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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization, eani

all
co-

ational electrotechnical committees (IEC National Committees). The object of IEC is to promotesinterr]
bperation on all questions concerning standardization in the electrical and electronic fields. To jthis €

in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
PuRhlicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)")

pre
ma

baration is entrusted to technical committees; any IEC National Committee interested in\the subject de
participate in this preparatory work. International, governmental and non-governmental/organizations

withh the IEC also participate in this preparation. IEC collaborates closely with the International Organiza

Sta

hdardization (ISO) in accordance with conditions determined by agreement betiveen the two organiza

Thg formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interr]
conjsensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Compmittees in that sense. While all reasonable efforts are made tg ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible for ¢he way in which they are used or

mis|

In

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

trarjsparently to the maximum extent possible in their nationalrand regional publications. Any divergence b
any] IEC Publication and the corresponding national or regional publication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con

ass
ser

Al

No
me
oth

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification.bodies.

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

liability shall attach to IEC or its directors, employees, servants or agents including individual expe|
nbers of its technical committeessand”IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg

explenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Publications.

Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica

ind

spensable for the cofrect application of this publication.

IEQ draws attention to/the possibility that the implementation of this document may involve the ussg

pat
res
ma
the

bnt(s). IEC takes'mo position concerning the evidence, validity or applicability of any claimed patent r
bect thereof{As of the date of publication of this document, IEC had not received notice of (a) patent(s

be requifed‘to implement this document. However, implementers are cautioned that this may not re
latest information, which may be obtained from the patent database available at https://patents.iec.

shall not’be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 62501:2024 edition 2.0

the user to identify the changes made to the previous IEC 62501:2009+AMD1:2014
+AMD2:2017 CSV edition 1.2. Furthermore, comments from IEC SC 22F experts are
provided to explain the reasons of the most relevant changes, or to clarify any part of
the content.

prising
ational
nd and
eports,
Their
alt with
iaising
tion for
ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

of (a)
ghts in
, which
resent
h. IEC

allows

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

-6- IEC 62501:2024 CMV © IEC 2024

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. It is an International Standard.

This second edition cancels and replaces the first edition published in 2009, Amendment 1:2014

and A

mendment 2:2017. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Conditions for use of evidence in lieu are inserted as a new Table 1;

b) Td
up
c) A(
by

d) P4
e) M
f) Ve

The tgxt of this International Standard is based on the following documents:

Full in
the al

The |4

st parameters for valve support DC voltage test, 7.3.2, and MVU DC voltage test,
dated;

L-DC voltage test between valve terminals, Clause 9, is restructured and alternative
individual AC and DC voltage tests, added in 9.4.2;

rtial discharge test in routine test program is removed;
pbre information on valve component fault tolerance, Annex B, is added;
Ive losses determination is added as Annex C.

Draft Report onvoting

22F/731/CDV 22F/T48A/RVC

ove table.

nguage used for the development ofthis International Standard is English.

8.4.1,

tests,

formation on the voting for its approval can be found in the report on voting indicated in

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experis/irefdocs. The main document types developed by IEC are
descr|bed in greater detail at'www.iec.ch/publications.

The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related {o the
specific document;2At this date, the document will be

e refonfirmed,

e withdrawn, or

e revised-

IMPORTANT - The "colour inside" logo on the cover page of this document 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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1

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

Scope

This Internahonal Standard applles to seIf-commutated converter valves, for use in a three-

part of a back-to-back link, and to dynamic braking valves. It is restricted to eIectncaI typ
prodution tests.

ocument can be used as a guide for testing of high-voltage VS@)valves used in gnergy
storage systems (ESS). {1

The tgsts specified in this document are based on air insulatedwvalves.FForothertypesofvplves:
The-tpstrequirements—andacceptance—criteria—shouldbe—agreed-between-thepurchasgrand
the-sypphier- The test requirements and acceptance critefia can be used for guidance to specify
the elpctrical type and production tests of other types.6f valves.

2 Normative references

The fgllowing documents are referred to in_the text in such a way that some or all of their cpntent
constjtutes requirements of this document; For dated references, only the edition cited applies.
For Jndated references, the latest™~edition of the referenced document (including any
amenfiments) applies.

IEC 6p060 (all parts), High-voltage test techniques

IEC 6P071 (all parts), [aSulation co-ordination

IEC 6D270, High-voltage test techniques — Partial discharge measurements

IEC 6p700-1s2015, Thyristor valves for high voltage direct current (HVDC) power transmjission

— Part 1: Electrical testing
IEC 6pZ00-1:2015/AMD1:2021

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 terms and definitions given in IEC 62747 and the
following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:



System requirements and operation conditions for VSC valves used in energy storage systems (ESS) are the same or similar to those requirements for VSC valves used in HVDC power transmission systems.

https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927
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C Electropedia: available at https://www.electropedia.org/

O Online browsing platform: available at https://www.iso.org/obp

Insulation coordination terms

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

3.1.2

test voltage, under specified conditions

internal insulation

air ex

ternal to the components and insulating materials of the valve, but contained with

profilg of the valve or multiple valve unit

3.1.3
exter
air be

3.2
3.21

nal insulation
fween the external surface of the valve or multiple valve unit and its surroundings

Power semiconductor terms

turn-off semiconductor device
contrgllable semiconductor device which may be tdrhed on and off by a control sign

exam

Note 1
for HV|
semico

3.2.2

ble an IGBT

to entry: There are several types of turn-off semieonductor devices which can be used in VSC con
DC. For convenience, the term IGBT is used* throughout this standard to refer to the main
hductor device. However, the standard is equally applicable to other types of turn-off semiconductor d

insulated gate bipolar transistor IGBT
turn-gff semiconductor device with-three terminals: a gate terminal (G) and two load terr
emittgr (E) and collector (C)

Note 1

and turhed off.

3.2.3

free-wheeling diode

FWD
powe

Note 1

semiconductor device with diode characteristic

in the

al, for

erters
urn-off
evices.

hinals

to entry: By applying«appropriate gate to emitter voltages, the load current can be controlled, i.e. tujned on

toentry: A FWD has two terminals: an anode (A) and a cathode (K). The current through FWDs s

in the

opposite direction to the IGBT current.

Note 2
the swi

3.2.4

to entry: FWDs are characterized by the capability to cope with high rates of decrease of current caused by

tching behaviour of the IGBT.

IGBT-diode pair
arrangement of IGBT and FWD connected in inverse parallel

3.3
3.3.1

Operating states of converter

blocking state
condition of the converter, in which a turn-off signal is applied continuously to all IGBTs of the
converter


https://www.electropedia.org/
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Note 1

3.3.2

to entry: Typically, the converter is in the blocking state condition after energization.

de-blocked state
condition of the converter, in which turn-on and turn-off signals are applied repetitively to IGBTs

of the

3.3.3
valve

converter

protective blocking

means of protecting the valve or converter from excessive electrical stress by the emergency

turn-o

ff of all IGBTs in one or more valves

3.3.4

voltage step level

voltag
conve

Note 1
of volt
corres

Note 2
3.4
3.4.1

e step caused by switching of a valve or part of a valve during the de-blocked_state
rter

to entry: For valves of the controllable voltage source type, the voltage step level gorr€sponds to the
hge caused by switching one submodule or cell. For valves of the switch type,” the voltage ste
onds to the change of voltage caused by switching the complete valve.

to entry: Annex A gives an overview of VSC converters in HVYDC poweg-trarsmission.

VSC construction terms

VSC phase unit

equip

3.4.2

ment used to connect the two DC busbars to one AC terminal

switc
arran

h type VSC valve
ement of IGBT-diode pairs connected in series and arranged to be sw

simulfaneously as a single function unit

3.4.3

contrpllable voltage source type VSC valve

comp
termir

3.4.4

ete controllable voltage source assembly, which is generally connected between o
al and one DC terminal

diodq valve

semig
be us

3.4.5

onductor yalve containing only diodes as the main semiconductor devices, which
bd in someVSC topologies

of the

Change
b level

tched

he AC

might

dynamic’braking valve
complete controllable device assembly, which is used to control energy absorption in braking
resistor or other components

3.4.6
valve

VSC valve, dynamic braking valve or diode valve according to the context

3.4.7
subm

odule

part of a VSC valve comprising controllable switches and diodes connected to a half bridge or
full bridge arrangement, together with their immediate auxiliaries, storage capacitor, if any,
where each controllable switch consists of only one switched valve device connected in series


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927
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3.4.8

cell

MMC building block where each switch position consists of more than one IGBT-diode pair
connected in series

Note 1 to entry: See Figure A.13.

3.4.9
VSC valve level
smallest indivisible functional unit of VSC valve

Q a e 1n \Whn 0 D are ated si e VSC
valve Igvel is one IGBT-diode pair including its auxiliaries (see Figure A.13). For MMC type without IGBT-diode pairs
ed in series one valve level is one submodule together with its auxiliaries (see Figure A.12).

valve level

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

3.4.11
redundant levels
maximum number of series connected VSC valve levels or diode valve levels in a valve that
may He short-circuited externally or internally without affecting’the safe operation of the|valve
as deonstrated by type tests, and which if and when exceeded,”would require shutdown |of the
valve [to replace the failed levels or acceptance of increasedrisk of failures

Note 1[to entry: In valve designs such as the cascaded two levél/converter, which contain two or more confuction
paths Within each cell and have series-connected VSC valve lévels in each path, redundant levels shall be dqounted
only injone conduction path in each cell.

3.4.12
dynamic braking valve level
part gf a dynamic braking valve comprising a controllable switch and an associated diofde, or
contrgllable switches and diodes connected in parallel, or controllable switches and diodes
conngcted to a—half bridge arrangement, together with their immediate auxiliaries, sforage
capaditor and energy dissipation xesistors, if any

3.5 |Valve structure terms

3.5.1
valve|structure
structpral components of a valve, required in order to physically support the valve modul

[
(7]

3.5.2
valve[support
that pjart.of the valve which mechanically supports and electrically insulates the active part of

the valvefrem—earth

3.5.3

multiple valve unit

MVU

mechanical arrangement of 2 or more valves or 1 or more VSC phase units sharing a common
valve support

Note 1 to entry: A MVU might not exist in all topologies and physical arrangement of converters.


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927
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3.54

valve section

electrical assembly defined for test purposes, comprising a number of valve levels and other
components, which exhibits pro-rated electrical properties of a complete valve

Note 1 to entry: For valves of controllable voltage source type the valve section shall include cell or submodule DC
capacitor in addition to VSC valve levels.

Note 2 to entry: The minimum number of VSC or diode valve levels allowed in a valve section is defined along with
the requirements of each test.

4 General requirements

4.1 Guidelines for the performance of type tests
411 Evidence in lieu

Each design of valve shall be subjected to the type tests specified in this doCument. If the|valve
is demonstrably similar to one previously tested, the supplier may, in lieuof performing a type
test of individual parts of it, submit a test report of a previous type test for consideration by the
purchpser. This should be accompanied by a separate report detailing the differences |in the
design and demonstrating how the referenced type test satisfies the test objectives fpr the
propogsed design. Conditions for use of evidence in lieu are listé€d-h Table 1. |2

Table 1 — Conditions for use of evidence in lieu from another HVDC project

Type test Clause Conditions

Operdtional tests 6 . Equal dpvsmaller number of valve levels to be tested
. Same valve level design
. Same valve electronics design

® Identical or lower voltage stress and thermal stress? ¢n
each valve level

Dielegtric tests on valve support 7 . Identical valve structure, including cooling pipes, cab
structpre paths, earthing system, if any

()

. Same valve material and geometrical dimension

. Equal or higher air clearance to valve hall and other
related equipment inside the valve hall

. Equal or lower voltage stress, including DC voltage sjress,
AC voltage stress and impulse voltage stresses

Dielegtric tests on multjple 8 e Same MVU geometry between valves

valve |unit

Dielegtric tests (between valve 9 . Identical valve structure, including cooling pipes, cable
terminals paths and earthing system, if any

. Same valve material and geometrical dimension

° Equal or lower voltage stress

IGBT overcurrent turn-off test 10 . Same valve level design
. Same valve electronics design

° Identical or lower prospective current stress

Short-circuit current test 11 . Same valve level design

° Same short-circuit bypass components, if any, and
function

. Same valve electronics design

. Identical or lower short-circuit current stress

Tests for valve insensitivity to 12 . Same as those indicated for Clauses 6 and 9
electromagnetic disturbance

@ Semiconductor devices thermal stress is a combined effect of current and cooling. Device thermal stress is
characterised by the device junction temperature.



Check-list and criteria added to support the use of evidence in lieu.

https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

-12 - IEC 62501:2024 CMV © IEC 2024

4.1.2 Selection of test object

This subclause does not apply to tests on the valve supporting structure and multiple valve unit.
The test object for those tests is defined in 7.2 and 8.3.

a) Type tests may be performed either on a complete valve or—in-certain—circumstances,—on
vatve-seetions MVU, or parts thereof, as indicated in Table 4.

b) The minimum number of valve levels to be operational type tested, depending on the valve
levels in a single valve, is as shown in Table 2. This number applies to the type tests in
Clauses 6, 10, 11 and 12. Those valve levels shall be tested in one test setup or multiple
setups on several valve sections as defined in those clauses.

Table 2 — Minimum number of valve levels to be operational type tested
as a function of the number of valve levels per valve

Number of valve levels, including Total number of valve levels to be
redundant level per valve tested
1to 50 Number of valve levels in one‘valve
51 to 250 50
> 251 20 %

THe minimum number of valve levels to be dielectric type tested can be equal to or|lower
than the number specified for the operational type test.

THe minimum number of valve levels, however, shall be representative of the valve dielectric
ddsign. Details can be found in 9.2.

c) Generally, the same valve sections are recommended to be used for all type tests. However,

with-the-agreement-of the—purchaser-andssupplier; different tests may be performed on

different valve sections in parallel, in order to speed up the programme for executing the
tests. |3

d) Prjor to commencement of type tests, the valve, valve sections and/or the componegnts of
them-should shall be demonstrated to have withstood the production tests to ensure proper
manufacture.

4.1.3 Test procedure

The t¢sts shall be performed in accordance with IEC 60060, where applicable with due agcount
for IEC 60071 (all parts). Partial discharge measurements shall be performed in accorflance
with 1EC 60270.

4.1.4| Ambient temperature for testing

The t¢sts(shall be performed at the prevailing ambient temperature of the test facility, unless
other\r/ise specified.

4.1.5 Frequency for testing
AC d|electr|c tests can be performed at e|ther 50 Hz or 60 Hz ﬁee@peratreﬂaHests—speeme

- Operational

tests shall be performed at the service frequency

4.1.6 Test reports

At the completion of the type tests, the supplier shall provide type test reports in accordance
with Clause 15.


For VSC valves, each type test is essentially independent of, and does not influence, the other type tests.
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4.1.7

Conditions to be considered in determination of type test parameters

Type test parameters-should shall be determined based on the worst operating and fault
conditions to which the valve can be subjected, according to system studies. Guidance on the
conditions can be found in CIGRE Technical Brochure No. 447.

4.2

Atmospheric correction factor

When specified in the relevant clause, atmospheric correction shall be applied to the test
voltages in accordance with IEC 60060-1. The reference conditions to which correction shall be

made

are the following:

- te
— hu

Realis
be us

The v

4.3
4.3.1

essure:

If the insulation coordination of the tested part of the valve is based on standard
withstand voltages according to IEC 60071-1, correction factors are only-appli
altitudes exceeding 1 000 m. Hence if the altitude of the site a4 at which the equi

will be installed is <1 000 m, then the standard atmospheric air pressure-(b, = 101,
shall be used with no correction for altitude. If ag >1 000 m, then the.standard prog

replaced by the atmospheric pressure corresponding to an altittide of 1 000 m (b,

rated withstand voltages according to IEC 6007144, “then the standard prog
according to IEC 60060-1 is used with the reference atmospheric pressu

(bg = 101,3 kPa).
mperature: design maximum valve hall air temperature (°C);

midity: design minimum valve hall absolute humidity (g/m3).

bd for atmospheric correction.
blues to be used shall be spetified by the supplier.

Treatment of redundancy

Operational tests

For operational tests| redundant valve levels shall not be short-circuited. The test voltages

rated
ed for
bment

kPa)
edure

according to IEC 60060-1 is used except that the reference atmospheric pressurg¢ b, is

00 m)-

If the insulation coordination of the tested part of the &/alve is not based on standard

edure
re bg

tic worst-case combinations of temperature and humidity which can occur in practicg shall

used

shall be adjusted<by~means of a scaling factor k,:

kn — NtUt

N;— N,

where
Nyt is the number of series valve levels in the test object;
N;  is the total number of series valve levels in the valve;
N, is the total number of redundant series valve levels in the valve.
4.3.2 Dielectric tests

For all dielectric tests between valve terminals, the redundant valve levels shall be short-
circuited. The location of valve levels to be short-circuited shall be agreed by the purchaser and
supplier.
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NOTE Depending on the design, limitations-may might be imposed upon the distribution of short-circuited valve
levels. For example, there-may might be an upper limit to the number of short-circuited valve levels in one valve

section

For all dielectric tests on valve section, the test voltages used shall be adjusted by means of a

scalin

where

g factor kj:

4.4
441

Exper
valvey
servia
rando
canndg
valves
the w
the lif

therefore permit a small number of valve levels to fail during type testing, providing th

failure
provig

operafing without degraded performance.

4.4.2
Criter

a) If,
th

vallve shall be'"deemed to have failed the type tests.

b) If,
sh

c) If

is the number of series valve levels not short circuit connected in the test object;
is the total number of series valve levels in the valve;

is the total number of redundant series valve levels in the valve.

Criteria for successful type testing
General

ience in semiconductor application shows that, even with the most careful des
, it is not possible to avoid occasional random failures«of valve level components
e operation. Even though these failures may be’ stress-related, they are consi
M to the extent that the cause of failure or the relationship between failure rate and
t be predicted or is not amenable to precise quantitative definition. Type tests s
5 or valve sections, within a short time, to multiple stresses that generally corresp
brst stresses that can be experienced by thé;equipment not more than a few times
e of the valve. Considering the above, the'criteria for successful type testing set out

s are rare and do not show any_ pattern that is indicative of inadequate desig
ing that the failed valve level permits the rest of the valve or valve section to co

Criteria applicable to:valve levels
a applicable to valve levels are as follows.

following a type ‘test as listed in Clause 5, more than one valve level (alternatively
bn 1 % of thewtested valve levels, if greater) has become short or open circuited, th¢

following)a type test, one valve level (or more if still within the 1 % limit) has bg
ort or @pen circuited, then the failed level(s) shall be restored and this type test repg

he{cumulative number of short or open circuited valve levels during all type tests is

gn of
juring
dered
5tress
Libject
bnd to
juring
below
at the
h and
htinue

more
en the

come
pated.

more

th

test.

Q0L il 4 drmerel 1 1 1 4l 4l 1 1 1l ! T 1 3T (e
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d) The valve or valve sections shall be checked after each type test to determine whether or
not any valve levels have become short or open circuited. Failed IGBT/diode or auxiliary
components found during or at the end of a type test may be replaced before further testing.

e) At the completion of the test programme, the valve or valve sections shall undergo a series

of

check tests, which shall include as a minimum:
check for voltage withstand of valve levels;
check of the gating circuits;
check of the monitoring circuits;
check of any protection circuits forming an integral part of the valve;
check of the voltage grading circuits.
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f) Valve levels short circuits occurring during the check tests shall be counted as part of the
criteria for acceptance defined above. In addition to short or open circuited levels, the total
number of valve levels exhibiting faults which do not result in valve level short circuit, which
are discovered during the type test programme and the subsequent check test, shall not
exceed 3 % of the number of tested valve levels in dielectric and operational type tests;
whicheveristower. If the number of such levels exceeds 3 %, then the nature of the faults
and their cause shall be reviewed and additional action, if any, agreed between purchaser
and supplier.

g) When applying the percentage criteria to determine the permitted maximum number of short
or open circuited valve levels and the permitted maximum number of levels with faults which
have not resulted in a valve level becoming short or open circuited, it is usual practice to
ro JIIUI Uff d” flabt;ullb tU t:IU IIU)\t ilig:lcbt illtcgcl, ao i“uathtcu' ill TGILJ;U 3

Table 3 — Valve level faults permitted during type tests
Nunjber of valve levels Number of valve levels Total number of valve Additional numbef of
tested permitted to become levels permitted to valve levels, in all type
short or open circuited become short or open tests, which haVe
in any one type test circuited in all type experienced a faul{ but
tests have not become sLI"lort
or open circuite|
Up to 33 1 1 1
34 to 67 1 2 2
68 to 100 1 3 3
101 to 133 | 4 2 4 4
ete.

The djstribution of short or open circuited levels and of other valve level faults at the end of all
type fests shall be essentially random and not show any pattern that may be indicatjve of

inadefiuate design.

4.4.3 Criteria applicable to the valve as a whole

Breakdown of or external flagshover across common electrical equipment associated withl more
than ¢ne valve level of the «valve, or disruptive discharge in dielectric material forming part of
the vglve structure, cooling ducts, light guides or other insulating parts of the pulse transmjfssion

and djstribution system shall not be permitted.

Complonent and+eéonductor surface temperatures, together with associated current-carrying
joints|and connéctions, and the temperature of adjacent mounting surfaces shall at all|times

remain withinulimits permitted by the design.

5

List-of-type-tests

Table 4 lists the type tests given in Clauses 6, 7, 8, 9, 10, 11 and 12.


Extension of the valve position fault table by a further line. An independent continuation of the table no longer appears necessary, as such converter sizes do not appear plausible.
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Table 4 - List of type tests

Type test Clause or Test object
subclause
Maximum continuous operating duty test 6.4 Valve or valve section
Maximum temporary over-load operating duty test 6.5 Valve or valve section
Minimum DC voltage test 6.6 Valve or valve section
Valve support DC voltage test 7.3.2 Valve support
Valve support AC voltage test 7.3.3 Valve support
Valve support switching impulse test 7.3.4 Valve support
Valve|support lightning impulse test 7.3.5 Valve support
MVU PC voltage test to earth 8.4.1 MVU
MVU AC voltage test 8.4.2 MVU
MVU pwitching impulse test 8.4.3 MVU
MVU lightning impulse test 8.4.4 MVU
Valve|AC — DC voltage test 9.4.10r9.4.2
or 2 Valve {or valve section-if-agreed
Valve| switching impulse test 9.4.3.2 between-supplierand
Valvellightning impulse test 9.4.3.3
IGBT |overcurrent turn-off test 10 Valve or valve section
Shorttcircuit current test 14 Valve or valve section
Test flor valve insensitivity to electromagnetic 12 Valve {or valve section-if-agreed
disturpance between-supplierand
purchaser)

NOTH Valve section used in the valve AC-DC voltagéeNest (9.4.1 or 9.4.2), valve switching impulse voltage test
(9.4.3.2) and valve lightning impulse voltage test (9.4.3.3) should be a single structure representative of|valve
dieledtric design.

6 Operational tests

6.1 |[Purpose of tests

The pfincipal objectives-of the operational tests are:

a) to|check the-adequacy of the VSC/diode level and associated electrical circuits in ajvalve
with regard~té current, voltage and temperature stresses in the conducting state, at turn-on
and turn-off'under the worst repetitive stress conditions;

b) to|demenstrate correct interaction between valve electronics and power circuits of thT VSC
valves.

6.2 Test object

The tests may be performed on either the complete valve or on valve sections. The choice
depends mainly upon the valve design and the test facilities available. The tests specified in
this clause are valid for valve sections containing five or more series-connected valve levels. If
tests with fewer than five levels are proposed, additional test safety factors shall be agreed.
Under no circumstances shall the number of series-connected levels for tests be less than
three.

The valve or valve sections under test shall be assembled with all auxiliary components.‘AWhen

required,—a—proportionallyscaled—valvearrester shall-be-included: For the valves with valve

surge arrester, a proportionally scaled valve arrester may be included.


Differentiation of the AC-DC voltage test into two different process methodologies (for further information see Subclause 9.4.1 or Subclause 9.4.2).
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The coolant shall be in a condition representative of service conditions. Flow and temperature,
in particular, shall be set to the most unfavourable values appropriate to the test in question,
such that the relevant component temperature(s) are equal to the values applicable in service.

6.3 Test circuit

For valve designs which act as a controllable voltage source and contain in-built DC
capacitance, the DC capacitance and its connections to the semiconductor devices are an
integral part of the test object.

However, for valve designs which function as switches, where the DC capacitor is separate
from the—vatve;,the B C—apacitor meeds—tobe—correctty Tepresented—mthe—test—Titcyit. In
particular, the series stray inductance in the connections between the DC capacitor-and the
valve| and the stray capacitance across the valve section, shall be correctly reproduceld and
scaled to the size of valve section under test. Test circuit interconnections shall ‘be of a type
that i$ representative of the type used in the converter, in order not to intreaduce unrejalistic
levels| of damping due to skin effects.

6.4 |[Maximum continuous operating duty test

The tg¢st needs to reproduce the following parameters based on the-worst in service operating
condifions of the converter. More than one test may be necessary/to reproduce all parameters
at thejr maximum values.

For VBC valves:

. mtximumeentinueus steady-state IGBT junctioh.temperatures;
e maximum-contintous steady-state FWD junction temperatures;

e where snubbers are used, maximum<:€entiruous steady-state snubber component
temmperatures;

o maximum-centindeus steady-state turn-on and turn-off voltage and current.
For diode valves:

o  maximum-continuous steady-state diode junction temperature;

e where snubbers are\used, maximum—ecentiruous steady-state snubber component
temperatures;

¢ maximum-centipdets steady-state diode turn-off voltage and current.

All of these pardmeters need to be reproduced during the maximum continuous operating duty
test. They may-be reproduced either in separate tests or as a combined test.

The test voltage shaII be based on the maX|mum contmuous d|rect voItage the test switching
frequeéney , v Ttre = lation
pattern shall be representatwe of that used in service.

The test current, in RMS, shall be determined taking harmonic currents into account and any
other additional currents through the valve.

The test current value shall incorporate a test safety factor of 1,05.

For switch type valve, the test voltage Uy, corresponding to the maximum continuous

operating DC voltage shall be determined as follows: |6


Added appropriate test voltage definition for controllable VSC type valves. Here, voltage per valve level is relevant (not along entire valve).

https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

- 18 - IEC 62501:2024 CMV © IEC 2024

Utpvt = Udmax X kn x k4

where

Ugmax 1S the maximum continuous operating DC voltage of the valve, including ripple;
kn, is a test scaling factor according to 4.3.1;

ke is a test safety factor;

kg =1,05.

For controllable voltage source type valve the test voltage, U,,,1, per valve level shall be

determined as follows:

The d
stabil

6.5

If the
test s

NOTE
time wi

The tq
abovsg
factor|

Prior
condi
and c

After
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maint

6.6

Utpvit = Ucmax * k1

is the maximum continuous operating DC voltage of the valve letel, including ripple;

is a test safety factor;
=1,05.

uration of the test shall be not less than 30 min after, the” exit coolant temperatun
zed.

Maximum temporary over-load operating duty test

valve is specified for temporary over-load operation, a maximum temporary operatin
hall be performed.

Capability of converter valves in a maximum{emporary over-load operation is typically in a few sec
ile valve cooling is unable to act.

st conditions, where required, Shall be determined using the same methodology as
. However, the test currentshall be the specified over-load current without a test
7

fo the test, the valve or valve section shall be brought to thermal equilibrium und
ions of 6.4. The temporary operating duty test is then started from this initial con
bntinued for a duration equal to the duration of the temporary overload multiplied b

he temporary over-load operation-duty-test,10-min-maximum-continbous-operating
hal-beperformed return to the conditions of maximum continuous operation as in 6
hin coastant for 10 min.

Minimum DC voltage test

e has

§ duty

bnds of

in 6.4
safety

er the
dition
y 1,2.

-chuty
4 and

This test is to verify the correct performance of those valve designs in which energy for the
valve electronic circuits is extracted from the voltage appearing between the valve terminals.

The test consists of applying a DC voltage between the terminals of the valve or valve section.

For th

is test, only the voltage, not the current, is important.

The correct operation of the valve electronic circuits may be demonstrated either by deblocking
the valve or valve section, or by remaining in the blocked state and monitoring the data back

signal

s from the valve electronics.


Further clarification and harmonized with IEC 62927.
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The test voltage U,,;, is defined as:

min

Uw is the lowest DC voltage across one valve in service operation where proper function of
the valve electronics is required;

Nyt is the number of series-connected VSC levels under test;

Ny is_the total number of series-connected VSC levels in a single valve, including
redundancy;

ko is a test safety factor;

ko =0,95.

The duration of test shall be not less than 10 min.

7 Dlielectric tests on valve support structure

7.1 |Purpose of tests
The principal objectives of these tests are:

a) to|verify the voltage withstand capability of the insulation of the valve support, cooling fucts,
light guides and other insulating components associated with the valve support. If thlere is
ingulation to earth other than the valve support; then additional tests may be necessdry;

b) to|verify that the partial discharge inceptiof'and extinction voltages are above the majimum
operating voltage appearing on the valve support.

NOTE | Depending upon the application, it-may-might be possible to eliminate some of the tests on the valve support,
subjecfto agreement between purchaser and supplier.

7.2 |Test object

The vilve support to be usedfor the tests may be a representative separate object including
representation of the adjacent parts of the valve or may form part of the assembly usgd for
singlel valve or multiple valve unit tests. It shall be assembled with all ancillary compongnts in
placel|and shall haye\the adjacent earth potential surfaces properly represented. The proximity
of adjpcent earthspotential surfaces (equipment or building infrastructure) shall be assgssed,
and representation included where appropriate. For clearances that are significantly gfeater
than those detefmined by insulation co-ordination requirements, e.g. clearances driven ir[stead
by acgessrequirements, then consideration may be given to omit earth potential surfages in
theselloGations. If a single valve consists of a single structure, then its large size may somgtimes
make Wtmoractsastiote e
perform the valve support structure tests on a pro-rated section of the support structure,
provided it can be demonstrated that the design of the test object is representative of the design
of the full structure and the tests cover the worst stresses experienced by any part of the valve
support structure. | 8

The coolant shall be in a condition representative of the most onerous service condition for the
purpose of the test.

If a single valve consists of more than one structure such that there is more than one valve
support structure per valve, then it shall be demonstrated that the tests proposed cover the
worst stresses experienced by any of the valve support structures.



More text added to show further possibilities and variants.
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Test requirements

General

All test levels below are subject to atmospheric correction as described in 4.2.

7.3.2

Valve support DC voltage test

The two main terminals of the valve shall be connected together, and the DC voltage then
applied between the two main terminals thus connected and earth. Starting from a voltage not
higher than 50 % of the-maximum 1 min test voltage, the voltage shall be raised to the specified
1 min test voltage as fast as possible, kept constant for 1 min, reduced to the specified 3 h test

voltad
3 hte
IEC 6

The n
the re
more
minut

NOTE

e, kept constant for 3 h and then reduced to zero. During the last hour of the sp4q
st, the number of partial discharges exceeding 300 pC shall be recorded as descri
D700-1:2015 and IEC 60700-1:2015/AMD1:2021, Annex B.

umber of pulses exceeding 300 pC shall not exceed 15 pulses per minute,7average
cording period. Of these, no more than seven pulses per minute shall exceed 500 f
than three pulses per minute shall exceed 1 000 pC and no mare ‘than one puls
e shall exceed 2 000 pC.

cified
bed in

i over
C, no
e per

within
WHHRHR

approx{m

NOTE]
durati

HaAH ROt

l Where possible-the test voltage should be increased from- 50 % to the maximum-—voltage leve
+ \AREA-Z POSSHot th t t—oHag SHOthHG—D HGFeaSec— o o7t th ag TV

b_If an increasing trend in the magnitude or rate of partfial discharge is observed, th
bn may be extended by mutual agreement between‘the purchaser and supplier.

The tgst shall then be repeated with the voltage of\opposite polarity.

Prior {
may |
be fol

The v

1 min

3 hte

e short-circuited and earthed for a duration of several hours. The same procedur
owed at the end of DC voltage test:

hlve support DC test voltage, Uy shall be determined in accordance with the follow
test

Utgs = Udms1 x k3 * &t
5t

Utds = tUgms2 x k3

e test

o the test and before repeating the test.with voltage of opposite polarity, the valve sypport

B may

ing:

where

Udms1

is the maximum-ef-1-s-average-value-of short-duration voltage appearing across the
valve support, as determined by insulation coordination studies. Uy,51 shall be the

higher of (a) the highest voltage averaged over a 1 s period and (b) the average voltage
during the time from the peak voltage to the time when the voltage decreases rapidly

through the action of fast discharge devices or re-configuration, if any; |9

appearing across the valve support;
is a test safety factor;

= 1,10 for 1 min test;

= 1,15 for 3 h test;

is the maximum value of the DC component of the steady-state operating voltage


Clarify the definition and avoid possible mis-use in valve test when HVDC system has an action of fast discharge devices or re-configuration at fault.
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ky is the atmospheric correction factor according to 4.2.

7.3.3 Valve support AC voltage test

To perform the test, the two main terminals of the valve shall be connected together, and the
AC test voltage then applied between the two main terminals thus connected and earth.

Starting from a voltage not higher than 50 % of the-maximum 1 min test voltage, the voltage
shall be raised to the specified 1 min test voltage, kept constant for 1 min, reduced to the
specified 30 min test voltage, kept constant for 30 min and then reduced to zero.

Befor mwmmmmnmmmtnded
over a 1 min period. If the value of partial discharge is below 200 pC, the desigimpy be

accepted unconditionally. If the value of partial discharge exceeds 200 pC, the testresultg shall
be evaluated.

The vplve support AC test voltage U,,4 shall be determined in accordance with' the followling:

1 min|test:
U,
Utas = ?51 X kg % ky
30 mip test
Ums2
Utas = :75 X ky
wherg

Umns1 is the peak value of maximum voltage appearing on the valve support in sgrvice,
particularly in system\fault condition and valve fault operation condition| The
overvoltage limiting effect of phase arrester or other overvoltage protection means, if
any, shall be taken into account to derive this overvoltage;
Umso is the peak value of the maximum repetitive operating voltage across the valve siyipport
during steady-state operation, including switching overshoot;

ky is a test'safety factor;

ky = 15300 for 1 min test;

ky =,1,15 for 30 min test; 10

ky is the atmospheric correction factor according to 4.2.

7.3.4 Valve support switching impulse test
The test shall comprise three applications of positive polarity and three applications of negative

polarity switching impulse voltages between the main terminals of the valve (connected
together) and earth.

A standard switching impulse voltage wave shape in accordance with IEC 60060 shall be used.

The test voltage shall be selected in accordance with the insulation coordination of the VSC
substation.


Test factor for the long period has been increased to harmonize it with DC voltage test.
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7.3.5 Valve support lightning impulse test

The test shall comprise three applications of positive polarity and three applications of negative
polarity lightning impulse voltages between the main terminals of the valve (connected together)
and earth.

A standard lightning impulse voltage wave shape in accordance with IEC 60060 shall be used.

The test voltage shall be selected in accordance with the insulation coordination of the VSC
substation.

8 Dilielectric tests on multiple valve unit

8.1 General

This ¢lause is only applicable if more than one valve is installed in a commen ‘valve striicture
(multiple valve unit). In the case where each individual valve is mounted.in'a dedicated|valve
structpre, this clause is not applicable.

8.2 |Purpose of tests
The principal objectives of these tests are:

a) tojverify the voltage withstand capability of the exterral insulation of the MVU, with rgspect
tolits surroundings, especially for the valve(s) conrected at pole potential;

b) to|verify the voltage withstand capability between single valves in a MVU structure;
c) to|verify that the partial discharge levels are within specified limits.

8.3 |[Test object

Theregl are many possible arrangements of valves and multiple valve units. The test object(s)
shall be chosen to reflect, as accurately as possible, the service configuration of valves insofar
as is necessary for the test in question. The test object shall be fully equipped unless it dan be
shown that some components .can'be simulated or omitted without reducing the significance of
the rejsults.

Indivigual valves may have to be short-circuited depending on the configuration of the MVU and
the objectives of the(test.

When| the low-voltage terminal of the MVU is not connected to earth potential, care shall be
taken|to suitably terminate the low voltage terminal of the MVU during tests to correctly simulate
the vgltage appearing at this terminal. Earth planes shall be used, whose separation shall be
deterrlnined by the proximity of other valves and earth potential surfaces.

8.4 Test requirements
8.4.1 MVU DC voltage test to earth

The DC test voltage shall be applied between the highest potential DC terminal of the MVU and
earth.

Starting from a voltage not higher than 50 % of the-maximum 1 min test voltage, the voltage
shall be raised to the specified 1 min test voltage as fast as possible, kept constant for 1 min,
reduced to the specified 3 h test voltage, kept constant for 3 h and then reduced to zero.

NoTE1+—Where possible the test voltage-shoeuld shall be increased from 50 % to the-maximum

1 min test voltage level within approximately 10 s.-A-lenrgertime-may-beused:—however—this
may overstress the test object.
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During the last hour of the specified 3 h test, the number of partial discharges exceeding 300 pC
shall be recorded.

The number of pulses exceeding 300 pC shall not exceed 15 pulses per minute, averaged over
the recording period. Of these, no more than seven pulses per minute shall exceed 500 pC, no
more than three pulses per minute shall exceed 1 000 pC, and no more than one pulse per
minute shall exceed 2 000 pC.

NoTeE2If an increasing trend in the magnitude or rate of partial discharge is observed, the test
duration may be extended by mutual agreement between the purchaser and supplier.

The test shall then be repeated with the voltage of opposite polarity.

Prior [to the test and before repeating the test with voltage of opposite polarity) thel MVU
terminals may be short-circuited together and earthed for a duration of several hours. The|same
procedure may be followed at the end of DC voltage test.

The MVU DC test voltage Uiy, shall be determined in accordance with the following:

1 min|test
Utdm = TUdmm1* ks % J;
3 h tept
Utdm =3 dmm2 * ks
wherg

Ugmmi 1S the maximum-ef4-—s-average-value-of short-duration voltage appearing between the

high-voltage terminal .of f/MVU and earth, as determined by insulation coordipation
studies. Uy,m¢ shallbg'the higher of (a) the highest voltage averaged over a 1 spcond

period and (b) the*average voltage during the time from the peak voltage to th¢ time
when the voltageidecreases rapidly through the action of fast discharge devices|or re-
configuratiop\if’any; |9
Ugmmp is the maximum value of the DC component of the steady-state operating vpltage
appeafing between the high-voltage terminal of the MVU and earth;

kg is a-test safety factor;

ks =1,10 for 1 min test;

ks = 1,15 for 3 h test;

ky is the atmospheric correction factor according to 4.2.

8.4.2 MVU AC voltage test

If a MVU experiences AC or composite AC plus DC voltage stresses between any two terminals,
the withstand capability of which is not adequately demonstrated by other tests, then it will be
necessary to perform an AC voltage test between these terminals of the MVU.

To perform the test, the test voltage source shall be connected to the pair of MVU terminals in
question. The point of earth connection is dependent on the test circuit arrangement.



Clarify the definition and avoid possible mis-use in valve test when HVDC system has an action of fast discharge devices or re-configuration at fault.
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Starting from a voltage not higher than 50 % of the 1 min test voltage, the voltage shall be
raised to the specified 1 min test voltage, kept constant for 1 min, then reduced to the 30 min
value, kept constant for 30 min and then reduced to zero.

Before the end of the 30 min test, the level of partial discharge shall be monitored and recorded
over a 1 min period. If the value of partial discharge is below 200 pC, the design may be
accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test results shall
be evaluated.

The MVU AC test voltage Uy, shall be determined in accordance with the following:

1 min|test
YUmm1
Utam =%Xk6 x kt
30 mip test
U,
Utam = \n}gZ x kg
wherg
Unm1| is the peak value of maximum voltage between the terminals of the MVU in sgrvice,

particularly in system fault condition™~and valve fault operation condition| The
overvoltage limiting effect of phase arrester or other overvoltage protection means, if
any, shall be taken into account to,derive this overvoltage;

is the peak value of the maximiém repetitive operating voltage between the terminals

e of the MVU during steady-state operation, including switching overshoot;
kg is a test safety factor;
kg = 1,10 for 1 min tesf
ke = 1,15 for 30 min\test; 10
ky is the atmospheric correction factor according to 4.2.

8.4.3 MVU switching impulse test

A stapdardswitching impulse voltage waveshape in accordance with IEC 60060 shall be|used.

The MVU switching impulse test voltage shall be applied between the high voltage terminal of
the MVU and earth.

The test shall comprise three applications of positive polarity and three applications of negative
polarity switching impulse voltage of a specified amplitude.

The MVU switching impulse test voltage Ui, shall be determined in accordance with the
following:

Yo ==SIPE  ——k—k,

Uism= EUsgipL_m*k7 %k,


Test factor for the long period has been increased to harmonize it with DC voltage test.
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where

SIPLUsipL_mis the switching impulse protective level determined by insulation coordination
taking into account the arrester(s) connected between the MVU high voltage terminal

and earth;
is a test safety factor;

=1,10;
is the atmospheric correction factor;

is the value according to 4.2.
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8.4.4

test prescribed above does not adequately test the switching impulse withstand be
minals of the MVU, then consideration shall be given to performing extra tests*to
sulation.

Subject to agreement between the purchaser and supplier, the MVU switching impulse test need
ed if it can be shown by other means that:

e external air clearances to other valves and to earth are adequate for the switching/impulse voltage wi
vel required, and

e switching impulse withstand between any two terminals of the MVU is-adequately demonstrated b|
sts.

MVU lightning impulse test

A standard lightning impulse voltage wave shape in actordance with IEC 60060 shall be

The M
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VU lightning impulse test voltage shall becapplied between the high voltage termi
VU and earth.

st shall comprise three applications.af positive polarity and three applications of ne
y lightning impulse voltage of specified amplitude.

The MVU lightning impulse test voltage Uy, shall be determined in accordance wi

follow

wherg
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Ut P

Utim = £ULIpL_m *kg xk;
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Ovig) m is the lightning impulse protective level determined by insulation co-ordin

ation,

kt

taking into account the arrester(s) connected between the MVU high voltage terminal

and earth;
is a test safety factor;

=1,10;
is the atmospheric correction factor;

is the value according to 4.2.

If-it—eannot-bedemonsirated—that the test prescribed above does not adequately test the
lightning impulse withstand voltage between all terminals of the MVU, then consideration shall
be given to performing extra tests to check this insulation.
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NOTE Subject to agreement between the purchaser and supplier, the MVU lightning impulse test need not be
performed if it can be shown by other means that:

a) the external air clearances to other valves and to earth are adequate for the lightning impulse voltage withstand
level required, and

b)  the lightning impulse withstand voltage between any two terminals of the MVU is adequately demonstrated by
other tests.

9 Dielectric tests between valve terminals

9.1 Purpose of the test

Thes tests are intended to \lnrlf\l the Hnelnn of the valvueg rnnar‘rhnn its \lnH‘an related

charapteristics for various types of overvoltages (DC, AC, swﬂchmg |mpulse and lightning
impul$e overvoltages). The tests-should shall demonstrate that:

a) the valve will withstand the specified overvoltages;
b) p4qrtial discharges will be within specified limits under specified test conditions;

c) the internal voltage grading circuits, if any, have sufficient power rating:

It shopuld be noted that the tests described in this clause are based on standard wave shapes
and sftandard test procedures as developed for the testing of(high-voltage AC systemjs and
compepnents. This approach offers great advantages to the industry because it allows mlich of
the existing technology of high-voltage testing to be carried”over to the qualification of HVDC
valve$. On the other hand, it must be recognized that a particular HYDC application may|result
in waye shapes different from the standards and, in ‘this case, the test may be modified|so as
to realistically reflect expected conditions.

It shopld be also noted that the atmospheric ¢@rrection is not needed in dielectric tests befween
valve |terminals if the site altitude is less<than 1 000 m. However, for valves installed|at an
altitude exceeding 1 000 m the valve intétnal air clearance shall be verified by additiona| tests
under|the atmospheric corrected test voltages. IGBT-diode pairs can be replaced by insylating
block$ in these tests. 11

9.2 ([Test object

For valves of the switchdype, the test object should generally be a complete valve. For yalves
of the|controllable voltagge source type, testing a complete valve might not be practical befause
of its Jarge physical size. In such cases the test object should generally be a single strlicture
repregsentative ofwalve dielectric design. Tests on individual valve sections are acceptable if
the sypplier canrdemonstrate that the voltage distribution between valve sections, undgr test
condifions, is'\representative of the voltage distribution within a complete valve in servicg. The
test vFve orwalve section shall be assembled with all auxiliary components except for the|valve

arrester(if provided. The valve may form part of a multiple valve unit.

If a valve section is used as the test object, the minimum number of valve levels in the test
section-sheould shall be agreed by the purchaser. In such cases, additional tests to verify the
insulation between different parts of the complete valve may be needed and shall be agreed
between purchaser and supplier.

The coolant shall be in a condition that represents service conditions except for flow rate which
can be reduced. If any object external to the structure is necessary for proper representation of
the stresses durlng tests it shall be mcluded or S|mulated in the test. —Eapth—manes—shaﬂ—be

petenﬂaJ—su—r—ﬁaees— The prOX|m|ty of adjacent earth potent|al surfaces (eqmpment or bU|Id|ng
infrastructure) shall be assessed, and representation included where appropriate. For
clearances that are significantly greater than those determined by insulation coordination


Guide added for application with a site altitude above 1 000 m. More information is available in IEC 60700-1, Annex A.

Corresponding to the changes introduced in Subclause 9.4.3.1. In valve AC-DC voltage test the valve electronics is energized when test voltage is applied.
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requirements, e.g. clearances driven instead by access requirements, then consideration may
be given to omit earth potential surfaces in these locations.

9.3 Test methods

9.3.1 —General

VSC |valves differ from line commutated converter (LCC) valves and other high-vpltage
equipment in several aspects. One of the most important differences is that the’ conjerter
contalns very large capacitive energy storage. For valves of the controllableyvbltage-qource
type, [the storage is an integral part of the valve while for switch-type yvalvés it is cJosely
conngcted to the valve. The second major difference is the active voltage ‘control at indiyvidual
VSC valve levels. As a result of these characteristics, the test methOd ‘used in LCC|valve
dieledtric tests cannot be applied to such valves. 13

Performing the valve dielectric test presents considerable praectical difficulties on contrgllable
voltage source type VSC valves because of the high current drawn by those ip-built
capaditances. For this reason, following valve dielectric test methods are acceptable. The very
limitedl current ratings of available test supplies in practical high-voltage test laboratories|mean
that, yithout modifying the test object, an excessively\long time is required to charge yp the
capaditance of the test object to the required voltage“during the AC-DC voltage test, arld this
unreagonably over-stresses the test object. (The very large capacitance also rmakes
measfirement of partial discharges impossiblg,” and impulse voltages between the |valve
terminjals do not occur on a deblocked val%e during operation. For this reason, two|valve
dieledtric test methods, on the same princigle, are defined for controllable voltage sourc¢ type
valve [dielectric tests. Supplier can use gither of them for the valve dielectric test.

Valveldielectric test on switch type SC valves shall follow Method one.

9.3.2 Method one

Tempprary substitution.of"a special test capacitor with reduced capacitance but the |same
physi¢al-size-test capacitorispermissible housing as the original capacitor in each valvg level
is nedessary if this,method is used in test of controllable voltage source type valves 14]. This
test cppacitor shallrallow a test voltage build-up across the test object during test.

In addition,sitmay be necessary to disable gate electronics or other auxiliary circuits in th|s test
or prdvide.independent means for powering them, in order to prevent interference with partial
discharge’measurement, for example, from gate unit power supply circuits.

When gate electronics or other auxiliary circuits are disabled for the 10 s test, the active voltage
control function, if any, provided by gate electronics or other auxiliary circuits on each IGBT
level may be represented by other means, for example, high resistance shunt resistors across
test IGBT levels for appropriate voltage sharing.

If it is not possible to disable gate electronics or other auxiliary circuits in this test and
interference can be proven to be caused by electronics circuit, then this interference may be
deducted from measurement.



More text added to support the readers to understand the difference between VSC valves and other high-voltage test objects. Commonly used dielectric test methods used in test of other high voltage equipment, for examples: thyristor valves for HVDC converters, thyristor valves for FACTS applications, …, are not applicable.

Has to be used in order to acquire a credible result.
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9.3.3 Method two 15

Tests on individual valve sections are acceptable if the supplier can demonstrate that the
voltage distribution between valve sections under test conditions, is representative of the
voltage distribution within a complete valve in service.

In case of a controllable voltage source type VSC valve the active control of sub-module
capacitor voltages equalises the voltage distribution across the complete valve. The in-built
capacitances react as constant voltage sources with very low internal impedance. An impulse
voltage will drive a high current, the resulting change of the sub-module voltage follows the
tolerance of the in-built capacitor.

Valve|dielectric test is done-by-twe in single steps. Step one focuses on the componenf level

and s{ep two on the valve or valve section.tr-step-one,moduletevelsare-tested-indépendenthy-

In step one, valve levels are tested independently. Insulation and partial dis¢harge tests with
AC, OC and/or combined AC-DC voltage shall be performed on sub-compenent leve| (e.g.
witholyit power module electronics activated and without capacitor) or on™ull submodule|level.
The him is to demonstrate both the insulation withstand capabjlity for every pingle
sub-cpmponent and freedom from partial discharge for every sensitivé point within the|valve
level.

As stated, the even distribution by actively controlled sub-module voltages allows to pgrform
the dielectric test between valve terminals and also between tiers with adjusted test vpltage
levels].

Consgquently, in step two, the test is donewith submodule levels short-cirquited,
intercpnnections between adjacent submodules removed, and valve or valve section vpltage
distriution controlled by an external grading circuit, for example a resistor array, capacitor
array jor RC array.

Atmod

The ifter-tier structure representS;a typical section of the tower structure. Essential compgnents
of thg tower structure are eXposed to the specified voltage values and shapes. Test |of air
cleardgnce and creepage, distances of tier insulators and capacitor's housing, fibre pptics
including their ducts, water cooling pipes and mechanical design. AC, DC (both includimg PD
measpirement) and impulse voltages will be tested. Additional safety margin to the specific test
voltages is possible and used, e.g. atmospheric correction to the specific test voltages dan be
added.

NOTE | The addition of external grading networks could modify the profile of the test object such that it is rjot fully
represg¢ntatie0f in-service equipment. Practically this could lead to difficulties in performing the test, espegially in
determ|nifig ,Sources of partial discharge. Hence an alternative method can be used instead of fitting grading
networks \Where each insulation gap is tested independently at voltages relevant to each particular gap. This|can be
achieved by a combination of either removing interconnections and/or shorting out relevant parts of the test object,
then applying the equivalent scaled voltage across the gap. The test is performed once for each design of insulation
gap e.g. inter-tier, inter-stack, inter-sub-module. Where appropriate in the design, the test set-up also needs to
consider diagonal gaps (gaps between sub-modules belonging to different stacks and different tiers, one above the
other).

9.4 Test requirements

9.4.1 Valve Composite AC-DC voltage test 16

ion This test
reproduces the comp03|te AC-DC voltage resultmg from certain converter or system faults and
in steady-state operation. The test consists of a short-duration test and a long-duration test.

In this test, a capacitor can be used in conjunction with an AC test voltage source to produce a
composite AC-DC voltage waveform. Depending on the converter topology, the capacitor could


More text added to describe how to use Method 2 in test.

Differentiation of the AC-DC voltage test into two different procedure methodologies dependent on the converter structure technology (for further information see explicitly Subclause 9.4.1 or Subclause 9.4.2).
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be an integral part of the valve, or it could be a separate item (part of the test circuit, not part

of the

Altern

test object).

atively, a separate DC voltage source could be used to substitute the capacitor.

Starting from a voltage not higher than 50 % of the-maximum 10 s test voltage, the voltage shall
be raised to the specified 10 s test level as fast as possible, reduced to the specified 3 h test
voltage, kept constant for 3 h and then reduced to zero.

For AC PD (partial discharge) measurement, the—peak—value level of-the—periodic partial
discharge recorded during the last minute of the 3 h test shall be less than 200 pC, provided

that thhe components which are sensitive to partial discharge in the valve have been sepdrately

testeq
numb
periog
three

excee

NOTE
be extg

NOTE

means
gate un

The v

The v

. Of these, no more than seven pulses per minute shall exceed 500 pC,\no mor
pulses per minute shall exceed 1 000 pC and no more than one pulse~per minutg
d 2 000 pC.

If an increasing trend in the rate or magnitude of partial discharge is obseryéd;the test duration-ma]
nded by mutual agreement between the purchaser and supplier.

P It may be necessary to disable gate electronics or other auxiliary circuits.in this test, or provide indeq
for powering them, in order to prevent interference with partial disecharge measurement, for exampl
it power supply circuits.

blve test voltages have a sinusoidal waveshape superimposed on a DC level.

hlve 10 s test voltage U, 4 shall be determined:in accordance with the following: 17

U1 = (ke1 - Uact *Sin(2aft) + Upger)- ko - ko

UtV1 = (kC1 X Utac1 x sin (27Tft) + UtdC1) X kO X kg

. For DC PD measurement the recording time shall be the last hour of the 3 h'test. The
br of pulses exceeding 300 pC shall not exceed 15 per minute, averaged ovér,the fecord

than
shall

¥ might

endent
e, from

Uiac1 | is the pedkwvalue of the AC component of maximum temporary overvoltage appe¢aring
betwegnythe terminals of the valve, calculated from the peak-to-peak valve vpltage
divided by two;

Yy 15t maximum-transient-d-c—component-over-voltage-across—valve—The limitingleffect

£ ol k. toe o o] E toe alba taolo oo o1 I PR PP TP | rekagwalibh Ao in
vehre-arresteepote-arresterean-betekertate-aeeourite-derivethe—everrelage in
i lition:

Uige1 is the maximum of 1 s average value of the DC component of voltage appearing between
the terminals of the valve at faults, after taking into account of voltage limiting effect of
DC pole surge arrester;

keq is the voltage step overshoot factor related to one output voltage step of the converter,
under the condition consistent with that used to define-Jaet U, 4. For a MMC or CTL
type converter the voltage step overshoot factor relates to the overshoot factor of one
cell or submodule;

ko is a test scaling factor according to 4.3.2;

kg is a test safety factor;

=1,1;



Changes introduced below are editorial changes only for easy understanding.
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f is the test frequency (50 Hz or 60 Hz depending on test facilities).
NOTE 3 The conditions leading to the highest values of U, and U might not occur simultaneously. When
performing a combined AC-DC test it is important to use self-consistent conditions that lead to the worst combined

valve stress, in order to avoid over-stressing, the test object. For the 10 s test, the most important parameter is
generally the peak of the combined voltage.

The valve 3h test voltage U,,, shall be determined in accordance with the following:

Yrr="bhaer+haer

\IIZ U sm(z T[)
LL ~~“max—cont " T L l J Q

Ytacs — \/_ ncZ "o ™0
3 N\

. U2 =Utac2 + Utde2

®C) UtacZ = Umax—cont xsin (27[ft) XkCZ ><kO ng
éo Utdc2 = Udmax *ko xkg
Q/Q
wherg \

U, is the peak value of the AC component of steady-state voltage appearing between

max-cont
the terminals of the valve, calculated from the peak-to-peak valve voltage divided
by two;

Udmax is the maximum value of the DC component of the steady-state operating voltage
between the terminals of the valve, calculated from the voltage between the DC
terminals of the converter divided by two;

keo is the voltage step overshoot factor related to one output voltage step of the

converter, under the condition consistent with that used to define U,.,. For a MMC

or CTL type converter the voltage step overshoot factor relates to the overshoot
factor of one cell or submodule;

f is the test frequency (50 Hz or 60 Hz depending on test facilities).
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9.4.2 Alternative tests (Method 2 only) 18
9.4.2.1 General

When method two is adopted, the composite AC-DC voltage test specified in the previous sub-
clause may be replaced, during step two, by an AC voltage test and an DC voltage test

performed separately.

NOTE It is generally only possible to apply the alternative test method when testing passive insulation gaps, since

the freewheel diodes in the valve will normally prevent the application of a pure AC voltage.

9.4.2.2 Valve AC voltage test

The tpest consists of applying the specified test voltages U,.q and Ut,., for the spe
duratipn. U,,.q and U, have sinusoidal waveshapes with a frequency of 50 @ d
deperding on the test facility. q,b‘

The test will be done with a short duration of 10 s and a long duration of KCﬂan

Startipg from a voltage not higher than 50 % of the 10 s test voltage tT;@voltage shall be
to thg specified 10 s test level, kept constant for 10 s, reduced ﬁ)

voltade, kept constant for 30 min and then reduced to zero. B @ the end of the 30 mi
the lejel of partial discharge shall be monitored and recorde ra 1 min period. If the
of parftial discharge is below 200 pC, the design may be ac@pted unconditionally. If the
of partial discharge exceeds 200 pC, the test results shQaQb evaluated.

The HMS value of valve 10 s AC test voltage, U, \g?d 30 min AC test voltage, U,co, Sh
determined in accordance with the following: 5\&

s&@
Utai\e}@% x key x ko x k1o
xO

’c\)b U, 2
C)\\ Utac2 = \\//% X keq x kg x kg

>

Uyp1 is the pe@\\’/alue of the maximum temporary overvoltage across the valve;

wherdg

Uyp2 is %@%k value of the maximum steady-state voltage across the valve;

c1 |€t)1e voltage step overshoot factor related to one output voltage step of the con
\uhder the condition consistent with that used to define U,,.4. Fora MMC or CT

cified
0 Hz,

aised

e specified 30 mip test

h test,
value
value

all be

erter,
| type

kcz

converter the voltage step overshoot factor relates to the overshoot factor of one cell
or submodule;

is the voltage step overshoot factor related to one output voltage step of the converter,
under the condition consistent with that used to define U,,.5; For a MMC or CTL type

converter the voltage step overshoot factor relates to the overshoot factor of one cell
or submodule;

is the test scaling factor according to 4.3.2;
is a test safety factor;

=1,10.



Alternative tests introduced to make the test done in a convenient way.
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9.4.2.3 Valve DC voltage test

The test consists of applying the specified test voltages Uy.q and Uiyqo for the specified
duration.

The test will be done with a short duration of 10 s and a long duration of 3 h.

Starting from a voltage not higher than 50 % of 10 s test voltage, the voltage shall be raised to
the specified 10 s test level as fast as possible, reduced to the specified 3 h test voltage, kept
constant for 3 h and then reduced to zero.

For D
of pulses exceeding 300 pC shall not exceed 15 per minute, averaged over the record p
Of th

pulse
2 000

The v
accor

9.4.3
9.4.3.

The f

PD measurement the recording time shall be the last hour of the 3 h test. The
se, no more than seven pulses per minute shall exceed 500 pC, no more fhan

5 per minute shall exceed 1 000 pC and no more than one pulse per minufg:shall e
pC.

plve 10 s DC test voltage, U1, and 3 h DC test voltage, U;y.o. Ghall be determi
Hance with the following:

Utde1 =Uyp1 X ko x kqg

Utde2 = Uyp2 % ko xk10

Valve impulse tests-(general)

1 General

llowing-sheuld shall be taken inta.a@écount during valve impulse tests.

a) Fqr some applications, for instance no overhead line is present in DC side and the b
bdtween phase reactor and, valves is completely protected against direct lightning st
AC side or in topologies, where the valve acts as a controllable voltage source with it
inbuilt DC capacitance, the valve impulse tests are less important since the valves ¢
sele impulses at an amplitude which could be decisive in the electric performance of v

NG
of
an
of
oc

N(

pulse tests in suchyapplications can be omitted. 19

TE 1 Unless alhequipment between the transformer and DC reactors are completely enclosed, the po
ightning striking“an exposed section of busbar adjacent to the valve (for example between the valve r
i the valvg)nGannot be excluded. However, taking into account the small area affected and the low pro
having aNightning impulse of magnitude low enough to evade the shielding, this event is extremely unl
ur inspractice and can therefore be ignored.

TEN2" The emergency turn-off of the IGBT valve while it is carrying current (IGBT overcurrent turn-

imber
eriod.
three
xceed

hed in

usbar
ike in
S own
jo not
alves.

bsibility
pactors
pability
kely to

ff test:

Cla

use can also generate a transient overvoltage between the terminals o e valve. Fart o IS over

oltage

appears directly across the valve levels and is covered by the IGBT overcurrent turn-off test but there might, in
addition, be a transient voltage developed across the stray inductance of the busbars through the valve which
might need to be considered in the assessment of impulse voltage stresses between terminals.

The impulse test will be applied only in one polarity which corresponds to the polarity of

va

Ive withstand voltage.

If the valve impulse withstand levels are equal to or less than the valve AC-DC test level, it
is deemed that the valve AC-DC test can cover the impulse tests and consequently the

im

pulse tests can be omitted.

9.4.3.2 Valve switching impulse test

A standard switching impulse voltage waveshape in accordance with IEC 60060 shall be used.


More information added in the NOTES below on possible valve impulses in operation.
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The test shall comprise three applications of switching impulse voltages of specified amplitude
on the valve.

The valve switching impulse test withstand voltage Uy, shall be determined in accordance with
the following:

— Valve with valve arrester protection:

Lre—SPL et

LL LL L L
sV ~ SlIFL_V ~0 |

where

SIPL,UgipL is the switching impulse protective level of valve arrester.or protgction
level derived from AC and DC side arresters;

kg is a test scaling factor according to 4.3.2;

kg is a test safety factor;

kq =1,10.

— Valve without valve arrester protection:

This test is intended to verify the valve insulation when¢the valve is not directly protecfed by
surge|arresters.

Utsy = Ugms %Ko % k12

where

Ucms | 1s the switching impulse prospective voltage across valve terminals according to system
insulation coordination studies;

ko is a test scaling factor d@ceording to 4.3.2;

kqo is a test safety factor;

ko =1,15.

The vplve shall withistand the test voltage without switching or insulation breakdown.

9.4.33 Valve lightning impulse test

A starlndard lightning impulse voltage waveshape in accordance with IEC 60060 shall be ysed.

The test shall comprise three applications of impulse voltages of specified amplitude on the
valve.

The valve lightning impulse withstand voltage Uy, shall be determined in accordance with the
following.

— Valve with valve surge arrester protection:

-Uﬂv—bpév—k-rk-m-
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Uty =ULipL_v % ko k13

where

HPLU p is the lightning impulse protective level of the valve arrester or protection
level derived from AC and DC side arresters;

ko is a test scaling factor according to 4.3.2;

k13 is a test safety factor;

kq3 =1,10.

— Valve without valve surge arrester protection:

This 1|est is intended to verify the valve insulation when the valve is not directly protéet

surge

The v

10 I(

10.1
The p

arresters.

Uty = Ugmi x kg% kq4

is the lightning impulse prospective voltage across valve terminals according to s
insulation coordination studies;

is a test scaling factor according to 4.3.2;
is a test safety factor;

=1,15.
alve shall withstand the test voltage without switching or insulation breakdown.
BT overcurrent turn-off test

Purpose of test

rincipal objective is to ¢heck the adequacy of the VSC valve design, especially the

and the associated electrical circuits with regard to current and voltage stresses at turn

the ey

The t
tempsg
the m
one t4

ent of certain shaort.circuit faults or misfiring events.

st shall replicate the worst combination of voltage stress and instantaneous ju

pnitoring/protection circuits. Depending on the control and protection strategy morsg
st may-be required in order to reproduce all relevant stresses.

ed by

ystem

IGBT,
-off in

hction

rature, based on conditions that represent the most unfavourable tolerance settings of

b than

Gene

al\fequirements related to the test circuit and the representation of DC capacitorn

loop

stray inductance, etc. are as stated in 6.3.

10.2

Test object

The test object is as described in 6.2. However, it-shall is also-be necessary to represent certain
protection or monitoring circuits if these are essential for the detection of an overcurrent event.
For controllable voltage source type VSC valves, this test may also be performed on valve level. 20

10.3

Test requirements

The test consists of operating the test object to thermal equilibrium under the conditions which
lead to the highest steady-state junction temperature of the relevant IGBT (see 6.4) and then
initiating an overcurrent event. The control and protection system then detects the overcurrent
and suppresses the overcurrent by turning off the IGBTs at a current below the maximum safe
turn-off limit.


Valve levels in controllable voltage source type VSC valves are switched on and off independently with no need for synchronous control. There is no voltage sharing issue after IGBT turn-off.
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For switch type valve, the test voltage Utpvzee#espendingmmma*#numwnpeﬁaﬁ#ek%e\%
voltage shall be determined as follows:

Utpv2 = Udtemp X kn x ky5

Udtemp is the maximum temporary DC overvoltage of the valve, including ripple;

k is a test scaling factor according to 4.3.1;
n
k H 4 4 F oy £ 4
15 159 A lTol Dal\:l.y aviur,
k15 = 1,05
The test current wavaform in tha time interval hetweaen detection of the overctwrrent and the
—He—tesSt—-oeuHent—wavetrormtHh—tnetmethteya—oetween—GaetectHoh—otrtheovVe e rentafa—the
instadtofturn-off of the IGBTs should be representative-of the servicecondition particularh/in
Staft- ot hR-0H- o0 tRe1+o b1+ 5-SHothGoefrepresehathvye-o 1t e-SerHCe-CORGIHON, Paricthghy-+h

For cpntrollable voltage source type valve, the test voltage UpyL\0er valve level shpll be
deternined as follows: [6

Utpvi2 = Uctemp *k15

where

Uctemp 1S the maximum temporary DC overvoltage per valve level, including ripple;
kqg is a test safety factor;

kqs =1,05.

The rate-of-rise di/d¢ of the overcursgpt shall be taken into consideration in the test to show that
the cgntrol and protection systemlis able to turn-off the IGBTs fast enough before ma)imum
safe tprn-off limits are reached\\Fhis consideration can be shown either by increasing thg rate-
of-ris¢ di/dt of the test current waveform if the test circuit allows for it or by increasing the
protegtion level by taking. into consideration of the total inherent delay in the contrgl and
prote¢tion system. 21

11 Short-circuit'current test

11.1 |Purpose of tests

The pdrineipal objective is to check the adequacy of the devices, especially the diodesg, any
additional components used to protect the diodes (such as bypass thyristors) and the
associated electrical circuits with regard to current stresses under specified short circuit
conditions, such as short-circuit fault at DC side, until the control and protection circuit breaks
the fault current. The VSC valves shall be designed to withstand the short circuit overcurrent
for the number of cycles needed to open the main AC circuit breaker, without any failure or
damage in the equipment, considering also that a possible recovery voltage could appear.-Fhe

normally be energized for the part of the fault event where any actions are taken by it. For
example, when blocking the IGBTs or turning on protective devices such as bypass thyristors.
For other parts of the fault event, it is not necessary to energize the valve electronics. 22



Added appropriate test voltage definition for controllable VSC type valves. Here, voltage per valve level is relevant (not along entire valve).

More text added to guide the actual laboratory test.

Valve electronics are not involved in entire short-circuit current period in some VSC valve designs. Energization of the valve electronics is therefore meaningless in test of those valves.
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11.2 Test object

The test object is as described in 6.2.

11.3 Test requirements

The test consists of operating the test object to thermal equilibrium under the conditions which
lead to the highest steady-state junction temperature of the relevant semiconductor component
(see 6.4) and then initiating a fault current event. In order to define the maximum junction
temperature rise of the IGBTs and the diodes, all the possible overload conditions (in terms of
amplitude and duration) shall be taken into consideration.

The fault current amplitude, duration and the number of cycles shall be the maximum\values
expedted in the actual field operation.

Alternlative test waveform may be used, provided that the amplitude and energy accumylation
are regpresentative of those in fault conditions.

Where the test object experiences a recovery voltage between cycles of fault current, thgn this
recovery voltage, including commutation overshoot where applicable, ishall also be reprofuced
during the test. A test safety factor of 1,05 is applied to the recoyery voltage.

Considering the difficulty in test laboratory to perform this_test in generation of the redovery
voltage between cycles of fault current, this test may, subjected to the agreement befween
purchpser and-manufacturer supplier, be performed on{component level.

12 Tpsts for valve insensitivity to electromagnetic disturbance

12.1 |Purpose of tests

The principal objective is to demonstrate the insensitivity of the valve to electromagnetic
interference (electromagnetic disturbance) arising from voltage and current trangients
generpted within the valve and imposed on it from the outside. The sensitive elements pf the
valve pre generally electronic circuits used for controlling, protection and monitoring of thejvalve
levels|

Genetally, the valve insensitivity to electromagnetic disturbance can be checked by monitoring
the Vﬁlve during other type tests. Of these,—the—valve—and the valve maximum contihuous
operafing duty test'and maximum temporary overload operating duty test (see 6.4 and 6.%), the
valve [impulse t€sts (see 9.4.3) and the IGBT overcurrent turn-off test (see Clause 10) afe the
most |mportant.

The thts shall demonstrate that:

a) out-of-sequence or spurious switching of IGBT does not occur;
b) the electronic protection circuits installed in the valve operate as intended;

c) false indication of valve level faults or erroneous signals sent to the converter control and
protection systems by the valve base electronics, arising from receipt of false data from the
valve monitoring circuits, does not occur.

NOTE For this document, tests to demonstrate valve insensitivity to electromagnetic disturbance apply only to the
VSC valve and that part of the signal transmission system that connects the valve to earth. Demonstration of the
insensitivity to electromagnetic disturbance of equipment located at earth potential and characterization of the valve
as a source of electromagnetic disturbance for other equipment are not within the scope of this document.
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12.2

Test object

Generally, the test object is the valve or valve sections as used for other tests.

When insensitivity to electromagnetic disturbance arising from coupling between adjacent
valves in a MVU is to be demonstrated, two approaches are acceptable as defined in 12.3. In
this case, the test object will be a separate valve or valve section according to the approach
adopted.

12.3
12.3.1

When
adjac
appro

NOTE

for the electromagnetic disturbance test object-should-be-agreed,-baseéd pn-the-design-of

shall

12.3.%

Apprad
set-uf
for int
distur

Test requirements

—General

demonstrating insensitivity to electromagnetic disturbance arising from coupling.be
ent valves of a MVU, the test requirements depend on which of the two recomm
aches is adopted.

L The specific geometric arrangement to be used and the magnitude of the forward v

be representative of the service conditions.

Approach one

ach one is to simulate the source of electromagnetic disturbance directly as part of
. Such a test set-up will require more than one valve or valve section in order to
eraction between them. The geometric arrangements of the source of the electroma
bance with respect to the valve under test shall be as close as possible to the s

arran
the el
electr
distur

12.3.3

Apprad
condi
fields
radiat
by thg

An es
direct
meas
predid
using

ement (or worse from an electromagneticdisturbance point of view). The electror
ctromagnetic disturbance test object shal] be energized. Those parts of the valve
bnics that are necessary for the properiexchange of information with the electroma
bance test object shall be included.

Approach two

ach two is to determine thevintensity of electromagnetic fields under worst opera
ions, either from theoretical considerations or by measurements. In a second step,
are simulated by a -test circuit which generates correct (or worse) electroma

test source.

sential prerequisite to approach two is the determination of the dynamic field streng
on at key locations in the valve. This can generally be obtained from searc
irements”taken during firing tests on a single valve. Alternatively, the field ¢
tedfrom three-dimensional field modelling programs. A valve section shall then be

a.separate field coil to produce field intensity, frequency content and direction whic

fween
ended

bltage
e

a test
check
gnetic
Brvice
ics of
base
gnetic

tional
these
onetic

on at the respective\frequencies. A valve section is then exposed to the fields geng¢rated

h and
h coil
an be
ested
h is at

least

S severe as e predicied values.

The following conditions for the valve section under test shall be met:

— the valve section shall have operational voltage (proportionally scaled) between its terminals
and be forward biased at the time of energization of the field coil;

— the electronics of the valve section under test shall be energized;

— those parts of the valve base electronics that are necessary for the proper exchange of
information with the valve section shall be included.

12.3.4 Acceptance criteria

The c

riteria for acceptance for both approaches one and two shall be as defined in 12.1.
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13 Tests for dynamic braking valves

In some VSC HVDC schemes, but particularly where the HVDC system is exporting power from
a small islanded AC system with little or no load (for example an offshore wind farm) the HVDC
system may be required to include a dynamic braking system, for example as a chopper
connected to the DC terminals of the VSC system. The function of the dynamic braking system
is to absorb and dissipate the power generated in the islanded AC system during faults in the
receiving-end AC system, typically for durations of 1 sto 2 s.

There are several possible ways of implementing such a dynamic braking system but the valves
in this system will, in general, be of similar design to the main VSC valves used for power
transrhission.

The dynamic braking valves may require type tests, for which the requirements(given jn the
preceding Clauses 6 to 12 are generally applicable; however, the dynamic_braking yalves
generglly require only a sub-set of the type tests applicable to VSC valves.

The dynamic braking valve normally remains in the standby state but is rfequired to operate and
carry gurrent for short durations when the receiving-end AC system suffers a fault. The die|ectric
test donditions are therefore similar to those for the VSC valveybut the operationgl test
condifions only need to be applied for short durations.

NOTE Subclause 4.1.1, Evidence in lieu, is applicable when the same\alve design is used in both VS€ valve
and dyhamic braking valve.

NOTE 2 For dynamic braking valve with a design of distributed jn%built resistors or energy absorber elemgnt the
operatipnal duties can be done on site, due to the power limitatior*of test laboratory.

14 Production tests

14.1 | General

This dlause covers tests on assemblies of components that are parts of valves, valve segtions,
or aukiliary circuits for their protection, control and monitoring. It does not cover tegts on
individual components that areused within the valve, the valve support, or valve structure.

For valve component faylt\tolerance, information is provided in Annex B.

14.2 |Purpose of tests
The purpose of‘the production tests is to verify proper manufacture by demonstrating that:

— all components and subassemblies used in the valve have been correctly installed in
adgcaofdance with the design;

- th.’ vaivc Uqu;plllcllt funbtiuua daoS ;IILLUIIK.IIUKJI dlld }.)H::t.]li:"lt;llcuI pdldlllctclb dal'c© VV;“I;II PITOS I‘Ibed
acceptance limits;

— the valve sections and IGBT-diode pair levels (as appropriate) have adequate voltage
withstand capability;

— consistency and uniformity in production is achieved.
14.3 Test object

All valve sections or parts thereof manufactured for the project shall be subjected to the routine
production tests. The tests may be performed on valve sections or individual levels as
appropriate to the design and available test facilities.
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14.4 Test requirements

Uniformity in the specified production tests of different suppliers is unnecessary. The production
tests shall take into account the special design characteristics of the valve and its components,
the extent to which the components are tested prior to assembly, and the particular
manufacturing procedures and techniques are involved. In this clause, only production test
objectives are given.

In all cases, the supplier shall submit, for approval by the purchaser, a detailed description of
the test procedures proposed to meet the production test objectives.

The npimmumrrequirements—forroutimeproductiontestsaretisted—m+4-5—Ftreorderimwhich
the tepts are listed implies neither ranking of importance nor the order in which the testsighould
shall be performed.

NoTE}n some cases, it may be necessary to perform production sample tests on complete
assemblies in addition to the routine tests, for example when modifications ‘are introdug¢ed in
the cqurse of production. The nature and extent of such additional tests_should shall be agreed
on a ¢ase-by-case basis.

14.5 |Production test objectives
14.5.1 Visual inspection

To cHeck that all materials and components are undamaged and are correctly installed in
accorflance with the latest approved revision of the production documentation.

14.5.2 Connection check

To chgck that all the main current-carrying céhnections have been made correctly.

14.5.3 Voltage-grading circuit check

To check the grading circuit patameters and thereby ensure that voltage division befween
seried-connected levels will be:correct for applied voltages from DC to impulse waveshapes, if
appligable.

14.5.4 Control, protection and monitoring circuit checks

To check the function of any control, protection or monitoring circuits that form an integral part
of the|valve, such as IGBT gate drive circuits and any local protection or monitoring circuits.

If type testsiand tests of the effectiveness of fuse protection are considered to be necegsary,
they %hall be specified separately with conditions for tests.

14.5.5 Voltage withstand check

To check that the valve components can withstand the voltage corresponding to the maximum
value specified for the valve. The checks shall include AC-DC test voltage and switching
impulse as applicable.



Partial discharge tests cannot be done with the presence of valve electronics and submodule capacitor. Multiple dis-assembling and re-assembling actions needed in this test which are not in support of product quality control. Deletion of this test item leads this publication harmonized with IEC 62927.
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14.5.6 Turn-on / turn-off check

2024

To check that the IGBT(s) in each valve level turns on and turn off correctly in response to

switch

ing commands.

14.5.7 Pressure test

To check that there are no coolant leaks.

15 Presentation of type test results

The type test report shall be issued in accordance with the general guidelines as.gi
ISO/IEC 17025, and shall include the following information:

— N3
— N3

— un
an

— dg
— dse

— reference to the normative documents and clear description of deviations, if any
prpcedures stated in the normative documents;

— de

— test results in the form of tables, graphs, oscilloggrams, and photographs as appropria

me and address of the laboratory and location where the tests were carried.out;
me and address of the purchaser;

y other information aimed to identify the test object;
tes of performance of the tests;
scription of test circuits and test procedures used for the/performance of the tests;

scription of measuring equipment and statemept'of the measuring uncertainty;

scription of equipment or component failuse;
her data/statement/description as interntion of evidence in lieu.

en in

ambiguous identification of the test object, including type and ratings, serial number and

from

te;
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Annex A
(informative)

Overview of VSC converters in HVDC power transmission

A.1 General

Voltage sourced converter (VSC) valves are an-emerging evolving technology, in which different

manufacturers may have substantially different technological approaches and where,
future, there may be new circuit topologies that have not yet been described.

Voltage sourced converters for HVDC differ fundamentally from conventional HVDCscony
(whicly are-eurrent-soureed line commutated converters) in that in order to reverse'the dir

in the

erters
ection

of poyer flow, it is the direction of direct current, not the polarity of direct~voltage, that is

revergsed. Smoothing of the direct voltage is performed by a large DC capacitoh,“which pla
analogous role to the DC inductor (which may partly be fulfilled by the inductance of th
transmission system and the leakage inductance of the converter, transformers)
conventional HVDC project.

, in a great many respects, the role of voltage in a VSC\valve is equivalent to {
currenmt in a conventional HVDC thyristor valve, and vice-versa.

A dethiled treatment of all possible VSC valve technplogies is far beyond the scope

standard. The purpose of this annex is simply to present'a brief overview of the main differ
betwgden VSC and conventional HVDC thyristor valves, and of the main types of VSC
insofgr as they affect the criteria for testing suchiwalves.

This annex is intended to give an overview of the main converter technologies known
time df writing. However, it is not intended-toe limit or constrain in any way the types of techr
that cpn be utilized.

For d¢termination and evaluationnef the VSC valve losses, information is provided in Ann

A.2 | VSC basics

All vtltage sourced_converters aim to synthesize, from the DC capacitor voltag
approkimately sinusoidal voltage at the AC terminals. However, in practice, the output v
of the] VSC canfiot'be perfectly sinusoidal but instead consists of a number of discrete st

ys an
e DC
in a

hat of

f this
ences
valve,

at the
ology

ex C.

e, an

bltage
bps of

voltage, or "output levels". The term "level" here refers to a discrete output voltage level and

should not-be confused with the term "VSC valve level" which refers to a physical building
of the|valve, for example an individual IGBT and associated components.

tblock

For power systems, 3-phase converters are almost always used, but in considering the number

of output levels of a converter, each "phase unit" of the converter is normally consi

dered

independently. The number of output levels refers to the number of discrete states in which the
line-to-neutral output voltage of a phase unit can exist (Figure A.1). It is important to note that

an n-level converter will have (2n-1) possible values of line-to-line voltage.
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Figure A.1 — A single VSC phase unit and its idealized output voltage

In the|simplest possible VSC topology, the "two-level converter”, the AC output voltage-of each
phasdg arm (with respect to the midpoint of the DC capacitor, which is normally eatthed) has
only tio possible states: +2Uy. and —2Uyc.

If the [VSC valves in this phase arm are switched only at fundamental frequency, the regulting
AC oUtput voltage waveform is an extremely poor approximation to sinuseidal. Such a wavieform
would| be totally unacceptable in a power system.

Howeper, by switching the valves ON and OFF more than once per fundamental frequency| cycle
and employing pulse width modulation (PWM) it is possible to.8btain an output voltage that is,
after filtering, reasonably sinusoidal. Figure A.2 illustrates bath cases.

A

112Uy, / \ — 112U - - .H>
U - U

—12Uye —1/2U4, U L IE N .

[ —
\J

IEC IEC

a) Without PWM b) With PWM

Figure A.2 ((Output voltage of a VSC phase unit for a 2-level converter

PWM |is an established technique in converters for motor drives, but carries the disadvgntage
of mugh increased switching losses.

An alternative to PWM is to use a more complex converter with a higher number of output Jevels
— a "multi-level converter". There are a number of 3-level or 5-level converter topo|ogies
available, but in a power system application these too will generally still require PWM in order
to obtain sufficiently low harmonics.

However, there are some converter topologies that are capable of producing much higher
numbers of output levels, such that even without using PWM, the output voltage waveform is
highly sinusoidal and little or no filtering is required. Figure A.3 shows the output voltage of a
15-level converter, which can be seen to be reasonably sinusoidal. In practice, higher numbers
of levels than 15 would normally be used for HVDC transmission applications.
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Figure A.3 — Output voltage of a VSC phase unit for a 15-level converter, without PWM
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A.4

A.41

Overview of main types of VSC valve

conventional HVDC thyristor valves, which have evolved towards' a- largely co
| design, VSC valves are at an early stage in their technological evolution and exi
br of forms.

time of writing of this standard, the VSC valves that are available commercially fg
hsic categories.

vitch type VSC valves. These valves, like their thyristor counterparts, function only

s topology, the DC capacitors are completely séparated from the valves and can be
isolation.

ntrollable voltage source type VSC valves, In valves of this type, the DC capacitor
integral part of the valve and cannot conveniently be separated from it for t

n type tests need to be performed in a quite different way depending on which
categories the valve falls into.

other categories of "hybrid" VSC valve have also been described in literature and ¢
fure of characteristics from the two categories above; however at the time of w
bpment work in these“topologies is in the relatively early stages and these topologis
t commercially available.

Switchtype VSC valve

General

lan 4 o

mmon
5t in a

Il into

as a

ntrollable switch, with only two permanent states: YON and OFF. In converters baged on

ested

5 form
psting

pf the
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BS are
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that they consist of a large number of series connected IGBT devices which are switched
simultaneously. As with conventional thyristor valves, simultaneous switching of the series
connected IGBTs is vital. Redundancy can be provided in the same way as for an LCC thyristor
valve, by providing a few additional IGBT devices in series and either ensuring that the IGBTs
are of a special type with short-circuit failure mode or are equipped with a parallel-connected
shorting switch.

Valves of this type are normally used with converters with a relatively low number of output
levels. To compensate for the low number of output levels, such converters usually use pulse

width

modulation (PWM) to achieve a good approximation of a sinusoidal output voltage.

Some of the more common converter topologies that can be used with this type of VSC valve
are described below.
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A.4.2 2-level converter

In this, the simplest type of VSC, each VSC phase unit comprises just two VSC valves
connected in series and sharing an AC terminal. The two valves are switched alternately such
that, at any given time, either one or the other valve is conducting, but never both. (In practice,
there is usually a slight dead-time or "underlap" between the two valves in order to prevent a
"shoot-through" or simultaneous conduction of the two valves in series).

The circuit topology of this converter is very simple (see Figure A.4) and requires very little
explanation. When V1 is conducting, the AC terminal is connected to the upper DC terminal and
therefore produces an output voltage of +%2Uy.. When V2 is conducting, the AC terminal is

4 =l & Ll L Dot H L ot £ pu | 4 e Lt £ 1 LL
conngeregomeroweroCtermmarandmereroreproaucesanotmpurvortageor— rior e

. ._\ vsc o A
valve s
be 11204 Z,S_I V1 —g 112U,
trantsmission + — oAC T U >
system 5
1120,y = | | vsc 2 _1/20,,
de Z;_, valve o
V2 3 v

IEC
Figure A.4 — Basic circuit topology of one phase unit of a 2-level converter

A.4.3 Multi-level diode clamped converter

In thig family of converters, the DC capacitor is sub-divided into a number of discrete gtages
conngcted in series, more than two IGBT valves are provided per phase unit and diode yalves
are used to connect between various intermegdiate points in the DC capacitor and in the phase
unit.

In the simplest version of this circuit (see Figure A.5), the three-level converter, each phase
unit cpntains four independent VSC*alves connected in series. The DC capacitor is subdjvided
into two series-connected units (as-it frequently is for a 2-level converter). The AC termjnal is
conngcted to the terminal between V2 and V3, and the %4 and % points (between valves V1/V2
and V|3/V4) are connected to the DC midpoint via diode valves.

With t{his converter, three output states are possible from a single phase unit. When valves
V1+VP are conducting, the AC terminal is connected to the upper DC terminal and thefefore
produces an output voltage of +2Uy.. When valves V3+V4 are conducting, the AC term|nal is
conngcted to the-lower DC terminal and therefore produces an output voltage of —2Uy.. When
valveg V2+V3are conducting, the AC output voltage is "clamped" at the DC midpoint vpltage
by thg diode valves.

The same principle can be extended to higher numbers of levels by further subdividing the DC
capacitor and using more VSC and diode valves. In a 5-level converter, the DC capacitor is
subdivided into four discrete stages, and there are eight VSC valves and six diode valves (see
Figure A.6). In this circuit, the valves are switched in adjacent groups of four, for example
V1+V2+V3+V4 gives an output voltage of +2Uy., V2+V3+V4+V5 gives an output voltage of

+% Uy, etc.

It can be seen that as the number of output levels increases, the complexity of the circuit
increases disproportionately. This is made worse by the fact that not only the number, but also
the voltage rating of the diode valves increases rapidly with the number of output levels.
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of a 5-level diode-clamped converter

A4.4 Multi-level flying capacitor converter

This circuit achieves the same result as the diode-clamped converter by a different method.
Instead of using diode valves to clamp the output voltage to one of the intermediate DC
capacitor stages, it uses one or more additional DC capacitors, which are isolated from the DC
terminals and hence "floating" or "flying", to achieve the same effect. This circuit is sometimes
also referred to as the "Foch-Meynard" circuit after its inventors.
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The 3-level flying capacitor converter (see Figure A.7) has a single flying capacitor with a
nominal voltage of 2U,.. This capacitor is connected between the terminals shared by V1/V2
and those shared by V3/V4. As with the 3-level diode-clamped converter, valves are switched

in pairs but the pattern to achieve zero output voltage is different. To achieve an output state
of 0, either valves V1+V3 or valves V2+V4 are switched on. V2+V3 is an illegal combination as

it wou

Id short-circuit the flying capacitor.

ZQ V1
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Figure A.7 — Basic circuit topology of one phase unit
of a 3-level flying capacitor,.converter

ed converter with the same number of outpuf-levels. Like the diode-clamped con
F numbers of output levels are possible, but at the expense of disproportionately incr
exity.

Controllable voltage source\type VSC valve

General

2-level converter, the valves and DC capacitor are clearly separated items of equi
hn be designed and tested in isolation. However, as the number of output levels incrg
seen from Subclauses A.4.3 and A.4.4 that the DC capacitor(s) become incre
ided and the valyes and DC capacitor become increasingly inter-dependent.

¢ converter'starts to approach the ideal, where the number of output levels is suffici
a goodhapproximation to a sinusoidal waveform without using PWM, the subdivi
capacitor and the interconnectivity between capacitors and IGBTs can becofr

liode-
erter,
based

bment
ases,
asing

ent to
ion of
ne so
ases,

simply a switch but is now a controllable voltage source, connected between the AC terminal of
the corresponding phase unit, and one of the DC terminals (see Figure A.8).
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Figure A.8 — A single VSC phase unit with controllable voltage
source type VSC valves

Each

of the valves V1 and V2 in the phase unit produces an output voltage consistin

sinusgidal AC component with a DC offset (equal to 2 Uy;). The output voltages®of'th

valvey

are varied such that at any given time, U(V1) + U(V2) = Uy..

inciple, there can be many different methods of implementing such a valve, but two (c
d) methods have found widespread application: the modular multislevel converter (
e cascaded two-level converter (CTL).

g of a
e two

losely
MMC)

Onei
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In effq
that th
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switch
the D

the cd

Modular multi-level converter (MMC)

mplementation of the MMC circuitiis shown in Figure A.9. The circuit of each submo
ar, each submodule comprising’ a single, isolated DC capacitor and two IGBT swi
ct, this circuit is very similarito that of the basic 2-level converter (see Figure A.4) €
e interconnections between submodules are made from the AC terminal (between |
5BT2) of one submodule;’to one of the DC terminals of the neighbouring submodule
ircuit, each submodule can produce two discrete output states: U =0 (obtain
ing IGBT2 on) or U = Uy submodule (0btained by switching IGBT1 on). Uy. submo

Hule is
ches.
xcept
GBT1
. With
ed by

Hule 1S

C link voltage of.a single submodule, which is much less than Uy, the DC link voltage of

mplete sysiem.

With
U =
discu

his circuit, it is possible to synthesize a unipolar valve output voltage with a maximum of
czand a minimum of U= 0. However, in common with all the converter topo

ogies

5 from

a short-circuit between the DC terminals of the converter. This is because although the two
IGBTs can be turned off very quickly, a conducting path always remains through the freewheel

diode

in parallel with IGBT2.

Another implementation of the MMC circuit addresses this shortcoming by using a full-bridge
arrangement, as shown on Figure A.10, instead of the half-bridge arrangement shown in
Figure A.9.
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Figure A.9 — The half-bridge MMC circuit
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Figure A.10 ="The full-bridge MMC circuit

In the|full-bridge version of the:MMC, each submodule contains four IGBTs instead of tw¢, and
can pfoduce three discrete oGtput voltage states:

e UF 0 (obtained by switehing on either IGBT1 + IGBT3 or IGBT2 + IGBT4);
* UF +Uyc submodile)(Obtained by switching on IGBT1 + IGBT4); or

* UF ~Ugc susmodule (Obtained by switching on IGBT2 + IGBT3).

The fyll-bridge Tircuit allows the valve to synthesize an output voltage of either polarity, allowing
a new| voltage-sourced converter to be connected as a tap to an existing HVDC line. Even|when
used [on<a unipolar DC line, the additional flexibility provided by the circuit allows the AC
component of valve voltage 10 exceed the DC component (which 1s not possible with the half-
bridge circuit), resulting in a lower AC current in the valve. In addition, the ability to suppress
fault currents arising from short-circuits between the DC terminals can allow some simplification
of protective functions. On the other hand the IGBT component count and the conduction losses,
are increased by nearly double compared with the half-bridge version.

Since the MMC circuit is inherently modular, it is relatively straightforward to obtain high
numbers of output levels, without requiring either PWM (which leads to higher switching losses
and requires filtering) or series connected IGBTs (which leads to problems of ensuring voltage
distribution). Industry standard IGBT devices can be used, which is not the case for valves of
the switch type. Redundancy cannot be provided within each submodule (because the correct
operation of the submodule requires both IGBTs to be healthy) and is usually provided by
equipping the valve with a few extra submodules and ensuring that the entire submodule is
shorted out in the event of a failure.
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On the other hand, the number and size of discrete DC capacitors required can be considerable,
and there may be difficulties in ensuring that all DC capacitor voltages remain balanced. In
comparison with two- or three-level converters, therefore, this topology allows for a simpler
valve design and lower losses at the expense of a more complex controls architecture and
greater space requirement.

A.5.3 Cascaded two-level converter (CTL)

An advantage of the MMC circuit is that it avoids the need for IGBTs to be directly connected
and switched synchronously in series. However, it is also possible to realise the MMC circuit
with more than one IGBT in series in each SW|tch|ng position. Converters designed in this way
MMC

MMC [circuit.

In common with the MMC circuit, the CTL circuit can exist in half-bridge and full-bridge variants.
The building-block of the CTL valve is referred to as a "cell" and the half-bridge versiop of a
cell i shown on Figure A.11. Each of the two switch positions consists jof.# IGBTs in geries,
switched synchronously, and the cell DC capacitor will operate at approximately » timg¢s the
voltage of a submodule DC capacitor in the MMC circuit.

In opgrational terms the only significant difference between thé'‘€TL and MMC circuits is that
the CTL circuit produces a valve output voltage containing fewer, larger, steps than the{MMC
circui{l. Its harmonic performance is therefore not quite as’good as that of the MMC (dircuit,
althoygh if the number of IGBTs per switching position,is¢modest (for example, 5 to 10) then it
can still achieve very high waveform quality while permitting some simplification of the gontrol
systen compared to the MMC circuit. The CTL circuit does, however, require sophist|cated
IGBT |gate drive circuits and a more specialised type of IGBT, in common with all valves |of the
switch type.

Redumndancy is provided within each cell:by equipping each switch position with more |IGBTs
than gre normally required to operate within the rated voltage of the converter.
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Figure A.11 — The half-bridge CTL circuit

A.5.4 Terminology for valves of the controllable voltage source type

Figure A.12 and Figure A.13 illustrate the main constructional terms for valves of the MM[C and
CTL type respectively, to explainthe meaning of terms such as VSC level, submodule anf cell.
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Figure A.13 — Construction terms in CTL valves
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Hybrid VSC valves

2024

Some published literature has suggested alternative types of VSC valve which possess
characteristics of both the switch type and controllable voltage source type. Since the pace of
development in this field is quite rapid it is considered beyond the scope of this document to
present a detailed treatment of these new converter topologies; however, a basic treatment is
given in CIGRE Technical Brochure No. 492.

A.7

VSC
imporfant to appreciate these differences in order to understand the differences inapp
that need to be taken when testing such valves.
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same is also true for voltages between the terminals of the valve.

Main differences between VSC and conventional HVDC valves

there are a great many differences, the principal ones that affect value testing 3
S.

bC valves are capable of both being turned ON and being turned-OFF by control 4
contrast, conventional HVDC thyristor valves can only be turned ON by control

ply a period of reverse voltage. Hence, tests to demonstfate minimum extinction &
positive voltage transients during the recovery interval’ (which are so importa
ristor valves), have no significance for VSC valves,

most VSC valves, the valve is not capable of Supporting reverse voltage (beca
ntains in-built freewheel diodes), but can condGct reverse current. In conventional
ristor valves, the valve can withstand reverse.voltage but not conduct reverse curn

ort-circuit across the DC capacitor, but instead protective turn-OFF is employed
bans of suppressing overcurrents. By contrast, in conventional HVDC thyristor v
btective turn-ON is widely used andiprotective turn-OFF is not possible.

e large DC-side capacitance mé&ans that there are few circumstances where a VSC
it can experience fast voltage transients between terminals. In valves of the "contrg
Itage source" type (where.some of the DC capacitance is embedded within the valy

It is
roach
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ction.
action

d, to achieve turn OFF, require the external circuit to force-the current to zero and then

ngles
nt for

use it
HVDC
ent.

VSC valves, protective turn-ON is generally not used because of the risk of creating a

as a
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bhase
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Annex B
(informative)

Valve component fault tolerance

Fault tolerance capability may be defined as the ability of an HVDC VSC valve to perform its
intended function, until a scheduled shutdown, with faulted components or subsystems or
overloaded components, and not lead to any unacceptable failure of other components, or
extension of the damage due to the faulted condition. Special features may be required in the
design to ensure fault tolerance.

Tests|to demonstrate the valve component fault tolerance are not categorized as type
since Imost of them are destructive tests of valve or valve components and the tests-are u
done pn small number of valve levels. Those tests should be done in design stage~ef ney
of valjes for compliance check of valve fault component tolerance. Supplier shetld doc
the tepts and provide project related report, based on experience in lieu, on pyrchasers' re

Examples of faults for which fault tolerance may be required are given below: 24

a)

Fdilure of an IGBT or diode

Even though a short-circuit IGBT-diode pair or the operation of an external valve
shlorting device will shunt the other components at the valve level, in some designs
may be a danger of overload of current connections or chianges in clamping load.

Missing of on-gate at one valve level due to loss of\snormal on-gate pulses to that level

Missing of on-gate leads to parallel overvoltageiof the components at the affected ley
Ingulation failure of a snubber capacitor, snubber resistor or other components if appl

Insulation failure of any component in parallel with the IGBTs or diodes can attrac
current into it, leading to a hazardous cendition.

Lgakage of small quantities of valve\coolant

If the valve is liquid cooled, small'leaks may not be easily detected. Escaped coola
contaminate sensitive compaonrents, leading to malfunction, and can increase the prob

tests
sually

vV type
Iiment

juest.

level
there

el.
cable
t load

nt can
ability

of|insulation failure. However, experience acquired in the wet test performed on both LCC

and VSC valves indicates-that the valve wet test on a new and dust free valve surf
urjable to identify locations where might cause valve dielectric failure in service due
ledakage of small quantities of valve coolant. IEEE Std 857™-1996, IEEE Recomm
Practice for Test\Procedures for High-Voltage Direct-Current Thyristor Valves, to whi
we¢t test is oftenreferred, was withdrawn in 2010. 25

Sybmodule~“Cell internal short-circuit current

Either miisfiring of IGBT, short-circuit of IGBT-diode pair or insulation failure may lead
infernal-capacitor discharge current. Under these short-circuit conditions, the-ecelt-sha]
shiold be self-contained without impacting the normal operation of adjacent submo

ace is
to the
ended
ch the

to an
L fault
dule /

cell. In particular, the fault should not lead to a flashover outside the affected submo

dule /

cell, damage leading to mal-operation caused by projected debris or electromagnetic
interference on neighbouring submodule / cell. Any visible light escaping from the faulted
submodule / cell should not cause fire or arc detection systems in the valve hall to shut

down the converter.



One more possible fault and effects of fast transient overvoltage on valve power electronics added as f) and g).

More info added.
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Submodule / Cell external short-circuit current

Similarly to case (e) above, if a short-circuit takes place between the external terminals of
the submodule / cell, or across several submodule / cell (for example between tiers of a
valve stack) then the capacitors of the submodule / cell(s) that were in the output state at
the time of the short circuit, will discharge their capacitors into the short-circuit. Although
the rate of change of current is lower than for case (e) because of the larger loop inductance,
it is still very high and can lead to a severe rate of change of magnetic field, potentially
affecting nearby electronic circuits. Depending on the design philosophy adopted for the
valve, tests may be needed to demonstrate that the IGBTs will safely turn off before the
capacitors can fully discharge and that the resulting electromagnetic disturbance does not
cause mal-operation of nearby electronic circuits.

Effects of fast transient overvoltages on electronics

Cegrtain events such as lightning strikes on the AC or DC systems close to thesgonverter
station, switching actions of the valves (including protective blocking) and byshing
flashovers inside the valve hall may lead to fast transient overvoltages whigtalthough not
ngcessarily of an amplitude sufficient to pose a risk of insulation failure,(¢oUld subject the
elg¢ctronic boards in the valve to a very high dv/dt. Depending on the,design philosophy of
the overall converter station for such faults, tests may be necessary {o,demonstrate thiat the
el¢ctronic boards continue in operation without damage ormalfunction under| such
conditions.

The plurchaser should review the design offered with the supplier to determine the probpbility
and likely consequences of certain failures. Where appropriate, consideration should be given,
to the| performance of special tests to verify critical aspects-of the fault tolerance capabllity of

the vglve. The details of such tests are subject to agreement on a case-by-case basis.
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Annex C 26
(informative)

Valve losses determination

As transmission losses are directly related to the investment and operational costs, they are

one of the most important factors for high voltage direct current (HVDC) project evaluatio

n. For

voltage sourced converters (VSC), valve losses are the largest part of the total converter station
losses and therefore the determination and evaluation of the VSC valve losses becomes highly

important.

Preselntly, the losses of VSC valves are determined based on the calculation methg
IEC 6R751-1 and IEC 62571-2. The calculation method requires detailed information: sy
, Which are usually not directly available to the HVDC system pur er/user|
consgquently finds it difficult to evaluate the calculated losses results. (1/

ds of
ch as

the pprameters of semiconductor devices, VSC valve design characteristics §a opegrating

| who

Thereffore, CIGRE working group B4.75 was set up in 2017 to perf a feasibility study to

laboratory loss measurement methods on VSC valves ford& calculation eval
purpoges and to make recommendations considering the pros a ns of such measur
methqds versus the methods in IEC 62751. The results of this ing group were publis
s CIGRE TB 844: "Feasibility study for assessment q@a losses measurement o

<<()

rochure starts with a general description of | % in VSC HVDC converter valve

hation
bment
hed in
f VSC

s, the

origing of different losses in components, the dep ency of the losses on different opgrating

, as well as special aspects of different d€signs. This is followed by a summary
curremt practice for valve losses determinati including the modelling of the semicon
paranjeters and then by a discussion on ho]§ transparency of the overall calculation pr|

can be enhanced. As the main study results of the WG B4.75, an evaluation of the e
methqds to measure losses is provide
condifions and additional aspects foryosses measurement (such as commercial aspecty
need |to be taken into account.~In the last part, the results are summarizeg
reconjmendations for applicatiofiy'of losses measurement are given, which can be us
guidapce for the introductio(y losses measurements in the operational type tests o

valves. @ .

The cpnclusion of CI@@ TB 844 is that the laboratory measurement of valve losses is feg
althoygh the lev accuracy achievable is still quite poor. The general recommen
thereflore is tha@ﬁaboratory measurement should become a standard part of the operd
type tpsts of SC valves, such that in the coming years greater industry experience d

gainefl in thissarea. However, it is not recommended that the measured valve losses ar¢g
as paft e financial evaluation criteria for the HVDC project, until there is a good in
experjéneé and consensus over what should be a realistically achievable level of measur

of the
juctor
pocess
isting

is is complemented by an overview of the opgration

) that
and
ed as
VSC

sible,
Hation
tional
an be
used
Hustry
bment

uncertainty.



New information part added to present the status of valve losses determination.
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List of comments

System requirements and operation conditions for VSC valves used in energy storage systems
(ESS) are the same or similar to those requirements for VSC valves used in HVDC power
transmission systems.

Check-list and criteria added to support the use of evidence in lieu.

For VSC valves, each type test is essentially independent of, and does not influence, the other
type tests.

Extension of the vatve position fautttabte by a further tine A mdependent contimuatiamof the

table no longer appears necessary, as such converter sizes do not appear plausible;

Differentiation of the AC-DC voltage test into two different process methodologies/(for further
riformation see Subclause 9.4.1 or Subclause 9.4.2).

>

dded appropriate test voltage definition for controllable VSC type valyes.”Here, voltage per
blve level is relevant (not along entire valve).

<

urther clarification and harmonized with IEC 62927.
ore text added to show further possibilities and variants.

larify the definition and avoid possible mis-use in valve tést when HVDC system has an pction
f fast discharge devices or re-configuration at fault,

o0 =Z T

Test factor for the long period has been increased to harmonize it with DC voltage test.
€

Juide added for application with a site altitude above 1 000 m. More information is availgble in
IEC 60700-1, Annex A.

orresponding to the changes introduced in Subclause 9.4.3.1. In valve AC-DC voltade test
e valve electronics is energized when test voltage is applied.

=0

ore text added to support thelreaders to understand the difference between VSC valves and
her high-voltage test objects. Commonly used dielectric test methods used in test of other
gh voltage equipment, for examples: thyristor valves for HVDC converters, thyristor yalves
r FACTS applications, ..., are not applicable.

J 0 =2

—h
=

as to be used in-order to acquire a credible result.

ore text added to describe how to use Method 2 in test.

h the converter structure technology (for further information see explicitly Subclause 9{4.1 or

H
M

Differentiation of the AC-DC voltage test into two different procedure methodologies depgndent
gubclause 9.4.2).

Changes introduced below are editorial changes only for easy understanding.
Alternative tests introduced to make the test done in a convenient way.
More information added in the NOTES below on possible valve impulses in operation.

Valve levels in controllable voltage source type VSC valves are switched on and off
independently with no need for synchronous control. There is no voltage sharing issue after
IGBT turn-off.

More text added to guide the actual laboratory test.

Valve electronics are not involved in entire short-circuit current period in some VSC valve
designs. Energization of the valve electronics is therefore meaningless in test of those valves.
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Partial discharge tests cannot be done with the presence of valve electronics and submodule
capacitor. Multiple dis-assembling and re-assembling actions needed in this test which are not
in support of product quality control. Deletion of this test item leads this publication harmonized
with IEC 62927.

One more possible fault and effects of fast transient overvoltage on valve power electronics
added as f) and g).

More info added.

New information part added to present the status of valve losses determination.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization,eom
ational electrotechnical committees (IEC National Committees). The object of IEC is to promotesintern
bperation on all questions concerning standardization in the electrical and electronic fields. To jthis €

baration is entrusted to technical committees; any IEC National Committee interested in\the subject de
participate in this preparatory work. International, governmental and non-governmental/organizations

prising
ational
nd and
eports,

Their
Alt with
iaising

with) the IEC also participate in this preparation. IEC collaborates closely with the International Organizafion for

Sta

2) Thqg formal decisions or agreements of IEC on technical matters express, as ngarly as possible, an interr
conisensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made teensure that the technical content
Pulhlications is accurate, IEC cannot be held responsible for ¢he way in which they are used or
misjnterpretation by any end user.

4) In

trarjsparently to the maximum extent possible in their nationaland regional publications. Any divergence b
any] IEC Publication and the corresponding national or regional publication shall be clearly indicated in thg

5) IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con

ass
ser
6) Al

7) No
me
oth

explenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

8) Attgntion is drawn to the Narmative references cited in this publication. Use of the referenced publica

indi

9) IEQ draws attention to/the possibility that the implementation of this document may involve the usg

pat
res
ma
the

shall not'berheld responsible for identifying any or all such patent rights.

IEC 6

hdardization (ISO) in accordance with conditions determined by agreement betf«éeh the two organiza

rder to promote international uniformity, IEC National €ommittees undertake to apply IEC Publi

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification'bodies.

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

liability shall attach to IEC or its directors, employees, servants or agents including individual expe|
nbers of its technical committees.and’IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

[spensable for the cofrect application of this publication.

bnt(s). IEC takes'no position concerning the evidence, validity or applicability of any claimed patent r
bect thereof{As of the date of publication of this document, IEC had not received notice of (a) patent(s
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P501 has been prepared by subcommitiee 22F: Power electronics for ele

ctrical

transmission and distribution systems, of IEC technical committee 22: Power electronic systems

and e

quipment. It is an International Standard.

This second edition cancels and replaces the first edition published in 2009, Amendment 1:2014
and Amendment 2:2017. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Conditions for use of evidence in lieu are inserted as a new Table 1;

b) Test parameters for valve support DC voltage test, 7.3.2, and MVU DC voltage test, 8.4.1,
updated;

c) AC-DC voltage test between valve terminals, Clause 9, is restructured and alternative tests,
by individual AC and DC voltage tests, added in 9.4.2;


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

-6 - IEC 62501:2024 © |IEC

d) Partial discharge test in routine test program is removed;

e) More information on valve component fault tolerance, Annex B, is added;

f) Valve losses determination is added as Annex C.

The text of this International Standard is based on the following documents:

Draft Report on voting

22F/731/CDV 22F/748A/RVC

2024

Full information-on-thevoting-for-its—approval can-be found-inthe report on-voting-indicated in
) PP g b4

the aljove table.
The Ignguage used for the development of this International Standard is English,
This document was drafted in accordance with ISO/IEC Directives, Part 2))and developed in
accor@lance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experts/refdocs. The main document types/-developed by IEC are
described in greater detail at www.iec.ch/publications.
The cpmmittee has decided that the contents of this documentwill remain unchanged until the
stabil:lty date indicated on the IEC website under webstorediec.ch in the data related o the
specific document. At this date, the document will be
e regonfirmed,
e withdrawn, or
e reyised.

IMPORTANT - The "colour inside™ logo on the cover page of this document indidates

that

it contains colours which-are considered to be useful for the correct understaniding
of its contents. Users should:therefore print this document using a colour printer
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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-

phasTmmmmmtwmmm or as
part of a back-to-back link, and to dynamic braking valves. It is restricted to electricaktype and

produfgtion tests.

This document can be used as a guide for testing of high-voltage VSC valves lused in gnergy
storage systems (ESS).

The tgsts specified in this document are based on air insulated valves) The test requirements
and afceptance criteria can be used for guidance to specify the el€etrical type and prodpiction
tests pf other types of valves.

2 Normative references

The fqllowing documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated -references, only the edition cited agplies.
For Undated references, the latest edition of\‘the referenced document (including any
amengments) applies.

IEC 6p060 (all parts), High-voltage test.techniques
IEC 6p071 (all parts), Insulation co-ofdination
IEC 6p270, High-voltage test.techniques — Partial discharge measurements

IEC 6PD700-1:2015, Thyristor valves for high voltage direct current (HVDC) power transmjssion
— Part 1: Electrical testing
I[EC 6p700-1:2015/AMD1:2021

IEC 6R747, Terminology for voltage-sourced converters (VSC) for high-voltage direct current
(HVD(C) systems

ISO/|EC 7025, General Tequirements —for —the competence —of testing —and——<catibration

laboratories

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62747 and the
following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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Insulation coordination terms

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

3.1.2

test voltage, under specified conditions

internal insulation

air ex

in the

profile

3.1.3
exter
air be

3.2
3.2.1

ernal to the anpnnnnfc and ianqufing materials of the valve but contained with
of the valve or multiple valve unit

nal insulation
fween the external surface of the valve or multiple valve unit and its surroundings

Power semiconductor terms

turn-off semiconductor device

contrg
exam

Note 1
for HV|
semicol

3.2.2

llable semiconductor device which may be turned opn“and off by a control sign
ble an IGBT

to entry: There are several types of turn-off semiconduetor.devices which can be used in VSC con
DC. For convenience, the term IGBT is used throughout this standard to refer to the main
hductor device. However, the standard is equally applicable to other types of turn-off semiconductor d

insulated gate bipolar transistor IGBT

turn-o
emittq

Note 1
and tur]

3.2.3

ff semiconductor device with three terminals: a gate terminal (G) and two load tern
r (E) and collector (C)

hed off.

free-wheeling diode

FWD
powe

Note 1
opposi

Note 2
the swi

semiconductor-device with diode characteristic

to entry: /A'FWD has two terminals: an anode (A) and a cathode (K). The current through FWDs ig
e direction-to the IGBT current.

to€ntry: FWDs are characterized by the capability to cope with high rates of decrease of current cay
ching behaviour of the IGBT.

al, for

verters
urn-off
evices.

hinals

to entry: By applying appropriatelgate to emitter voltages, the load current can be controlled, i.e. tujned on

in the

sed by

3.2.4

IGBT-diode pair
arrangement of IGBT and FWD connected in inverse parallel

3.3 Operating states of converter

3.3.1

blocking state

condition of the converter, in which a turn-off signal is applied continuously to all IGBTs of the
converter

Note 1 to entry: Typically, the converter is in the blocking state condition after energization.
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3.3.2

de-blocked state

condition of the converter, in which turn-on and turn-off signals are applied repetitively to |
of the converter

3.3.3
valve protective blocking

GBTs

means of protecting the valve or converter from excessive electrical stress by the emergency

turn-off of all IGBTs in one or more valves

3.3.4

voltage step fevel

voltage step caused by switching of a valve or part of a valve during the de-blocked state
converter

Note 1[to entry: For valves of the controllable voltage source type, the voltage step level corresponds to the
of voltage caused by switching one submodule or cell. For valves of the switch type,cthe’ voltage ste
corresfonds to the change of voltage caused by switching the complete valve.

Note 2[to entry: Annex A gives an overview of VSC converters in HVYDC power transmission.
3.4 |VSC construction terms

3.41
VSC phase unit
equipment used to connect the two DC busbars to one A€ terminal

3.4.2
switch type VSC valve

arrangement of |IGBT-diode pairs connected in series and arranged to be sw
simulaneously as a single function unit

3.4.3
contrpllable voltage source type VSC valve

complete controllable voltage source assembly, which is generally connected between o
terminal and one DC terminal

3.44
diode valve

semicponductor valve containing only diodes as the main semiconductor devices, which
be used in some ¥YSC topologies

3.4.5

complete’controllable device assembly, which is used to control energy absorption in b

of the

thange
b level

tched

ne AC

might

aking

dynal[nic braking valve

raoraothar oo an Ant

reS'Stul oot eT UUIIIP\JIIUIILS

3.4.6
valve
VSC valve, dynamic braking valve or diode valve according to the context

3.4.7
submodule

part of a VSC valve comprising controllable switches and diodes connected to a half bridge or
full bridge arrangement, together with their immediate auxiliaries, storage capacitor, if any,
where each controllable switch consists of only one switched valve device connected in series
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3.4.8

cell

MMC building block where each switch position consists of more than one IGBT-diode pair
connected in series

Note 1 to entry: See Figure A.13.

3.4.9
VSC valve level
smallest indivisible functional unit of VSC valve

. . . . . . e VSC
valve Igvel |s one IGBT diode palr |nc|ud|ng its auxiliaries (see Flgure A. 13) For MMC type W|thout IGBT- d|oce pairs

valve level
a diode valve composed of a diode and associated circuits and components, if anly

3.4.11
redundant levels
maximum number of series connected VSC valve levels or diode valve levels in a valvge that
may Re short-circuited externally or internally 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 increasedrisk of failures

Note 1[to entry: In valve designs such as the cascaded two levél'cenverter, which contain two or more confiuction
paths Within each cell and have series-connected VSC valve lévels in each path, redundant levels shall be dounted
only injone conduction path in each cell.

3.4.1%
dynamic braking valve level
part of a dynamic braking valve comprising a controllable switch and an associated diofe, or
contrgllable switches and diodes connected in parallel, or controllable switches and diodes
conngcted to a bridge arrangementytogether with their immediate auxiliaries, storage capacitor
and epergy dissipation resistors,if-any

3.5 |Valve structure terms

3.5.1
valve|structure
structliral components of a valve, required in order to physically support the valve modulgs

3.5.2
valve[support
that pprt.of the valve which mechanically supports and electrically insulates the active part of

the valvefremearth

3.5.3

multiple valve unit

MVU

mechanical arrangement of 2 or more valves or 1 or more VSC phase units sharing a common
valve support

Note 1 to entry: A MVU might not exist in all topologies and physical arrangement of converters.
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3.5.4
valve section

- 11 -

electrical assembly defined for test purposes, comprising a number of valve levels and other
components, which exhibits pro-rated electrical properties of a complete valve

Note 1 to entry: For valves of controllable voltage source type the valve section shall include cell or submodule DC
capacitor in addition to VSC valve levels.

Note 2 to entry: The minimum number of VSC or diode valve levels allowed in a valve section is defined along with

the requirements of each test.

4 General requirements

4.1 |Guidelines for the performance of type tests

411 Evidence in lieu

Each design of valve shall be subjected to the type tests specified in this doCument. If the|valve
is demonstrably similar to one previously tested, the supplier may, in lieu of performing a type
test of individual parts of it, submit a test report of a previous type test/for consideration by the
purchpser. This should be accompanied by a separate report detailing the differences |n the
desigh and demonstrating how the referenced type test satisfies the test objectives for the
propoged design. Conditions for use of evidence in lieu are listéd-in Table 1.
Table 1 — Conditions for use of evidence in lieu from another HVDC project
Type test Clause Conditions
Operdtional tests 6 Equal orsmaller number of valve levels to be tested
Same valve level design
Same valve electronics design
Identical or lower voltage stress and thermal stress? ¢n
each valve level
Dielegtric tests on valve support 7 Identical valve structure, including cooling pipes, cable
structpre paths, earthing system, if any
Same valve material and geometrical dimension
Equal or higher air clearance to valve hall and other
related equipment inside the valve hall
Equal or lower voltage stress, including DC voltage sfress,
AC voltage stress and impulse voltage stresses
Dielegtric tests on multiple 8 Same MVU geometry between valves
valve [unit
Dielegtric tests(between valve 9 Identical valve structure, including cooling pipes, cable
terminals paths and earthing system, if any
Same valve material and geometrical dimension
Equal or lower voltage stress
IGBT overcurrent turn-off test 10 Same valve level design
Same valve electronics design
Identical or lower prospective current stress
Short-circuit current test 11 Same valve level design
Same short-circuit bypass components, if any, and
function
Same valve electronics design
Identical or lower short-circuit current stress
Tests for valve insensitivity to 12 Same as those indicated for Clauses 6 and 9

electromagnetic disturbance

2 Semiconductor devices thermal stress is a combined effect of current and cooling. Device thermal stress is
characterised by the device junction temperature.
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4.1.2 Selection of test object

This subclause does not apply to tests on the valve supporting structure and multiple valve unit.
The test object for those tests is defined in 7.2 and 8.3.

a) Type tests may be performed either on a complete valve or MVU, or parts thereof, as
indicated in Table 4.

b) The minimum number of valve levels to be operational type tested, depending on the valve
levels in a single valve, is as shown in Table 2. This number applies to the type tests in
Clauses 6, 10, 11 and 12. Those valve levels shall be tested in one test setup or multiple
setups on several valve sections as defined in those clauses.

Table 2 — Minimum number of valve levels to be operational type tested
as a function of the number of valve levels per valve

Number of valve levels, including Total number of valve levels to be
redundant level per valve tested
1to 50 Number of valve levels in one-valve
51 to 250 50
> 251 20 %

THe minimum number of valve levels to be dielectric type tested can be equal to or|lower
than the number specified for the operational type test.

THe minimum number of valve levels, however, shall be representative of the valve die|ectric
dgsign.

c) Generally, the same valve sections are recommeénded to be used for all type tests. HoWever,
different tests may be performed on differentyvalve sections in parallel, in order to speged up
the programme for executing the tests.

d) Prjor to commencement of type tests; the valve, valve sections and/or the components of
them shall be demonstrated to have withstood the production tests to ensure proper
manufacture.

4.1.3 Test procedure

The tests shall be performed in accordance with IEC 60060, where applicable with due agcount
for IELC 60071 (all parts):\Partial discharge measurements shall be performed in accorflance
with [EC 60270.

4.1.4| Ambienttemperature for testing

The tg¢sts shall"be performed at the prevailing ambient temperature of the test facility, Unless
otherwise(specified.

4.1.5 Frequency for testing

AC dielectric tests can be performed at either 50 Hz or 60 Hz. Operational tests shall be
performed at the service frequency.

4.1.6 Test reports

At the completion of the type tests, the supplier shall provide type test reports in accordance
with Clause 15.

4.1.7 Conditions to be considered in determination of type test parameters

Type test parameters shall be determined based on the worst operating and fault conditions to
which the valve can be subjected, according to system studies. Guidance on the conditions can
be found in CIGRE Technical Brochure No. 447.
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4.2

Atmospheric correction factor

When specified in the relevant clause, atmospheric correction shall be applied to the test
voltages in accordance with IEC 60060-1. The reference conditions to which correction shall be

made

are the following:

— pressure:

If the insulation coordination of the tested part of the valve is based on standard

rated

withstand voltages according to IEC 60071-1, correction factors are only applied for
altitudes exceeding 1 000 m. Hence if the altitude of the site a4 at which the equipment

will be installed is <1 000 m, then the standard atmospheric air pressure (b, = 101,3 kPa)

- te

— humidity: design minimum valve hall absolute humidity (g/m3).

Realig
be us

The v

4.3
4.3.1

For of
shall

shall be used with no correction for altitude. It ag >1 000 m, then the standard prqc
according to IEC 60060-1 is used except that the reference atmospheric pressurg
replaced by the atmospheric pressure corresponding to an altitude of 1 000\ (b4 ¢

If the insulation coordination of the tested part of the valve is not based on sta
rated withstand voltages according to IEC 60071-1, then the standard proc
according to IEC 60060-1 is used with the reference atmaospheric pressu

(bo = 101,3 kPa).

mperature: design maximum valve hall air temperature (°C);

tic worst-case combinations of temperature and humidity which can occur in practicg
bd for atmospheric correction.

blues to be used shall be specified by the supplier.

Treatment of redundancy
Operational tests

erational tests, redundant valvellevels shall not be short-circuited. The test voltages
be adjusted by means of a s¢aling factor k:

_ Ntut
Ny — N,

is the number of series valve levels in the test object;

is the/total number of series valve levels in the valve;

ledure
by is
00 m)-

ndard
edure
re bo

b shall

used

r

4.3.2

IS the otal numper or reaunaant series valve levels In the valve.

Dielectric tests

For all dielectric tests between valve terminals, the redundant valve levels shall be short-
circuited. The location of valve levels to be short-circuited shall be agreed by the purchaser and

suppli

er.

NOTE Depending on the design, limitations might be imposed upon the distribution of short-circuited valve levels.
For example, there might be an upper limit to the number of short-circuited valve levels in one valve section.
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For all dielectric tests on valve section, the test voltages used shall be adjusted by means of a
scaling factor kj:

where

Ntu

is the number of series valve levels not short circuit connected in the test object;

N
N,

.
4.4
4.41

Exper
valveq
servig
rando|
cannd
valveq
the w
the lif

therefore permit a small number of valve levels toxfail during type testing, providing th
s are rare and do not show any pattern&that is indicative of inadequate desigh and
ing that the failed valve level permits thejrest of the valve or valve section to continue
operaling without degraded performance.

failure
provig

4.4.2
Criter

a) If,
th

b) If,
shi
c) If
th
te

d) Th

i L total | £ i L 1 1 i i+ l
o LIS tUldAl TTUTITUCTT UT OCTICO VvVAIVO TCVUOITO 11T LTS VGIVU,
is the total number of redundant series valve levels in the valve.
Criteria for successful type testing
General

ience in semiconductor application shows that, even with the{most careful des

brst stresses that can be experienced by the equipiment not more than a few times

Criteria applicable to valve levels
a applicable to valve levels_are as follows.

following a type test as’listed in Clause 5, more than one valve level (alternatively|

following a type test, one valve level (or more if still within the 1 % limit) has bg

he cumulative number of short or open circuited valve levels during all type tests is
hn 3 %-0f the tested valve levels, then the valve shall be deemed to have failed th
Bt

evalve or valve sections shall be checked after each type test to determine whet

not any valve levels have become short or open circuited. Failed 1Gbl/diode or au

gn of

, it is not possible to avoid occasional random failures of valye |level components ¢luring
e operation. Even though these failures may be stress.related, they are considered
m to the extent that the cause of failure or the relationship’ between failure rate and gtress
t be predicted or is not amenable to precise quantitative” definition. Type tests spbject

or valve sections, within a short time, to multiple stresses that generally correspxnd to

uring

b of the valve. Considering the above, the criteriafor successful type testing set out pelow
at the

more

hn 1 % of the tested valve levels, if greater) has become short or open circuited, th¢n the
vallve shall be deemed\to have failed the type tests.

come

ort or open circuited, then the failed level(s) shall be restored and this type test repg¢ated.

more
e type

ner or

xiliary

components found during or at the end of a type test may be replaced before further testing.

e) At the completion of the test programme, the valve or valve sections shall undergo a series

of

check tests, which shall include as a minimum:
check for voltage withstand of valve levels;
check of the gating circuits;
check of the monitoring circuits;
check of any protection circuits forming an integral part of the valve;
check of the voltage grading circuits.
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f)

g)

Valve levels short circuits occurring during the check tests shall be counted as part of the
criteria for acceptance defined above. In addition to short or open circuited levels, the total
number of valve levels exhibiting faults which do not result in valve level short circuit, which
are discovered during the type test programme and the subsequent check test, shall not
exceed 3 % of the number of tested valve levels in dielectric and operational type tests. If
the number of such levels exceeds 3 %, then the nature of the faults and their cause shall
be reviewed and additional action, if any, agreed between purchaser and supplier.

When applying the percentage criteria to determine the permitted maximum number of short
or open circuited valve levels and the permitted maximum number of levels with faults which
have not resulted in a valve level becoming short or open circuited, it is usual practice to

ro

und off all fractions to the next highest integer, as illustrated in Table 3.

Table 3 — Valve level faults permitted during type tests

Nunjber of valve levels Number of valve levels Total number of valve Additionalknumbe

tested permitted to become levels permitted to valve levels, in all
short or open circuited become short or open tests, which hav
in any one type test circuited in all type experienced a faul

or open circuite|

tests have’not become slgort

r of
type
e

but

Up to 33 1 1 1

34 to 67 1

68 to 100 1

AW DN

2
3
101 to 133 2 4

The d'lstribution of short or open circuited levels and.of other valve level faults at the end

type
inade

443

Break
than ¢
the v4
and d

Comp
joints
remai

ests shall be essentially random and not*show any pattern that may be indicat
juate design.

Criteria applicable to the valveras a whole

down of or external flashover,across common electrical equipment associated with
ne valve level of the valveylor disruptive discharge in dielectric material forming

stribution system shall'not be permitted.

and connectiohs, and the temperature of adjacent mounting surfaces shall at all
h within limitsipermitted by the design.

st of<type tests

Table

of all
ve of

more
art of

Ive structure, cooling dugcts;-light guides or other insulating parts of the pulse transmjssion

onent and conddctor surface temperatures, together with associated current-carrying

times

4 Yists the fylnn tests gi\/nn inClauses 6 7 8 9 10 11 and 12
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Type test Clause or Test object
subclause

Maximum continuous operating duty test 6.4 Valve or valve section
Maximum temporary over-load operating duty test 6.5 Valve or valve section
Minimum DC voltage test 6.6 Valve or valve section
Valve support DC voltage test 7.3.2 Valve support
Valve support AC voltage test 7.3.3 Valve support
Valve support switching impulse test 7.3.4 Valve support
Valve|support lightning impulse test 7.3.5 Valve support
MVU PC voltage test to earth 8.4.1 MVU
MVU AC voltage test 8.4.2 MVU
MVU pwitching impulse test 8.4.3 MVU
MVU lightning impulse test 8.4.4 MVU
Valve] AC — DC voltage test 9.4.10r9.4.2
Valve| switching impulse test 9.4.3.2 Valve or valve section
Valvellightning impulse test 9.4.3.3
IGBT [overcurrent turn-off test 10 Valve or valve section
Shorttcircuit current test 1 Valve or valve section
l’gﬁhig;::éve insensitivity to electromagnetic 12 Valve or valve section
NOTH Valve section used in the valve AC-DC voltage test(9.4.1 or 9.4.2), valve switching impulse voltage test
(9.4.3.2) and valve lightning impulse voltage test (9.4-3:3) should be a single structure representative of|valve
dieledtric design.

6 Operational tests

6.1 Purpose of tests

The principal objectives-ef*the operational tests are:

a) to|check the adeguacy of the VSC/diode level and associated electrical circuits in a|valve
with regard te“current, voltage and temperature stresses in the conducting state, at tyrn-on
and turn-offidnder the worst repetitive stress conditions;

b) to|demonstrate correct interaction between valve electronics and power circuits of the VSC
vallve's:

6.2 Test object

The tests may be performed on either the complete valve or on valve sections. The choice
depends mainly upon the valve design and the test facilities available. The tests specified in
this clause are valid for valve sections containing five or more series-connected valve levels. If
tests with fewer than five levels are proposed, additional test safety factors shall be agreed.
Under no circumstances shall the number of series-connected levels for tests be less than

three.

The valve or valve sections under test shall be assembled with all auxiliary components. For
the valves with valve surge arrester, a proportionally scaled valve arrester may be included.

The coolant shall be in a condition representative of service conditions. Flow and temperature,
in particular, shall be set to the most unfavourable values appropriate to the test in question,
such that the relevant component temperature(s) are equal to the values applicable in service.
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6.3

Test circuit

For valve designs which act as a controllable voltage source and contain in-built DC
capacitance, the DC capacitance and its connections to the semiconductor devices are an
integral part of the test object.

However, for valve designs which function as switches, where the DC capacitor is separate
from the valve, the DC capacitor needs to be correctly represented in the test circuit. In
particular, the series stray inductance in the connections between the DC capacitor and the
valve, and the stray capacitance across the valve section, shall be correctly reproduced and
scaled to the size of valve section under test. Test circuit interconnections shall be of a type

that i

levels| of damping due to skin effects.

6.4

The t
condi

at thejr maximum values.

For VBC valves:

e m
e m
e W
e m
For d
e m

e W

o m

All of

test. They may be reproduced-either in separate tests or as a combined test.

The t
frequ
patte

The t
other

The t

S rnprpepn’rnfi\/p of the fypp used in the converter in order not to introduce unre

listic

Maximum continuous operating duty test

¢st needs to reproduce the following parameters based on the worst in‘sefvice ope
{ions of the converter. More than one test may be necessary to reproduce all paran

Iximum steady-state IGBT junction temperatures;
ximum steady-state FWD junction temperatures;
here snubbers are used, maximum steady-state snubber component temperatures;

aximum steady-state turn-on and turn-off voltage and current.
ilode valves:

aximum steady-state diode junction temperature;
here snubbers are used, maximum, steady-state snubber component temperatures;

aximum steady-state diode turn-off voltage and current.

these parameters needto.be reproduced during the maximum continuous operatin

Ist voltage shall be*based on the maximum continuous direct voltage, the test swi
ncy shall be based on the maximum continuous switching frequency and the mody
rn shall be representative of that used in service.

st currént, in RMS, shall be determined taking harmonic currents into account an
dditional currents through the valve.

rating
neters

g duty

ching
lation

d any

st€urrent value shall incorporate a test safety factor of 1.05.

For switch type valve, the test voltage Uy, corresponding to the maximum continuous

operating DC voltage shall be determined as follows:

Utov1 = Udmax X kn x kq

Ugmax I8 the maximum continuous operating DC voltage of the valve, including ripple;

is a test scaling factor according to 4.3.1;
is a test safety factor;

=1,05.
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For controllable voltage source type valve the test voltage, Utpvi1: per valve level shall be
determined as follows:

where
U,

cmax
ki
k1

Utpvi1 = Ucmax x ky

is the maximum continuous operating DC voltage of the valve level, including ripple;

is a test safety factor;

The d
stabili

6.5

=1,05.
uration of the test shall be not less than 30 min after the exit coolant temperatun
zed.
Maximum temporary over-load operating duty test

e has

If the yalve is specified for temporary over-load operation, a maximum temporary operating duty
test shall be performed.
NOTE | Capability of converter valves in a maximum temporary over-load operation.is’typically in a few secpnds of
time while valve cooling is unable to act.
The tgst conditions, where required, shall be determined using\the same methodology as|in 6.4
abovdg. However, the test current shall be the specified oversload current without a test gafety
factor|
Prior o the test, the valve or valve section shall be brought to thermal equilibrium undgr the
condifions of 6.4. The temporary operating duty.tést is then started from this initial corldition
and cpntinued for a duration equal to the duratien*of the temporary overload multiplied by 1,2.
After [the temporary over-load operation, return to the conditions of maximum contipuous
operation as in 6.4 and maintain constan®for 10 min.
6.6 |[Minimum DC voltage test
This tlest is to verify the correct-performance of those valve designs in which energy fpr the
valve lelectronic circuits is extracted from the voltage appearing between the valve terminals.
The tgst consists of applying a DC voltage between the terminals of the valve or valve sgction.
For thiis test, only the“veltage, not the current, is important.
The cprrect operation of the valve electronic circuits may be demonstrated either by deblgcking
the valve or valye section, or by remaining in the blocked state and monitoring the datq back
signals from-the valve electronics.
The tgstvoltage U,,;, is defined as:
Nt
Umin = xUyy xk
min Nt w 2
where
Uw is the lowest DC voltage across one valve in service operation where proper function of
the valve electronics is required;
Nyt is the number of series-connected VSC levels under test;
Ny is the total number of series-connected VSC levels in a single valve, including
redundancy;
ko is a test safety factor;

= 0,95.
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The d

7 D

7.1

The p

uration of test shall be not less than 10 min.

ielectric tests on valve support structure

Purpose of tests

rincipal objectives of these tests are:

a) to verify the voltage withstand capability of the insulation of the valve support, cooling ducts,
light guides and other insulating components associated with the valve support. If there is
insulation to earth other than the valve support, then additional tests may be necessary;

b) to
op

NOTE
subject

7.2

The v
repres
single
place
of adj
and r
than t
by ac
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make
perfor
provid
of the
suppd

The c
purpo

If as

suppd
worst

7.3
7.3.1

verify that the partial discharge inception and extinction voltages are above the max
erating voltage appearing on the valve support.

to agreement between purchaser and supplier.
Test object

alve support to be used for the tests may be a representativeseparate object inc
entation of the adjacent parts of the valve or may form part_of the assembly us
valve or multiple valve unit tests. It shall be assembled with all ancillary componsg
and shall have the adjacent earth potential surfaces properly represented. The pro
acent earth potential surfaces (equipment or building-infrastructure) shall be assdq
ppresentation included where appropriate. For clearances that are significantly g
hose determined by insulation co-ordination reguirements, e.g. clearances driven in
Cess requirements, then consideration may be'given to omit earth potential surfa
locations. If a single valve consists of a singlesstructure, then its large size may somq
it impractical to test the complete valve jn a laboratory. In such cases it is permit
m the valve support structure tests ofiva pro-rated section of the support stru
ed it can be demonstrated that the desigh of the test object is representative of the ¢
full structure and the tests cover the worst stresses experienced by any part of the
rt structure.

bolant shall be in a conditien representative of the most onerous service condition f
se of the test.

ngle valve consists~of more than one structure such that there is more than one
rt structure per-valve, then it shall be demonstrated that the tests proposed cov
stresses experienced by any of the valve support structures.

Test requirements

Genheral

imum

Depending upon the application, it might be possible to eliminate some of the tests on _the valve support,

uding
bd for
nts in
Ximity
ssed,
reater
stead
Ces in
times
ted to
cture,
esign
valve

or the

valve
er the

All tes

7.3.2

tlevels below are subjecCt 10 almosphneric correction as describpead in 4.2.

Valve support DC voltage test

The two main terminals of the valve shall be connected together, and the DC voltage then
applied between the two main terminals thus connected and earth. Starting from a voltage not
higher than 50 % of the 1 min test voltage, the voltage shall be raised to the specified 1 min
test voltage as fast as possible, kept constant for 1 min, reduced to the specified 3 h test
voltage, kept constant for 3 h and then reduced to zero. During the last hour of the specified
3 h test, the number of partial discharges exceeding 300 pC shall be recorded as described in
IEC 60700-1:2015 and IEC 60700-1:2015/AMD1:2021, Annex B.
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The number of pulses exceeding 300 pC shall not exceed 15 pulses per minute, averaged over
the recording period. Of these, no more than seven pulses per minute shall exceed 500 pC, no
more than three pulses per minute shall exceed 1 000 pC and no more than one pulse per
minute shall exceed 2 000 pC.

If an increasing trend in the magnitude or rate of partial discharge is observed, the test duration
may be extended by mutual agreement between the purchaser and supplier.

The test shall then be repeated with the voltage of opposite polarity.

Prior to the test and before repeating the test with voltage of opposite polarity, the valve support
may Re short-circuited and earthed for a duration of several hours. The same procedurg may
be followed at the end of DC voltage test.

The vplve support DC test voltage U,y shall be determined in accordance with-the following:

1 min|test
Utds = TUdms1* k3 * kt
3 h tept
Utgs = *Ugms2 * k3
where

Udms is the maximum short-duration vopltage appearing across the valve suppoft, as
determined by insulation coordination studies. Uy,g¢ shall be the higher of (a) the
highest voltage averaged over a4 s period and (b) the average voltage during the time
from the peak voltage to the time when the voltage decreases rapidly through the
action of fast discharge devices or re-configuration, if any;
Ugmsa is the maximum value.of the DC component of the steady-state operating voltage
appearing across the-valve support;

ks is a test safety factor;

kg = 1,10 for 1(min test;

ks = 1,15 for3 h test;

ky is the-atmospheric correction factor according to 4.2.

7.3.3 Valve support AC voltage test

To perform the test, the two main terminals of the valve shall be connected together, and the
AC test voltage then applied between the two main terminals thus connected and earth.

Starting from a voltage not higher than 50 % of the 1 min test voltage, the voltage shall be
raised to the specified 1 min test voltage, kept constant for 1 min, reduced to the specified
30 min test voltage, kept constant for 30 min and then reduced to zero.

Before the end of the 30 min test, the level of partial discharge shall be monitored and recorded
over a 1 min period. If the value of partial discharge is below 200 pC, the design may be
accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test results shall
be evaluated.
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The valve support AC test voltage Uy, shall be determined in accordance with the following:

1 min test:
Unmst
Utas Z%Xh x ky
30 min test
Unms2
Utas = \75 x kg
wherg

Unns1 is the peak value of maximum voltage appearing on the valve sUpport in sqrvice,
particularly in system fault condition and valve fault operation condition| The
overvoltage limiting effect of phase arrester or other overyoltage protection means, if
any, shall be taken into account to derive this overvoltage;
Uns2 is the peak value of the maximum repetitive operatingvoltage across the valve syipport
during steady-state operation, including switching pvershoot;

ky is a test safety factor;

ky = 1,10 for 1 min test;

ky = 1,15 for 30 min test;

ky is the atmospheric correction factor<according to 4.2.

7.3.4 Valve support switching impulse test

The t¢st shall comprise three applications of positive polarity and three applications of negative
polarify switching impulse voltages between the main terminals of the valve (connected
together) and earth.

A standard switching impulse voltage wave shape in accordance with [IEC 60060 shall bejused.

The tg¢st voltage shall be selected in accordance with the insulation coordination of thg VSC
substation.

7.3.5 Valve support lightning impulse test

The testshall comprise three applications of positive polarity and three applications of negative
polarity lightning impulse voltages between the main terminals of the valve (connected together)
and earth.

A standard lightning impulse voltage wave shape in accordance with IEC 60060 shall be used.

The test voltage shall be selected in accordance with the insulation coordination of the VSC
substation.
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8 Dielectric tests on multiple valve unit

8.1 General

This clause is only applicable if more than one valve is installed in a common valve structure
(multiple valve unit). In the case where each individual valve is mounted in a dedicated valve
structure, this clause is not applicable.

8.2 Purpose of tests

The principal objectives of these tests are:

a) to|verify the voltage withstand capability of the external insulation of the MVU, with.rgspect
tolits surroundings, especially for the valve(s) connected at pole potential;

b) to|verify the voltage withstand capability between single valves in a MVU structure;
c) to|verify that the partial discharge levels are within specified limits.

8.3 |Test object

Therel are many possible arrangements of valves and multiple valyelunits. The test object(s)
shall be chosen to reflect, as accurately as possible, the service configuration of valves insofar
as is pecessary for the test in question. The test object shall be fully equipped unless it gan be
shown that some components can be simulated or omitted without reducing the significance of
the repults.

Indivigual valves may have to be short-circuited depending on the configuration of the MV|J and
the ohjectives of the test.

When| the low-voltage terminal of the MVU .js*not connected to earth potential, care shfall be
taken|to suitably terminate the low voltage terminal of the MVU during tests to correctly simulate
the vgltage appearing at this terminal. Earth planes shall be used, whose separation shall be
determined by the proximity of other valves and earth potential surfaces.

8.4 |Test requirements
8.4.1 MVU DC voltage test'to earth

The OC test voltage shall*be applied between the highest potential DC terminal of the MVU and
earth.

Starting from & woltage not higher than 50 % of the 1 min test voltage, the voltage shfall be
raised to the\specified 1 min test voltage as fast as possible, kept constant for 1 min, refduced
to the|specified 3 h test voltage, kept constant for 3 h and then reduced to zero.

Wherepossibie the test voltage shall be Increased from 50 % to the 1 min test voitage level
within approximately 10 s.

During the last hour of the specified 3 h test, the number of partial discharges exceeding 300 pC
shall be recorded.

The number of pulses exceeding 300 pC shall not exceed 15 pulses per minute, averaged over
the recording period. Of these, no more than seven pulses per minute shall exceed 500 pC, no
more than three pulses per minute shall exceed 1 000 pC, and no more than one pulse per
minute shall exceed 2 000 pC.

If an increasing trend in the magnitude or rate of partial discharge is observed, the test duration
may be extended by mutual agreement between the purchaser and supplier.
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The test shall then be repeated with the voltage of opposite polarity.

Prior to the test and before repeating the test with voltage of opposite polarity, the MVU
terminals may be short-circuited together and earthed for a duration of several hours. The same
procedure may be followed at the end of DC voltage test.

The MVU DC test voltage Uyy,, shall be determined in accordance with the following:

1 min test

3 hte

12

wherg

Udmm

8.4.2

If a MY U experiences-AC or composite AC plus DC voltage stresses between any two term
the withstand capability of which is not adequately demonstrated by other tests, then it {
necesgsary to perform an AC voltage test between these terminals of the MVU.

To pefform-the test, the test voltage source shall be connected to the pair of MVU termin
questjon’, The point of earth connection is dependent on the test circuit arrangement.

Utdm = £Ugmm1* ks x k;

Utdm = tUdmm2 x ks

is the maximum short-duration voltage appearing betweer’the high-voltage term
MVU and earth, as determined by insulation coordination studies. Ugy,m4 shall |

higher of (a) the highest voltage averaged over a 1“second period and (b) the ayv
voltage during the time from the peak voltage«o the time when the voltage decr
rapidly through the action of fast discharge devices or re-configuration, if any;

is the maximum value of the DC component of the steady-state operating v
appearing between the high-voltage terpminal of the MVU and earth;

is a test safety factor;
= 1,10 for 1 min test;
= 1,15 for 3 h test;

is the atmospheric corréction factor according to 4.2.

MVU AC voltage.test

nal of
be the

erage
bases

bltage

inals,
vill be

als in

Starting from a voltage not higher than 50 % of the 1 min test voltage, the voltage shall be
raised to the specified 1 min test voltage, kept constant for 1 min, then reduced to the 30 min
value, kept constant for 30 min and then reduced to zero.

Before the end of the 30 min test, the level of partial discharge shall be monitored and recorded
over a 1 min period. If the value of partial discharge is below 200 pC, the design may be
accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test results shall
be evaluated.
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The MVU AC test voltage Uy, ,, shall be determined in accordance with the following:

1 min test
U
Utam = \n/%m X kg x kt
30 min test
Umm2
Utam = \n;rin x kg
wherg

Umnm1l is the peak value of maximum voltage between the terminals of.the MVU in sqrvice,
particularly in system fault condition and valve fault operation condition| The
overvoltage limiting effect of phase arrester or other overyoltage protection means, if
any, shall be taken into account to derive this overvoltage;
Umnm2| is the peak value of the maximum repetitive operating{voltage between the terminals
of the MVU during steady-state operation, including.switching overshoot;

kg is a test safety factor;

ke = 1,10 for 1 min test;

ke = 1,15 for 30 min test;

ky is the atmospheric correction factor<according to 4.2.

8.4.3 MVU switching impulse test

A standard switching impulse voltage“waveshape in accordance with IEC 60060 shall be|used.

The MVU switching impulse fest voltage shall be applied between the high voltage terminal of
the MMU and earth.

The tgst shall compriSe-three applications of positive polarity and three applications of negative
polarify switching_impulse voltage of a specified amplitude.

The NMVU switching impulse test voltage Ui, shall be determined in accordance with the
followjing:

Utsm= T UsipL_m xk7 Xk

where

UsipL m is the switching impulse protective level determined by insulation coordination taking
into account the arrester(s) connected between the MVU high voltage terminal and

earth;
k7 is a test safety factor;
ks =1,10;
ky is the atmospheric correction factor;

ky is the value according to 4.2.
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If the test prescribed above does not adequately test the switching impulse withstand between
all terminals of the MVU, then consideration shall be given to performing extra tests to check
the insulation.

NOTE Subject to agreement between the purchaser and supplier, the MVU switching impulse test need not be
performed if it can be shown by other means that:

a) the external air clearances to other valves and to earth are adequate for the switching impulse voltage withstand
level required, and

b)  the switching impulse withstand between any two terminals of the MVU is adequately demonstrated by other
tests.

8.4.4 MVU lightning impulse test

A standard lightning impulse voltage wave shape in accordance with IEC 60060 shalkbe |used.

The MVU lightning impulse test voltage shall be applied between the high voltage terminal of
the MMU and earth.

The t¢st shall comprise three applications of positive polarity and three, applications of negative
polarity lightning impulse voltage of specified amplitude.

The MVU lightning impulse test voltage Uy, shall be detepmined in accordance with the
followjing:

Utm = 2ULPL_m %8 xk;

wherg

UL pL|m is the lightning impulse protective level determined by insulation co-ordination, taking
into account the arrester(s) connected between the MVU high voltage terminal and

earth;
kg is a test safety factor;
kg =1,10;
ky is the atmospheric ‘correction factor;
kt is the value according to 4.2.

If the |test prescribed above does not adequately test the lightning impulse withstand voltage
between all terminals of the MVU, then consideration shall be given to performing extrq tests
to chgck this\insulation.

NOTE | Subject to agreement between the purchaser and supplier, the MVU lightning impulse test need|not be
performedsif it can he shown by other means that-

a) the external air clearances to other valves and to earth are adequate for the lightning impulse voltage withstand
level required, and

b)  the lightning impulse withstand voltage between any two terminals of the MVU is adequately demonstrated by
other tests.

9 Dielectric tests between valve terminals

9.1 Purpose of the test

These tests are intended to verify the design of the valve regarding its voltage-related
characteristics for various types of overvoltages (DC, AC, switching impulse and lightning
impulse overvoltages). The tests shall demonstrate that:

a) the valve will withstand the specified overvoltages;
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b) partial discharges will be within specified limits under specified test conditions;
c) the internal voltage grading circuits, if any, have sufficient power rating.

It should be noted that the tests described in this clause are based on standard wave shapes
and standard test procedures as developed for the testing of high-voltage AC systems and
components. This approach offers great advantages to the industry because it allows much of
the existing technology of high-voltage testing to be carried over to the qualification of HVDC
valves. On the other hand, it must be recognized that a particular HYDC application may result
in wave shapes different from the standards and, in this case, the test may be modified so as
to realistically reflect expected conditions.

It shofitdbe atso noted that the atmospheric correction 1s not needed In diefectric tests betfween
valve |terminals if the site altitude is less than 1 000 m. However, for valves installed [at an
altitude exceeding 1 000 m the valve internal air clearance shall be verified by additional tests
under|the atmospheric corrected test voltages. IGBT-diode pairs can be replaced by insdlating
block$ in these tests.

9.2 |[Test object

For valves of the switch type, the test object should generally be a,coamplete valve. For valves
of the|controllable voltage source type, testing a complete valve might not be practical befause
of its Jarge physical size. In such cases the test object should’generally be a single striicture
representative of valve dielectric design. Tests on individual walve sections are acceptable if
the sypplier can demonstrate that the voltage distribution between valve sections, undgr test
condifions, is representative of the voltage distribution within a complete valve in servicg. The
test vLIve or valve section shall be assembled with all-auxiliary components except for the|valve
arrester if provided. The valve may form part of a multiple valve unit.

If a valve section is used as the test object, the minimum number of valve levels in the test
sectign shall be agreed by the purchaser. In such cases, additional tests to verify the insylation
betwegen different parts of the complete, yalve may be needed and shall be agreed befween
purchpser and supplier.

The cpolant shall be in a conditionithat represents service conditions except for flow rate which
can be reduced. If any object external to the structure is necessary for proper representafion of
the stfesses during tests, it shall be included or simulated in the test. The proximity of adjacent
earth | potential surfacest (equipment or building infrastructure) shall be assessed| and
representation included~where appropriate. For clearances that are significantly greatef than
those|determined by insulation coordination requirements, e.g. clearances driven instefad by
accesps requirements, then consideration may be given to omit earth potential surfaces injthese
locatipns.

9.3 Test methods

9.3.1 General

VSC valves differ from line commutated converter (LCC) valves and other high-voltage
equipment in several aspects. One of the most important differences is that the converter
contains very large capacitive energy storage. For valves of the controllable voltage-source
type, the storage is an integral part of the valve while for switch-type valves it is closely
connected to the valve. The second major difference is the active voltage control at individual
VSC valve levels. As a result of these characteristics, the test method used in LCC valve
dielectric tests cannot be applied to such valves.

Performing the valve dielectric test presents considerable practical difficulties on controllable
voltage source type VSC valves because of the high current drawn by those in-built
capacitances. The very limited current ratings of available test supplies in practical high-voltage
test laboratories mean that, without modifying the test object, an excessively long time is
required to charge up the capacitance of the test object to the required voltage during the AC-
DC voltage test, and this unreasonably over-stresses the test object. The very large capacitance
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also makes measurement of partial discharges impossible, and impulse voltages between the
valve terminals do not occur on a deblocked valve during operation. For this reason, two valve
dielectric test methods, on the same principle, are defined for controllable voltage source type
valve dielectric tests. Supplier can use either of them for the valve dielectric test.

Valve dielectric test on switch type VSC valves shall follow Method one.

9.3.2 Method one

Temporary substitution of a special test capacitor with reduced capacitance but the same
housing as the original capacitor in each valve level is necessary if this method is used in test
of controttabte vuitagc sourcetype vatves—Thistest bapabitw strattatow—=atest vuiiagc build-
up acfoss the test object during test.

In addition, it may be necessary to disable gate electronics or other auxiliary circuits'in th|s test
or prdvide independent means for powering them, in order to prevent interference with partial
discharge measurement, for example, from gate unit power supply circuits.

When|gate electronics or other auxiliary circuits are disabled for the 10%s)test, the active vpltage
contrgl function, if any, provided by gate electronics or other auxifiary circuits on each|{IGBT
level mnay be represented by other means, for example, high resiStance shunt resistors gcross
test IGBT levels for appropriate voltage sharing.

If it i$ not possible to disable gate electronics or other auxiliary circuits in this tedqt and
interfgrence can be proven to be caused by electroni¢s)circuit, then this interference may be
dedudted from measurement.

9.3.3 Method two

Tests|on individual valve sections are acceptable if the supplier can demonstrate that the
voltage distribution between valve sections under test conditions, is representative ¢f the
voltage distribution within a complete valve in service.

In cage of a controllable voltage -source type VSC valve the active control of sub-nmodule
capaditor voltages equalises/the voltage distribution across the complete valve. The in-built
capaditances react as constant voltage sources with very low internal impedance. An impulse
voltage will drive a high.current, the resulting change of the sub-module voltage follows the
tolerapce of the in-built capacitor.

Valve|dielectric test is done in single steps. Step one focuses on the component level angd step
two op the valvetor valve section.

In step one; valve levels are tested independently. Insulation and partial discharge testp with
AC, OC.and/or combined AC-DC voltage shall be performed on sub-component level (e.g.
without power module electronics activated and without capacitor) or on full submodule level.
The aim is to demonstrate both the insulation withstand capability for every single
sub-component and freedom from partial discharge for every sensitive point within the valve
level.

As stated, the even distribution by actively controlled sub-module voltages allows to perform
the dielectric test between valve terminals and also between tiers with adjusted test voltage
levels.

Consequently, in step two, the test is done with submodule levels short-circuited,
interconnections between adjacent submodules removed, and valve or valve section voltage
distribution controlled by an external grading circuit, for example a resistor array, capacitor
array or RC array.
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The inter-tier structure represents a typical section of the tower structure. Essential components
of the tower structure are exposed to the specified voltage values and shapes. Test of air
clearance and creepage distances of tier insulators and capacitor's housing, fibre optics
including their ducts, water cooling pipes and mechanical design. AC, DC (both including PD
measurement) and impulse voltages will be tested. Additional safety margin to the specific test
voltages is possible and used, e.g. atmospheric correction to the specific test voltages can be
added.

NOTE The addition of external grading networks could modify the profile of the test object such that it is not fully
representative of in-service equipment. Practically this could lead to difficulties in performing the test, especially in
determining sources of partial discharge. Hence an alternative method can be used instead of fitting grading
networks, where each insulation gap is tested independently at voltages relevant to each particular gap. This can be
achievee-by-ecombination-of-eitherremoving-interconnections—andtorshortingoutretevant-parts—of-the-tesyobject,
then agplying the equivalent scaled voltage across the gap. The test is performed once for each design of ingulation
gap e.g. inter-tier, inter-stack, inter-sub-module. Where appropriate in the design, the test set-up also, ng¢eds to
considg¢r diagonal gaps (gaps between sub-modules belonging to different stacks and different tiersyone abpve the
other).

9.4 |Test requirements
9.4.1 Composite AC-DC voltage test

This test reproduces the composite AC-DC voltage resulting from certain converter or system
faults|and in steady-state operation. The test consists of a short-duration test and aj|long-
duratipn test.

In thig test, a capacitor can be used in conjunction with af AC test voltage source to produce a
compgsite AC-DC voltage waveform. Depending on the converter topology, the capacitor|could
be an|integral part of the valve, or it could be a separate item (part of the test circuit, ngt part
of the|test object).

Alternatively, a separate DC voltage source ¢ould be used to substitute the capacitor.

Starting from a voltage not higher than 50-% of the 10 s test voltage, the voltage shall be faised
to the| specified 10 s test level as fast as possible, reduced to the specified 3 h test vgltage,
kept donstant for 3 h and then reduced to zero.

For AL PD (partial discharge)_measurement, the level of partial discharge recorded during the
last nfinute of the 3 h test.shall be less than 200 pC, provided that the components whig¢h are
sensifive to partial discharge in the valve have been separately tested. For DC PD measurg¢ment
the repording time shall-be the last hour of the 3 h test. The number of pulses exceeding 3p0 pC
shall not exceed 15.per minute, averaged over the record period. Of these, no more than seven
pulse$ per minutevshall exceed 500 pC, no more than three pulses per minute shall ekceed
1 000|pC and(mo*more than one pulse per minute shall exceed 2 000 pC.

NOTE If an’increasing trend in the rate or magnitude of partial discharge is observed, the test duration might be
extended\by’mutual agreement between the purchaser and supplier.

NOTE 2 It may be necessary to disable gate electronics or other auxiliary circuits in this test, or provide independent
means for powering them, in order to prevent interference with partial discharge measurement, for example, from
gate unit power supply circuits.

The valve test voltages have a sinusoidal waveshape superimposed on a DC level.

The valve 10 s test voltage Uy, ¢ shall be determined in accordance with the following:

UtV1 = (kC'] X Utac1 x sin (27Z'ft) + UtdC']) X ko X kg

where
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Uiacq Is the peak value of the AC component of maximum temporary overvoltage appearing
between the terminals of the valve, calculated from the peak-to-peak valve voltage
divided by two;

Uigeq  1s the maximum of 1 s average value of the DC component of voltage appearing between
the terminals of the valve at faults, after taking into account of voltage limiting effect of
DC pole surge arrester;

kgq is the voltage step overshoot factor related to one output voltage step of the converter,
under the condition consistent with that used to define U,.4. For a MMC or CTL type
converter the voltage step overshoot factor relates to the overshoot factor of one cell or
submodule;

ko is a test scaling factor according to 4.3.2;

kg is a test safety factor;

kg =1,1;

f is the test frequency (50 Hz or 60 Hz depending on test facilities).

NOTE B The conditions leading to the highest values of U, ., and U, , might not,eccur simultaneously| When

perfornjing a combined AC-DC test it is important to use self-consistent conditions.that lead to the worst combined

valve dtress, in order to avoid over-stressing, the test object. For the 10 s test, the most important paraneter is
generally the peak of the combined voltage.

The vplve 3 h test voltage Uy, shall be determined in accordance with the following:

Utv2 = Utac2 +Utdc2
UtacZ = Umax—cont Xsin (ant) XkCZ XkO ><k9
Utdc2 = Udmax *ko xkg

wherg

Unmax-tont I8 the peak value of the AC component of steady-state voltage appearing befween
the terminalstof the valve, calculated from the peak-to-peak valve voltage djvided
by two;

Udmax is thesmaximum value of the DC component of the steady-state operating voltage
between the terminals of the valve, calculated from the voltage between the DC
terminals of the converter divided by two;

koo is the voltage step overshoot factor related to one output voltage step of the
converter, under the condition consistent with that used to define U, .. For afMMC
or CTL type converter the voltage step overshoot factor relates to the overshoot
factor of one cell or submodule;

f is the test frequency (50 Hz or 60 Hz depending on test facilities).

9.4.2  Alternative tests (Method 2 only)

9.4.2.1 General

When method two is adopted, the composite AC-DC voltage test specified in the previous sub-
clause may be replaced, during step two, by an AC voltage test and an DC voltage test
performed separately.

NOTE

It is generally only possible to apply the alternative test method when testing passive insulation gaps, since
the freewheel diodes in the valve will normally prevent the application of a pure AC voltage.
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9.4.2.2 Valve AC voltage test

The test consists of applying the specified test voltages U4 and Ut,., for the specified
duration. Ui,qq and Uiyeo have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz,
depending on the test facility.

The test will be done with a short duration of 10 s and a long duration of 30 min.

Starting from a voltage not higher than 50 % of the 10 s test voltage, the voltage shall be raised
to the specified 10 s test level, kept constant for 10 s, reduced to the specified 30 min test
voltage, kept constant for 30 min and then reduced to zero. Before the end of the 30 min test,
the leyel of partial discharge shall be monitored and recorded over a 1 min period. If the|value
of partial discharge is below 200 pC, the design may be accepted unconditionally. If ‘the|value
of partial discharge exceeds 200 pC, the test results shall be evaluated.

The RMS value of valve 10 s AC test voltage, U,,;¢, and 30 min AC test voltage} U,,.o, shall be
determined in accordance with the following:

Utact =MX/‘C1 x ko x k1o
V2
UV
p2
U = ——xk 4 x k§ Xk
tac2 \/5 c1 0 10
wherg
Uyp1 is the peak value of the maximum_temporary overvoltage across the valve;
Uyp2 is the peak value of the maximum steady-state voltage across the valve;
keq is the voltage step overshoatfactor related to one output voltage step of the conyerter,

under the condition congistent with that used to define Uy,.4. For a MMC or CTL type
converter the voltage step overshoot factor relates to the overshoot factor of one cell
or submodule;
keo is the voltagestep overshoot factor related to one output voltage step of the conyerter,
under the cendition consistent with that used to define Uy,.,; For a MMC or CTL type

converter:the voltage step overshoot factor relates to the overshoot factor of orfe cell
or submodule;

ko is-the test scaling factor according to 4.3.2;
k1o is' a test safety factor;
k10 =1 ,10

9.4.2.3 Valve DC voltage test
The test consists of applying the specified test voltages Uiy.q1 and Uiyeo for the specified
duration.

The test will be done with a short duration of 10 s and a long duration of 3 h.

Starting from a voltage not higher than 50 % of 10 s test voltage, the voltage shall be raised to
the specified 10 s test level as fast as possible, reduced to the specified 3 h test voltage, kept
constant for 3 h and then reduced to zero.
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For DC PD measurement the recording time shall be the last hour of the 3 h test. The number
of pulses exceeding 300 pC shall not exceed 15 per minute, averaged over the record period.
Of these, no more than seven pulses per minute shall exceed 500 pC, no more than three
pulses per minute shall exceed 1 000 pC and no more than one pulse per minute shall exceed
2 000 pC.

The valve 10 s DC test voltage, Uy.¢, and 3 h DC test voltage, Uiy, shall be determined in
accordance with the following:

Utger = Uvp1 X ko< kyg

Utde2 = Uypa x kgx kg

9.4.3 Valve impulse tests
9.4.3.(1 General
The fgllowing shall be taken into account during valve impulse tests:

a) Fdr some applications, for instance no overhead line is present in DC side and the busbar
bdtween phase reactor and valves is completely protected against direct lightning strike in
AC side or in topologies, where the valve acts as a controllable voltage source with its own
inbuilt DC capacitance, the valve impulse tests are-lgss important since the valves do not
sele impulses at an amplitude which could be decisive in the electric performance of vhlves.
Impulse tests in such applications can be omitted.

NQTE 1 Unless all equipment between the transformer and DC reactors are completely enclosed, the po$sibility
of lightning striking an exposed section of busbar adjacent to the valve (for example between the valve rgactors
angl the valve) cannot be excluded. However, taking-into account the small area affected and the low propability
of paving a lightning impulse of magnitude low.enough to evade the shielding, this event is extremely unljkely to
ocgur in practice and can therefore be ignored-

NQTE 2 The emergency turn-off of the\lGBT valve while it is carrying current (IGBT overcurrent turn-¢ff test:
Clause 10) can also generate a transiént overvoltage between the terminals of the valve. Part of this overyoltage
appears directly across the valve levels and is covered by the IGBT overcurrent turn-off test but there mlight, in
adflition, be a transient voltage”developed across the stray inductance of the busbars through the valvg which
might need to be considered in the assessment of impulse voltage stresses between terminals.

b) THe impulse test willsbe applied only in one polarity which corresponds to the polarity of
vallve withstand veltage.

c) If the valve impulse withstand levels are equal to or less than the valve AC-DC test Igvel, it
is|deemed that the valve AC-DC test can cover the impulse tests and consequently the
impulse tests'can be omitted.

9.4.3.p Valve switching impulse test

A standard switching impulse voltage waveshape 1n accordance with IlEC o6UUb0 shall be used.

The test shall comprise three applications of switching impulse voltages of specified amplitude
on the valve.

The valve switching impulse test withstand voltage Uy, shall be determined in accordance with
the following:

— Valve with valve arrester protection:
Uisy =UsipL_y % ko kqq

where
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UgipL v is the switching impulse protective level of valve arrester or protection

derived from AC and DC side arresters;

kg is a test scaling factor according to 4.3.2;
kq4 is a test safety factor;
k11 =1 ,1 0.

Valve without valve arrester protection:

2024

level

This test is intended to verify the valve insulation when the valve is not directly protected by
surge arresters.

9.4.3.

A star

The t
valve.

The v
follow

Utsy =Ugms * ko kq2

is the switching impulse prospective voltage across valve terminalé.according to s
insulation coordination studies;

is a test scaling factor according to 4.3.2;
is a test safety factor;
=1,15.

blve shall withstand the test voltage without switching or insulation breakdown.

3 Valve lightning impulse test

dard lightning impulse voltage waveshape in accordance with IEC 60060 shall be

pst shall comprise three applications of impulse voltages of specified amplitude ¢

ng.
Ive with valve surge arrester protection:
v = ULipL_v * &g *"k13

ere

iPL & IS the lightning impulse protective level of the valve arrester or protection
derived from AC and DC side arresters;

ystem

ised.

n the

plve lightning impulse withstand voltage Uy, shall be determined in accordance with the

level

s a testscating factor according to 4-372;

kq3 is a test safety factor;

k13 :1,10.

Valve without valve surge arrester protection:
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This test is intended to verify the valve insulation when the valve is not directly protected by
surge arresters.

Uty = Uemi * kg% kq4

where

U.m s the lightning impulse prospective voltage across valve terminals according to system
insulation coordination studies;

kg is a test scaling factor according to 4.3.2;

kqg is a test safety factor;

k14 = 1,15

The vplve shall withstand the test voltage without switching or insulation breakdown.

10 IGBT overcurrent turn-off test

10.1
The p

Purpose of test

rincipal objective is to check the adequacy of the VSC ¥alve design, especially the

and the associated electrical circuits with regard to curreént-and voltage stresses at turn
the eyent of certain short circuit faults or misfiring events.

The t

bst shall replicate the worst combination of\voltage stress and instantaneous ju

GBT,
Loff in

nction

tempgrature, based on conditions that represent the most unfavourable tolerance settilgs of

the m

bnitoring/protection circuits. Dependingon the control and protection strategy mor

one tgst may be required in order to reproduce all relevant stresses.

Gene
stray

10.2

The t

nductance, etc. are as stated'in 6.3.

Test object

protegtion or monitoring_circuits if these are essential for the detection of an overcurrent
For cqntrollable voltage source type VSC valves, this test may also be performed on valve

10.3

Test requirements

The tgst,consists of operating the test object to thermal equilibrium under the conditions

lead t
initiati

than

al requirements related to the-test circuit and the representation of DC capacitor|, loop

st object is as described in 6.2. However, it is also necessary to represent certain

bvent.
level.

which

Othe highest steady-state junction temperature of the relevant IGBT (see 6.4) anﬂi then
ng an overcurrent event. The control and protection system then detects the overcurrent

and suppresses the overcurrent by turning off the IGBTs at a current below the maximum safe
turn-off limit.


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

- 34 - IEC 62501:2024 © IEC 2024

For switch type valve, the test voltage Uy, shall be determined as follows:

Utov2 = Udtemp * kn X k15

Ugtemp IS the maximum temporary DC overvoltage of the valve, including ripple;
is a test scaling factor according to 4.3.1;
k1g is a test safety factor;

k15 = 1,05

For cpntrollable voltage source type valve, the test voltage Utpvi2 Per valve levél shpll be
determined as follows:

Utpviz = Uctemp xkys

whereg

Uctemp is the maximum temporary DC overvoltage per valve level, including ripple;
kqs is a test safety factor;

kqs =1,05.

The rate-of-rise di/dz of the overcurrent shall be taken into consideration in the test to show that
the cgntrol and protection system is able to.turh-off the IGBTs fast enough before majximum
safe thrn-off limits are reached. This consideration can be shown either by increasing the rate-
of-risg¢ di/d¢ of the test current waveform if the test circuit allows for it or by increasing the
protegtion level by taking into considération of the total inherent delay in the contrgl and
protegtion system.

11 Short-circuit current test

11.1 |Purpose of tests

The grincipal objective is to check the adequacy of the devices, especially the diodeg, any
additipnal components used to protect the diodes (such as bypass thyristors) and the
assodcjiated electrical circuits with regard to current stresses under specified short gircuit
condifions, such as short-circuit fault at DC side, until the control and protection circuit Hreaks
the fajult-current. The VSC valves shall be designed to withstand the short circuit overcpurrent
for the“qumber of cycles needed to open the main AC circuit breaker, without any failure or
damage in the equipment, considering also that a possible recovery voltage could appear. Valve
electronics shall normally be energized for the part of the fault event where any actions are
taken by it. For example, when blocking the IGBTs or turning on protective devices such as
bypass thyristors. For other parts of the fault event, it is not necessary to energize the valve
electronics.

11.2 Test object

The test object is as described in 6.2.

11.3 Test requirements

The test consists of operating the test object to thermal equilibrium under the conditions which
lead to the highest steady-state junction temperature of the relevant semiconductor component
(see 6.4) and then initiating a fault current event. In order to define the maximum junction
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temperature rise of the IGBTs and the diodes, all the possible overload conditions (in terms of
amplitude and duration) shall be taken into consideration.

The fault current amplitude, duration and the number of cycles shall be the maximum values
expected in the actual field operation.

Alternative test waveform may be used, provided that the amplitude and energy accumulation
are representative of those in fault conditions.

Where the test object experiences a recovery voltage between cycles of fault current, then this
recovery voltage, including commutation overshoot where applicable, shall also be reproduced
during the test. A test safety factor of 1,05 is applied to the recovery voltage.

Considering the difficulty in test laboratory to perform this test in generation of the redovery
voltage between cycles of fault current, this test may, subjected to the agreement befween
purchpser and supplier, be performed on component level.

12 Tpsts for valve insensitivity to electromagnetic disturbance

12.1 |Purpose of tests

The pgrincipal objective is to demonstrate the insensitivity<of the valve to electromagnetic
interference (electromagnetic disturbance) arising from“~'voltage and current trangients
generpted within the valve and imposed on it from the outside. The sensitive elements pf the
valve pre generally electronic circuits used for controlfing, protection and monitoring of the|valve
levels|.

Genetfally, the valve insensitivity to electromagnetic disturbance can be checked by monitoring
the vglve during other type tests. Of these,\the valve maximum continuous operating dufy test
and maximum temporary overload operating duty test (see 6.4 and 6.5), the valve impulsqg tests
(see 9.4.3) and the IGBT overcurrent turn-off test (see Clause 10) are the most importanf.

The tgsts shall demonstrate that;

a) out-of-sequence or spurious switching of IGBT does not occur;
b) the electronic protection circuits installed in the valve operate as intended;

c) false indication of valve level faults or erroneous signals sent to the converter contrpl and
prptection systems by the valve base electronics, arising from receipt of false data frdm the
valve monitaring circuits, does not occur.

NOTE | For thissdocument, tests to demonstrate valve insensitivity to electromagnetic disturbance apply only to the
VSC valve, and that part of the signal transmission system that connects the valve to earth. Demonstratior] of the
insensifivity to electromagnetic disturbance of equipment located at earth potential and characterization of the valve
as a sa ic di ipme ithi i e

12.2 Test object

Generally, the test object is the valve or valve sections as used for other tests.

When insensitivity to electromagnetic disturbance arising from coupling between adjacent
valves in a MVU is to be demonstrated, two approaches are acceptable as defined in 12.3. In
this case, the test object will be a separate valve or valve section according to the approach
adopted.
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12.3 Test requirements
12.3.1 General

When demonstrating insensitivity to electromagnetic disturbance arising from coupling between
adjacent valves of a MVU, the test requirements depend on which of the two recommended
approaches is adopted.

The specific geometric arrangement to be used and the magnitude of the forward voltage for
the electromagnetic disturbance test object shall be representative of the service conditions.

12.3.

Appragach one is to simulate the source of electromagnetic disturbance directly as pari‘of|a test
set-up. Such a test set-up will require more than one valve or valve section in order to check
for interaction between them. The geometric arrangements of the source of the electromagnetic
disturpance with respect to the valve under test shall be as close as possible”to the sgrvice
arrangement (or worse from an electromagnetic disturbance point of view). [Fhe electronics of
the elpctromagnetic disturbance test object shall be energized. Those parts of the valveg base
electrpnics that are necessary for the proper exchange of informatiop,with the electromagnetic
disturpance test object shall be included.

12.3.3 Approach two

Apprdach two is to determine the intensity of electromagnetic fields under worst opergtional
condifions, either from theoretical considerations or by{measurements. In a second step, |these
fields|are simulated by a test circuit which generates correct (or worse) electromagnetic
radiatjon at the respective frequencies. A valve section is then exposed to the fields gengrated
by thg test source.

An espential prerequisite to approach two isi\the determination of the dynamic field streng{h and
directlon at key locations in the valveThis can generally be obtained from search coil
measyrements taken during firing tests on a single valve. Alternatively, the field can be
predigted from three-dimensional fiéld’'modelling programs. A valve section shall then be {ested
using[a separate field coil to produce field intensity, frequency content and direction which is at
least @s severe as the predicted values.

The fgllowing conditionssfar the valve section under test shall be met:
— the valve section'shall have operational voltage (proportionally scaled) between its terminals

and be forward-biased at the time of energization of the field coil;
— the electronics of the valve section under test shall be energized,;

— those parts of the valve base electronics that are necessary for the proper excharge of
in1ormation with the valve section shall be included.

12.3.4 Acceptance criteria

The criteria for acceptance for both approaches one and two shall be as defined in 12.1.

13 Tests for dynamic braking valves

In some VSC HVDC schemes, but particularly where the HVDC system is exporting power from
a small islanded AC system with little or no load (for example an offshore wind farm) the HVDC
system may be required to include a dynamic braking system, for example as a chopper
connected to the DC terminals of the VSC system. The function of the dynamic braking system
is to absorb and dissipate the power generated in the islanded AC system during faults in the
receiving-end AC system, typically for durations of 1 s to 2 s.
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There are several possible ways of implementing such a dynamic braking system but the valves
in this system will, in general, be of similar design to the main VSC valves used for power
transmission.

The dynamic braking valves may require type tests, for which the requirements given in the
preceding Clauses 6 to 12 are generally applicable; however, the dynamic braking valves
generally require only a sub-set of the type tests applicable to VSC valves.

The dynamic braking valve normally remains in the standby state but is required to operate and
carry current for short durations when the receiving-end AC system suffers a fault. The dielectric
test conditions are therefore similar to those for the VSC valve but the operational test
condiffons only need to be applied for short durations.

NOTE Subclause 4.1.1, Evidence in lieu, is applicable when the same valve design is used in both VSC valve
and dyhamic braking valve.

NOTE 2 For dynamic braking valve with a design of distributed in-built resistors or energy ‘absorber elemgent the
operatipnal duties can be done on site, due to the power limitation of test laboratory.

14 Production tests

14.1 | General

This dlause covers tests on assemblies of components thatare parts of valves, valve seqtions,
or aukiliary circuits for their protection, control and monitoring. It does not cover tegts on
individual components that are used within the valve,the valve support, or valve structure.

For valve component fault tolerance, informationtsiprovided in Annex B.

14.2 |Purpose of tests
The purpose of the production tests is to.verify proper manufacture by demonstrating that:
— alll components and subassemblies used in the valve have been correctly installed in

adcordance with the design;

— the valve equipment functiohs as intended and predefined parameters are within presgribed
aciceptance limits;

— the valve sections( and IGBT-diode pair levels (as appropriate) have adequate voltage
withstand capability;

— consistency_ and uniformity in production is achieved.
14.3 |Test.object
All valvésections or parts thereof manufactured for the project shall be subjected to the rputine

d ktian—tactia Tk ‘ot Ak sarfarmad RPN [V aacbana PR T-0- FTLP- PR~V B P-NV) |
prO UeHo—teStS: o CStS— rhray o0 peT o moU— Ot varve— ST o toTTS— U rrrarvradart rev€lS as

appropriate to the design and available test facilities.

14.4 Test requirements

Uniformity in the specified production tests of different suppliers is unnecessary. The production
tests shall take into account the special design characteristics of the valve and its components,
the extent to which the components are tested prior to assembly, and the particular
manufacturing procedures and techniques are involved. In this clause, only production test
objectives are given.

In all cases, the supplier shall submit, for approval by the purchaser, a detailed description of
the test procedures proposed to meet the production test objectives.
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The minimum requirements for routine production tests are listed in 14.5. The order in which
the tests are listed implies neither ranking of importance nor the order in which the tests shall
be performed.

In some cases, it may be necessary to perform production sample tests on complete assemblies
in addition to the routine tests, for example when modifications are introduced in the course of
production. The nature and extent of such additional tests shall be agreed on a case-by-case

basis.
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they ghall be specified separately with conditions for tests.
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eck that all materials and components are undamaged and are correctly_instal
Hance with the latest approved revision of the production documentation.

Connection check

eck that all the main current-carrying connections have been made correctly.

Voltage-grading circuit check

eck the grading circuit parameters and thereby ensurethat voltage division be
-connected levels will be correct for applied voltages from DC to impulse wavesha
able.

Control, protection and monitoring circuit checks

valve, such as IGBT gate drive circuits.and any local protection or monitoring circu

tests and tests of the effectiveness of fuse protection are considered to be nece

Voltage withstand check

eck that the valve components can withstand the voltage corresponding to the max
specified for the~valve. The checks shall include AC-DC test voltage and swi
5e as applicablg.

Turn-on-/'turn-off check

ing,eemmands.

ed in

ween
bes, if

eck the function of any control, protectionfor monitoring circuits that form an integral part

its.

ssary,

imum
ching

eck that the IGBT(s) in each valve level turns on and turn off correctly in response to

14.5.7 Pressure test

To check that there are no coolant leaks.
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15 Presentation of type test results

The type test report shall be issued in accordance with the general guidelines as given in
ISO/IEC 17025, and shall include the following information:

name and address of the laboratory and location where the tests were carried out;
name and address of the purchaser;

unambiguous identification of the test object, including type and ratings, serial number and
any other information aimed to identify the test object;

dates of performance of the tests;

description of test circuits and test procedures used for the performance of the tests;

reference to the normative documents and clear description of deviations, ,ifSany| from
prpcedures stated in the normative documents;

dgscription of measuring equipment and statement of the measuring uncertainty;
tegt results in the form of tables, graphs, oscillograms, and photographs @s appropriate;
description of equipment or component failure;

other data/statement/description as intention of evidence in lieu;
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Annex A
(informative)

Overview of VSC converters in HVDC power transmission

General

Voltage sourced converter (VSC) valves are an evolving technology, in which different
manufacturers may have substantially different technological approaches and where, in the

future

. there may be new circuit topologies that have not vet been described.

Voltag

e sourced converters for HVDC differ fundamentally from conventional HVDCsgonv

(which are line commutated converters) in that in order to reverse the direction of.powe

it is th
of the
DC in
the le

In fac
currer

A det
stand
betw
insof

This 4§

e direction of direct current, not the polarity of direct voltage, that is reversed. Smo
direct voltage is performed by a large DC capacitor, which plays an analegous role
Huctor (which may partly be fulfilled by the inductance of the DC transmission syste
hkage inductance of the converter transformers) in a conventionallHVDC project.

t, in a great many respects, the role of voltage in a VSC valve is equivalent to t
tin a conventional HVDC thyristor valve, and vice-versa,

piled treatment of all possible VSC valve technologies is far beyond the scope ¢
ard. The purpose of this annex is simply to present-a®brief overview of the main differ
en VSC and conventional HVDC thyristor valvésy’and of the main types of VSC

r as they affect the criteria for testing such valves.

nnex is intended to give an overview .ofthe main converter technologies known

time of writing. However, it is not intended to, limit or constrain in any way the types of techr

that c

hn be utilized.

For dg¢termination and evaluation ofc<the VSC valve losses, information is provided in Ann

A.2

VSC basics

All vo¢ltage sourced cConverters aim to synthesize, from the DC capacitor voltag

appro
of the
voltad
shoul
of the

Kimately sinusq@idal voltage at the AC terminals. However, in practice, the output v
VSC cannot be perfectly sinusoidal but instead consists of a number of discrete st

i not be'confused with the term "VSC valve level" which refers to a physical building
valye)for example an individual IGBT and associated components.

erters
flow,
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hat of
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Bnces
valve,
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ology
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e, or "output levels". The term "level" here refers to a discrete output voltage level and

block

For pUVVUI OyOtUIIIO, 3 phaoc UUIIVUItUID darc G:IIIUOt G:VVGYO uocd, but ;II UUIIO;dUI;IIy thU ||umber
of output levels of a converter, each "phase unit" of the converter is normally considered
independently. The number of output levels refers to the number of discrete states in which the
line-to-neutral output voltage of a phase unit can exist (Figure A.1). It is important to note that
an n-level converter will have (2n-1) possible values of line-to-line voltage.
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Figure A.1 — A single VSC phase unit and its idealized output voltage
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simplest possible VSC topology, the "two-level converter", the AC output voltage-o
arm (with respect to the midpoint of the DC capacitor, which is normally eatthed
o possible states: +%2Uy. and —2Uy,.

VSC valves in this phase arm are switched only at fundamental frequency, the reg
tput voltage waveform is an extremely poor approximation to sinuseidal. Such a waVv
be totally unacceptable in a power system.

ver, by switching the valves ON and OFF more than once per fundamental frequencyj
mploying pulse width modulation (PWM) it is possible to.ebtain an output voltage t

A

dc / \ 1/2Udc [ M ‘H‘
U - u

each
) has

ulting
eform

cycle
hat is,

Ch increased switching losses.

erpative to PWM is to use a more complex converter with a higher number of output
Multi-level converter". There are a number of 3-level or 5-level converter topo

y

e —1/2U4 H L NEiEsN» < H
y
IEC IEC
a) Without PWM b) With PWM
Figure A.2 -(Output voltage of a VSC phase unit for a 2-level converter
is an established technique in converters for motor drives, but carries the disadvantage

evels
ogies

available, butin a power system application these too will generally still require PWM in order
to obtain sufficiently low harmonics.

However, there are some converter topologies that are capable of producing much higher
numbers of output levels, such that even without using PWM, the output voltage waveform is
highly sinusoidal and little or no filtering is required. Figure A.3 shows the output voltage of a
15-level converter, which can be seen to be reasonably sinusoidal. In practice, higher numbers
of levels than 15 would normally be used for HVDC transmission applications.
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Overview of main types of VSC valve

conventional HVDC thyristor valves, which have evolved towards' a- largely co
| design, VSC valves are at an early stage in their technological evolution and exis
er of forms.

time of writing of this standard, the VSC valves that are available commercially fg

vitch type VSC valves. These valves, like their thyristor counterparts, function onl

s topology, the DC capacitors are completely séparated from the valves and can be
isolation.

ntrollable voltage source type VSC valves, In valves of this type, the DC capacitor
integral part of the valve and cannot‘conveniently be separated from it for t
rposes.

n type tests need to be performed in a quite different way depending on which
categories the valve falls into.

other categories of "hyprid" VSC valve have also been described in literature and ¢
ture of characteristics from the two categories above; however at the time of w
bpment work in these topologies is in the relatively early stages and these topologi¢
t commercially available.

Switchtype VSC valve

General

PWM
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ntrollable switch, with only two permanent states: Y\ON and OFF. In converters based on
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that they consist of a large number of series connected IGBT devices which are switched
simultaneously. As with conventional thyristor valves, simultaneous switching of the series
connected IGBTs is vital. Redundancy can be provided in the same way as for an LCC thyristor
valve, by providing a few additional IGBT devices in series and either ensuring that the IGBTs
are of a special type with short-circuit failure mode or are equipped with a parallel-connected
shorting switch.

Valves of this type are normally used with converters with a relatively low number of output
levels. To compensate for the low number of output levels, such converters usually use pulse

width

modulation (PWM) to achieve a good approximation of a sinusoidal output voltage.

Some of the more common converter topologies that can be used with this type of VSC valve
are described below.


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

IEC 62501:2024 © IEC 2024 - 43 -

A.4.2 2-level converter

In this, the simplest type of VSC, each VSC phase unit comprises just two VSC valves
connected in series and sharing an AC terminal. The two valves are switched alternately such
that, at any given time, either one or the other valve is conducting, but never both. (In practice,
there is usually a slight dead-time or "underlap" between the two valves in order to prevent a
"shoot-through" or simultaneous conduction of the two valves in series).

The circuit topology of this converter is very simple (see Figure A.4) and requires very little
explanation. When V1 is conducting, the AC terminal is connected to the upper DC terminal and
therefore produces an output voltage of +%2Uy,. When V2 is conducting, the AC terminal is

tod £ il o 1 Dot | TN £ o P n £ _1/77
conngetretro e rower oo ermharantmereroreproautesan—oupurvortage ot Z0qc

VSC o A
12U ks X | [vaive 8
DC de 8 M V1 S 1/2U4,
transmission + — oAC w U >
system + ‘q::
1/2U4s X l VSC c =120y
] valve o
V2 3 Y

IEC
Figure A.4 — Basic circuit topology of one phase unit of a 2-level converter

A.4.3 Multi-level diode clamped converter

In thig family of converters, the DC capacitor is, sub-divided into a number of discrete dtages
conngcted in series, more than two IGBT valves are provided per phase unit and diode yalves
are uged to connect between various intermediate points in the DC capacitor and in the phase
unit.

In thel simplest version of this circuit (see Figure A.5), the three-level converter, each phase
unit cpntains four independent VSC*alves connected in series. The DC capacitor is subdjvided
into two series-connected units (as it frequently is for a 2-level converter). The AC term|nal is
conngcted to the terminal between V2 and V3, and the Y2 and % points (between valves V1/V2
and V[3/V4) are connected to the DC midpoint via diode valves.

With t{his converter, three output states are possible from a single phase unit. When yalves
V1+VP are conducting, the AC terminal is connected to the upper DC terminal and thefefore
produces an output voltage of +2Uy.. When valves V3+V4 are conducting, the AC term|nal is
conngcted to the-lower DC terminal and therefore produces an output voltage of —2U.. When

valveg V2+V3~are conducting, the AC output voltage is "clamped" at the DC midpoint vpltage
by thq diode valves.

The same principle can be extended to higher numbers of levels by further subdividing the DC
capacitor and using more VSC and diode valves. In a 5-level converter, the DC capacitor is
subdivided into four discrete stages, and there are eight VSC valves and six diode valves (see
Figure A.6). In this circuit, the valves are switched in adjacent groups of four, for example
V1+V2+V3+V4 gives an output voltage of +2Uy., V2+V3+V4+V5 gives an output voltage of

+%Uye., etc.

It can be seen that as the number of output levels increases, the complexity of the circuit
increases disproportionately. This is made worse by the fact that not only the number, but also
the voltage rating of the diode valves increases rapidly with the number of output levels.


https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

- 44 — IEC 62501:2024 © IEC 2024

(0]
K V1 E
- S 12Uy,
© U >
+ V2 3
112Ug, Al |K 2 /2y,
DC p— 2
transmission —O ¢+——0 AC -
system +
12Uy, ==
= YiN Z’S_IK V3
[
- A A k
ZF_,\ V4
i Diode valve VSC valve
IEC
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Figure A.6 — Basic circuit topology of one phase unit

of a 5-level diode-clamped converter

A.4.4 Multi-level flying capacitor converter

This circuit achieves the same result as the diode-clamped converter by a different method.
Instead of using diode valves to clamp the output voltage to one of the intermediate DC
capacitor stages, it uses one or more additional DC capacitors, which are isolated from the DC
terminals and hence "floating" or "flying", to achieve the same effect. This circuit is sometimes
also referred to as the "Foch-Meynard" circuit after its inventors.
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The 3-level flying capacitor converter (see Figure A.7) has a single flying capacitor with a
nominal voltage of %2Uy;. This capacitor is connected between the terminals shared by V1/V2

and those shared by V3/V4. As with the 3-level diode-clamped converter, valves are switched
in pairs but the pattern to achieve zero output voltage is different. To achieve an output state
of 0, either valves V1+V3 or valves V2+V4 are switched on. V2+V3 is an illegal combination as
it would short-circuit the flying capacitor.

ZQ V1

112Uy, == 7

112Uy,

V2

[-l/l

DpP
transmission 1204, =
system

I+
Line-neutral voltagg
(-

AC

+
112Uy, 7 V3 112Uy,

V4

igh[liga

Figure A.7 — Basic circuit topology of one phase unit
of a 3-level flying capacitor,.converter

The number of VSC valves per phase unit is the same for this converter as it is for a ¢liode-
clamped converter with the same number of output-levels. Like the diode-clamped conyerter,
highef numbers of output levels are possible, but at the expense of disproportionately increased
complexity.

A.5 | Controllable voltage source\type VSC valve

A.5.1 General

In the|2-level converter, the valves and DC capacitor are clearly separated items of equipment
and can be designed and tested in isolation. However, as the number of output levels incrdases,
it is geen from Subclauses A.4.3 and A.4.4 that the DC capacitor(s) become incrgasing
subdiyided and the valyes and DC capacitor become increasingly inter-dependent.

As the converierstarts to approach the ideal, where the number of output levels is sufficient to
obtair] a good.approximation to a sinusoidal waveform without using PWM, the subdivisjion of
the DIC capacitor and the interconnectivity between capacitors and IGBTs can become so

simply a switch but is now a controllable voltage source, connected between the AC terminal of
the corresponding phase unit, and one of the DC terminals (see Figure A.8).
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Figure A.8 — A single VSC phase unit with controllable voltage
source type VSC valves
Each |of the valves V1 and V2 in the phase unit produces an output voltage consisting of a

sinusgidal AC component with a DC offset (equal to 72 Uy;). The output voltages®of'th
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Modular multi-level converter (MMC)

ar, each submodule comprising a single, isolated DCcapacitor and two IGBT swi
ct, this circuit is very similar to that of the basic 2-level converter (see Figure A.4) ¢
e interconnections between submodules are made from the AC terminal (between |
bBT2) of one submodule, to one of the DC terminals of the neighbouring submodule
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Anothfr implementation of the MMC circuit addresses this shortcoming by using a full-

ement,\as shown on Figure A.10, instead of the half-bridge arrangement sho
A.9:
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Figure A.10 — The full-bridge MMC circuit

In the|full-bridge version of the MMC, each submodule contains four IGBTs instead of two, and
can pfoduce three discrete output voltage states:

e UF 0 (obtained by switching on either IGBT1 + IGBT3 or IGBT2 + IGBT4);
* UF *Uqc submodule (Obtained by switching on IGBT1 + IGBT4); or

* UF ~Uyc_submodule (Obtained by switching on IGBT24 IGBT3).

The fyll-bridge circuit allows the valve to synthesize;anoutput voltage of either polarity, allowing
a new| voltage-sourced converter to be connected.as'a tap to an existing HVDC line. Even|when
used [on a unipolar DC line, the additional flexibility provided by the circuit allows the AC
compgpnent of valve voltage to exceed the DG, component (which is not possible with the half-
bridgeg circuit), resulting in a lower AC current in the valve. In addition, the ability to sugpress
fault qurrents arising from short-circuits hetween the DC terminals can allow some simplification
of profective functions. On the other hand the IGBT component count and the conduction Igsses,
are inpreased by nearly double compared with the half-bridge version.

Since| the MMC circuit is inherently modular, it is relatively straightforward to obtain high
numbers of output levels, without requiring either PWM (which leads to higher switching lpsses
and rgquires filtering) orsseries connected IGBTs (which leads to problems of ensuring vopltage
distriution). Industry-standard IGBT devices can be used, which is not the case for valyes of
the switch type. Redundancy cannot be provided within each submodule (because the cprrect
operation of the.'submodule requires both IGBTs to be healthy) and is usually provi<(jfd by
equipping the~valve with a few extra submodules and ensuring that the entire submodule is
shorted out.in'the event of a failure.

On th¢ ether hand, the number and size of discrete DC capacitors required can be considerable,
and there may be difficulties in ensuring that all DC capacitor voltages remain balanced. In
comparison with two- or three-level converters, therefore, this topology allows for a simpler
valve design and lower losses at the expense of a more complex controls architecture and
greater space requirement.

A.5.3 Cascaded two-level converter (CTL)

An advantage of the MMC circuit is that it avoids the need for IGBTs to be directly connected
and switched synchronously in series. However, it is also possible to realise the MMC circuit
with more than one IGBT in series in each switching position. Converters designed in this way
are referred to as cascaded two-level converters in order to distinguish them from the MMC
circuit, although in nearly every respect the circuit functions in exactly the same way as the
MMC circuit.
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In common with the MMC circuit, the CTL circuit can exist in half-bridge and full-bridge variants.
The building-block of the CTL valve is referred to as a "cell" and the half-bridge version of a
cell is shown on Figure A.11. Each of the two switch positions consists of n IGBTs in series,
switched synchronously, and the cell DC capacitor will operate at approximately » times the
voltage of a submodule DC capacitor in the MMC circuit.

In operational terms the only significant difference between the CTL and MMC circuits is that
the CTL circuit produces a valve output voltage containing fewer, larger, steps than the MMC
circuit. Its harmonic performance is therefore not quite as good as that of the MMC circuit,
although if the number of IGBTs per switching position is modest (for example, 5 to 10) then it
can still achieve very high waveform quality while permitting some simplification of the control
syste m—eompared—to—the-MMC—eireuit—-he—GH—sireuit-does—however—requaire—sephisticated

IGBT |gate drive circuits and a more specialised type of IGBT, in common with all valyes |of the
switch type.

Redumndancy is provided within each cell by equipping each switch position with' more |GBTs
than gre normally required to operate within the rated voltage of the converter.
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|
i
i
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"+

U —
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(e,
1
I
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Figure A.11 — The half-bridge CTL circuit

A.5.4 Terminology for valves of the controllable voltage source type

Figure A.12 and Figure A.13 illustrate the main constructional terms for valves of the MMC and
CTL type respectively, to explain the meaning of terms such as VSC level, submodule and cell.
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Figure A.13 — Construction terms in CTL valves
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Some published literature has suggested alternative types of VSC valve which possess
characteristics of both the switch type and controllable voltage source type. Since the pace of
development in this field is quite rapid it is considered beyond the scope of this document to
present a detailed treatment of these new converter topologies; however, a basic treatment is
given in CIGRE Technical Brochure No. 492.

A.7

VSC
imporfant to appreciate these differences in order to understand the differences inapp
that need to be taken when testing such valves.

Main differences between VSC and conventional HVDC valves

atvesdiffer—from—conventiomatthyristor-based— VD€ —vatves i mmany Tespects

Whilst there are a great many differences, the principal ones that affect valve testing 3
follows.

V$C valves are capable of both being turned ON and being turned~OFF by control 4
In|contrast, conventional HVDC thyristor valves can only be turned ON by control

a
a

fgely a period of reverse voltage. Hence, tests to demonstfate minimum extinction 3

or| positive voltage transients during the recovery interval’ (which are so importa
thyristor valves), have no significance for VSC valves,

Injmost VSC valves, the valve is not capable of Supporting reverse voltage (beca

c

ontains in-built freewheel diodes), but can condtct reverse current. In conventional

thyristor valves, the valve can withstand reverse.voltage but not conduct reverse curr

It is
roach

re as

ction.
action

nd, to achieve turn OFF, require the external circuit to force-the current to zero and then

ngles
nt for

use it
HVDC
ent.

In|VSC valves, protective turn-ON is generally not used because of the risk of creating a

S

hjort-circuit across the DC capacitor, but‘instead protective turn-OFF is employed

means of suppressing overcurrents. By contrast, in conventional HVDC thyristor v

p

rptective turn-ON is widely used and’protective turn-OFF is not possible.

THe large DC-side capacitance m€ans that there are few circumstances where a VSC

u
\"
S

Itage source" type (where.some of the DC capacitance is embedded within the valy

ait can experience fast voltage transients between terminals. In valves of the "contrg
me is also true for voltages between the terminals of the valve.

as a
alves,

bhase
llable
e) the



https://iecnorm.com/api/?name=cd164758fb11ab3869af656ed93dc927

IEC 62501:2024 © IEC 2024 - 51—

Annex B
(informative)

Valve component fault tolerance

Fault tolerance capability may be defined as the ability of an HVDC VSC valve to perform its
intended function, until a scheduled shutdown, with faulted components or subsystems or
overloaded components, and not lead to any unacceptable failure of other components, or
extension of the damage due to the faulted condition. Special features may be required in the
design to ensure fault tolerance.

Tests|to demonstrate the valve component fault tolerance are not categorized as type
since Imost of them are destructive tests of valve or valve components and the tests-are u
done pn small number of valve levels. Those tests should be done in design stage-oef ney
of valyes for compliance check of valve fault component tolerance. Supplier should doc
the tepts and provide project related report, based on experience in lieu, on purchasers' re

Examples of faults for which fault tolerance may be required are given/below:

a)

d)

e)

Fdilure of an IGBT or diode

Even though a short-circuit IGBT-diode pair or the operation of an external valve
shiorting device will shunt the other components at the valve level, in some designs
may be a danger of overload of current connections or chianges in clamping load.

Missing of on-gate at one valve level due to loss of\snormal on-gate pulses to that level

Missing of on-gate leads to parallel overvoltage.ef the components at the affected lev
Insulation failure of a snubber capacitor, snubber resistor or other components if appl

Insulation failure of any component in parallel with the IGBTs or diodes can attrac
current into it, leading to a hazardous cendition.

Leakage of small quantities of valve\coolant

tests
sually

v type
iment
quest.

level
there

el.
cable
t load

If the valve is liquid cooled, smalVleaks may not be easily detected. Escaped coolant can

contaminate sensitive components, leading to malfunction, and can increase the prob

ability

of|insulation failure. However, experience acquired in the wet test performed on both LCC

and VSC valves indicates-that the valve wet test on a new and dust free valve surf
unable to identify locations where might cause valve dielectric failure in service due
leakage of small quantities of valve coolant. IEEE Std 857™-1996, IEEE Recomm
Practice for Test\Procedures for High-Voltage Direct-Current Thyristor Valves, to whi
wet test is oftenreferred, was withdrawn in 2010.

Sybmodule~/“Cell internal short-circuit current

Either misfiring of IGBT, short-circuit of IGBT-diode pair or insulation failure may lead
infernal-capacitor discharge current. Under these short-circuit conditions, the fault s
bd self-contained without impacting the normal operation of adjacent submodule / g

ace is
to the
ended
ch the

to an
hould
ell. In

particular, the fault should not lead to a flashover outside the affected submodule

/ cell,

damage leading to mal-operation caused by projected debris or electromagnetic
interference on neighbouring submodule / cell. Any visible light escaping from the faulted
submodule / cell should not cause fire or arc detection systems in the valve hall to shut

down the converter.
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Submodule / Cell external short-circuit current

Similarly to case (e) above, if a short-circuit takes place between the external terminals of
the submodule / cell, or across several submodule / cell (for example between tiers of a
valve stack) then the capacitors of the submodule / cell(s) that were in the output state at
the time of the short circuit, will discharge their capacitors into the short-circuit. Although
the rate of change of current is lower than for case (e) because of the larger loop inductance,
it is still very high and can lead to a severe rate of change of magnetic field, potentially
affecting nearby electronic circuits. Depending on the design philosophy adopted for the
valve, tests may be needed to demonstrate that the IGBTs will safely turn off before the
capacitors can fully discharge and that the resulting electromagnetic disturbance does not
cause mal-operation of nearby electronic circuits.

Effects of fast transient overvoltages on electronics

Certain events such as lightning strikes on the AC or DC systems close to the-conyerter
station, switching actions of the valves (including protective blocking) and byshing
flashovers inside the valve hall may lead to fast transient overvoltages whigh*although not
ngcessarily of an amplitude sufficient to pose a risk of insulation failure,(¢olld subject the
eleéctronic boards in the valve to a very high dv/dt. Depending on the,design philosophy of
the overall converter station for such faults, tests may be necessary to,demonstrate that the
elgctronic boards continue in operation without damage ormalfunction under| such
conditions.

The plurchaser should review the design offered with the supplier to determine the probpbility
and likely consequences of certain failures. Where appropriate, consideration should be given,
to the| performance of special tests to verify critical aspects-of the fault tolerance capabllity of

the vglve. The details of such tests are subject to agreement on a case-by-case basis.
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Annex C
(informative)

Valve losses determination

As transmission losses are directly related to the investment and operational costs, they are
one of the most important factors for high voltage direct current (HVDC) project evaluation. For
voltage sourced converters (VSC), valve losses are the largest part of the total converter station
losses and therefore the determination and evaluation of the VSC valve losses becomes highly
important.

Presgntly, the losses of VSC valves are determined based on the calculation methg
IEC 6R751-1 and IEC 62571-2. The calculation method requires detailed information sy
the pgrameters of semiconductor devices, VSC valve design characteristics ,and ope
mode§, which are usually not directly available to the HVDC system purchaser/user
consequently finds it difficult to evaluate the calculated losses results.

There
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purpo
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2021

valvesg".
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origin
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methd
condif
need
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valves.

Thec
althoy

thereflore is that'the laboratory measurement should become a standard part of the operg

type t
gaine
as pa
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ds of
ch as
rating
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ore, CIGRE working group B4.75 was set up in 2017 to perfotm’a feasibility stddy to

S laboratory loss measurement methods on VSC valves for lo§s calculation eval
5es and to make recommendations considering the pros and cons of such measur
ds versus the methods in IEC 62751. The results of this working group were publis
bs CIGRE TB 844: "Feasibility study for assessment of lab losses measurement o

rochure starts with a general description of losses in VSC HVDC converter valve

5, as well as special aspects of different designs. This is followed by a summary
t practice for valve losses determinatior¢including the modelling of the semicon
eters and then by a discussion on how the transparency of the overall calculation pr
e enhanced. As the main study results of the WG B4.75, an evaluation of the eX
ds to measure losses is provided:\This is complemented by an overview of the ope
ions and additional aspects forJosses measurement (such as commercial aspects
to be taken into account.~In the last part, the results are summarized
mendations for applicatiofiyof losses measurement are given, which can be us
nce for the introduction of losses measurements in the operational type tests of

bnclusion of CIGRE TB 844 is that the laboratory measurement of valve losses is feg
gh the leveltof accuracy achievable is still quite poor. The general recommen

ests of the VSC valves, such that in the coming years greater industry experience g
1 in thistarea. However, it is not recommended that the measured valve losses arg
't of\the financial evaluation criteria for the HVDC project, until there is a good in
enee and consensus over what should be a realistically achievable level of measur
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faveriser la coopération internationale pour toutes les questions de normalisation dans le§ domai
I'élgctricité et de I'électronique. A cet effet, ''EC — entre autres activités — publie des Normes, internati
des| Spécifications techniques, des Rapports techniques, des Spécifications accessibles aufpublic (PAS
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des,comités d'étud
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d'avertir les responsables de la mise en application du present document que des informations plus recentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié tout ou partie de tels droits de propriété.

L'IEC 62501 a été établie par le sous-comité 22F: Electronique de puissance pour les réseaux
électriques de transport et de distribution, du comité d'études 22 de I'lEC: Systémes et
équipements électroniques de puissance. Il s'agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2009, son
Amendement 1:2014 et son Amendement 2:2017. Cette édition constitue une révision
technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) un nouveau tableau relatif aux conditions d'utilisation de la substitution de preuve
(Tableau 1) a été inséré;

b) les parameétres d'essai relatifs a I'essai de support de valve sous tension continue (7.3.2) et
a I'essai de MVU sous tension continue (8.4.1) ont été mis a jour;

c) I'Article 9 concernant I'essai sous tension alternative-continue entre les bornes de valve a
été réorganisé et des variantes ont été ajoutées en 9.4.2 pour les essais individuels sous
tension alternative et continue;

d) le

e) ddgs informations complémentaires relatives a la tolérance aux pannes des compe@sants de
valve ont été ajoutées a I'Annexe B;

série;

f) la|détermination des pertes de valve a été ajoutée a I'Annexe C.

Le te)te de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
22F/731/CDV 22F/7T48A/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote|ayant
about| a son approbation.

La lanjgue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce ddcument a été rédigé selon les Directives ASO/IEC, Partie 2, il a été développé selpn les
Direcfives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles| sous
www.lec.ch/members_experts/refdocs. Les\ principaux types de documents développds par
I'lEC $ont décrits plus en détail sous ww@w:iec.ch/publications/.

Le comité a décidé que le contenu de-ce document ne sera pas modifié avant la date de stpbilité
indiqgyée sur le site web de I'lECspus webstore.iec.ch dans les données relatives au docyment
rechefché. A cette date, le dgcument sera
e refonduit,

e supprimé, ou

e réyisé.

IMPORTANT - Le logo "colour inside™ qui se trouve sur la page de couverture de ce
meént indique qu'elle contient des couleurs qui sont considérées comme uti
une bonne comprenension de son contenu. Les U ateurs devraier j F ]
imprimer cette publication en utilisant une imprimante couleur.
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VALVES A CONVERTISSEUR DE SOURCE DE TENSION (VSC)
POUR LE TRANSPORT D'ENERGIE EN COURANT CONTINU
A HAUTE TENSION (CCHT) — ESSAIS ELECTRIQUES

1 Domaine d'application

La présente Norme internationale s'applique aux valves a convertisseur auto-commuté,

congwmmmrmmml)hasé
pour le transport d'énergie en courant continu a haute tension ou dans une liaison dgs:a-dos,

ainsi qu'aux valves a freinage dynamique. Elle est limitée aux essais de type électriques| et de
série.

Le pr¢sent document peut servir de guide pour les essais des valves a VSC-“a haute tgnsion
utilisées dans les systémes de stockage d'énergie (ESS).

Les egsais spécifiés dans le présent document sont basés sur des (valves isolées par I'air. Les
exigences d'essai et les critéres d'acceptation peuvent servir de guide pour spécifier les ¢ssais
de typge électriques et de série d'autres types de valves.

2 Reéférences normatives

Les dpcuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou [partie
de lelr contenu, des exigences du présent doecument. Pour les références datées, |seule
I'éditipn citée s'applique. Pour les références-non datées, la derniére édition du document de
référJnce s'applique (y compris les éventugls~amendements).

IEC 6D060 (toutes les parties), Technigues des essais a haute tension
IEC 6D071 (toutes les parties),.Cqoordination de I'isolement
IEC 6D270, Techniques des essais a haute tension — Mesures des décharges partielles

IEC 6P700-1:2015, Valves a thyristors pour le transport d'énergie en courant continu a |haute
tensidn (CCHT) - Partie 1: Essais électriques
IEC 6p700-1:2015/AMD1:2021

IEC 6R747, Terminologie relative aux convertisseurs de source de tension (VSC) des systéemes
en colirantcontinu a haute tension (CCHT)

ISO/IEC 17025, Exigences générales concernant la compétence des Ilaboratoires
d'étalonnages et d'essais

3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 62747 ainsi que
les suivants s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp
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3.1 Termes relatifs a la coordination de I'isolement

3.11

tension de tenue d'essai

valeur d'une tension d'essai de forme d'onde normalisée pour laquelle une nouvelle valve, dont
I'intégrité est intacte, ne présente aucune décharge disruptive et respecte tous les autres
criteres d'acceptation spécifiés pour I'essai particulier, lorsqu'elle est soumise a un nombre
spécifié d'applications ou a une durée spécifiée d'application de la tension d'essai, dans les
conditions spécifiées

3.1.2

isolement interne
air exférieur aux composants et matériaux isolants de la valve mais contenu dans le.profil de
la valye ou de I'ensemble a valves multiples

3.1.3
isolement externe
air sifué entre la surface externe de la valve ou de lI'ensemble a valyes” multiples gt son
envirgnnement

3.2 |Termes relatifs aux semiconducteurs de puissance

3.21
dispdsitif a semiconducteur blocable
dispositif & semiconducteur commandable qui peut étré/réactivé et coupé par un signal de
commande, IGBT, par exemple

Note 1[a l'article: |l existe plusieurs types de dispositifs a¢semiconducteur blocable qui peuvent étre utilis§s dans
les conjvertisseurs VSC pour des applications CCHT. Pous des raisons pratiques, le terme IGBT est utilisé tout au
long d¢ la présente norme pour faire référence au principal dispositif a8 semiconducteur blocable. Cependant, la
norme p'applique également aux autres types de dispositifs a semiconducteur blocable.

3.2.2
trans|stor bipolaire a grille isolée
IGBT
dispositif a semiconducteur blogable possédant trois bornes: une borne de grille (G) eff deux
borneks de charge: émetteur (E)‘et collecteur (C)

Note 1|a l'article: En appliguant des tensions appropriées entre la grille et I'émetteur, le courant de charge peut
étre commande, c'est-a-dire qu'il peut étre établi ou coupé.

Note 2 p I'article: L'abréviation "IGBT" est dérivée du terme anglais développé correspondant "insulated gate|bipolar
transis{or".

3.2.3
diode de ‘roue libre
DRL
dispositif a semiconducieur de puissance ayant Ies caracteristiques dune diode

Note 1 a Il'article: Une DRL posséde deux bornes: une anode (A) et une cathode (K). Le courant dans les DRL
circule en sens opposé au courant de I'lGBT.

Note 2 a I'article: Les DRL sont caractérisées par leur capacité a faire face a des taux élevés de chute de courant
dus au comportement de commutation de I'|GBT.

3.24
paire IGBT-diode
combinaison de I'|GBT et de la DRL connectés en paralléle en sens inverse
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3.3 Etats de fonctionnement du convertisseur

3.31

état bloqué

condition du convertisseur dans laquelle un signal de fermeture est appliqué en continu a tous
les IGBT du convertisseur

Note 1 a I'article: Généralement, le convertisseur est a I'état bloqué aprés la mise sous tension.

3.3.2

état débloqué
condition du convertisseur dans laquelle des signaux d'ouverture et de fermeture sont appliqués
de mgniére répétitive aux IGBT du convertisseur

3.3.3
blocage de protection de la valve
dispositif de protection de la valve ou du convertisseur d'une contrainte électrique excgssive
par la|fermeture d'urgence de tous les IGBT dans une ou plusieurs valves

3.3.4
niveau de palier de tension
échelon de tension di a la commutation d'une valve ou d'une partie d'une valve pendan{ I'état
déblogué du convertisseur

Note 1|a I'article: Pour les valves de type a source de tension_commandable, le niveau de palier de fension
corresgond a la variation de tension due a la commutation d'un seus-module ou d'une cellule. Pour les valves de
type cdmmutateur, le niveau de palier de tension correspond a 4a variation de tension due a la commutation de la
valve cpmpléte.

Note 2fa I'article: L'Annexe A fournit une vue d'ensembledes convertisseurs VSC utilisés pour le transport d'¢nergie
CCHT.

3.4 |Termes relatifs a la construction-des VSC

3.4.1
unité|de phase VSC
équipement utilisé pour raccordérles deux barres omnibus de courant continu a une borne de
courapt alternatif

3.4.2
valve|a VSC de type commutateur
combinaison de paires IGBT-diode connectées en série et configurées de maniére & étre
commutées simgdltanément en une unité fonctionnelle simple

3.4.3

valve|adVSC de type a source de tension commandable
ensemble r\nmlnlnf asource de tension commandable générnlnmnn’r connecté entre une lborne

de courant alternatif et une borne de courant continu

3.4.4
valve a diode

valve a semiconducteur contenant uniquement des diodes comme principaux dispositifs a
semiconducteur, pouvant servir dans certaines topologies de VSC

3.45

valve a freinage dynamique

dispositif commandable complet qui sert a réguler I'absorption d'énergie dans la résistance de
freinage ou autres composants
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3.4.6
valve
valve a VSC, valve a freinage dynamique ou valve a diode, selon le contexte

3.4.7

sous-module

partie d'une valve a VSC comprenant des commutateurs et des diodes commandables
connectés en demi-pont ou en pont complet, ainsi que leurs auxiliaires immédiats et
condensateurs de stockage, le cas échéant, ou chaque commutateur commandable comporte
un seul dispositif a valve commuté connecté en série

3.4.8
cellulle
bloc module MMC dans lequel chaque position de commutateur est composée de plugieurs
paireq IGBT-diode connectées en série

Note 1[a 'article: Voir Figure A.13.

3.4.9
niveau de valve a VSC
plus petite unité fonctionnelle indivisible d'une valve a VSC

Note 1|a Il'article: Pour toute valve a VSC dans laquelle les IGBT soni“connectés en série et mangeuvrés
simultanément, un niveau de valve a VSC correspond a une paire |IGBT-diode, y compris ses auxiliairgs (voir
Figure A.13). Pour un type MMC sans paires IGBT-diode connectées/en Série, un niveau de valve correspofd a un
sous-module associé a ses auxiliaires (voir Figure A.12).

3.4.1¢
niveau de valve a diode
partie|d'une valve a diode composée d'une diodé et des circuits et composants associés, e cas
échégnt

3.4.11
niveaux redondants
nombfe maximal de niveaux de valve’a VSC connectés en série ou de niveaux de valve al|diode
dans |une valve, qui peut étre.lcourt-circuité par un ordre externe ou interne sans que le
fonctipnnement sécurisé de lajvalve en soit altéré, comme il est démontré par les essais de
type, pt qui, en cas de dépassement, exige l'arrét de la valve pour permettre le remplac¢ment
des njveaux défaillants-Qu*l'acceptation d'un risque accru de dysfonctionnements

Note 1fa I'article: Dans.\les conceptions de valves telles que le convertisseur a deux niveaux monté en cascgde, qui
contiennent deux chemins de conduction ou plus dans chaque cellule et comportent des niveaux de valve|a VSC
connedfés en série, dans chaque chemin, les niveaux redondants doivent étre comptés uniquement dans un chemin
de condluction de.chaque cellule.

3.4.1%
niveau de valve a freinage dynamique
partie d'une valve a freinage dynamique comprenant un commutateur commandable et une
diode associée, ou des commutateurs et des diodes commandables connectés en paralléle, ou
des commutateurs et des diodes commandables connectés en pont, ainsi que leurs auxiliaires
immédiats, condensateurs de stockage et résistances de dissipation d'énergie, le cas échéant

3.5 Termes relatifs a la structure des valves

3.5.1

structure de valve

composants de structure d'une valve, exigés afin de soutenir physiquement les modules de
valve
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support de valve
partie de la valve fournissant un support mécanique et l'isolation électrique de la terre a la

partie

3.5.3

sous tension de la valve

ensemble a valves multiples

MvVU

disposition mécanique comportant au moins deux valves ou une ou plusieurs unités de phase
a VSC partageant un support de valve commun

Note 1
MVU.

Note 2

3.5.4
secti
asse

valve
comp

Note 1

condensateur a courant continu de cellule ou de sous-module en plus des niv€aux de valve a VSC.

Note 2

4 E

4.1

411

Chaqlie conception de valve doit étre soumise aux essais de type spécifiés dans le pj
docun

soum
le fou
précé

a I'article: L'abréviation "MVU" est dérivée du terme anglais développé correspondant "multiple*valv

n de valve

nir de

B unit".

blage électrique défini a des fins d'essais, comportant un certain_ nembre de nivequx de

t d'autres composants, et présentant les propriétés électriques préassignées d'une
ete

a l'article: Pour les valves du type a source de tension commandable;”la section de valve doit in

Kkigences générales

Lignes directrices concernant la réalisation d'essais de type

Substitution de preuve
nent. S'il est possible de démentrer que la valve est similaire a une valve précéden
se a essai, au lieu de rgaliser un essai de type ou des parties individuelles de cet

rnisseur peut soumettre-a I'acheteur, pour examen, le rapport d'essai d'un essai d
dent. Il convient dé\l'accompagner d'un rapport distinct détaillant les différenc

numérées dans le Tableau 1.

valve

lure le

a I'article:  Le nombre minimal de niveaux de valve a VSC oud@.diode autorisé dans une section de valve est
défini gvec les exigences de chaque essai.

ésent
hment
essai,
e type
bs de

conceIption et démontrant la maniére dont I'essai de type référencé satisfait aux objectifs de
I'essaj pour la concéption proposée. Les conditions d'utilisation de la substitution de p
sont §

reuve
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Tableau 1 — Conditions d'utilisation de la substitution
de preuve issue d'un autre projet CCHT

Essai de type Paragraphe Conditions

Essais de fonctionnement 6 Niveaux de valve a soumettre a essai inférieurs en
nombre ou identiques
Méme conception des niveaux de valve
Méme conception de I'électronique de valve
Contrainte de tension et contrainte thermique identiques
ou inférieures 2 sur chaque niveau de valve

Essais diélectriques sur la 7 Structure de valve identique, y compris les tuyaux de

structpire de support de valve refroidissement, les chemins de cable et le systeme Hde
mise a la terre, le cas échéant
Méme matériau de valve et méme dimension-géoméfrique
Distance d'isolement supérieure ou égalepar rapporf a la
salle des valves et aux autres équipemeénts associés|a
I'intérieur de la salle des valves
Contrainte de tension inférieure ou égale, y compris |a
contrainte de tension continue, la\ycontrainte de tension
alternative et les contraintes~detension de choc

Essaip diélectriques sur un 8 Méme géométrie de MVU €ntre les valves

ensemble a valves multiples

Essaif diélectriques entre les 9 Structure de valve idéntique, y compris les tuyaux de

bornef de valve refroidissement, les chemins de cable et le systeme de
mise a la terrg, le-Cas échéant
Méme matériau de valve et méme dimension géoméfrique
Contrainte, de tension inférieure ou égale

Essai|de blocage de I'lGBT en 10 Méme conception des niveaux de valve

cas dg surintensité ~ . ' a .
Méme conception de I'électronique de valve
Contrainte de courant présumé identique ou inférieufe

Essai|de courant de court- 11 Méme conception des niveaux de valve

circui . . - . .
Mémes composants de mise en court-circuit, s'il exidte, et
méme fonction
Méme conception de I'électronique de valve
Contrainte de courant de court-circuit identique ou
inférieure

Essaip d'insensibilité de la 12 Identiques a celles indiquées dans les Articles 6 et 9

valve [aux perturbations

électrpmagnétiques

L -
re
di

Epositif.

contrainte thermique des dispositifs a semiconducteur est un effet combiné du courant
roidissementllta contrainte thermique du dispositif est caractérisée par la température de jonction

bt du
dudit

4.1.2

Choix de I'objet d' i

Le présent paragraphe ne s'applique pas aux essais réalisés sur la structure de support de la
valve et sur I'ensemble a valves multiples. L'objet d'essai pour ces essais est défini en 7.2 et

8.3.

a) Les essais de type peuvent étre réalisés soit sur une valve ou un MVU complet, soit sur
leurs parties, comme indiqué dans le Tableau 4.

b)

Le nombre minimal de niveaux de valve a soumettre a I'essai de type fonctionnel, en fonction

des niveaux de valve dans une valve unique, est tel qu'indiqué dans le Tableau 2. Ce
nombre s'applique aux essais de type des Articles 6, 10, 11 et 12. Ces niveaux de valve
doivent étre soumis a essai dans un ou plusieurs montages d'essai sur plusieurs sections
de valve telles que définies dans ces articles.
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Tableau 2 - Nombre minimal de niveaux de valve a soumettre a lI'essai de type
fonctionnel en fonction du nombre de niveaux de valve par valve

Nombre de niveaux de valve, y compris Nombre total de niveaux de valve a
le niveau redondant par valve soumettre a essai
1a50 Nombre de niveaux de valve dans une valve
51 a 250 50
> 251 20 %

Le nombre minimal de niveaux de valve a soumettre a I'essai de type diélectrique peut étre
inférieur ou égal au nombre spécifié pour I'essai de type fonctionnel.

Lg nombre minimal de niveaux de valve doit toutefois étre représentatif de la.cohception
diIIectrique de la valve.

c) |l ¢st généralement recommandé d'utiliser les mémes sections de valve poudr fous les g¢ssais
dg type. Cependant, différents essais peuvent étre réalisés sur différentes sections de|valve
en paralléle, afin d'accélérer le programme d'exécution des essais.

d) Avant le début des essais de type, la résistance de la valve; '\des sections et/oh des
cadmposants de valve aux essais de production doit étre démaentrée afin d'assurgr une
fabrication appropriée.

4.1.3 Procédure d'essai

Les e$sais doivent étre effectués conformément a I'lEC 60060, le cas échéant en tenant diiment
comple de I'lEC 60071 (toutes les parties). Les mesurés de décharge partielle doivernt étre
réalisees conformément a I'lEC 60270.

4.1.4 Température ambiante pour les essais

Les essais doivent étre effectués a la température ambiante prédominante de l'installation
d'essai, sauf spécification contraire.

4.1.5 Fréquence des essais

Les epsais diélectriques en courant alternatif peuvent étre réalisés soit a 50 Hz, soit a 60 Hz.
Les epsais de fonctionnement doivent étre effectués a la fréquence de service.

4.1.6 Rapports d'essai

A lissue des egsais de type, le fournisseur doit produire des rapports d'essais dd type
conformément a 1'Article 15.

4.1.7 Conditions a prendre en compte pour la détermination des parameétres des

|__essais de type

Les parameétres des essais de type doivent étre déterminés sur la base des conditions de
fonctionnement et de défaut les plus défavorables auxquelles la valve peut étre soumise,
conformément aux études du systéme. La Brochure technique n°® 447 du CIGRE fournit des
recommandations concernant les conditions.
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4.2 Facteur de correction atmosphérique

Lorsque l'article correspondant le spécifie, une correction atmosphérique doit étre appliquée
aux tensions d'essai conformément a I'lEC 60060-1. Les conditions de référence auxquelles les
corrections doivent étre apportées sont les suivantes:

— pression:

e sila coordination de l'isolement de la partie soumise a essai de la valve est fondée sur
les tensions de tenue assignées normalisées conformes a I'lEC 60071-1, les facteurs de
correction sont uniquement appliqués aux altitudes supérieures a 1 000 m. Ainsi, si
l'altitude du site ag sur lequel le matériel est installé est <1 000 m, la pression d'air

atllluopiléliquc normate (bo— 16453 :\Pa) doit—ators—étre—utitisée—sans—correctipn de
I'altitude; si ag >1 000 m, la procédure normalisée conforme a I'lEC 60060-1 est utjlisée,
mais la pression atmosphérique de référence b, est remplacée par(la* prgssion
atmosphérique correspondant a une altitude de 1 000 m (b4 ggom);

¢ | sila coordination de I'isolement de la partie soumise a essai de la valven'est pas fpndée
sur les tensions de tenue assignées normalisées conformes™a‘ I'lEC 600711, la
procédure normalisée conforme a I'l[EC 60060-1 est utilisée avec la prgssion
atmosphérique de référence by (bg = 101,3 kPa);

— température: température de I'air maximale de conception de\la salle des valves (°C)

— humidité: humidité absolue minimale de conception de ldsalle des valves (g/m3).

Les cpmbinaisons réalistes les plus défavorables de_température et d'humidité qui pguvent
exister dans la pratique doivent étre utilisées pour lacCorrection atmosphérique.

Les valeurs a utiliser doivent étre spécifiées par lfe-fournisseur.

4.3 |Traitement de la redondance
4.3.1 Essais de fonctionnement
Pour les essais de fonctionnement,_leés niveaux de valve redondants ne doivent pas étre court-

circuifés. Les tensions d'essaiwutilisées doivent étre ajustées au moyen d'un facteur d'éghelle
k .

n-

Nt
= N- N
t—Vr

Nyt lestle‘/nombre de niveaux de valve en série dans I'objet d'essai;

Nt est le nombre total de niveaux de valve en serie dans la valve;

N, estle nombre total de niveaux de valve redondants en série dans la valve.

4.3.2 Essais diélectriques

Pour tous les essais diélectriques entre les bornes de valves, les niveaux de valve redondants

doivent étre court-circuités. L'emplacement des niveaux de valve a court-circuiter doit faire
I'objet d'un accord entre I'acheteur et le fournisseur.

NOTE En fonction de la conception, des limites peuvent étre imposées au niveau de la répartition des niveaux de
valve court-circuités. Par exemple, il peut exister une limite supérieure relative au nombre de niveaux de valve court-
circuités dans une seule section de valve.

Pour tous les essais diélectriques sur une section de valve, les tensions d'essai utilisées doivent
étre ajustées au moyen d'un facteur d'échelle ky:
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Mémg si le plus grand soin est apporté a la conception des valves, I'expérience.des applic
a semliconducteur montre qu'il est impossible d'éviter des défaillances aléatgires occasion

des c
étre li

causeg

étre q

valves ou sections de valve a plusieurs contraintes correspondant généralement aux
contrgintes auxquelles peut parfois étre soumis le matériel pendant la durée de vie de la
De cqg fait, les critéres de réussite des essais de type définis ci-dessous n'autorisent

nomb
que ¢

et a dondition que le niveau de valve défaillant permette au reste de la valve ou secti

valve

4.4.2
Les c
a) Si

de
co

satisfait aux essais de type.

b) Si

limite de 1 %) a été court-circuité ou mis a circuit ouvert, le ou les niveaux défaillants d
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c) Si
to
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d) L4
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est le nombre de niveaux de valve non court-circuités en série connectés dans I'objet

d'essai;
est le nombre total de niveaux de valve en série dans la valve;

est le nombre total de niveaux de valve redondants en série dans la valve.

Critéres de réussite des essais de type

Généralités

bmposants de niveaux de valve pendant I'exploitation. Méme si ces défaillances p¢g
ees a des contraintes, elles sont considérées comme aléatoires, dans la mesure o

uantifiée de maniéere précise. Les essais de type soumettent, dans un délai trés cou

re réduit de défaillances des niveaux de valve au~Cours des essais de type, a cor
bs défaillances soient rares et ne soient pas ledévélateur d'une conception inappr

de continuer a fonctionner sans altérer la pérformance.

Critéres applicables aux niveaux de valve
iteres suivants sont applicables aux niveaux de valve.

a la suite d'un essai de type répertorié a I'Article 5, plusieurs niveaux de valve (o
1 % des niveaux de valve soumis a essai, si cette valeur est supérieure) o
urt-circuités ou mis a cifcuit ouvert, la valve doit alors étre considérée comme n'aya

a la suite d'un essai de type, un niveau de valve (ou plus si la valeur s'inscrit dan

brs étre rétablis. et cet essai de type répété.

le nombre/cumulé des niveaux de valve court-circuités ou a circuit ouvert au coy
s les essais de type dépasse 3 % des niveaux de valve soumis a essai, la valv
brs étre considérée comme n'ayant pas satisfait aux essais de type.

valve ou les sections de valve doivent étre vérifiées aprés chaque essai de type 3

ations
helles
uvent
U leur

ou la relation entre le taux de défaillance et la contrainte n'esf pas prévisible ou n¢ peut

rt, les
pires
valve.
qu'un
dition
bpriée
on de

L plus
nt été
Nt pas

S une
bivent

rs de
e doit

fin de

déferminer si des niveaux de valve ont eté court-circuités ou mis a circuit ouvert. Avant de
poursuivre les essais, les paires IGBT-diode ou les composants auxiliaires qui se sont
révélés défaillants au cours ou a la fin d'un essai de type peuvent étre remplacés.

e) Al'issue du programme d'essais, la valve ou les sections de valve doivent faire I'objet d'une
série d'essais de vérification, qui doivent inclure au minimum:

la vérification de la tenue en tension des niveaux de valve;

la vérification des circuits de déclenchement;

la vérification des circuits de surveillance;

la vérification des circuits de protection faisant partie intégrante de la valve;

la vérification des circuits de répartition des potentiels.
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f)

g)

Les courts-circuits des niveaux de valve survenant au cours des essais de vérification
doivent étre décomptés en tant que partie des critéres d'acceptation définis ci-dessus. En
plus des niveaux court-circuités ou mis a circuit ouvert, le nombre total de niveaux de valve
présentant des défauts n'occasionnant pas de court-circuit de niveaux de valve, qui sont
découverts au cours du programme d'essais de type et de I'essai de vérification ultérieur,
ne doit pas dépasser 3 % du nombre de niveaux de valve soumis a essai lors des essais de
type diélectrique et de fonctionnement. Si le nombre de ces niveaux dépasse 3 %, la nature
des défauts et leur cause doivent étre revues et une action supplémentaire, s'il y a lieu, doit
faire I'objet d'un accord entre I'acheteur et le fournisseur.

Lorsque les critéres de pourcentage sont appliqués pour déterminer le nombre maximal
autorisé de niveaux de valve court-circuités ou mis a circuit ouvert ainsi que le nombre
';' - - S oaS—o0 -i"i"' .Uitde
niyeaux de valve, il est courant d'arrondir toutes les fractions au nombre entier supeérieur,
codmme représenté dans le Tableau 3.

Tableau 3 — Défauts de niveaux de valve autorisés au cours des essais“de type

Nonibre de niveaux de Nombre de niveaux de Nombre total de niveaux | Nombre supplémentaire

valye soumis a essai valve qu'il est permis de | de valve qu'il est permis de niveaux de val|ve,
court-circuiter ou de de court-circuiter ou de dans tous les essalis de
mettre a circuit ouvert mettre a circuit ouvert type, ayant fait I'dbjet
dans un essai de type dans un essai de type d'un défaut majs
quelconque quelconque n'ayant pas été cqurt-

circuités ou mig a
circuit ouvert

Jusqu'a 33 1 1 1
34 467 1 2 2
68 4 100 1 3 3
101 4 133 2 4 4

La répartition de niveaux court-circuités‘ou mis a circuit ouvert et d'autres défauts de niveaux
de valve a l'issue de tous les essais de type doit étre essentiellement aléatoire et ng doit

présenhter aucun signe indiquant une:conception inappropriée.

4.4.3 Critéres applicables a la valve dans son ensemble

Une deéfaillance ou un claquage externe sur un matériel électrique commun associé a plugieurs
niveayix de valve de la\valve, ou une décharge disruptive dans le matériau diélectrique faisant
partie|de la structure.de la valve, des conduits de refroidissement, des conduits de lumigre ou
d'autres parties iselantes du systéme de transmission et de répartition des impulsions, ne doit

pas éfre autorisg.

Les tgmperatures de surface des composants et des conducteurs, ainsi que les jonctions et
conngxions associées acheminant du courant, et la température des surfaces de mgntage
adjacentes doivent toujours rester dans Ies [IMItes autorisees par la conception.

5

Liste des essais de type

Le Tableau 4 dresse la liste des essais de type présentés dans les Articles 6, 7, 8, 9, 10, 11 et
12.
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Tableau 4 — Liste des essais de type

électrpmagnétiques

Essai de type Article ou Objet d'essai
paragraphe

Essai en service permanent maximal 6.4 Valve ou section de valve
Essai en surcharge temporaire maximale 6.5 Valve ou section de valve
Essai sous tension continue minimale 6.6 Valve ou section de valve
Essai de support de valve sous tension continue 7.3.2 Support de valve
Essai de support de valve sous tension alternative 7.3.3 Support de valve
Essai de support de valve sous tension de choc de 7.3.4 Support de valve
manoguvre
Essai|lde support de valve sous tension de choc de 7.3.5 Support de valve
foudrg
Essailde MVU sous tension continue a la terre 8.4.1 MVU
Essailde MVU sous tension alternative 8.4.2 MVU
Essailde MVU sous tension de choc de manceuvre 8.4.3 MVU
Essailde MVU sous tension de choc de foudre 8.4.4 Myu
Essai|de valve sous tension alternative-continue 9.4.10u9.4.2
Essai|de valve sous tension de choc de manceuvre 9.4.3.2 Valve ou section de valve
Essai|de valve sous tension de choc de foudre 9.4.3.3
Essai|de blocage de I'IGBT en cas de surintensité 10 Valve ou section de valve
Essailde courant de court-circuit 11 Valve ou section de valve
Essai|d'insensibilité de la valve aux perturbations 12

Valve ou section de valve

NOTH Il convient que la section de valve utilisée dans I'essai de valve sous tension alternative-continue (9.4.1
ou 9.4.2), I'essai de valve sous tension de choc de:manceuvre (9.4.3.2) et I'essai de valve sous tension dg choc
de foydre (9.4.3.3) soit une structure unique reptésentative de la conception diélectrique de la valve.

6 Epssais de fonctionnement

6.1 |Objectif des essais

Les pfincipaux objectifs des essais de fonctionnement sont de:

a) vérifier 'adéguation du niveau de la paire VSC/diode et des circuits électriques asgociés
dgns une.valve en fonction des contraintes de courant, de tension et de température g I'état
condugteur, lors de l'ouverture et de la fermeture dans les conditions de contraintes

répétitives les plus défavorables;

b) dé
des valves a VSC.

6.2 Objet d'essai

Les essais peuvent étre réalisés soit sur une valve compléte, soit sur des sections de valve. Le
choix dépend principalement de la conception de la valve et des installations d'essai
disponibles. Les essais spécifiés dans le présent article sont applicables aux sections de valve
contenant cing niveaux de valve ou plus, connectés en série. Si des essais utilisant moins de
cing niveaux sont proposés, des facteurs de sécurité d'essai supplémentaires doivent étre
convenus. En aucun cas, le nombre de niveaux connectés en série ne doit étre inférieur a trois

pour les essais.
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La valve ou les sections de valve en essai doivent étre assemblées avec tous les composants
auxiliaires. Pour les valves équipées d'un parafoudre, un parafoudre de valve a échelle réduite
peut étre inclus.

Le fluide de refroidissement doit étre dans un état représentatif des conditions de service. Le
débit et la température, en particulier, doivent étre établis en fonction des valeurs les plus
défavorables correspondant a l'essai en question, de sorte que la ou les températures de
composants appropriées soient égales aux valeurs applicables en service.

6.3 Circuit d'essai

dable
et dispose d'une capacité a courant continu intégrée, la capacité a courant continu\gt ses
conngxions aux composants a semiconducteur font partie intégrante de I'objet d'essai.

Cependant, dans les conceptions dans lesquelles la valve fonctionne a-la,maniérd d'un
commutateur et ou le condensateur a courant continu est distinct de la valve,-il est nécegsaire
que lg condensateur a courant continu soit correctement représenté dans\le circuit d'esspi. En
particulier, l'inductance de fuite en série des connexions entre le ¢condensateur a courant
continu et la valve, ainsi que la capacité parasite au niveau de la section de valve, doivent étre
corre¢tement reproduites et mises a I'échelle en fonction de la taille’de la section de valve en
essai| Les interconnexions du circuit d'essai doivent étre représentatives du type utilis§ dans
le corjvertisseur, afin de ne pas introduire de niveaux d'amortissement peu réalistes dus|a des
effets|de peau.

6.4 |Essai en service permanent maximal

Il est [nécessaire que l'essai reproduise les paramétres suivants basés sur les conditions de
servide du convertisseur les plus défavorables. Plusieurs essais peuvent également étre
nécegsaires pour reproduire tous les paraméires a leurs valeurs maximales.

Pour les valves a VSC:

o température maximale de jonction de I'lGBT en régime permanent;
e température maximale desjonction de la DRL en régime permanent;

e lofsque des circuits d'amortissement sont utilisés, température maximale des compgsants
d'amortissement en-fégime permanent;

e tepsion et courant maximaux d'amorcage et de blocage en régime permanent.
Pour les valves@-diode:

e température maximale de jonction de la diode en régime permanent;

e lofsque des circuits d'amortissement sont utilisés, température maximale des compgsants

[P WEOSNT H ma-ant B - BrarRa-ait-aats
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e tension et courant maximaux d'amorgage et de désamorcage de la diode en régime
permanent.

Il est nécessaire que tous ces paramétres soient reproduits au cours de l'essai en service
permanent maximal. lls peuvent étre reproduits dans le cadre d'essais séparés ou sous la forme
d'un essai combiné.

La tension d'essai doit étre basée sur la tension continue en régime permanent maximal, la
fréquence de commutation d'essai doit étre fondée sur la fréquence de commutation en régime
permanent maximal et le modéle de modulation doit &tre représentatif de celui utilisé en service.

Le courant d'essai, en valeur efficace, doit étre déterminé en tenant compte des harmoniques
de courant et de tout autre courant supplémentaire circulant dans la valve.
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eur du courant d'essai doit intégrer un facteur de sécurité d'essai de 1,05.

2024

Pour une valve de type commutateur, la tension d'essai Uy,4 correspondant a la tension

continue en régime permanent maximal doit étre déterminée de la fagon suivante:

Utpv1 = Udmax * ki x ky

ou

Ugmayy—ost—ta—tensior—continue—en—rogime—permanent—maximal—de—a—valve—y—egmpris
I'ondulation;

kn est un facteur d'échelle d'essai selon 4.3.1;

ke est un facteur de sécurité d'essai;

kq =1,05.

Pour ine valve de type a source de tension commandable, la tensionqd'essai, Uy 4, par

de va

La du
du flu

6.5

Sila
tempd

NOTE
de que

Les ¢

ve, doit étre déterminée de la fagon suivante:

Utpvi1 = Ucmax x ky

est la tension continue en régime permanent maximal du niveau de valve, y cg
I'ondulation;

est un facteur de sécurité d'essai;

= 1,05.

rée de I'essai ne doit pas étre.inférieure a 30 min aprés la stabilisation de la tempé
de de refroidissement ensortie.

Essai en surcharge.temporaire maximale

alve est spécifiée pour un fonctionnement en surcharge temporaire, un essaien s
raire maximahdoit étre réalisé.

La capagité des valves a convertisseur fonctionnant en surcharge temporaire maximale est générg
ques,secondes, le refroidissement de la valve étant alors impossible.

pnditions d'essai, lorsqu'elles sont exigées, doivent étre déterminées en appliqu

iveau

mpris

rature

Brvice

lement

ant la

méme meéthodologie qu'en 6.4 ci-dessus. Cependant, le courant d'essai doit étre le courant de
surcharge spécifié sans facteur de sécurité d'essai.

Avant l'essai, la valve ou la section de valve doit étre amenée a un équilibre thermique dans
les conditions indiquées en 6.4. L'essai en service temporaire maximal est alors engagé a partir
de cette condition initiale et poursuivi pendant une durée égale a la durée de la surcharge
temporaire multipliée par 1,2.

A Tlissue du fonctionnement en surcharge temporaire, rétablir les conditions de régime
permanent maximal spécifiées en 6.4 et les maintenir stables pendant 10 min.
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6.6 Essai sous tension continue minimale

Le but de cet essai est de vérifier le bon fonctionnement des conceptions de valve dans
lesquelles I'énergie des circuits électroniques de la valve provient de la tension apparaissant
entre les bornes de la valve.

L'essai consiste a appliquer une tension continue entre les bornes de la valve ou section de
valve. Pour cet essai, seule la tension est importante, le courant étant secondaire.

Le fonctionnement correct des circuits électroniques de la valve peut étre démontré soit en
débloquant la valve ou la section de valve, soit en prolongeant I'état bloqué et en surveillant

les sigmauxderetourdedomméesdetetectronmquedetavatve———————————————————————

La tension d'essai U, est définie de la fagon suivante:

min

ou

Uw est la tension continue minimale d'une valve en service ol le fonctionnement correct de
I'électronique de la valve est exigé;

Nyt | est le nombre de niveaux de VSC en essai, connectes en série;

N est le nombre total de niveaux de VSC conngctes en série dans une valve uhique,
redondance incluse;

ko est un facteur de sécurité d'essai;

k2 = 0,95

La dufée de l'essai ne doit pas étre inférieure a 10 min.

7 Epsais diélectriques surda structure de support de valve

7.1 | Objectif des essais
Les pfincipaux objectifs_de ces essais sont de:

a) vérifier la capacité de tenue en tension au niveau de l'isolation du support de valve, des
conduits derefroidissement, des conduits de lumiére et d'autres composants isplants
aslsociés aw support de valve. S'il existe une isolation a la terre autre que le suppprt de
vjve, des essais supplémentaires peuvent alors étre nécessaires;

b) vérifier que les tensions d'allumage et d'extinction des décharges partielles sont supérieures

a la tension de fonctionnement maximale presente sur le support de valve.

NOTE Selon l'application, il est possible d'éliminer certains des essais réalisés sur le support de valve, apres
accord entre I'acheteur et le fournisseur.
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7.2 Objet d'essai

Le support de valve a utiliser pour les essais peut étre un objet représentatif distinct comprenant
une représentation des parties adjacentes de la valve, ou il peut faire partie de I'assemblage
utilisé pour les essais de valve unique ou d'ensemble a valves multiples. Il doit étre assemblé
avec tous les composants auxiliaires en place et les surfaces au potentiel de terre adjacentes
doivent étre correctement représentées. La proximité des surfaces au potentiel de terre
adjacentes (matériel ou infrastructure de batiment) doit étre évaluée et la représentation incluse
le cas échéant. Pour les distances d'isolement nettement supérieures a celles déterminées par
les exigences relatives a la coordination de l'isolement, par exemple des distances d'isolement
imposées a la place des exigences d'acces, il peut alors étre envisagé d'omettre les surfaces
au potentiel de terre a ces emplacements. Si une valve unique est composée d'une seule
structlire, sa grande taille peut parfois rendre impossible I'essai de la valve compléte dgns un
laborgtoire. Dans ces cas, il est admis d'effectuer les essais de structure de suppart:de|valve
sur unje section préassignée de la structure de support, a condition de pouvoir démontrgr que
la conception de I'objet d'essai est représentative de la conception de la structure complete et
que lgs essais couvrent les contraintes les plus défavorables exercées surtoute partie[de la
structpre de support de la valve.

Pour les besoins de I'essai, le fluide de refroidissement doit étre dans,'un état représentatif des
condifions de service les plus pénalisantes.

Si unp valve unique est composée de plusieurs structures\dé sorte qu'il existe plugieurs
structires de support de valve par valve, il doit alors étre démontré que les essais proposés
couvrent les contraintes les plus défavorables exercées sur toute structure de support de yalve.

7.3 |Exigences d'essai
7.3.1 Généralités

Tous les niveaux d'essai indiqués ci-dessous sont soumis a une correction atmosphérique|selon
la degcription donnée en 4.2.

7.3.2 Essai de support de valve sous tension continue

Les deux bornes principales de*la valve doivent étre connectées entre elles, puis la tgnsion
contirjue doit étre appliquée entre les deux bornes principales ainsi connectées et la tefre. A
partir [d'une tension égaletau maximum a 50 % de la tension d'essai pendant 1 min, la tgnsion
doit éfre élevée le plus rapidement possible a la tension d'essai spécifiée a maintenir pgndant
1 min| étre maintenue constante pendant 1 min, réduite a la tension d'essai spécifiée a
maintenir pendant.3-h, maintenue constante pendant 3 h, puis réduite a zéro. Durant la defniére
heure|de I'essaide 3 h spécifié, le nombre de décharges partielles dépassant 300 pC dojt étre
enregjstré comme décrit a I'Annexe B de I'lEC 60700-1:2015+AMD1:2021.

Le nombre d'impulsions supérieures a 300 pC ne doit pas dépasser 15 impulsions par
-""iv"";i"' """i'i';iii'i"'i' ""'-;
plus de sept impulsions par minute ne doivent dépasser 500 pC, pas plus de trois impulsions
par minute ne doivent dépasser 1 000 pC, et pas plus d'une impulsion par minute ne doit
dépasser 2 000 pC.

Si une tendance croissante est observée au niveau de I'amplitude ou du taux de décharge
partielle, la durée de l'essai peut étre prolongée aprés accord mutuel entre 'acheteur et le
fournisseur.

L'essai doit alors étre répété avec une tension de polarité opposée.

Préalablement a l'essai et avant de répéter I'essai avec une tension de polarité opposée, le
support de valve peut étre court-circuité et mis a la terre pendant plusieurs heures. Cette
procédure peut étre répétée a la fin de I'essai sous tension continue.
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La tension d'essai continue du support de valve U,y doit étre déterminée de la fagon suivante:
essai de 1 min
Utgs =tUqgms1 x k3 < kt
essaide 3 h

Utds = tUgms2 x k3

ou

Ugms{ est la tension maximale de courte durée apparaissant au niveau du support de yvalve,
telle que déterminée par des études de coordination de l'isolement. Uy154 doit gtre la

valeur la plus élevée entre (a) la tension moyenne maximale sur ume-période de(1 s et
(b) la tension moyenne entre l'instant ou la tension de créte apparait et I'instan{ ou la
tension diminue rapidement par l'action de dispositifs a décharge rapide ou|de la
reconfiguration, le cas échéant;

Ugmsi est la valeur maximale de la composante continue de lattension de fonctionnement en
régime permanent apparaissant au niveau du suppor{‘de valve;

ks est un facteur de sécurité d'essai;

ks = 1,10 pour I'essai de 1 min;

ks = 1,15 pour l'essai de 3 h;

ky est le facteur de correction atmosphérigue selon 4.2.

7.3.3 Essai de support de valve sous‘tension alternative

Pour gffectuer I'essai, les deux bornes*principales de la valve doivent étre connectées|entre
elles,|puis la tension alternative doit’ étre appliquée entre les deux bornes principales| ainsi
conndctées et la terre.

doit dtre élevée a la tension d'essai spécifiée a maintenir pendant 1 min, étre maintenue
constante pendant 1-min, réduite a la tension d'essai spécifiée a maintenir pendant 30 min,
maintgenue constantespendant 30 min, puis réduite a zéro.

A par{r d'une tension égale‘au maximum a 50 % de la tension d'essai pendant 1 min, la tgnsion

Avant|la fin de'l'essai de 30 min, le niveau de décharge partielle doit étre surveillé et enregistré
sur urje période de 1 min. Si la valeur de décharge partielle est inférieure a 200 pC, la striicture
peut étre acceptée sans condition. Si la valeur de décharge partielle est supérieure a 240 pC,
les répultats d'essai doivent étre évalués.

La tension d'essai alternative du support de valve Uy, doit étre déterminée de la fagon suivante:

essai de 1 min:

U
Utas :L&Xh x ky
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essai de 30 min

ou

Uns1  est la valeur de créte de la tension maximale présente sur le support de valve en

service, en particulier en condition de défaut du systéme et en condition de
fonctionnement en défaut de la valve. L'effet limitatif en surtension du parafoudre de
[ phase ou dauires disposIitiis de protection conire Ies surtensions, le cas echeant, doit
étre pris en compte pour en déduire cette surtension;

Unso| estla valeur de créte de la tension de fonctionnement répétitive maximalejau rjiveau

du support de valve pendant le fonctionnement en régime permanent/*y compris le
dépassement de commutation;

ky est un facteur de sécurité d'essai;

ky = 1,10 pour I'essai de 1 min;

ky = 1,15 pour I'essai de 30 min;

ky est le facteur de correction atmosphérique selon 4.2.

7.3.4 Essai de support de valve sous tension de choc de manceuvre

L'essdi doit comprendre trois applications de tensions de choc de manceuvre de polarité
positiye et trois applications de tensions de choc«de manceuvre de polarité négative enfre les
bornep principales de la valve (connectées entre elles) et la terre.

Une fprme d'onde de tension de choc de stanocsuvre normalisée, conforme a I'lEC 60060, doit
étre ufilisée.

La tepsion d'essai doit étre choisie conformément a la coordination de l'isolement du [poste
VSC.

7.3.5 Essai de support.de valve sous tension de choc de foudre

L'essai doit comprendre trois applications de tensions de choc de foudre de polarité positive et
trois ppplications ‘de tensions de choc de foudre de polarité négative entre les bornes
principales de laxalve (connectées entre elles) et la terre.

Une fprme~d‘onde de tension de choc de foudre normalisée, conforme a I'lEC 60060, dojt étre
utilisée:

La tension d'essai doit étre choisie conformément a la coordination de l'isolement du poste
VSC.

8 Essais diélectriques sur un ensemble a valves multiples

8.1 Généralités

Le présent article s'applique uniquement si au moins deux valves sont installées dans une
structure de valve commune (ensemble a valves multiples). Si chaque valve est montée
individuellement dans sa propre structure de valve, le présent article ne s'applique pas.
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8.2

Objectif des essais

Les principaux objectifs de ces essais sont de:

a) vérifier la capacité de tenue en tension de l'isolation externe du MVU, par rapport a son
environnement, en particulier pour la ou les valves connectées au potentiel du péle;

b) vérifier la capacité de tenue en tension entre des valves uniques dans une structure de
MVU;

c) veé

8.3

rifier que les niveaux de décharge partielle se situent dans les limites spécifiées.

Objet d'essai

De no
ou les
config
quest
que |
signifi

Des V|
MVU

Lorsq
préca
tensig
de ce
proxin

8.4
8.4.1

La ter

plus élevé du MVU et la terre.

A parfjir d'une tension égale du_maximum a 50 % de la tension d'essai pendant 1 min, la te

doit &
1 min
maint

Dans
de ter

mbreuses dispositions de valves et d'ensembles a valves multiples sont possibles.\li
objets d'essai doivent étre choisis afin de refléter, aussi précisément que_possil
uration en service des valves, dans la mesure ou cela est nécessaire pour’ I'ess
on. L'objet d'essai doit étre entierement équipé a moins qu'il soit possible/de dém
h simulation ou l'omission de certains composants ne rend pas les \résultats
catifs.

nlves individuelles peuvent devoir étre court-circuitées en fonction de la configurat
bt des objectifs de I'essai.

e la borne a basse tension du MVU n'est pas connectée au potentiel de terrg
Litions doivent étre prises afin d'effectuer une terminaison convenable de la borne a
n du MVU au cours des essais pour simuler correctement la tension existant au n
te borne. Des plans de masse, dont la séparation“doit étre déterminée en fonction
nité d'autres valves et des surfaces au potentiel de terre, doivent étre utilisés.

Exigences d'essai
Essai de MVU sous tension continue a la terre

sion d'essai continue doit étre appliquée entre la borne a courant continu de poter

re élevée le plus rapidement possible a la tension d'essai spécifiée a maintenir p¢
étre maintenue~constante pendant 1 min, réduite a la tension d'essai spécil
bnir pendant 3 h,’maintenue constante pendant 3 h, puis réduite a zéro.

la mesure_du possible, la tension d'essai doit étre augmentée de 50 % jusqu'au 1
sion dell'essai pendant 1 min en moins de 10 s environ.

Pendant/la derniére heure de l'essai de 3 h spécifié, le nombre de décharges par
dépala-n-t—@éé—p@—deﬂ—et—re—emeg»&t—we—' e istré-
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Le nombre d'impulsions supérieures a 300 pC ne doit pas dépasser 15 impulsions par minute,
selon une moyenne établie sur I'ensemble de la période d'enregistrement. Parmi celles-ci, pas
plus de sept impulsions par minute ne doivent dépasser 500 pC, pas plus de trois impulsions
par minute ne doivent dépasser 1 000 pC, et pas plus d'une impulsion par minute ne doit
dépasser 2 000 pC.

Si une tendance croissante est observée au niveau de I'amplitude ou du taux de décharge
partielle, la durée de I'essai peut étre prolongée aprés accord mutuel entre I'acheteur et le
fournisseur.

L'essai doit alors étre répété avec une tension de polarité opposée.
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Préalablement a I'essai et avant de répéter I'essai avec une tension de polarité opposée, les
bornes du MVU peuvent étre court-circuitées ensemble et mises a la terre pendant plusieurs
heures. Cette procédure peut étre répétée a la fin de I'essai sous tension continue.

La tension d'essai continue du MVU Uy, doit étre déterminée de la fagon suivante:

essai de 1 min

Utdm = £Udgmm1-ks5 -k

essai

ou

Udmm

8.4.2

Si un
entre
adéqu
altern

Pour
MVU

de 3 h

Utdm = Udmm2 % ks

est la tension maximale de courte durée apparaissant entre {atborne a haute te
du MVU et la terre, telle que déterminée par des études decoordination de l'isole

nsion
ment;

Uyqmmq doit étre la valeur la plus élevée entre (a) la tefision moyenne maximale sur

une période de 1 seconde et (b) la tension moyenne éntre l'instant ou la tensi
créte apparait et l'instant ou la tension diminue rapidement par I'action de disp
a décharge rapide ou de la reconfiguration, le cas échéant;

est la valeur maximale de la composantey'de courant continu de la tensi

fonctionnement en régime permanent apparaissant entre la borne a haute tensi
MVU et la terre;

est un facteur de sécurité d'essai;
= 1,10 pour I'essai de 1 min;
= 1,15 pour l'essai de 3 h;

est le facteur de correction atmosphérique selon 4.2.

Essai de MVU sous-tension alternative

MVU subit des centraintes de tension alternative ou composite alternative et co
deux bornes guelconques, dont la capacité de tenue n'est pas démontrée de
ate par d'autres essais, il est alors nécessaire de réaliser un essai sous te
ptive entrerles bornes concernées du MVU.

éaliser 'essai, la source de tension d'essai doit étre connectée a la paire de born
bn/question. Le point de connexion a la terre dépend de la disposition du circuit d'g

on de
psitifs

bn de
on du

ntinue
fagon
nsion

es du
ssai.

A partir d'une tension égale au maximum a 50 % de la tension d'essai pendant 1 min, la tension
doit étre élevée a la tension d'essai spécifiée a maintenir pendant 1 min, étre maintenue
constante pendant 1 min, réduite a la valeur a maintenir pendant 30 min, maintenue constante
pendant 30 min, puis réduite a zéro.

Avant la fin de I'essai de 30 min, le niveau de décharge partielle doit étre surveillé et enregistré
sur une période de 1 min. Si la valeur de décharge partielle est inférieure a 200 pC, la structure
peut étre acceptée sans condition. Si la valeur de décharge partielle est supérieure a 200 pC,
les résultats d'essai doivent étre évalués.
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