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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VOLTAGE SOURCED CONVERTER (VSC)
VALVES FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)
POWER TRANSMISSION — ELECTRICAL TESTING

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stahdardization comprising
all national electrotechnical committees (IEC National Committees). The objet of IEC\is to promote

international co-operation on all questions concerning standardization in the electyi d-electrQnic fields. To
this end and in addition to other activities, IEC publishes International Standaxds S cifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e € “IEC
Publication(s)”). Their preparation is entrusted to technical committees; an terested

in the subject dealt Wrth may partrcrpate in this preparatory Work nati gntal and non-

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte e 8 Qs possible, an international
consensus of opinion on the relevant subjects since eac i S ittee hags representation from all
interested IEC National Committees.

3) IEC Publications have the form of recomm
Publications is accurate, IEC cannot be keld
misinterpretation by any end user.

4) In order to promote international uniformi

the latter

5) IEC itself does not prow e i ity.) Independent certification bodies provide conformity
assessment services arnd,N \ 3 marks of conformity. IEC is not responsible for any
services carried o : i i

6) All users should 3 test edition of this publication.

7) No liability shall atta E i i employees, servants or agents including individual experts and
members of its techwisal commi National Committees for any personal injury, property damage or
other damage of{an 8 whether direct or indirect, or for costs (including legal fees) and

expenses ari
Publication

use of, or reliance upon, this IEC Publication or any other IEC
8) Attentiop~ 1 tive references cited in this publication. Use of the referenced publications is

9) Attention wQ to\the~possibility that some of the elements of this IEC Publication may be the subject of
patent rights. ¥=C shalNnot be held responsible for identifying any or all such patent rights.

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

IEC 62501 edition 1.2 contains the first edition (2009-06) [documents 22F/185/FDIS and 22F/193/
RVD], its amendment 1 (2014-08) [documents 22F/299/CDV and 22F/316A/RVC] and its
amendment 2 (2017-09) [documents 22F/438/CDV and 22F/457/RVC].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available in this
publication.
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IEC 62501 has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic
systems and equipment.

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

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

o replaced by a revised edition, or
e amended.

ation indicates
t understanding
colour printer.

IMPORTANT - The “colour inside” logo on the cover page

that it contains colours which are considered to b ubNor
of its contents. Users should therefore print this ub/Ligat n
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VOLTAGE SOURCED CONVERTER (VSC)
VALVES FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)
POWER TRANSMISSION — ELECTRICAL TESTING

1 Scope

This International Standard applies to self-commutated converter valves, for use in a three-
phase bridge voltage sourced converter (VSC) for high voltage d.c. power transmission or as
part of a back-to-back link. It is restricted to electrical type and production/fests

valves, the test requirements and acceptance criteria—ng ouldhbe agreed between the

purchaser and the supplier.

2 Normative references

N a N C
.vv |

8N co=grdination

IEC 602 ¢chniques — Partial discharge measurements
IEC 60700-1:2098 2815,” Thyristor valves for high voltage direct current (HVDC) power

IEC 62747, Terminology for voltage-sourced converters (VSC) for high-voltage direct current
(HVDC) systems

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

3 Terms and definitions

For the purposes of this document, the-fellowing terms and definitions given in IEC 62747 and
the following apply.
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3.1 Insulation co-ordination terms

3.1.1

test withstand voltage

value of a test voltage of standard waveshape at which a new valve, with unimpaired integrity,
does not show any disruptive discharge and meets all other acceptance criteria specified for
the particular test, when subjected to a specified number of applications or a specified
duration of the test voltage, under specified conditions

3.1.2

internal insulation
air external to the components and insulating materials of the valve, but contained within the
profile of the valve or multiple valve unit

3.1.3
external insulation
air between the external surface of the valve or multiple valve uni

3.2 Power semiconductor terms

tandard to refer to the main turn-off semiconductor
er types of turn-off semiconductor devices.

For convenience, the term

device. However, the fn

3.213.2.2
insulated gate bq

NOTE By applying apptdpriate gate to emitter voltages, the load current can be controlled, i.e. turned on and
turned off.

3.2.23.2.3

free-wheeling diode

FWD

power semiconductor device with diode characteristic

NOTE 1 A FWD has two terminals: an anode (A) and a cathode (K). The current through FWDs is in the opposite
direction to the IGBT current.

NOTE 2 FWDs are characterized by the capability to cope with high rates of decrease of current caused by the
switching behaviour of the IGBT.

3.2.33.2.4
IGBT-diode pair
arrangement of IGBT and FWD connected in inverse parallel
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3.3 Operating states of converter

3.3-213.3.1
blocking state
condition of the converter, in which a turn-off signal is gpplies X all IGBTs of the
converter

NOTE Typically, the converter is in the blocking

33.223.3.2

de-blocked state
condition of the converter, in which ty
IGBTs of the converter

3.3.2.33.3.3
valve protective blocking

turn-off of all IG@n

3.3.4
voltage step levg

corresponds to the_change ofvoltage caused by switching the complete valve.
3.4 VSC construction terms

3.4.1
VSC phase unit
equipment used to connect the two d.c. busbars to one a.c. terminal

3.4.2

arrangement of IGBT-diode pairs connected in series and arranged to be switched
simultaneously as a single function unit
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3.4.3

controllable voltage source type VSC valve

complete controllable voltage source assembly, which is generally connected between one
a.c. terminal and one d.c. terminal

3:4.33.4.4

diode valve

semiconductor valve containing only diodes as the main semiconductor devices, which might
be used in some VSC topologies

3.4.5

dynamic braking valve
complete controllable device assembly, which is used to control energy ab ion in braking
resistor

3-4.43.4.6
valve

3.4.7
submodule

3.4.8
cell

MMC building block where each switch pgsitign
connected in series

NOTE See Figure A.13

3.4.53.4.9 Q
VSC valve level ‘

smallest indigisibhe funcyi 't of VSC valve

NOTE FoOrany 3 in wRich IGBTs are connected in series and operated simultaneously, one VSC valve
level is one ISBT-dNs luding its auxiliaries (see Figure A.13). For MMC type without IGBT-diode pairs
connected in serie ve level is one submodule together with its auxiliaries (see Figure A.12).

3:4-63.4.10
diode valve level
part of a diode valve composed of a diode and associated circuits and components, if any

34-+43.4.11

redundant levels

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

NOTE In valve designs such as the cascaded two level converter, which contain two or more conduction paths
within each cell and have series-connected VSC valve levels in each path, redundant levels shall be counted only
in one conduction path in each cell.
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