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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THYRISTOR VALVES FOR THYRISTOR CONTROLLED
SERIES CAPACITORS (TCSC) - ELECTRICAL TESTING

FOREWORD

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

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

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

In order to promote internationalcuniformity, IEC National, Committees wndertake to apply IEC Publications
transparently to the maximum' extent possible/in ‘their ‘national "and' regional ‘publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification-bodies:

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

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

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

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

International Standard IEC 62823 has been prepared by subcommittee 22F: Power electronics
for electrical transmission and distribution systems, of IEC technical committee 22: Power
electronic systems and equipment.

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

CDV Report on voting
22F/342/CDV 22F/354A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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THYRISTOR VALVES FOR THYRISTOR CONTROLLED
SERIES CAPACITORS (TCSC) - ELECTRICAL TESTING

1 Scope

This International Standard defines routine and type tests on thyristor valves used in thyristor
controlled series capacitor (TCSC) installations for AC power transmission.

The tests specified in this International Standard are based on air insulated valves operating
in capacitive boost mode or bypass mode. For other types of valve and for a valve operating
in inductive boost mode, the test requirements and acceptance criteria are agreed between
purchaser and supplier.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60071-1, Insulation co-ordination — Rart 1:.Definitions, principles and rules
IEC 60071-2, Insulation co-ordinatiom:=-Rart2:iApplication-guide

IEC 60270, High-voltage test techniques — Partial discharge measurements

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

thyristor valve

electrically and mechanically combined assembly of thyristor levels, complete with all
connections, auxiliary components and mechanical structures, which can be connected in
series with each phase of the reactor of a TCSC

3.2

valve section

electrical assembly, comprising a number of thyristors and other components, which exhibits
prorated electrical properties of a complete valve

Note 1 to entry: This term is mainly used to define a test object for valve testing purposes.

3.3

thyristor level

<of a valve> part of a valve comprising an anti-parallel connected pair of thyristors together
with their immediate auxiliaries, and reactor, if any
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3.4

redundant thyristor levels, pl

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

3.5
valve arrester
arrester connected across a valve

3.6

valve electronics

VE

electronic circuits at valve potential(s) that perform control functions

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

3.7

valve interface electronics unit

electronic unit which provides an interface between the control equipment, at earth potential,
and the valve electronics or valve devices

Note 1 to entry: Valve interfacej electronics units,yif iused, are jtypically' located atjearth potential close to the
valve(s).

Note 2 to entry: The term “valve base electronics’ (VBE) isyalso used, to designate this unit.

3.8

thyristor-controlled series capacitor bank

TCSC bank

assembly of thyristor valves, reactor(s), capacitors, “and associated auxiliaries, such as
structures, support insulators, switches, and protective devices, with control equipment
required for a complete operating installation

3.9
TCSC reactor
one or more reactors connected in series with the thyristor valve

SEE: Figure 1, item 4.

3.10

valve enclosure

platform-mounted enclosure containing thyristor valve(s) with associated valve cooling and
electronic hardware

3.11
temporary overload
short-term overload capability of the TCSC at rated frequency and ambient temperature range

SEE: Figure 5.

Note 1 to entry: Temporary overload is typically of several seconds duration, less than 10 s.

3.12

valve protective firing

means of protecting the thyristors from excessive voltage by firing them at a predetermined
voltage
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3.13

line current

i

power frequency line current

SEE: Figure 2.

3.14

rated current

IN

RMS line current (/) at which the TCSC should be capable of continuous operation with rated
reactance (Xy) and rated voltage (Uy)

3.15

valve current

Iy

current through the thyristor valve

SEE: Figure 2.

3.16

bypass current

current flowing through the thyristor valve in parallel with the series capacitor, when the series
capacitor is bypassed

3.17

capacitor voltage

Uc

voltage across the TCSC
SEE: Figure 2.

3.18

nominal reactance

AN

nominal power frequency reactance for each phase of the TCSC with nominal boost factor

3.19

rated TCSC voltage

UN

power frequency voltage across each phase of the TCSC that can be continuously controlled
at nominal reactance (Xy), rated current (I/y), nominal power frequency, and ambient
temperature range

3.20

apparent reactance

X(a)

TCSC apparent power frequency reactance as a function of thyristor control angle (a)

SEE: Figure 3, Figure A.1 and Formula A.1.

3.21

rated capacitance

CN

capacitance value for which the TCSC capacitor has been designed
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3.22

physical reactance

Xc

power frequency reactance for each phase of the TCSC bank with thyristors blocked and a
capacitor internal dielectric temperature of 20 °C

Xc =1f(on-Cn)

3.23

boost factor

kg

the ratio of apparent reactance X(a) divided by physical reactance X

kB = X(O!) /XC

3.24

conduction interval

o

part of a half of a power frequency cycle during which a thyristor valve is in the conducting
state

o =24
SEE: Figure 3.

3.25

control angle

a

time expressed in electrical angular measure from the capacitor voltage (Ug) zero crossing to
the starting of current conduction through the thyristor valve

SEE: Figure 3.

3.26
internal fault
line fault occurring within the protected line section containing the series TCSC subsegment

3.27
external fault
line fault occurring outside the protected line section containing the series TCSC subsegment

4 TCSC valve and valve operation in general

4.1 TCSC installation and TCSC valve

Transmission line series reactance can be compensated by combinations of fixed series
capacitors (FSC) and TCSC based controllable segments, as shown in Figure 1. A TCSC
subsegment uses a thyristor-controlled reactor (TCR) in parallel with a capacitor bank with the
rated capacitance Cp, as shown in Figure 2. The thyristor valve used in this TCSC
subsegment is a TCSC valve (See Figure 1, item 5).
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TCSC unit 8 Discharge current limiter, if applicable
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TCSC thyristor valve 12 External isolating switch
TCSC subsegment 13 External earth switch
Capacitor arrester 14 Additional FSC unit when required
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Figure 1 — Typical connectionjand nomenclature of a TCSC installation
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TCSC reactor (L)

Thyristor valve

IEC

Figure 2 — TCSC subsegment
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4.2 TCSC valve current and voltage at capacitive boost operation

4.21 General

Even if a TCSC valve can be, theoretically, operated in an inductive boost mode, this
operation is not used in practice in a TCSC installation due to the system compensation need
and other limitations. Capacitive boost operation mode is a used operation mode of a TCSC
valve.

4.2.2 Waveshapes of valve current and voltage in capacitive boost operation

At a sinusoidal line current and voltage (see Figure 3 a)), the capacitive boost operating of a
TCSC valve leads to a deformed sinusoidal current flow through the capacitor bank, C, and
TCSC valve (see Figure 3 b)). This current boosts the fundamental frequency voltage drop
across the TCSC subsegment.

The waveform of the thyristor valve voltage in a TCSC is shown in Figure 4.

2 2
0 Boosting factor = 1,0 0 Boosting factor = 2,0
1,5 1,5
) ic=iLtiy
I
W iT¢d | 4 /\/
1,0 1,0
! it
% 05 %05 iy
1] O
=" . 2 y . \Db2d
g — & | 3 g
N N
g £
2-05 S-05 1y -
-1,0 \ -1,0 \\ \/
Uc at o = 180° Uc atja = 145°
-1,5 -1,5
-2,0 -2,0
0 90 180 270 360 0 90 180 270 360
. o H o)
Electric angle (°) Ec Electric angle (°) Ec
a) Capacitor bank voltage U, b) Capacitor bank voltage U,
and current i, at o =180° and current i at a = 145°

Figure 3 — TCSC steady state waveforms for
control angle a and conduction interval ¢
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Valve voltage
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Figure 4 — Thyristor valve voltage in a TCSC
4.2.3 Formulas for TCSC valve current and voltage stresses calculation
4.2.31 Capacitive boost operation mode

In TCSC capacitive boost operation mode, the TCSC valve current follows the formulation
below:

22 cos f3
iy =(-=1)"- L .|cosay t———L—.cosA-ay -t |, nr—f<oytsnr+
iy =(-1) /12_1( N o a8 N J B < oy B
iy =0 nrx+f<oyt<@m+1)yr-p

n=0,1,2,3, ...
where
A is the ratio of TCSC subsegment LC branch natural frequency and AC system power
1
frequency, 1 = ——;
oN-VL-C

i is the AC system line current;

oy nominal angle frequency of AC system;

y/j is half of the maximum conduction angle of TCSC valves in one direction for capacitive
boost at i .
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