phase Three-phase three-wire
four-wire systems systems unearthed!)
neutral-earthed? or corner-earthed

Vv Vv A v
60 B3 32 63
110
120 125 8o 125
127

150" 160 - 160
208 200 125 200
220
230 250 160 250
240

300** 320 - 320
380
400 400 250 400
415
440 500 250 500
480
500 500 320 500
575 630 400 630

600** 630 - 630
660
690 630 400 630
720
830 800 500 800
960 1 000 630 1000

1 000" 1 000 - 1 000

1)

2)

2}

Line-to-earth insutation leve! for unearthed or impedance-earthed systems equals that for line-to-line
because the operating voltage to earth of any line can, in practice, approach full line-to-line voltage.
This is because the actual voliage to earth is determined by the insulation resistance and capacitive
reactance of each line to earth; thus, low (but acceptable) insulation resistance of one line can in
effect earth it and raise the other two to full line-to-line voltage to earth.

For equipment for use on both three-phase four-wire and three-phase three-wire supplies, earthed
and unearthed, use the values for three-wire systems only.

For relationship to rated voltage see 2.2.1.
These values correspond to the values given in table 1.
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Table 4 - Creepage distances to avoid failure due to tracking

Minimum creepage distances
Pml::?e:;qarlmg Poliution Pollution Pollution
degree degree degree
Voltage Poliution degree 1 2 3
rm.s, " 1 2
All
All material All Material | Material | Material | Material | Material | Material
material | groups, | material group group group group group group
groups | except | groups I i ] | I ma
1]]-]

v ‘mm mm mm mm mm mm mm mm mm
10 ;0,025 0.04 0.08 0,4 0.4 0.4 1 1 1
12,5 0,025 0.04 0,08 0,42 0,42 0,42 1,05 1,05 1,05
16 | 0,025 0.04 0.1 0,45 0,45 0.45 1.1 1,1 1,1
20 0.025 0.c4 0.11 0.48 0.48 0.48 1.2 1.2 1.2
25 0,025 0.04 0.125 0.5 0.5 05 1.25 1,25 1,25
32 0,025 0.04 0.14 0,63 0,53 0,53 1.3 1.3 1.3
40 0,025 0.04 0.16 0,56 0.8 1.1 1.4 1.6 1,8
50 I 0.025 0.04 0.18 0.6 0.85 1,2 1,5 1.7 1.9
63 I 0,04 0.063 0.2 0,63 0.9 1.25 1.6 1.8 2
80 0,063 0.10 .22 0,67 0,85 1.3 1,7 1.9 2.1
100 0.1 C.16 0.25 0,71 1 1.4 1.8 2 2.2
125 0,18 0.25 0.28 0,75 1,05 1,5 1,9 2.1 2.4
160 0.25 0.40 0.32 0.8 1.1 1.6 2.0 22 2,5
200 0.4 0.83 0.42 1 1,4 2.0 2,5 2.8 32
250 0,56 1,0 0.56 1,25 1.8 25 3.2 3.6 4.0
320 0.75 1.6 0.75 1,6 2.2 3.2 4.0 4.5 5.0
400 1 2.0 1 2.0 2.8 4.0 5,0 5.6 6.3
500 1,3 2.5 1.3 2,5 36 5 6,3 7.1 -]

s 630 1.8 3.2 1.8 3,2 4.5 6,3 8 9 10

' 800 2.4 4.0 2,4 4,0 5.6 8 10 11 12,5
1 000 3.2 5.0 3.2 5.0 7.1 10 12.5 14 16
1250 | 4.2 | 6.3 2] 12,5 16 18 20
1600 | 56 8 11 16 20 22 25
2 000 7.5 10 14 20 25 28 32
2 500 10 12,6 18 25 32 36 40
3200 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5 000 20 25 36 50 63 71 80
6 300 ' 25 a2 45 63 80 80 100
8 000 32 40 56 80 100 110 125
10 000 40 50 71 100 125 140 160
12 500 509 63 % a0 ¥ 125 3
16 000 633 80 ¥ 10 ¥ 160 ¥
20 000 8o % 100 » 140 3 200 ¥
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Table 4 (continued)

Minimum creepage distances
Printed wiri
material ne Pollution Pollution Pollution
degres degree degree
Pollution degree
Volitage 1 1 2 3
r.m.s. 1} 2
All
Al materia! Afl Material | Materlal | Material | Material | Material Material
material | groups, | material group group group group " [ group group
groups | except | groups | ] ] | n mna2
b
Vv mm mm mm mm mm mm mm mm mm
25 000 100 % 125 3 180 % 250 %
32 000 125 160 ¥ 2209 3203
40 000 160 3 200 ¥ 280 % 400 3
50 D00 2009 250 ¥ 3603 500 ¥
63 000 250 % 3209 450 ¥ 600 3!

" This voltage is
- for functional insulation, the working voltage;
—- for basic and supplementary insulation of the circuit energized directly from the supply mains (see

2.2.1.1.1), the voltage rationalized through table 3a or table 3b, based on the rated voltage of the equipment,
or the rated insulation voltage:

— for basic and supplementary insulation of systems, equipment and internal circuits not energized directly
from the mains (see 2.2.1. 1.2), the highest r.m.s. voltage which can occur in the system, equipment or internal
circuit when supplied at rated voltage and under the most onerous combination of conditions of operation
within equipment rating.

2} Material group litb is not recommended for application in pollution degree 3 above 630 V.

3 Provisional data based on extrapolation. Technical committees who have other information based on
experience may use their dimensions.

3.3 Requirements for design of solid insulation
3.3.1 General

As the electric strength of solid insulation is considerably greater than that of air, it may
receive little attention during the design of low-voltage insulation systems. On the other hand,
the insulating distances through solid insulating material are, as a rule, much smaller than the
clearances so that high electric stresses result. Another point to be considered is that the high
electric strength of material is seldom made use of in practice. In insulation systems gaps
may occur between electrodes and insulation and between different layers of insulation, or
voids may be present in the insulation, Partial discharges can occur in these gaps or voids at
voltages far below the level of puncture and this may influence decisively the service life of
the solid insulation. However, partial discharges are unlikely to occur below a peak voitage of
500 V.

Of equally fundamental importance is the fact that solid insulation, as compared with gases, is
not a renewable insulating medium so that, for example, high voltage peaks which may occur
infrequently can have a very damaging effect on solid insulation. This situation can occur
while in service and during routine high-voltage testing.

A number of detrimental influences accumulate over the service life of solid insulation. These
follow complex patterns and result in ageing. Therefore, electrical and other stresses (e.g.
thermal, environmental) are superimposed and contribute to ageing.
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The long-term performance of solid insulation can be simulated by a short-term test in
combination with suitable conditioning.

If solid insulation is subjected to high frequencies, the dielectric losses of solid insulation and
partial discharges become increasingly important. This condition has been observed in
switched-mode power supplies where the insulation is subjected to repetitive voltage peaks at
frequencies up to 500 kHz.

There is no general relationship between the thickness of solid insulation to the aforesaid
failure mechanisms, therefore the performance of solid insulation can only be assessed by
testing. It is not appropriate to specify the minimum thickness of solid insulation to achieve
long-term electric withstand capability. '

3.3.2 Stresses

The stresses applied to solid insulation are divided into:
— short-term;
- long-term.

Other stresses, see 3.3.2.3, than those listed in 3.3.2.1 and 3.3.2.2 below may be applied to
solid insulation in use.

3.3.2.1 Short-term stresses and their effects
3.3.211 Voltage

The electric strength is greatly influenced by the frequency of the applied voltage. Dielectric
heating and the probability of thermal instability increase approximately in proportion to the
frequency. The breakdown field strength of insulation having a thickness of 3 mm when
measured at power frequency according to IEC 60243-1 is between 10 kV/mm and 40 kV/mm.
Increasing the frequency will reduce the electric strength of most insulating materials.

NOTE Further guidance on the infiuence of higher frequencies is under consideration.
3.3.2.1.2 Heating
Heating can cause

= mechanical distortion due to the release of locked-in siress;

~ softening of thermoplastics at comparatively low temperature-rise above ambient, for
example temperatures above 60 °C;

- embrittiement of some materials due to loss of plasticiser;

- softening of some cross-linked materials particularly if the glass transition temperature of
the material is exceeded:

- increased dielectric losses leading to thermal instability and failure.

High temperature gradients, for example during short-circuits, may cause mechanical failure.

3.3.21.3 Mechanical shock

In the case of inadequate impact strength, mechanical shock may cause insulation failure.
Failure from mechanical shock could also oceur due to reduced impact strength of materials:

— due to material becoming brittle when the temperature falls below its glass transition
temperature;

- after prolonged exposure to high temperature that has caused loss of plasticiser or
degradation of the base polymer.
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Technical Committees shall consider this when specifying environmenta| conditions for
transportation, storage, installation and use,

3.3.22 Long-term stresses and their effects
3.3.2.21 Partial discharges (PD)

In air, partial discharges (PD) can occur at peak voltages in excess of 300 V (the Paschen
minimum). in practice they are unlikely to occur below 500 V. Failure is by gradual erosion or
treeing leading to puncture or surface flashover.

Insulation systems have different properties: some Can tolerate discharges throughout their
anticipated life (e.g. ceramic insulators), while others have to be discharge-free (e.g.
capacitors). Voltage, repetition rate of discharges and discharge magnitude are important
parameters,

"t is assumed that the PD behaviour is influenced by the frequency of the applied voltage. It is
established from accelerated life tests at increased frequency that the time to failure is

practical experience only covers frequencies up to § kHz since, at higher frequencies, other
failure mechanisms may aiso be present, for example dielectric heating.

NOTE The influence of frequency on the PD inception voltage and PD extinction voltage is under investigation.

3.3.2.2.2 Heating

example embrittlement, leading to cracking and electric breakdown. This process is
continuous and cannot be simulated by short-time testing since several thousand hours
testing time would be required (see |EC 602186).

3.3.2.2.3 Mechanical stresses

Mechanical stresses caused by vibration or shock during operation, storage or transportation
may cause delamination, cracking or breaking-up of the insulating material

3.3.2.2.4 Humidity

increasing the retention of electrostatic charge and by decreasing the mechanical strength of
some materials, such as polyamide.

3.3.2.3 Other stresses

Many other stresses can damage insulation and will have to be taken into account by
Technical Committees.
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Examples of such stresses are:

radiation, both ultraviolet and ionizing;
— stress-crazing or stress-cracking caused by exposure to solvents or active chemicals;

- the effect of migration of plasticizers;
— the effect of bacteria, mouids or fungi;
— mechanical creep.

The effect of these stresses is of less importance or they wili apply less often but require
consideration in particular cases. '

3.3.3 Requirements
3.3.31 General

Solid insulation of basic, supplementary and reinforced insulation shall be capable of durably
withstanding electrical and mechanical stresses as well as thermal and environmentati
influences which may oceur during the anticipated life of the equipment.

NOTE 1 When considering electrical stresses to accessible surfaces of solid insulation, such surfaces are
assumed to be covered by metal foil. Further details can be specified by Technical Committees.

In those instances where working voltages are non-sinusoidal with pericdically recurring
peaks, special consideration shall be given to possible occurrence of partial discharges.
Simiiarly, where insulation layers may exist and where voids in moulded insulation may exist,
consideration shall be given to possible occurrence of partiai discharges with resultant
degradation of solid insuiation.

3.3.3.2 Withstand of voltage stresses

Technical Committees shall specify which voltage ratings are to be assigned to their
equipment.

3.3.3.2.1 Transient overvoltages
Basic and supplementary insulation shall have

— &n impulse withstand voltage requirement corresponding to the nominal of the mains
voitage and the relevant overvoltage category according to table 1 (see 2.2.2.2), or

— an impuise withstand voltage of an internal circuit of an equipment which has been
specified according to the transient overvoltages to be expected in the circuit (see
2.2.2.3).

Reinforced insulation shall have an impulse withstand voltage corresponding to the rated
impulse voltage but one step higher in the preferred series of values in 2.1.1.2 than that
specified for basic insulation. If, according t0 2.2.2.3.2, the impulse withstand voltage required
for basic insulation is other than a value taken from the preferred series, reinforced insulation
shall be dimensioned to withstand 160 % of the value required for basic insulation,

For verification by testing see 4.1.2.2.
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3.3.3.2.2 Temporary overvoltages

Basic and supplementary solid insulation shall withstand the following temporary over-
voltages:

— short-term temporary overvoitages of Un *+ 1200 V with durations up to 5 S,
- long-term temporary overvoltages of U, + 250 V with durations longer than 5 5;

where
U, is the nominal line-to-neutral voltage of the neutral-earthed supply system.

Reinforced insulation shall withstand twice the temporary overvoltages specified for basic
insulation.

For verification by testing see 4.1.2.

NOTE 1 These values are from |EC 60364-4-442, where Up is called Uy,

NOTE 2 The values are r.m.s. values.

3.3.3.2.3 Recurring peak voltages

The maximum recurring peak voltages occurring on the low-voltage mains can be assumed

provisionally to be F, x JEUH, i.e. 1,1 times the peak value at Un. Where recurring peak
voltages are present, the discharge extinction voltage shall be at least:

~ Fi1xFgx J2 Uy, ie. 1,32 V2 U, for each basic and supplementary insuiation, and
- FixFaxFyx JEU,,, i.e. 1,65 \/EU,, for reinforced insuiation.
NOTE JE Un is in neutral-earthed systems the peak value of the line-to neutral fundamental (undistorted) voltage

at nominal voitage of mains. The application of the multiplying factors used in this subclause is described in D.4 of
annex D.

For explanation of factors F, see 4.1.2.4,
In internal circuits, the hghest recurring peak voltages have to be evaluated in place of F4 x
«.[2_Un and solid insulation shall meet the requirements correspondingly.

For verification by testing see 4.1.2.4.

3.3.3.2.4 High-frequency voltage

For voltages with frequencies above power frequency, the influence of frequency according to
3.3.2.1.1 and 3.3.2.2.1 shall be taken inte account. Frequencies above 1 kHz shall be
considered as high frequencies within the scope of this standard.

Technical Committees shall specify whether a test according to 4.1.2.5 is necessary.

3.3.3.3 Withstand of short-term heating stresses

Solid insulation shall not be impaired by short-term heating stresses which may occur in
normal and, where appropriate, abnormal use. Technical Committees may specify severity
levels.

NOTE Standard severity levels are specified in IEC 60068
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3.3.3.4 Withstand of mechanical stresses

Solid insulation shall not be impaired by mechanical vibration or shock which can be expected
in use. Technical Committees may specify severity levels.

NOTE Siandard severity levets are specified in IEC 60068.

3.3.3.5 Withstand of long-term heating stresses

Thermal degradation of solid insulation shall not impair insulation coordination during the
anticipated life of the equipment. Technical Committees shall specify whether a test is
necessary. (See also |[EC 60085 and IEC 60216.)

3.3.3.6 Withstand of the effects of humidity

Insulation coordination shall be maintained under the humidity conditions as specified for the
equipment. (See also 4.1.2.1.)

3.3.3.7 Withstand of other stresses

Equipment may be subjected to other stresses, for example as indicated in 3.3.2.3, which may
adversely affect solid insulation. Technical Committees shall state such stresses and specify

test methods.

SECTION 4: TESTS AND MEASUREMENTS

4.1 Tests

The following test procedures apply to type testing, so that a possible deterioration of the test
specimen may be tolerated. It is assumed that further use of the test specimen is not

intended.

NOTE 1 If further use of the test specimen is intended or required, particular consideration is necessary by the
technical committee. In such cases any high-voltage test should be combined with a partial discharge
measurement according to 4.1.2.4 and annex C.

The stresses caused by transient overvoltages are assessed by the impulse voltage test,
which may be substituted by an a.c. voltage test or a d.c. voltage test. Clearances larger than
case A of table 2 may be verified by measurement or by a voltage test. If they are smaller
than the values according to the values of case A of tabie 2, they have to be verified by a
voltage test. In any case, the ability of solid insulation to withstand transient overvoltages has
to be verified by a voltage test.

NOTE 2 While it is possible to substitute an impulse voltage test by an a.c. voltage test or by a d.c. vollage test, it
is in principle not possible to substitute an a.c. voltage test by an impulse voltage test. The main reasons for this
are the different propagation of the impulse voltages compared to power frequency voltages, especially in complex
circuits, and the reguirement to test solid insuiation with voltages of longer duration.

4.1.1 Test for verification of clearances
4111 General

When electrical equipment is subjected to electric tests for verifying clearances, the test
shall be in accordance with withstand voltage requirements specified in 3.1. The appropriate
test for the verification of clearances is the impulse voltage test, but as stated in 3.1.2, an
impuise voltage test is only required for clearances smaller than case A values of table 2.
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When verifying clearances within equipment by an impulse voltage test, it is necessary to
ensure that the specified impuise voltage appears at the clearance.

NOTE 1 The electric testing of clearances will also stress the associated solid insulation.
NOTE 2 The relationship between clearances and creepage distances is given in 3.2.1.5.
NOTE 3 For testing complete equipment, see 4.1.1.3.

41.1.2 Test voltages
4.1.1.21 Impulse voltage dielectric test

The purpose of this test is to verify that clearances will withstand specified transient over-
voltages. The impulse withstand test is carried out with a voltage having a 1,2/50 ps
waveform (see figure 1 of IEC 61180-1) with the values specified in table 5. It is intended to
simulate overvoltages of atmospheric origin and covers overvoltages due to switching of low-
voltage equipment.

Due to the scatter of the test results of any impulse voltage test, the test shall be conducted
for a minimum of three impulses of each polarity with an interval of at least 1s between
pulses,

NOTE The output impedance of the impulse generator shouid not be higher than 500 ©. When carrying out tests
on equipment incorporating components across the test circuil, a much lower virtual impulse generator impedance
should be specified (see 9.2 in IEC 61180-2). In such cases, possible resonance effects, which can increase the
peak value of the test voltage, should be taken into account when specifying test voltage vaiues.

Technical committees may specify alternative dielectric tests according to 4.1.1.2.2.
Table 5 - Test voltages for verifying clearances at sea level

The voltage values of table 5 apply for the verification of clearances only.

Rated impulse voltage Impulse test voitage at sea level
] 1y
kv kv
0,33 0,35
0.5 0,55
0.8 0,91
1,5 1,75
2.5 2,95
4.0 4.8
6.0 7.3
8,0 ‘ 9.8
12,0 14,8
NOTE 1 Explanations concerning the influencing factors (air pressure, altitude, temperature, humidity) with
respect to electric strength of clearances are given in 4.1.1.2.1.2.
NOTE 2 When testing clearances. associated solid insulation will be subjected to the test voltage. As the
impulse test voltage of table 5 is increased with respect to the rated impulse voltage, solid insulation will have to
be designed accordingly. This results in an increased impuise withstand capability of the solid insulation.




60664-1 © |[EC:1992+A1:2000+A2:2002 -77 -

41.1.211 Selection of impulse test voltage

If an electric test for insulation coordination of equipment in respect to clearances is required
(for clearances smaller than case A as specified in table 2}, the equipment shall be tested
with the impulse test voltage corresponding to the rated impulse voitage specified in
accordance with 2.2.2. The impulse test voltages of table 5 apply.

For the test conditions, Technical Committees may specify temperature and humidity values.

Technical Committees shouid consider whether sampling tests or routine tests have to be
carried out in addition to type tests. :

41.1.21.2 Explanations to table 5
a) Correction factors for impulse voltage testing

According to 1.1.1, the rated impulse voltage is to be valid for equipment used up
to 2 000 m above sea level. At 2 000 m, the normal barometric pressure is 80 kPa, while
at sea level the value is 101,3 kPa. Therefore, the equipment tested at locations lower
than 2 000 m is tested using higher impulse test voltages. Table 5 gives the impulse test
voltage value for sea level.

The basis for the calculation of the sea level values and data for determining test values
for other test locations is as follows:

The altitude correction factors given in table A.2 of annex A are considered in relation to
the curve of figure A.1 of annex A. The relationship is as follows:

m
kg
where

d is the clearance under consideration in millimetres;

k. is the altitude factor for voltage correction;

ks is the altitude factor for distance correction (see table 8):

m is the gradient of the relevant straight line in curve 1 in figure A.1 (logarithmic scales
on the two co-ordinate axes) and has the value.

0,3262 for 0,01 < d<0,0625 mm;

0,6361 for 0,0625 < d < 1 mm;

0,853¢ for 1 <ds 10 mm;

0.,9243 for 10 <d= 100 mm.

Applying altitude correction factors for distance correction results in curve 1 of figure A.1,
the voltages will be changed with four different steps at only one shifting step for distance.
The mathematical formula for this operation is shown above. Table 5 includes this

calculation as described.
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Table 8 — Altitude correction factors

Altitude Factor kg for
" distance correction
0 0,784
200 0,803
500 0.833
1 000 0,844
2 000 1

b) General discussion of factors influencing the electric strength of clearances
The influencing factors are:
— air pressure;
- temperature,;
= humidity.
The relationship between these factors for homogeneous electrical fields is as follows:
Ug = 24,41dK + 6,73 JadK

Ke P 293
101,3 AT +293

where

Uy is the breakdown voitage in kilovolts

d is the clearance in centimetres 20,01 ¢m

K is the correction for air pressure and temperature

AT is the difference in kelvins between actual room temperature and 7= 20 °C
p s the actual air pressure in kilopascals

For the purpose of testing, the factors of temperature and humidity have been considered
negligible. Air pressure variations have been considered for altitude differences only, daily
changes have been considered negligible. It is considered that these factors can for
practical purposes be neglected because the data of figure A.1 represents the statistically
determined low limit of the breakdown data.

When more precise testing conditions are required, the barometric pressure and the
temperature of the test location may be used in the formula given above.

4.1.1.2,2 Alternatives to impulse voltage dielectric tests

Technical Committees may specify an a.c. or d.c. voltage test for particular equipment as an
alternative method.

While tests with a.c. and d.c. voltages of the same peak value as the impulse test voltage
specified in table 5 of 4.1.1.2.1.1 verify the withstand capability of clearances, they more
highly stress solid insulation because the voltage is applied for longer duration. They can
overload and damage certain solid insulations. Technical Committees should therefore
consider this when specifying tests with a.c. or d.c. voltages as an alternative to the impulse
voltage test given in 4.1.1.2.1.
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41.1.2.21 Dielectric test with a.c. voltage

The waveshape of the sinusoidal power frequency test voltage shall comply with the require-
ments in 5.2.1.1 of IEC 61180-1 and the peak value shall be equal to the impulse test voitage
of table 5 and applied for three cycles of the a.c. test voltage.

4.1.1.2.2.2 Dielectric test with d.c. voltage

The d.c. test voltage shall be ripple-free according to the requirements in 4.2,1.1 of
IEC 61180-1, equal to the impulse test voltage of table 5 and applied three times for 10 ms in
each polarity.

4.1.1.2.2.3  Test duration

A.C. and d.c. tests can degrade the associated solid insulation. If a.c. or d.c. tests are
chosen, they shall be conducted for a minimum of three cycles in the case of a.c., or three
+mes with a duration of 10 ms in each polarity in the case of d.c. A longer test duration does
not give additional information for insulation coordination of clearances.

4.1.1.2.3 Dielectric testing with 2 U, + 1 000 V for 1 min

This test is specified by some Technical Committees but is not relevant for the verification of
clearances and therefore it is not dealt with in this context.

4.1.1.2.4 Test for purposes other than insulation coordination

Technical Committees specifying electric tests for purposes other than verification of
clearances should not, in principle, specify test voltages higher than those required for
insulation coordination.

4.1.1.2.5 Sampling and routine tests

Sampling tests and routine tests are intended to ensure production quality and do not
generally verify insulation coordination. It is the responsibility of the relevant Technical
Committee, and in particular of the manufacturer, to specify these tests. They should be
~arried out with the waveforms and voltage levels such that faults are detected without
causing damage to the equipment (solid insulation or components).

4.1.4.3 Performing dielectric tests on complete equipment

When performing the impulse voltage test on complete equipment, the attenuation or
amplification of the test voltage within the equipment shall be taken into account. Surge
protective devices (SPDs) that bridge basic or reinforced insulation shall be disconnected
before dielectric testing.

4.1.1.31 Parts to be tested

The test voltage shall be applied between parts of the equipment which are electrically
separate from each other.
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Examples of such parts are:

- live parts;

- separate circuits;

— earthed circuits;

— accessible surfaces.

Non-conductive parts of accessible surfaces shall be covered with metal foil.

NOTE If a compiete covering of large enclosures with metal foil is not practicabie, a partial covering is sufficient if
applied to those parts which provide protection against electric shock.

4.1.1.3.2 Preparation of equipment circuits
Eor the test, each circuit of the equipment shall be prepared as follows:

— external terminals of the circuit, if any, shall be connected together;
- switchgear and controigear shall be in the closed position or bypassed;

_ the terminals of voltage blocking components (such as rectifier diodes) shall be connected
together;

- components such as RFI filters shall be included in the impulse test but it may be
necessary to disconnect them during a.c. tests.

Voltage sensitive components within any circuit of the equipment may be bypassed by
shorting the terminals.

Pre-tested plug-in printed circuit boards and pre-tested modules with multipoint connectors
may be withdrawn, disconnected or replaced by dummy samples to ensure that the test
voltage is propagated inside the equipment to the extent necessary for the insulation tests.

4.1.1.3.3 Test voltage values

Circuits connected to the low-voltage mains are tested according to 4.1.1.2.

The test voltage between two circuits of the equipment shall have the value corresponding to
that circuit with the higher rated voltage.

NOTE As long as insulation coordination is not impaired, a lower insulation level may be specified between
certain parts of the equipment. Such parts should then be interconnected for the purpose of the test. Subsequently,
such parts should be tested with respect to each other with the lower test voltage specified.

4.1.1.3.4 Test criteria

There shall be no disruptive discharge (sparkover, flashover or puncture) during the test.
Partial discharges in clearances which do not result in breakdown are disregarded, unless
otherwise specified by the Technical Committees.

NOTE It is recommended that an oscilloscope be used to observe the impulse voltage in order to detect disruptive
discharge.
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4.1.2 Electric tests for solid insulation

Solid insulation that may be subjected to mechanica! stresses during operation, storage,
transportation or installation shall be tested with respect to vibration and mechanical shock
before the dielectric testing. Technical Committees may specify test methods.

NOTE Standard test methods are specified in the relevant part of IEC 60068.
The tests for insulation coordination are type tests. They have the following objectives:

a) The impulse voltage withstand test to verify the capability of the solid insulation to
withstand the rated impulse voltage (see 3.3.3.2.1).

b) The a.c. voltage test to verify the capability of the solid insulation to withstand the short-
term temporary overvoltage (see 3.3.3.2.2). If the peak value of the a.c. test voltage is
equal to or higher than the rated impulse voltage, the impulise voltage test is covered by
the a.c. voltage test.

Solid insulation has a different withstand characteristic compared to clearances if the time
of stress is being increased. In general the withstand capability will be decreased
significantly. Therefore the a.c. voltage test, which is specified for the verification of the
withstand capability of solid insulation, is not allowed to be replaced by an impulse voltage
test.

c) The partial discharge test to verify that no partial discharges are maintained in the solid
insulation:

- at the highest steady-state voltage;
- atthe long-term temporary overvoltage (see 3.3.3.2.2);
— at the recurring peak voitage (see 3.3.3.2.3).

d) The high-frequency voltage test to verify the absence of failure due to dielectric heating
according to 3.3.3.2.4.

Technical committees shall specify which type tests are required for the respective stresses
ocecurring in the equipment.

Partial discharge tests for solid insuiation shall be specified if the peak value of the voltages
listed under c) exceeds 700 V and if the average field strength is higher than 1 kV/mm. The
average field strength is the peak voltage divided by the distance between two parts of
different potential.

The above tests may also be suitable as sample or routine tests. It is, however, the
responsibility of the technical committees to specify which tests shall be performed as sample
and routine tests in order to ensure the quality of the insulation during production. The tests,
and conditioning as appropriate, shall be specified with test parameters adequate to detect
faults without causing damage to the insulfation.

When performing tests on complete equipment, the procedure of 4.1.1.3 applies.
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4,1.2.1 Conditioning

If not otherwise specified, the test shall be performed with a new test specimen. Conditioning
of the specimen by temperature and humidity treatment is intended to

- represent the most onerous normal service conditions,
- expose possible weaknesses which are not present in the new condition.

Table 6 — Severities for conditioning of sclid insulation

Test TYemperature | Relative humidity Time Number of
°c o h cycles
a) Dry heat +55 - 48 1
b} Dry heat cycle -10 to +55 - Cycle duration 3
24

c) Thermal shock (rapid change -10 to +55 - 3)

of temperature)

d} Damp heat 25 1) 93 96 1
40 2) 83 26 1

) This temperature appears in several slandards, e.g. IEC 60335-1, IEC 60669-1 and IEC 60730-1.

2) gtandard temperature of damp heat tes{ appears in IEC 60068-2-3.

3) Duration of the temperature change depends on the thermal time constant of the test specimen,

see IEC 60068-2-14. .

Technical committees shall specify the appropriate conditioning method from the following
recommended methods:

a) dry heat (IEC 60068-2-2), in order to achieve a stable condition which may not exist
immediately after manufacture;

b) dry heat cycie (IEC 60068-2-2), in order to induce the creation of voids which could
develop in storage, transportation and normal use;

c) thermal shock (IEC 60068-2-14), in order to induce delamination within the insulation
system which may develop in storage, transportation and normal use;

d) damp heat (IEC 60068-2-3), in order to evaluate the effect of water absorption on the
electric properties of the solid insuiation.

For impulse voltage, a.c. power frequency voltage and high frequency voltage tests, the most
significant conditioning methods are those in a) and d). For partial discharge testing, the
conditioning methods b) and c) are most relevant.

If conditioning of solid insulation is required, it shall be performed prior to type testing. The
values of temperature, humidity and time shall be selected from table 6.

It may be appropriate to subject components, for example electrical parts, sub-assemblies,
insulating parts and materials, to conditioning before electric testing. When components have
already been type tested according to this subclause, such conditioning is not required.
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4.1.2.2 Impulse voitage test
4.1.2.21 Test method

The methods for impulse voltage testing of 4.1.1.2.1 apply also to solid insulation, except that
the altitude correction factors are not applicable. The test shall be conducted for five impulses
of each polarity with an interval of at least 1s between impulses. The waveshape of each
impulse shall be recorded (see 4.1 .2.2.2).

4.1.2.2.2 Acceptance criteria

No puncture or partial breakdown of solid insulation shall occur during the test, but partial
discharges are allowed. Partial breakdown will be indicated by a step in the resulting
waveshape which will occur earfier 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 overvoltage limiting devices are included in the equipment, care musi be taken to examine the
waveshape to ensure that their operation is not taken te indicate insulation failure. Distortions of the impulse

voltage which do not change from impulse to impulse may be caused by operation of such 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 which may be
repeated in the course of an impulse.

4.1.2.3 A.C. power frequency voltage test
4.1.2.31 Test method

For basic insulation and supplementary insulation, the test voltage has the same value as the
short-term temporary overvoltage. For reinforced insulation, the test voltage is twice the value
used for basic insulation.

The a.c. test voltage shall be raised uniformly from OV to the value specified in 3.3.3.2.2
within not more than 5 s and held at that value for 5 s.

In some cases the a.c. test voltage may be substituted by a d.c. test voltage of a value equal
to the peak value of the a.c. voltage.

Test equipment is specified in IEC £1180-2. It is recommended that the short-circuit output

current of the generator is not less than 200 mA. The generator shall not trip at a current of
less than 100 mA.

NOTE For routine testing, the tripping current may be adjusted to lower ievels but not less than 5 mA.

4.1.2.3.2 Acceptance criteria

No breakdown of solid insulation shall occur.

4.1.2.4 Partial discharge test

Partial discharge test methods are described in annex C. When performing the test, the
following multiplying factors apply. '

F, — Basic safety factor for PD testing and dimensioning basic and supplementary insulation.
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The PD extinction voltage may be influenced by environmental conditions, such as
temperature. These influences are taken into account by a basic safety factor Fy of 1,2. The
PD extinction voltage for basic or supplementary insulation is therefore at least 1,2 Urp-

F> — PD hysteresis factor.

Hysteresis occurs between the PD inception voltage U; and the PD extinction voltage U,.
Practical experience shows that F» is not greater than 1,25. For basic and supplementary
insulation, the initial value of the test voltage is therefore Fy x Fa x Upp, ie. 1,2 x 1,25 Up =
1.5 Upp.

NOTE This takes into account that PD might be initiated by transient overvoltages exceeding U; and could be
maintained, for example, by values of the recurring peak voltage exceeding U,. This situation would require the
combination of impulse and a.c. voltages for the test, which is impractical. Therefore an a.c. test is performed with

an initially increased voltage.

F1 — Additional safety factor for PD testing and dimensioning reinforced insulation.

For reinforced insulation a more stringent risk assessment is required. Therefore, an
additional safety factor F3 = 1,25 is required. The initial value of the test voltage is Fq x Fo x
Fyx Uy ie 1,2x1,25x1,25 Uyp = 1,875 Upp.

F4 — Factor covering the deviation from the nominal voltage U, of the low-voltage mains.

For circuits connected to the low-voltage mains, this factor takes into account the maximum
deviation of the mains voltage from its nominal value. Therefore the crest voltage at nominal
voitage U, is to be multiplied by Fq = 1,1.

4.1.2.41 General

The test is to verify that no partial discharges are maintained at the highest of the following
values:

- the peak value of the maximum steady-state voltage;

- the peak value of the long-term temporary overvoltage (see 3.3.3.2.2);

— the recurring peak voltage (see 3.3.3.2.3).

NOTE For cases where. additionally, the actual values of PD inception and extinction voltage are of interest, the
measuring procedure is described in D.1 of annex D.

When testing, the PD test is generally applied to components, small assemblies and small
equipment. When testing complex equipment, care must be taken to allow for excesswe
attenuation of PD signals when measured at the equipment terminals.

The minimum required discharge extinction voltage shall be higher, by the factor F,, than the
highest of the voltages listed above.

According to the kind of test specimen, Technical Committees shall specify

— the test circuit (C.1.1 of annex C);

— the measuring equipment (C.3 of annex C and D.2 of annex D);

- the measuring frequency (C.3.1 of annex C and D.3.3 of annex D);
-~ the test procedure (4.1.2.4.2).
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4.1.2.4.2 Test procedure

The value of the test voltage U, is 1,2 times the required partial discharge extinction voltage
Ue. According the partial discharge hysteresis (see 4.1.2.4.1) an initial value of 1,25 times the
test voltage shall be applied.

The voitage shall be raised uniformly from 0 V up to the initial test voltage F5 x U, i.e. Fy x Fp

= 1.2x 1,25 = 1,5 times the highest of the voltages listed under 4.1.2.4.1. It is then kept
constant for a specified time f; not exceeding 5 s. If no partial discharges have occurred, the
test voitage is reduced to zero after fy. If a partial discharge has occurred, the voltage is
decreased to the test voltage U, which is kept constant for a specified time t, until the partial
discharge magnitude is measured.

v i

1.25 Uy

Ut |

l.l'l.lll.l!vi-‘

]

e
—_— 12 —— t

|

EC 1207102
Figure 2 - Test voltages

4.1.2.4.3 Acceptance criteria

41.2.4.31 Specified discharge magnitude

As the objective is to have no continuous partial discharges under normal service conditions
the lowest practicable vaiue following D.3 of annex D shall be specified.

NOTE 1 . Except for discharges caused by corona discharges in air {e.g. in non-moulded transformers), values in
excess of 10 pC are not suitable,
NOTE 2 Values as small as 2 pC are possible with currently availabie apparatus.

The noise level shall not be subtracted from the reading of the partial discharge meter.
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41.2.43.2 Test result
The solid insulation complies if

- no insulation breakdown has occurred, and

— during the application of the test voltage, partial discharges have not occurred, or after f»
the magnitude of the discharge is not higher than specified.

4.1.25 High frequency voltage test

For high frequency voltages according to 3.3.3.2.4, additional or alternative a.c. voltage tests
according to 4.1.2.3 or partial discharge tests according to 4.1.2.4 may be necessary.

NOTE Information about the withstand characteristics of insulation at high frequency and methods of testing is
given in IEC 60664-4,

4.1.2.6 Testsequence

When more than one individual test is required by the Technical Committee, they shall be
performed in the following sequence:

a) Impulse voltage test according to 4.1.2.2;

b) AC power frequency voltage test according to 4.1.2.3;

¢} Partial discharge test according to 4.1.2.4.

Howeuver it is permissible to combine the partial discharge test with the a.c. power frequency
voltage test.

NOTE In special cases, for certain equipment an a.c. power frequency voltage test with peak voltages equal to
the impulse voltages may be preferred to the impulse test. Note, however, that this will be more onerous {o the
equipment, see also 4.1.1.

4.2 Measurement of creepage distances and clearances

The dimension X, specified in the following examples, has a minimum value depending on the
poliution degree as follows:

Pollution degree Dimension X minimum value
1 0,25 mm
1.0 mm
3 1.5 mm

If the associated clearance is less than 3 mm, the minimum dimension X may be reduced to
one third of this ciearance.

The methods of measuring creepage distances and clearances are indicated in the following
examples 1 to 11. These cases do not differentiate between gaps and grooves or between

types of insulation.
The following assumptions are made:
— any recess is assumed to be bridged with an insulating link having a length equal to the

specified width X and being placed in the most unfavourable position (see example 3);

- where the distance across a groove is equal to or larger than the specified width X, the
creepage distance is measured along the contours of the groove (see example 2);

- creepage distances and clearances measured between parts which can assume different
positions in relation to each other, are measured when these parts are in their most

unfavourable position.
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Exemple

4

Example

Condition: Ce chemin de ligne de fuite comprend une
nervure.

Régle: La distance d'isolement est le chemin dans
l'air le plus court par-dessus le sommet de
la nervure. Le chemin de la ligne de fuite
longe le profil de la nervure.

1y
Condition: Path under consideration includes a rib.
Rule: Clearance is the shortest direct air path over

the top of the rib. Creepage path follows the
contour of the rib.

Exemple

5

Example

< X mm

=

< X mm

-—.—t——-l—

Condition: Ce chemin de ligne de fuite comprend deux
parties non collées avec des rainures de
largeur inférieure & X mm de chaque coté.

Régle; Le chemin de la ligne de fuite et de la
distance d'isolement est fa distance en
lighe droite indiquée ci-dessus.

13281

Condition: Path under consideration includes an
uncemented joint with grooves less than X
mm wide on each side.

Rule: Creepage and clearance path is the "line of
sight” distance shown.

Exemple
6
Example

13321

Condition: Ce chemin de ligne de fuite comprend deux
parties non collées avec des rainures de
largeur égale ou supérieure 4 X mm de
chaque cdté.

Regle: La distance d'isclement est la distance en
figne droite. Le chemin de la ligne de fuite
longe le profil des rainures.

Distance d'isolement

Condition: Path under consideration includes an
uncemented joint with grooves equal to or
more than X mm wide on each side.

Rule: Clearance is the "line of sight” distance.
Creepage path follows the contour of the
grooves.

Ligne de fuite
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Exemple
9
Example

M

1361

Distance suffisanfe entre téte de vis et paroi du

Gap between head of screw and wall of recess wide
logement pour &tre prise en compte,

enough to be taken into account.

Exemple
10
Example
<
o
M. ‘*
—_—_——— 4
e ' fao
= (O =
—T 1
—] | ==
— —
C
«
Jt
_— .
e / e
T———] | ==
— — 13781

Distance trop fsible entre téte de vis et paroi du Gap belween head of ser

ew and wall of recess too
logement pour élre prise an compte Mitow 1o be taken into account. .
La mesure de la lihe de fuite s'effectue de I3 vis & 18 mluroment of creepage distance is from screw to wall
paroi quand Iz di8l#hce est égale & X mm, M the distance is equal to X mm.

Distance d'isolement Ligne de fuite
T e e Clearance % Cronmearme wdfcee o
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Annex A
(informative)
Basic data on withstand characteristics of clearances
Tableau A.1 — Withstand voltages in kilovolts for
an altitude of 2 000 m above sea level
. Case A Case B
Inhomogeneous fisld Homogeneous field
Clearance A.C. Impulse A.C. A.C.
(50/60 Hz) (1,2/80) (60/60 Hz) (60/60 Hz) and
impulse (1,2/50)
mm Urm.s, o o Ur.m.s. o
0,010 0.23 0,33 0,33 0,23 0,33
0.012 0,25 0,35 0.35 0,25 0.35
0,015 0,26 0.37 0,37 0.26 0,37
0,020 0.28 0.40 0.40 0,28 0,40
0,025 0,31 0,44 0,44 0.31 0.44
0.030 0.33 0,47 0,47 0,33 0,47
0,040 0,37 0,52 0,62 0,37 0.52
0.050 0,40 0,56 0.56 0,40 0,56
0,0625 0,42 0.60 + 0,60 + 0,42 0,60 +
0.080 0.46 0.65 0.70 0,50 0.70
0,10 0,50 0.70 0.81 0,57 0,81
0,12 0,52 0.74 0,91 0,64 0.91
0,18 0,57 0,80 1,04+ 0.74 1,04
0,20 0,62 0,88 1,15 0,89 1.26
0.25 0,67 0,85 1,23 1,03 1.45
0,30 0,71 1.01 1.31 1.15 1,62
0.40 0,78 1.1 1,44 1,38 1,95
0.50 0,84 1,18 1,55 1,59 2.25
0,80 0,90 1,27 1.65 1,79 2,53
0.80 0,98 1,39 1,81 2,15 3,04
1,0 1,06 1.50+ 1,85 2,47 3.50+
1.2 1,20 1,70 2,20 2,89 4,09
1,5 1,39 1,97 2,56 3,50 4,95
2,0 1.68 2,38 3,09 4,48 6.33
2.5 1,96 2.77 3,60 541 7.65
3.0 2,21 313 4,07 6,32 8,94
4.0 2,68 3.79 4.93 8,06 11,4
50 311 4.40 572 9,76 13.8
6.0 3.51 4,97 6,46 11,5 16.2
8.0 4.26 6,03 7.84 14.86 20.7
10,0 4,95 7,00+ 9,10 17,7 25,0+
12,0 5,78 8.18 10,6 20,9 296
15, 7.00 9,90 12.9 257 36,4
20,0 8,98 12,7 16,4 335 47.4
25,0 10.8 15.3 19,9 41,2 58,3
30,0 12,7 17,9 23,3 48.8 69.0
40,0 16,2 22,9 298 63.6 90.0
50,0 19,6 27,7 36,0 78,5 11,0
60.0 22,8 32,3 42,0 92,6 131,0
80,0 29,2 413 53,7 120,9 171,0
100,0 35,4 50,0+ 65,0 148,5 210,0+
For simpiification, the statistical measured values according 1o table A.1 above are replaced by straight lines
between the values marked "+" in a double logarithmic diagram taking into account the correction factors from 0 m

to 2 000 m altitude. The intermediate values are taken from that diagram (see figure A.1) so thal they enciose the
measured values with a small safety margin. The values of U r.m.s. are found by dividing the values of U by\E .
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Table A.2 - Altitude correction factors

Aititude Normal Mutltiplication factor
barometric pressure for clearances
m kPa '

2 000 80,0 1,00
3 000 70,0 1,14
4 000 62,0 1.29
5 000 54,0 1,48
6 000 47,0 1.70
7 000 41.0 1,95
8 000 35,5 2,25
9 poo 30,5 2,62

10 000 26,5 3,02

15 000 12,0 6,67

20 000 5.5 14.5
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Figure A.1 - Withstand voltage at 2 000 m above sea level
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Figure A.2 — Experimental data measured at approximately sea level
and their low limits for inhomogeneous field
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1 = 1,2/50 according to ETZ-B, 1976 P.300-302
2 = U50 Hz according o Electra, 1974 P.61-82
3 = Low limits for 01,2/50 and U50 Hz

Figure A.3 - Experimental data measured at approximately sea level
and their low limits for homogeneous field
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Annex B
(informative)

Nominal voltages of supply systems for different modes
of overvoltage control

Table B.1 - Inherent control or equivalent protective control

Nominal voitages presently used in the world
Three-phase Three-phase Single- Single-
Voltage four-wire thres-wire phase phase
line-to- systems systems two-wire three-wire
' neutral systems systems
derived with earthed unearthed a.c. or d.c. a.c.ord.c. Rated impulse voltage
trom neutrai for equipment
nominal ]
voltages E )
a.c. or d.c.
up to and
including
1
=1 | ™ v
Overvoltage category
v \Y v v v I 1l m v
50 12,5 24 30-60 330 500 800 1500
25 30
42 48
100 66/115 €6 60 500 800 1 500 2 500
150 120/208 115, 120, 110, 120 110-220 800 1500 | 2 500 4 000
1271220 127 120-240
220, 230, 240 | 220 220-440
300 2201380, 230/400 260, 277, 347 1500 | 2500 | 4 000 € 000
240/415, 260/440 380, 400, 415 '
477/480 .| 440, 480
347/600, 380/660
600 400/690, 417/720 500, 577, 600| 480 480-960 2500 | 4000 | 6000 8 000
480/830
660
1 000 690, 720 1 000 4000 { 6000 | BOOO | 12 00D
830, 1 000
1} These columns are taken from table 1 in which the rated impulse voltage values are specified.
* Practice in the United States of America and in Canada.
ld
L]
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Table B.2 — Cases where protective control is necessary and control is provided by
surge arresters having a ratio of clamping voltage to rated voltage
not smaller than that specified by IEC §0099-1

Nominal voltages presently used in the world

Three-phase Three-phase Single- Single-
Voltage four-wire thres-wire phase phase
line-to- systems systems two-wire three-wire
neutral systems systems
derived with earthed earthed or a.c. ord.c, a.c. or d.c, Rated impulse voltage
from neutral unearthed for equipment
nominal 1
voltages E (E) )
a.¢. ord.c.
up to and
including
1}
=1 | ™ y
Overvoltage category
v v v v A% I It il v
50 12,5 24 30-60 330 500 800 1 500
25 30
42 48
100 66/115 66 €0 500 800 1 500 2 500
150 120/208* 115,120, 127 110, 120 110-220 800 15800 | 2500 4 000
1271220 120-240
220, 230, 240 | 220 220-440
300 220/380, 230/400 260, 277 1500 | 2500 | 4000 6 000
240/415, 260/440
4771480
347/600, 380/660 347, 380, 400
600 400/690, 417/720 415, 440, 480! 480 480-960 2500 | 4000 | 6000 8 000
480/830 500, 577, 600
660
1000 690, 720 1 000 4000 | 6000 ; 8 000 12 000
830, 1 000

1) These columns are taken from table 1 in which the rated impulse voltage values are specified.

* Practice in the United States of America and in Canada.
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Annex C
(informative)

Partial discharge test methods

This annex has the status of a technical report (Type 2) in the meaning of a "prospective
standard for provisional application" in the field for insulation coordination in electrical
equipment because there is an urgent need for guidance on how standards in this field should
be used where there is a need of verifying that solid insulation is free of partial discharges.

C.1 Test circuits

One of the following test circuits shall be used. However, other test circuits shown in
IEC 60270" may be used as long as they perform in the same way.

NOTE For an explanation of the basic operation, see D.2 of annex D,

C.1.1  Test circuit for earthed test specimen

Z
o—{ " }—
L s
u
T
“©. 22
zm
1
I
— 1EC 94772
U, =test voltage
z = filter
C, = test specimen {usuaily it can be regarded as a capacitance)
Ci = coupling capacitor
Z,, = measuring impedance
Figure C.1 - Earthed test specimen
C.1.2  Test circuit for unearthed test specimen
Z
L
Ca Cy
Y
zl'n
o I
T =
= IEC 54297

Figure C.2 - Unearthed test specimen

" IEC 60270:1981, Partial discharge measurements.
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C.1.3 Selection criteria

Basically both circuits are equivalent. However the stray capacitances of the test specimen
have a different influence upon sensitivity. The earth capacitance of the high-voltage terminal
of the test specimen tends to reduce the sensitivity of the circuit: according to C.1.1 and tends
to increase the sensitivity of the circuit according to C.1.2 which therefore should be
preferred.

C.1.4 Measuring impedance

The measuring impedance shall provide a negligibly low voltage drop at test frequency. The
impedance for the measuring frequency shall be selected in order to provide a reasonabie
sensitivity according to D.2 of annex D.

If voltage limiting components are used they shall not be effective within the measuring range.

C.1.5 Coupling capacitor Cy

This capacitor shall be of low inductance type with a resonant frequency in excess of 3 £ (see
C.3). It shall be free of partial discharges up to the highest test voltage used.

C.1.6 Filter

It is not mandatory. If used, its impedance shall be high for the measuring frequency.

C.2 Test parameters

Technical Committees shall specify:

— the frequency f; of the test voltage (C.2.1);
- the specified discharge magnitude (4.1.2.4.3.1);

- the climatic conditions for the PD test (C.2.2).
NOTE It may be necessary to have different specifications for the type test and the routine test.

C.2.1  Requirements for the test voltage

Normaliy a.c. voltages are used. The total harmonic distortion shall be less than 5 %.

NOTE Low distortion of the sine wave allows the use of standard voltmeters and the calculation of the peak value
from the r.m.s. reading. In the case of higher distortion, peak voltmeters are to be used.

Tests are normally made at power frequency. If other frequencies are present in the
equipment, Technical Committees shall consider the possible effect of frequency on discharge
magnitude.

NOTE PD testing with d.c. voltage is not recommended because of the difficulty of achieving an environment

which is completely free of electrical noise. In addition it should be noted that the voltage distribution is greatly
different for a.c. and d.c.

C.2.2 Climatic conditions

It is recommended to perform the test at room temperature and averagé humidity (23 °C,
50 % r.h., see 2.2.3 of IEC 60068-1).
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C.3 Requirements for measuring instruments

C.3.1 General

Both wide-band and narrow-band charge measuring instruments may be used (see C.3.3).
Radio interference voltmeters may only be used according to the precautions given in C.3.2.

The lower limit of the measuring frequency is determined by the frequency f of the test
voltage and the frequency characteristic of the measuring impedance 'Z,, (see C.1.4). It
should not be lower than 10 .

The upper limit of the measuring frequency is determined by the shape of the PD pulses and
the frequency response of the test circuit. It should not be higher than 2 MHz. For narrow-
band PD meters the measuring frequency should be selected with regard to narrow-band
noise sources (see annex D, D.3.3),

NOTE Narrow-band PD meters are recommended.

C.3.2 Classification of PD meters

The current through the measuring impedance Z, is integrated to provide a reading
proportional to gy (see figure D.1 of annex D).

The integration can be effected by the measuring impedance. In this case it shall represent a
capacitance for all frequencies above the lower limit of the measuring frequency. The voltage
acrass the capacitance, which is proportional to g, is amplified by a pulse amplifier. Periodic
discharging shall aiso be provided.

If the measuring impedance is resistive for all frequencies above the lower limit of the
measuring frequency, the integration shall be done within the pulse amplifier.

Single pulses shall be measured and the pulse with the maximum amplitude shall be
evaluated. In order to limit errors due to pulse overlap, the pulse resolution time shall be less

than 100 ps.

Radic interference meters are narrow-band peak voltage meters. They are used to measure
interference of radio signals. They incorporate a special filter circuit which creates
dependency of the reading on the pulse repetition rate according to the subjective effect of
noise to the human ear.

For measuring partial discharges, radio interference meters may only be used if the filter
circuit is disconnected. Also a suitable measuring impedance is required.

C.3.3 Bandwidth of the test circuit

Usuaily the PD meter limits the bandwidth of the test circuit. PD meters are classified
according to their bandwidth as wide-band or narrow-band.

a) The lower and the upper cut-off frequencies f; and f» are those where the frequency
response has dropped by 3 dB of the constant value in the case of a wide-band meter and
by 6 dB from the peak value in the case of a narrow-band meter.
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b) For narrow-band meters the measuring frequency f; is identical with the resonance peak
in the frequency response.

¢) The bandwidth Af is:
Af=fo ~ fy

For wide-band meters, Af is in the same order of magnitude as f,. For narrow-band
meters, Afis much less than f.

C.4 Calibration

C.41 Calibration of discharge magnitude before the noise level measurement

The caiibration of the test circuit (figure C.3 or figure C.4) shall be carried out at the specified
discharge magnitude replacing the test specimen Ca by a capacitor C, which exhibits no
partial discharge. The impedance of the capacitor C, shall be similar to that of the test

specimen C,.

NOTE Any liguid impregnated capacitor of good quality is adequate. Dry type capacitors however are likely to
discharge at the test voltage.

The transformers shall be adjusted according to the specified PD test voltage but not
energized and their primary windings shall be short-circuited. The specified discharge
magnitude shall be applied to the terminals of the capacitor by means of the calibration puise
generator. The indication of the discharge magnitude on the discharge detector shall be
adjusted to correspond with the calibration signal.

Calibration pufse generator
IEC 9499;

Figure C.3 - Calibration for earthed test specimen
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1|
\Calibration pulse generator

IEC 95092

Figure C.4 - Calibration for unearthed test specimen

C.4.2 Verification of the noise ievel

With the arrangement used in C.4.1 the PD test voltage shall be raised up to the highest test
voltage. The maximum noise level shall be less than 50 % of the specified discharge
magnitude. Otherwise measures according to D.3 of annex D are required.

C.4.3 cCalibration for the PD test

With the test specimen in circuit, the procedure of C.4.1 shall be repeated.

Changes in test circuit or test specimen require recalibration. In the case-of many similar test
specimens, occasiona! recalibration may be sufficient if:
= the impedance of the coupling capacitor is less than 1/10 of that of the test specimen, or

~ the impedance of the test specimen does not deviate from the value during calibration by
more than £10 %.

NOTE When specifying time intervals for recalibration, Technical Committees shall consider that, in case of
insufficient sensitivity at the PD meter, potentially harmful discharges cannot be detected.

C.4.4 Calibration pulse generator

Basically it consists of a smali capacitance C, which has been charged to U,,.

The current pulses caused by the pulse generator should have a rise time of less than 0,03 /
f2. Co shall have no higher value than 0,1 Ck. The tail time of the puise should be greater than

100 ps.

To verify the performance of the PD meter, it shall be calibrated in all measuring ranges. The
measuring impedance and the connecting cables shall be included in the procedure.

The following characteristics should be checked:

— the precision and the stability of the calibration pulse generator;
— the reading for pulses of different amplitudes at a pulse repetition rate of 100 Hz;

~ the pulse resolution time by using pulses of constant amplitude and increasing repetition
rate;

— the lower and upper cut-off frequencies f;y and 7,.

This procedure shall follow each time repairs are carried out on the PD meter but it should in
any case take place at least once a year.
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Annex D
(informative)

Additional information on partial discharge test methods

D.1  Measurement of PD inception and extinction voitage

The test voltage is increased from a value below the partial discharge inception voltage until
partial discharges occur (PD inception voltage Uj). After further increase of the test voitage by
10 %, the voltage is decreased until PD is smaller than the specified discharge magnitude
{PD extinction voltage U,). Thereby the insulation test voltage specified for the test specimen
may not be exceeded.

NOTE It may occur that the partial discharge extinction voltage is influenced by the time of the voltage stress with

values exceeding the partial discharge inception voitage. During successive measurements, both U, and U, may be
influenced.

This procedure is appropriate for investigation measurements.

D.2 Description of PD test circuits

Each circuit consists of the following devices:

- the test specimen Ca (in special cases it may also be an impedance Za);
— the coupling capacitor Ck;

~ the measuring circuit consisting of measuring impedance Zm, the connecting cable and the
PD meter;

— optionally a filter Z to reduce charge being bypassed by the test voltage source.

< L% Q3
i —_—— - ...l
4q 4 I
g Y
nden
Ul — Ck - Ce
( : ) ; ¢ i
a
Z
1fqv‘l m :
D e —— R N I
==
= IEC 95117
U = test voitage ) q = internal charge (not measurable)
Z = filter q = apparent charge
S = PD current source Om = measurable charge
Ca = capacitance of the test specimen Gu1 = charge loss across the test specimen
G = coupling capacitor Gz = charge loss across the test voltage source
Z, = measuring impedance . RiEHArNS oo mmemm= B e e
~ the pulse resolution time by using pulses of constant amplitude and increasing repetition
rate;

Figure D.1 - Partial discharge test circuits
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The direct measurement of the apparent charge g would require a short circuit at the
terminals of the test specimen for the measuring frequency. This condition can be
approximated by:

= Cx>(Cy+ C);

- high impedance Z;

- low measuring impedance Z,.

Otherwise significant charge losses qv2 and g,3 may occur. These charge losses are taken

into account by the calibration but they will limit the sensitivity. The situation is aggravated if
the test specimen has a high capacitance.

D.3 ' Precautions for reduction of noise

D.3.1 General

The resuits of PD measurements may be greatly influenced by noise. Such noise may be
introduced by conductive coupling or by electromagnetic interference. In unscreened
industrial test sites, single charge pulses as high as 100 pC may occur due to noise. Even
under favourable conditions, not less than 20 pC may be expected.

A noise level as tow as 1 pC may be achieved, but this will require screening of the test
circuit, careful earthing measures and filtering of the low-voltage mains input.

D.3.2 Sources of noise

Basically there are two different kinds of noise sources.

D.3.21  Sources in the non-energized test circuit

These are caused for instance by switching in adjacent circuits. In case of conductive
coupling they only occur if connection to the low-voltage mains supply is provided. In case of
electromagnetic coupling they also occur if the mains supply is switched off (including the
protective conductor).

D.3.2.2 Sources in the energized test circuit

Usualiy, noise increases with the test voitage and is caused by partial discharges outside the
test specimen. PD may occur in the test transformer, the high-voltage connecting leads,
bushings and points of poor contact. Harmonics of the test voltage may also contribute to the

noise level.

D.3.3 Measures for reduction of noise

Noise caused by conductive coupling can be reduced by use of line filters in the central
feeding of the test circuit. No earth loops should be present.

Electromagnetic interference, for instance by radio signals, can be excluded in a simple
manner by variation of the measuring frequency fy for narrow-band PD meters. For wide-band
PD meters, band-stop-filters may be required, wide-band signals can only be suppressed by
screening. The highest efficiency is provided by a fully enclosed screen with high electrical

conductivity.
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D.4 Application of multiplying factors for test voltages

The values of the multiplying factors defined in 4.1.2.4 and used in 3.3.3.2.3 and 4.1.2.4 are
calculated as follows:

D.41 Example 1

Circuit connected to the low-voltage mains
¥ D.4.1.1  Maximum recurring peak voltage U,

U =VZ Up xFy =112 U,,
D.4.1.2 PD extinction voitage U, (basic insulation)

Ue=1/§UnXF4X F1

Ue =v2Upx 11 x 12 = 132420,

D.4.1.3 Initial value of the PD test voltage Uy (basic insulation)

U1=\/§UnXF4X F1X FZ
Ur=v2Upx 132 x 125 = 165420,

D.4.2 Example 2

Internai circuit with maximum recurring peak voltage Urp.

D.4.21 PD extinction volitage U (basic insulation)

Ue=UrPXF1=UrpX1,2

D.4.2.2 Initial value of the PD test voltage (basic insulation)

U1=UrpXF1XF2=UrpX1,5
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Annex E
(informative)

Comparison of creepage distances specified in table 4
and clearances in table A.1
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p 2d Vi Vel 7
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s BT 7
i = //
2 7 7
107" <R //
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PD 1: PAM
10-2 i | 11y l’ /# L1l | (il | L1l

100 2 4 6 8108 2 4 6 810° 2 4 6 810 2 4 6 810

Voltlage V(rms) —s
IEC 120802

PD = potlution degree MG = material group PWM = printed wiring material

Figure E.1 — Comparison of creepage distances specified in table 4
and clearances in table A.1
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Page 30

2.2.1.1.1 Matériel alimenté directement
par le réseau

Repositionner le dernier alinéa du para-
graphe 2.2.2.1.1; «Dans le dernier cas...
reli¢ 4 la terre.» pour !'ajouter aprés le
dernier tiret du paragraphe 2.2.1.1.1.
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Novembre 2002

Page 31

2.2.1.1.1 Equipment energized directly
from the low-voltage mains

Re-position the last paragraph from
2.2.2.1.1: “In the latter case... systems
only.” and add it after the iast dash of
subclause 2.2.1.1.1,

November 2002
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