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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER LOSSES IN VOLTAGE SOURCED CONVERTER (VSC) VALVES
FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC) SYSTEMS -

Part 1: General requirements
AMENDMENT 2

FOREWORD

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

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

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts aresmadeyto ensure that the technical content of IEC
Publications is accurate, IEC| cannot be held responsible for-the way |ini which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extentpossibledn thein nationalhand regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any_attestation of conformity. Independent certification bodies provide conformity
assessment services and,”in"some areas, access’ to'lEC -marks of «conformity./IEC is not responsible for any
services carried out by independent certification;bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

Amendment 2 to IEC 62751-1:2014 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:

Draft Report on voting

22F/648/CDV 22F/679/RVC

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

The language used for the development of this Amendment is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications/.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

1 Scope

Add, to the last sentence of the first existing paragraph, the words "or unified power flow
controller (UPFC)".

3.4.2
IGBT turn-on energy

Replace, in the existing definitionsthe words "turnzon of" with turn-on process for".

3.4.3
IGBT turn-off energy

Replace, in the existing:deéfinition; the words "turnsoff/ procedure- of"” with-"turn-off process for".

3.45
diode reverse recovery energy

Replace, in the existing definition, the word "procedure" with "process".

4.1 General

Replace the existing last paragraph with the following new paragraph:

This standard standardizes a method of calculating the HVDC converter station losses by
summing the losses calculated for each item of equipment. The standardized calculation
method will help the purchaser to meaningfully compare the competing bids. It will also allow
an easy generation of performance curves for the wide range of operating conditions in which
the performance has to be known. In the absence of an inexpensive and accurate experimental
method which could be employed for an objective verification of losses during type tests, the
calculation method is the next best alternative as it uses, wherever possible, experimental data
obtained from measurements on individual equipment and components under conditions
equivalent to those encountered in real operation.

4.4.1 General

Replace the existing paragraph with the following new paragraphs:

When power losses are being calculated for the purposes of determining the worst-case ratings
of individual components or equipment (for example, the cooling plant), the worst possible
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combination of a.c. network conditions, ambient conditions and real/reactive power (including
overload) shall be considered.

When power losses are being calculated for the purpose of contractual loss guarantees, it is
important that a standard set of assumptions with regard to a.c. network conditions, ambient
conditions and real/reactive power are made so that bids from different manufacturers can be
compared on an equal basis. Purchasers of HVDC systems may specify their own standard
reference conditions for atmospheric pressure, ambient temperature, humidity, coolant
temperature, power transmission level, etc., at which the power losses are to be determined.
Where the purchaser does not specify such reference conditions, losses shall be determined
under the following default conditions.

4.4.5 Treatment of redundancy

Add, in the existing note, the word "generally" before "occur".

4.5.3.2 Characterisation testing of other components

Add, to the existing first bulleted list item, the words "on DC capacitor".

Add, after the existing last bulleted list item, the following new item:
e power consumption of valve electrofics.
8.2 IGBT switching losses

Delete, in the paragraph preceding immediately Formula (11), the words "which is
recommended to be one second”.

Add, at the end of 8.2, modified by IEC 62751-1:2014/AMD1:2018, the following new text:

The sampling perioditsshould be-chosen torepresent aperiod;of time inawhich the converter is

operating in normal, steady-state conditions -with {ho transient phenomeha such as power order
changes, network faults, etc.

A typical value of sampling period is one second; however, the choice of sampling period shall
take into account the specific type of modulation strategy employed and how predictable the
resulting switching pattern is. For example, if a pulse width modulation (PWM) control strategy
is used, the switching pattern may be relatively predictable, and a sampling time shorter than
1 s may be acceptable, but certain control strategies may require a sampling period longer than
1s.

Table 1 — Matrix indicating the relationship of data needed for calculation of losses and
the type of valve losses

Add, in the "Characterisation testing" column, the crosses corresponding to "Snubber turn-on
energy Eg, o4 @nd "Snubber turn-off energy Eg, 5"

Delete, in the "Specified by VSC manufacturer" column, the crosses corresponding to "Snubber
turn-on energy Eg, o4" @nd "Snubber turn-off energy Eg, o'

A.1 General
Add, at the beginning of the existing first paragraph, the following new text:

CIGRE WG B4-75 has published Technical Brochure 844 which discusses several possible
experimental methods for determining valve losses. In some special circumstances, it may be
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possible, for example, to arrange a temporary test connection in which two converters are
operated from the same a.c. source and also connected together via their d.c. terminals. In this
connection, the power drawn from the a.c. source equals the losses in the circuit. However, this
method requires additional instrument transformers and switchgear and is only possible where
there are two identical converters connected to the same AC system at the same site. Once
again, there are practical measurement difficulties. It is also possible to arrange for a direct
thermal measurement of the valve losses on site by measuring the temperature rise of the valve
coolant fluid; however, this method does not capture all sources of power loss in the valve and
the achievable accuracy, with the flow and temperature sensors typically installed on site, is
relatively poor. Another alternative is to perform a thermal or electrical measurement of the
losses in the valve during type testing, but this method is also challenging to perform with
sufficient accuracy because the voltage and current waveforms experienced by the test object
are not identical to those experienced during real service conditions.

A.2.3 Line side harmonic filter

Replace, in the first sentence of the existing paragraph, modified by IEC 62751-
1:2014/AMD1:2018, the reference "IEC 61803:1999 and IEC 61803:1999/AMD1:2010" with
"IEC 61803:2020".

A.2.4 Line side high frequency filter

Replace, in the existing paragraph, modified by IEC 62751-1:2014/AMD1:2018, the reference
"IEC 61803:1999 and IEC 61803:{1999/AMD1;2010" with*IEC.61803:2020".

A.2.5 Interface transformer

Replace, in the existing second paragraph, modified byl IEC 62751-1:2014/AMD1:2018, the
reference "IEC 61803:1999, [EC61803:1999/AMD1:2010"and "IEC 61803:1999/AMD2:2016"
with "IEC 61803:2020".

A.2.8 Phase reactor

Replace, in the existing- first!paragraph; modified by OIEC 62757-1:2014/AMD1:2018, the
reference "IEC 61803:1999, IEC 61803:1999/AMD?:2010 and IEC 61803:1999/AMD2:2016"
with "IEC 61803:2020".

Replace, in the existing second paragraph, modified by IEC 62751-1:2014/AMD1:2018, the
reference "IEC 61803:1999 and IEC 61803:1999/AMD1:2010" with "IEC 61803:2020".

A.2.9 VSC unit

Replace, in the existing paragraph, the reference "IEC 61803:1999/AMD1:2010" with
"IEC 61803:2020".

A.2.10 VSC d.c. capacitor

Replace, in the existing paragraph, the reference "IEC 61803:1999" with "IEC 61803:2020".

A.2.11 D.C. harmonic filter

Replace, in the existing paragraph, the reference "IEC 61803:1999/AMD1:2010" with
"IEC 61803:2020".

A.2.13 Neutral point grounding branch

Replace, in the existing paragraph, modified by IEC 62751-1:2014/AMD1:2018, the reference
"IEC 61803:1999 and IEC 61803:1999/AMD1:2010" with "IEC 61803:2020".
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A.2.14 D.C. reactor

Replace, in the existing first paragraph, modified by IEC 62751-1:2014/AMD1:2018, the
reference "IEC 61803:1999 and IEC 61803:1999/AMD1:2010" with "IEC 61803:2020".

A.2.16 D.C. side high frequency filter

Replace, in the existing paragraph, modified by IEC 62751-1:2014/AMD1:2018, the reference
"IEC 61803:1999, |IEC 61803:1999/AMD1:2010 and |EC 61803:1999/AMD2:2016"  with
"IEC 61803:2020".

A.3 Auxiliaries and station service losses

Replace, in the existing paragraph, modified by IEC 62751-1:2014/AMD1:2018, the reference
"IEC 61803:1999 and IEC 61803:1999/AMD1:2010" with "IEC 61803:2020".

Bibliography

Replace the existing reference to IEC 61803, modified by IEC 62751-1:2014/AMD1:2018, with
the following new reference:

IEC 61803:2020, Determination of power 108ses inhigh=voltage direct current (HVDC) converter
stations with line-commutated converters

Add the following new reference:

CIGRE Technical Brochure 844\ Eeasibility Study foriassessment of lab losses measurement
of VSC valves, 2021
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PERTES DE PUISSANCE DANS LES VALVES A CONVERTISSEUR DE .
SOURCE DE TENSION (VSC) DES SYSTEMES EN COURANT CONTINU A
HAUTE TENSION (CCHT) -

Partie 1: Exigences générales
AMENDEMENT 2

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes internationales,
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et des
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études, aux
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisations
internationales, gouvernementales et\non gouvernementales, en/liaison avec I'lEC, participent également aux
travaux. L'IEC collabore étroitement- avec)|'Organisation Internationale’.de Normalisation (ISO), selon des
conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'|EC concernant les questions/techniques représentent, dans la mesure du
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intéressés
sont représentés dans chaque comité d’études.

Les Publications de 'lEC se presentent 'sousfla forme-de'recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ourinterprétation quien est faiteyparun quelconque utilisateur final.

Dans le but d'encourager-l'uniformité internationale; -les Comités. nationaux de,VIEC)s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans |eurs publications nationales
et régionales. Toutes divergences “entre’ toutes -Publications-de 'IEC 'et' toutes publications nationales ou
régionales correspondantes doivent étre indiquées,en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
découlant de la publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I'l[EC,
ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire 'objet de
droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

Amendement 2 de I''EC 62751-1:2014 a été établi par le sous-comité 22F: Electronique de

puissance pour les réseaux électriques de transport et de distribution, du comité d'études 22
de 'lEC: Systémes et équipements électroniques de puissance.
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