IEC 60633

CONSOLIDATED VERSION

ransmission

INTERNATIONALE

Terminologie pour le transport d'é

(CCHT)

STANDARD
NORME

(4-U9)ASD £0-G102:2ANV+G0-6002: L ANV+ZL-8661:€£909 O3


https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2015 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

eitherlEC orlEC s mambar National-Committee-in-the nnunh-u of-the. rnnnncfnr If YO have. =TV abestions-aboutlEC.
<

copyright or have an enquiry about obtaining additional rlghts to this publlcatlon 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 procédeé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I''EC 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 Tel.:
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch

Switzerland

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

+41 22919 02 11

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

S\

\

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

IEC publications search - webstore.iec.ch/advsearchform
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and withdrawn publications.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_
once a month by email.

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 Cus{omer Service
Centre: sales@iec.ch.

Electropedia -'www.electropedia.org

The world's"leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and Frerich, with equivalent terms in 16 additional languages.
Als@ known as the International Electrotechnical Vocabulary
(lEV)online.

IEC Glossary - std.iec.ch/glossary

67 000. 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.

A propos de I'lEC

La Commission Electrotechnique-liternationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour toutce 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.

Recherche de publi¢ations IEC -
webstore.iec,ch/advsearchform

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

[EC.Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
16 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

67 000 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.

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



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

IEC 60633

Edition 2.2 2015-07
CONSOLIDATED VERSION

STANDARD o

NORME &
INTERNATIONALE &
i

colour
inside

(b.
Terminology for high-voltage direct current @DC) transmission
©

Terminologie pour le transport d'énergig/@h courant continu a haute tension
(CCHT) g\\

0
K
QQ
N
\\QQ)
N
Q\
O
SN
o)

.

INTE @ﬁ)NAL
E OTECHNICAL
MISSION

éo COMMISSION
()" ELECTROTECHNIQUE
\<</ INTERNATIONALE
ICS 29.200 ISBN 978-2-8322-2833-3

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


https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

IEC 60633:1998-12+AMD1:2009-05+AMD2:2015-07 CSV(en-fr)

IEC 60633

Edition 2.2 2015-07
CONSOLIDATED VERSION

VERSION REDLINE

colour
inside

Terminologie pour le transport d'
(CCHT)



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

-2- IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

CONTENTS
FOREWORD ...cci ittt et et e e e e e e e e e e e e e e e e et e et eeenns 6
T T o7 0] o = PP 8
2 NOrmMative refereNCES. ... o 8
3 Symbols and abbreviations ..o 8
3.1 List of letter Symbols. ... 8
3.2 List Of SUDSCIIPES <o e 9
3.3 Listof abbreviations. ... ) 9

Graphical SYMDbOIS ... e

5 General terms related to converter circuits

5.1 CONVEISION ..o Lo\

5.2 converter connection ...

5.3 bridge (converter connection)

5.4  (converter) armM......coccoviiiiiiiiiiiiiiiee e o NN - N T e e\ e e e e
55 by-pass path....co T N N TN N e
5.6 commutation.............ooi

5.7 commutating group .........occeveeiiiiinnnn,

5.8 commutation inductance

5.9 pulse number p........... NG NG

5.10 commutation number q........._=....N.D

5.11 capacitor commutated convefter.
5.12 controlled series

5.13 commutating vo

5.14 controlled capacitq

5.15 series acl
6 Converter u@

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8 «MAIVE SECHION et e 13
B9\ (Valve) thyriStor IEVel.. ..o 13
Lo O 7= V7= o T P 13
B.11 VAV SITUCIUIE ..o 13
6.12 valve-interface{electronics){unit) valve base electronics (VBE) ........ccccceenenninn. 13
.13 ValVe BlECHIONICS et 14
.14 VAV AI S Ol oot e 14
6.15 conVerter UNit arrester ..o 14
6.16 converter unit d.C. bus arrester ..o 14
6.17 midpoint d.C. DUS @rTeSter ... e e 14
6.18 valve{anede){cathode) reactor.........ccccoiiiiiiiii 14
6.19 converter transSfOrMIEr ... ..o 14
6.20 DY-PaASS SWILCN couiieie i 14

.21 ValIVE MOAUIE ... e e e e 15



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

IEC 60633:1998+AMD1:2009 -3-
+AMD2:2015 CSV © IEC 2015

6.22 redundant [EVEIS ... 15
6.23 valve anode terminal..... ..o 15
6.24 valve cathode terminal ... 15
7 Converter operating CoONAitiONS .. ..o 15

7t Tectifter operation; Tectification 5
7.2 inverter operation; INVEIrSION ... ..o e 15
7.3 forward direction; conducting direction (of a valve).........ccoceiiiiiiiiiin 15
7.4 reverse direction; non-conducting direction (of a valve) .............oooviiiiinn, 15
7.5 FOrward CUITENT ... ..o et e e 15
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14
7.15 converter blocking .........coooiiiiiiinnnn.,
7.16 converter deblocking
7.17 valve blocking.........ooooiiii o DG DG D
7.18 valve deblocking....................

7.19 phase control....................... ...,
7.20 (trigger) delay angle «

7.21 (trigger) advanc

7.22 overlap angle
7.23 extinct]
7.24 hold-oﬁe
7.25 conductioii
7.26
7.27

7.28

7.29

7.30

7.31

7.32«8hort-circuit ratio (SCR) ....iuiii 18

733 effective short-circuit ratio (ESCR) ..o, 18

(.34 triggering; Qaling . .o 18

7.35 0operating State. . ... 18

7.36 DIOCKEA State .o 18

T.37 ValVe VO AGE ..o e 18
8 HVDC systems and substations ...........coooiiiiii i 19

8.1 HVDC SYS oM it 19

8.2  HVDC transmisSion SYSIEM .. ...c.uiiiiiiiii i 19

8.3 unidirectional HVDC SYSIEM ... .ot 19

8.4 reversible bidirectional HVDC SYStem.......c.iiiiiiiiiii e 19

8.5  (HVDC) (SYStem) POIE .. e 19

8.6 (HVDC) (SYstem) DIpOole .. ..o 19

8.7  bipolar (HVDC) SYSEM ...t 19



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

-4 - IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

8.8 (asymmetric) monopolar (HVDC) SyStem.........oouiiiiiiiiiii e 20
8.9  HVDC SUDSIAtiON ..cuiie e 20
8.10 (HVDC) substation DIipole..... ..o 20
8.11 (HVDC) substation Pole ... 20
8.13 HVDC transmission liN€ POle........c.iiuiiii e
8.14 earth €leCtrOde ... coe i
8.15 earth electrode lINE ... ...
8.16 symmetrical MONOPOIE ... .. e
8.17 rigid DC current bipolar System ... ...

8.18 symmetrical monopolar (HVDC) system
8.19 earthreturn ... AN

8.20 metallic return.... ..o NN D N
8.21 series converter configuration ... e e e D NN
8.22 unitary connection ..o S NN N D
8.23 isolated generating system ... NG N N e N\
8.24 point of common coupling ........ccocooiiiiiiin,

8.25 point of common coupling — DC side
HVDC substation equipment ... N O N

9.1 aw- AC (harmonic) filter......./.......
9.2 d-we- (DC) {smoothing)} reacto
9.3 d.c. reactor arrester...............
9.4 dwe- DC harmonic filter.........[......
9.5 d.c. damping circait ......

9.6 d.c. surge capacitor

9.7 d.c. bus arrepte

9.8 d.c. lineqrr
9.9 HVDC@
9.10 (d.c.) neut

9.11
9.12
9.13
9.14

9.15

9.16

9.17

MOAES Of CONTIOL ... ittt
1 B e 1o N 4 Vo o [ S 24
10.2 d.c.voltage control MOAe ... ....couiiiiiii e 24
10.3 current control MO ... ..o e 24
10.4 active power control MOde ... ... 24
10.5 reactive power control MoOde ..o 24
10.6 frequency CoNtrol MOAE ........iiuiiiiii e 24
10.7 damping CoONrol MOAE .. ....iiiii e 24
10.8 AC voltage control MOde ... ... 24
10.9 islanded network operation Mode...........ooiiiiii i 24
10.10 SSTI damping control MOAE .......iuiiii e 24
CONIOl SY S IMS et 25

11.1 (HVDC) CONrol SYSEEM ..oniieieii e e 25



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

IEC 60633:1998+AMD1:2009 -5-
+AMD2:2015 CSV © IEC 2015

11.2 HVDC SyStem CONLIOl.....ccuiie e 25

11.3 (HVDC) Master CONTIOL.......oou e 25

11.4 (HVDC system) bipole CONtrol ..o 25

11.5 (HVDC system) pole CONtrol... ... 25

H-6—HVBE)stubstationecontret—m—m—m—m——7 00/ 0/ / /0 / 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 0 0 ) /) / 25

11.7 converter UNit CONTrOl .. ... i e 25

11.8 valve control unit (VCU) ... e 26

11.9 integrated AC/DC system control ........ ..o 26
12 CoNtrol FUNCHIONS. .. e 26

12.1 equal delay angle control; individual phase control ..............cocooiviiiiiiiiinee s 26

12.2 equidistant firing control

T12.3 @ CONIOL ..o

12.4 minimum @ control...........coooiviiiiiiiii e D

125 YCONTIOL...ceii i NG e\ O

12.6 minimum 7 Control..........cooiiiiiii i NG

12.7 control Order.... ..o e N - - DA Lot e e Nt e eeene e ennes

12.8 current margin ........cooooiviiiiiiiiii e G o N e N N e

12.9 voltage dependent current order limit (VDCOL)
12.10 pole (current) balancing
Bibliography .........cocoviiiiiiii L0

Figure 5 — lllustrations
Figure 6 — Typica

Figure 8 — Examp . rhinal HYDC transmission system ..............co.coveens 34

Figure 9 — EXampte i inal bipolar HVDC transmission system with parallel

ple of a m
HY D C SUD S AN S . N e e e 35

Figure 11 — A simphfied steady-state voltage-current characteristic of a two-terminal
L YA B L O =T o PPN 35
Figure 12 — Hierarchical structure of an HVDC control system ..............coooviiiiiiiiininnnn, 36

Figuré 13 — Capacitor commutated converter configurations ............c..ccooeiiiiiinn, 37



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

-6- IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERMINOLOGY FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)

FRANSMISSION———————————
LILAY

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of is _to\promote
international co-operation on all questions concerning standardization in the electrigcal| and ele renic f|e|ds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides q
Publication(s)”). Their preparation is entrusted to technical committees; any | i 9 ittee ipterested
in the subject dealt with may participate in this preparatory work. ti

Publications is accurate, IEC cannot b
misinterpretation by any end user.

4) In order to promote international uniformity;, i mittees undertake to apply IEC Publications
transparently to the maximum extent possi and regional publications. Any divergence
between any IEC Publication and the corre icati i i
the latter.

expenses arising\out\of\the_publication,/use of, or reliance upon,

this IEC Publication or any other IEC

20 te the pogsibility that some of the elements of this IEC Publication may be the subject of
~JEC€YshaN not\Be held responsible for identifying any or all such patent rights.

patent right

This consolidated “version of the official IEC Standard and its amendments has been
preparéed-for user convenience.

IEC'60633 edition 2.2 contains the second edition (1998-12) [documents 22F/49/FDIS and
22F/53/RVD], its amendment 1 (2009-05) [documents 22F/153/CDV and 22F/163/RVC] and
its amendment 2 (2015-07) [documents 22F/340/CDV and 22F/350A/RVC].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendments 1 and 2. Additions and deletions are displayed-in red, with

deletions being struck through. A separate Final version with all changes accepted is
available in this publication.
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International Standard IEC 60633 has been prepared by subcommittee 22F: Power electronics
for electrical transmission and distribution systems, of IEC technical committee 22: Power
electronics.

The committee has decided that the contents of the base publication and its amendments will

remain unchanged untul the stabllily 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

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Ay

IMPORTANT - The 'colour inside' logo on the cover page pubflicati \Ivéicates
that it contains colours which are considered to be useful rrect wnderstanding
of its contents. Users should therefore print this documéntwu ing&c lour pfinter.

T
=
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TERMINOLOGY FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)
TRANSMISSION

1 Scope

This International Standard defines terms for high-voltage direct current (HVDC) power
transmission systems and for HVDC substations using electronic power converters for.the
conversion from a.c. to d.c. or vice versa.

This standard is applicable to HVDC substations with line commutate
commonly based on three-phase bridge (double way) connection
unidirectional electronic valves, e.g. semiconductor valves, are used

onverters, most

2 Normative references

undated references, the latest edition of the refere
applies.

IEC 60146-1-1:4994,
Specifications of basic

IEC 6061 7-5%@

tubes

The list covers onlytHe most frequently used symbols. For a more complete list of the symbols
which hawe been adopted for static converters see IEC 60027 and other standards listed in the
normative references and the bibliography.

31 List of letter symbols

Uy direct voltage (any defined value)

Ugo conventioral nominal no-load direct voltage

Ugio ideal no-load direct voltage

Ugn rated direct voltage

U, line-to-line voltage on line side of converter transformer, r.m.s. value including
harmonics

Uln rated value of U_

Uyo no-load phase-to-phase voltage on the valve side of transformer, r.m.s. value

excluding harmonics
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Iy direct current (any defined value)

4N rated direct current

I current on line side of converter transformer, r.m.s. value including harmonics
IN rated value of /|

I, current on valve side of transformer, r.m.s. value including harmonics
o (trigger) delay angle

B (trigger) advance angle

V4 extinction angle

Y overlap angle

p pulse number

q commutation number

3.2 List of subscripts

0 (zero) atno load

N rated value or at rated load

d direct current or voltage

i ideal

L line side of converter trafsforme

\% valve side of converter transformer

max maximum :

n pertaining to | S ponent of Qrder n

3.3 List of ab@a
The following abbrévi 8 capital letters and without dots.

min minimum

MRTB ic’return transfer breaker (see 9.12)
ERTB earth return transfer breaker (see 9.13)
VDCOL voltage dependent current order limit (see 12.9)

SSTI sub-synchronous torsional interaction (see 10.10)

4 Graphical symbols

Figure 1 shows the specific graphical symbols which are defined only for the purposes of this
standard. For a more complete list of the graphical symbols which have been adopted for static
converters, see IEC 60617-5 and IEC 60617-6.

5 General terms related to converter circuits

For the purposes of this standard, the following terms and definitions apply.
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NOTE - For a more complete list of the terms which have been adopted for static converters, see IEC 60050(551)
and IEC 60146-1-1.

conversion
Ha—th. Biaact £ LN/ IOtk troancfar £ WP TUIR TS~ 1 o PRV AOERE s mbaatian
T TS CUTIICAT UT TTV DO, OTe a0 arTSToT UT CTCTyy MUl .U O U G UT vitTvoeTod, Ul a CUTmomTatoTT

of these operations

5.2

converter connection

electrical arrangement of arms and other components necessary for the functioning of the main
power circuit of a converter

5.3
bridge (converter connection)

5.3.1
uniform bridge

bridge where all converter arms are ei ollable

5.3.2
non-uniform bridge

5.4
(converter) arm

5.4.1

converter arm in
applied signal

5.412

non-controllable converter arm

converter arm in which the start of forward conduction is determined solely by the voltage
applied to its terminals

5.5

by-pass path

low resistance path between the d.c. terminals of one or several bridges excluding the a.c.
circuit

NOTE - The by-pass path may either constitute a unidirectional path, e.g. a by-pass arm (see 5.5.1), or a by-pass
pair (see 5.5.2), or it may constitute a bidirectional path, e.g. a by-pass switch (see 6.20).
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5.5.1

by-pass arm

unidirectionally conducting by-pass path connected only between d.c. terminals, commonly
used with mercury arc valve technology (not shown in figure 2)

5.5.2

by-pass pair

two converter arms of a bridge connected to a common a.c. terminal and forming a by-pass
path (see figure 2)

5.6

commutation
transfer of current between any two paths with both paths carrying ¢ simultaneously
during this process

NOTE — Commutation may occur between any two converter arms, including the co . -pRases\between a
converter arm and a by-pass arm, or between any two paths in the circuit.

5.6.1
line commutation
method of commutation whereby the commutating voltage-i the a/c. system

5.7
commutating group

pulse number p
characteristic of {ction expressed as the number of non-simultaneous
symmetrical gb ring during one cycle of the a.c. line voltage

number oficommutations during one cycle of the a.c. line voltage occurring in each commutat-
ing group

NOTE(- In a bridge converter connection, each commutating group has a commutation number g = 3.

511

capacitor commutated converter

converter in which series capacitors are included between the converter transformer and the
valves (see Figure 13a)

5.12

controlled series capacitor converter

converter in which series capacitors are inserted between the a.c. filter bus and the a.c.
network (see Figure 13b)
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5.13
commutating voltage
voltage which causes the current to commutate

[SOURCE: IEC 60500-551:1998, 551-16-02]

5.14

controlled capacitor commutated converter

converter in which controlled series capacitors are included between the converter transformer
and the valves

5.15

series capacitor converter
converter in which fixed series capacitors are inserted between the ACN gnd the AC
network

6 Converter units and valves

6.1
converter (unit)

the AC side (see 8.24) and the point of common
more converter bridges, together wit p
control equipment, essential protective
conversion (see Figure 3)

NO onverte

6.2
(converter) bridge
equipment used to imp,

NOTE — The term “l el ma
circuit (see 5.3).

6.2.1

anode (cathode
converter arms of one commutating group of a bridge with
terminals

6.3
valve

complete _Operative controllable or non-controllable valve device assembly, normally conducting
in onlycone direction (the forward direction), which can function as a converter arm in a
converter bridge

6.3.1
single valve (unit)

H ] % + HP-. 1 ]
SITTYTIC otTuLiuT T CUTTTYTTONTY VUTITy UTTC valve

6.3.2
multiple valve (unit) (MVU)
single structure comprising more than one valve

NOTE — Examples of multiple valve units are double valves, quadrivalves and octovalves with two, four and eight
series-connected valves respectively.
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6.4

main valve
valve in a converter arm

6.5

by-pass valve
valve in a by-pass arm

6.6

thyristor module
part of a valve—comprised—of comprising a mechanical assembly of thyristors with~their
immediate auxiliaries;—and-reacters—ifused but without valve reactors

Note 1 to entry: Thyristor modules may be elements in the construction of a valve, and/p
maintenance purposes.

erchangeable for

reactor module
part of a valve, being a mechanical assembly of one or %
designs

ed in some valve

6.8

valve section
electrical assembly, comprising a numbge
prorated electrical properties of a comp,

6.9

(valve) thyristor Ievel
part of a valve-coy
with their immed

6.10
valve support

valve base electronics

VBE
electronic unit, at earth potential, providing the electrical to optical conversion between the
converter control system and the valves
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Note 1 to entry:  This note applies to the French language only.

6.13
valve electronics
electronic circuits at valve potential(s) which perform control and protection functions for one or

maore vdive levels

6.14
valve arrester
arrester connected across a valve (see figure 3)

6.15
converter unit arrester
arrester connected across the d.c. terminals of a converter unit (see figu

6.16
converter unit d.c. bus arrester

figures 3 and 7)

6.17

midpoint d.c. bus arrester
arrester connected between the midpoint of t
unit and substation earth (see figure 74

NOTE - In some HVDC substation designs, two
the midpoint d.c. bus arrester at the upper twelye=p

in a valve,
s, of rise of current at turn-on and voltage during

reactor(s)

technology for t
the off-state

Note 1 to entry:

6.19

6.19.1
line side.windings
convertentransformer windings which are connected to the a.c. system

6.19.2

valve side windings

converter transformer windings which are connected to the a.c. terminals of one or more
converter bridges

6.20

by-pass switch

mechanical power switching device connected across the d.c. terminals of one or more
converter bridges to shunt the bridge(s) during the turn-off procedure of the bridge(s) and to
commutate current to the by-pass arm or a by-pass pair during the turn-on procedure of the
bridge(s) (see figure 3)

NOTE - A by-pass switch may also be used for prolonged shunting of the bridge(s).
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6.21

valve module

part of a valve comprising a mechanical assembly of thyristors with their immediate auxiliaries
and valve reactor(s)

6.22

redundant levels

maximum number of series connected thyristor 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

6.23
valve anode terminal
valve terminal at which the forward current flows into the valve

6.24
valve cathode terminal
valve terminal at which the forward current flows out of the 8

7 Converter operating conditions

7.1

rectifier operation; rectification

mode of operation of a converter or an St ion energy is transferred from the

a.c. side to the d.c. side

7.2
inverter operation; inyersiqQ

forward direction; o
i ion-o ] gh-3valke_when current flow om-the-anode-termin o-the hode
the directign apable of conducting load current

-conducting direction (of a valve)

reverse direc

R
the reverse of the conducting direction

75
forward current
current which flows through a valve in the forward direction

7.6

reverse current
current which flows through a valve in the reverse direction

7.7

forward voltage

voltage applied between the anode and cathode terminals of a valve or an arm when the anode
is positive with respect to the cathode



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

- 16 - IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

7.8

reverse voltage

voltage applied between the anode and cathode terminals of a valve or an arm when the anode
is negative with respect to the cathode

7.9

conducting state; on-state

condition of a valve when the valve exhibits a low resistance (the valve voltage for this
condition is shown in figure 6)

7.10
valve voltage drop
voltage which, during the conducting state, appears across the valve termiy

7.11

non-conducting state; blocking state
condition of a valve when vah ibi
turned off

7.11.1
forward blocking state; off-state

terminals (see figure 6)

7.11.2
reverse blocking state

(see figure 6)

7.12

(valve) firing/p
pulse which initiates_tpe firing of the valve, normally derived from the valve control pulse

7.15
converter blocking
operation preventing further conversion by a converter by inhibiting valve control pulses

NOTE - This action may also include firing of a valve, or valves, selected to form a by-pass path.

7.16

converter deblocking

operation permitting the start of conversion by a converter-by-removing-blocking-action

7.17
valve blocking

operation preventing further firing of a controllable valve-by-inhibiting-the-valve-controlpulses
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7.18
valve deblocking

operation permitting firing of a controllable valve-byremeoving-the-valve blockingaction

7.19

phase control
process of controlling the instant within the cycle at which forward current conduction in a
controllable valve begins

7.20

(trigger) delay angle o
(firing) delay angle «
time, expressed in electrical angular measure, from the zero crossi
sinusoidal commutating voltage to the starting instant of forward
figure 4)

7.21

(trigger) advance angle 8
(firing) advance angle S8
time, expressed in electrical angular measure, from
conduction to the next zero crossing of the idealized

The advance angle fSis related to the delay angle &b

7.22

overlap angle u
duration of commutation between two gbnverter arm
(see figures 4 and 5)

7.23
extinction angle y

time, expressed inelegtric
zero crossing ofe [
S and the overlap ang v

p ang

from the end of current conduction to the next
utating voltage. ydepends on the advance angle
ed by the relation y= - u (see figures 4 and 5)

angle. However he dlffernce between the concepts of extinction angle and hold-off interval should be noted, as

shown in figure 5t

7.241
critical hold-off interval
minimum hold-off interval for which the inverter operation can be maintained

7.25
conduction interval
that part of a cycle during which a valve is in the conducting state (see figure 6)

7.26
blocking interval; idle interval
that part of a cycle during which a valve is in the non-conducting state (see figure 6)
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7.27

forward blocking interval

that part of the blocking interval during which a controllable valve is in the forward blocking
state (see figure 6)

7.28

reverse blocking interval

that part of the blocking interval during which a valve is in the reverse blocking state (see
figure 6)

7.29

false firing

misfiring

firing of a valve at an-incerrect unintended instant

7.30
firing failure

7.31

commutation failure
failure to commutate the forward current from the
converter arm

arm to the succeeding

7.32

short-circuit ratio (SCR)

ratio of the a.c. network short-circuit | ‘ u. voltage at the point of connection
to the HVDC substation a.c~bus, to the Yat f the HVDC substation (in MW)

7.33
effective short-@'
ratio of the a.c. n 0
to the HVDC substat ced by the reactive power of the shunt capacitor banks
and a.c. filters co ¢ i lin Mvar), to the rated d.c. power of the HVDC substation

the control avtjgRXo achiete firing of a valve or an individual thyristor

7.35

operating‘state

condition in which the HVDC substation is energized and the converters are operating at
nenzero active or reactive power output at the point of common coupling (PCC) to the AC
fletivork

7.36

blocked state

L,UIIL“tiUII ;II VVil;b;I d“ VaiVCb Uf tilc bUIIVCItCI Ull;t dl IUiUL:Ir\UUI
7.37

valve voltage
difference in voltage between the valve anode terminal and valve cathode terminal
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8 HVDC systems and substations

8.1
HVDC system

alactrical awer—avatam aahioh teanofara Anaran o I'\
cTrootrToarT Fvvvvl Sy ot wiC— ot STeTro— CreTrgy—

between two or more a.c. buses

o
O

8.2
HVDC transmission system
HVDC system which transfers energy between two or more geographic locations

8.2.1

two-terminal HVDC transmission system
HVDC transmission system consisting of two HVDC transmissjo
connecting HVDC transmission line(s) (see figure 8)

and the

8.2.2

multiterminal HVDC transmission system (MTDC)
HVDC transmission system consisting of more than twg
interconnecting HVDC transmission lines (see figures 9

bstations and the

8.2.3
HVDC back-to-back system
HVDC system which transfers energy b

8.3
unidirectional HVDC syste
HVDC system for the tran

Note 1 to entry: Most HVI)
transmit power in only one

Note 1 to entry:
bidirectional.

part of an HVD ‘ em consisting of all the equipment in the HVDC substations and the
interconnecting tranSmission lines, if any, which during normal operation exhibit a common
direct voltage polarity with respect to earth (see figure 8)

8.6

(HVDC) (system) bipole

part of an HVDC system consisting of two independently operable HVDC system poles, which |
during normal operation, exhibit opposite direct voltage polarities with respect to earth

8.7
bipolar (HVDC) system
HVDC system with two poles of opposite polarity with respect to earth (see figure 8)

NOTE - The overhead lines, if any, of the two poles may be carried on common or separate towers.
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8.8
(asymmetric) monopolar (HVDC) system
HVDC system with only one pole

8.9

HVDC substation

HVDC converter station
part of an HVDC system

protective, measuring g
NOTE — An HVDC substaf

transmission substa@

8.10

that part of a bipelar DC system contained within a substation

8.1

(HVDC) substation pole
that\part of an HVDC system pole which is contained within a substation (see figure 8)

8.12
HVDC transmission line

part of an HVDC transmlssmn system con3|st|ng of a system of overhead lines and/or cables.
Thao LIN/NDC trancmicoine Lnoc ara tormina adin EIN/NDC cubcotatinne (con finiiern Q)

e v oo trartor oSO T o oarc Lunlnnnul.vu H-FYHo-SHPEStaHORS (oCTTTguTc—O)T

8.13
HVDC transmission line pole
part of an HVDC transmission line which belongs to the same HVDC system pole
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8.14

earth electrode

array of conducting elements placed in the earth, or the sea, which provides a low resistance
path between a point in the d.c. circuit and the earth and is capable of carrying continuous
current for some extended period (see figure 7)

NOTE 1 — An earth electrode may be located at a point some distance from the HVDC substation.

NOTE 2 — Where the electrode is placed in the sea it may be termed a sea electrode.

8.15

earth electrode line
insulated line between the HVDC substation d.c. neutral bus and the earth electrode~(see
figure 7)

8.16

symmetrical monopole
part of an HVDC system consisting of all the equipment in thg
interconnecting transmission lines, if any, which during norm
opposite direct voltage polarities with respect to earth
converters in each converter station

Note 1 to entry: The term “symmetrical monopole” is used eve
because with only one converter it is not possible to provide the
term “bipole”.

8.17
rigid DC current bipolar system
bipolar HVYDC system without neutral cor

8.18

symmetrical mI
HVDC system withwg
8.19

earth return

8.20
metallic returh
operation.mode in which the return current path between neutrals of the HVDC substations is
through @ dedicated conductor

NaqteN «to entry: The metallic return conductor may be either a dedicated neutral conductor or another high voltage
eonductor.

8.21
series converter configuration
converter configuration which consists of two or more converters connected in series on DC

side and located in the same substation and connected to the same AC and DC transmission
system

8.22

unitary connection

HVDC system where only one generator is directly connected to an HVDC system through a
specific converter and without any other AC component except for an assigned step-up
transformer
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8.23

isolated generating system

HVDC system in which several generators are directly connected to one HVDC converter
through one or more specifically assigned step-up transformers but without any other AC
network connection

8.24

point of common coupling

PCC

point of interconnection of the HVDC converter station to the adjacent AC system

Note 1 to entry: This note applies to the French language only.

8.25

point of common coupling — DC side

PCC-DC

point of interconnection of the HVDC converter station to the DC trqn ioR_fine

Note 1 to entry: This note applies to the French language only.

9 HVDC substation equipment

9.1

a-6- AC (harmonic) filter
filter designed to reduce the harmonic™yolta
current into the associated—a-e- AC system\a

harmonics on the AC system (see Figufe 7)%

aN pbus and the flow of harmonic
prevent amplification of background

9.2
| d.e. (DC) {smoothing)'xeactor

with the d.c. reactor(s) and with the d.c. surge capacitor(s), if any,
tion of reducing (current or voltage) ripple on the HVDC transmission

line and/orearth elettrode line (see figure 7)

9.5

d.c. damping circuit

combination of circuit elements which serve to reduce voltage transients and/or change
resonance conditions on the d.c. line (see figure 7)

9.6

— __d.c. surge capacitor

capacitor array connected between the d.c. line and the substation earth (directly or indirectly)
to serve the primary function of reducing the amplitude and steepness of lightning surges
applied to the substation equipment (see figure 7)

9.7

d.c. bus arrester

arrester connected between the d.c. bus (at a point between the d.c. reactor and the d.c. line
disconnector) and the substation earth (see figure 7)
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9.8

d.c. line arrester

arrester connected between an HVDC line (at an HVDC substation) and substation earth (see
figure 7)

9.9

HVDC substation earth

array of conducting elements which provides a low impedance path from the earthed parts of
the equipment in the HVDC substation to earth and which is capable of carrying high surge
currents of momentary duration (see figure 7)

9.10
(d.c.) neutral bus capacitor
capacitor array connected between the d.c. neutral bus and the substatie

sg’figure 7)

9.11
(d.c.) neutral bus arrester
arrester connected between the d.c. neutral bus and the substatio

9.12
metallic return transfer breaker (MRTB)

switching device used to transfer d.c. current from
(see figure 7)

V ealth returm _pathdé a metallic return path

9.13
earth return transfer breaker (ERTB)
earth return transfer switch (ERTS)
switching device used to trarnsfer d
(see figure 7)

NOTE - In some applicatio

9.14
AC high frequen Z

filter on the AC si
(HF) harmonics f

(HF) harmonts

Note 1 to engry:. DC higr'frequency filters may be located at the high-voltage or low-voltage (neutral) terminals of
the convertery

9.16

neutral bus switch (NBS)

switching device used to transfer DC current from a fault on the neutral bus into the metallic or
earth return path

Note 1 to entry: This note applies to the French language only.

9.17

neutral bus grounding switch (NBGS)

switching device used to transfer DC current from a fault on the neutral bus or neutral
conductor into station ground

Note 1 to entry: This note applies to the French language only.
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10 Modes of control

10.1
control mode

nnnnnnnnnn hich o oconvartar init  ~ala e LIN/DVO obhotots

m o o oo o
oo T winoTi o SOV eTtCT oG POTCTOT TT vV oo SHEStaHeR—1S—€oRte

one or more electrical quantities at desired values.

Note 1 to entry: The desired values may change with time or as a function of measured quantities and defined
priorities.

10.2
d.c. voltage control mode
control of the-a-e—er-d-e-—side DC voltages in an HVDC-system substation

10.3
current control mode
control of the d.c. current in an HVDC system

10.4

active power control mode
control of the active power flow-in exchanged betwg
connected AC network

substation and the

10.5
reactive power control mode
control of the reactive power exchangeg-te erter unit, or HYDC substation and the

the connected—a-e- AC networks by varying the
an HVDC substation and the connected AC

control of the freque
transmitted acti
network

10.7

AC voltage control hode
control ofthe AC voltage of the AC network connected to an HVDC substation

10:9
istanded network operation mode
control mode in which the HVDC substation is connected to an islanded AC network

10.10

SSTIdamping control mode
supplementary control mode providing the damping of critical frequencies of an (electrical)
nearby generator
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11 Control systems

11.1
(HVDC) control system

ceticopn—of —or tha _aocuinoaant ioad far ~anteallina Pamy
|u||vuu|| O Ot C—CgopT et oo C OO —CoTor o gt

equipment, such as circuit breakers, valves, converter
forming part of an HVDC system

rnrotantioan Af oaoin Alont
T PTOTCCTOTT—OT—Trrar T prartt

ransformers and their tap changers,

= ()
[0)

NOTE — An example illustrating a typical HVDC control system hierarchy is shown in figure 12.

11.2

HVDC system control
control system which governs the operation of an entire HVDC system co
one HVDC substation and performs those functions of controlling, momi
which require information from more than one substation (see figure 12

of meré than
nd>protection

11.2.1
multiterminal control
HVDC system control for more than two HVDC substations

11.3
(HVDC) master control

11.5
(HVDC system) pole
control system o

NOTE - When the HVD
system control.

NOTE — HVRC sohstation~control may be implemented at the bipole and/or pole level and may be referred to as
local control.

11.6.1
(HVDC) substation bipole control
control system of a substation bipole (see figure 12)

1176.2
(HVDC) substation pole control
control system of a substation pole (see figure 12)

11.7

converter unit control

control system used for the controlling, monitoring and protection of a single converter unit
(see figure 12)

11.7.1

converter unit sequence control

part of the converter unit control which co-ordinates the operation of the converter unit firing
control, transformer tap changer control, monitoring and protection, and which controls the
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sequence of action during any change in the operating conditions of the associated converter
unit

11.7.2
converter unit firing control

part of the converter unit control tor timing the intended tiring of the valves

11.7.3
converter unit tap changer control
part of the converter unit control for controlling the converter transformer tap changers

11.7.4
converter unit monitoring
part of the converter unit control which monitors electrical, mechanical

uantities

Q

11.7.5
converter unit protection

11.8
valve control unit
vVCuU

electronic unit, at earth potential,
valves

ofection functions for individual

Note 2 to entry: This note appf
11.8.1

valve (control) fi
part of the valve

11.8.2

part of the v ' nitors valve status

11.8.3
valve (contro
part of the valve™sqQntrol which protects the valve by initiating, or disabling valve firing

1.9

integrated AC/DC system control

cantrol system which governs the integrated operation of AC and HVDC systems of a power
system

Note 1 to entry: This control system is under the responsibility of the system operator.

L~ 12 Controlfunctions

121

equal delay angle control; individual phase control

method of controlling separately the valve control pulses for each valve by timing from the zero
crossings of the commutation voltages
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12.2

equidistant firing control

method of controlling the valve control pulses whereby, in steady state, the delay between a
control pulse and the previous control pulse is equal for all valves, irrespective of unbalance or
distortion in the commutating voltages

12.3

a control

control of the delay angle between a minimum and maximum, determined by the design, tq
implement a control mode

12.4
minimum ¢« control
control of the delay angle to prevent it from decreasing below a set minjin

12.5

y control
control of the extinction angle between a minimum and maximurs 6 yjHe design, to
implement a control mode at an inverter

12.6
minimum y control
control of the extinction angle to preveniit from

d set minimum value

12.7
control order
reference value of a desired controlled g

12.7.1
(d.c.) current (control) qrde
reference value of the

12.7.2
(d.c.) voltage (con

NOTE - The rectifier s
system.

always a higher current order than the inverter in a two-terminal HVDC transmission

12.9
voltage dependent current order limit (VDCOL)
limitation of the current order as a function of the d.c. voltage

12.10
pole (current) balancing

control action to balance the currents in the two poles of a bipole system, in order to limit the
amplitude of the differential current that flows between the neutrals of the HVDC system
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No. Symbol Description
1 jz Non-controllable valve or arm
2 {Z Controllable valve or arm
3 XZ Non-controllable bridge <\x
\
4 gz Controllable brid(ge/\ ‘
O

% 0
IEC 1 672/98

NOTE 1 — Symbols 2 and 4 are used to represenqt th alve, arm, or bridge, irrespective of
controllability.
NOTE 2 — The above symbols are irrespective df the of which a valve, arm, or bridge is composed.
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5.4 ‘\ 5.5.2

Key
A AC terminals
B DC terminals
5.4 Converter arm or valve
Figure 2 - B
&% ‘ — 6.20
A &\Qw l ‘
6-19 ‘ 6.15
EL EL | J‘ ® o
6.14 - I B
6.16
6.2
= 99 IEC 1674/98
Key
A AC terminals 6.16 Converter unit d.c. bus arrester
B DC terminals 6.19 Converter transformer
6.2 Bridge 6.20 By-pass switch
6.14 Valve arrester 9.9  Substation earth
6.15 Converter unit arrester

Figure 3 — Example of a converter unit
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A 7.22 [ — g ———

!

0 t
IEC 1675/98
Key

uvph Phase voltage 7.2 Inverter operation

Ug Commutating voltage 7.20 Delay angle «

iy V_alve currents 7.21 Advance angle g

t Time _ 7.22 Overlap angle u

7.1 Rectifier operation 7.23 Extinction angle ¥

Figure 4 — Commutation process at rectifier and inverter modes of operation
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u, L 7.21
122 7.23
0 ; % t
!
‘ /\ Ugi
Figure 5a - Valve idealised ‘ ‘
iv
| |
\
BN AL
0 ‘ ‘ \%
‘ IEC)1 676/98
. |
| SO Y e
0 ‘ % .

Figure 5b - Real valve

7.21 Advance angle g
7.22 Overlap angle u
7.23 Extinction angle y
7.24 Hold-off interval

Figure 5 — lllustrations of commutation in inverter operation

t
IEC 1677/98



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

—-32-—

IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

7.7 7.11.1;7.27
7.11.2;7.28 /
e ~ fo
0 t
Figure 6a - Rectifier operation
7.8 1“\ Q\l[\
N
p . \ N d
7.11;7.26 /\\ 7.9\7.2
—— - \/ — IEC 1678/98
A (-\ f
7
RN N
Figure 6b - Inverter operation NUAL J ’
0 t
7.8
7.11.1;7.27
— —
IEC 1679/98
7.11.2;7.28

Key
t Time 7.11 Non-conducting state
to Firing instant 7.11.1 Forward blocking state
7.7 Forward voltage 7.11.2 Reverse blocking state
7.8 Reverse voltage 7.25 Conduction interval
7.9 Conducting state 7.26 Blocking interval
7.27 Forward blocking interval
7.28 Reverse blocking interval

Figure 6 — Typical valve voltage waveforms
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IEC 1680/98

Key

AC system
DC terminal
Converter unit (p = 6 DC damping circuit

DC surge capacitor

DC bus arrester

DC line arrester

Substation earth

DC neutral bus surge capacitor

DC neutral bus arrester

Metallic return transfer breaker (MRTB)
Earth return transfer breaker (ERTB)

Poooo00m>
A A A AN A
PN

wWN -0

©L0 @
iR
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[~
P
e
[~

Ao—e ‘ﬁ A
O &
AN A ‘
IEC 1681/98
Key
A AC system . ¢ transmission line

8.5 HVDC systemw pole .1 Earth electrodes

O
ﬁé}'

|
| | |
L E— = |
8.12 / IEC 1682/98

A AC system
8.9 HVDC substations
8.12 HVDC transmission line

Figure 9 — Example of a multiterminal bipolar HVDC transmission system
with parallel connected HVDC substations
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Figure 11 — A simplified steady-state voltage-current characteristic
of a two-terminal HVDC system
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Figure 13 — Capacitor commutated converter configurations
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TERMINOLOGIE POUR LE TRANSPORT D'ENERGIE
— FENCOURANTCONTINUAHAUTETENSIONA{CECH)—————————————
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TERMINOLOGIE POUR LE TRANSPORT D'ENERGIE
EN COURANT CONTINU A HAUTE TENSION (CCHT)

1 Domaine d’application

La présente Norme internationale définit les termes relatifs aux systémes de transport de
puissance en courant continu a haute tension (CCHT), et aux postes CCHT utilisant.'des
convertisseurs électroniques de puissance pour la conversion du courant alternatif en eourant
continu ou vice versa.

réseau, basés le plus souvent sur le schéma en pont triphasé (deu
lequel des valves électroniques unidirectionnelles, comme les va
utilisées.

ductetirs, sont

2 Reéférences normatives

de puissance

IEC 60146-1-19@
Partie 1-1: Spécificati

3 Symboles et abréviations

Cetteliste ne comporte que les symboles les plus fréquemment utilisés. Des listes plus
completes des symboles adoptés pour les convertisseurs statiques se trouvent dans
["IEC 60027 et les autres normes indiquées dans les références normatives et la bibliographie.

3.1 Liste des symboles littéraux

Uy tension continue (toute valeur définie)

Uqo tension continue-cenventiornele nominale a vide
Ugio tension continue fictive a vide (ou idéale)

Ugn tension continue nominale

U, tension entre phases co6té réseau du transformateur de convertisseur, valeur
efficace tenant compte des harmoniques

Uln valeur nominale de U
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Uyo tension a vide entre phases, c6té valve du transformateur, valeur efficace a
I'exclusion des harmoniques

Iy courant continu (toute valeur définie)

[N courant continu nominal

T courant coté reseau du transformateur de convertisseur, valeur efficace tenant

compte des harmoniques
N valeur nominale de /|

courant coété valve du transformateur, valeur efficace tenant compte des
harmoniques

angle de retard (de I'ordre d'amorgage)
angle d'avance (de 'ordre d'amorcgage)
angle d'extinction

angle d'empiétement

indice de pulsation

Q T & R ™

indice de commutation

3.2 Liste des indices

0 (zéro) a vide
N valeur nominale ou a la chqrge™on
d courant ou tension continu

i idéal
L cOté réseau d
\% coté valve du tra

max maximal

min mini
n relatif & |4

RCC _‘“\rapport
RCEE rapport de court-circuit efficace (voir 7.33)

CCEMT systeme de transport CCHT multiterminal (voir 8.2.2)
DTRM disjoncteur de transfert du retour métallique (voir 9.12)

de court-circuit (voir 7.32)

DTRT disjoncteur de transfert du retour par la terre (voir 9.13)
LCCDT limitation de la consigne de courant dépendant de la tension (voir 12.9)

[HESES) Interaction torsionnelle sous-syncnrone (voir 1U.TU0)

4 Symboles graphiques

La figure 1 représente les symboles graphiques spéciaux qui sont donnés uniquement pour les
besoins de la présente norme. Des listes plus complétes des symboles graphiques adoptés
pour les convertisseurs statiques se trouvent dans I'l|EC 60617-5 et I'|EC 60617-6.
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5 Termes généraux relatifs aux circuits de conversion
Pour les besoins de la présente norme, les termes et définitions suivants s'appliquent.

NOTE - Des listes plus complétes des termes adoptés pour les convertisseurs statiques se trouvent dans la

O OO OLeLAN o DI ANA A0 4 4

I
Ll =) vAvAvAvAvA v v iy B -4 o g = OO T I

5.1

conversion

dans le contexte du CCHT, transfert de la puissance de courant alternatif en courant contipu
ou vice versa, ou une combinaison de ces opérations

5.2

schéma convertisseur
montage électrique de bras et d'autres composants nécessaires pgu
circuit principal de puissance d'un convertisseur

e anction du

5.3
(schéma convertisseur en) pont

schéma double alternance illustré a la Figure 2, compre g convertisseur-gui-sent

phase du circuit en

5.3.1
pont homogéne
pont dont tous les bras de'x : aridables ou non commandables

5.3.2
pont mixte g}
pont comprenant des

5.4

Br commandables et non commandables

partie d'ep\'pont raccordant deux points de potentiels différents dans un pont, par exemple,
entre uhne borne a courant alternatif et une borne a courant continu

541

bras de convertisseur commandable

bras de convertisseur dans lequel le début de la conduction dans le sens direct peut étre
déterminé par un signal appliqué extérieurement

5.4.2

bras de convertisseur non commandable

bras de convertisseur dans lequel le début de la conduction dans le sens direct est déterminé
uniquement par la tension appliquée a ses bornes
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5.5

chemin de shuntage

chemin de faible résistance entre les bornes de courant continu d'un ou de plusieurs ponts,
excluant le circuit a courant alternatif

NOTE - Le chemin de shuntage peut constituer soit un chemin unidirectionnel, par exemple un bras de shuntage

(VOIT 5.5.T) OU UNe pairte de shuntage (Voir 5.5.2), Soit un chemin bidiTectionnel, par exemple un INterrupteur de
shuntage (voir 6.20).

5.5.1

bras de shuntage

chemin de shuntage unidirectionnel raccordé seulement entre les bornes de courant contint,
habituellement utilisé en technologie des valves a arc au mercure (non représent€ |a la
figure 2)

5.5.2

paire de shuntage
deux bras du convertisseur d'un pont connectés a une borne copnqui t rnatif et
formant un chemin de shuntage (voir figure 2)

5.6
commutation

NOTE — La commutation peut se produire enite deux b elcondues! cQnyértisseur, incluant les phases du
réseau a courant alternatif, entre un bras d
quelconques du circuit.

5.6.1
commutation par le résea
méthode de commutation™d
courant alternatif

5.7 Q
groupe commuta

groupe de bras
convertisseur; le

courant contin par exemple impliquant des courants élevés et/ou des inductances de
commutatiop utations a l'intérieur de deux groupes commutants appartenant a un méme
pont ne saht pas ngcessai indépendantes.

inductance ‘de comnutation
inductange\ totale incluse dans le circuit de commutation, en série avec la tension de
commutation

5)9

indice de pulsation p

caractéristique d'un schéma de convertisseur, exprimée par le nombre de commutations
symeétriques non simultanées qui se produisent au cours d'une période de la tension alternative
du réseau

NOTE - L'indice de pulsation du schéma convertisseur en pont de 5.3 est toujours p = 6.

5.10

indice de commutation q

nombre de commutations au cours d'une période de la tension alternative dans chaque groupe
commutant

NOTE - Dans le schéma convertisseur en pont, chaque groupe commutant a un indice de commutation q = 3.
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5.11

convertisseur a condensateurs commutés

convertisseur dans lequel les condensateurs en série sont inclus entre le transformateur
convertisseur et les valves (voir la Figure 13a)

5.12

convertisseur a condensateurs en série contrélés

convertisseur dans lequel les condensateurs en série sont insérés entre le jeu de barres de
filtrage (c6té courant alternatif) et le réseau en courant alternatif (voir la Figure 13b)

5.13
tension de commutation
tension qui provoque la commutation de courant

[SOURCE: IEC 60500-551:1998, 551-16-02]

5.14
convertisseur a condensateurs commutés controlés
convertisseur dans lequel les condensateurs en sérig
transformateur de convertisseur et les valves

inclus entre le

5.15
convertisseur a condensateurs en sérje
erés entre le jeu de barres

6.1
(unité de) conversion

ensemble opératignnelindivisiy gnanttout I'équipement situé entre le point commun de
couplage cbéte i iINg.2¢

continu (voir 8.25)€s¢
transformateurs de\‘s

équipement utilisé pour réaliser le schéma convertisseur en pont et le bras de shuntage s'il
existe

NQTE. = Le terme «pont» peut étre utilisé pour décrire aussi bien le schéma du circuit que I'équipement réalisant ce
circuit (voir 5.3).

6.2.1

groupe commutant de valves d'anode (de cathode)
equipement utilisé pour réaliser les bras de convertisseur d'un groupe commutant d'un pont

interconnectés par leurs bornes d'anode (de cathode)

6.3

valve

ensemble d'éléments de valve opérationnel, commandable ou non commandable, conduisant
normalement dans un seul sens (le sens direct), qui peut fonctionner comme bras de
convertisseur dans un pont de conversion
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6.3.1
(ensemble a) valve unique

EYIRP-C TRES m-aadciantn ol PN IV
ST OCTOTC o UTTTPOTIaT C e St aTevarve

6.3.2
(ensemble a) valves multiples
structure unique comportant plus d'une valve

NOTE - Des exemples de valves multiples sont les bivalves, les quadrivalves et les octovalves comportant
respectivement deux, quatre et huit valves connectées en série.

6.4
valve principale
valve d'un bras de convertisseur

6.5
valve de shuntage
valve d'un bras de shuntage

6.6
module de thyristors

partie d'une vaIve—eens#tuee—d— co
leurs auxiliaires proches-e
de valve

'amque de thyristors, avec
i , mais sans inductance

module d'induc
partie d'une valv
utilisée dans la con

NOTE - Le terme-estprincjpalement utilisé pour désigner un objet d'essai pour les besoins d'essai de valve.

6.9

niveau/de thyristor (de valve)

partie d'une valve, pouvant étre un thyristor ou des thyristors branchés en paralléle, avec leurs
circuits auxiliaires proches, et le cas échéant une inductance

6.10
support de valve

partie de [a valve Tournissant un support mecanique et l'isolation electrique de Ia terre a la

partie sous tension de la valve-comprenantles-sections-de-valve

Note 1 a l'article: Toutes les conceptions de valve peuvent ne pas contenir la partie d’'une valve clairement
identifiable sous une forme discrete comme étant un support de valve.
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6.11
structure de valve

composants de structure d'une valve, exigés afin de soutenir physiquement les modules de

1
vdalvo

electronics».

6.13
électronique de valve
circuits électroniques au(x) potentiel(

6.14
parafoudre de valve

6.15
parafoudre d’u@' :
parafoudre raccord€ 4

6.16

6.17
parafoudre de ba a courant continu du milieu

parafoudre\‘raccordé entre le milieu des deux ponts hexaphasés d'une unité de conversion
dodécaphasée et la terre du poste (voir figure 7)

NOTE —Dans certaines conceptions de poste CCHT, deux unités de conversion dodécaphasées sont raccordées en
séries. Dans un tel cas, le parafoudre de barre de courant continu du milieu a I'unité de conversion dodécaphasée

sUpérieure n'est pas raccordé a la terre de poste, mais a la borne a haute tension de courant continu de I'unité de
conversion dodécaphasée inférieure.

6.18

imductancedevalve{dlancde{de—cathede}
inductance(s) connectée(s) en série avec-la—valvre-habituellement-utilisée-en-technologie-des
valves—a-arc—au—mercure les thyristors dans une valve ayant pour objet de limiter la vitesse
d'augmentation du courant a la mise sous tension et la tension dans |'état bloqué

Note 1 a l'article: Les inductances de valve peuvent étre extérieures a I'ensemble de la valve ou distribuées a
I'intérieur de la valve.
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6.19

transformateur de convertisseur

transformateur a travers lequel la puissance est transmise d'un réseau a courant alternatif a un
ou a plusieurs ponts de conversion ou vice versa (voir figure 3)

6.19.1
enroulements coté réseau
enroulements du transformateur de convertisseur connectés au réseau a courant alternatif

6.19.2

enroulements cé6té valve
enroulements du transformateur de convertisseur connectés aux bornes a_courant alternatif
d'un ou de plusieurs ponts de conversion

6.20

interrupteur de shuntage

dispositif mécanique interrupteur de puissance raccordé aux befne M Fal atinu d'un ou
de plusieurs ponts de conversion pour shunter le ou les ponts penda e de mise hors
service du ou des ponts et pour commuter le courant sur le C OuU sur une paire
de shuntage pendant la phase de mise en service du ou de )

NOTE - Un interrupteur de shuntage peut également étre utilisé p dptage prolongé du ou des ponts.

6.21
module de valve
partie d'une valve comprenant un assem 1 thyristors, avec leurs auxiliaires

6.22
niveaux redondants
nombre maximal de
supporter un cou
de la valve n’e

sanpectés en série dans une valve, qui peut
en service sans que le fonctionnement sécurisé

borne deswvalve sur laquelle le courant direct sort de la valve

7 t“Conditions de fonctionnement du convertisseur

7.1
fonctionnement en redresseur; redressement
mode de fonctionnement d'un convertisseur ou d'un poste CCHT quand la puissance est

transmise du cote courant alternatit vers le cote courant continu

7.2

fonctionnement en onduleur; renvoi au réseau

mode de fonctionnement d'un convertisseur ou d'un poste CCHT quand la puissance est
transmise du c6té courant continu vers le c6té courant alternatif
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7.3
sens dlrect sens de conductlon (d une valve)

sens dans lequel une valve est capable de conduire le courant de charge

7.4
sens mverse sens de non conductlon (d’une valve)

I'inverse du sens de conduction

7.5
courant direct
courant qui circule dans une valve dans le sens direct

7.6
courant inverse
courant qui circule dans une valve dans le sens inverse

7.7

tension directe
tension appliquée entre la borne d'angde et Ia
quand la borne d'anode est positive pa p

7.8
tension inverse

7.9

état conducteur 3
situation d'une valyve

cette condition est ind

7.10

situation d'une valv quand—ta—vaLve—pFeseﬂte—&ne—Fesks%anee—eJe#ee—é\%l;ﬁgﬁFe—é} tous les

thyristorsysont hors tension

7441

état bloqué direct

état non conducteur d'une valve commandable quand la tension directe est appliquée a ses
bornes principales (voir figure 6)

r.11.4

état bloqué inverse

état non conducteur d'une valve quand la tension inverse est appliquée a ses bornes
principales (voir figure 6)

7.12
allumage
établissement du courant dans le sens direct dans une valve.
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7.13
|mpuIS|on de commande (de valve)

Ha adan =N Haoria
|||||.lu|o|u|| \1\.", yUlluallL toHte—Sa& UUIUU, aHtortsSe

7.14

impulsion d'allumage (de valve)

impulsion qui déclenche l'allumage de la valve, normalement dérivée de I'impulsion de
commande de valve

7.15

blocage d'un convertisseur
opération évitant la poursuite de la conversion par un convertisseur g
de commande des valves

qpulsions

NOTE - Cette opération peut aussi comprendre I'allumage de la ou des valve &r ur’ chemin de

shuntage.

7.16
déblocage d'un convertisseur
opération permettant le commencement de la conve isseur-par-ehmination

de l'action de blocage

7.17

blocage d'une valve

opération évitant un allumage ultérieur(d' une valve ndable en-inhibant les impulsions-de
B R s o= R

7.18
déblocage d'une valve

opération perme@ >

7.19
réglage de phaseg
action consistant ¢

temps, exprimé e nités d'angle électrique, entre le passage a zéro de la tension de
commutdtion sinusoidale idéalisée et l'instant du début de conduction du courant direct (voir
figure-4)

7221

angle d'avance (de I'ordre d'amorcage) S

angle d’avance (de I’ordre d’allumage) S

temps, exprimé en unités d'angle électrique, entre l'instant du début de conduction du courant
continu et le passage a zéro de la tension de commutation sinusoidale idéalisée

L'angle d'avance g est lié a I'angle de retard o par =71 — « (voir figure 4).

7.22

angle d'empiétement u

durée de la commutation entre deux bras de convertisseur, exprimée en mesure d'angle
électrique (voir figures 4 et 5)
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7.23

angle d'extinction y

temps, exprimé en unités d'angle électrique, entre la fin de conduction du courant et le
passage par zéro de la tension de commutation sinusoidale idéalisée. y dépend de l'angle
d'avance g et de l'angle d'empiétement u et est déterminé par la relation y= f— u (voir figures

4ers)

7.24

intervalle de retenue
temps séparant l'instant auquel s'annule le courant direct dans une valve commandable (et
I'instant auquel cette méme valve est soumise a une tension directe (voir figure 5)

NOTE - L’intervalle de retenue, lorsqu’il est exprimé en termes d’angle électrique, est

I’appellation d’angle d’extinction. Cependant, il convient que la distinction entre le concep
celui d’intervalle de retenue soit notée, comme indiqué a la figure 5.

Quvent désigné“sous
gle d’extinction et

7.241
intervalle critique de retenue

intervalle de retenue minimal pour lequel le fonctionnement en raintenu

7.25
intervalle de conduction

7.26

partie d'un cycle pendant laquelle une va : i ducteur (voir figure 6)

7.28
intervalle de bloca
partie de l'interva t lequel une valve est a I'état bloqué et soumise a une

raté d'allumage
allumage d'unewalve a un instant-incerreect imprévu

7.30

défaut d'allumage

impossibilité d'obtenir I'allumage d'une valve pendant toute la durée de l'intervalle de tension
directe

7.31
raté de commutation

mbpossibilité de commuter le courant direct d'un bras an ndariode de conduction a1 hras suivant
14 134

d'un convertisseur

7.32

rapport de court-circuit (RCC)

rapport entre la puissance de court-circuit du réseau en courant alternatif (en MVA) a la
tension nominale au point de raccordement du jeu de barres alternatif du poste CCHT, et la
puissance nominale en courant continu du poste CCHT (en MW)

NOTE - Cette définition du RCC est différente de la définition donnée dans I'l[EC 60146-1-1.
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7.33

rapport de court-circuit efficace (RCCE)

rapport entre la puissance de court-circuit du réseau en courant alternatif (en MVA) a la
tension nominale au point de raccordement du jeu de barres alternatif du poste CCHT, réduite
de la puissance réactive de bancs de condensateurs et de filtres shunts connectés a cette

o L W1 \ | H H 1 4 ' ol 4 FaYal N = i [ W AW.WAN
udiTT (TIT Vivdadl ], TUTa PputssdirivT TTUTITITTAalT TTT LUUTartt CUTTIUTTU UU PUSTT U OUTTT (TIT IVIVY )

7.34
amorcgage; déclenchement
action de commande en vue de I'allumage d’une valve ou d’un thyristor individuel

7.35
état de fonctionnement

au réseau en courant alternatif

7.36
état bloqué

7.37
tension de valve
différence de tension entre la borne d'd

8 Systémes et postes CCHT

8.1

systéme CCHT
systeme électrique de| puissance destine™a arsfert de puissance sous forme de courant
deux jeux de barres a courant alternatif

systéme de tran
systeme CCHT

8.2.1

transport a courantcoftinu d'interconnexion (voir figure 8)

8.2.2

systéme de transport CCHT multiterminal (CCMT)

systeme de transport CCHT comprenant plus de deux postes CCHT séparés et les lignes de
transport CCHT d'interconnexion (voir figures 9 et 10)

8.2.3

systéme CCHT qui transporte de I'énergie entre des jeux de barres a courant alternatif, situés
en un méme lieu.

8.3
systéme CCHT unidirectionnel
systeme CCHT prévu pour transporter I'énergie dans une seule direction
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Note 1 a l'article: La plupart des systéemes CCHT sont de nature bidirectionnelle. Certains systémes peuvent
toutefois étre optimisés pour transmettre I'énergie dans une direction préférentielle unique. Ces systemes peuvent
toujours étre considérés comme «bidirectionnels».

8.4

sme COHT sévarsible hidiractionnal

systeme CCHT prévu pour transporter I'énergie dans les deux directions

Note 1 a l'article: Un systéme CCHT multiterminal est-réversible bidirectionnel si un ou plusieurs postes sont
réversibles bidirectionnels.

8.5

pole (de systéme) (CCHT)
partie d'un systeme CCHT comprenant tout I'équipement des postes CC
transport d’interconnexion, le cas échéant, qui présentent une méme pg
rapport a la terre, pendant un fonctionnement normal (voir figure 8)

et les lignes de
de tension par

8.6

bipdle (de systéme) (CCHT)
partie d'un systéme CCHT consistant en deux pbles de sysjé
indépendamment, qui en fonctionnement normal, présenten
opposées par rapport a la terre

8.7
systéme (CCHT) bipolaire
systeme CCHT ayant deux pdles de pb

NOTE - Les lignes aériennes des deux pdles, si e
des pylones différents.

8.9
poste CCHT

| poste de conversion CCHT
partie d'un systeme CCHT comprenant une ou plusieurs unités de conversion avec les
batiments, les réactances, les filtres, les équipements de fourniture de puissance réactive, les
équipements de commande, de surveillance, de protection, de mesure et auxiliaires installés
dans un méme lieu (voir figure 7)
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NOTE - Lorsqu’un poste CCHT constitue une partie d’'un systéme de transport CCHT, il peut é&tre dénommé «poste
de transport CCHT».

8.9.1
poste (CCHT) de soutirage

B faYal N T H PSS TS -0 lapmant oaoiir an foonation s ora ot P a-di-Here—d el I o
PUSTCTOOTTT, OUmSC PTmToTrparcTimToTTe poadT aiT oo toTTeTToT e T OUTTaoTe T, GuoTTe T

nominale est une fraction de celle(s) du ou des redresseurs dans le systéme

8.10
bipble de poste (CCHT)
partie d'un systéme CCHT bipolaire a l'intérieur d’'un poste

8.11
poOle de poste (CCHT)
partie d'un pble de systeme CCHT a l'intérieur d’'un poste (voir figure 3

8.12

ligne de transport CCHT
partie d'un systéme de transport CCHT consistant en des/lighes\aérignnes\et ou des cables.
Les lignes de transport CCHT se terminent dans des po i

8.13
pole de ligne de transport CCHT

8.14
électrode de terre
ensemble d'éléments cond

NOTE 1 — Une électrode de

NOTE 2 — Lorsque Io

8.15
ligne de terre
ligne isolée e

transport d’intercsqnexion, le cas échéant, présentant en fonctionnement normal des polarités
de tensigontcontinue €gales et opposées par rapport a la terre, mais sans montage en série des
convertisseurs dans chaque poste de conversion

Notée\1.2a l'article: Le terme «monopole symétrique» est utilisé méme en présence de deux polarités avec des
tenstons en courant continu, un seul convertisseur ne pouvant fournir la redondance normalement induite par le
terme «bipodler.

8.17
systéme bipolaire rigide a courant continu

systeme CUHT DIpOolalre sans connexion de neutre entre les deux posies de conversion

Note 1 a l'article: Puisqu'il n'existe que deux conducteurs (péles), aucun courant asymétrique entre les deux pbles
n'est possible. Dans le cas d'une interruption du transfert d'énergie d'un péle de convertisseur, il est également
nécessaire d’interrompre le courant de l'autre pdéle (au moins pendant une durée limitée pour permettre une
reconfiguration du circuit en courant continu).

8.18
systéme (CCHT) monopolaire symétrique
systeme CCHT avec un seul monopole symétrique
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7.23

angle d'extinction y

temps, exprimé en unités d'angle électrique, entre la fin de conduction du courant et le
passage par zéro de la tension de commutation sinusoidale idéalisée. y dépend de l'angle
d'avance g et de l'angle d'empiétement u et est déterminé par la relation y= f— u (voir figures

4ers)

7.24

intervalle de retenue
temps séparant l'instant auquel s'annule le courant direct dans une valve commandable (et
I'instant auquel cette méme valve est soumise a une tension directe (voir figure 5)

NOTE - L’intervalle de retenue, lorsqu’il est exprimé en termes d’angle électrique, est

I’appellation d’angle d’extinction. Cependant, il convient que la distinction entre le concep
celui d’intervalle de retenue soit notée, comme indiqué a la figure 5.

Quvent désigné“sous
gle d’extinction et

7.241
intervalle critique de retenue

intervalle de retenue minimal pour lequel le fonctionnement en raintenu

7.25
intervalle de conduction

7.26

partie d'un cycle pendant laquelle une va : i ducteur (voir figure 6)

7.28
intervalle de bloca
partie de l'interva t lequel une valve est a I'état bloqué et soumise a une

raté d'allumage
allumage d'unewalve a un instant-incerreect imprévu

7.30

défaut d'allumage

impossibilité d'obtenir I'allumage d'une valve pendant toute la durée de l'intervalle de tension
directe

7.31
raté de commutation

mbpossibilité de commuter le courant direct d'un bras an ndariode de conduction a1 hras suivant
14 134

d'un convertisseur

7.32

rapport de court-circuit (RCC)

rapport entre la puissance de court-circuit du réseau en courant alternatif (en MVA) a la
tension nominale au point de raccordement du jeu de barres alternatif du poste CCHT, et la
puissance nominale en courant continu du poste CCHT (en MW)

NOTE - Cette définition du RCC est différente de la définition donnée dans I'l[EC 60146-1-1.
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9.2

inductance (de lissage) (c6té courant continu)

inductance connectée en série avec une ou plusieurs unités de conversion du cbété courant
continu dont le but principal est de lisser le courant continu et de réduire les transitoires de
courant (voir figure 7)

9.3
parafoudre d’inductance de lissage
parafoudre raccordé entre les bornes d’une inductance de lissage (voir figure 7)

9.4

filtre d’harmoniques (c6té courant) continu
filtre dont la fonction principale est de diminuer les harmoniques (de coura
la ligne de transport CCHT et/ou la ligne de terre, en association avec la’o
lissage et le ou les condensateurs d'étouffement cété courant con
figure 7)

de tension) sur
duetances de

9.5

circuit d'amortissement c6té courant continu
combinaison d'éléments de circuit qui servent a réduire S
et/ou a modifier les conditions de résonance sur la lig (voir figure 7)

9.6

condensateur d'étouffement coté cq
ensemble de condensateurs raccordé
(directement ou indirectement) dont Ig %

9.7
parafoudre de barre arcourant o
parafoudre raccordé entre la barre & ceunant Continu (située entre I'inductance de lissage et le

eyre du poste (voir figure 7)

figure 7)

9.9
terre du po

ensemble d'élém conducteurs qui procure un chemin de faible impédance entre les
masses des’équiperménts du poste CCHT et la terre, et qui est capable de laisser passer des
courants‘d‘une durée momentanée importants (voir figure 7)

9.10

condensateur de neutre (c6té courant continu)

ehsemble de condensateurs raccordé entre la barre de neutre c6té courant continu et la terre
du poste (voir figure 7)

911

parafoudre de neutre (c6té courant continu)
parafoudre raccordé entre la barre de neutre cbté courant continu et la terre du poste (voir
figure 7)

9.12

disjoncteur de transfert du retour métallique (DTRM)

appareil de coupure utilisé pour transférer le courant continu d'un chemin de retour par la terre
vers un chemin de retour métallique (voir figure 7)
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9.13

disjoncteur de transfert du retour par la terre (DTRT)

commutateur de transfert du retour par la terre (CTRT)

appareil de coupure utilisé pour transférer le courant continu d'un chemin de retour métallique
vers un chemin de retour par la terre (voir figure 7)

NOTE - Dans certaines applications, cette fonction est remplie par un interrupteur de shuntage (voir figure 3).

9.14

filtre HF (haute fréquence) (c6té courant) alternatif

filtre c6té courant alternatif d'un convertisseur, congu pour empécher les harmoniques a hauté
fréquence (HF) générés par le convertisseur de pénétrer dans le systéme en courant altegpatif

9.15

filtre HF (haute fréquence) (c6té courant) continu
filtre c6té courant continu d'un convertisseur, congu pour empéchey
fréquence (HF) générés par le convertisseur de pénétrer dans le syste

NOTE Les filtres haute fréquence c6té courant continu peuvent étre situés 3
tension (neutre) du convertisseur.

9.16

commutateur de bus neutre (NBS)
appareil de coupure utilisé pour transférer le coupan
le chemin de retour métallique ou de rexour par,

Note 1 a larticle: L’abréviation «NBS» est\dérivee ¥
switch».

9.17

Note 1 a I'article: abré
grounding switch».

10 Modes de régls

10.1

mode de

fagon deé ‘ nité de conversion, un pdéle ou un poste CCHT afin de maintenir
une ou plusie guaRtitdg’grandeurs électriques aux valeurs désirées.

Note 1 a l'article:
de priorités.définies.

dleurs désirées peuvent changer avec le temps ou en fonction de quantités mesurées et

10.2

mode de reglage de Ia tensmn contmue
réglage-de
fa tension continue d’un poste CCHT

10.3

mode de réglage du courant
réglage du courant continu dans un systéme CCHT

10.4
mode de réglage de la puissance active

réglage de la puissance-dans—un-systeme-CCHT active échangée entre un poste CCHT et le
réseau a courant alternatif raccordé
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10.5

mode de réglage de la puissance réactive

réglage de la puissance réactive échangée entre une unité de conversion, ou un poste CCHT
et le réseau a courant alternatif raccordé

10.6

mode de réglage de la fréquence

réglage de la fréquence-d'un—ou—deplusieurs du réseaux a courant alternatif raccordés en
faisant varier la puissance-transmise active échangée entre le poste CCHT et le réseau a
courant alternatif raccordé

10.7
mode de réglage de I'amortissement

plusieurs réseaux a courant alternatif raccordés

10.8
mode de réglage de la tension alternative

10.9

mode de fonctionnement en réseau isg

mode de réglage dans lequel le poste CCNT : sgdu a courant alternatif isolé
10.10

mode de réglage de I'amortissement(d'IT
mode de réglage supplémeptai amoxti ment des fréquences critiques d'un

111
systéme de compnia
commander, surveiller ou protéger les équipements
que disjoncteurs, valves, transformateurs de convertisseurs
ant partie d'un systéme CCHT

systeme-"de commande gouvernant le fonctionnement d'un systéme complet de CCHT
comprenant plus d'un poste CCHT; il réalise aussi les fonctions de commande, de surveillance
et de protection, qui demandent des informations de plus d'un poste (voir figure 12)

11.2.1
commande multiterminale
commande d'un systéeme CCHT comportant plus de deux postes CCHT

11.3
commande d'ensemble (CCHT)
concept général pour la coordination de la commande d’'un systéme CCHT

NOTE - La commande d'ensemble peut étre mise en oeuvre au niveau du bipdle et/ou du pdle.

11.4
commande de bipdle de systéme CCHT
systéme de commande d'un bipdle (voir figure 12)
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11.5
commande de péle de systéme CCHT
le systéme de commande d'un pdle (voir figure 12)

NOTE - Lorsque le systéme CCHT n'a pas de bipdle(s) mais un ou plusieurs pbles, la commande de pdle échange
des données avec la commande d'ensemble du systéme CCHT.

11.6

commande de poste CCHT

systeme de commande utilisé pour la commande, la surveillance et la protection dans un poste
CCHT

NOTE — La commande de poste CCHT, aussi désignée sous le nom de commande locale, peut étre mise en eeuvre
au niveau du bipble et/ou du pble.

11.6.1
commande de bipole de poste (CCHT)
systeme de commande d'un bipble de poste CCHT (voir figure 12)

11.6.2
commande de pole de poste (CCHT)
systeme de commande d'un pble de poste CCHT (voir fj

1.7
commande d'une unité de conversio
systéme de commande utilisé pour I3
unité de conversion (voir figure 12)

11.71

d'une unité de conversion ¢ i S equence des actions lors de n'importe quel
! de cette unité de conversion

11.7.2

commande d'all : \

partie de la com ité—de conversion qui détermine les moments auxquels des
impulsions dg com : es doivent étre fournies

11.7.3

commande ur's de prises d'une unité de conversion

de I'unité de conversion qui commande les changeurs de prises du
transformateur de corivertisseur

11.7.4

surveillance d'une unité de conversion

partie de la commande de l'unité de conversion qui enregistre les quantités électriques,
meécaniques et thermiques

11.7.5

partie de la commande de I'unité de conversion, qui provoque des actions de protection des
composants de cette unité de conversion contre les avaries dues a des conditions électriques,
meécaniques ou thermiques anormales
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11.8
unité de commande de valve
VCU

umte electromque au potentlel de terre qU| assure Ies fonctions de Commande et de

plUlellUll UUD VdIVUb IIIUIVIUUUIICD
Note 1 a I'article: Les fonctions VBE et VCU peuvent étre combinées dans une seule unité.

Note 2 a I'article: L’abréviation «VCU» est dérivée du terme anglais développé correspondant «valve control unit».

11.8.1
(commande d') allumage de valve
partie de la commande de valve qui déclenche l'allumage de la valve

11.8.2
surveillance de (la commande de la) valve
partie de la commande d'une valve qui surveille I'état de la valve

11.8.3
protection de (la commande de la) valve

partie de la commande de valve qui protége la valve epxrprovqQq
de la valve

rdisant I'allumage

11.9

CCHT d'un systéme de puissance

Note 1 a I'article: Ce systéme d

12.1 Q
réglage avec ang

fagcon de com nder des impulsions de commande des valves par laquelle, en régime établi,
le délai entre Une~Nimpulsion de commande de valve et I'impulsion précédente est identique
pour toutes-les valves, indépendamment de la distorsion ou du déséquilibre des tensions de
commutation

12:3

réglage d'angle o

réglage de l'angle de retard entre un minimum et un maximum, définis lors de la conception,
pour mettre en oeuvre un mode de réglage

12.4

réglage d'angle & minimum

réglage de l'angle de retard pour 'empécher de descendre en dessous d’'une valeur minimale
prescrite
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12.5

réglage d'angle ¥y

réglage de I'angle d'extinction entre un minimum et un maximum, définis lors de la conception,
pour mettre en oeuvre un mode de réglage a un onduleur

12.6

réglage d'angle yminimal

réglage de l'angle d'extinction pour I'empécher de descendre en dessous d’une valeur
minimale prescrite

12.7
consigne de réglage
valeur de référence d'une quantité désirée réglée, dans un mode de régla

12.7.1
consigne (de réglage) du courant (continu)
valeur de référence du courant au régulateur du courant contin

12.7.2
consigne (de réglage) de la tension (continue)

12.8
marge de courant

12.9

limitation de la caonsig
limitation de la c<f>
12.10
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—67 —

ole

B iptien

Valve ou bras non contrélable

Valve ou bras contrélable

Pont non contrdlable <\

%%%%£

N\

Q 1672/98
fago grierale une valve, un bras ou un pont,

itif utilisé pour former la valve, le bras ou le

pont. \
ymmboles graphiques
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5.4 5.5.2

‘7’ T

W

=
N
I
~J

|
| :

rr 1 ‘ 1
5.7 J
IEC 1673/98
Légende
A Bornes de courant alternatif
B  Bornes de courant contin
5.4 Bras de convertisseur ou valve
Figure 2 — Sc
B
Q ——— 6.20
6.15
6.14 B
6.2
IEC 1674/98
Légende
A Bornes de courant alternatif 6.16 Parafoudre de barre a courant continu
B Bornes de courant continu d’une unité de conversion
6.2 Pont 6.19 Transformateur de convertisseur
6.14 Parafoudre de valve 6.20 Interrupteur de shuntage
6.15 Parafoudre d’'une unité de conversion 9.9 Terre du poste

Figure 3 — Exemple d'une unité de conversion
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A 722 || — o -
720 O — | g 71

!

0 t
IEC 1675/98
Légende
Uypnh Tension de phase 7.2 Fonctionnement en onduleur
Ug Tension de commutation 7.20 Angle de retard
iy Courants dans les valves 7.21 Angle d’avance
t Temps 7.22 Angle d’empiétement u
71 Fonctionnement en redresseur 7.22  Angle d’extinction ¥

Figure 4 - Commutation pendant le fonctionnement en redresseur et en onduleur
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u, A . 7.21

722 | 7.23

\ / -
0 t

| |

‘ /\ 0 ‘

Figure 5a - Valve fictive ‘ ‘ ‘

i

| | |

\ |
0 ‘ ‘

‘ IEC /1 676/98

ol | \

| ®2N ‘

| AN

e

Figure 5b - Valve réelle

Temsion\de lavwalve qui s’éteint 7.21
urant dans la valve qui s’éteint 7.22
ensiqn de commutation fictive 7.23
TeRsion de commutation réelle 7.24

t

IEC 1677/98

Angle d’avance g
Angle d’empiétement u
Angle d’extinction ¥
Intervalle de retenue

Figure 5 — lllustrations de la commutation pendant le fonctionnement en onduleur
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7.7 7.11.1;7.27
7.11.2;7.28 /
. = f
d
0 t
Figure 6a - Fonctionnement /\(
en redresseur
8 a N
S
PN \\\ \\) Y
7.11;7.26 7.9; R25
IEC 1678/98
2
7 A “ o
( —/
Figure 6b - Fonctionnéme ﬁ
M
0 ’ t
7.8
71411, 7.27
— —

IEC 1679/98
7.11.2;7.28

Légende
t Temps 7.11 Etat non conducteur
to  Instant d’allumage 7.11.1 Etat bloqué direct
7112 Fiat bloqué inverse
7.7 Tension directe 7.25 Intervalle de conduction
7.8 Tension inverse 7.26  Intervalle de blocage
7.9 Etat conducteur 7.27 Intervalle de blocage direct

7.28 Intervalle de blocage inverse

Figure 6 — Courbes caractéristiques de tension aux bornes d'une valve
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B
IEC 1680/98

Légende

A Réseau a courant alternatif afoudre d’inductance de lissage

B Borne de courant continu re cété courant continu

6.1 (a) Unité de conversion (p = 6) Circuit d’amortissement cété courant continu

6.1 (b) Unité de conversion (p = 12) Condensateur d’étouffement c6té courant continu
6.2 Pont de conveysiqon Parafoudre de barre a courant continu

6.16 Parafoudre de ligne a courant continu

Terre du poste

Condensateur de neutre (c6té courant continu)
Parafoudre de neutre (c6té courant continu)
Disjoncteur de transfert du retour métallique
(DTRM)

Disjoncteur de transfert du retour par la terre
(DTRT)

© © 00
N =
o wN

gure 7 — Exemple d'un poste a CCHT
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[~
P
e
[~

Ao——eo ‘j A
HOO- 7
D&
. B

Légende

A Réseau a courant alternati
8.5 Poble de systeme CCHT
8.11 Pole de pog

@///P
H %

|
| | |
L E— = |
8.12 / IEC 1682/98

4 ol
cegenae

A Réseau a courant alternatif
8.9 Postes CCHT
8.12 Ligne de transport CCHT

Figure 9 — Exemple d'un systéme de transport CCHT bipolaire a extrémités multiples
avec les postes connectés en paralléle
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VAl
| |
| |

—

-
| |
| |

AC ol / AJ /?J
) ) 69 L L

N ——
|
o
|

>

IEC 1683/98
Légende

A Réseau a courant alternatif
8.9 Postes CCHT

8.12 Ligne de transport CCHT
Figure 10 — Exemple d'un sy a exfrémités multiples
avec lesp

12.7.1 (a)

< 12.8

0 Iy

IEC 1684/98

Uy Tension continue

Iy Courant continu

12.7.1 (a) Consigne de courant (redresseur) 12.7.2 Consigne de tension (redresseur)
12.7.1 (b) Consigne de courant (onduleur) 12.8 Marge de courant

Figure 11 — Caractéristique courant-tension simplifiée en régime permanent
d'un systéme CCHT a deux extrémités
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— 75—

Commande de systéme

courant alternatif/courant continu

intégré

Niveau de
systemes

courant alternatif/
courant continu

Niveau
de région

Niveau

de bipole
(de poste)
CCHT

Niveau

d'une unité
de
conversion

11.2/11.3 V
Commande (d'ensemble)
d'un systéme CCHT
T_‘mﬁiiiiiiif**********
Commande
de bipdle/de poste
11.5/11.6.2
Commande de pble
(de poste)
A
N\
Commande e Comynande Commande
d'une unité i ité d'une unité d'une unité
de de de
conversi AL \\.conversion conversion conversion

6.2

n

N

\

N

N2

<

Légende
6.2 Pont

1

=

b%

(de conversion)

11523 Commande d’'un systéme CCHT
143 Commande d’ensemble (CCHT)

11.4 Commande de bipble de systeme CCHT

11.5

IEC 1685/98

Commande de péle de systéeme CCHT

11.6.1 Commande de bipble de poste (CCHT)
11.6.2 Commande de podle de poste (CCHT)

11.7

Commande d’une unité de conversion

Figure 12 — Structure hiérarchique d’un systeme de commande CCHT
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UJM—F 5] -
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IEC 852/09

Figure 13a — Convertisseur a condensateurs commutés (C

%
| .
I/lll/I L (\ ZE

/
VAN

Légende

1

2
3
4
5

f.é.m. du réseau a Cog

.
50
BN

IEC 853/09

Figure 13b 3 ateurs en série contrdélés (CSCC)

Figure 1

limiteur de surtension
condensateur
thyristors

ponts de conversion

10 inductance c6té courant continu

— Configurations de convertisseur a condensateurs commutés
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERMINOLOGY FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)

FRANSMISSION——————————
LILAY

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of [t is _to\promote
international co-operation on all questions concerning standardization in the electrigcal| and ele renic f|e|ds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides q
Publication(s)”). Their preparation is entrusted to technical committees; any | i 9 if{tee ipterested
in the subject dealt with may participate in this preparatory work. 2 ti \

Publications is accurate, IEC cannot b
misinterpretation by any end user.

4) In order to promote |nternat|onal un|form|t ; i mittees undertake to apply IEC Publications
and regional publications. Any divergence
gional publication shall be clearly indicated in
5) dependent certification bodies provide conformity
o IEC/marks of conformity. IEC is not responsible for any

6)
7) directors\employees, servants or agents including individual experts and
EC National Committees for any personal injury, property damage or
soever,\whether direct or indirect, or for costs (including legal fees) and
ication,/use of, or reliance upon, this IEC Publication or any other IEC
8) e references cited in this publication. Use of the referenced publications is

applt€ation of this publication
9) Attentio 2WONER The pogsibility that some of the elements of this IEC Publication may be the subject of
patent rights\JE€ shaN not\Be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been preparea
for user convenience.

IEC..60633 edition 2.2 contains the second edition (1998-12) [documents 22F/49/FDIS and
22F/53/RVD], its amendment 1 (2009-05) [documents 22F/153/CDV and 22F/163/RVC] and its-
amendment 2 (2015-07) [documents 22F/340/CDV and 22F/350A/RVC].

This Final version does not show where the technical content is modified by amendments 1
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International Standard IEC 60633 has been prepared by subcommittee 22F: Power electronics
for electrical transmission and distribution systems, of IEC technical committee 22: Power
electronics.

The committee has decided that the contents of the base publication and its amendments will

remain unchanged untul the stabllily date Indicated on ithe IEC web siie under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

@@
S



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

-8- IEC 60633:1998+AMD1:2009
+AMD2:2015 CSV © IEC 2015

TERMINOLOGY FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)
TRANSMISSION

1 Scope

This International Standard defines terms for high-voltage direct current (HVDC) power
transmission systems and for HVDC substations using electronic power converters for.'the
conversion from a.c. to d.c. or vice versa.

This standard is applicable to HVDC substations with line commutate rters, most
commonly based on three-phase bridge (double way) connection

unidirectional electronic valves, e.g. semiconductor valves, are used

onve

2 Normative references

undated references, the latest edition of the refere ¢ ent(including any amendments)
applies. 6

IEC 60146-1-1, - Part 1-1:
Specifications of basic |re

IEC 60617-5, Gr@ — Part 5: Semiconductors and electron tubes

IEC 60617-6, Gr ; grams — Part 6: Production and conversion of electrical

energy

which have been adepted for static converters see IEC 60027 and other standards listed in the
normativé:references and the bibliography.

3.1% List of letter symbols

Uy direct voltage (any defined value)

Uqo nominal no-load direct voltage

Ugio ideal no-load direct voltage

Ugn rated direct voltage

U, line-to-line voltage on line side of converter transformer, r.m.s. value including
harmonics

Uln rated value of U_

U,o no-load phase-to-phase voltage on the valve side of transformer, r.m.s. value

excluding harmonics

lq direct current (any defined value)
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4N rated direct current

I current on line side of converter transformer, r.m.s. value including harmonics
N rated value of /|

l, current on valve side of transformer, r.m.s. value including harmonics

a (trigger) delay angle

S (trigger) advance angle

14 extinction angle

y7, overlap angle

p pulse number

q commutation number

3.2 List of subscripts

0 (zero) atno load

N rated value or at rated load

d direct current or voltage

i ideal

L line side of converter transformer

\% valve side of converter tra

max maximum
min minimum
n pertaining to

3.3 List of abbrevia
al letters and without dots.

HVDC
MVU
SCR
ESCR
MTD i i VDC transmission system (see 8.2.2)
MRTB etallic return transfer breaker (see 9.12)

ERTB earth re
VDCOL voltage dependent current order limit (see 12.9)

urn transfer breaker (see 9.13)

SSTI sub-synchronous torsional interaction (see 10.10)

4 Graphical symbols

Figure 1 shows the specific graphical symbols which are defined only for the purposes of this

stamdard:

converters, see |[EC 60617-5 and IEC 60617-6.

5 General terms related to converter circuits

For the purposes of this standard, the following terms and definitions apply.
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NOTE - For a more complete list of the terms which have been adopted for static converters, see IEC 60050(551)
and IEC 60146-1-1.

5.1

conversion
a—thb niaact £ LN/ DOt tranaf
T Oic-  COTITCAT UT T v oo, are— o T

of these operations

+ A PRV PP 0N
- U .0 U victTveToSa, U

5.2

converter connection

electrical arrangement of arms and other components necessary for the functioning of the majn
power circuit of a converter

5.3
bridge (converter connection)

double-way connection, as illustrated in Figure 2, comprising six COR
centre terminals are the phase terminals of the a.c. circuit, and
polarity are connected together and are the d.c. terminals

5.3.1
uniform bridge

5.3.2
non-uniform bridge
bridge with both controllable and non-cg

5.4
(converter) arm
part of a bridge conng

between an AC te@in

5.41
controllable con
converter arm in
applied signa

5.4.2
non-contro
converter arm
applied to its terminals

5.5

by-pass path

low:resistance path between the d.c. terminals of one or several bridges excluding the a.c.
circuit

NOTE - The by-pass path may either constitute a unidirectional path, e.g. a by-pass arm (see 5.5.1), or a by-pass
pair (see 5.5.2), or it may constitute a bidirectional path, e.g. a by-pass switch (see 6.20).

5.5.1

by-pass arm

unidirectionally conducting by-pass path connected only between d.c. terminals, commonly
used with mercury arc valve technology (not shown in figure 2)
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5.5.2

by-pass pair

two converter arms of a bridge connected to a common a.c. terminal and forming a by-pass
path (see figure 2)

5.6

commutation

transfer of current between any two paths with both paths carrying current simultaneously
during this process

NOTE - Commutation may occur between any two converter arms, including the connected a.c. phases, between a
converter arm and a by-pass arm, or between any two paths in the circuit.

5.6.1
line commutation
method of commutation whereby the commutating voltage is supplied b

5.7
commutating group

NOTE - In the case of a bridge, a commutating group is compoé
d.c. terminal. In certain cases, e.g. when large currents and/o
commutation in the two commutating groups belonging to t

5.8
commutation inductance
total inductance included in the commu

5.9
pulse number p

symmetrical com
NOTE — The pulse n

5.10

capacitor‘commutated converter
converterNin which series capacitors are included between the converter transformer and the
valve§ (see Figure 13a)

512

controlled series capacitor converter

converter in which series capacitors are inserted between the a.c. filter bus and the a.c.
network (see Figure 13b)
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5.13
commutating voltage
voltage which causes the current to commutate

[SOURCE: IEC 60500-551:1998, 551-16-02]

5.14

controlled capacitor commutated converter

converter in which controlled series capacitors are included between the converter transformer
and the valves

5.15

series capacitor converter
converter in which fixed series capacitors are inserted between the AC and the AC
network

6 Converter units and valves

6.1

converter (unit)
indivisible operative unit comprising all equipment betwee S common coupling on
the AC side (see 8.24) and the point of common ceypli 3.25), essentially one or
more converter bridges, together W|t nsformers, converter unit

conversion (see Figure 3)

6.2
(converter) bridge

NOTE — The term “bridge”
circuit (see 5.3).

6.2.1

6.3

valve
complete operative contrallable or non-controllable valve device assembly, normally conducting
in only one, direction ’(the forward direction), which can function as a converter arm in a
converter bridge

6.3.1
single valve (unit)
single structure comprising only one valve

6.3.2
multiple valve (unit) (MVU)

single structure comprising more than one valve

NOTE — Examples of multiple valve units are double valves, quadrivalves and octovalves with two, four and eight
series-connected valves respectively.

6.4
main valve
valve in a converter arm
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6.5

by-pass valve
valve in a by-pass arm

6.6

thyristor module
part of a valve comprising a mechanical assembly of thyristors with their immediate auxiliaries
but without valve reactors

Note 1 to entry: Thyristor modules may be elements in the construction of a valve, and/or be interchangeable for.
maintenance purposes.

6.7

reactor module
part of a valve, being a mechanical assembly of one or more reactg 2 ome valve
designs

NOTE - Reactor modules may be elements in the construction of a valve.

6.8

valve section
electrical assembly, comprising a number of thyristor
prorated electrical properties of a complete valve

epfs, which exhibits
NOTE - This term is mainly used to define a test object for

6.9

(valve) thyristor level

part of a valve comprising a thyristor,
immediate auxiliaries, and reactor, if a

anected in parallel, together with their

6.10

valve support

that part of the valve
the valve from e

pports and electrically insulates the active part of

Note 1 to entry: A part ¢f
in all designs of valveg/

dentifiable in a discrete form to be a valve support may not exist

6.11
valve strusture

structura of a\yvalve, required in order to physically support the valve modules

6.12
valve base electronics
VBE

electronic unit, at earth potential, providing the electrical to optical conversion between the
converter control system and the valves

Note 1 to entry:  This note applies to the French language only.

6.13
| ~"  valve electronics

electronic circuits at valve potential(s) which perform control and protection functions for one or
more valve levels

6.14
valve arrester
arrester connected across a valve (see figure 3)
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6.15

converter unit arrester
arrester connected across the d.c. terminals of a converter unit (see figure 3)

6.16

converter unit d.c. bus arrester
arrester connected from the high-voltage d.c. bus of the converter unit to substation earth (see
figures 3 and 7)

6.17

midpoint d.c. bus arrester
arrester connected between the midpoint of the two 6-pulse bridges of a
unit and substation earth (see figure 7)

-pulse conyerter

NOTE - In some HVDC substation designs, two twelve-pulse converter units are congé i i In this case,
the midpoint d.c. bus arrester at the upper twelve-pulse converter unit is not conng a earth but to
the high-voltage d.c. bus of the lower twelve-pulse converter unit.

6.18
valve reactor
reactor(s) connected in series with the thyristors in a va

6.19

converter transformer

transformer through which energy is tra
bridges or vice versa (see figure 3)

q_a.c. system to one or more converter

6.19.1
line side windings

converter transforfer
6.19.2

valve side winding
converter transfo
converter bridge

ected to the a.c. system

are connected to the a.c. terminals of one or more

6.20
by-pass sv
mechanical pe witching device connected across the d.c. terminals of one or more
converter bridges hunt the bridge(s) during the turn-off procedure of the bridge(s) and to
commutatécurrent to the by-pass arm or a by-pass pair during the turn-on procedure of the
bridge(s)\(see figure 3)

NOTE <A by-pass switch may also be used for prolonged shunting of the bridge(s).

6:21

valve module

part of a valve comprising a mechanical assembly of thyristors with their immediate auxiliaries
and valve reactor(s)

6.22

redundant levels

maximum number of series connected thyristor 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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6.23
valve anode terminal
valve terminal at which the forward current flows into the valve

6.24

valve cathode terminal
valve terminal at which the forward current flows out of the valve

7 Converter operating conditions

71
rectifier operation; rectification
mode of operation of a converter or an HVDC substation when energy 4 red-from the

a.c. side to the d.c. side

7.2

inverter operation; inversion

mode of operation of a converter or an HVDC substation
d.c. side to the a.c. side

ansferred from the

7.3
forward direction; conducting directign (of a
the direction in which a valve is capablé okcondut

ard direction

7.4
reverse direction; non-conducting direct
the reverse of the conducting direction

7.5
forward current

current which ro@r \

7.6
reverse current
current which

7.7
forward wQ
voltage appli e anode and cathode terminals of a valve or an arm when the anode

is positive with.respectto the cathode

7.8

reverse voltage

voltage applied between the anode and cathode terminals of a valve or an arm when the anode
is“negative with respect to the cathode

7.9
conducting state; on-state

conditiomof @ vatvewhenm thevatve exhibits—atow Tesistance (the—vatve vottageforthis
condition is shown in figure 6)

7.10
valve voltage drop
voltage which, during the conducting state, appears across the valve terminals
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7.1
non-conducting state; blocking state
condition of a valve when all thyristors are turned off

7.11.1

forward blocking state; off-state
non-conducting state of a controllable valve when forward voltage is applied between its main
terminals (see figure 6)

7.11.2

reverse blocking state

non-conducting state of a valve when reverse voltage is applied between its main tefmihals
(see figure 6)

7.12
firing
establishment of current in the forward direction in a valve

713
(valve) control pulse

7.14
(valve) firing pulse

7.15
converter blocking

NOTE - This action may al

7.16 <>
converter deblocki

operation permitting

717
valve blogkiny
operatio

7.18
valve deblocking
operatiofipermitting firing of a controllable valve

7.19

phase control

process of controlling the instant within the cycle at which forward current conduction in a
controllable valve begins

7.20

(trigger) delay angle

(firing) delay angle «

time, expressed in electrical angular measure, from the zero crossing of the idealized
sinusoidal commutating voltage to the starting instant of forward current conduction (see
figure 4)



https://iecnorm.com/api/?name=962d43b8de69657941833f51c354898f

IEC 60633:1998+AMD1:2009 -17 -
+AMD2:2015 CSV © IEC 2015

7.21

(trigger) advance angle 8

(firing) advance angle 8

time, expressed in electrical angular measure, from the starting instant of forward current
conduction to the next zero crossing of the idealized sinusoidal commutating voltage

The advance angle fis related to the delay angle e by =1t — «(see figure 4).

7.22

overlap angle u

duration of commutation between two converter arms, expressed in electrical angular measure
(see figures 4 and 5)

7.23

extinction angle y
time, expressed in electrical angular measure, from the end of cur
zero crossing of the idealized sinusoidal commutating voltage. y
S and the overlap angle x and is determined by the relation y= £

7.24
hold-off interval

shown in figure 5.

7.24.1
critical hold-off interval

7.25

conduction int

that part of a cycleuduri in the conducting state (see figure 6)

7.26

blocking int

that part of a‘\cycle a valve is in the non-conducting state (see figure 6)

7.27

forward blocR :

that part of the' b ing interval during which a controllable valve is in the forward blocking

state (see_figure 6)

7.28

reverse blocking interval

that part of the blocking interval during which a valve is in the reverse blocking state (see
figure 6)

7.29

false firing
misfiring
firing of a valve at an unintended instant

7.30
firing failure
failure to achieve firing of a valve during the entire forward voltage interval
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7.31

commutation failure

failure to commutate the forward current from the conducting converter arm to the succeeding
converter arm

7.32

short-circuit ratio (SCR)

ratio of the a.c. network short-circuit level (in MVA) at 1 p.u. voltage at the point of connection
to the HVDC substation a.c. bus, to the rated d.c. power of the HVDC substation (in MW)

NOTE - The present definition of SCR differs from the definition given in IEC 60146-1-1.

7.33

effective short-circuit ratio (ESCR)
ratio of the a.c. network short-circuit level (in MVA) at 1 p.u. voltage a
to the HVDC substation a.c. bus, reduced by the reactive power of
and a.c. filters connected to this point (in Mvar), to the rated d.c. po
(in MW)

7.34
triggering; gating

7.35

operating state
condition in which the HVDC substatis
nonzero active or reactive power outpu
network

7.36
blocked state
condition in which all va

7.37 Q

valve voltage

8.1

HVDC system
electrical power system which transfers energy in the form of high-voltage direct current
between-two or more a.c. buses

8.2
HVDC transmission system
HVDC system which transfers energy between two or more geographic locations

8.2.1

HVDC transmission system consisting of two HVDC transmission substations and the
connecting HVDC transmission line(s) (see figure 8)

8.2.2

multiterminal HVDC transmission system (MTDC)

HVDC transmission system consisting of more than two separated HVDC substations and the
interconnecting HVDC transmission lines (see figures 9 and 10)
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8.2.3
HVDC back-to-back system
HVDC system which transfers energy between a.c. buses at the same location

8.3

unidirectional HVDC system
HVDC system for the transfer of energy in only one direction

Note 1 to entry: Most HVDC systems are inherently bidirectional. However, some systems may be optimized to
transmit power in only one preferred direction. Such systems may still be considered as “bidirectional”.

8.4
bidirectional HVDC system
HVDC system for the transfer of energy in either direction

Note 1 to entry: A multiterminal HVDC system is bidirectional if one or more substatjo

8.5

(HVDC) (system) pole
part of an HVDC system consisting of all the equipmen
interconnecting transmission lines, if any, which during no
direct voltage polarity with respect to earth (see figure 8

8.6
(HVDC) (system) bipole

hich consists of one or more converter units installed in a single
location togethe W|th buildings, reactors, filters, reactive power supply, control, monitoring,
protective, measuring’and auxiliary equipment (see figure 7)

NOTE —,AovHVDC substation forming part of an HVDC transmission system may be referred to as an HVDC
transmissien substation.

8.9:1

(HVDC) tapping substation

HVDC substation, mainly used for inversion, with a rating which is a small fraction of that of the
rectifier(s) in the system

8.10
(HVDC) substation bipole
that part of a bipolar HVYDC system contained within a substation

8.11
(HVDC) substation pole
that part of an HVDC system pole which is contained within a substation (see figure 8)
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8.12

HVDC transmission line

part of an HVDC transmission system consisting of a system of overhead lines and/or cables.
The HVDC transmission lines are terminated in HVDC substations (see figure 8).

8.13
HVDC transmission line pole
part of an HVDC transmission line which belongs to the same HVDC system pole

8.14

earth electrode
array of conducting elements placed in the earth, or the sea, which provide
path between a point in the d.c. circuit and the earth and is capable of
current for some extended period (see figure 7)

a low resistance
ing eontinuous

NOTE 1 — An earth electrode may be located at a point some distance from the HVD

NOTE 2 — Where the electrode is placed in the sea it may be termed a sea elecfrode

8.15

earth electrode line
insulated line between the HVDC substation d.c. neut
figure 7)

8.16

symmetrical monopole
part of an HVDC system consisting o
interconnecting transmission lines, if a
opposite direct voltage polarltles wit
converters in each convertg

he HVDC substations and the
normal operation exhibits equal and
y but without series connection of

Note 1 to entry: The term
because with only one con

term “bipole”.

817

Note 1 to entry

8.18
symmetrical monepoiar (HVDC) system
HVDC system with only one symmetrical monopole

8.19

earth return

operation mode in which the return current path between neutrals of the HVDC substations is
through the earth

8.20

metallic return
operation mode in which the return current path between neutrals of the HVDC substations is
through a dedicated conductor

Note 1 to entry: The metallic return conductor may be either a dedicated neutral conductor or another high voltage
conductor.
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8.21

series converter configuration

converter configuration which consists of two or more converters connected in series on DC
side and located in the same substation and connected to the same AC and DC transmission
system

8.22

unitary connection

HVDC system where only one generator is directly connected to an HVDC system through a
specific converter and without any other AC component except for an assigned step-up
transformer

8.23

isolated generating system
HVDC system in which several generators are directly connected
through one or more specifically assigned step-up transformers
network connection

8.24

point of common coupling

PCC

point of interconnection of the HVDC converter statiof

Note 1 to entry: This note applies to the Frenchanguage

8.25

point of common coupling — DC side

PCC-DC

point of interconnection of conver atiomfo the DC transmission line

Note 1 to entry: This note a

9 HVDC sub

9.1

filter design juce the monic voltage at the AC bus and the flow of harmonic current
into the agsocCi and to prevent amplification of background harmonics on the AC

reactor-eonnected in series with a converter unit or converter units on the d.c. side for the
primary.purpose of smoothing the direct current and reducing current transients (see figure 7)

9.3
d.c. reactor arrester
arrester connected between the terminals of a d.c. reactor (see figure 7)

94

DC harmonic filter

filter which, in conjunction with the d.c. reactor(s) and with the d.c. surge capacitor(s), if any,
serves the primary function of reducing (current or voltage) ripple on the HVDC transmission
line and/or earth electrode line (see figure 7)
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9.5

d.c. damping circuit

combination of circuit elements which serve to reduce voltage transients and/or change
resonance conditions on the d.c. line (see figure 7)

9.6

d.c. surge capacitor

capacitor array connected between the d.c. line and the substation earth (directly or indirectly)
to serve the primary function of reducing the amplitude and steepness of lightning surges
applied to the substation equipment (see figure 7)

9.7
d.c. bus arrester

disconnector) and the substation earth (see figure 7)

9.8
d.c. line arrester

figure 7)

9.9
HVDC substation earth

the equipment in the HVDC substatio
currents of momentary duration (see fig

9.10

9.11
(d.c.) neutral bu reste

earth return transfer breaker (ERTB)

earth return transfer switch (ERTS)

switching device used to transfer d.c. current from a metallic return path to an earth return path
(see\figure 7)

NOTE - In some applications, this function is performed by a by-pass switch (see figure 3).

9.14
AC high frequency (HF) filter

fitteromthe—AC side—of aTonverter; designed—to preventconverter-generated—tigh—frequency
(HF) harmonics from penetrating into the AC system

9.15

DC high frequency (HF) filter

filter on the DC side of a converter, designed to prevent converter-generated high frequency
(HF) harmonics from penetrating into the DC system
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Note 1 to entry: DC high frequency filters may be located at the high-voltage or low-voltage (neutral) terminals of
the converter.

9.16
neutral bus switch (NBS)

fran

o))
[¢)]

wibaebHa-a—deasd Ha-a-a—t
SWITCTI Ty uTvToCoasSTU—to—talt

earth return path

Note 1 to entry: This note applies to the French language only.

9.17

neutral bus grounding switch (NBGS)

switching device used to transfer DC current from a fault on the ne bus of\neutral

conductor into station ground

Note 1 to entry: This note applies to the French language only.

10 Modes of control

10.1
control mode
manner in which a converter unit, pole, or HVDC substatipn is>¢on d in order to maintain

one or more electrical quantities at desired valueg

Note 1 to entry: The desired values may ch of as-a fun@on of measured quantities and defined

priorities.

ge W

10.2
d.c. voltage control modg
control of the DC voltage In

10.3
current controle
control of the d.c.>cdrpe
10.4

active powert
control of the
AC netwofR

10.5
reactive power con
control of the reactive power exchanged between a converter unit, or HVDC substation and the
connected-a.c. network

10.6

frequency control mode

control of the frequency of the connected AC network by varying the active power exchanged
between an HVDC substation and the connected AC network

10.7

damping control mode

supplementary control mode providing the damping of power oscillations in one or more
connected AC networks

10.8
AC voltage control mode
control of the AC voltage of the AC network connected to an HVDC substation
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10.9

islanded network operation mode
control mode in which the HVDC substation is connected to an islanded AC network

10.10

SSTI damping control mode
supplementary control mode providing the damping of critical frequencies of an (electrical)
nearby generator

11 Control systems

11.1

(HVDC) control system
function of, or the equipment used for, controlling, monitoring or
equipment, such as circuit breakers, valves, converter transforme
forming part of an HVDC system

11.2
HVDC system control

11.2.1
multiterminal control

NOTE — When.the HVDC system has no bipole(s) but one or more poles, the pole control interfaces with the HVDC
system control.

116
(HVDC) substation control
control system used for the controlling, monitoring and protection within an HVDC substation

NOTE — HVDC substation control may be implemented at the bipole and/or pole level and may be referred to as
local control.

11.6.1
(HVDC) substation bipole control
control system of a substation bipole (see figure 12)

11.6.2
(HVDC) substation pole control
control system of a substation pole (see figure 12)
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1.7

converter unit control

control system used for the controlling, monitoring and protection of a single converter unit
(see figure 12)

11.7.1

converter unit sequence control

part of the converter unit control which co-ordinates the operation of the converter unit firing
control, transformer tap changer control, monitoring and protection, and which controls the
sequence of action during any change in the operating conditions of the associated converter
unit

11.7.2
converter unit firing control
part of the converter unit control for timing the intended firing of the va

11.7.3
converter unit tap changer control
part of the converter unit control for controlling the converte

11.7.4
converter unit monitoring
part of the converter unit control which

11.7.5
converter unit protection

11.8

valve control unit
VCU

electronic unit, a r
valves

11.8.2
valve(control) monitoring
part.of the valve control which monitors valve status

11.8.3
valve (control) protection
part of the valve control which protects the valve by initiating, or disabling valve firing

1.9

integrated AC/DC system control

control system which governs the integrated operation of AC and HVDC systems of a power
system

Note 1 to entry: This control system is under the responsibility of the system operator.
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12 Control functions

12.1
equal delay angle control; individual phase control

mathad-aof-caonteallina-capnaratabhrthao valvua caontral aulconc o
TrCTToOT OT o O g~ St paratCry thic—vary T COTTtr o p oo o0

crossings of the commutation voltages

T

ialva b fionaina framn th
T T

a
Ve oy g T Ot

12.2

equidistant firing control

method of controlling the valve control pulses whereby, in steady state, the delay between ja
control pulse and the previous control pulse is equal for all valves, irrespective of unbalance or
distortion in the commutating voltages

12.3

a control
control of the delay angle between a minimum and maximum
implement a control mode

ed e désign, to

12.4
minimum « control
control of the delay angle to prevent it from decreasing bélow a'set m value

12.5

y control
control of the extinction angle between g Ix
implement a control mode at an inverte

12.6
minimum y control
control of the extinctio

12.7
control order

(d.c.) voltage (control) order
referencevalue of the voltage to a voltage regulator (see figure 11)

12.8

current margin

in an HVDC pole with two ends, the difference between the current order at the rectifier and the
inverter (see figure 11)

NOTE - The rectifier has always a higher current order than the inverter in a two-terminal HVDC transmission

4
SysStem-

12.9
voltage dependent current order limit (VDCOL)
limitation of the current order as a function of the d.c. voltage
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12.10

pole (current) balancing

control action to balance the currents in the two poles of a bipole system, in order to limit the
amplitude of the differential current that flows between the neutrals of the HVDC system

No. Symbol Description
1 XZ Non-controllable valve or arm
2 EZ Controllable valve or arm

3 i Non-controllableyge\

4 &tZ Qntr\able br{dge

IEC 1672/98
NOTE 1 — Symbols 2 and 4 age use eaning of valve, arm, or bridge, irrespective of
controllability.
NOTE 2 — The above symb i 6 vice of which a valve, arm, or bridge is composed.
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5.4 ‘\ 5.5.2

Key

A AC terminals

B DC terminals

5.4 Converter arm or valve

- [
Py ‘ Il
%\ ‘ |
|
! \
! |
|
i |
Q | } —— 6.20
‘ |
|
|
A ; |
| 1
/ | |
|
i |
| |
|
RV
| |
° o : ° o)
614 — 4TI B
6.16
6.2
= 99 IEC 1674/98
Key
A AC terminals 6.16 Converter unit d.c. bus arrester
B DC terminals 6.19 Converter transformer
6.2 Bridge 6.20 By-pass switch
6.14 Valve arrester 9.9  Substation earth

6.15 Converter unit arrester

Figure 3 — Example of a converter unit
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“ 7.22 [ — o ——
720 ¢ — | (el

Uvph o~
~
Y

~TR0Y,
N

Y

Key

uvph Phase voltage
Ug Commutating voltage

7.2 Inverter operation
7.20 Delay angle «

t

IEC 1675/98

iy Valve currents
t Time
7.1 Rectifier operation

7.21 Advance angle
7.22 Overlap angle u
7.23 Extinction angle y

Figure 4 — Commutation process at rectifier and inverter modes of operation
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u, | 7.21

7.22 7.23

Figure 5a - Valve idealised

IEC 1 676/98

Figure 5b - Real valve

—

t
IEC 1677/98

7.21 Advance angle g
7.22 Overlap angle
7.23 Extinction angle y
7.24 Hold-off interval

Figure 5 — lllustrations of commutation in inverter operation
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A
7.7 7.11.1;7.27
7.11.2;7.28 /
., — f
d
0 t o
Figure 6a - Rectifier operation
CEAN
)y N
p / R N/ |
7.11;7.26 \ M
IEC 1678/98
- (\\V 2/ N _
, A (O o
N )
O S |
Fi ’
gure 6b - Inverter operation NUAL J
0 t o
8 7.11.1;7.27

L 7.11.2;7.28

IEC 1679/98

Key
t Time 7.11 Non-conducting state
to Firing instant 7.11.1 Forward blocking state
7.7 Forward voltage 7.11.2 Reverse blocking state
7.8 Reverse voltage 7.25 Conduction interval
7.9 Conducting state 7.26 Blocking interval
7.27 Forward blocking interval
7.28 Reverse blocking interval

Figure 6 — Typical valve voltage waveforms
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IEC 1680/98

Key

AC system
DC terminal
Converter unit (p = 6 DC damping circuit

DC surge capacitor

DC bus arrester

DC line arrester

Substation earth

DC neutral bus surge capacitor

DC neutral bus arrester

Metallic return transfer breaker (MRTB)
Earth return transfer breaker (ERTB)

Prooo00wm>
PG I YN
hPrONO®

wWN -0

©L0 @
N
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. A
\
|
\
\
[
\
\
\
\
\
\
\
\
\
\
\
\
\
IEC 1681/98

Key

A AC system

8.5 HVDC system pole

8.11 Substatiof pole

Figure 8
,,,,,,,,,,,,,, |

8.12 / IEC 1682/98

Key

A AC system
8.9 HVDC substations
8.12 HVDC transmission line

Figure 9 — Example of a multiterminal bipolar HVDC transmission system
with parallel connected HVDC substations
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I G

Key

A AC system
8.9 HVDC substations
8.12 HVDC transmission ling

Figure 10 — Example of a

IEC 1683/98

mission system
bstations

Key

Uy Direct voltage 12.7.2
Direct current 12.8

lg
12.7.1 (a) Current order (rectifier)
12.7.1 (b) Current order (inverter)

"d
IEC 1684/98

Voltage order (rectifier)
Current margin

Figure 11 — A simplified steady-state voltage-current characteristic
of a two-terminal HVDC system
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Integrated AC/DC
a.c./d.c. system control system
level
11.2/11.3 Y
HVDC system/master Area
control level
Mamier g N Y
Bipole/substation WDC
control jon)
pole level
11.5/11.6.2

(Substation)
pole control

HvVDC
(substation)

pole level

Converter [ \62nverter Converter Converter
unit unit unit unit
contr@ control control level
N
6.2
& | |
Q B IEC 1685/98

Key

6.2 (Converter) bridge
112\ HVDC system control
143 (HVDC) master control

11.4 (HVDC system) bipole control

(HVDC system) pole control

(HVDC) substation bipole control

11.5

11.6.1

11.6.2 (HVDC) substation pole control
11.7

Converter unit control
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= IEC 85209
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Figure 13a — Capacitor commutated converter (CCC)

I/‘/I/‘\I)/I
™~ ™~
™~
L1 Ll

| U (N
N\

_( iﬁ} e

IEC 853/09

Key

1 a.c. system e,m.f. 6 overvoltage limiter
2 a.c. system{impeda 7 capacitor

3 a.c. system bus 8 thyristors

4 a.c. filters 9 converter bridges
5 converter transformer 10 d.c. reactor

Figure 13 — Capacitor commutated converter configurations
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TERMINOLOGIE POUR LE TRANSPORT D'ENERGIE
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TERMINOLOGIE POUR LE TRANSPORT D'ENERGIE
EN COURANT CONTINU A HAUTE TENSION (CCHT)

1 Domaine d’application

La présente Norme internationale définit les termes relatifs aux systémes de transport de
puissance en courant continu a haute tension (CCHT), et aux postes CCHT utilisant.'des
convertisseurs électroniques de puissance pour la conversion du courant alternatif en eourant
continu ou vice versa.

réseau, basés le plus souvent sur le schéma en pont triphasé (deu
lequel des valves électroniques unidirectionnelles, comme les va
utilisées.

ductetirs, sont

2 Reéférences normatives

IEC 60027 (toutes les parties), Symbolgs Iix

IEC 60050-551, Vocabula
de puissance

IEC 60146-1-1, ' ;
1: Spécifications des

neérnational — Partie 551: Electronique

3 Symboles et abréviations

Cetteliste ne comporte que les symboles les plus fréquemment utilisés. Des listes plus
completes des symboles adoptés pour les convertisseurs statiques se trouvent dans
["IEC 60027 et les autres normes indiquées dans les références normatives et la bibliographie.

3.1 Liste des symboles littéraux

Uy tension continue (toute valeur définie)
Ugo tension continue nominale a vide

Ugio tension continue fictive a vide (ou idéale)
Ugn tension continue nominale

U, tension entre phases co6té réseau du transformateur de convertisseur, valeur
efficace tenant compte des harmoniques

Uln valeur nominale de U
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