INTERNATIONAL IEC
STANDARD 60099-4

Second edition
2004-05

N

Surge arresters — %

Part 4:
Metal-oxide surg
for a.c. system

A

isNEnglish-language version is derived from the original
; ual publication by leaving out all French-language

ut gaps

ges. Missing page numbers correspond to the French-
anguage pages.

Reference number
IEC 60099-4:2004(E)



https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

by the technical committee which has prepared this publicat
of publications issued, is also available from the following;

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web si
enables you to search by a

recently issued publications
corrigenda.

e IEC Just Published

This summ of re 5/(http://www.iec.ch/online_news/
justpub/jp_e&ntry.htm)/is al 2il. Please contact the Customer
Service Cen (s%&below) y i viation.



http://www.iec.ch/
http://www.iec.ch/searchpub/cur_fut.htm
http://www.iec.ch/online_news/justpub/jp_entry.htm
http://www.iec.ch/online_news/justpub/jp_entry.htm
mailto:custserv@iec.ch
https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

INTERNATIONAL IEC
STANDARD 60099-4

Second edition
2004-05

Surge arresters —

Part 4:
Metal-oxide surge arres wi
for a.c. syem&

O IEC 2004 Copyright - all rights reserved

ut gaps

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical,
including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XG

International Electrotechnical Commission

MexpayHapoaHas dnekTpoTexHnyeckas Komncens .
AYHapoA p For price, see current catalogue



https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O |IEC:2004 -3-

CONTENTS
O ] L @ 1 I PR 13
LN O 75 1 L @ N 1 ] PP 17
S Yo oY o 1Y 19
2 NOrMatiVe FefErENCES . o e 19
3 Terms and definitioNs . ... e 21
4 ldentification and classifiCation ..o 37
4.1 Arrester identification ... ..o
4.2 Arrester classification ... ...
5 Standard ratings and service conditions ............ccooiiiii,
5.1 Standard rated voltages ........coocovieiiiiiiii
5.2 Standard rated frequUeNCIes .........ccocoviviiiiii LU\
5.3 Standard nominal discharge currents
5.4  Service conditions ........coiiiiiiii N O e
6 Requirements........cccooiiiiiiiiii e e NG NG Y
6.1 Insulation withstand of the arrester housing.
6.2 Reference Voltage .......oooviiviiii e 0 NG N e e
6.3 Residual voltages.........ccoccoveeiiiiinnnnn
6.4 Internal partial discharges . Z..)\.....
6.5 Sealleakrate..............oo NG
6.6 Current distribution in a multi>c
6.7 Thermal stability
6.8 Long-duration ¢
6.9 Operating duty
6.10 Power-freque
6.11 Short-giteyit.y
6.12 Discor@
6.13 Requireme
6.14 i
6.15 ¢
6.16 kE L0 T PP
7 Gene Lo N o3 Lo =o ;U T ol
7.1 RQUIPMENT @NA QCCUFACY ..ivuieiiiiei i 53
7.2 /Oltage MEeaSUrEMENTS . ....oiuiiiiii e 55
7.3 TSt SAMIPIES et 55
8  Type tests (AeSign TSS) .. 55
Bl GBNEIAl e e 55
8.2 Insulation withstand tests on the arrester housing .........cc.cooviiiiiiiiiiiii, 59
8.3 Residual voltage tests . ..o i 61
8.4 Long-duration current impulse withstand test............ccoooiii 67
8.5 Operating duty testS . ..o 71
8.6 Tests of arrester disconnectors/fault indicators............oooo 87
8.7  Short-circuit test ProCedUIe ..o 91
8.8 Internal partial discharge tests ... 91

8.9 Testof the bending moment ... 91


https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O IEC:2004 -5-

10

11

12

13

8.10 Environmental testS . ..o, 93
8.11 Sealleak rate test . ... 95
8.12 Radio interference voltage (RIV) test......ccoiiiiiii e 97
Routine tests and acceptance testS ... 99
9.1 ROULINE 18T et 99
0.2 ACCEPIANCE 1S S oo ittt 101
Test requirements on polymer-housed surge arresters .........cooviiiiiiiiiiii i 105
O TS Yoo T o 1 PP
10.2 NOIrmMative refErEeNCES .....cv i
10.3 Terms and definitioNS .. ..ottt
10.4 Identification and classification..................cocoii .

10.5 Standard ratings and service conditions
10.6 Requirements........cccoiiiiiiiiiiiiieeeeeee e K AU

10.7 General testing procedure ...........cooooiiiiiiiiiiiniii e OGN\ e
10.8 Type tests (design tests) ....ccooiiiiiiiiiiiiii N G Y N e )

111 SCOPE i e NG N e e N N e
11.2 Normative references

11.3
11.4
11.5
11.6 Requirements
11.7 General testing procedures
11.8 Type tests (desi 3
I T e 10 g =T (=T £ N T D

11.10 Test after ere

12.1
12.2
12.3

S T S oo o 1
13.2 Normative referenCes . ..o
13.3 Terms and definitionS . ...
13.4 Identification and classification ...
13.5 Standard ratings and service conditions
13,6 REQUINEMENTS ..ot et e e eanes
13.7 General testing ProCeAUIE .. ...t
13.8 Type tests (design teStS) oo e
13.9 Routine tests and acceptance testS ..o


https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O IEC:2004 -7-

Annex A (normative) Abnormal service conditionS..........cooiiiiiiiiiiii 193
Annex B (normative) Test to verify thermal equivalency between complete arrester

ANA ArreStEr SECHION ...t 195
Annex C (normative) Requirements for high lightning duty arresters for voltage range

LY (o TR 72 Y PP 197
Annex D (normative) Procedure to verify the power-frequency voltage-versus-time
characteristics Of @n arrester. .. ..o 203
Annex E (informative) Guide to selection of line discharge class................cooooveiiiiiinnnis 207

Annex F (normative) Artificial pollution test with respect to the thermal stress on
porcelain-housed multi-unit metal-oxide surge arresters ...........ccocoiiiiiiiiiic e

Annex | (informative) Typical circuit for a distributed constant img
the long duration current impulse withstand test (see 8.4)........< oo O N e N e Sevneennnnnn

Annex J (informative) Typical maximum residual voltages ... \....

Annex N (informative) Short-circuit tests

ér at elevated temperatures versus time ...................... 75
on 10 000 A line discharge Class 1, 5 000 A, 2 500 A

....................................................................................................... 103
stahility test on 10 000 A arresters line discharge Classes 2 and 3
rrestexs litfe discharge Classes 4 and 5......cooiviiii i 105
Figure 6 — Thermomedhanical test ... ... e 127
Figure 7 — Example of the test arrangement for the thermomechanical test and
direction of the cantilever 10ad ... 129
Figure 8 — Water ImMMErSiON .. ... i e 131
Figure 9 — Example of an accelerated weather ageing cycle under operating voltage
(€= etelo] do TTaTe I {o T | =X O o R I 01 I P 137
Figure 10 — Another example of an accelerated weather ageing cycle............cc.ooeiiiiiinnnann. 139

Figure 11 — Test set-up for insulation withstand test of separable arresters in insulating
Lo U= [T - PP 163


https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O |IEC:2004 -9-

Figure 12 — Power losses of arrester at elevated temperatures versus time ........................ 181
Figure C.1 — Operating duty test on 20 000 A high lightning duty arresters ......................... 201
Figure C.2 — Thermal stability test on 20 000 A high lightning duty arresters (see 9.2.2).....201
Figure D.1 —Test on 10 000 A line discharge class 1, 5 000 A, 2 500 A and 1 500 A

= L =TS (T P 203
Figure D.2 —Test on 20 000 A high lightning duty arresters ............coooiiiiiiiiii e, 205
Figure D.3 —Test on 10 000 A arresters, line discharge Classes 2 and 3 and 20 000 A

arresters, line discharge Classes 4 and 5 .. ... 205

Figure E.1 — Specific energy in kd per kV rating dependant on the ratio of switching
impulse residual voltage (Ug) to the r.m.s. value of the rated voltage Uy of the arrester

relief devices) ....n\.....
Figure N.2 — Cir :

Figure N.3 — Circuj

Table 2

Table 3 -

Table 4 — Peak

Table 5 — Parameters for the line discharge test on 20 000 A and 10 000 A arresters........... 69
Table 6 — Requirements for the long-duration current impulse test on 5 000 A and

2 500 A AITESTOIS ottt 71
Table 7 — Determination of elevated rated and continuous operating voltages ...................... 77
Table 8 — Requirements for high current impulses ..., 81

Table 8 — Requirements for high current impulses .............coooiiiiiiii e, 113


https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O IEC:2004 -1 -

Table 9 — 10 000 A and 20 000 A three—phase GlS—-arresters — Required withstand

A0 2= 1o = PPN 155
Table 10 — 1 500 A, 2 500 A and 5 000 A three — phase — GIS arresters — Required

(2SS =T Lo BV I 2= T = T P 157
Table 11 — Insulation withstand test voltages for unscreened separable arresters............... 163
Table 12 — Insulation withstand test voltages for dead-front arresters or separable

arresters in @ screened NOUSING .. .cuuiiuiiii e 163
Table 8 — Requirements for high current impulses .............coooiii i, 167
Table 13 — Partial discharge test values for separable and dead-front arresters.................. 173
Table 7 — Determination of elevated rated and continuous operating voltages .................... 181

Table 8 — Requirements for high current impulses ..............cooiii [ NG 183
Table C.1 — Test requirements on 20 000 A high lightning duty arrestefs”.....(......\¢.....ut 199
Table F.1 — Mean external charge for different pollution severities..\....\.. N ... NG Neeee Deenes 219
Table F.2 — Characteristic of the sample used for the pollution st > \-- - Mo Neeeenennns 221

Table F.7 — Calculated values of AT.
=)= 0] o] = P N O N N A


https://standards.iteh.ai/catalog/standards/iec/186be61b-b79c-47cc-a314-db5dc20ae2df/iec-60099-4-2004

60099-4 O IEC:2004 -13 -

International Standa

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURGE ARRESTERS -

Part 4: Metal-oxide surge arresters without gaps
for a.c. systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz

ation comprising
all national electrotechnical committees (IEC National Committees). The obijg \

to promote

international co-operation on all questions concerning standardization in the ele ( ic fields. To
this end and in addition to other activities, IEC publishes International Standards hQi ifications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides a 3 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy & i ittee interested

in the subject dealt with may participate in this preparatory work
governmental organlzatlons Ilalsmg with the IEC also partlmpate in th

nittees undertake to apply IEC Publications

transparently to the maximup Si weir nati and regional publications. Any divergence
between any IEC Publicatiop’ans regional publication shall be clearly indicated in
the latter

IEC provides no marking\ proc appfoval and cannot be rendered responsible for any

All users should

No liability shall a
members of its tec

mployees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and
use of, or reliance upon, this IEC Publication or any other IEC

patent rights: C shal\ not™be held responsible for identifying any or all such patent rights.

d 60099-4 has been prepared by IEC technical committee 37: Surge

arresters.

This second edition cancels and replaces the first edition, published in 1991, amendment 1
(1998) and amendment 2 (2001).

This edition includes the following significant technical changes with respect to the previous
edition.
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« Clauses 1, 2 and 3 contain common subclauses that cover all arrester types. Clauses 4 to
9 contain subclauses that apply to porcelain-housed arresters. To a great extent, the
content of Clauses 4 to 9 also applies to arrester types other than porcelain- housed. Any
exceptions that apply to polymer-housed, GIS, separable and dead-front, and liquid-
immersed arresters are included in Clauses 10 to 13 as entire subclauses, not as parts of
subclauses. That is, if any subclause of Clauses 4 to 9 does not apply in its entirety to a
particular type of arrester, then a replacement subclause is given in its entirety in the
appropriate Clauses 10, 11, 12, or 13. This avoids the necessity for the user of the
document to judgewhich part of a clause has been amended.

« Table 1 has been modified. The previous Table 1 included references to subclauses for
type testing. Such references are really not appropriate in Clause 4 and have been
transferred to a new table in Clause 8.

« Clauses 6, 8, 11, 12 and 13: modifications have been made to short-ci equirements.

« Requirements of Clause 13 (mechanical considerations) have orated into

Clauses 5, 6, 8, 10, 11, 12 and 13, and Annex A of this new editfon

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

FDIS Report @c%g\ ¥
37/298/FDIS W\D\Q

t nd@i car, be found in the report on

Full information on the voting for the approval
voting indicated in the above table.

This publication has been drafted in acgordance e ISO/IEC Directives, Part 2.

The committee has decided publication will remain unchanged until
* reconfirmed;

e withdrawn; @
* replaced by a j

« amended.
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INTRODUCTION

This part of IEC 60099 presents the minimum criteria for the requirements and testing of
gapless metal-oxide surge arresters that are applied to a.c. power systems.

Arresters covered by this standard are commonly applied to live/front overhead installations in
place of the non-linear resistor-type gapped arresters covered in IEC 60099-1.

@%
S
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SURGE ARRESTERS -

Part 4: Metal-oxide surge arresters without gaps
for a.c. systems

1 Scope

This part of IEC 60099 applies to non-linear metal-oxide resistor type surge arresters without
spark gaps designed to limit voltage surges on a.c. power circuits.

2 Normative references

The following referenced documents are indispensable for the
For dated references, only the edition cited applies. For undat

apphicati document.
ed\references, the’latest edition

requirements
IEC 60060-2:1994, High-voltage test tex

IEC 60068-2-11:1981, Environmental t

IEC 60068-2-42:2003,
test for contacts cop

IEC 60071-1:1993

IEC 60507:199
systems

Artificial pollution tests on high-voltage insulators to be used on a.c.

IEC 60815:1986, Guide for the selection of insulators in respect of polluted conditions

IEC 61109:1992, Composite insulators for a.c. overhead lines with a nominal voltage greater
than 1 000 V - Definitions, test methods and acceptance criteria

IEC 61166:1993, High-voltage alternating current circuit-breakers — Guide for seismic
qualification of high-voltage alternating current circuit-breakers

IEC 61330:1995, High-voltage/low-voltage prefabricated substations
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IEC 62271-200:2003, High-voltage switchgear and controlgear — Part 200: A.C. metal-
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kv

IEC 62271-203:2003, High-voltage switchgear and controlgear — Part 203: Gas-insulated
metal-enclosed switchgear for rated voltages above 52 kV

CISPR 16-1:1999, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1: Radio disturbance and immunity measuring apparatus

CISPR 18-2:1986, Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 2: Methods of measurement and procedure for determining limits

3 Terms and definitions
For the purposes of this document, the following definitions app

3.1

metal-oxide surge arrester without gaps
arrester having non-linear metal-oxide resistors con
any integrated series or parallel spark gaps

3.2

non-linear metal-oxide resistor
part of the surge arrester which, by it
as a low resistance to overvoltages,

3.3

internal grading syste
grading impeda'
a group of non-linear

oxide resistor stac

3.5
section of an arrester
complete, suitably assembled part of an arrester necessary to represent the behaviour of a
complete arrester with respect to a particular test

NOTE A section of an arrester is not necessarily a unit of an arrester.

3.6

unit of an arrester

completely housed part of an arrester which may be connected in series and/or in parallel with
other units to construct an arrester of higher voltage and/or current rating

NOTE A unit of an arrester is not necessarily a section of an arrester.
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3.7

pressure-relief device of an arrester

means for relieving internal pressure in an arrester and preventing violent shattering of the
housing following prolonged passage of fault current or internal flashover of the arrester

3.8

rated voltage of an arrester

Ur

maximum permissible r.m.s. value of power-frequency voltage between its terminals at which
it is designed to operate correctly under temporary overvoltage conditions as established in
the operating duty tests (see 8.5)

frequency voltage applied. Attention is drawn to the fact that these two methods used %
necessarily produce equivalent values (a resolution to this discrepancy is undef tansideratio

3.9

continuous operating voltage of an arrester
Uc
designated permissible r.m.s. value of power-f

3.10
rated frequency of an arrester
frequency of the power system on whic

3.1
disruptive discharge

NOTE 1
these.

NOTE 2 A disruptiw
gaseous dielectri

disruptive dis rough a solid
3.13

flashover

disruptive discharge over a solid surface

3.14

impulse

unidirectional wave of voltage or current which, without appreciable oscillations, rises rapidly
to a maximum value and falls, usually less rapidly, to zero with small, if any, excursions of
opposite polarity

NOTE The parameters which define a voltage or current impulse are polarity, peak value, front time and time to
half-value on the tail.
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