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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION COORDINATION FOR EQUIPMENT
WITHIN LOW-VOLTAGE SYSTEMS -

Part 5: Comprehensive method for determining clearances
and creepage distances equal to or less than 2 mm

FOREWORD

nga |zat|

1) The International Electrotechnical Commission (IEC) is a worldwide organization fr st
all national electrotechnical committees (IEC National Committees). The
international co-operation on all questions concerning standardization in the e
this end and in addition to other activities, IEC publishes International S ical Specifications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides t

comprising
promote

consensus of opinion on the relevant subj
interested IEC National Committees.

the latter.

5) IEC provides no_ markin
equipment decl

6) All users should enSuy€ tha

members of its teghnical e C Natlonal Commlttees for any personal injury, property damage or
other damage~af agy nature wha , whether direct or indirect, or for costs (including legal fees) and
expenses afisi t ization, use of, or reliance upon, this IEC Publication or any other IEC
Publicatie

8) Attentio e Noxmative references cited in this publication. Use of the referenced publications is
indispensa pplication of this publication

9) Attention is drawq to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shalnot be held responsible for identifying any or all such patent rights.

International Standard IEC 60664-5 has been prepared by IEC technical committee 109:
Insulation coordination for low-voltage equipment.

This second edition cancels and replaces the first edition, published in 2003 and constitutes a
technical revision.

The revision of Part 1 of IEC 60664 also required a revision of Part 5 of IEC 60664, as Part 5 is
closely linked to Part 1. In addition to a number of editorial improvements, the following major
technical changes made in Part 1 also apply for Part 5:

e Amendment of Japanese mains conditions with regard to the rated impulse voltages, the
rationalized voltages and the nominal voltages of supply systems for different modes of
overvoltage control.

e Amendment of dimensioning of clearances smaller than 0,01 mm. Documents
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e Alignment of the table and the corresponding formula regarding test voltages for verifying
clearances at different altitudes.

e Amendment of interpolation of the creepage distance values for functional insulation.

e Revision of the former Clause 4 "Tests and measurements" (now Clause 6) to achieve a
more detailed description of the tests and their purpose, the test equipment and possible
alternatives.

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

It is to be used in conjunction with IEC 60664-1.

NOTE For the purposes of this standard, all references to IEC 60664-1 are written a
subclause is cited without reference to a Part, it is assumed that the reference is to the c

o~Part 1”. Where a
5.

The text of this standard is based on the following documents:

CDV Report on vog«{g\

109/61/CDV 109/6WC

voting indicated in the above table.

This publication has been drafted in ag¢

* reconfirmed;
+ withdrawn;

* replaced by a
*+ amended.
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INTRODUCTION

This part of IEC 60664 specifies humidity levels regarding the effects of humidity on creepage
distances.

This part introduces the following dimensioning criteria which need to be taken into account:
— new minimum clearances having more precise values for dimensions up to 2 mm under
pollution degrees 2 and 3 than those specified in Table F.2 of Part 1;

— smaller minimum creepage distances for printed wiring boards and equivalent constructions
under pollution degree 3 than those specified in Table F.4 of Part 1;

— a specification of minimum creepage distances to avoid flashove the insulating

process as for printed wiring boa
6,3 mm;

— ten different materials were used fi
process on the surface~of the
research project;

— the test samples , industrial, desert,

and coastal;

— the samples were pe 3 dtga voltage stress and the data accumulated over a
long period of ,

Annex B specifies fest method for allocating unclassified insulating material
to the relevan p. This annex will be reviewed when further experience is

1 Figures in square brackets refer to the bibliography. Documents
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INSULATION COORDINATION FOR EQUIPMENT
WITHIN LOW-VOLTAGE SYSTEMS -

Part 5: Comprehensive method for determining clearances
and creepage distances equal to or less than 2 mm

1 Scope and object

This part of IEC 60664 specifies the dimensioning of clearances and ¢ epage distances for
spacings equal to or less than 2 mm for printed wiring board and i n{ cOrstructions,
where the clearance and the creepage distance are identical and arg

This standard can only be used in its entirety. It is ngt permitte S one or more clauses
from this standard and to use them in place of the S i lauses of Part 1. In addition,

When this Part 5 is applied to the dimensjoning © g ard creepage distances equal to
orresponding clauses given in Part 1.
and for solid insulation in general,

p

For clearances and creepage distance
Part 1 applies.

NOTE 1 The limitation to distances equal to.or less than 2 mm applies to basic or supplementary insulation. The

e micro-environment (see Table 2);
pollution degrees 1, 2 and 3 to avoid failure due to

NOTE 2 For mintmqum creepage distances to maintain adequate insulation resistance, see Table A.2.

NOTE 3 This standard “is not applicable to micro-environmental conditions worse than pollution degree 3 or
humidity level 3.

A test method is specified for allocating unclassified insulating material to the relevant water
adsorption group.

2 Normative references

The following 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.

Clause 2 of Part 1 is applicable, as well as the following:

2 “part 1” refers to IEC 60664-1. Documents
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IEC 60364-5-51:2005, Electrical installations of buildings — Part 5-51: Selection and erection of
electrical equipment — Common rules

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60721-3-3:1994, Classification of environmental conditions — Part 3-3: Classification of
groups of environmental parameters and their severities —Stationary use at weatherprotected
locations

IEC 60721-3-7:1995, Classification of environmental conditions — Part 3-7: Classification of
groups of environmental parameters and their severities — Portable and non-stationary use

IEC 60721-3-9:1993, Classification of environmental conditions — P&

3 Terms and definitions

For the purposes of this document, the following tern
given in Part 1, apply.

3.1
water adsorption
capability of insulating material to adsorb\wate

3.2
critical relative humidity,

4.1 Introduct

The first pub
being ba

experience)~as N data obtained from testing printed wiring boards. In 1992, the
publications weére combined and published as IEC 60664-1 (Part 1). However, the revision did

4.2 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.

Insulation 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.

Subclause 4.2 of Part 1 is applicable if not specified otherwise below.

Documents
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4.2.5 Insulation coordination with regard to temporary overvoltage

Insulation coordination with regard to temporary overvoltages is based on the temporary
overvoltage specified in Clause 442 of IEC 60364-4-44 (see 5.4.3.2.3 of this Part 5).

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

4.2.6 Insulation coordination with regard to environmental conditions

The micro-environmental conditions for the insulation shall be taken into account. They depend
primarily on the macro-environmental conditions in which the equipment ocated and, in
many cases, the environments are identical. However, the micro-enviro
worse than the macro-environment where, for example, enclosures, heati antilation or dust
influence the micro-environment.

NOTE Protection by enclosures provided according to the degrees of prot€ spe i IEC 60529 [3] may
increase the humidity of the micro-environment.

The main environmental parameters are as follows:

- for clearances

e air pressure,

e temperature, if it has a wide varie
— for creepage distances

e air pressure,

e pollution,

e relative humidity,

e condensation;
— for solid insulgtiorp

e temperature,

e relative hu

4.3 Voltages and
431

Subclause 4.3.1 ofPart 1 is applicable.

4.3.2 Determination of voltage for long-term stresses
4.3.21 General

Subclause 4.3.2.1 of Part 1 is applicable.

4.3.2.2 Voltage for dimensioning basic insulation
4.3.2.2.1 Equipment energized directly from the low-voltage mains
The nominal voltages of the low-voltage mains have been rationalized according to Tables F.3a

and F.3b of Part 1 and these voltages are the minimum to be used for the selection of
creepage distances. They may also be used for the selection of rated insulation voltages.
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For equipment having several rated voltages so that it may be used at different nominal
voltages 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-neutral voltage.

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.

4.3.2.2.2 Systems, equipment and internal circuits not energized, d
from the low-voltage mains

Subclause 4.3.2.2.2 of Part 1 is applicable.

4.3.2.3 Voltage for dimensioning functional insulatio

Subclause 4.3.2.3 of Part 1 is applicable.

4.3.3 Determination of rated impulse voltag
4.3.3.1 General

Subclause 4.3.3.1 of Part 1 is applicable

4.3.3.2 Overvoltage categories

4.3.3.2.1 General

Subclause 4.3.3.24 o
4.3.3.2.2 Equipry

Subclause 4.3.3.

4.3.3.3 Selectien of rated impulse voltage for equipment

Subclause 4.3.3.3 of Part 1 is applicable.

4.3.3.4 Impulse voltage insulation coordination within equipment

4.3.3.4.1 Parts or circuits within equipment significantly influenced by external
transient overvoltages

Subclause 4.3.3.4.1 of Part 1 is applicable.

4.3.3.4.2 Parts or circuits within equipment specifically protected against transient
overvoltages

For such parts 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 actual conditions for that part or circuit. Application of the prefdJeycerisents
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of impulse voltage values as introduced in 4.2.3 of Part 1 is, however, recommended to permit
standardization. In other cases, interpolation of Table 2 values of this Part 5 is allowed.

4.3.3.5 Switching overvoltage generated by the equipment

Subclause 4.3.3.5 of Part 1 is applicable.

4.3.3.6 Interface requirements

Subclause 4.3.3.6 of Part 1 is applicable.

4.3.4 Determination of recurring peak voltage

Subclause 4.3.4 of Part 1 is applicable.

4.3.5 Determination of temporary overvoltage
4.3.51 General

Subclause 4.3.5.1 of Part 1 is applicable.

4.3.5.2 Fault voltage

Subclause 4.3.5.2 of Part 1 is applicable®

4.3.5.3 Stress due to temporary ovexvolta

in low-voltage equipment due to an

Pollution does not orfy impair insulation with regard to long-term r.m.s. voltage stress causing
tracking, but also impairs it with regard to peak voltages and water adsorption. Pollution causes
reduced impulse withstand capability of short distances and thus flashover may occur across
the insulation surface.

The influence of humidity on the surface of insulation is identified by the humidity levels
specified in 4.6.4. The influence of the water adsorption characteristics on the surface of
insulation is identified by the water adsorption groups specified in 4.8.6.

4.6.2 Degrees of pollution in the micro-environment

Subclause 4.6.2 of Part 1 applies.

4.6.3 Conditions of conductive pollution

Not applicable.
Documents
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4.6.4 Humidity levels

For the purpose of evaluating creepage distances with regard to flashover across the surface
or minimum insulation resistance, the following three levels in the micro-environment are
defined:

— humidity level 1 (HL 1): the relative humidity at the insulation surface never reaches a level
where condensation occurs. Therefore flashover is not influenced by humidity;

— humidity level 2 (HL 2): the relative humidity at the insulation surface is such that
condensation occurs occasionally during transient changes in the micro-environment.
Therefore flashover is influenced by humidity;

— humidity level 3 (HL 3): the relative humidity at the insulation surface is such that
condensation may occur frequently. Therefore flashover is strongly infl ed by humidity.

4.6.5 Relation of humidity levels to the macro-environment

Macro-environmental conditions are specified in 4 00721-3-3,
IEC 60721-3-7 and IEC 60721-3-9.

NOTE In IEC 60721-3-9 different expressions of climatic classes are—

The relationship between humidity levels of the mijcrosergvironmen d the defined macro-

environmental classes is shown in Table 1.

Table 1 — Relation between the Q\Ieve s an
Standard Humidity
specifying Climatic (macrd-enyironmental) glasses levels

climatic classes

IEC 60721-3-9 Xz\ N Y4

macro-environmental classes

IEC 60721-3-3 \&5,1\ 3K6
IEC 60721-%7 C7ks
IEC 60364-5-51 AB7T
{ d
\ \\ (=) - HL 1

N \+) = -) - HL 2
&x ) (+) = > HL 3
Key
= micro-envirenmeght has the same humidity as the macro-environment

N1

(=) micro-environment is less humid than the macro-environment

(+) micro-environment is more humid than the macro-environment

4.7 Information supplied with the equipment

Subclause 4.7 of Part 1 is applicable.

4.8 Insulating material
4.8.1 General

Insulating material shall be classified into groups according their CTI values.

The electric strength characteristics as well as the thermal, mechanical, chemical and water

adsorption characteristics of insulating material shall be considered by th

committees. Regarding the requirements for solid insulation, 5.4 of this Par? . pollgﬁwments
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4.8.2 Comparative tracking index (CTI)
4.8.2.1 Behaviour of insulating material in the presence of scintillations

Subclause 4.8.1.1 of Part 1 is applicable.

4.8.2.2 CTI values to categorize insulating materials

Subclause 4.8.1.2 of Part 1 is applicable.

4.8.2.3 Material groups

Subclause 4.8.1.3 of Part 1 is applicable.

4.8.2.4 Test for comparative tracking index (CTI)

Subclause 4.8.1.4 of Part 1 is applicable.

4.8.2.5 Non tracking materials
track, creepage

distances need not be greater than their associated clea purpose of insulation
ons are appropriate.

4.8.3 Electric strength characteri

Subclause 4.8.2 of Part 1 is applicable.

4.8.4 Thermal characte

4.8.5 Mecha

Subclause 4.8.4 of

— water adsorption group WAG 1 (negligible influence);
— water adsorption group WAG 2 (weak influence);

— water adsorption group WAG 3 (medium influence);
— water adsorption group WAG 4 (strong influence).

NOTE 1 The classification of materials with respect to water adsorption groups may be influenced by fillers,
additives and manufacturing procedures.

NOTE 2 The classification of various insulating materials with respect to water adsorption groups is given in
5.3.2.3.5.
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5 Requirements and dimensioning procedures

5.1 General
Clearances shall be dimensioned to withstand voltages in accordance with 5.2.2 of this Part 5.

The associated creepage distance shall fulfil the requirements of 5.3.2.3.3 and 5.3.2.3.4 of
this Part 5. Solid insulation shall be designed to meet the requirements of 5.4 of this Part 5.

5.2 Dimensioning of clearances

5.2.1 General

voltages.

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

5.2.2 Dimensioning criteria

5.2.2.1 General

— altitude.
capability\for equlp yse in altitudes up to 2 000 m. For equipment for use in higher
altit f applies.

Larger clearances ms
applied forces.

y b€ required in the case of mechanical influences such as vibration or

5.2.2.2 Dimensioning to withstand transient overvoltages

Clearances shall be dimensioned to withstand the required impulse withstand voltage,
according to Table 2. For equipment directly connected to the supply mains, the required
impulse withstand voltage is the rated impulse voltage established on the basis of Table F.1 of
Part 1.
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Table 2 — Clearances to withstand transient overvoltages

Minimum clearances in air up to 2 000 m above sea level
Required impulse Case A Case B
withstand voltage 2) ©) . » . .
Inhomogeneous field conditions homogeneous field conditions
kV (see 3.15 of Part 1) (see 3.14 of Part 1)
mm mm
0,33 °) 0,01 0,01
0,40 0,02 0,02
0,50 ©) 0,04 0,04
0,60 0,06 ( o\,@Q
0,80 b) 0,10 {7 (Caao
b y /\
1,0 0,15 NN N D
1,2 0,25 0,20
b) N\
1,5 0,50 “ \ 0sd
2,0 1,0 045
2,5b) 15 / N\ 0,60
3,0 0,80
4,00 ) 1,2
5,0 1,5
6,0 ©) 2,0

a) This voltage is

— for functional insulation, tk
this Part 5);

c) For parts
interpotation of valu
impulse v

2.3 of Part 1.

ent subject to impulse voltages according to 4.3.3.4.2 of this Part 5,
”However, standardization is achieved by using the preferred series of

5.2.2.3 Dimensioning to withstand steady-state voltages and temporary overvoltages

or recurring peak voltages

Clearances shall be dimensioned according to Table 3 to withstand the peak value of the
steady-state (d.c. or 50/60 Hz voltage), the temporary overvoltage or recurring peak voltage.

Dimensioning according to Table 2 shall be compared with Table 3. The larger clearance shall
be selected.

NOTE 1 Dimensioning requirements for frequencies higher than 30 kHz are specified in IEC 60664-4.
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Table 3 — Clearances to withstand steady-state voltages, temporary overvoltages

or recurring peak voltages

Minimum clearances in air up to 2 000 m above sea level

Voltage 2 Case A Case B
(peak value) ®)
Inhomogeneous field conditions Homogeneous field conditions
kV (see 3.15 of Part 1) (see 3.14 of Part 1)
mm mm

0,04 0,001°) 0,001°)
0,06 0,0029 0,002°¢

0,10 0,0039) [ o3

0,12 0,0049) N a008%
0,15 0,0059) AN
0,20 0,006°) A\ 0.006°

0,25 0,008°) N\ Ogst

0,33 0,01 \ §0,01

N
0.4 0,02 / 0,02

05 0,04 ( (7 . 004

0,6 0ed \“ [/ [ S 0,06

[
0.8 . a3\ ) 0.10
>

1,0 N\ 0ws 0,15
1,2 [ (ae2 0,20
1,5 A~ N\0TE N 0,30
2,0 N . 127 ) 0,45

25 [ \ 1.8 0.6

300N 2 49 0.8

4,0 /N0 \) 1,2

5.0 /\ 1,5

AN\ 20

e obtained by interpolation.

rring peak voltage.
xperimental data obtained at atmospheric pressure.

o allow interpolation of the peak voltage from one step lower to a value corresponding to
2 mm (maximum valu¥ according to this standard).

NOTE 2 If clearances are stressed with steady-state voltages of 2,5 kV (peak) and above, dimensioning according
to the breakdown values in Table 3 may not provide operation without corona (partial discharges), especially for
inhomogeneous fields. In order to provide corona-free operation, it is either necessary to use larger clearances as
given in Table F.7b of Part 1 or to improve the field distribution.

5.2.3 Electric field conditions
5.2.3.1 General

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 Tables 2
and 3 of this Part 5 and Table A.1 of Part 1).

Full document details: IEC 60664-5 2007
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5.2.3.2 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 controlled, which
may have an adverse effect on the homogeneity of the electric field.

5.2.3.3 Homogeneous field conditions (case B of Table 2)

Values for clearances in Table 2 for case B are only applicable for homogeé
can only be used where the shape and arrangement of the conductive p
achieve an electric field having an essentially constant voltage gradien{s

equs fields. They
designed to

5.2.4 Altitude

As the dimensions in Table 2 and Tab
the altitude correction factors specified in
altitudes above 2 000 m.

Clearances of basie_and supplementary insulation shall each be dimensioned as specified in
Table 2 corresponding to

— the rated impulse voltage, according to 4.3.3.3 of Part 1 or 4.3.3.4.1 of Part 1, or

— the impulse withstand voltage requirements according to 4.3.3.4.2 of this Part 5;

and as specified in Table 3 corresponding to

— the steady-state voltage according to 4.3.2.2 of this Part 5;

— and the recurring peak voltage according to 4.3.4 of Part 1;

— and the temporary overvoltage according to 4.3.5 of this Part 5.

With respect to impulse voltages, 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 4.2.3 of Part 1 than that specified for basic insulation. If the
impulse withstand voltage required for basic insulation according to 4.3.3.4.2 of this Part 5 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. Documents
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NOTE 1 The limitation to distances equal to or less than 2 mm applies to basic or supplementary insulation. The
total distance of a reinforced or double insulation may be larger than 2 mm.

NOTE 2 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.

With respect to steady-state voltages, recurring peak voltages and temporary overvoltages
clearances of reinforced insulation shall be dimensioned as specified in Table 3 to withstand
160 % of the withstand voltage required for basic insulation.

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 3 When dimensioning clearances to accessible surfaces of insulating mateyi e assumed

to be covered by metal foil. Further details can be specified by technical committees
5.2.7 Isolating distances

See 8.3.2 of IEC 61140.

5.3 Dimensioning of creepage distances
5.3.1 General

The dimensioning of creepage distancs
distance values obtained from Table 4 wi
flashover, are compared and the larg
Annex C).

5.3.2 Influencing fz

5.3.2.1 Generf;
The following influehg

|
<
o
=
QO
«Q
(¢}
Q
o
Q
o
=
N
=]
O

The following influen€ing factors are taken into account with respect to flashover across the
surface of the insulating material:

voltage according to 4.3.3 (see also 5.3.2.2 of this Part 5);

— humidity levels within the micro-environment (see 4.6.4 of this Part 5);

— characteristics of the insulating materials (see 4.8.2 and 4.8.6 of this Part 5);
— orientation and location of creepage distance (see 5.2.2.4 of Part 1);

— altitude. The creepage dimensions specified in Table 5 give sufficient impulse withstand
capability for equipment for use in altitudes up to 2 000 m. For equipment for use in higher
altitudes, 5.2.4 of this Part 5 applies.

5.3.2.2 Voltage

The basis for the determination of a creepage distance with regard to tracking is the long-term
r.m.s. value of the voltage existing across it. This voltage is as follows:
Documents
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— the working voltage for functional insulation (see 5.3.3 of this Part 5);

— the rated insulation voltage or the rated voltage for basic, supplementary and reinforced
insulation (see 5.3.4 of this Part 5).

With regard to flashover, the basis for the determination of a creepage distance is the peak
value of the relevant voltage according to Table 5 (see 5.3.2.3.4 of this Part 5). The peak
voltage is the maximum value of any voltage expected to occur across the creepage distance,
which is

— for functional insulation, the maximum peak value of any voltage expected to occur across
the creepage distance, under rated conditions of the equipment;

— for basic insulation directly exposed to or significantly influenced by transient overvoltages
from the supply mains (see 4.3.3.3 of Part 1, 4.3.3.4.1 of Part 1 and 5,/2.6 of this Part 5) or
by recurring peak voltages, the maximum peak value according to any\of the vbltage ratings
of the equipment;

— for other basic insulation (see 4.3.3.4.2 of this Part 5), the ma \ 2 alue> of any
voltage that can occur in the circuit;

— for reinforced insulation, see 5.3.4 of this Part 5.
5.3.2.3 Dimensioning criteria with respect to cli

5.3.2.3.1 General

dimensioning:

— minimum insulation resistance (see(5.3.
— failure due to tracking

@;
— flashover (see 5.3.
NOTE In an equipmeit, di icro ental™onditions can exist.

5.3.2.3.2 Dimengion aipta sulation resistance

The insulation resistanse o account for dimensioning when a maximum leakage
current betw between live parts and an accessible surface of equipment is
specified by . The same applies for functional insulation when insufficient

Guidance information and data for equipment design are given in Annex A.

NOTE Creepage distances having such dimensioning are not liable to track, since the energy of any scintillations
is sufficiently low and the CTI of the material is not relevant.

5.3.2.3.3 Dimensioning to avoid failure due to tracking

In order to avoid failure due to tracking, creepage distances shall be dimensioned as specified
in Table 4.
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Minimum creepage distances b)
Voltage Pollution Pollution Pollution degree 3
r.m.s degree 1 degree 2
a) All material All material Material group
groups groups,
v except lllb I 1 llia
mm mm mm mm mm
<40 0,025 0,040 1,00 1,00 1,00
50 0,025 0,040 1,00 100 1,00
63 0,040 0,063 1,00 1,00 A 1,00
80 0,063 0,10 1,00 1A\ 25
100 0,10 0,16 1,25 Mo\ 1,60
125 0,16 0,25 1,60 Coneo\ \ > 2,00
160 0,25 0,40 200 /] 2,209 See Part 1
200 0,40 0,63 See Part A~ [\ SeaPaxt 1
250 0,56 1,0 [~ >
320 0,75 1,6 N\\"/ N
400 1,0 20 { Ve (YU W
500 13 See Part 1 -/
630 1,8 [
800 2,4°) NESN

a) This voltage is

— for functional insulatjon
the working voltage;

— for basic and jon oRthe gi

(see 4.3.2.2.19

uit energized directly from the supply mains

F.3b of Part 1, based on the rated voltage of the equipment, or

b)

distances nee N e, _gredter than their associated clearance for the purpose of insulation coordination. The
3 or inhomogeneous field conditions are appropriate. However, the behaviour with regard

to flashover shall bexaken into account according to 5.3.2.3.4 of this Part 5.

¢ These values are only given to allow interpolation of the r.m.s. voltage from one step lower to a value
corresponding to 2 mm (maximum value according to this standard).

NOTE The high precision for creepage distances given in Table 4 does not mean that the uncertainty of
measurement is in the same order of magnitude.

5.3.2.3.4 Dimensioning to avoid flashover

In order to avoid flashover along the surface of the insulating material,
creepage distances according to Table 5 is required.

dimensioning of

For HL 1, dimensioning according to the clearances of Table 2 and Table 3 is applicable.

If creepage distances dimensioned according to Table 5 are stressed with steady-state
voltages in excess of approximately 500V (peak), partial discharges (coronﬁdreu'tﬁents
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expected. With respect to partial discharges, insulating materials are ranked in accordance
with the water adsorption groups (see 5.3.2.3.5).

NOTE Partial discharges at the polluted surface of the insulating material are caused by local micro-disturbances
of the field distribution in the surface layer. These partial discharges (corona) are different from partial discharges
inside solid insulation and have a lower inception level of 500 V (peak) compared to 700 V (peak) for partial
discharges inside solid insulation.

As the dimensions in Table 5 are valid for altitudes up to 2 000 m above sea level, the altitude
correction factors specified in Table A.2 of Part 1 are applicable for creepage distances to
avoid flashover for altitudes above 2 000 m.

Table 5 - Creepage distances to avoid flashover

Minimum creepage distances in air up to 2 Oooﬂomea\lgvel

Humidity level /\ \
Peak HL 2 \ HL\x

voltage @)
Water adsorption group \ Wr dsWn group
N
WA A

kV

WAG 1 WAG 2 WAG 3 WAG 4 G WAG 3 WAG 4
materials | materials | materials | materi ria atexi materials | materials
mm mm mm /\\ m mm mm
0,10 f\\) N,o:%\ 0,042 0,055 0,095

0,12 0,020 0022 |/ 0024 o025 (| (obsz 7| 0053 0,07 0,115
0,15 0,028 0020 | “uo032 0035 \_0,080 0,070 0,09 0,15

0,20 0,043 0046 | /0,049 0,052 0,075 0,105 0,13 0,20
0,25 0,06 0,065 \0,09\ b\@s\/ 0,10 0,14 0,17 0,26
0,33 0,09 0,09 10 D 044 0,14 0,19 0,23 0,34
0,40 012\ | N013 (N 0d A5 0,19 0,24 0,30 0,44
0,50 AR [T e R w20\ | 0,22 0,26 0,32 0,39 0,56
0,60 S0 | Oee o209 0,32 0,33 0,41 0,50 0,70

0,80 <§5 \Q,41\/\ N\ g47 0,54 0,47 0,58 0,69 0,95
1,0 Qo, 0 0, 0,64 0.72 0.63 0,76 0,90 1.2
1,2 ( })\68\ 0. 0,84 0,93 0,82 0,96 1.1 1,5
15 \0,@5 02 1,11 1,2 1.1 1,3 1,5 2.0
2.0 \\ 1,53 1,66 1,8 1,6 1,8 2.0

2,5 1,§> 2,10 b) 2,25 b) 2,4b) 2,1b) 2,4 b)

3.0 25b)

a) This voltage is
— for functional insulation:

the maximum peak value of any voltage expected to occur across the creepage distance, under rated conditions of
the equipment;

—  for basic insulation directly exposed to or significantly influenced by overvoltages from the supply mains
(see 4.3.3.3 of Part 1, 4.3.3.4.1 of Part 1 and 5.2.6 of this Part 5) or by recurring peak voltages:

the maximum peak value according to any of the voltage ratings of the equipment;

— for other basic insulation (see 4.3.3.4.2 of this Part 5):

the maximum peak value of any voltage that can occur in the circuit;
— for reinforced insulation:
see 5.3.4 of this Part 5.

b) These values are only given to allow interpolation of the peak voltage from one step lower to a value corresponding
to 2 mm (maximum value according to this standard).

Dociimant
= AAASILEBA A B A"
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5.3.2.3.5 Water adsorption groups

The water adsorption characteristics of insulating materials are identified in water adsorption
groups. The following materials have been classified until now:

— WAG 1: materials that have not shown a reduction in critical relative humidity with creepage
distance:
e polyester resin (thermoset), type 802;
e melamine resin, type 150.

— WAG 2: materials that have not shown a reduction in critical relative humidity for creepage
distances of 1 mm and above:

e phenolic resin, type 31.5;

e polycarbonate.

— WAG 3: materials that have not shown a reduction in critica
distances of 2,5 mm and above:

or creepage

e (glass-epoxy laminate FR4;
e polyimide film laminated to glass-epoxy lamin
e phenolic resin paper laminate FR2;

e polybutylen terephthalate.

— WAG 4: materials that have not sho 3 in sritical/relative humidity for creepage
distances of 6,3 mm and above:

e ceramic (97 % Al,O3, unglazed

e polyester laminate

5.3.24 Orientatio

Subclause 5.2.2

age distance

Creepage distances shall be dimensioned as specified in Table 4 with respect to tracking and
in Table 5 with respetCt to flashover, the higher value being used. The resulting creepage
distance cannot be less than the associated clearance, so that the shortest creepage distance
possible is equal to the required clearance.

Creepage distances less than the clearances required by Table 2 for inhomogeneous field
conditions may only be used under conditions of HL 1 and HL 2 when the creepage distance
can withstand the voltage required for the associated clearance. The test to demonstrate that
the creepage distance will withstand the voltage for the associated clearance shall take into
account the altitude correction factor (see 6.1.2.2 of this Part 5).For application in HL 2
conditions, the impulse test has to be carried out under humid conditions.

NOTE 1 Examples of humid conditions for testing are given in Table A.1 of this Part 5.

NOTE 2 A test procedure for creepage distances in complete equipment under HL 2 conditions is described in the
informative Annex D.
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5.3.2.7 Creepage distances where more than one material is used or more than one
pollution degree occurs

Subclause 5.2.2.7 of Part 1 is applicable.

5.3.2.8 Creepage distances split by floating conductive part

Subclause 5.2.2.8 of Part 1 is applicable.

5.3.3 Dimensioning of creepage distances of functional insulation

Creepage distances of functional insulation shall be dimensioned as specmed in Table 4 with
respect to tracking and in Table 5 with respect to flashover, the higher valug

5.3.4 Dimensioning of creepage distances of basic, s
reinforced insulation

Part 5

NOTE 1 For supplementary insulation, the hupidity level i Rg material, mechanical stresses and environ-

mental conditions of use may be different from those foex basisi
When the voltage specifi 3.2 %

interpolate values for |j

insulation,

NOTE 2 TheNjmitation to distarces equal to or less than 2 mm applies to basic or supplementary insulation. The
total distance of axeinforced or double insulation may be larger than 2 mm.

NOTE 3 When dimensidohing 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.

5.3.5 Reduction of creepage distances with the use of a rib (ribs)

This subclause is not applicable.

5.4 Requirements for design of solid insulation
5.41 General

Subclause 5.3.1 of Part 1 is applicable.
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5.4.2 Stresses
5.4.2.1 General

Subclause 5.3.2.1 of Part 1 is applicable.

5.4.2.2 Short-term stresses and their effects
5.4.2.21 Frequency of the voltage

Subclause 5.3.2.2.1 of Part 1 is applicable.

5.4.2.2.2 Heating

Subclause 5.3.2.2.2 of Part 1 is applicable.

5.4.2.2.3 Mechanical shock

Subclause 5.3.2.2.3 of Part 1 is applicable.

5.4.2.3 Long-term stresses and their effects
5.4.2.3.1 Partial discharges (PD)
Subclause 5.3.2.3.1 of Part 1 is applicable &

5.4.2.3.2 Heating

Subclause 5.3.2.3.2 of Part

5.4.2.3.4 Humid

Subclause 5.3.2.

Subclause™s

5.4.3 Requirements
5.4.3.1 General

Subclause 5.3.3.1 of Part 1 is applicable.

5.4.3.2 Withstand of voltage stresses
5.4.3.2.1 General

Subclause 5.3.3.2.1 of Part 1 is applicable.

5.4.3.2.2 Transient overvoltages

Basic and supplementary insulation shall have
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— an impulse withstand voltage requirement corresponding to the nominal of the mains
voltage (see 4.3.3.3 of Part1), and the relevant overvoltage category according to
Table F.1 of Part 1 or

— an impulse 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 4.3.3.4
of this Part 5).

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 4.2.3 of Part 1 than that
specified for basic insulation. If, according to 4.3.3.4.2 of this Part 5, 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 6.1.3.3 of this Part 5.

5.4.3.2.3 Temporary overvoltages

insulation.

For verification by testing &

NOTE 1 These values are

NOTE 2 The value.

4<4-44, where U, is called U,

The maximu R\voltages occurring on the low-voltage mains can be assumed
provisionally \fo be i.e. 1,1 times the peak value at U,. Where recurring peak
voltages

— FixF3x F4x Uy, i.e. 1,65 ﬁUn for reinforced insulation.

NOTE \/5 U, is in neutral-earthed systems, the peak value of the line-to neutral fundamental (undistorted) voltage
at nominal voltage of mains. The application of the multiplying factors used in this subclause is described in
Clause D.4 of Part 1.

For an explanation of factors F, see 6.1.3.5 of this Part 5.

In internal circuits, the highest recurring peak voltages have to be evaluated in place of
Fq x \/E Unp and solid insulation shall meet the requirements correspondingly.

For verification by testing see 6.1.3.5 of this Part 5.
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5.4.3.2.5 High-frequency voltage

For voltages with frequencies above power frequency, the influence of frequency according to
5.4.2.2.1 and 5.4.2.3.1 of this Part 5 shall be taken into 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 6.1.3.7 is necessary.

5.4.3.3 Withstand of short-term heating stresses

Subclause 5.3.3.3 of Part 1 is applicable.

5.4.3.4 Withstand of mechanical stresses

Subclause 5.3.3.4 of Part 1 is applicable.

5.4.3.5 Withstand of long-term heating stresses

Subclause 5.3.3.5 of Part 1 is applicable.

5.4.3.6 Withstand of the effects of humidity
Subclause 5.3.3.6 of Part 1 is applicable.
5.4.3.7 Withstand of other stresse
Subclause 5.3.3.7 of Part 1 is applicablg

6 Tests and measur

6.1 Tests

6.1.1 Genera@

type testing, so that a possible deterioration of the test
ed that further use of the test specimen is not intended.

cimen is intended or required, particular consideration is necessary by the
any high-voltage test should be combined with a partial discharge
,» of this Part 5 and Annex C of Part 1.

— the verification of clearances (see 6.1.2),

— the verification of solid insulation (see 6.1.3),

— dielectric tests on complete equipment (see 6.1.4) and
— other tests (see 6.1.5 of Part 1).

The stresses for clearances and solid insulation 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 equal to or 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 Table 2, they have to be verified by a voltage test.

The ability of solid insulation to withstand the voltage stresses be verified by a voltage test in
any case. 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. The stresses
caused by an a.c. steady-state voltage stress can only be assessed by an a.c. VOItaQtﬁngents
d.c. voltage test with a test voltage equal to the peak value of the a.c. vollage [
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equivalent to the a.c. voltage test, due to the different withstand characteristics of solid
insulation for these types of voltages. However in case of a pure d.c. voltage stress, the d.c.
voltage test is appropriate.

NOTE 2 Whilst it is possible to substitute an impulse voltage test for clearances by an a.c. voltage test or by a
d.c. voltage test, it is, in principle, not possible to substitute an a.c. voltage test for solid insulation 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 dependency of the withstand characteristics of solid
insulation on the shape and the duration of the voltage stress.

6.1.2 Test for verification of clearances

6.1.2.1 General

When electrical equipment is subjected to electric tests for verifying cl
be in accordance with withstand voltage requirements specified in
appropriate test for the verification of clearances is the impulse vo
5.2.3 of this Part 5, an impulse voltage test is only required for c
values of Table 2.

When verifying clearances within equij i age test, it is necessary to
ensure that the specified impulse voltag ~

: Table F.5 of Part 1. For the waveform, 6.1 and 6.2 of IEC 61180-1
apply. It is inten simulate overvoltages of atmospheric origin and covers overvoltages

due to switching o

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 1 s between pulses.

NOTE 1 The output impedance of the impulse generator should not be higher than 500 Q. When carrying out tests
on equipment incorporating components across the test circuit, 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 values.

Technical committees may specify alternative dielectric tests according to 6.1.2.2.2 of this Part
5.

NOTE 2 Values given in Table F.5 of Part 1 are derived from the calculation in 6.1.2.2.1.3 of Part 1. For accuracy
of information, they are given with a high level of precision. For practical application technical committees may
choose to round the values.
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