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Foreword

The text of document 22F/44/FDIS, future edition 1 of IEC 60700-1, prepared by SC 22F,
Power electronics for electrical transmission and distribution systems, of IEC TC 22, Power
electronics, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC
as EN 60700-1 on 1998-10-01.

The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement {dop) 1999-07-01

- latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)} 2001-07-01

Annexes designated "normative” are part of the body of the standard.

Annexes designated "informative" are given for information only.

In this standard, annexes A, B and ZA are normative and annex C is informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard [EC 60700-1:1998 was approved by CENELEC as a
European Standard without any modification.
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Annex ZA (normative)

Normative references to international publications
with their corresponding European publications

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and
the publications are listed hereafter. For dated references, subsequent amendments to or
revisions of any of these publications apply to this European Standard only when incorporated
in it by amendment or revision. For undated references the latest edition of the publication
referred to applies (including amendments).

NOTE: When an international publication has been modified by common modifications, indicated by {mod}, the
4 relevant EN/HD applies. :

Publication Year Title EN/HD Year

ISO/IEC Guide 25 1990  General requirements for the competence of - -
calibration and testing laboratories

IEC 60060 series High-voltage test techniques HD 588.1 S1 1991
EN 60060-2 1994
IEC 60071-1 1993 | insulation co*ordination EN 60071-1 1995
Part 1: Definitions, principles and rules
IEC 60099 series Surge arresters : EN 60099 series
IEC 60270 1981, Partial discharge measurements - -
IEC 61803 -4 Determination of power losses in - -

high-voltage direct current (HVDC)
converter stations

1) To be published.



SIST EN 60700-1:2001

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 60700-1:2001
https//standards.iteh.ai/catalog/standards/sist/49e24¢e7a-cdb0-413a-82a0-
bbe89e99c4 71lsist-en-60700-1-2001



Py

NORME | CEl
INTERNATIONALE IEC

INTERNATIONAL - 60700-1
STAN DARD | Premiére édition

First edition
1998-09

Valves a thyristors pour le transport d’énergie
en courant continu a haute tension (CCHT) —

Partie 1:
Essais électriques

Thyristor valves-for'high voltage direct current
(HVDC) power transmission —

Part 1:
Electrical testing

© IEC 1998 Droits de reproduction réservés — Copyright - all rights reserved

Aucune partie de cette publication ne peut étre reproduite ni  No part of this publication may be reproduced or utilized in
utilisée sous quelque forme que ce soit et par aucun any form or by any means, electronic or mechanical,

procédé, électronique ou mécanique, y compris la photo-  including photocopying and microfilm, without permission in
copie et les microfilms, sans |'accord écrit de I'éditeur. writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

Commission Electrotechnique Internationale
International Electrotechnical Commission
MeayHapoaHana SnexkTpoTexHudeckas Homuccun

CODE PRIX X
PRICE CODE

Pour prix, voir catalogue en vigueur
L For price, see current catalogue




s iy,

7.3.2 MVU a.c. voltage test

60700-1 © IEC:1998 -3-
CONTENTS
FOREWORD .ttt e et e et e et b ae i e e st e e s et e b s e e et e e sa e s e e aeas s b s eneannes
Clause
L = oo T o 1S O
2 NOIMALIVE FEIEIENCES «uveeeeieeeiieeeriee et eeee et eeea et e e aenet e e e e e e e e e s e nte e e eesaaanreeesenneneeas
L T B 7= T o V1 4o = PPN
4 General reqUIreMENTS . . oi i e
4.1  Guidelines for the performance Of tYPE 1SS .euvierir ettt
411 Evidence iN el ..ocuiriiieiieiiie i
4.1.2  Test 0DJECT. v e
4.1.3 Sequence of ESES +oveveveereeeeeeee e e ees et ete e es et e ettt en et aren et e eeeerens
4.1.4 Testprocedures....'................. ...............................................................
4,1.5 Ambient temperature for testing......c..cooovriii
4.1.6 Frequency fortestingrmm. A T Fo . E0 B o A I R ik eeeeneeenerenneeeeennans
v 3 A W -1 g =Y o o T o € T PP PP
4.2  Atmospheric correction. ... ...
4.3 Treatment of redUNABNCY .ciwirrins virreaeins@rieeeesrereiirreiieriereaer e
4.3.1 [Dielectricitests.cannslandarasnnladesde/acabldllacidila
4.3.2  Operational tES1S . uuu.iiiiie i iieiiei e e
4.4  Criteria for successful type testing....cvviiiiiiii
4.4.1 Criteria applicable to thyristor levels ......cccoooooiiiiiiiiis
4.4.2 Criteria applicable to the valve as a whole ................. o
List Of 1YPE 1ESES . uuiieiiiie it e
Dielectric tests 0N valve SUPPOI . ...ttt e e e
6.1 PUIPOSE Of 188 .ciiiuiiiiiiiii et e e
B.2 TSt 0D . i e e
6.3  Test reqUIremMENES (oo e
6.3.1 Valve support d.c. voltage test......ccooomiiiii
6.3.2 Valve support a.c. voltage test....ccooverrii
6.3.3 Valve support switching impulse test .......cccoiiiiiiiiiincn
6.3.4 Valve support lightning impulse test.......c..iiiiii,
7 Dielectric tests for multiple valve units (MVU) ....ooiiiiii e,
7.1 PUIPOSE Of 18818 uuiii i
7.2 TSt 0D OO i e
7.3  Test reqUIremMENTS cooeuu e e e e
7.3.1 MVU d.c. voltage test t0 @arth.....ccocceivirririiiiiiii e

11
11
11
17
17
17
17
17
17
17
17
19
19
19
19
19
19
21
23
23
25
25
25
25
25
27

27 .

29
29
29
29
29
29
31



]

60700-1 © IEC:1998 -5~
Clause
7.3.3 MVU switching impulse test ..o
7.3.4 MVU lightning impulse test .......cccooeiiimiiiiiii e
8 Dielectric tests between valve terminals ............. e
< B ¥ oYL Y= T |l (=11 £ PP PPPP
8.2 TSt OB Ot e ettt e e e e
T B U= O €Yo (V11 =1 =T € T USRIt
8.3.1 Valve d.c. VOlAgE tEST e
8.3.2 Valve a.c. voltage test ...
8.3.3 Valve impulse tests (general) .....ccoooviiiiiii i teerneas
8.3.4 Valve switching impulse test. ..o
8.3.5 Valve lightning impulse test......cccooiiiiiiiii
8.3.6 Valve steep front impulse test. ..o,
8.4 Valve non-periodic firing test ..covu i
8.4.1 Purpose of test......cooiiiiiiiiiii e
8.4.2 TSt ODJECT...cconiiiiiiiiii
8.4.3 Test requirements.... Nl 00 A 9 o A 2R Y 1 A YA T
9 Periodic firing and extinction 1es1s,. <l wy s ril e deme B amer s hen i
9.1 PUrpose oOf 18818 .ciiiuuiiiiiiiiii i
9.2 Testobject....cooeeviinvennnn 2 L DL L
9.3  Test reqUIrEMENTS ... i cmmsmerasirinrnne ssorsamepsry e enryaseessesssnnstrnessrmeeerimeiin
9.3.1 . Maximum continuous operating duty tests...........; ........ e
9.3.2 Maximum temporary operating duty test (&= 90°) .cc.ccveiiiriiiiiniiniiiniinn
9.3.3 Minimum a.c. voltage tests .......c.......... ettt
9.3.4 Temporary undervoltage test ..o
9.3.5 Intermittent direct current tests ...,
10 Tests with transient forward voltage during the recovery period.........cccoeeerienen [
10.1 PUrpose Of 1ES1S . cuuiiii i
LT ==Y o] o [ ToY POt
O T =TS O = To [T =Y o £ 1= 1Pt
11 Valve fault current 1SS ...cccouuiirirr et et e eree e ae e
11,1 PUIPOSe Of 1SS 1ivuiiii it
11,2 Test ODJEC it e e
11.83 Testrequirements .coooiiiiiiiiici e ere e e e
11.3.1 One-loop fault current test with re-applied forward voltage....................

11.3.2 Multiple-loop fault current test without re-applied forward voltage

33
35
35
35
37
37
37
39
41

41

43
43
45
45
45
45
47
47
49
49
51

53
55
57
59
61

61

61

61

63
63
63
63
65
67



60700-1 © IEC:1998 -7-

Clause Page
12 Tests for valve insensitivity to electromagnetic disturbance............... ettt 69
12.1 PUIPOSE Of 1ESTS .eiiiiiiiiiiiii e 69
12,2 TESt ODJECE ...vurveceerrrrssiereseseesersenseseeeecanes SOOI 69
12.3 TeSt reqQUIrBMENTS ..uvuiierieniiiiieitiire e e 71
12.3.1 Approach one....ccccccevvnicieienennanen. SO U PP PPN 71

12.3.2 APPrOACH TWO c.uuiiiiiiiiiieeei i 71

12.3.3 Acceptance criteria.........cco...ccce. PP 71

13 Testing of special fEatUreS .........oiiieariiiiiii e 71
13.1 Purpose of tests.....cceereeneeuces e e st e e e et et eaeeateartennaeareeaneeas 71
13.2 Test object.......... O J PP PPTPP PP 73
13.3 TeSt reqUITBMENTS c.uvuiiiiieiiiir e e 73

14 ProOQUCHION 1ESTS coinuiiiiiiiti et ettt sie e et eeteceea ittt e e s a e s rararaai s ara s ene s e e s st e e e s e 73
14.1 PUIPOSE Of 1ESES .erriiiiiiiiiiiiiiiiiiit e 73
14.2 TEST ODJECT .ciiii e e 73
14.3 TeSt reQUITBMENTS ..oiiiii it et 73
14.4 Pfoduction téstobjectives’. . Ll i L L L 75
14.4.1 Visual inspecdtionamelamala.atalaar o 75

14.4.2 CONNECHON CRECK...c.veicteeitieiriireeeesteeeseeeaseeseeari e s seeessibe e s sraesanneennes 75

14.4.3 Voltage-grading circuit CheCK i s 75

14.4.4 Voltage withstand)CheCK i v a7 1o 3o 75

14.4.5 Partial discharge 1estS . .c.c.cuumiiiiiiiiiii 75

14.4.6 Check of auXili@rEs ..oiieerieriercee et 75

14.4.7 FifiNG ChECK ceeiiiiieiiii i 75

14.4.8 Pressure te8t... ...t 75

15 Method for loss determination ..........ccciveeeiniiiiiiinnnd et 75
16 Presentation of type test reSUlts .......eeiiiiii 77
Annex A (normative) Test safety factors......cccooooicciiiiiiinnnn et 79
Annex B (normative)  Partial discharge measurements. ..., 89
Annex C (informative) Fault tolerance capabilily..........cccooiimi 95

Figure 1 Steep front impulse test voltage ... 13



ol

60700-1 © IEC:1998 -9-

1)

3)

4)

5)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

THYRISTOR VALVES FOR HIGH VOLTAGE DIRECT CURRENT (HVDC)
POWER TRANSMISSION -

Part 1: Electrical testing

FOREWORD

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

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

The documents produced have the form of recommendations for infefnational’use and are published in the form
of standards, technical reports or guides andithey are acoepted by the National Committees in that sense.

In order to promote international unification, |EC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and[thel corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedurecto indicate. its @pproval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

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

International Standard IEC 60700-1 has been prepared by subcommittee 22F: Power
electronics for electrical transmission and distribution systems, of IEC technical committee 22:
Power electronics.

This part of IEC 60700 cancels and replaces IEC 60700, published in 1981, and constitutes a
technical revision.

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

FDIS Report on voting
22F/44/FDIS 22F/46/RVD

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

Annexes A and B form an integral part of this standard.

Annex C is for information only.
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THYRISTOR VALVES FOR HIGH VOLTAGE.DIRECT CURRENT (HVDC)
POWER TRANSMISSION — '

Part 1: Electrical testing

1 Scope

This standard applies to thyristor valves with metal oxide surge arresters directly connected
between the valve terminals, for use in a line commutated converter for high voltage d.c. power
transmission or as part of a back-to-back link. It is restricted to electrical type and production
tests.

The tests specified in this standard are based on air insulated valves. For other types of
valves, the test requirements and acceptance criteria must be agreed.

- 2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions:of this partof IEC60700; At the time,of publication, the editions indicated
were valid. All normative-documerits are subject'to revision, and parties to agreements based
on this part of IEC 60700 are gncouraged to investigate the possibility of applying the most
recent editions of the normative documents indicated below. Members of IEC and 1SO maintain
registers of currently valid International Standards.

ISO/IEC Guide 25:1990!"Genéral reéquirements’ for the 'eompetence-of calibration and testing
laboratories

IEC 60060, High-voltage test techniques

IEC 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60071-1:1993, Insulation co-ordination — Part 1: Definitions, principles and rules
|EC 60099, Surge arresters
IEC 60270:1981, Partial discharge measurements

IEC 61803,— Determination of power losses in high-voltage direct current (HVDC) converter
stations 1)

3 Definitions

For the purpose of this part of IEC 60700, the following definitions apply.

1) To be published.
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3.1 Insulation co-ordination terms

3.1.1

test withstand voltage

value of a test voltage of standard waveshape at which a new valve, with unimpaired integrity,
does not show any disruptive discharge and meets all other acceptance criteria specified for
the particular test, when subjected to a specified number of applications or a specified duration
of the test voltage, under specified conditions

3.1.2

steep front impulse

fast-front voltage impulse whose time to peak is less than that of a standard lightning impulse
but not less than that of a very-fast-front voltage as defined in IEC 60071-1. For this standard,
a steep front impulse voltage for test purposes is defined by figure 1. '

i

Voltage Steepness S

~a—— Peak value U

0,6 U

~=—0,5U

[ret—— T1 — Time
T2 '

IEC 1326/98

NOTES
U = Specified peak value of steep front impulse test voitage (kV)

S = Specified steepness of steep front impulse test voitage (KV/us)
. A U
T4 = Virtual front time = E (us)

The following conditions shall be satisfied:

a) The peak value of the recorded test voltage shall be U+ 3 %. This tolerance is the same as that in IEC 60060
for standard lightning impulse.

b) Over a voltage excursion of not less than 0,6 U, the rising portion of the recorded test voltage shall be entirely
contained between two paraliel lines of steepness S and separation 0,2 Ty. :

c) The value of the test voltage at T2 shall not be lower than 0,5 U. Tz is defined as the time interval between the
origin and the instant when the voltage has decreased to half the peak value of the waveform which is obtained
from system study. However, it shall be assured that an unintentional dv/dt switching of the thyristors can be
adequately detected.

Figure 1 — Steep front impulse test voltage
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3.1.3

internal and external insulation

air external to the components and insulating materials of the valve, but contained within the
profile of the valve or multiple valve unit is considered as part of the internal insulation system
of the valve. The external insulation is the air between the external surface of the vaive or
multiple valve unit and its surroundings.

3.14

valve protective firing

means of protecting the thyristors from excessive voltage by firing them at a predetermined
voltage '

3.2 Valve construction terms

3.2.1

valve support

that part of the valve which mechanically supports and electrically insulates from earth the
active part of the valve which houses the valve sections

‘NOTE - A part of a valve which is clearly identifiable in a discrete form to be a valve support may not exist in all

designs of valves.

3.2.2

valve structure
physical structure holding thesthyristor, leyvels of al valve which lis(insulated to the appropriate
voltage above earth potential

3.23

redundant thyristor levels

thyristor levels in the series string, which.may, be short circuited, while.the specified type test
performance of the valve is still met

' 3.2.4

valve base electronics
electronic unit, at earth potential, which is the interface between the control system for the
converter and the thyristor valves

3.3 Type tests

Those tests which are carried out to verify that the valve design will meet the requirements
specified. In this standard, type tests are classified under two major categories: dielectric tests
and operational tests.

3.3.1
dielectric tests
those tests which are carried out to verify the high voltage characteristics of the valve

3.3.2

operational tests

those tests which are carried out to verify the turn-on, turn-off and current related
characteristics of the valve

3.4 Production tests

Those tests which are carried out to verify proper manufacture, so that the properties of a valve
correspond to those specified.
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3.4.1
routine tests
those production tests which are carried out on all valves, valve sections or components

-3.4.2

sample tests
those production tests which are carried out on a small number of valves, valve sections or
components taken at random from a batch

4 General requirements

4.1 Guidelines for the performance of type tests

‘4.1.1 Evidence in lieu

Each design of valve shall be subjected to the type tests specified in this standard. If the valve
is demonstrably similar to one previously tested, the supplier may, in lieu of performing a type
test, submit a test report of a previous type test for consideration by the purchaser. This should
be accompanied by a separate report detailing the differences in the design and demonstrating
how the referenced type test satisfies the test objectives for the proposed design.

4.1.2 Test object

a) Certain type tests may 'be’performed either on a completeivalveior on valve sections, as
indicated in table 2. For those type tests on, valve sections, the total number of valve
sections tested shall be at |least'as many as'the fumberiin a complete valve.

b) The same valve sections shall be used for ali type tests uniess otherwise stated.

c) Prior to commencement of type tests, the valve, valve sections and/or the components of
them should be demonstrated, to have withstood the production tests to ensure proper
manufacture.

4.1.3 Sequence of tests

' The type tests specified can be carried out in any order.

NOTE - Tests involving partial discharge measurement may provide added confidence if performed af the end of
the dielectric type test programme.

4.1.4 Test procedures

The tests shall be performed in accordance with [EC 60060, where applicable.

41.5 Ambient temperature for testing

The tests shall be performed at the prevailing ambient temperature of the test facility, unless
otherwise specified. '

41.6 Frequency for testing

AC dielectric tests can be performed at either 50 Hz or 60 Hz. For operational tests, specific
requirements regarding the frequency for testing are given in the relevant clauses.
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