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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION
USING VOLTAGE SOURCED CONVERTERS (VSC)

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, fechnisal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaffer referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i ittee interested
in the subject dealt with may participate in this preparatory work. Intern
governmental organizations liaising with the IEC also participate in this prep
with the International Organization for Standardization (ISO) in accordaf
agreement between the two organizations.

transparently to the maximum extent possib
between any IEC Publication and the correspo

the latter.

5) IEC itself does not provide any attestation of co Nity. S ificati i i i
assessment services and, i e 4 ess tq IEC mapks of conformity. IEC is not responsible for any
services carried out by indep®s ifi Qn\Qodies

6) All users should ensure that thg 2 edi f this publication.

7) No liability shall aft
members of its

pyees, servants or agents including individual experts and
tighal Committees for any personal injury, property damage or
ather direct or indirect, or for costs (including legal fees) and
¥ of, or reliance upon, this IEC Publication or any other IEC

efences cited in this publication. Use of the referenced publications is
ation of this publication.

y that some of the elements of this IEC Publication may be the subject of
held responsible for identifying any or all such patent rights.

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 62543, which is a technical report, 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 present technical report cancels and replaces IEC/PAS 62543:2008 (Ed.1) which was
published by IEC and CIGRE jointly, and combined with engineering experience.

The present IEC/TR 62543 bears the edition number 1.


http://dict.cnki.net/dict_result.aspx?r=1&t=combination+with+engineering+experience&searchword=%e7%bb%93%e5%90%88%e5%b7%a5%e7%a8%8b%e7%bb%8f%e9%aa%8c
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
22F/230/DTR 22F/239A/RVC

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

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

The committee has decided that the contents of this publication will re
the stability date indicated on the IEC web site under "http://websidre
related to the specific publication. At this date, the publication will b

schanged until
in the data

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

AN

AY
IMPORTANT - The 'colour inside’ fogo the overWis publication indicates
e i o

that it contains colours which e useful for the correct

understanding of its contents. Us therefore print this document using a
colour printer.

A bilingual version of t&omw a later date.
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HIGH-VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION
USING VOLTAGE SOURCED CONVERTERS (VSC)

1 Scope

This technical report gives general guidance on the subject of voltage-sourced converters
used for transmission of power by high voltage direct current (HVDC). It describes converters
that are not only voltage-sourced (containing a capacitive energy storage medium and where
the polarity of d.c. voltage remains fixed) but also self-commutated, gsemiconductor
devices which can both be turned on and turned off by control actio cope includes
ulti-level
square-

converters, but excludes 2-level and 3-level converters operated
wave output mode.

HVDC power transmission using voltage sourced converter

For dated references,
of the referenceu b

3.1 General

NOTE This report uses the terminology established by IEC 60633 and IEC 61803 for line-commutated HVDC.
Only terms which are specific to HVDC transmission using voltage sourced converters are defined in this clause.
Those terms that are either identical to or obvious extensions of IEC 60633 or IEC 61803 terminology have not
been defined.

To support the explanations, Figure 1 presents the basic diagram of a VSC system. Dependent on the converter
topology and the requirements in the project, some components can be omitted or can differ.
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a circuit breaker
b line side harmonic filter
c line side high frequency filter
d interface transformer
e converter side harmonic filter
f+g converter side high frequency filter ®
g phase reactor ?
h VSC unit

oltage of the converter unit(s), r.m.s. value, including

current of the converter unit(s), r.m.s. value, including

leony harmowriCs;

U, Iine-to-line a.c. voltage of the a.c. system, r.m.s. value, including
harmonics;

I alternating current of the a.c. system, r.m.s. value, including harmonics;

Uqg d.c. line-to-line voltage of the d.c. bus of the VSC transmission system;

Iy d.c. current of the d.c. bus of the VSC transmission system.

3.3 Power semiconductor terms

NOTE There are several types of switched valve devices which can be used in voltage sourced converters (VSC)
for HVYDC and currently the IGBT is the major device used in such converters. The term IGBT is used throughout
this technical report to refer to the switched valve device. However, the technical report is equally applicable to
other types of devices with turn-off capability in most of the parts.
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3.31

switched valve devices

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

3.3.2

insulated gate bipolar transistor

IGBT

a controllable switch with the capability to turn-on and turn-off a load current. An IGBT has
three terminals: a gate terminal (G) and two load terminals emitter (E) and collector (C).

By applying appropriate gate to emitter voltages, current in one direction can be controlled,
i.e. turned on and turned off.

3.3.3

free-wheeling diode

FWD

power semiconductor device with diode characteristic. A FWD g: an anode
(A) and a cathode (K). The current through FWDs is in oppdsite_diret BT current.

3.3.4
IGBT-diode pair

3.4 VSC topologies

3.4.1
symmetrical monopo

a single VSC cony\/erte

3.4.2
asymmetrical mo
a single VSC co
with one termina

3.4.3
bipole

two or more metrical monopoles forming a bipolar d.c. circuit

3.4.4

two-level converter

a converter in which the voltage at the a.c. terminals of the VSC unit is switched between two
discrete d.c. voltage levels

3.45

three-level converter

a converter in which the voltage at the a.c. terminals of the VSC unit is switched between
three discrete d.c. voltage levels

3.4.6

multi-level converter

a converter in which the voltage at the a.c. terminals of the VSC unit is switched between
more than three discrete d.c. voltage levels
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3.4.7

modular multi-level converter

MMC

multi-level converter in which each VSC valve consists of a number of self-contained, single-
phase voltage sourced converters connected in series

3.4.8

VSC unit

three VSC phase units, together with VSC unit control equipment, essential protective and
switching devices, d.c. storage capacitors, valve reactor and auxiliaries, if any, used for
conversion

3.4.9
VSC phase unit
the equipment used to connect the two d.c. busbars to one a.c. termin

NOTE In the simplest implementation, the VSC phase unit consists of two S_valves\ In'some’case/ it consists
of two VSC valves and valve reactors. The VSC phase unit may also include‘controhahd pxotection eguipment, and
other components.

3.4.10

VSC valve

complete controllable device assembly, which repréeserfts) a furctional knit as part of a VSC
phase unit and characterized by switching a S h ower electronic devices upon
control signals of the converter base ete i 6‘)

or to act like a controllable voltage source.

3.4.11
diode valve

3.4.12
valve

half bridge or
capacitor, if any

NOTE In the context of modular multi-level converters, the term “submodule” is also used to refer to a VSC valve
level.

3.4.14
diode valve level
part of a diode valve composed of a diode and associated circuits and components, if any

3.4.15

redundant levels

the maximum number of VSC valve levels or diode valve levels in a valve that may be short-
circuited externally or internally during service 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
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3.4.16

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

3.4.17

submodule d.c. capacitor

a capacitor (if any) used as part of a certain VSC valve level, which is used as energy storage
d.c. source

3.4.18

valve reactor
a reactor (if any) which is connected in series to the VSC valve. One or fmorewvalve reactors
can be associated to one VSC valve and might be connected at differef

each valve level.

NOTE At present valve reactors are used in converter topologies witk
source only.

3.4.19

valve structure
physical structure holding the levels of a valve
above earth potential

3.4.20
valve support

that part of the valve which.mechanically srts 3
the valve from earth

NOTE A part of a valve w i o & in a—diScrete form to be a valve support may not exist in all

designs of valves.
3.4.21 Q

multiple valve uni
MVU

mechanical arya
valve suppoK

NOTE A™M

3.4.22
valve section
electrical assembly, composing a number of VSC or diode valve levels and other components,
which exhibits pro-rated electrical properties of a complete valve

3.4.23

valve base electronics

VBE

electronic unit, at earth potential, which is the interface between the converter control system
and the VSC valves

3.5 VSC transmission

3.5.1

VSC substation

part of a VSC transmission scheme, consisting of one or more VSC unit(s) installed in a single
location together with buildings, VSC d.c. capacitors, reactors, transformers, filters, control,
monitoring, protective, measuring and auxiliary equipment, as applicable
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