IEC 62501:2009-06/AMD1:2014-08(en-fr)

IEC IEC 62501

o
®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 1.0 2014-08

colour
inside

AMENDMENT 1
AMENDEMENT 1

Voltage sourced cohvérter, (VSC)\valves¥or hightyoltage ditect current (HVDC)

power transmission — Elec(lgi 2allﬁ gl‘ll%ls iteh al)

Valves a convertisseur de so%gzgio ' ?'0 i \6§4C) pour le transport d’énergie
en courant cOHMyfmzﬁeh%%%M T) - Essais électriques

cc2065alf10e/iec-62501-2009-amd1-2014




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, 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
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans l'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on' |[EC, International, Standards)
Technical Specifications, Technical™ Reports- “and" “other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications;by-a
variety of criteria (reference. number, ,text, . technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical’ tefms, ' containing, more than 30 000 terms and
definitions-‘in"English and-French, with equivalent terms in 14
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

More ythan |55 000 electrotechnical terminology entries in
English and French extracted from the Terms and Definitions
clause of IEC publications issued since 2002. Some entries
have'been’collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents critéres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient plus de 30 000 termes et définitions en
anglais et en francais, ainsi que les termes équivalents dans
14 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

Plus de 55 000 entrées terminologiques électrotechniques, en
anglais et en frangais, extraites des articles Termes et
Définitions des publications IEC parues depuis 2002. Plus
certaines entrées antérieures extraites des publications des
CE 37,77, 86 et CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.



IEC 62501

Edition 1.0 2014-08

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

AMENDMENT 1
AMENDEMENT 1

Voltage sourced convertep (VSC)\walvesfor high-voltage.direct current (HVDC)
power transmission — Electrical testing

Valves a convertisseur de source de tension (VSC) pour le transport d’énergie
en courant continu a haute tension (CCHT) ~ Essais électriques

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE S
CODE PRIX

ICS 29.200; 29.240 ISBN 978-2-8891-0744-5

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 62501:2009/AMD1:2014
© IEC 2014

FOREWORD

This amendment has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic
systems and equipment.

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

CDV Report on voting
22F/299/CDV 22F/316A/RVC

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

The committee has decided that the contents of this amendment and the base publication will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
*+ amended.

IMPORTANT - The ‘colour inside’ logo on the cover page of this publication indicates
that it contains colours ‘which ‘are considered to  be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

CONTENTS
3.3 Operating states

Replace the subclause title as follows:
3.3 Operating states of converter

4.1.3 Sequence of test
Delete the subclause title.

Add the titles of new Subclause 4.1.8 and new Clause 15 as follows:

4.1.8 Conditions to be considered in determination of type test parameters

15 Tests for dynamic braking valves

Annex A (informative) Overview of VSC topology
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Replace the annex title as follows:
Annex A (informative) Overview of VSC converters in HVDC power transmission
Add the titles of new Subclauses A.5.1 to A.5.4 and new Clause A.7 as follows:

A.5.1 General

A.5.2 Modular multi-level converter (MMC)

A.5.3 Cascaded two level converter (CTL)

A.5.4 Terminology for valves of the controllable voltage source type
A.7 Hybrid VSC valves

Annex B (informative) Fault tolerance capability

Replace the annex title as follows:
Annex B (informative) Valve component fault tolerance

Figure A.9 — One possible implementation of a multi-level “voltage source” VSC valve

Replace the figure title as follows:
Figure A.9 - The half-bridge MMC circuit
Add, in the list of figures, the titfles ofinew Figures A.10 to'A.'13/as Ifollows:

Figure A.10 — The full-bridge MMCI €ircuit

Figure A.11 — The half-bridge CTL circuit

Figure A.12 — Construction terms-in MMC valves
Figure A.13 — Construction.terms in CTL yvalyes

1 Scope

Add, after the first paragraph, the following two paragraphs:

The scope of this standard includes the electrical type and production tests of dynamic
braking valves which may be used in some HVDC schemes for d.c. overvoltage limitation.

This standard can be used as a guide for testing of STATCOM valves.

Add, at the end of the last sentence of the last paragraph, the words “between the purchaser

and the supplier” so that the last sentence reads as follows:

For other types of valves, the test requirements and acceptance criteria should be agreed

between the purchaser and the supplier.

2 Normative references

Delete from the existing list, the following references:

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

requirements

IEC 60071-1:2006, Insulation co-ordination — Part 1: Definitions, principles and rules
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Add to the list, the following references:
IEC 60071 (all parts), Insulation co-ordination
IEC 60270:2000, High-voltage test techniques — Partial discharge measurements

3.2 Power semiconductor terms

Replace the existing introductory text, terms and definitions by the following new terms and
definitions:

3.21

turn-off semiconductor device

controllable semiconductor device which may be turned on and off by a control signal, for
example an IGBT

NOTE There are several types of turn-off semiconductor devices which can be used in VSC converters for HVDC.
For convenience, the term IGBT is used throughout this standard to refer to the main turn-off semiconductor device.
However, the standard is equally applicable to other types of turn-off semiconductor devices.

3.2.2

insulated gate bipolar transistor

IGBT

turn-off semiconductor device with three terminals: a gate terminal (G) and two load terminals
emitter (E) and collecton(C)

NOTE By applying appropriate gate to.emitter moltages| the 1oad-current can be controlled, i.e. turned on and
turned off.

3.2.3

free-wheeling diode

FWD

power semiconductor device with diode characteristic

NOTE 1 A FWD has two terminals: an anode (A) and a cathode (K). The current through FWDs is in the opposite
direction to the IGBT current.

NOTE 2 FWDs are characterized by the capability to cope with high rates of decrease of current caused by the
switching behaviour of the IGBT.

3.24
IGBT-diode pair
arrangement of IGBT and FWD connected in inverse parallel

3.3 Operating states

Replace the existing title, terms and definitions by the following new title, terms and
definitions.

3.3 Operating states of converter

3.3.1

blocking state

condition of the converter, in which a turn-off signal is applied continuously to all IGBTs of the
converter

NOTE Typically, the converter is in the blocking state condition after energization.



IEC 62501:2009/AMD1:2014 -5-
© IEC 2014

3.3.2

de-blocked state

condition of the converter, in which turn-on and turn-off signals are applied repetitively to
IGBTs of the converter

3.3.3

valve protective blocking

means of protecting the valve or converter from excessive electrical stress by the emergency
turn-off of all IGBTs in one or more valves

3.34

voltage step level

voltage step caused by switching of a valve or part of a valve during the de-blocked state of
the converter

NOTE For valves of the controllable voltage source type, the voltage step level corresponds to the change of
voltage caused by switching one submodule or cell. For valves of the switch type, the voltage step level
corresponds to the change of voltage caused by switching the complete valve.

3.4 VSC construction terms

Replace the existing terms and definitions by the following new terms and definitions:

3.41
VSC phase unit
equipment used to connect the two d.c. busbarsto one a.¢c./terminal

3.4.2

switch type VSC valve

arrangement of IGBT-diode pairst(connected/ Ainlseries and arranged to be switched
simultaneously as afsingle-functionaunit 2

3.4.3

controllable voltage source type VSC valve

complete controllable voltage source assembly, which is generally connected between one a.c.
terminal and one d.c. terminal

3.4.4

diode valve

semiconductor valve containing only diodes as the main semiconductor devices, which might
be used in some VSC topologies

3.4.5

dynamic braking valve

complete controllable device assembly, which is used to control energy absorption in braking
resistor

3.4.6
valve
VSC valve, dynamic braking valve or diode valve according to the context

3.4.7

submodule

part of a VSC valve comprising controllable switches and diodes connected to a half bridge or
full bridge arrangement, together with their immediate auxiliaries, storage capacitor, if any,
where each controllable switch consists of only one switched valve device connected in series
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3.4.8

cell

MMC building block where each switch position consists of more than one IGBT-diode pair
connected in series

NOTE See Figure A.13

3.4.9
VSC valve level
smallest indivisible functional unit of VSC valve

NOTE For any VSC valve in which IGBTs are connected in series and operated simultaneously, one VSC valve
level is one IGBT-diode pair including its auxiliaries (see Figure A.13). For MMC type without IGBT-diode pairs
connected in series one valve level is one submodule together with its auxiliaries (see Figure A.12).

3.4.10
diode valve level
part of a diode valve composed of a diode and associated circuits and components, if any

3.4.11

redundant levels

maximum number of series connected VSC valve levels or diode valve levels in a valve that
may be short-circuited externally or internally without affecting the safe operation of the valve
as demonstrated by type tests, and which if and when exceeded, would require shutdown of
the valve to replace the failed levels or acceptance of increased risk of failures

NOTE In valve designs such as the cascaded two level converter, which contain two or more conduction paths
within each cell and have series-connected VSC walve devels inteach path,\redundant levels shall be counted only
in one conduction path in each cell.

3.412

dynamic braking valve.level

part of a dynamic braking valve,comprising a-controllable switch and an associated diode, or
controllable switches and diodes connected in parallel, or controllable switches and diodes
connected to a half bridge arrangement, together with their immediate auxiliaries, storage
capacitor, if any

3.5.1 valve structure
Replace the existing definition by the following new definition:

structural components of a valve, required in order to physically support the valve modules

3.5.2 valve support
Delete the note.

3.5.4 valve section
Replace the definition by the following new definition and notes:

electrical assembly defined for test purposes, comprising a number of valve levels and other
components, which exhibits pro-rated electrical properties of a complete valve

NOTE 1 For valves of controllable voltage source type the valve section shall include cell or submodule d.c.
capacitor in addition to VSC valve levels.

NOTE 2 The minimum number of VSC or diode valve levels allowed in a valve section is defined along with the
requirements of each test.

3.5.5 valve base electronics
Replace the definition by the following new definition.
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electronic unit, at earth potential, providing the electrical to optical conversion between the
converter control system and the VSC valves

4.1.3 Sequence of test

Delete the entire subclause, including the title, text and note.

4.1.4 Test procedure

Replace the existing sentence with the following new text:

The tests shall be performed in accordance with IEC 60060, where applicable with due
account for IEC 60071 (all parts). Partial discharge measurements shall be performed in
accordance with IEC 60270.

4.1.5 Ambient temperature for testing

Replace the text of this subclause with the following sentence:

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

4.1.6 Frequency for testing

Add, at the end of thelsubclause, the following note:

NOTE Guidance on the worst service conditions'can be ‘found in‘CIGRE' Technical Brochure No. 447.

Add, after 4.1.7, a new subclause as follows:

4.1.8 Conditions to be considered in.determination,of type test parameters
Type test parameters should be determined based on the worst operating and fault conditions

to which the valve can be subjected, according to system studies. Guidance on the conditions
can be found in CIGRE Technical Brochure No. 447.

4.2 Atmospheric correction factor

Insert, between the last dashed item and the last paragraph , the following new paragraph:

Realistic worst case combinations of temperature and humidity which can occur in practice
shall be used for atmospheric correction.

4.4.2 Criteria applicable to valve levels

Replace, in this entire subclause the words “short-circuited” by “short or open circuited”
Delete, in the last sentence of item f), the word “total”, so that the sentence reads as follows:

If the number of such levels exceeds 3 %, then the nature of the faults and their cause shall
be reviewed and additional action, if any, agreed between purchaser and supplier.

Table 2 — Valve level faults permitted during type tests

Replace the words “short-circuited” by “short or open circuited”.
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6.2 Test object
Replace in the third sentence of the first paragraph the words “VSC /diode” by “valve”.

6.4 Maximum continuous operating duty test

Delete in the fifth paragraph, the last sentence “The coolant temperature shall be not less ...
temperatures in service” so that the paragraph now ends with “shall be representative of that
used in service”.

6.6 Minimum d.c. voltage test

Correct in the notation for the letter symbol Uy, the word “require” to “required”.

7.3.1 Valve support d.c. voltage test

Replace, in the second sentence of the first paragraph, the words “in approximately 10 s” by
“as fast as possible”.

Replace the existing note and the text below the note with the following new notes and text:

NOTE 1 Where possible the test voltage should be increased from 50 % to the maximum voltage level within
approximately 10 s. A longer time may be used; however, this may overstress the test object.

NOTE 2 If an increasing trend in theimagnitude [or rate of’partial discharge is/obseryved, the test duration may be
extended by mutual agreement between the purchaser and supplier.

The test shall then be repeated with<the Voltage of opposite‘polarity.

Prior to the test and before repeating-the-test/ with -voltage of opposite polarity the valve
support may be short-gircuitedclandtearthiedforsal durationocof/several hours. The same
procedure may be followed at thé)endiofcdic.0voltagetest:

The valve support d.c. test voltage U,y shall be determined in accordance with the following:

1 min. test
Utgs = Udms1- k3 - ki
3 h test
Utgs =+Ugms2 - K3
where

Ugms1 is the maximum of 1 s average value of voltage appearing across the valve support
as determined by the insulation coordination study;

Ugms2 is the maximum value of the d.c. component of the steady-state operating voltage
appearing across the valve support;

k3 is a test safety factor;
ks =1,1;
k¢ is the atmospheric correction factor according to 4.2.

7.3.2 Valve support a.c. voltage test

Replace the first paragraph as follows:
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To perform the test, the two main terminals of the valve shall be connected together, and the
a.c. test voltage then applied between the two main terminals thus connected and earth.

Starting from a voltage not higher than 50 % of the maximum test voltage, the voltage shall be
raised to the specified 1 min test voltage, kept constant for 1 min, reduced to the specified
30 min test voltage, kept constant for 30 min and then reduced to zero.

Before the end of the 30 min test the level of partial discharge shall be monitored and
recorded over a 1 min period. If the value of partial discharge is below 200 pC, the design
may be accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test
results shall be evaluated.

Delete in the list of notations, the second and the third symbols and their meanings i.e."Uz¢1
is the 1 min test voltage" and "U;,4, is the 30 min test voltage".

8.3.1 MVU d.c. voltage test to earth

Replace, in the second paragraph, the words “in approximately 10 s” by “as fast as possible”.

Add, after the second paragraph the following new note and renumber the existing note as
“NOTE 2”.

NOTE 1 Where possible the test voltage should be increased from 50 % to the maximum voltage level within
approximately 10 s. A longer time may be used; however, this may overstress the test object.

Replace the last two paragraphs including the list of notations, from “Prior to the test, the
MVU terminal...” to “k; = 1,0 for the 3l hitest) " by thelfollowing new text:

Prior to the test and before repeating theotest with voltage of opposite polarity the MVU
terminals may be short-circuited.together.and earthed for. a-duration,of; several hours. The
same procedure may be followed at.thejend of d.coveltage test.

The MVU d.c. test voltage Uy, shall be determined in accordance with the following:

1 min. test
Utdm = *Udmm1- ks - kt
3 h test
Utdm =*Ugmm2 - k5
where

Ugmm1 is the maximum of 1 s average value of voltage appearing between the high-voltage
terminal of the MVU and earth;

Ugmme is the maximum value of the d.c. component of the steady-state operating voltage
appearing between the high-voltage terminal of the MVU and earth;

ks is a test safety factor;
ks =1,1;
ki is the atmospheric correction factor according to 4.2.

8.3.2 MVU a.c. voltage test

Replace the fourth paragraph “During the specified 30 min. test, the level ...” by the following
new text:
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Before the end of the 30 min test, the level of partial discharge shall be monitored and
recorded over a 1 min. period. If the value of partial discharge is below 200 pC, the design
may be accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test
results shall be evaluated.

9.2 Test object

Replace the third sentence of the first paragraph with the following new sentence:

The test valve or valve section shall be assembled with all auxiliary components except for
the valve arrester if provided.

9.3.1 Valve a.c. — d.c. voltage test

Replace the entire text of this subclause by the following new text:

This test consists of a short-duration test and a long-duration test. The short-duration test
reproduces the composite a.c. — d.c. voltage resulting from certain converter or system faults.

In this test, a capacitor can be used in conjunction with an a.c. test voltage source to produce
a composite a.c. — d.c. voltage waveform. Depending on the converter topology, the capacitor
could be an integral part of the valve, or it could be a separate item (part of the test circuit,
not part of the test object).

Alternatively, a separate d.c."voltage source/could"be used to substitute the capacitor.

Starting from a voltage not higher than 50 % of the maximum test voltage, the voltage shall be
raised to the specified 10 s test level as fast as possible, reduced to the specified 3 h test
voltage, kept constant for 3 h and then reduced-to zero-

For a.c. PD (partial discharge) measurement the peak value of the periodic partial discharge
recorded during the last minute of the 3 h test shall be less than 200 pC, provided that the
components which are sensitive to partial discharge in the valve have been separately tested.
For d.c PD measurement the recording time shall be the last hour of the 3 h test. The number
of pulses exceeding 300 pC shall not exceed 15 per minute, averaged over the record period.
Of these, no more than seven pulses per minute shall exceed 500 pC, no more than three
pulses per minute shall exceed 1 000 pC and no more than one pulse per minute shall exceed
2 000 pC.

NOTE 1 Performing the valve a.c. — d.c. voltage test presents considerable practical difficulties on valves of the
“controllable voltage source” type because of the high current drawn by the in-built capacitance during start-up and
the slow discharge rate of the capacitor at the end of the first part of the test. For this reason, it may be necessary
to modify the test procedure when testing valves of this type. Alternative test methods to be considered include the
temporary substitution of a special test capacitor with reduced capacitance but the same physical size, or the pre-
charging of the cell or submodule d.c. capacitor from a separate source before commencing the test.

NOTE 2 Where possible the test voltage should be increased from 50 % to the maximum voltage level within
approximately 10 s. A longer time may be used; however, this overstresses the test object.

NOTE 3 |If an increasing trend in the rate or magnitude of partial discharge is observed, the test duration may be
extended by mutual agreement between the purchaser and supplier.

NOTE 4 It may be necessary to disable gate electronics or other auxiliary circuits in this test, or provide
independent means for powering them, in order to prevent interference with partial discharge measurement, for
example, from gate unit power supply circuits.

NOTE 5 In the event that it is not possible to disable gate electronics or other auxiliary circuits in this test and
interference can be proven to be caused by electronics circuit then this interference may be deducted from
measurement.

NOTE 6 The use of a capacitor instead of a d.c. source in the test circuit should be mutually agreed by
manufacturer and purchaser as the test voltage is higher than actual value.
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The valve test voltages have a sinusoidal waveshape superimposed on a d.c. level.
The valve 10 s test voltage U, ¢ shall be determined in accordance with the following:
U1 = (kc1 “Utact - sin(2nft) + Utdc1)'ko kg

where

is the peak value of maximum transient a.c. component over-voltage across valve. The
limiting effect of valve arrester or pole arrester can be taken into account to derive the
over-voltage in service condition;

aci

Ug4e1  is the maximum transient d.c. component over-voltage across valve. The limiting effect
of valve arrester or pole arrester can be taken into account to derive the over-voltage
in service condition;

kg1 is the voltage step overshoot factor related to one output voltage step of the converter,
under the condition consistent with that used to define U,.4. For a MMC or CTL type
converter the voltage step overshoot factor relates to the overshoot factor of one cell
or submodule;

kq is a test scaling factor according to 4.3.2;

kg is a test safety factor;

ko =1,10;

f is the test frequency (50 Hz or 60 Hz depending on test facilities).

The valve 3 h test voltage U,,, shall be determined in accordance with the following:

Uy =U g+ Uics

\/E “Umax—cont - Sin(2“ﬂ)

UtacZ = \/g

K2 Ko -K1o

Utde2 = Udmax Ko K10

where

Umax-cont 18 the maximum steady-state phase-to-phase voltage on the a.c. system or the
valve side of the transformer, if a converter transformer is used in between a.c.
system and converters;

Ugmax is the maximum value of the d.c. component of the steady-state operating voltage
of the d.c. system;

Ko is the voltage step overshoot factor related to one output voltage step of the
converter, under the condition consistent with that used to define U;,.,;

kq is a test scaling factor according to 4.3.2;

k4o is a test safety factor;

k10 = 1,10,

f is the test frequency (50 Hz or 60 Hz depending on test facilities).

9.3.2 Valve impulse tests (general)

Add, at the end of item c), the words “and consequently the impulse tests can be omitted” so
that item c) reads as follows:
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