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INTERNATIONAL ELECTROTECHNICAL COMMISSION

A

6 . PERFORMANCE OF HIGH-VOLTAGE DIRECT CURRENT
@VDC) SYSTEMS WITH LINE-COMMUTATED CONVERTERS -

O, Part 2: Faults and switching
O; FOREWORD

1) The International echnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrote ical committees (IEC National Committees). The object of IEC is to promote
international co-operatiopfon all questions concerning standardization in the electrical and electronic fields. To
this end and in additio @ther activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publ vailable Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their prepﬁx is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with rticipate in this preparatory work. International, governmental and non-
governmental organizations liafsing with the IEC also participate in this preparation. IEC collaborates closely
with the International Organizati r Standardization (ISO) in accordance with conditions determined by
agreement between the two organi ops.

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

3) IEC Publications have the form of recom tions for international use and are accepted by IEC National
Committees in that sense. While all reas fforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IE ﬁgnal Committees undertake to apply IEC Publications
transparently to the maximum extent possible in ?national and regional publications. Any divergence
between any IEC Publication and the corresponding n @ or regional publication shall be clearly indicated in

the latter.

5) IEC itself does not provide any attestation of conformity. pendent certification bodies provide conformity
assessment services and, in some areas, access to |IEC 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@ tion.

7) No liability shall attach to IEC or its directors, employees, servan ents including individual experts and
members of its technical committees and IEC National Committees personal injury, property damage or

expenses arising out of the publication, use of, or reliance upon, C Publication or any other IEC

Publications. /‘

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

other damage of any nature whatsoever, whether direct or indirect, %ir costs (including legal fees) and

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

o
DISCLAIMER
This Consolidated version is not an official IEC Standard and has be epared for
az n

user convenience. Only the current versions of the standard and its endment(s)
are to be considered the official documents.

A

This Consolidated version of IEC TR 60919-2 bears the edition number 2.2. It consists
of the second edition (2008-11) [documents 22F/160/DTR and 22F/165/Ré’, its
amendment 1 (2015-06) [documents 22F/344/DTR and 22F/345A/RVC] an&
amendment 2 (2020-04) [documents 22F/561/DTR and 22F/575/RVDTR]. The tec al
content is identical to the base edition and its amendments.

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available
in this publication.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
e%le "state of the art".

IE(@W—Z, which is a technical report, has been prepared by subcommittee 22F: Power
elec rd( for electrical transmission and distribution systems, of IEC technical committee 22:
Power tronic systems and equipment.

This editio des the following main changes with respect to the previous edition:

a) this report c@erns only line-commutated converters;

b) significant ch@s have been made to the control system technology;

C) some environm constraints, for example audible noise limits, have been added;

d) the capacitor coup onverters (CCC) and controlled series capacitor converters (CSCC)
have been included.!

This publication has been fd in accordance with the ISO/IEC Directives, Part 2.
*

A list of all parts of the IEC GO{Sjeries, under the general title: Performance of high-voltage
direct current (HVDC) systemsNwith line-commutated converters, can be found on the IEC

website. @

The committee has decided that the ¢ ts of the base publication and its amendments will
remain unchanged until the stabil {Qate indicated on the IEC web site under
"http://webstore.iec.ch" in the data relat o the specific publication. At this date, the

publication will be :
*

e reconfirmed,

e withdrawn, /Q@

e replaced by a revised edition, or

e amended. @
\V

IMPORTANT - The 'colour inside’ logo on the cover padge of this publication indicates
that it contains colours which are considered to useful for the correct
understanding of its contents. Users should therefore '};his document using a

colour printer. ;%

Q@
S
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PERFORMANCE OF HIGH-VOLTAGE DIRECT CURRENT
(HVDC) SYSTEMS WITH LINE-COMMUTATED CONVERTERS -

B
1 Scop%

This part of I€)60919 which is a technical report provides guidance on the transient
performance an It protection requirements of high voltage direct current (HVDC) systems.
It concerns the t ient performance related to faults and switching for two-terminal HVDC

)\S Part 2: Faults and switching

systems utilizing 12- e converter units comprised of three-phase bridge (double way)
connections but it not cover multi-terminal HVDC transmission systems. However,
certain aspects of para onverters and parallel lines, if part of a two-terminal system, are
discussed. The converte e assumed to use thyristor valves as the bridge arms, with

gapless metal oxide arrest i}& insulation co-ordination and to have power flow capability in
both directions. Diode valve ayot considered in this report.

Only line-commutated convert@ are covered in this report, which includes capacitor
commutated converter circuit con@ations. General requirements for semiconductor line-
commutated converters are given@in IEC 60146-1-1, IEC 60146-1-2 and IEC 60146-1-3.
Voltage-sourced converters are not co red.

The report is comprised of three parts. |(C&919-2, which covers transient performance, will
be accompanied by companion documen C 60919-1 for steady-state performance and
IEC 60919-3 for dynamic performance. An e%has been made to avoid duplication in the
three parts. Consequently users of this repo urged to consider all three parts when
preparing a specification for purchase of a two-tﬁ

al HVDC system.
Readers are cautioned to be aware of the %ence between system performance
specifications and equipment design specifications ggﬁvidual components of a system.
While equipment specifications and testing requirem not defined herein, attention is
drawn to those which could affect performance specificat@ or a system. Note that detailed
seismic performance requirements are excluded from thfs jtechnical report. In addition,
because of the many possible variations between differen C systems, these are not
considered in detail. Consequently this report should not be directly as a specification
for a specific project, but rather to provide the basis for an approg‘ specification tailored to

fit actual system requirements for a particular electric power trans ion scheme. This report
does not intend to discriminate the responsibility of users and m cturers for the work
specified.

Terms and definitions for high-voltage direct current (HVDC) transmissio; used in this report
are given in |[EC 60633.

transmission line, earth electrode line and earth electrode are included only bec f their

Since the equipment items are usually separately specified and purchased, t HVDC
influence on the HVDC system performance. s

For the purpose of this report, an HVDC substation is assumed to consist of one or&
converter units installed in a single location together with buildings, reactors, filters, reaetive
power supply, control, monitoring, protective, measuring and auxiliary equipment. While there
is no discussion of a.c. switching substations in this report, a.c. filters and reactive power
sources are included, although they may be connected to an a.c. bus separate from the HVDC
substation.
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2 Normative references

F ted references, only the edition cited applies. For undated references, the latest edition

Thegollowing referenced documents are indispensable for the application of this document.
of t eferenced document (including any amendments) applies.

*

IEC 6@1-1, Semiconductor converters — General requirements and line commutated
S

conver — Part 1-1: Specifications of basic requirements
AmendmeOA 996)
IEC 60146- 1 mlconductor converters — General requirements and line commutated

converters — é Application guide
IEC 60146-1-3, conductor converters — General requirements and line commutated
converters — Part 1- nsformers and reactors

IEC 60633, Terminology gﬁgh-voltage direct current (HVDC) transmission
IEC 60071-1, Insulation co-oglz on — Part 1: Terms, definitions, principles and rules

IEC 60700-1, Thyristor valves fég} h-voltage direct current (HVDC) power transmission —
Part 1: Electrical testing @

IEC TR 60919-1:20052010, Perform f high-voltage direct current (HVDC) systems with
line-commutated converters — Part 1: Wy state conditions
Amendment 1:2013

IEC TR 60919-3:2009, Performance of high- \%0; e direct current (HVDC) systems with line-
commutated converters — Part 3: Dynamic cond S

3 Outline of HVDC transient performance %clflcatlons

3.1 Transient performance specifications

A complete performance specification related to transmnt@)rmance of an HVDC system
during faults and switching should also include fault protectio @urements

These concepts are introduced at the appropriate locations @the following transient
performance and related clauses:

— Clause 4 — Switching transients without faults

— Clause 5 — AC system faults o,

— Clause 6 — AC filter, reactive power equipment and a.c. bus faults 6

— Clause 7 — Converter unit faults

— Clause 8 — DC reactor, d.c. filter and other d.c. equipment faults
— Clause 9 - DC line faults f

— Clause 10 — Earth electrode line faults

— Clause 11 — Metallic return conductor faults @
— Clause 12 — Insulation co-ordination - HVDC systems

— Clause 13 — Telecommunication requirements

— Clause 14 — Auxiliary systems





