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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE FOR DETERMINATION OF CLEARANCES, CREEPAGE

DISTANCES AND REQUIREMENTS FOR SOLID INSULATION
FOR EQUIPMENT WITH A RATED VOLTAGE ABOVE 1 000 V AC
AND 1 500 V DC, AND UP TO 2 000 V AC AND 3 000V DC

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢o
all nlational electrotechnical committees (IEC National Committees). The object of IEC (s, to
intermational co-operation on all questions concerning standardization in the electrical and electronic f|
this €nd and in addition to other activities, IEC publishes International Standards, Technieal Specit
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter-'reférred to
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee ir|

The

ublications have the form of recommendations for internatiofal use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made/to ensure that the technical conten
Publications is accurate, IEC cannot be held responsible fot the way in which they are used or
misinfterpretation by any end user.

In order to promote international uniformity, IEC Natjonal Committees undertake to apply IEC Pul
transparently to the maximum extent possible in their national and regional publications. Any di
betwgen any IEC Publication and the corresponding national or regional publication shall be clearly ind
the I3tter.

IEC f{tself does not provide any attestation of‘conformity. Independent certification bodies provide cd
assepsment services and, in some areas,-access to |[EC marks of conformity. IEC is not responsiblg
serviges carried out by independent certification bodies.

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

No lipbility shall attach to IEC ofits 'directors, employees, servants or agents including individual exp
mempers of its technical committees and IEC National Committees for any personal injury, property dg
othenl damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fg
expehses arising out of/the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attention is drawn to\the Normative references cited in this publication. Use of the referenced public|
indispensable forthe correct application of this publication.

Attenftion is drawh to the possibility that some of the elements of this IEC Publication may be the s
patent rightS;HEC shall not be held responsible for identifying any or all such patent rights.
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exceptional circumstances, a technical commiitee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62993, which is a technical specification, has been prepared by IEC technical
committee 109: Insulation co-ordination for low-voltage equipment.


https://iecnorm.com/api/?name=5c3d831d718eb00eeabaf23e4cb32393

IEC TS 62993:2017 © IEC 2017 -5-

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
109/158A/DTS 109/162/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

In this

req
NOT|
con

tern
CAP

The co
the stz
related

tran
rec
with
rep
am

A biling

The co

standard the followina orint tvnes are used-:
7 < J

lirements: in roman type;
ES: in small roman type;
formity and tests: in italic type;

ns used throughout this standard which have been defined in Clatsg’3: SMALL Rd
ITALS.

bility date indicated on the IEC website under "httpi/{webstore.iec.ch" in th

to the specific publication. At this date, the publication‘will be

sformed into an International standard,

bnfirmed,

drawn,

aced by a revised edition, or

ended.

ual version of this publication may.be issued at a later date.

htents of the corrigendum of-June 2018 have been included in this copy.

MAN

mmittee has decided that the contents of this publication(will remain unchange¢d until

e data
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INTRODUCTION

IEC TS 62993 is developed in a JWG between several interested committees: TC 9, SC 22G,
TC 31, TC 66, TC 82, SC 121A, and ACOS under the leadership of TC 109.

This document provides additional steps for a smooth transition between the low voltage (up
to 1000 V AC and 1 500 V DC) in IEC 60664 (all parts) and high voltage insulation
coordination (although IEC 60071-1 is applicable from above 1 000 V, it only gives values
starting at 3 600 V). IEC 60071-1 states that it does not cover the requirements for human
safety. Moreover IEC 60071-1 does not provide values for creepage distances.

This dpcument has been Tequested by Severat TCs deating with equipment with 2 rated
voltagd above 1 000 V AC and 1 500 V DC up to 2 000 V AC and 3 000 VDC.

It is net the intention to extend the limit of low voltage range — having ax-conventionally
accepted limit of 1 000 V AC and 1 500 V DC - into the high voltage range.
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GUIDANCE FOR DETERMINATION OF CLEARANCES, CREEPAGE

DISTANCES AND REQUIREMENTS FOR SOLID INSULATION
FOR EQUIPMENT WITH A RATED VOLTAGE ABOVE 1 000 V AC
AND 1 500 V DC, AND UP TO 2 000 V AC AND 3 000V DC

up to
RATED

1 Scope

IEC TS 62993 which is a Technical anpr'ifir‘a’rinn gives guidance ta technical committees
which Heal with equipment having a RATED VOLTAGE of more than 1 000 V AC anhd

2 000 Y AC, or a RATED VOLTAGE of more than 1500V DC and up to 3 000 V.DC.
VOLTAJES up to 1 000 V AC and 1 500 V DC, as well as higher or lower internal voltages, are

coverefl by IEC 60664-1.

This document applies to equipment for use up to 2 000 m above seaylével, and p
guidange for use at higher altitudes.

This ddg
equipm

NOTE
This dg

e thrg
e thrd
e thrg

2 No

The fo
conten
cited a
any am

IEC 60

IEC 60

cument gives guidance for CLEARANCES, CREEPAGE DISTANCES and SOLID INSULAT
ent to achieve safety. It includes methods of electric testing.

Requirements for functional insulation are not specified as they‘are not regarded as safety requirern
cument does not deal with distances

ugh liquid insulation,
ugh gases other than air, and

ugh compressed air.
rmative references

lowing documents are'‘referred to in the text in such a way that some or all

constitutes requirements of this document. For dated references, only the
bplies. For undated\references, the latest edition of the referenced document (in
endments) applies.

D68-2-2, Epvironmental testing — Part 2-2: Tests — Test B: Dry heat

D6842+14, Environmental testing — Part 2-14: Tests — Test N: Change of tempera

rovides

ION for

hents.

Df their
edition
cluding

ture

IEC 60
state

00638-2-706, Environmental testing — PFart 2-/o: Tests — lest Cab: Damp heai,

steady

IEC 60112:2003, Method for the determination of the proof and the comparative tracking

indices
IEC 60

of solid insulating materials
112:2003/AMD1:2009

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

Princip

les, requirements and tests

IEC 61180:2016, High-voltage test techniques for low-voltage equipment — Definitions, test
and procedure requirements, test equipment
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

CLEARANTCE
shortegt distance in air between two conductive parts

[SOURCE: IEC 60050-581:2008, 581-27-76]

3.2
CREEPAGE DISTANCE
shorteqt distance along the surface of a solid insulating material\between two confuctive
parts

[SOURCE: IEC 60050-151:2001, 151-15-50]

3.3
SOLID INSULATION
solid insulating material, or a combination of solid jihsulating materials, placed betwelen two
condudtive parts or between a conductive part and a body part

[SOURCE: IEC 60050-903:2015, 903-04-14]

3.4
WORKING VOLTAGE
highes{ RMS value of the AC of«DC voltage across any particular insulation which cap occur
when the equipment is suppliedat RATED VOLTAGE

[SOURCE: IEC 60050-581:2008, 581-21-19]

3.5
RECURRING PEAK-VOLTAGE
maximlyim peak-value of periodic excursions of the voltage waveform resulting from disfortions
of an AC voltage or from AC components superimposed on a DC voltage

[SOUR

3.6

OVERVOLTAGE

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

[SOURCE: IEC 60664-1:2007, 3.7]

3.7
TEMPORARY OVERVOLTAGE
power frequency OVERVOLTAGE of relatively long duration

[SOURCE: IEC 60050-614:2016, 614-03-13, modified — The note to entry has been deleted.]
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TRANSIENT OVERVOLTAGE
OVERVOLTAGE with a duration of a few milliseconds or less, oscillatory or non-oscillatory,

usually

highly damped

[SOURCE: IEC 60050-614:2016, 604-03-14]

3.9

WITHSTAND VOLTAGE
value of the test voltage to be applied under specified conditions in a withstand test, during
which disruptive discharges are not tolerated

3.10

IMPULS
highesf
breakd

[SOUR

3.1

RATED
rated V
and to

Note 1 tq

Note 2 tq

[SOUR

3.12

RATED INSULATION VOLTAGE

rated v|
to a pa

Note 1 t

is primarjily related to functionalyperformance.

[SOUR

3.13

RATED IMPULSE.VOLTAGE

IMPULS
of it, d

E WITHSTAND VOLTAGE
peak value of impulse voltage of prescribed form and polarity which does not
bwn of insulation under specified conditions

CE: IEC 60050-442:2014, 442-09-18]

/OLTAGE
alue of voltage assigned by the manufacturer, to a component, device or eqy
Wwhich operation and performance characteristics are referred

entry Equipment may have more than one RATED VOLTAGE Vvalue or may have a RATED VOLTAGE

entry For three-phase power supply, the line-to-lingwoltage applies.

CE: IEC 60050-442:2014, 442-09-10]

plue of the RMS WITHSTAND VOLTAGE assigned by the manufacturer to the equipr
rt of it, characterizing the-specified (long-term) withstand capability of its insulati

entry The RATED INSULATION VOLTAGE is not necessarily equal to the RATED VOLTAGE of equipme

CE: IEC 60050:312:2014, 312-06-02]

E WITHSTAND VOLTAGE value assigned by the manufacturer to the equipment or tdg
haracterizing the specified withstand capability of its insulation against TRA

cause

ipment

ange.

nent or
DN

nt which

a part
NSIENT

OVERV

3.14

LTAGES

OVERVOLTAGE CATEGORY
numeral defining a TRANSIENT OVERVOLTAGE condition

[SOUR

3.15

CE: IEC 60050-581:2008, 581-21-02]

POLLUTION
any addition of foreign matter, solid, liquid, or gaseous that can produce a permanent
reduction of electric strength or surface resistivity of the insulation

[SOUR

CE: IEC 60050-442:1998, 442-01-28]
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POLLUTION DEGREE
numeral characterizing the expected POLLUTION of the MICRO-ENVIRONMENT

[SOURCE: IEC 60050-581:2008, 581-21-07, modified — The note to entry has been deleted.]

3.17

ENVIRONMENT
surroundings in which a product or system exists, including air, water, land, natural resources,
flora, fauna, humans and their interrelation

[SOUREEHEE-66656-9642643,964+-0+0H

3.18

MICRO-ENVIRONMENT

ambient conditions which immediately surround the CLEARANCE and CREEPAGE)DISTANCE under
considgration excluding self-produced POLLUTION resulting from normal~operation |of the
accesspry

Note 1 t¢ entry The MICRO-ENVIRONMENT of the CREEPAGE DISTANCE or CLEARANCE, and not the ENVIRONMENT of the
accessofy determines the effect on the insulation. It might be better or worse than the ENVIRONMEN[T of the
accessoty.

[SOURCE: IEC 60050-442:1998, 442-01-29]

3.19

HOMOGENEOUS ELECTRIC FIELD

electrid field which has an essentially constant yoltage gradient between electrodes (liniform
field), guch as that between two spheres where-the radius of each sphere is greater than the
distange between them

Note 1 t¢ entry The HOMOGENEOUS ELECTRIC EIELD condition is referred to as case B.

[SOURIE: IEC 60050-442:2014, 442-09-02.]

3.20

INHOMJGENEOUS ELECTRIG.FIELD

electriq field which does_not have an essentially constant voltage gradient between ele¢trodes
(non-uniform field)

Note 1 t¢ entry The INHOMOGENEOUS ELECTRIC FIELD condition of a point-plane electrode configuration is fhe worst
case with regard\te.voltage withstand capability and is referred to as case A. It is represented by a point glectrode
having a|30 pym radius and a plane of 1 m x 1 m.

[SOURCEYIEC 60050-442:2014, 442-09-03,.]

3.21

INSULATION

part of an electrotechnical product which separates the conducting parts at different electrical
potentials

[SOURCE: IEC 60050-212:2010, 212-11-07,]

3.22

BASIC INSULATION
INSULATION of hazardous-live-parts which provides basic protection

Note 1 to entry The concept does not apply to insulation used exclusively for functional purposes.

[SOUR

CE: IEC 60050-826:2004, 826-12-14]
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3.23
SUPPLE

MENTARY INSULATION

independent INSULATION applied in addition to BASIC INSULATION for fault protection

[SOUR

3.24

CE: IEC 60050-826:2004, 826-12-15]

DOUBLE INSULATION

insulati

[SOUR

on comprising both BASIC INSULATION and SUPPLEMENTARY INSULATION

CE: IEC 60050-826:2004, 826-12-16]

3.25
REINFO
INSULAT

RCED INSULATION
[ION of hazardous-live-parts which provides a degree of protection ;against

shock ¢quivalent to DOUBLE INSULATION

Note 1 t
INSULATI

[SOUR

3.26
PARTIA
electrig

[SOUR

3.27

ROUTIN
test to
whethe

[SOUR

3.28

TYPE TE
test of
specifig

[SOUR

D entry REINFORCED INSULATION may comprise several layers which cannot be tested singly
DN or SUPPLEMENTARY INSULATION.

CE: IEC 60050-826:2004, 826-12-17]

| DISCHARGE
discharge that partially bridges the INSULATION

CE: IEC 60050-442:2014, 442-09-05]

F TEST
which each individual device is\subjected during or after manufacture to ag
r it complies with certain criteria

CE:IEC 60050-151:2004,:151-16-17]

ST
one or more, devices made to a certain design to show that the design meets
ations

CE: |[E€.60050-151:2011, 151-16-16]

Blectric

s BASIC

certain

certain

4 Ba

T e o .

4.1 General

To determine the requirements for INSULATION, several aspects need to be considered. These
aspects are

e volt

ages (see 4.2),

e OVERVOLTAGE CATEGORIES (see 4.3),

e material groups (see 4.4),

e POL

LUTION DEGREES (see 4.5).
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Consideration shall be given to the following voltages as applicable:

o the

voltages which can appear within the system;

e the voltages generated by the equipment (which could adversely affect other equipment in

the

system);

e RECURRING PEAK VOLTAGES (see 4.2.2);

e RAT

ED VOLTAGES,;

e RAT
e WO
e TRA
e TEM
For the

OVERV(
OVERV(

4.2.2

The wa

ED INSULATION VOLTAGES;
RKING VOLTAGES;

NSIENT OVERVOLTAGES;
PORARY OVERVOLTAGES.

LTAGES defined. Technical committees
LTAGES will apply to their equipment.

Determination of RECURRING PEAK VOLTAGE

shall determine which

which the peak amplitude is determined according to.Figure 1.

B

7

.
\

~YV

IEC

mains voltages in the range of this document, there are,bfo) standard TEM

TEMH

ve shape of the voltage is measured by an oscilloscope of sufficient bandwidt

PORARY
PORARY

n, from

Key

A WORKING VOLTAGE value

B peak
C RECU

of working value

RRING PEAK VOLTAGE

Figure 1 — RECURRING PEAK VOLTAGE

4.3 OVERVOLTAGE categories

The concept of OVERVOLTAGE CATEGORIES is used for equipment energized directly from the
mains. Technical committees shall specify the OVERVOLTAGE CATEGORY as based on the
following general explanation of OVERVOLTAGE CATEGORIES.
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a)

b)

c)

d)

Equipment with a RATED IMPULSE VOLTAGE corresponding to OVERVOLTAGE CATEGORY |V is
suitable for use at, or in the proximity of, the origin of the installation, for example
upstream of the main distribution board. Equipment of category IV has a very high impulse
withstand capability providing the required high degree of reliability, and shall have a rated
IMPULSE WITHSTAND VOLTAGE not less than the value specified in Table 1.

NOTE 1 Examples of such equipment are electricity meters, primary overcurrent protective devices and ripple
control units.

Equipment with a RATED IMPULSE VOLTAGE corresponding to OVERVOLTAGE CATEGORY Il is
suitable for use in the fixed installation downstream of and including the main distribution
board, providing a high degree of availability, and shall have a rated IMPULSE WITHSTAND
VOLTAGE not less than the value specified in Table 1.

NOT[E 2 Examples of such equipment are distribution boards, circuit-breakers, wiring systems (see
IEC [60050-826:2004, 826-15-01), including cables, busbars, junction boxes, switches, socket-outlets) in the
fixed installation, and equipment for industrial use and some other equipment, for example stationary motors
with|permanent connection to the fixed installation.

Eqyipment with a RATED IMPULSE VOLTAGE corresponding to OVERVOLTAGE CATEGORY Il is
suifable for connection to the fixed installation, providing a degree of’ayvailability nprmally
reqpired for current-using equipment, and shall have a rated IMPULSE’WITHSTAND VPLTAGE
not|less than the value specified in Table 1.

NOTE 3 Examples of such equipment are household appliances and similarloads.

Eqyipment with a RATED IMPULSE VOLTAGE corresponding to OVERVOLTAGE CATEGQRY | is
only suitable for use in the fixed installation where surge’protection devices are installed
outside the equipment to limit TRANSIENT OVERVOLTAGES to the specified level, and shall
havie a rated IMPULSE WITHSTAND VOLTAGE not less ‘than the value specified in Thable 1.
Thgrefore, equipment with a rated IMPULSE\\WITHSTAND VOLTAGE corresponding to
OVHRVOLTAGE CATEGORY | should preferably*not be installed at or near the ofigin of
installation.

NOTE 4 Examples of such equipment are thase containing electronic circuits like computers agjd home
elecfronics.

Table 1 — RATED IMPULSE VOLTAGES according to OVERVOLTAGE CATEGORIES

RATED IMPULSE VOLTAGE
\Y
Highgst continuous voltagedine to OVERVOLTAGE CATEGORY
earth®, AC or DC
\ | 1 1 |

> 1 000|< 1 250 4 000 6 000 8 000 12 Q00
> 1 250|< 1 500 6 000 8 000 10 000 15 Q00
> 1 500|< 2 000 8 000 12 000 15 000 18 Q00
> 2 000|= 3 000° 12 000 15 000 18 000 20 Qo0

a

b

For DCranly

For unearthed or impedance-earthed three phase three wire systems and single phase two wire systems, use
the line-to-line voltage. For three phase four wire systems and for single phase three wire systems, use the
line-to-neutral voltage. For a product or an equipment, use the RATED INSULATION VOLTAGE when specified and
otherwise the highest RATED VOLTAGE. For an installation in a supply system, use the highest continuous
voltage. If the highest continuous voltage is not more than 10% higher than the nominal voltage, the nominal
voltage may be used.

4.4

Material groups

For the purposes of this document, materials are classified into four groups according to their
CTI (Comparative Tracking Indices) values. These values shall be determined in accordance
with IEC 60112 using solution A. The groups are as follows:


https://iecnorm.com/api/?name=5c3d831d718eb00eeabaf23e4cb32393

- 14 - IEC TS 62993:2017 © |IE

e material group I: 600 < CTI;

e material group II: 400 < CTI < 600;
e material group llla: 175 < CTI < 400;
e material group Illb: 100 < CTI < 175.

The CTI values have no relationship to the RATED VOLTAGE.

4.5 POLLUTION DEGREES

4.5.1
The MI

ENVIRO
ENVIRO

Means

effective use of enclosures, encapsulation or hermetic sealing. Suchl/means to

POLLUT
operati

PoLLUT[ION will become conductive in the presence of humidity. POLLUTION cau;
contantinated water, soot, metal or carbon dust is inherently conductive.

Condu

instandes, for example in arc chambers of switchgéar' or controlgear, and is not cove

this do

4.5.2

For th

General

C 2017

CRO-ENVIRONMENT determines the effect of POLLUTION on the INSULATION. The
NMENT, however, has to be taken into account when considering .the
NMENT.

may be provided to reduce POLLUTION at the INSULATION undef)considera

ON may not be effective when the equipment is subject to condensation or if, in
bn, it generates pollutants itself.

tive POLLUTION by ionized gases and metallic™depositions occurs only in s

cument.

Degrees of POLLUTION in the MICRO-ENVIRONMENT

b purpose of evaluating CREEPAGE DISTANCES and CLEARANCES, the followin

degreep of POLLUTION in the MICRO-EN¥IRONMENT are established:

a) POLLUTION DEGREE 1
No |POLLUTION or only dry,) non-conductive POLLUTION occurs. The POLLUTION
inflilence.

b) POLLUTION DEGREE 2
Onlly non-conduetive POLLUTION occurs, except that occasionally a temporary cond
caused by condensation is to be expected.

c) POLLUTION 'DEGREE 3
Conductive POLLUTION occurs temporarily or dry non-conductive POLLUTION Occurs
bedomes conductive due to condensation which is to be expected.

MACRO-
MICRO-

ion by
reduce
normal

sed by

pecific
red by

g four

nas no

uctivity

which

d) POLLUTION DEGREE 4

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

453

Conditions of conductive POLLUTION

The dimensions for CREEPAGE DISTANCE cannot be specified where permanently conductive
POLLUTION is present (POLLUTION DEGREE 4). For temporarily conductive POLLUTION (POLLUTION
DEGREE 3), the surface of the INSULATION may be designed to avoid a continuous path of
conductive POLLUTION, for example by means of ribs and grooves (see 5.2.4).

4.5.4

Clearances

The minimum CLEARANCES specified in this standard do not apply where ionized gases occur.
Special requirements for such situations may be specified at the discretion of the relevant

technic

al committee.
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5 Dimensioning rules

5.1 Clearances

CLEARANCES shall be dimensioned to withstand the voltages which can appear within the
system, as applicable:

— TRANSIENT OVERVOLTAGES;

— WORKING VOLTAGES;

— RECURRING PEAK VOLTAGES;

— TEMPORARY OVERVOLTAGES.

The TRANSIENT OVERVOLTAGES are determined by the required IMPULSE WITHSTAND. VOLTAGE.
For eqbipment directly connected to the mains, the required IMPULSE WITHSTAND.VOLTAGE is
the RATED IMPULSE VOLTAGE established on the basis of Table 1. The corresponding values for
the CLHARANCES of Table 2 shall be used.

CLEARANCES to withstand the peak value of the WORKING VOLTAGE, the RECURRIN{G PEAK
VOLTAJE and TEMPORARY OVERVOLTAGES shall be dimensioned according to Table 3.

The vajues in Table 2 and Table 3 are valid for altitudes up 10.27000 m above sea level. For
different higher altitudes, the altitude correction factors of Table 4 shall be applied.

The dimensions according to Table 3 shall be compared/with Table 2. The larger CLEARANCE
of thesg shall be selected as the required CLEARANCE,

Table 2 — Clearances to withstand TRANSIENT OVERVOLTAGES

Minimum CLEARANCES up to 2 000 m above sea levd

RATED (BASIC INSULATION or SUPPLEMENTARY INSULATION)
IMPULSE VOLTAGE Case A Case B

kv INHOMOGENEOUS ELECTRIC FIELD | HOMOGENEOUS ELECTRIG FIELD
mm mm

4 3,0 1,2

6 5,5 2,0

8 8,0 3,0

10 11 3,5

12 14 4,5

15 18 5,5

18 22 7,0

20 25 8
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Table 3 — Dimensioning of clearances to WORKING VOLTAGES,
TEMPORARY OVERVOLTAGES or RECURRING PEAK VOLTAGES

Minimum CLEARANCES up to 2 000 m above sea level

(BASIC INSULATION or SUPPLEMENTARY INSULATION)

peak value of the voltage
kV Case A Case B
INHOMOGENEOUS ELECTRIC FIELD HOMOGENEOUS ELECTRIC FIELD
mm mm
1,0 0,26 0,15
1,2 0,42 0,2
+5 6576 673
2,0 1,27 0,45
2,5 1,8 0,6
3,0 2,4 0;8
4,0 3,8 1,2
5,0 5,7 1,5
6,0 7,9 2,0
8,0 11,0 3,0
10 15,2 3,5
12 19 4,5
15 25 5,5
20 34 8
25 44 10
30 55 12,5
40 77 17
50 100 22
60 27
80 35
100 45
Linear ipterpolations for CLEARANCES are allowed.
For REINFORCED INSULATION, the CLEARANCE shall be twice the value for BASIC INSULATION.
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Table 4 — Altitude correction factors

Altitude Normal Correction 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
5000 54,0 1,48
6 000 47,0 1,70
Z 000 440 195
8 000 35,5 2,25
9 000 30,5 2,62
10 000 26,5 3,02
15 000 12,0 6,67
20 000 5,5 14,5
Linear interpolation for the correction factor for CLEARANCES is allowed.

5.2 CREEPAGE DISTANCES
5.2.1 General

CREEPAGE DISTANCES shall be selected from Table’ 5. The following influencing factprs are
taken into account:

— long term voltages (see 5.2.2);
— MICRO-ENVIRONMENT (see 5.2.3);
— shalpe of insulating surface (see 5.2.4);
- in:ll

— POULUTION DEGREES (see 4.5).

lating materials (see 4.4);

5.2.2 Voltage

The bgsis for the detérmination of a CREEPAGE DISTANCE is the long-term RMS valug of the
voltagq existing ;across it. This voltage is the WORKING VOLTAGE, the RATED VOLTAGE| of the
equipnient, or the'RATED INSULATION VOLTAGE.

TRANSIENT, ©VERVOLTAGES are neglected since they will normally not influence the tfacking
phenormmenon. However, TEMPORARY OVERVOLTAGES and RECURRING PEAK VOLTAGES have to be
taken into account if their duration and frequency of occurrence can influence tracking.

5.2.3 POLLUTION

The influence of the POLLUTION DEGREES in the MICRO-ENVIRONMENT, specified in 4.5.2, on the
dimensioning of CREEPAGE DISTANCES is taken into account in Table 5.

Different conditions for the MICRO-ENVIRONMENT can exist at several locations inside the same
equipment.

5.2.4 Shape of insulating surface

Shaping of insulating surfaces is effective for dimensioning of CREEPAGE DISTANCES under
POLLUTION DEGREE 3 only. Preferably, the surface of SOLID INSULATION should include
transverse ribs and grooves that break the continuity of the leakage path caused by
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POLLUTION. Likewise, ribs 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.

Required CREEPAGE DISTANCES equal to or larger than 8 mm under POLLUTION DEGREE 3 may
be reduced by the use of a rib. The values of these reduced CREEPAGE DISTANCES are those
values listed in Table 5 in brackets (see footnote P of Table 5). The rib shall have a minimum
width (W) of 20 % and a minimum height (H) of 25 % of the required CREEPAGE DISTANCE
including the rib as measured in Figure 2.

Where more than one rib is used, the required CREEPAGE DISTANCE shall be divided into

sectionmemmm&uMﬁMmMummmm above
paragraph shall apply. The minimum distance between the multiple ribs shall be eqgdal to the

minimuym width of the rib applicable for each section, measured from the base of therib)].

Single rib Single rib More thaneneirib

w w

<& »
< »

w w

[ <& [
L K »

TN

|
|
S

== == == ™= Creepage distance IEC

Figure 2 — Determination of thewidth (#) and height (H) of a rib

NOTE [ror railway applications, IEC 62497-1 does’not allow reduction of CREEPAGE DISTANCES by the use of ribs
(see 6.2|of IEC 62497-1:2010).

5.2.5 Relationship to CLEARANGE

A CREBPAGE DISTANCE cannof be less than the associated CLEARANCE so that the shortest
CREEPAGE DISTANCE possible is equal to the required CLEARANCE. However, therd is no
physical relationship, otherithan this dimensional limitation, between the minimum CLEARANCE
in airand the minimum.acceptable CREEPAGE DISTANCE.

CREEPAGE DISTANGES less than the CLEARANCES required in case A of Table 2 or Tablel 3 may
only bg used when the CREEPAGE DISTANCE can withstand the test voltage required [for the
associated GLEARANCE of Table 2 or Table 3 (see 6.1.2). The test to demonstrate that the
CREEPAGE- DISTANCE will withstand the test voltage for the associated CLEARANCE shall take
into ac¢ount the altitude correction factor (see Table 4). T

5.2.6 CREEPAGE DISTANCES where more than one material is used or more than one
POLLUTION DEGREE occurs

A CREEPAGE DISTANCE may be split in several portions of different materials and/or have
different POLLUTION DEGREES if one of the CREEPAGE DISTANCES is dimensioned to withstand
the total voltage or if the total distance is dimensioned according to the material having the
lowest CTl and the highest POLLUTION DEGREE.

5.2.7 CREEPAGE DISTANCES split by floating conductive part

A CREEPAGE DISTANCE may be split into several parts, made with the same INSULATION
material, including or separated by floating conductors as long as the sum of the distances
across each individual part is equal or greater than the CREEPAGE DISTANCE required if the
floating part did not exist.
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The minimum distance X for each individual part of the CREEPAGE DISTANCE is given in 6.2 of
IEC 60664-1:2007.

5.2.8 Dimensioning of CREEPAGE DISTANCES of BASIC INSULATION, SUPPLEMENTARY
INSULATION and REINFORCED INSULATION

CREEPAGE DISTANCES of BASIC INSULATION and SUPPLEMENTARY INSULATION shall be selected
from Table 5 for the WORKING VOLTAGE, the RATED VOLTAGE or the RATED INSULATION VOLTAGE.

For SUPPLEMENTARY INSULATION, the POLLUTION DEGREE, insulating material, mechanical
stresses and ENVIRONMENTAL conditions of use may be different from those for BASIC
INSULATION.

It is allpwed to interpolate values for intermediate voltages. Linear interpolation shall*‘bg used.

CREEPAGE DISTANCES of DOUBLE INSULATION are the sum of the values of the(BASIC INSYLATION
and SUPPLEMENTARY INSULATION which make up the DOUBLE INSULATION system.

CREEPAGE DISTANCES for REINFORCED INSULATION shall be twice th€ CREEPAGE DISTANCE for
BASIC INSULATION from Table 5.

When @imensioning CREEPAGE DISTANCES to accessible surfaces of insulating materigl, such
surfacgs are assumed to be covered by metal foil. Further details can be specified by
technigal committees.
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Table 5 — CREEPAGE DISTANCES to avoid failure due to tracking

Voltage Minimum CREEPAGE DISTANCES
RMS?
POLLUTION DEGREE
1 2 3
All Material Material Material Material Material Material
material group | group Il group Il group | group Il group llla
groups
kV mm mm mm mm mmP mm?P mm?P
1,00 3,2 5,0 7.1 10,0 12,5 (10,2) 14,0 (11,2) 16,0 (12,8)
1,25 4.2 6.3 9.0 12.5 16.0 (12.8) 18.0 (14.4) 20.0 (16,0)
1,60 5,6 8,0 11,0 16,0 20,0 (16,0) 22,0 (17,6) 2540((20 0)
2,00 7,5 10,0 14,0 20,0 25,0 (20,0) 28,0 (22,4) 82,0/(25,6)
2,50 10,0 12,5 18,0 25,0 32,0 (25,6) 36,0 (28,8) 40,0((32 0)
3,20 12,5 16,0 22,0 32,0 40,0 (32,0) 45,0,(36,0) 50,0((40,0)
4,00 16,0 20,0 28,0 40,0 50,0 (40,0) 56,0 (44,8) 63,0[(50,4)
5,00 20,0 25,0 36,0 50,0 63,0 (50,4) 71,0 (56,8) 80,0((64,0)
6,30 25,0 32,0 45,0 63,0 80,0 (64,0) 90,0 (72,0) 100/(80,0)
8,00 32,0 40,0 56,0 80,0 100¢(80,0) 110 (88,0) 125|(100)
10,0 40,0 50,0 71,0 100 125 (100) 140 (112) 160|(128)
12,59 50,0° 63,0° 90,0° 125°
16,0 63,0° 80,0° 110° 160¢
20,0 80,0° 100° 140° 200°
25,0 100° 125° 180° 250°
32,0 125° 160° 220° 320°
40,09 160° 200° 280° 400°
50,0 200° 250° 360° 500°
63,0 250° 320° 450° 600°
2 This|voltage is
— |the WORKING VOLTAGE{
— |the RATED VOLTAGE; ‘or
— |the RATED INSULATION VOLTAGE.
b The jalues givenin‘brackets may be applied to reduce the CREEPAGE DISTANCE in case of using a rib
(seel5.2.4).
¢ Provjsionaldata based on extrapolation. Technical committees who have other information based on
expgrience may use their dimensions.

5.2.9 CREEPAGE DISTANCES for DC applications

Electromigration is a well-known effect across CREEPAGE DISTANCES of DC applications and
may require additional measures to prevent degradation and subsequent break down of the
insulating surface.

Electromigration is an effect over time and dependent on moisture, for example caused by
condensation, and is also influenced by the conductive material.

Determination of CREEPAGE DISTANCES in DC applications shall consider measures to be
additionally applied to the minimum CREEPAGE DISTANCES as specified in Table 5. These
measures may comprise one or more of the following:
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— application of coatings to the conductors, for example on printed circuit boards (see
IEC 60664-3);

— installation of equipment inside of housings which prevent condensation (see IEC 60529);
— heating by anti-condensation heaters or self-heating, for example of power conductors.

Increasing the CREEPAGE DISTANCE can also reduce the effect of electromigration. However,
there is no sufficient experience to provide a clear guideline.

5.3 SOLID INSULATION

5.3.1 General

There |s a general relationship between the thickness of SOLID INSULATION and the ptlossible
failure [mechanisms. By a reduction of the thickness of SOLID INSULATION, the field“sfress is
increaged and leads to a higher risk of failure. As it is not possible to calculate/the required
thicknelss of SOLID INSULATION, the performance can only be verified by testing,

By the [determination of the material and thickness of SOLID INSULATION, {the following sf{resses
shall b¢ considered if applicable:

— frequency;

— hegting;

— meg¢hanical stresses;

— PARTIAL DISCHARGES;

— humidity;

— radlation, both ultraviolet and ionizing;

— chemical influences;
— migration of plasticizers;

— badteria, moulds or fungi.

With thle testing, the above possibleiinfluences and stresses shall be considered.

5.3.2 Withstand of voltage stresses

SOLID INSULATION shall, @stapplicable, withstand the following voltage stresses:
— WORKING VOLTAGES;

— RATED VOLTAGES;

— RATED INSULATION VOLTAGES,

— TRANSIENT OVERVOLTAGES,

— TEMRQRARY OVERVOITAGES

— RECURRING PEAK VOLTAGES,
— high frequency voltages.

6 Tests and measurements

6.1 Tests
6.1.1 General

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.


https://iecnorm.com/api/?name=5c3d831d718eb00eeabaf23e4cb32393

- 22 - IEC TS 62993:2017 © IEC 2017

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 (see 6.1.3.5).

Test procedures are specified for

— the verification of CLEARANCES (see 6.1.2), and
— the verification of SOLID INSULATION (see 6.1.3).

The stresses for CLEARANCES and SOLID INSULATION caused by TRANSIENT OVERVOLTAGES are
assessed by the impulse voltage test (see 6.1.2.2), which may be substituted by an AC
voltage test (see 6.1.2.3) or a DC voltage test (see 6.1.2.4). The withstand capability of
CLEARANCES equal to or larger than case A of Table 2 or Table 3 may be verified by
measufement or by a voltage test. If they are smaller than the values according to'the|values
of casq A of Table 2 or Table 3, they shall be verified by a voltage test.

The abjlity of SOLID INSULATION to withstand the voltage stresses shall be verified by a yoltage
test in|any case. The stresses caused by TRANSIENT OVERVOLTAGES care’ assessed [by the
impuls¢ voltage test, which may be substituted by an AC voltage test, or a DC voltage test.
The stilesses caused by an AC steady-state voltage stress can only be assessed by[an AC
voltagg test. The DC voltage test with a test voltage equal to the peak value of the AC yoltage
is not fully equivalent to the AC voltage test due to the differentrwithstand characteristics of
SOLID INSULATION for these types of voltages. However, in case of a pure DC voltage [stress,
the DC|voltage test is appropriate.

While it is possible to substitute an impulse voltage test for CLEARANCES by an AC voltgge test
or by a|DC voltage test, it is in principle not possiblé to substitute an AC 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 freéquency voltages, especially in complex gircuits,
and thg dependency of the withstand characteristics of SOLID INSULATION on the shape and the
duratiop of the voltage stress.

6.1.2 Test for verification of CLEARANCES

6.1.2.1 General

When the equipment is subjected to electrical tests for verifying CLEARANCES, the test ghall be
in accdrdance with WITHSTAND VOLTAGE requirements specified in 5.1. The appropriate fest for
the vefification of CLEARANCES needed to withstand the TRANSIENT OVERVOLTAGES|is the
impuls¢ voltage tesi)but as stated in 6.1.1, the test is only required for CLEARANCES gmaller
than cgse A valués-of Table 2.

If the |withstand against WORKING VOLTAGES, RECURRING PEAK VOLTAGES or TEMPORARY

6.1.2. 3 is requwed

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

The electric testing of CLEARANCES will also stress the associated SOLID INSULATION.

6.1.2.2 Impulse voltage dielectric test

The impulse voltage dielectric tests are performed with the equipment according to Clause 7
of IEC 61180:2016 with the test voltages according to the second column of Table 6.

Values for the test site altitude corrections are given in Table 7.
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Table 6 — Test voltages based on CLEARANCES and
a test site altitude of 2 000 m above sea level

Test voltage
Required CLEARANCE AC RMS Impulse
50/60 Hz 1,2/50 ps
Peak value
mm \% \Y
0,2 620 1150
0,3 710 1310
675 840 +556
1,0 1060 1950
1,5 1390 2 560
2,0 1680 3090
2,5 1960 3 600
3,0 2210 4 070
4,0 2 680 4 930
4,5 2900 5330
5,0 3110 5720
6,0 3510 6 460
8,0 4 260 7 840
10,0 4 950 9 100
12,0 5780 10 600
15,0 7 000 12 900
20 8 980 16 400
25 10 800 19 900
30 12 700 23 300
40 16 200 29 800
50 19 600 36 000
60 22 800 42 000
80 29 200 53 700
100 35400 65 000
Lineardnterpolation of test voltages for other CLEARANCES is allowed.
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