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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STATIC VAR COMPENSATORS (SVC) -
TESTING OF THYRISTOR VALVES

FOREWORD

1) TherimtermatiomatEtectrotechmicat-Commissiom (HEC)Ts—awortdwide orgamization forstamdardizatiormrcomprising
all |national electrotechnical committees (IEC National Committees). The object of IEC is to)\ promote
intefnational co-operation on all questions concerning standardization in the electrical and electronic, figlds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical“Specifitations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. |[EC  collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with’.conditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interpational
congensus of opinion on the relevant subjects since each technical commitiee has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for internationak use and are accepted by IEC National
Conpmittees in that sense. While all reasonable efforts are made, td_ensure that the technical contenf of IEC
Pubjications is accurate, IEC cannot be held responsible for_the way in which they are used or [for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in their_national and regional publications. Any diveérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the |atter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide compformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
serJices carried out by independent certificatiof’bodies.

6) All dsers should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its ‘directors, employees, servants or agents including individual expgrts and
members of its technical committees.and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whafsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgenses arising out of the .publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publications is
indigpensable for the Conrect application of this publication.

9) Attegntion is drawnyfo*the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEG-shall not be held responsible for identifying any or all such patent rights.

This redlinevversion of the official IEC Standard allows the user to identify the changes miade to
the previous' edition IEC 61954:2011+AMD1:2013+AMD2:2017 CSV. A vertical bar appears|in the
margip ‘wherever a change has been made. Additions are in _green text, deletions jare in
strikethrough red text.
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International Standard IEC 61954 has been prepared by subcommittee 22F: Power electronics
for electrical transmission and distribution systems, of IEC technical committee 22: Power
electronic systems and equipment.

This third edition cancels and replaces the second edition published in 2011,
Amendment 1:2013 and Amendment 2:2017. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: important clarifications were made in 4.4.1.2, 5.1.2.2, 51.3.2, 5.2.3.2, 6.1.2.2,
6.1.2.4,6.1.3.2,6.2.2.2,6.2.2.4,6.3.2.2 and 9.3.2.

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

FDIS Report on voting
22F/642/FDIS 22F/658/RVD

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

The lgnguage 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
accordance with ISO/IEC Directives, Part1 and/JSO/IEC Directives, IEC Supplement,
availaple at www.iec.ch/members_experts/refdocssnThe main document types develoged by
IEC afe described in greater detail at www.iec.chiéstandardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website~under "http://webstore.iec.ch" in the data reldted to
the specific document. At this date, the document will be

e re¢onfirmed,

e withdrawn,
o replaced by a revised edition, or

e anjended.

IMPORTANT —The 'colour inside' logo on the cover page of this publication indicates that it
contaiins 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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STATIC VAR COMPENSATORS (SVC) -
TESTING OF THYRISTOR VALVES

1 Scope

This document defines type, production and optional tests on thyristor valves used in thyristor
controlled reactors (TCR), thyristor switched reactors (TSR) and thyristor switched capacitors

(TSC)
requir
valve

Claus
desigr
which
i.e. te

2 Normative references

The fq

cited
any a

IEC 60060 (all parts), High-voltage test techniqués

IEC 60060-1:2010, High-voltage test -téechniques — Part 1: General definitions an

requir

IEC 60060-2, High-voltage test.techniques — Part 2: Measuring systems

IEC 60071 (all parts), Insulation co-ordination

IEC 6$071-1 :20062009, Insulation co-ordination — Part 1: Definitions, principles and rule

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

IEC 61)700-1 :2015, Thyristor valves for high-voltage direct current (HVDC) power transn

conte{[ constitutes requirements of this document. Fer dated references, only the

forming-part of static VAR compensators (SV/C) for power svstem applications. The
< T L \ 7 L J rr -

bments of the document apply both to single valve units (one phase) and to.m
Linits (several phases).

bs 4 to 7 detail the type tests, i.e. tests which are carried out to verify that the

meets the requirements specified. Clause 8 covers the production-tests, i.e
are carried out to verify proper manufacturing. Clauses 9 and 10 \detail optional
5ts additional to the type and production tests.

llowing documents are referred to in the text in suéh a way that some or all

pplies. For undated references, the latest edition“of the referenced document (ing
endments) applies.

bments

ultiple

valve
tests
tests,

their
dition
luding

0 test

S

ission

— Part-t—FEfectricat testing

3 Terms and definitions

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

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

o |EC Electropedia: available at http://www.electropedia.org/

e [SO Online browsing platform: available at http://www.iso.org/obp
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tor level

part of a thyristor valve comprising a thyristor, or thyristors connected in parallel or anti-
parallel, together with their immediate auxiliaries and reactor, if any

3.2

thyristor (series) string

series connected thyristors forming one direction of a thyristor valve

3.3

valve reactor

reacto illbUlpUIdtcd withtmsomevatvesfortimitatiomof-stresses

Note 1 fo entry: For testing purposes it is considered an integral part of the valve.

3.4

valve [section

electrical assembly, comprising a number of thyristors and other components, which exhibits
pro-rated electrical properties of a complete thyristor valve, but only_a portion of the full
voltage blocking capability of the thyristor valve, and which can be used for tests

3.5

thyristor valve

electrically and mechanically combined assembly of  thyristor levels, complete wjth all
conneftions, auxiliary components and mechanical structures, which can be connected in
series|with each phase of the reactor or capacitor of ah'SVC

3.6

valve [structure

physidal structure which insulates the valves to the appropriate level above earth potential
and frpm each other

3.7

valve [base electronics

VBE

electronic unit, at earth potential, which is the interface between the control system |of the
SVC gnd the thyristor valves

3.8

multiple valve unit

MVU

assembly of several valves in the same physical structure which cannot be separated fpr test
purposes (€.9. three-phase valves)

3.9

redundant thyristor levels

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

increa

3.10

sed risk of failures

voltage breakover (VBO) protection
means of protecting the thyristors from excessive voltage by firing them at a predetermined

voltag

e
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4 General requirements for type, production and optional tests

4.1 Summary of tests

Table 1 lists the tests given in the following clauses and subclauses.

Table 1 — List of tests

Test Subclause Test object
TCRI/TSR TSC
Dielectyic-tests-between-valve-terminals-and-earth-(type-tests)
AC test 5.1.2 Valve
AC-DC [test 6.1.2 Valve
Lightninng impulse test 5.1.3 6.1.3 Valve
Dielectyic tests between valves (MVU only) (type tests)
AC test 5.2.2 MVU
AC-DC [test 6.2.2 MVU
Lightninpg impulse test 5.2.3 6.2.3 MVU
Dielectyic tests between valve terminals (type tests)
AC test] 5.3.2 Valve
AC-DC |test 6.3.2 Valve
Switchipg impulse test 5.3.3 6.3.3 Valve
Operat|onal tests (type tests)
Periodi¢ firing and extinction test 5.4.1 Valve or valve section
Overcufrent test 6.4.1 Valve or valve secfion
Minimup AC voltage test 5.4.2 6.4.2 Valve or valve section
Temperature rise test 5.4.3 6.4.3 Valve or valve section
Electrdmagnetic interference tests (type tests)
Switchipg impulse test 7.2.2 7.2.2 Valve
Non-pefiodic firing test 7.2.3 7.2.3 Valve
Produdtion tests
Visual inspection 8.2 8.2
Connedtion check 8.3 8.3
Voltageg dividing/damping circuit check 8.4 8.4
Voltagg withstand check 8.5 8.5
Check of auxiliaries 8.0 3.0
Firing check 8.7 8.7
Cooling system pressure test 8.8 8.8
Partial discharge tests 8.9 8.9
Optional tests
Overcurrent test 9.1 Valve or valve section
Positive voltage transient during recovery test 9.2 10.1 Valve or valve section
Non-periodic firing test 9.3 10.2 Valve or valve section
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4.2 Objectives of tests
4.21 General

The tests described apply to the valve (or valve sections), the valve structure and those parts
of the coolant distribution system and firing and monitoring circuits which are contained within
the valve structure or connected between the valve structure and earth. Other equipment,
such as valve control and protection and valve base electronics may be essential for
demonstrating the correct function of the valve during the tests but are not in themselves the
subject of the tests.

4.2.2 Dielectric tests

4.2.2. General
Tests [for the following dielectric stresses are specified:

— A({ voltage;

— combined AC and DC voltage (TSC only);
— impulse voltages.

In thelinterest of standardization with other equipment, lightning.impulse tests between| valve

terminfals and earth and between phases of an MVU are in¢luded. For tests between| valve
terminfals, the only impulse test specified is a switching impulse.

4.2.2.2 Tests on valve structure

Tests [are defined for the voltage withstand requirements between a valve (with its terminals
short-gircuited) and earth, and also between yalves for MVU. The tests shall demornstrate
that:
— sufficient clearances have been provided to prevent flashovers;

— there is no disruptive discharge ipthe insulation of the valve structure, cooling ductsg, light
gujdes and other insulation parts*of the pulse transmission and distribution systems;

— partial discharge inception.and extinction voltages under AC and DC conditions are jabove
the maximum steady-state.operating voltage appearing on the valve structure.

4.2.2.3 Tests between valve terminals

The pprpose of these tests is to verify the design of the valve with respect to its capabjlity to
withstand overveltages between its terminals. The tests shall demonstrate that:

— sufficient\internal insulation has been provided to enable the valve to withstand spécified
voltages;

— partiatdiscirarge-imceptiomandextinmctiom vottages unmder ACand-B € comditioms—are-above
the maximum steady-state operating voltage appearing between valve terminals;

— the protective overvoltage firing system (if provided) works as intended;

— the thyristors have adequate du/d¢ capability for in-service conditions. (In most cases the
specified tests are sufficient; however, in some exceptional cases additional tests may be
required.)

4.2.3 Operational tests

The purpose of these tests is to verify the valve design for combined voltage and current
stresses under normal and abnormal repetitive conditions as well as under transient fault
conditions. They shall demonstrate that, under specified conditions:

— the valve functions properly;
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the turn-on and turn-off voltage and current stresses are within the capabilities of the
thyristors and other internal circuits;

the cooling provided is adequate and no component is overheated;
the overcurrent withstand capability of the valve is adequate.

4.2.4 Electromagnetic interference tests

The principal objective of these tests is to demonstrate the immunity of the valve to
electromagnetic interference from within the valve and from outside the valve. Generally,
immunity to electromagnetic interference is demonstrated by monitoring of the valve during
other tests

4.2.5 Production tests

The opjective of tests is to verify proper manufacture. The production tests shall*demonstrate

that:

4.2.6 Optional tests

all| materials, components and sub-assemblies used in the valyé~have been cofrectly
ingtalled;

the valve equipment functions as intended, and predefined’ parameters are |within
préscribed acceptance limits;

thyristor levels and valve or valve sections have thie necessary voltage withstand
capability;

copsistency and uniformity in production is achieved.

Optional tests are additional tests which may‘be performed, subject to agreement betwegn the
purchaser and the supplier. The objectivestiare the same as for the operational tests specified
in 4.213. The test object is normally one valve or appropriate equivalent number of| valve

sectiops.

4.3

The fdllowing principles shall.-apply:

Guidelines for the performance of type and optional tests

type tests shall be ‘performed on at least one valve or on an appropriate number of| valve
seftions, as indicated in Table 1 (see 4.1), to verify that the valve design meefs the
specified reguirements. All type tests shall be performed on the same valve(s) or| valve
segtion(s);

provided<that the valve is demonstrably similar to one previously tested, the suppligr may
suEmit a certified report of any previous type test, at least equal to the requirgments
spgcified in the contract, in lieu of the type test; el

for type tests performed on valve sections, the total number of thyristor levels subjected to
such type tests shall be at least equal to the number of thyristor levels in a valve;

the valve or valve sections used for type tests shall first pass all production tests. On
completion of the type test programme, the valve or valve sections shall be checked again
for compliance with the production test criteria;

material for the type tests shall be selected at random;

the dielectric tests shall be performed in accordance with IEC 60060-1 and IEC 60060-2
where applicable;

individual tests may be performed in any order.

NOTE Tests involving partial discharge measurement may provide added confidence if performed at the end of
the dielectric type test programme.
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4.4 Test conditions
441 General
4411 Dielectric test objects

Dielectric tests shall be performed on completely assembled valves, whereas some
operational tests may be performed on either complete valves or valve sections.

The valve shall be assembled with all auxiliary components except for the valve arrester, if
used. Unless otherwise specified, the valve electronics shall be energized. The cooling and
insulating fluids in particular shall be in a condition that represents service conditions such as
condutivity, except for the flow rate and anti-freezing media content, which can be redluced.
If any|object or device external to the structure is necessary for proper representation |of the
stressps during the test, it shall also be present or simulated in the test. Metallic{parts|of the
valve |structure (or other valves in an MVU) which are not part of the test shall be sported
together and connected to earth in a manner appropriate to the test in question!

4.4.1.2 Atmospheric correction

Whentspeecified—in—the-relevant-clause; Atmospheric correction shall be applied to the test

voltages in accordance with IEC 60060-1, except when specifically excluded.-Therefgrence

conditfjons—to-which-correction-shall-be-made-are-the following To calculate the test yalues

applicable at standard reference atmosphere, the methods described in IEC §0060-
1:2010,4.3.3.1 shall be used, considering the following cenditions as input values for pr¢ssure
p, temperature ¢ and humidity #:

— pressure:
If ]Ee insulation coordination of the tested part of the thyristor valve is based on standard
rated withstand voltages according to IEC(60071-1, correction factors are only applled for

altjtudes exceeding 1 000 m. Hence if the altitude of the site a4 at which the equipmgnt will

be|installed is less than 1 000 m, thén the standard atmospheric air pressure (by ={101,3
kPja) shall be used with no correction for altitude. If ag >1 000 m, then the stgndard
prIcedure according to IEC 60060-1 is used except that the reference atmospheric
pressure b is replaced bycthe atmospheric pressure corresponding to an altityde of
1000 m (b4 900 m)-

If the insulation coordination of the tested part of the thyristor valve is not based on
stgndard rated withstand voltages according to IEC 60071-1, then the standard progedure
acfording to IEC,60060-1 is used with the reference atmospheric pressufe b
(b4 = 101,3 kRa):

— temperature:

depign maximum valve hall air temperature (°C).

— humidity:

design minimum valve hall absolute humidity (g/m?).
The values to be used shall be specified by the supplier.

In any of the afore mentioned cases, the correction of test values from standard reference
atmosphere to test conditions shall be as per IEC 60060-1:2010,4.3.3.2.

Where non-standard test levels are defined by this document, a site air density correction
factor ky, defined below shall be applied where stated.

The value of k4 shall be determined from the following formula:

b, 273+T,

ky=——xpo—"
b2 273+T1

(1)
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where

b, is the laboratory ambient air pressure, in pascals (Pa);

T, is the laboratory ambient air temperature, in degrees Celsius (°C);

by is the standard reference atmosphere of 101,3 kPa (i.e. 1 013 mbar), corrected
altitude of the site at which the equipment will be installed;

T, s the design maximum valve hall air temperature, in degrees Celsius (°C).

to the

Correction factors—sheuld shall not be applied—either to the dielectric tests between valve
terminals or to the long duration dielectric tests whose primary purpose is to check for the

intern

The a

44.1.

Wherg possible, a complete thyristor valve should be tested. Otherwise ‘the tests m
performed on thyristor valve sections. The choice depends mainly apoh the thyristor
design and the test facilities available. Where tests on the thyristor valve sectior
bed, the tests specified in this standard are valid for thyristor valve sections confaining

propo
five o

than fjve thyristor levels are proposed, additional test saféty“factors shall be agreed

alinsulation and partial discharaes
L ~J

B Operational tests

more series-connected thyristor levels. If tests on thyristor valve sections with

mospheric correction factors shall not be applied to operational tests or optionaf t¢sts.

ay be
valve
s are

fewer
upon.

Under| no circumstances shall the number of series-connéected thyristor levels in a thyristor

valve

Some
servic

When
made

were performed at the service frequeney.

The
temp
in qu

conditjon; however, where. this is not practicable, a correction factor agreed betwe

suppli

oy . o f icab] onal tosts.

4.4.2

4.4.2.

section be less than three.

imes, operational tests may be performedyat a power frequency different fro

this situation occurs, the test condijtions shall be reviewed, and appropriate ch
to ensure that the valve stresses @re at least as severe as they would be if thg

oolant shall be in a condition representative of service conditions. Flov
rature, in particular, shallbe set to the most unfavourable values appropriate to th
stion. Anti-freezing media content should, preferably, be equivalent to the

er and the purchaser shall be applied.

Valve temperature at testing

m the

b frequency, e.g. 50 Hz instead of 60 Hz. Some operational stresses such as switching
losseqd or 72t of short-circuit current are affectéd by the actual power frequency during

tests.
anges
tests

and
e test
ervice
n the

Valve temperature for dielectric tests

Unless specified otherwise, tests shall be performed at room temperature.

4.4.2.2 Valve temperature for operational tests

Unless specified otherwise, tests shall be carried out under the conditions that produce the
highest component temperature that may occur in real operation.

If several components are to be verified by a test, it may be necessary to carry out the same
test under different conditions.
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4.4.3 Redundant thyristor levels
4.4.3.1 Dielectric tests

All dielectric tests on a complete valve shall be carried out with redundant thyristor levels
short-circuited, except where otherwise indicated.

4.4.3.2 Operational tests

For operational tests, redundant thyristor levels should not be short-circuited. The test
voltages and circuit impedances used shall be adjusted by means of a scaling factor k.

Niot

= (2)

n

Niot |8 the total number of series thyristor levels in the test object;
Ny s the total number of series thyristor levels in the valve;
s the total number of redundant series thyristor levels in the valve.

NOTE |[In thyristor valves with a small number of thyristor levels, where the/reddndancy is a significant pqrtion of
the total, this may cause certain valve components to be overstressed. As an\dlternative, it is therefore acdeptable
to perfgrm the operational test with redundant thyristor levels short-circuited and without scaling the test Joltages
and imgedances by k.

4.5 Permissible component failures during typétesting

Experlence in industry shows that, even with the most careful design of valves, it |is not
possiljle to avoid occasional random failurescof thyristor level components during dervice
operalion. Even though these failures may be ‘stress-related, they are considered random to
the extent that the cause of failure or the.relationship between failure rate and stress ¢annot
be prgdicted or is not amenable to precis€ quantitative definition. Type tests subject valyves or
valve gections, within a short time, to.multiple stresses that generally correspond to the| worst
stressges that can be experienced by-the equipment not more than a few times during the life
of the| valve. Considering the .above, the criteria for successful type testing set out [below
therefpre permit a small numberof thyristor levels to fail during type testing, providing that the
failuregls are essentially random and do not show any pattern that is indicative of inadequate
design.

The Valves or valve—sections shall be checked before each test, after any preliminary
calibragtion tests,~and again after each type test to determine whether-er+et any thyrisfors or
auxiligry components have failed during the test. Failed thyristors or auxiliary compgnents
found [at the.end of a type test shall be remedied before further testing of a valve.

One thyristor level is permitted to fail due to short-circuiting in any type test. If, folloywing a
type test, one thyristor level has become short-circuited, then the failed level shall be restored
and this type test repeated (see 4.4.2 b) in IEC 60700-1:2015). The total number of thyristor
levels allowed to fail during all tests are given in Table 2.

The distribution of short-circuited levels and of other thyristor level faults at the end of all type
tests shall be essentially random and it shall not show any pattern indicative of inadequate
design.

4.6 Documentation of test results
4.6.1 Test reports to be issued

The supplier shall provide certified test reports of all type tests performed on the valves or
valve sections.
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Test records on the results of routine tests shall be provided by the supplier.

Table 2 — Number of thyristor levels permitted to fail during type tests

4.6.2

A rep
shall i

a) ge

b) de

us
etq

de
ac

de

Number of thyristor | Number of thyristor Total number of Additional number
levels in a complete levels permitted to thyristor levels of thyristor levels,
valve fail to short circuit permitted to fail to in all type tests,
in any one type test short circuit in all permitted to have
type tests experienced a fault
but have not
become short
circuited
34 1 2 2
34<n<68 1 3 3
68 <n <101 1 4 4

Contents of a type test report

brt on the type tests conducted on the thyristor valves shall lbé’produced. The
hclude the following:
heral data such as:

identification of the equipment tested (e.g. type and ratings, drawing number,
number, etc.);

identification of major parts of the test objects’ (e.g. thyristors, valve reactors, f
circuit cards, etc.);

name and location of the facility where the test was carried out;

relevant circumstances wherever, “necessary (e.g.
barometric pressure during the dielectric tests, etc.);

temperature, humidity

reference to the test specification;
dates of the tests;
name(s) and signature(s).of the personnel responsible;

signature of the purchaser's inspector (if present) and the sign of his appro
required);

scription of power’ sources (i.e. impulse voltage generator, DC voltage source
bd for the particular test, such as the name of the manufacturer, ratings, characte

Scription._of the measuring instrumentation,
curacyrand date of the last calibration;

including information on guare

failed information on the arrangement for each test (e.g. circuit diagram);

report

serial

rinted

and

val (if

etc.)
istics,

nteed

description of the test procedures;
any agreed deviations or waivers;
tabulated results including photographs, oscillograms, graphs, etc.;

reports on component failures or other unusual events;

i) conclusions and recommendations, if any.
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5 Type tests on TCR and TSR valves

5.1

5.1

A

Dielectric tests between valve terminals and earth

General

For these tests, each thyristor valve shall be short-circuited across valve terminals or
individual thyristor levels.

For valves belonging to an MVU, all valves in the same structure shall be short-circuited and
connected together. The test voltage shall be applied between all the valves and earth.

See 4|4.1.1 for other detailed requirements of the test object.

5.1.2 AC test

5.1.2. Objectives

See 4]|2.2.2.

5.1.2.2 Test values and waveshapes

Uis1 and Uig, have sinusoidal waveshapes with a frequency*of*50 Hz or 60 Hz, depend'Lng on

the tept facilities. U4 is chosen as the standard shori-duration power-frequency wit

stand

voltage according to IEC 60071-1:2019, Table 2, orHy calculating an interpolated|value
betwepn two consecutive levels from this table. Uig, shall be calculated from the following:
_ k52 ><UmsZ (3)
ts2 \/E
where
Uns2 | is the peak value of the maximum steady-state operating voltage, including extinction
overshoot, appearing between any valve terminal and earth;
kgo is a test safety factor;
kgo =1,2.
51.2.3 Test procedures

The test consists™of applying the specified test voltages Uiy and U, for the sp
duratipn between the two interconnected valve terminals and earth.

f)

Rgise the voltage from 50 % Ugq to 100 % of Ug4 in approximately 10 s.

M

pcified

dintain /. . for 1 min
Sl

Reduce the voltage from 100 % Uyg4 to Uyg,.

Maintain U, for 10 min, record the partial discharge level and then reduce the voltage
from Uyq, to zero.

The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively, 50 pC if they have
not.

The measurement of inception and extinction voltage shall be performed in accordance
with IEC 60270.
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5.1.3 Lightning impulse test

51.3.1 Objectives
See 4.2.2.2.
5.1.3.2 Test values and waveshapes

A standard 1,2/50 us waveshape in accordance with IEC 60060 shall be used.

The peak value of the test voltage-is shall be selected in accordance with the insulation co-
ordinatian _of the SVC valve substation or selected from the standard Iightning i pulse
withstand voltages according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an
interpplated value between two consecutive levels from these tables.

5.1.3.3 Test procedures

The test shall comprise three applications of positive-polarity and thfeé applications of
negative-polarity lightning impulse voltages between the earth and thé two valve terminals

connefted-together.

5.2 Dielectric tests between valves (MVU only)
5.2.1 General

For these tests, each thyristor valve shall be shert-circuited across valve terminpls or
indiviqual thyristor levels.

The t¢sts shall be repeated to verify the insulation between any two valves located |in the
same ptructure, unless the physical arrangement of the MVU makes it unnecessary.

See 4(4.1.1 for other detailed requirements of the test object.

5.2.2 AC test

5.2.2. Objectives
See 4|2.2.2.
5.2.2.2 Test.values and waveshapes

Uis1 and Uigs (have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz dependjng on
the tept facilities. U,g4 is chosen as the standard short-duration power-frequency withstand
voltage ,according to IEC 60071-1:2019, Table 2, or by calculating an interpolated|value
betwepn. two consecutive levels from this table. U,., shall be calculated from the folfowing
formula:

_ _s2 ms3 (4)

ms3 IS the peak value of the maximum steady-state operating voltage, including extinction
overshoot, appearing between valves;

kgo is a test safety factor;
kgo =1,2.
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5.2.2.3 Test procedures

The test consists of applying the specified test voltages Uig4y and U, for the specified
duration between the valves.

a) Raise the voltage from 50 % to 100 % of U,g¢ in approximately 10 s.

b) Maintain U4 for 1 min.

c) Reduce the voltage to Uig,.

d) Maintain U, for 10 min, record the partial discharge level and then reduce the voltage to
zero.

e) The
sh
di

f) Thee measurement of inception and extinction voltage shall be performed,in accondance
with IEC 60270.

atte—ofthepericdicpartial-disehargerecorded—duringthes miatte—efstep d)
Il be less than 200 pC, provided that the components which are sensitive 40, partial
charge in the valve have been separately, or alternatively 50 pC if they haveynot.

5.2.3 Lightning impulse test

5.2.3. Objectives
See 4|2.2.2.
5.2.3.2 Test values and waveshapes

A standard 1,2/50 us waveshape shall be used.

The peak value of the test voltage-is shall be determined in accordance with the insulatipn co-
ordindtion of MVU or, alternatively, selected\from the standard lightning impulse withstand
voltages according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an interpplated
value petween two consecutive levels fi@f these tables.

5.2.3.3 Test procedures

The test shall comprise three  applications of positive-polarity and three applicatigns of
negative-polarity lightning,impulse voltages between valves.

5.3 Dielectric tests-between valve terminals
5.31 General

For valves belonging to a multiple valve unit, these tests need only be performed gn one
valve.|Eachjother valve in the same structure shall be short-circuited across valve terminals
or individual thyristor levels and connected to earth.

See 4.4.1.1 for detailed requirements for the test object.

5.3.2 AC test

5.3.2.1 Objectives
See 4.2.2.2.
5.3.2.2 Test values and waveshapes

Uy, and U, have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz depending on
the test facilities.
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The value of the test voltage U, 4 depends on the protection system of the valve and is equal
to the smallest of Uy, 11, U120 OF Uyyq3. Where neither Uy, 44 nor Uy, 1o can be determined, Uy, 43
shall be used.

U114 is determined by the VBO protective firing of the valve;

U2 is determined by the protective action of the arresters;

U3 is determined by the maximum temporary overvoltage that can occur.

Uiy11: Uty12 and Uy, 43 shall be evaluated as follows:

k_,,xU
# ——s11 1 (5)
tv11 [2

where

Uy |s the maximum instantaneous value of the valve terminal-to-terminal yoltage that is
Juaranteed not to initiate the VBO protective firing system, if fitted;

kg11 |s a test safety factor;
ks14 F 0,95.

U = ka2 XYy (6)

tvi2 J2
where
U, |s the protective voltage of the arrester, if fitted,<connected across the valve termirjals;

ks1o |s a test safety factor;
k812 = 1 ,1 .

_ kaaxUs (7)

Utv13 \/5

where

Uj s the peak value of maximum repetitive overvoltage, including extinction overnshoot,
across the valve terminals for the most severe temporary overvoltage condition
specified;

ks13 |s a test safetyfactor;
ksqz F 1,15.

NOTE |The prescribed test-may sometimes thermally overstresses some valve components unrealistically] Where
this is the cdse,*subject to agreement between the purchaser and the supplier, the 1 min AC voltage withstand test
may—bel is(replaced by several shorter tests whose minimum duration is determined from the maximum pgossible
duration of.the specified overvoltage condition multiplied by 2, but with a total duration of not less than 1 mih. More

onerous test values for U, ,,-ean-be are usually agreed between the purchaser and supplier.

The test voltage Uy, shall be the smaller of Uy,4 and Uy,51:

_ 2 2
Ulas _% (8)
where
Unyv2 is the peak value of the maximum repetitive voltage, including extinction overshoot,
appearing between valve terminals during the most severe steady-state operating
condition;
kgo is a test safety factor;

ksp =115,
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5.3.2.3 Test procedures

The test procedure consists of applying the specified test voltages, for the specified duration,
between the two valve terminals. One terminal of the valve may be earthed.

a) Raise the voltage from 50 % to 100 % of-H.4 U, 4 in approximately 10 s.
b) Maintain Uy, 4 for 1 min.
c) Reduce the voltage to Uy,».
d) Maintain Uy, for 10 min, record the partial discharge level and reduce the voltage to zero.
e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shaptbetess—than—200pC—provided—thatthe—ecompoenents—which—are—sensttve—te—partial
digcharge in the valve have been separately tested, or alternatively 50 pC if they have not.
f) Thee measurement of inception and extinction voltage shall be performed in{aecondance
with IEC 60270.
If protective VBO firing is provided, it shall not operate during this test.
5.3.3 Switching impulse test
5.3.3. Objectives
See 4{2.2.3. An additional objective is to verify the electromagnetic interference insengitivity
of the[valve (see Clause 7).
5.3.3.2 Test values and waveshapes
— Waveshape 1:
Use a 20/200 us waveshape, which apptoximates a typical extinction waveshape,|or an
alternative approximation if supported by system studies.
— Waveshape 2:
Usle a standard 250/2 500 us waveshape.
a) Test1
Thiis test is intended to verify that the protective firing system of the valve (if applicable to
the valve design) will net operate for voltage values up to the test voltage.
The test voltage Uy, 4 is determined as follows:
Utev1 = kg x Upg (waveshapes 1 and 2) (9)
where
is the value of surge voltage that the valve shaII W|thstand W|thout initiating
kg is a test safety factor;
kg =1,05.
b) Test 2

This test is intended to verify the valve insulation and the proper operation of the
protective firing system (if applicable to the valve design).

Valves protected by surge arresters:
The prospective test voltage Uy, is determined as follows:

U =k xU (waveshapes 1 and 2)
tsv2 s cms

where
U,

cms 18 the arrester protective level;

(10)
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k is a test safety factor;
kg =1,1.
— Valves protected by VBO:

S

The prospective test voltage Uy, is determined as follows:

Uy =k, *U e (waveshapes 1 and 2) (11)
where
Uygo is the maximum VBO protective voltage level with redundant thyristor levels
operational;
kg is a test safety factor;
k =1,1.

S

The upper and lower limits of the protective VBO firing threshold, withnthe redundant
thyristor levels operational, shall be stated by the manufacturer and a check’made that the
obgerved voltage at firing lies between the two limits.

Thie test shall be repeated with the valve electronics initially de-energized.

NOJTE In valve designs where the regular firing circuits are energized_independently of the mair] power
cirquit, this additional test is not applicable.

c) Tert 3
This test is intended to verify the valve insulation when neither arresters nor VB(Qs are

usged.
U, =k =U,_ _ (waveshapes 1 and 2) (12)

where
Uchns is the switching impulse prospective voltage according to IEC 60071, |or as

determined by insulation ceerdination studies;
is a test safety factor;
s =1,15.
Thie valve shall withstand(thge test voltage without switching or insulation breakdown.

S

5.3.3. Test procedures

For any of these tests, three applications of switching impulse voltages of each polarity shall
be applied between\the valve terminals, with one terminal earthed.

Insteald of reversing the polarity of the surge generator, the test may be performed with one
polarity of(the surge generator and reversing the valve terminals.

5.4 Operational tests
54.1 Periodic firing and extinction test
54.1.1 Objectives

The main objective of this test is to demonstrate the valve switching capability, at elevated
voltage and current, during periodic turn-on and turn-off operation. This test also verifies the
proper operation of the dividing/damping network provided to ensure uniform voltage
distribution.

If the valve design allows continuous operation of individual protective firing (such as VBO),
this test shall be used to verify reliable operation of the protective firing circuit itself and the
damping circuit at the affected thyristor level.
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5.4.1.2 Test values and waveshapes

The valve should be shown to withstand the combined voltage and current stresses resulting
from temporary overvoltage. Therefore, the test conditions shall correspond to the specified
worst-case, time-dependent system overvoltage (load cycle) for which the SVC-must shall
remain in service, taking into account the control and protection characteristics of the scheme.
In particular, it shall be demonstrated that the valve can block the highest voltage (including
extinction overshoot) combined with the maximum thyristor junction temperature given by the
load cycle.

The valve or valve sections shall be subjected to current and voltage waveshapes as close as
possible to those experienced by the valve during firing and extinction, for the most critical
operaling conditions specified below. The time interval of principal interest for firing is\the first
10 to RO us after firing while, for extinction, the interval of interest is between 0,2 ms pefore
and 1|ms after current zero at thyristor turn-off.

In parficular, the following conditions shall be no less severe than in service:

— voltage magnitudes at turn-on and turn-off;
— the di/dt at turn-on and at least for 0,2 ms before current zero;
— thg thyristor junction temperature.

The fdllowing factors shall also be considered:

— the representation of stray capacitance between valve‘terminals;

— sufficient magnitude and duration of the load currént to achieve full area conduction|of the
thyristor junction.

5.4.1.3 Test procedures

The tgsts shall be performed using suitable test circuits giving turn-on and turn-off stresses
equivalent to the appropriate service-conditions, such as a power frequency source feeding a
reactar in series with the valve section, or an appropriate synthetic test circuit.

All the auxiliary systems which’ may influence the behaviour of the valve in the opa@rating
conditjons specified below, (e.g. forced firing) shall be in operation.

Ideally, the test wolld "be performed by reproducing the specified time-dependent gource
voltage. For practical-reasons, a modified test procedure may be adopted as follows:

a) esfablish maximum steady-state conditions for voltage and current and maintain them until
thermal.equilibrium is reached;

b) raisgltheé source voltage to the highest value according to the overload characteristi¢ or to

th hiabhast valiia for which nhaca anala caontraol ic atlarantaad A tact cafatv factar rf 1 05
O—HgHESt+— a8 o— W rroH—pHa ot CoOHTro —To—guuatatit B St ooty —Tatotot ,

J
shall be applied;

c) keep the firing angle constant close to 90° until the thyristor temperature has reached the
maximum temperature given by the specified temporary overvoltage cycle;

d) return to the steady-state operating conditions.

The extinction overshoot, corresponding to the maximum step recovery voltage, shall be
measured and checked to ensure that it is less than the design value. If the valve design
allows for continuous operation of VBO protective firing of individual thyristor levels, this
feature shall be tested under steady-state conditions by disabling the normal firing signal to
one thyristor for a period long enough to reach thermal equilibrium for the stressed
components.

NOTE The temporary overload cycle for a TSR valve will be a current overload without voltage. In order for the
objectives of the test to be fulfilled, the steady-state operation immediately following the overload-sheuld-be is
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usually a blocked condition. This will demonstrate the ability of overheated thyristors to withstand the blocking
voltage.

5.4.2 Minimum AC voltage test
54.2.1 Objectives

The purpose of this test is to verify proper operation of the firing system in the TCR valve at
the specified minimum AC voltage and specified operating conditions.

5.4.2.2 Test procedures, values and waveshapes

The test prnnnr‘lllrn shall be as follows:

a) apply the minimum temporary undervoltage for which the TCR shall remain controlled and
maintain it for a time which is at least equal to twice the specified duration pf the
temporary undervoltage;

b) va[y the control angle a between «a;, and o, ;

c) repeat item b) by reducing (continuously or in steps) the voltage”to zero (or to the
intervention level of the protection), in order to demonstrate that this condition [is not
hafrmful to the valve.

A test|safety factor of 0,95 shall be applied.

NOTE |Depending on the valve design, sometimes it-may-be is neceSsary to return to the minimum steadly-state
value of the AC voltage after each undervoltage step in order to replenish the gate power supplies.

5.4.3 Temperature rise test
5.4.3. Objectives

The main purpose of this test is to demonstrate that the temperature rise of the most ¢ritical
heat producing components is within\specified limits, to verify that no components or
materfals are subjected to excessive temperatures under different steady-state operating
conditjons and to demonstrate that the cooling provided is adequate.

5.4.3.2 Test procedures

The valve shall be subjected to voltages and currents that result in losses that are 5 % dreater
than those occurring~in—service under specified operating conditions, for the most stringent
cooling conditions.«The test shall be continued for 30 min after thermal equilibrium hag been
reached.

More [than-@ne test may be required in order to determine the temperature rise of|some
companegnts’' whose maximum thermal loadings can occur under different operating condjtions.

In the event when the current conduction capacity of the interconnection links (busbars)
between the antiparallel thyristors is a concern, the test shall be repeated with one thyristor
level short circuited, for example by substituting a thyristor by a metal dummy.

NOTE Where the temperature of the critical part of the heat-producing components cannot practically be
determined by measurement, for example the junction temperature of the thyristors or the element temperature of
the dividing/damping resistors, a measurement at an appropriate point from which this temperature can be

estimated-may-be is used.
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6 Type tests on TSC valves

6.1
6.1.1

Dielectric tests between valve terminals and earth

General

For these tests, each thyristor valve shall be short-circuited across valve terminals or
individual thyristor levels.

For valves belonging to a multiple valve unit (MVU), all valves in the same structure shall be
short-circuited and connected—tegether. The test voltage shall be applied between all the

valves

and aarth
aHe—eattri-

See 4|4.1.1 for other detailed requirements of the test object.

6.1.2 AC-DC test

6.1.2. Objectives

See 4]|2.2.2.

6.1.2.2 Test values and waveshapes

a) Test voltage Uigq, 1 min

s Hps—a-sinusoidal-waveshape-superimposed-ong-ag—level—L, ,-shal-becaleulateq

u., =U +U

—ts1  Sitae!  ~ tdel

Utac1 = ks1 X kd X Ua_C1 X sin(27rft)

U1 consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, depending on
the test facilities) with r.m.s. value U,,;¢ superimposed on a DC level Uy.q. Uyeq and
Uiqcq shall be calculated from the following:

U
Utacl = ksl X kd X %1//5

U =ks1><kd><U

tdc1 dcm1

where
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b)

Y o-hps-a-sinusoidal-waveshape{see4-22)- U, ,-shall-becaleulatedfrom-the folowing;

Ugem1 1S the maximum DC voltage remaining across the capacitor bank after any fast-
acting discharge devices, e.g. arresters (decay time constant less than 100 ms)
have ceased conducting after blocking of the valve following a system
disturbance;

Uget is the peak value of the maximum predicted long duration overvoltage (excluding
the DC component) that can appear between any valve terminal and earth;

kg1 is a test safety factor;

kg1 =1,3;

kqy is the site air density correction factor (see 4.4.1.2).

Test voltage Uo, 10 min

= 1 7# (16)
gt—SQ——kSZ XUacZ x Sln(2 t) o7
where]
g ic tho naalkk valiia Af tha mavimium ctasdv.ctata anarating weltana that can 4Annaar
qc2—{ts—the—peak—value—-of the—maxim um—steady-state—operating—voltage—that-can—appeat
between-any-valve-terminal-and-earth:
ks o—1is—atestsafetyfactor;

Uil, has a sinusoidal waveshape with a frequeny of 50 Hz or 60 Hz, depending ¢n the
tegt facilities (see 4.2.2). The r.m.s. value of Ug»'shall be calculated from the followipg:

Ugp= ks2 x Ua%z (15)

wHhere
Ugko is the peak valug of the maximum steady-state operating voltage that can
appear between@ny valve terminal and earth;
ko is a test safetyfactor;
ke =1,15.
6.1.2.3 Test procedures

The test consists-'of applying the specified test voltages Uiy and U, for the specified

duratipns between the two interconnected valve terminals and earth.

a) R4gisg the voltage from 50 % to 100 % of U,g¢ in approximately 10 s.

b) Maintertrfortmin-

c) Reduce the voltage to Ui,.

d) Maintain Uig, for 10 min, record the partial discharge level and then reduce the voltage to
zero.

e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively 50 pC if they have not.

f) The measurement of inception and extinction voltage shall be performed according to
IEC 60270 for AC tests.

6.1.2.4 Alternative tests

The composite AC-DC test may be replaced by an AC test and a DC test performed
separately.
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a) AC test

The test consists of applying the specified test voltages Uyq(,c) and Uy, for the specified
duration between the two interconnected valve terminals and earth. Uyy(ac) and Uiy e
have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz, depending on the test
facilities.

w N

)
)
)
)

N

5)

6)

)/\2

dcm

Ut1(ac) =kgy xkyx (U, U

Ut2(ac) = kg2 xUgc2 /2

(16)

(17)

Seg 6122 fordefimitions:
1

Raise the voltage from 50 % to 100 % of Uy (sc) in approximately 10 s.
Maintain Uyy(,c) for 1 min.
Reduce the voltage to Uiy,

Maintain Uiy (4cy for 10 min, record the partial discharge level and”then redu
voltage to zero.

The peak value of the periodic partial discharge recorded during the last minute ¢
4) shall be less than 200 pC, provided that the components which are sensi
partial discharge in the valve have been separately tested, or alternatively, 50
they have not.

The measurement of inception and extinction voltage shall be performed in accor
with I[EC 60270.

b) DC test

Th
be

T

N =

)
)
3)
6.1.3

6.1.3.

See 4

e test consists of applying the specified DC'\test voltage Ut1(de) for the specified du
fween the two interconnected valve termitals and earth.

U 2
1 2
Ut1(dC) =kg1 % ky [ \722 j +Udem1

SeE 6.1.2.2 for definitions.
h

test shall be repeated-for both polarities of the DC component.

Raise the voltagetfrom 50 % to 100 % of Uy (yc) in approximately 10 s.
Maintain Uty gy for 1 min.

Reduce the:voltage to zero.

Lightning impulse test

Objectives

e the

f step
ive to
pC if

dance

ration

(18)

2.2.2.

6.1.3.2 Test values and waveshapes

A standard 1,2/50 us waveshape in accordance with IEC 60060 shall be used.

The peak value of the test voltage-is shall be selected in accordance with the insulation co-
ordination of the SVC valve substation or selected from the standard lightning impulse
withstand voltages according to IEC 60071-1:2019, Table 2 or Table 3. When the latter is
adopted, the transformer secondary side (valve side) highest voltage, instead of the highest
voltage on the valve, shall be used to select the corresponding lightning impulse test voltage.

Altern

atively, an interpolated value between two consecutive values from the

mentioned above can be used as test voltage.

tables
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6.1.3.3 Test procedures

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

6.2
6.2.1

Dielectric tests between valves (for MVU only)

General

For these tests, each thyristor valve shall be short-circuited across valve terminals or

individ

ual thyristor levels.

The tgsts shall be repeated to verify the insulation between any two valves located

same
See 4

6.2.2
6.2.2.
See 4

6.2.2.]
a) Te

structure, unless the physical arrangement of the MVU makes it unnecessary.,
4.1.1 for other detailed requirements of the test object.

AC-DC test
Objectives

2.2.2.

P Test values and waveshapes
st voltage Uy, 1 min

in the

UG U U (20)

—-U =kyxky;xU_g,.1xsin(2rx ft) 21
tacd s1 d acl \ 7
U e Tk kXU g Xk, 22)

U,y consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, depending on
the test facilities) with r.m.s. value U,,;¢q superimposed on a DC level Uy.q. Uyeq and
Uiqcq shall be calculated from the following:

U,
Ulacl = ksl x kd x %E

(19)
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Usgor = Fgq < kg XU yomg <Ko (20)

is the maximum DC voltage remaining across the capacitor bank after any fast-
acting discharge devices e.g. arresters (decay time constant less than 100 ms)
have ceased conducting after blocking of the valve following a system
disturbance;

is the peak value of the maximum predicted long duration overvoltage (excluding
the DC component) that can appear between adjacent valve terminals;

is a test safety factor;

b) Te¢st voltage Uy, 5, 10 min

=1,3;
is the site air density correction factor (see 4.4.1.2);

= 2. An alternative value, e.g. 1, may be used if the supplier can-demonstfate to
the satisfaction of the purchaser that this figure is applicable to the, MVU degign.

o =kyp x U gp x SIN(2nft) (23)

Uy, has a sinusoidal waveshape with a frequency of 50 Hz or 60 Hz, depending pn the
tegt facilities (see 4.2.2). The r.m(. value of U,,,, shall be calculated from the following:

where
U

a2

ksZ
k

s

6.2.2.3— TFestprocedures

Ui = kg xU*’% (21)

is the peak value of the maximum steady-state operating voltage that can gppear
between adjacent valve terminal and earth;

is @ test safety factor;
#1,15.

The test consists of applying the specified test voltages U1 and U, for the specified
duration between the valves. The test voltage U4 or Uiy.o may be applied between the
terminals (short-circuited together) and earth of one valve and the DC voltage U;y.1 O Uigeo
between the terminals (all short-circuited together) of all remaining valves and earth. Other
arrangements for combining the AC and DC voltages are also possible.

a) Raise the voltage from 50 % to 100 % of U,g¢ in approximately 10 s.

b) Maintain Uy, for 1 min.

c) Reduce the voltage to Uy,.».

d) Maintain Uy,,, for 10 min, record the partial discharge level and then reduce the voltage to

zZero.
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e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the MVU have been separately tested, or alternatively 50 pC if they have not.

f) The measurement of inception and extinction voltage shall be performed according to
IEC 60270 for AC tests.

6.2.2.4 Alternative tests

The composite AC-DC test may be replaced by an AC test and a DC test performed
separately.

a) AC test

Thle test consists of applying the specified test voltages Uy sy and Uyy (e for the-sp
Fation between the two valves. Uiy(yc) and Uy (ac) have sinusoidal waveshapes with a

du
fre

See 6.2.2.2 for definitions.

b) DC

Th
be

quency of 50 Hz or 60 Hz, depending on the test facilities.

U ko xk x(U_ +k, xU, )2

t1(ac) = 1 dem1 )

Utp(ac) = Ks2 X UacZ/\/E

Raise the voltage from 50 % to 100 % of Uy (4c) inapproximately 10 s.
Maintain Uty (yc for 1 min.
Reduce the voltage to Uy 4c)-

voltage to zero.

The peak value of the periodic partial discharge recorded during the last minute ¢
4) shall be less than 200 pC, pfovided that the components which are sensi
partial discharge in the MVU have been separately tested, or alternatively 50 pC
have not.

The measurement of incepiion and extinction voltage shall be performed in accor
with IEC 60270.

L test

e test consists of.applying the specified DC test voltage Uiy 4 for the specified dy
fween the two interconnected valve terminals and earth.

oY
_ acl 2
Yoy = Hs1 k4 [ A J kg ¥V omt’

bcified

(22)

(23)

Maintain Ujy(4cy for 10 min, record the partial discharge level and then reduge the

f step
ive to
if they

dance

ration

(24)

See 6.2.2.2 for definitions.

Th
1)
2)
3)

6.2.3

e test shall be repeated for both polarities of the DC component.
Raise the voltage from 50 % to 100 % of Uy (qyc) in approximately 10 s.
Maintain Uty gy for 1 min.
Reduce the voltage to zero.

Lightning impulse test

6.2.3.1 Objectives

See 4

2.2.2.
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6.2.3.2 Test values and waveshapes

A standard 1,2/50 ys waveshape in accordance with IEC 60060 shall be used.

The peak value of the test voltage-is shall be determined in accordance with the insulation co-
ordination of MVU or, alternatively, selected from the standard lightning impulse withstand
voltages according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an interpolated

value

between two consecutive levels from these tables.

6.2.3.3 Test procedures

The t

agt shall comprise three applications of positive polarity and three applications of
Ll Ll Ll L J Ll

negati

6.3
6.3.1

For valves belonging to a multiple valve unit, these tests need only’be performed o

valve.
or ind

See 4

6.3.2
6.3.2.
See 4

6.3.2.]

a) Test voltage Uy, 4, 1 min

Yyl

s e

ve polarity lightning impulse voltages between the valves.
Dielectric tests between valve terminals

General

Each other valve in the same structure shall be short-circuited-across valve ter
vidual thyristor levels and connected to earth.

4.1.1 for other detailed requirements of the test object

AC-DC test
Objectives

2.2.3.

p Test values and waveshapes

n one
minals

~
N
~
~

nl Utac1 + Utdc1

U =k1><UM1><Sin(27rft)

A~
N
(0¢]

<>

tacl s

o~
N
w©
~
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b)

U, o-hps-a-sinusoidal-waveshape{see42-1)-U, ,-shall Becaleulatedfrom-the following;

Ui,q consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, depending on
the test facilities) with r.m.s. value U,,.q superimposed on a DC level Uiy.1. Uigeqr and
Uigcq shall be calculated from the following:

Utacl :ksl XU%E (25)

Usdor = %512V gomn (26)

where

UO — isthe maximuum DC \/nlf:\gn rnmaining acraoss the r\npar\ifnr hank aftar any fast-
acting discharge devices e.g. arresters (decay time constant less than 10 ms)
have ceased conducting after blocking of the valve followingy'a, qystem
disturbance;

Ugk1 is the peak value of the long duration overvoltage (exeluding the DC
component) that can appear across the valve;

kg4 is a test safety factor;

kg1 = 1,1 if the voltage is limited by a surge arrester;

ko = 1,15 if no arrester is fitted.

Test voltage Uy, 10 min

yt—v—Q-:ks‘Z XU e XSin(z@{t) (30)

Uilo has a sinusoidal waveshape with a frequency of 50 Hz or 60 Hz, depending ¢n the
tegt facilities (see 4-2~F). The r.m.s. value of Uy, shall be calculated from the following:

Uy, = ksz x Ua%z (27)

=J

wHhere
Ugks is the ?e?k valuelof Lthe _malximum steady-state operating voltage thzrt can
apptdal UCTLWCTTIT valvo LTliirials,
kgo is a test safety factor;
kgo =1,15.
6.3.2.3 Test procedures

The test consists of applying the specified test voltages U;,4 and U, for the specified
duration between the two valve terminals. One terminal of the valve may be earthed.

a)
b)
c)
d)

Raise the voltage from 50 % to 100 % U, ¢ in approximately 10 s.
Maintain Uy, 4 for 1 min.
Reduce the voltage to Uy,,.

Maintain Uy,, for 10 min, record the partial discharge level and then reduce the voltage to
zero.
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e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively 50 pC if they have not.

f) The measurement of inception and extinction voltage shall be performed according to
IEC 60270 for AC tests.

6.3.2.4 Alternative tests

The composite AC-DC test may be replaced by an AC test and a DC test performed
separately.

a) AC test

The test consists of applying the specified test voltages Uyq(4c) and Uiy, for the-sp
duration between the two valve terminals. Uy ac) and Uyp(ac

Wi

Sele 6.3.2.2 for definitions.

6)

NO|
WHh
wit
the
of 1

b) DC

The testwconsists of applying the specified DC test voltage Ut1(de) for the specified du

be

h a frequency of 50 Hz or 60 Hz, depending on the test facilities.

=k x(U_ +U, )/\2

Ut1 (ac) 1 dem1

Ut2(ac) = kso xUjze2 /2

Raise the voltage from 50 % to 100 % of Uy (4c) in approximately 10 s.
Maintain Uty (,c) for 1 min.
Reduce the voltage to Uiy,

Maintain Uiy (4cy for 10 min, record the partial discharge level and then redu
voltage to zero.

The peak value of the periodic partialdischarge recorded during the last minute ¢
4) shall be less than 200 pC, provided that the components which are sensi
partial discharge in the valve have been separately tested, or alternatively 50
they have not.

The measurement of inception and extinction voltage shall be performed in accorn
with IEC 60270.

ere this is the case, subject to agreement between the purchaser and the supplier, the 1 min AC
hstand test-may-be i§ usually replaced by several shorter tests whose minimum duration is determin
maximum possible duration of the specified overvoltage condition multiplied by 2, but with a total

ot less than 1_min:

L test

fween)the two interconnected valve terminals and earth.

bcified

ave sinusoidal waveshapes

(28)

(29)

te the

f step
ive to
pC if

dance

[TE The prescribed test—may sometimes thermally overstresses some valve components unrealistically.

voltage
ed from
uration

ration

Se
Th
1)
2)
3)

2
Uact 2
Ut1(dc) :ks1\/( \723 j +U demt

e 6.3.2.2 for definitions.

e test shall be repeated for both polarities of the DC component.
Raise the voltage from 50 % to 100 % of Uy (qyc) in approximately 10 s.
Maintain Uty gy for 1 min.

Reduce the voltage to zero.

(30)
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Switching impulse test

6.3.3.1 Objectives

See 4.

2.2.3.

The main objective of this test is to verify the withstand of the valve including the non-
operation of VBO protective firing circuits, if fitted. This test checks for correct coordination
between the arrester protective level and the valve protective firing threshold. An additional
objective is to verify the electromagnetic interference insensitivity of the valve (see Clause 7).

6.3.3.2— Test values and waveshapes

- W
u

veshape 1
e a 20/200 us waveshape, which approximates a typical extinction waveshape,

alternative approximation if supported by system studies.

— Waveshape 2
A standard 250/2 500 us waveshape shall be used.

a) v
Th

wh
U

C
S

ks

Ives protected by surge arresters
test voltage shall be calculated from the following formula:

U, =k xU_ _ (waveshapes 1 @nd 2)

ts

ere
s is the arrester protective level for switching impulses;
is a safety factor;

=1,1.

T

wh

S

S

b) V1{ves not protected by surge arresters
h

test voltage shall be calculated from the following formula:

U, Sks xU___ (waveshapes 1 and 2)

tsv,

ere

is the switching impulse prospective voltage according to IEC 60071,
determined by insulation coordination studies;

ms

is a safety factor;
=4,15.

Thie valve shall withstand the test without switching or insulation breakdown.
6.3.3.[—1@6‘—9’9664«6@6

Three applications of each polarity of a switching impulse voltage of the specified amplitude
and waveshape shall be applied between the valve terminals, one of which may be earthed.

or an

(31)

(32)

or as

Instead of reversing the polarity of the surge generator, the test may be performed with one
polarity of the surge generator and reversing the valve terminals.

NOTE

Protective firing, if fitted,—sheuld does not operate during the test.


https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f

- 34 - IEC 61954:2021 RLV © IEC 2021

6.4 Operational tests
6.4.1 Overcurrent tests
6.4.1.1 General

The main objective of these tests is to demonstrate the proper design of the valve during
overcurrent conditions, caused by valve firing at instants with non-zero voltage between its

termin

als.

The overcurrent tests may be carried out using an oscillatory circuit, which consists of a
reactor and capacitor fed from a fundamental frequency power source, or by an appropriate

synthaetic test circuit.

6.4.1.
6.4.1.

Overcurrent with subsequent blocking

A Objectives

The opjective of the test is to demonstrate the correct design of the.valve with reg
voltage stress at elevated thyristor junction temperatures produced byythe overcurrent. Both

forwa

6.4.1.
The n

d and reverse reapplied voltage need to be demonstrated.

p.2 Test values and waveshapes

nost important parameters to be reproduced arg, the magnitude and timing

reapplied voltage (forward and reverse), and the<{corresponding thyristor tempe

AdeqJ
The ci

The tq
at lea

ate representation of di/dt and step recovery voltage is also important.

rcuit diagram of one TSC branch is showp,in Figure 1.

case ¢f overcurrent and corresponding reapplied voltage (step and peak value), consi

firing
follow

a) the

ng sequence of events:

protective systems;

b) thg
ch
m4
thd
cu

arged. It shall-be fired shortly before the voltage between its terminals is
ximum. Where a protective system is installed to prevent firing at high-voltage
firing shall occur at the limit set by the protection. This valve firing shall determi
rent peak;

ard to

bf the
ature.

st current waveshape shall comprisgone or two pulses having a current of peak| value
5t equal to the highest value of overcurrent after which blocking is permitted. The|l worst

dering

instant and number of pulses, shall be determined from system studies using the

valve shall be blocked™at the highest system voltage permitted by the SVC contrpl and

valve shall be- fired with the system voltage as indicated above, with the capacitors

at its
evels,
ne the
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frel

d) the
m4
the
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fre|
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Figure 1 — TSC branch

valve shall be blocked at its first current zero_€rossing in order to define the
ximum reverse voltage stress (Figure 2). The stép/)voltage shall be defined directl

valve
y after
t. The

valve blocking, and it shall not include the valve current extinction overshoo
bk voltage shall be defined at the largest subsequent voltage peak within a funda
quency cycle;

ximum forward voltage stress (Figure*3). The step voltage shall be defined directl

quency cycle.

equency of the test cufrent should approximate to the resonant frequency of th
ircuit.

If a durge arrester js\used to limit the valve voltage, then a special arrester, pro

accorgq

6.4.1.
The tqg

ing to the number of thyristor levels under test, may be included in the test circuit

.3 Test procedure

st/should be performed such that both directions of conduction of thyristor strin

tested|

ental

valve shall be blocked at its second Gurrent zero crossing in order to define thel valve

after

valve blocking, and it shall not\include the valve current extinction overshoof. The
bk voltage shall be defined at the largest subsequent voltage peak within a fundamental

e real

-rated

s are

a) Preheat the valve (or valve section) to a condition which represents the maximum steady-
state temperature.

b) Subject the valve (or valve section) to the worst overcurrent and associated reapplied
voltage determined by 6.4.1.2.2.

NOTE

The test-may-comprise comprises one or two loops or both, provided the test objectives are met.
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~Y
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|

P upeak
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b) Thyristor string th1
IEC

Key

1 Normal operation
2 Blocked

3  Valve fired

Voltage of charged capacitor C

=

co

¢ Conduction angle of thyristor string th2

Figure 2 — One-loop overcurrent

6.4.1.3 Overcurrent.without blocking
6.4.1.3.1 Objectives

The opjective of.this test is to demonstrate the correct design of the valve with regard|to the
heating effect,and electromagnetic forces imposed by the most onerous overcurrent to|which
the valve can\be subjected in service.

6.4.1.3:2 Test values and waveshapes

The test current waveshape shall be a damped sinusoidal current oscillation, or a suitable
alternative representation which gives a peak current, total /2: and peak thyristor junction
temperature not less than in service.

The frequency of the test current should approximate to the resonant frequency of the real
TSC circuit.

6.4.1.3.3 Test procedure

a) Preheat the valve (or valve section) to a condition which represents the maximum steady
state temperature.

b) Subject the valve (or valve section) to the overcurrent.
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Uco

Uq

6.4.2
6.4.2.
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6.4.2.
The tqg
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1 Normal operation

2  Blocked

3 Valve fired

u__ Voltage of charged capacitor C

¢ Conduction angle of thyristor string.th2

Figure-3 — Two-loop overcurrent

Minimum AC voltage test
Objectives

rpose of this test is to verify proper operation of the firing system in the TSC va
ed minimum-AC voltage and specified operating conditions.

p Test procedures, values and waveshapes

st'procedure shall be as follows:

lve at

a) apply the minimum temporary undervoltage for which the TSC shall remain controlled and
maintain the valve in the conducting state for a time which is at least equal to twice the

sp

ecified duration of the temporary undervoltage;

b) repeat item a) by reducing (continuously or in steps) the voltage to zero (or to the
intervention level of the protection), in order to demonstrate that this condition is not

ha

rmful to the valve.

NOTE Depending on the valve design, it-may-be is usually necessary after each undervoltage step to return to the
minimum steady-state value of the AC voltage in order to replenish the gate power supplies.

A test

safety factor of 0,95 shall be applied.
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6.4.3 Temperature rise test
6.4.3.1 Objectives

The main purpose of this test is to demonstrate that the temperature rise of the most critical
heat producing components is within specified limits, to verify that no components or
materials are subjected to excessive temperatures under different steady-state operating
conditions and to verify that the cooling is adequate.

6.4.3.2 Test procedures

The valve shall be subjected to voltages and currents that result in losses that are 5 % greater
than %ose occurring In service under specified operating conditions, for the most stringent

cooling conditions. The test shall be continued for 30 min after thermal equilibrium_hag been

reached.

More than one test may be required in order to determine the temperature rise '6f components
whosg maximum thermal loading can occur under different operating conditions.

In thg event that the current conduction capacity of the interconnection links (bugbars)
betwepn the antiparallel thyristors is a concern, the test shall be repeated with one thyristor
level ghort circuited, for example by substituting a thyristor by a metal dummy.

NOTE |Where the temperature of the critical part of the heat-producing components cannot practiqally be
determined by measurement, for example the junction temperature_of/the thyristors or the element temperature of
the damping resistors, a measurement at an appropriate point from which this temperature can be estimated-may
be is uded.

7 Electromagnetic interference tests

71 Objectives

The objective of these tests is to demonstrate the insensitivity of the valve to electromagnetic
emiss|on imposed by external events:or by the switching of other closely located valves.

The tgsts shall demonstrate that, as a result of electromagnetic emission:

— splrious triggering ofithyristors does not occur;

— falpe indication of thyristor level faults or erroneous signals sent to the SVC contrpl and
protection system.do not occur.

NOTE |For this document, tests to demonstrate valve insensitivity to electromagnetic disturbance apply only to the
thyristof valve and-that part of the signal transmission system that connects the valve to earth. Demonstrption of
the ins@nsitiyitysto electromagnetic disturbance of equipment located at earth potential, and characterizatioh of the
valve a$ a/source of electromagnetic disturbance for other equipment, are not within the scope of this document.

7.2 Test procedures
7.21 General

Insensitivity to electromagnetic interference is verified by monitoring the valve during the
switching impulse and non-periodic firing tests. In the first case, the valve which is subjected
to the switching impulse is also monitored for electromagnetic interference insensitivity. In the
second case, an additional test valve shall be positioned adjacent to the valve being
subjected to the non-periodic firing test. This additional test object shall be monitored for
electromagnetic interference.

The geometric arrangements of the test valves shall be as in service.
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7.2.2

Switching impulse test

The test is performed as a part of the TCR/TSR and TSC type tests (5.3.3 and 6.3.3,
respectively).

The electronics of the valve under test shall be energized.

Those parts of the valve base electronics that are necessary for the proper exchange of
information with the test valve shall be included.

The criteria for test acceptance are that no spurious valve firing or false indication from the

valve r—rl—rﬁ*rrt—l—rrwm—ﬁ—ro control or protection sysiem occur. The criteria apply 10 bo € valve under 1e
the adjacent valve where fitted.

7.2.3

The t
respe

Non-periodic firing test

bst is performed as a part of the TCR/TSR and TSC optional tests (9.3 and
tively).

The electronics of the valve under test shall be energized.

Those|

information with the test valve shall be included.

The t
voltag

£) across its terminals. The tests shall be petformed close to the peak of the v

and ryn at both polarities of the voltage.

NOTE

In many cases the non-periodic firing test objectives can be fulfilled by other tests, e.g. for the TCH

switching impulse test with VBO firing, and for the TS€ by the overcurrent tests.

The ¢
valve

riteria for test acceptance are that no spurious valve firing or false indication frg
o control or protection systemioccur. These criteria apply to both the test object a

adjacent valve.

8 P

8.1

The s
descri

8.2

roduction tests

General

ption of the test procedures to meet the test objectives.

st and

10.2,

parts of the valve base electronics that are necessary for the proper exchamge of

est object shall have operational fundamentalvfrequency voltage (nominal gervice

oltage

by the

m the
nd the

pecified tests define the minimum testing required. The supplier shall provide a d¢tailed

Visual inspection

Test objective:

a) to
b) to
c) to

8.3

check that all materials and components are undamaged and correctly installed;
check data of components installed;
check air clearances and creepage distances within the valve.

Connection check

Test objective:

a) to
b) to
c) to

check that all the main current-carrying connections have been made correctly;
check the clamping force of thyristors;
check the point to point wiring.
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8.4 Voltage-dividing/damping circuit check

Test objective: check the dividing/damping circuit parameters (resistance and capacitance)
and thereby ensure that voltage sharing between series-connected thyristors will be correct.

8.5 Voltage withstand check

Test objective: check that the thyristor levels can withstand the voltage corresponding to the
maximum value specified for the valve.

8.6 Check of auxiliaries

Test dbjective: check that the auxiliaries (such as monitoring and protection circuits)\af each
thyristor level and those common to the complete valve (or valve section) function corregtly.

8.7 Firing check

Test gbjective: check that the thyristors in each thyristor level turn on corréectly in respopse to
firing $ignals.

8.8 Cooling system pressure test
Test gbjective:

a) chgck that there are no leaks;
b) chgck for adequate flow, both in the valve as a whole"and in all sub-circuits;
c) chgck the differential pressure.

8.9 Partial discharge tests

To démonstrate correct manufacture,the purchaser and supplier shall agree |which
compaonents and subassemblies are crifical to the design, and appropriate partial disgharge
tests ghall be performed.

9 Optional tests on TCR.and TSR valves

9.1 Overcurrent test
9.1.1 Overcurrent with subsequent blocking

9.1.1. Objectives

This test-verifies the capability of the valve to withstand overcurrent with subsequent blpcking
at thyTistor temperatures equal to the maximum value allowed by valve control or protéction.
The test considers the condition of DC frapped current where the overcurrentis terminated by
blocking at high di/dt.

NOTE In many cases the objectives of this test can be satisfied by the periodic firing and extinction test (5.4.1), in
which case this test-may-be is omitted.

9.1.1.2 Test values and waveshapes

The valve shall be subjected to a reapplied voltage which approximates to the extinction
waveshape experienced in service. The reapplied voltage may be produced either by a
separate impulse generator or by the test circuit itself.

Waveshape 1: use a 20/200 pys waveshape, which approximates a typical extinction
waveshape, or an alternative approximation if supported by system studies.
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U, =k xU___ (waveshape 1) (33)

where

is the minimum valve protective level defined by the surge arrester or VBO, or the
guaranteed withstand level of the valve where no overvoltage protection is provided;

cms

is a test factor;
=0,9.

9.1.1.3 Test procedures

a) Esfablish a maximum steady-state condition for current and maintain it until \thermal
eqpilibrium at steady-state junction temperature is reached.

b) Subject the valve to an appropriate test current to raise the junction temperature [to the
mgximum allowed by valve control and protection.

c) Blgck the valve at a representative di/dt.
d) Subject the valve to the reverse extinction overshoot voltage.

9.1.2 Overcurrent without blocking
9.1.2. Objectives

Fault [conditions are assumed where the valve currenfexceeds the design limit. This test
verifiels the capability of the valve to withstand overeurrent without blocking until the $VC is
tripped.

9.1.2.2 Test values and waveshapes

The tgst current shall have a peak value.and a heating effect corresponding to the spécified
worst-{case time-dependent overvoltageysuch that both directions of conduction are tested.
The tgst duration shall be based on the SVC protection system.

9.1.2.3 Test procedures

The tgst circuit may be a power frequency current source with the test object and a reaftor in
series| or a suitable alternative circuit. No voltage need be applied to the valve at the gnd of
the tesgt.

a) Preheat the valve or valve section so that the thyristor junctions reach the maximum
stgady-state Qperating temperature.

b) Subject.the valve to the current waveshape specified.

9.2 L[ Positivevoltagetransient during recovery test
9.2.1 Objectives

It shall be demonstrated that the valve will not be damaged if a positive switching voltage
impulse occurs at any instant after current extinction.

NOTE Where protection external to the valve is provided in order to permit the valve to withstand such an event,
this protection-sheuld-be is included in the test.

9.2.2 Test values and waveshapes

Waveshape 1: use a 20/200 us waveshape, which approximates a typical extinction
waveshape, or an alternative approximation if supported by system studies.

Uiy = ks xUgms (Waveshape 1) (34)
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is the minimum valve protective level defined by the surge arrester or VBO,

or the

guaranteed withstand level of the valve where no overvoltage protection is provided;

is a test factor;
=0,9.

This impulse voltage will change the polarity of the valve voltage after current extinction into a
polarity which forward biases the thyristors which have just ceased conduction.

For test performed on a valve section, the amplitude Ui, shall be scaled proportionally in
accorganee-with-4-4-3-2

9.2.3

Test procedures

a) Cqrry an appropriate current through the valve such that the thyristorjunction i

sp
b) BI
c) S

The in
of the

The tqg

9.3
9.3.1

The o
assoc

fead and di/dt at turn off is correct.
ck the valve at maximum steady-state junction temperature.

bmit the valve or the valve section to the prospective voltage impulses specified a

hpulse voltages shall be applied in not less than five time'steps between the ext
current and a full recovery of the valve.

st shall be performed for both directions of condustion of the valve.

Non-periodic firing test
Objectives

bjective of the non-periodic firing testiis to check the adequacy of the thyristors a

periodic conditions. An additional ebjective is to verify the electromagnetic interfe

inseng

NOTE
impuls¢g

9.3.2

The tqg

itivity of the valve (see Clause-7).

In many cases the objectives of this test can be satisfied by the valve terminal to terminal s
test (5.3.3), in which caser this test-may-be is usually omitted.

Test values(and waveshapes

st shall be performed on a complete valve at room temperature.

The test circuit’shall apply a switching impulse voltage to the valve and the valve sh

trigge

ed into conduction at the peak of the impulse. The main task of the test circuif

firing

5 fully

bove.

nction

nd the

ated electrical circuits with regard\fo current and voltage stresses at turn-on undgr non-

trence

vitching

all be
, after
t time

pfithe valve, is to reproduce the correct valve current at turn-on. The importan

frame

+ o ' + .40 4+ [aYal £ <l '
o UIT TITol TU o U U Lo UT LUTTUUULIUTT.

The surge generator shall be selected for its representative source impedance, in order to
reproduce a turn-on current pulse at least as severe as the discharge of circuit stray
capacitances as in service.

The turn-on stresses and the test circuit required depend on the method chosen for protecting

the va

Ives against transient overvoltages.

Waveshape 2: a standard 250/2 500 us waveshape shall be used.

a) Valve protected by surge arrester

Th

e prospective test voltage Uy, is determined as follows:
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b)

Uy =k, xU (waveshape 2) (35)
where
Uems is the arrester protective level,
kg is a test safety factor;
ke =1,0.

The impedance of the impulse generator shall be selected to reproduce not only the turn-
on current arising from the discharge of circuit stray capacitance but also that arising from
commutation of the surge arrester current.

Tu o-mathode forachiovina thic ara ac~antabhla -
WO tro ST o—a Crm ey g—trhoar oottt ptaoTes

1)| parallel capacitor method: in this method, a capacitor is connected in parallel"w|th the
test valve, whose value will result in a current discharge at least as/sévgre as
predicted for commutation of arrester current. The valve is triggered ,into conduction
when the voltage reaches Uig,»

2)| surge arrester method: in this method, a surge arrester is connected between thg valve
terminals and the test voltage is applied from behind an inductance representative of
the TCR reactor. When the current in the arrester reaches ithe prescribed level, the
valve is triggered into conduction.

Due to limitations in the practical size of impulse generators;, the surge arrester method is
suftable only for valves of low-voltage rating.

W:l:ere protection against valve firing during instahts” with current in the arregter is
provided, commutation of arrester current does not have to be considered. Therefore, the

tegt level Uy

Vtve protected by VBO
Th

may be reduced to the maximum, arrester non conduction voltage.

prospective test voltage Uy, ., is determiried as follows:

U =k 50 so (waveshape 2) (36)

where

Uyro is the minimum VBO protective voltage level;
kg is a test safety\factor;

kg =0,95.

If if can be shown-that triggering by VBO action is equivalent to normal firing, then the test
cah be omitted, as the test objective is already demonstrated in the valve terminal to
terminal switehing impulse test (see 5.3.3).

c) V3glve with no protection provided
Uy, =k *xU, _ (waveshape 2) (37)
where
Ucms is the switching impulse prospective voltage level according to
IEC 60071-1:2019, Table 2 and Table 3, or as determined by insulation
coordination studies;
kg is a test safety factor;
kg = 1,15.
9.3.3 Test procedures

One terminal of the valve may be earthed.

Apply three shots of the switching impulse voltage. The valve shall be triggered into
conduction at the peak of the switching impulse voltages. Repeat for the reverse polarity
(alternatively, reverse the terminals of the valve).
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10 Optional tests on TSC valves

10.1 Positive voltage transient during recovery test
10.1.1 Test objective

It shall be demonstrated that the valve will not be damaged if a positive switching impulse
voltage occurs at any instant after current extinction.

NOTE Where protection external to the valve is provided in order to permit the valve to withstand such an event,
this protection-sheuld-be is included in the test.

10.1.2 Test values and waveshapes

Waveshape 1: use a 20/200 us waveshape which approximates a typical extinction
waveghape, or an alternative approximation, if supported by system studies.

The prospective test voltage Uy, shall be calculated from the following formula:

Uiy = kg xUgms (Waveshape 1) (38)
where
Uems | 1S the minimum valve switching impulse protective level defined by surge arrester, or
the guaranteed withstand level of the valve-Where no overvoltage protecfion is
provided;
kg is a test factor;
k =0,9.

This impulse voltage will change the polarity of the valve voltage after current extinctign into
that which forward biases the thyristor§’;which have just ceased conduction. For thle test
performed on a valve section, the amptitude Uy, shall be scaled proportionally in accordance
with 4]4.3.2.

10.1.3 Test procedures

a) Cdrry an appropriate.current through the valve such that the thyristor junction is fully
spfead and di/dt at(turn off is correct.

b) Blgck the valvetat maximum steady-state junction temperature.
c) Submit the valve or the valve section to the voltage impulses specified above.

The impulse-wvoltage shall be applied in not less than five time steps between the extinction of
the current and a full recovery of the valve.

The test shall be performed for both directions of conduction of the valve.

10.2 Non-periodic firing test
10.2.1 Objectives

The objective of the TSC valve non-periodic firing test is to check the adequacy of the
thyristors and the associated electrical circuits with regard to current and voltage stresses at
turn-on under non-repetitive conditions. An additional objective is to verify the electromagnetic
interference insensitivity of the valve (see Clause 7).

NOTE In many cases the objectives of this test can be satisfied by the overcurrent tests (see 6.4.1), in which
case this test-may-be is omitted.
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10.2.2

Test values and waveshapes

The test shall be performed on a complete valve at room temperature.

The test circuit shall apply a switching impulse voltage to the valve, and the valve shall be
triggered into conduction at the peak of the impulse. The main task of the test circuit, after
firing the valve, is to reproduce the correct valve current at turn-on. The important time frame

is the

first 10 ys to 20 ys of conduction.

The surge generator shall be selected to have representative source impedance, so as to
reproduce a turn-on current pulse at least as severe as the discharge of circuit stray

tancac in carvinn
oo ot

capac

The tdirn-on stresses and the test circuit depend on the method chosen for protecti

valvesg

The in

TV TCTT

against transient overvoltages.

g the

hpedance of the impulse generator shall be selected to reproduce, not only the turn-on

current arising from the discharge of circuit stray capacitance but also that arising from
commptation of the surge arrester current, where this can occur.
Waveshape 2: a standard 250/2 500 us shall be used.
a) Vdlve protected by surge arresters
The prospective test voltage Uyg,» shall be calculated from the following formula:
U, =k, *xU,_ (waveshape 2) (39)
where
Udns is the arrester protective level for switching impulses;
s is a test safety factor;
s =1,0.
Two methods for achieving thistare acceptable:
1)| parallel capacitor method: in this method, a capacitor is connected in parallel w|th the
test valve, whose, value will result in a current discharge at least as sevgre as
predicted for commutation of the arrester current;
2)| surge arrester method: in this method, a surge arrester is connected between thg valve
terminals, and the test voltage is applied from behind an inductance representative of
the TSC<series reactor. When the current in the arrester reaches the prescribed| level,
the valvelis triggered into conduction.
Owing(tolimitations in the practical size of impulse generators, the surge arrester method

may.be possible only for valves of low-voltage rating.

Where protection against valve firing during instants with current in the arrester is
provided, the commutation of arrester current does not have to be considered. Therefore,
the test level U, may be reduced to the maximum arrester non-conduction volta
the overcurrent test (6.4.1) the objective of this test may already have been demonstrated.

In

this case, this test may be omitted.

ge. In
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b) Valve with no protection provided

The prospective test voltage Uy, shall be calculated from the following formula:

Uiev2 = ks xUqms (Waveshape 2) (40)
where
Uems is the switching impulse as determined by insulation coordination studies;
kg is a test safety factor;
ke =1,15.

10.2.1ﬁesl-p'rmrm'res
One tgrminal of the valve may be earthed.

Apply|three shots at the switching voltage, the valve is triggered into conduction when the

voltage reaches Uy, ». Repeat for the reverse polarity (alternatively, reversethe terminals of
the vajve).
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STATIC VAR COMPENSATORS (SVC) -
TESTING OF THYRISTOR VALVES

FOREWORD

1) TherimtermatiomatEtectrotechmicat-Commissiom (HEC)Ts—awortdwide orgamization forstamdardizatiormrcomprising
all |national electrotechnical committees (IEC National Committees). The object of IEC is to)\ promote
intefnational co-operation on all questions concerning standardization in the electrical and electronic, figlds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical“Specifitations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. |[EC  collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with’.conditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interpational
congensus of opinion on the relevant subjects since each technical commitiee has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for internationak use and are accepted by IEC National
Conpmittees in that sense. While all reasonable efforts are made, td_énsure that the technical contenf of IEC
Pubjications is accurate, IEC cannot be held responsible for_the way in which they are used or [for any
misinterpretation by any end user.

4) In grder to promote international uniformity, IEC National Coemmittees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in their_national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the |atter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide compformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
serJices carried out by independent certificatjof’bodies.

6) All dsers should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its ‘directors, employees, servants or agents including individual expgrts and
members of its technical committees.and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whafsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgenses arising out of the .publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publications is
indigpensable for the Conrect application of this publication.

9) Attegntion is drawnyfo*the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEC-shall not be held responsible for identifying any or all such patent rights.

Interngtional 'Standard IEC 61954 has been prepared by subcommittee 22F: Power elecfronics
for elgctrical transmission and distribution systems, of IEC technical committee 22: Power
electronie bybtclllb and E\.{u;plllcllt.

This third edition cancels and replaces the second edition published in 2011,
Amendment 1:2013 and Amendment 2:2017. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: important clarifications were made in 4.4.1.2, 5.1.2.2, 5.1.3.2, 5.2.3.2, 6.1.2.2,
6.1.2.4,6.1.3.2,6.2.2.2,6.2.2.4,6.3.2.2 and 9.3.2.
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The text of this International Standard is based on the following documents:

FDIS

Report on voting

22F/642/FDIS

22F/658/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

The language used for the development of this International Standard is English.

11 1 dararted In a [ U
accordance with ISO/IEC Directives, Part1 and

ve ' d

ISO/IEC Directiv

[ d daevelo
es,

bed in

’IEC Supplg¢ment,
ble at www.iec.ch/members_experts/refdocs. The main document types déveloged by

pmmittee has decided that the contents of this document will remain unchanged until the

stabilify date indicated on the IEC website under "http://webstore.iec.chl-in the data relgted to

e re¢onfirmed,
e withdrawn,
o replaced by a revised edition, or

e anended.
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http://www.iec.ch/standardsdev/publications
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1 S

STATIC VAR COMPENSATORS (SVC) -
TESTING OF THYRISTOR VALVES

cope

This document defines type, production and optional tests on thyristor valves used in thyristor
controlled reactors (TCR), thyristor switched reactors (TSR) and thyristor switched capacitors

(TSC)
requir
valve

Claus
desigr
which
i.e. te

2 Normative references

The following documents are referred to in the text in suéh a way that some or all
conte{[ constitutes requirements of this document. Fer dated references, only the

cited
any a

IEC 60060 (all parts), High-voltage test techniqiés

IEC 60060-1:2010, High-voltage test -téechniques — Part 1: General definitions an

requir

IEC 60060-2, High-voltage test.techniques — Part 2: Measuring systems
IEC 60071 (all parts), Insulation co-ordination
IEC 60071-1:2019, Insulation co-ordination — Part 1: Definitions, principles and rules

IEC 60270, Highsvoltage test techniques — Partial discharge measurements

IEC 6

— Part| 1:Electrical testing

forming-part of static VAR compensators (SV/C) for power svstem applications. The
< T L \ 7 L J rr -

bments of the document apply both to single valve units (one phase) and to.m
Linits (several phases).

bs 4 to 7 detail the type tests, i.e. tests which are carried out to verify that the

meets the requirements specified. Clause 8 covers the production-tests, i.e
are carried out to verify proper manufacturing. Clauses 9 and 10 \detail optional
5ts additional to the type and production tests.

pplies. For undated references, the latest edition“of the referenced document (ing
endments) applies.

bments

700-1:2015, Thyristor valves for high-voltage direct current (HVDC) power transm

ultiple

valve
tests
tests,

their
dition
luding

0 test

ission

3 Terms and definitions

For th

e purposes of this document, the following terms and definitions apply.

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

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f
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tor level

part of a thyristor valve comprising a thyristor, or thyristors connected in parallel or anti-
parallel, together with their immediate auxiliaries and reactor, if any

3.2

thyristor (series) string

series connected thyristors forming one direction of a thyristor valve

3.3

valve reactor

reactor illbUlpUIdtcd withtmsomevatvesfortimitatiomof-stresses

Note 1 fo entry: For testing purposes it is considered an integral part of the valve.

3.4

valve [section

electrical assembly, comprising a number of thyristors and other components, which exhibits
pro-rated electrical properties of a complete thyristor valve, but only_a portion of the full
voltage blocking capability of the thyristor valve, and which can be used for tests

3.5

thyristor valve

electrically and mechanically combined assembly of  thyristor levels, complete wjth all
conneftions, auxiliary components and mechanical structures, which can be connected in
series|with each phase of the reactor or capacitor of an'SVC

3.6

valve [structure

physidal structure which insulates the valves to the appropriate level above earth potential
and frpm each other

3.7

valve [base electronics

VBE

electronic unit, at earth potential, which is the interface between the control system |of the
SVC gnd the thyristor valves

3.8

multiple valve unit

MVU

assembly of several valves in the same physical structure which cannot be separated fpr test
purposes (€.9. three-phase valves)

3.9

redundant thyristor levels

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

increa

3.10

sed risk of failures

voltage breakover (VBO) protection
means of protecting the thyristors from excessive voltage by firing them at a predetermined

voltag

e
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4 General requirements for type, production and optional tests

4.1 Summary of tests

Table 1 lists the tests given in the following clauses and subclauses.

Table 1 — List of tests

Test Subclause Test object
TCRI/TSR TSC
Dielectyic-tests-between-valve-terminals-and-earth-(type-tests)
AC test 5.1.2 Valve
AC-DC [test 6.1.2 Valve
Lightninng impulse test 5.1.3 6.1.3 Valve
Dielectyic tests between valves (MVU only) (type tests)
AC test 5.2.2 MVU
AC-DC [test 6.2.2 MVU
Lightninpg impulse test 5.2.3 6.2.3 MVU
Dielectyic tests between valve terminals (type tests)
AC test] 5.3.2 Valve
AC-DC |test 6.3.2 Valve
Switchipg impulse test 5.3.3 6.3.3 Valve
Operat|onal tests (type tests)
Periodi¢ firing and extinction test 5.4.1 Valve or valve section
Overcufrent test 6.4.1 Valve or valve secfion
Minimup AC voltage test 5.4.2 6.4.2 Valve or valve section
Temperature rise test 5.4.3 6.4.3 Valve or valve section
Electrdmagnetic interference tests (type tests)
Switchipg impulse test 7.2.2 7.2.2 Valve
Non-pefiodic firing test 7.2.3 7.2.3 Valve
Produdtion tests
Visual inspection 8.2 8.2
Connedtion check 8.3 8.3
Voltageg dividing/damping circuit check 8.4 8.4
Voltagg withstand check 8.5 8.5
Check of auxiliaries 8.0 3.0
Firing check 8.7 8.7
Cooling system pressure test 8.8 8.8
Partial discharge tests 8.9 8.9
Optional tests
Overcurrent test 9.1 Valve or valve section
Positive voltage transient during recovery test 9.2 10.1 Valve or valve section
Non-periodic firing test 9.3 10.2 Valve or valve section
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4.2 Objectives of tests
4.21 General

The tests described apply to the valve (or valve sections), the valve structure and those parts
of the coolant distribution system and firing and monitoring circuits which are contained within
the valve structure or connected between the valve structure and earth. Other equipment,
such as valve control and protection and valve base electronics may be essential for
demonstrating the correct function of the valve during the tests but are not in themselves the
subject of the tests.

4.2.2 Dielectric tests

4.2.2. General
Tests [for the following dielectric stresses are specified:

— A({ voltage;

— combined AC and DC voltage (TSC only);
— impulse voltages.

In thelinterest of standardization with other equipment, lightning.impulse tests between| valve

terminfals and earth and between phases of an MVU are included. For tests between| valve
terminfals, the only impulse test specified is a switching impulse.

4.2.2.2 Tests on valve structure

Tests |are defined for the voltage withstand requirements between a valve (with its terminals
short-gircuited) and earth, and also between yalves for MVU. The tests shall demonstrate
that:
— sufficient clearances have been provided to prevent flashovers;

— there is no disruptive discharge ipthe insulation of the valve structure, cooling ductsg, light
gujdes and other insulation parts*of the pulse transmission and distribution systems;

— partial discharge inception.and extinction voltages under AC and DC conditions are jabove
the maximum steady-state.operating voltage appearing on the valve structure.

4.2.2.3 Tests between valve terminals

The pprpose of these tests is to verify the design of the valve with respect to its capabjlity to
withstand overveltages between its terminals. The tests shall demonstrate that:

— sufficient\internal insulation has been provided to enable the valve to withstand spécified
voltages;

— partiatdistirarge-imceptiomandextinmctiom vottages unmder ACamd-B € comditioms—are-above
the maximum steady-state operating voltage appearing between valve terminals;

— the protective overvoltage firing system (if provided) works as intended;

— the thyristors have adequate du/d¢ capability for in-service conditions. (In most cases the
specified tests are sufficient; however, in some exceptional cases additional tests may be
required.)

4.2.3 Operational tests

The purpose of these tests is to verify the valve design for combined voltage and current
stresses under normal and abnormal repetitive conditions as well as under transient fault
conditions. They shall demonstrate that, under specified conditions:

— the valve functions properly;
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the turn-on and turn-off voltage and current stresses are within the capabilities of the
thyristors and other internal circuits;

the cooling provided is adequate and no component is overheated;
the overcurrent withstand capability of the valve is adequate.

4.2.4 Electromagnetic interference tests

The principal objective of these tests is to demonstrate the immunity of the valve to
electromagnetic interference from within the valve and from outside the valve. Generally,
immunity to electromagnetic interference is demonstrated by monitoring of the valve during
other tests

4.2.5 Production tests

The opjective of tests is to verify proper manufacture. The production tests shall*demonstrate

that:

4.2.6 Optional tests

alll materials, components and sub-assemblies used in the valvé~have been cofrectly
ingtalled;

the valve equipment functions as intended, and predefined’ parameters are |within
préscribed acceptance limits;

thyristor levels and valve or valve sections have thie necessary voltage withstand
capability;

copsistency and uniformity in production is achieved.

Optional tests are additional tests which may‘be performed, subject to agreement betwegn the
purchaser and the supplier. The objectivestiare the same as for the operational tests specified
in 4.213. The test object is normally one valve or appropriate equivalent number of| valve

sectiops.

4.3

The fdllowing principles shall-apply:

Guidelines for the performance of type and optional tests

type tests shall be ‘performed on at least one valve or on an appropriate number of| valve
seftions, as indicated in Table 1 (see 4.1), to verify that the valve design meefs the
specified reguirements. All type tests shall be performed on the same valve(s) or| valve
segtion(s);

provided<that the valve is demonstrably similar to one previously tested, the suppligr may
suEmit a certified report of any previous type test, at least equal to the requirgments
spgcified in the contract, in lieu of the type test; el

for type tests performed on valve sections, the total number of thyristor levels subjected to
such type tests shall be at least equal to the number of thyristor levels in a valve;

the valve or valve sections used for type tests shall first pass all production tests. On
completion of the type test programme, the valve or valve sections shall be checked again
for compliance with the production test criteria;

material for the type tests shall be selected at random;

the dielectric tests shall be performed in accordance with IEC 60060-1 and IEC 60060-2
where applicable;

individual tests may be performed in any order.

NOTE Tests involving partial discharge measurement may provide added confidence if performed at the end of
the dielectric type test programme.
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4.4 Test conditions
441 General
4411 Dielectric test objects

Dielectric tests shall be performed on completely assembled valves, whereas some
operational tests may be performed on either complete valves or valve sections.

The valve shall be assembled with all auxiliary components except for the valve arrester, if
used. Unless otherwise specified, the valve electronics shall be energized. The cooling and
insulating fluids in particular shall be in a condition that represents service conditions such as
condugtivity, except for the flow rate and anti-freezing media content, which can be reduced.
If any|object or device external to the structure is necessary for proper representation |of the
stresses during the test, it shall also be present or simulated in the test. Metallic{parts|of the
valve |structure (or other valves in an MVU) which are not part of the test shall be sported
together and connected to earth in a manner appropriate to the test in question!

4.41.2 Atmospheric correction

Atmogpheric correction shall be applied to the test voltages in accerdance with IEC 60p60-1,
excepl when specifically excluded. To calculate the test values applicable at stgndard
reference atmosphere, the methods described in IEC 60060«1:2010,4.3.3.1 shall be|used,
considering the following conditions as input values forlpressure p, temperature |t and
humidijty 4:

— pressure:

If fhe insulation coordination of the tested part of the thyristor valve is based on standard
rated withstand voltages according to IEC 60071-1, correction factors are only applled for
altjtudes exceeding 1 000 m. Hence if the altitude of the site a4 at which the equipmgnt will
be|installed is less than 1 000 m, thensthe standard atmospheric air pressure (by ={101,3
kPg) shall be used with no correction for altitude. If ag >1 000 m, then the stgndard
prIcedure according to IEC 60060-1 is used except that the reference atmospheric
pregssure b is replaced by the-atmospheric pressure corresponding to an altityde of
1900 m (b1 900 m)-

If the insulation coordination of the tested part of the thyristor valve is not based on
stgndard rated withstand ‘voltages according to IEC 60071-1, then the standard progedure
acpording to IEC60060-1 is used with the reference atmospheric pressufe b
(b4 = 101,3 kPa).

— temperature;
depign maXimum valve hall air temperature (°C).
— humidity;

dekigh’minimum valve hall absolute humidity (g/m3).

The values to be used shall be specified by the supplier.

In any of the afore mentioned cases, the correction of test values from standard reference
atmosphere to test conditions shall be as per IEC 60060-1:2010,4.3.3.2.

Where non-standard test levels are defined by this document, a site air density correction
factor ky, defined below shall be applied where stated.

The value of ky shall be determined from the following formula:

b1 273+T2

hooty T2 1
¢ b, 27347, )
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where

b, is the laboratory ambient air pressure, in pascals (Pa);

Ty is the laboratory ambient air temperature, in degrees Celsius (°C);

by is the standard reference atmosphere of 101,3 kPa (i.e. 1 013 mbar), corrected
altitude of the site at which the equipment will be installed;

T, is the design maximum valve hall air temperature, in degrees Celsius (°C).

to the

Correction factors shall not be applied to the dielectric tests between valve terminals or to the
long duration dielectric tests whose primary purpose is to check for the internal insulation and

partia dienhargnc

The aimospheric correction factors shall not be applied to operational tests or optionaf t¢sts.
4.41.3 Operational tests

Wherg possible, a complete thyristor valve should be tested. Otherwise ‘the tests may be

performed on thyristor valve sections. The choice depends mainly apoh the thyristor

design

propo
five o

more series-connected thyristor levels. If tests on thyristor valve sections with

than fjve thyristor levels are proposed, additional test saféty“factors shall be agreed
Under| no circumstances shall the number of series-connéected thyristor levels in a th

valve

Some
servic

section be less than three.

imes, operational tests may be performedyat a power frequency different fro

losseqd or 72t of short-circuit current are affectéd by the actual power frequency during

When
made

this situation occurs, the test condijtions shall be reviewed, and appropriate ch

were performed at the service frequeney.

The
temp
in qu

oolant shall be in a condition representative of service conditions. Flov
rature, in particular, shallbe set to the most unfavourable values appropriate to th
stion. Anti-freezing media content should, preferably, be equivalent to the

conditjon; however, where. this is not practicable, a correction factor agreed betwe

suppli

4.4.2
4.4.2.

Unles

er and the purchaser shall be applied.

Valve temperature at testing
Valve temperature for dielectric tests

5 specified otherwise, tests shall be performed at room temperature.

valve

and the test facilities available. Where tests on the thyristor valve sections are
bed, the tests specified in this standard are valid for thyristor valve sections confaining

fewer
upon.
yristor

m the

b frequency, e.g. 50 Hz instead of 60 Hz. Some operational stresses such as switching

tests.
anges

to ensure that the valve stresses @re at least as severe as they would be if the tests

and
e test
ervice
n the

4.4.2.2 Valve temperature for operational tests

Unless specified otherwise, tests shall be carried out under the conditions that produce the
highest component temperature that may occur in real operation.

If several components are to be verified by a test, it may be necessary to carry out the same
test under different conditions.

4.4.3

Redundant thyristor levels

4.4.3.1 Dielectric tests

All dielectric tests on a complete valve shall be carried out with redundant thyristor levels
short-circuited, except where otherwise indicated.
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4.4.3.2 Operational tests

For operational tests, redundant thyristor levels should not be short-circuited. The test
voltages and circuit impedances used shall be adjusted by means of a scaling factor k.

Niot

o (2)

n

where
Niot is the total number of series thyristor levels in the test object;

Nt s the total numbeor of series H"\\Jlriefnr levels in the \/Ql\ln;

N,

' s the total number of redundant series thyristor levels in the valve.

NOTE |[In thyristor valves with a small number of thyristor levels, where the redundancy is a significant pqrtion of
the total, this may cause certain valve components to be overstressed. As an alternative, it is therefore acdeptable
to perfdrm the operational test with redundant thyristor levels short-circuited and without scaling the test \oltages
and imgedances by k.

4.5 Permissible component failures during type testing

Experlence in industry shows that, even with the most careful design of valves, it |is not
possifjle to avoid occasional random failures of thyristor level~Components during dervice
operalion. Even though these failures may be stress-related, they are considered random to
the exXtent that the cause of failure or the relationship between failure rate and stress ¢annot
be prgdicted or is not amenable to precise quantitative definition. Type tests subject valves or
valve pections, within a short time, to multiple stresses\that generally correspond to thel worst
stressps that can be experienced by the equipment.not more than a few times during the life
of the| valve. Considering the above, the criteria for successful type testing set out [below
therefpre permit a small number of thyristor levels to fail during type testing, providing that the
failurgls are essentially random and do not show any pattern that is indicative of inadequate
design.

The Jalves or valve sections shallbe checked before each test, after any prelifinary
calibration tests, and again after each type test to determine whether any thyristprs or
auxiligry components have failed"during the test. Failed thyristors or auxiliary compgnents
found [at the end of a type test shall be remedied before further testing of a valve.

One thyristor level is permitted to fail due to short-circuiting in any type test. If, folloywing a
type test, one thyristor level has become short-circuited, then the failed level shall be regtored
and tHis type test repeated (see 4.4.2 b) in IEC 60700-1:2015). The total number of thyristor
levels|allowed to’fail during all tests are given in Table 2.

The distribution of short-circuited levels and of other thyristor level faults at the end of alll type
tests $hall-be essentially random and it shall not show any pattern indicative of inadgquate
design

4.6 Documentation of test results
4.6.1 Test reports to be issued

The supplier shall provide certified test reports of all type tests performed on the valves or
valve sections.

Test records on the results of routine tests shall be provided by the supplier.
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Table 2 — Number of thyristor levels permitted to fail during type tests

Number of thyristor | Number of thyristor Total number of Additional number
levels in a complete levels permitted to thyristor levels of thyristor levels,
valve fail to short circuit permitted to fail to in all type tests,
in any one type test short circuit in all permitted to have
type tests experienced a fault
but have not
become short
circuited
<34 1 2 2
34<n<68 1 3 3
68 <n< 101 1 4 4

Contents of a type test report

brt on the type tests conducted on the thyristor valves shall be produced. The
hclude the following:
heral data such as:

identification of the equipment tested (e.g. type and ratings, drawing number,
number, etc.);

identification of major parts of the test objects (e:.g'-thyristors, valve reactors, f
circuit cards, etc.);

name and location of the facility where the test{was carried out;

relevant circumstances wherever necessary (e.g.
barometric pressure during the dielectricitests, etc.);

temperature, humidity

reference to the test specification;
dates of the tests;
name(s) and signature(s) of the personnel responsible;

signature of the purchaser's inspector (if present) and the sign of his apprg
required);

scription of power sources (i.e. impulse voltage generator, DC voltage source
bed for the particulartest, such as the name of the manufacturer, ratings, characte

scription  of “the measuring instrumentation,
curacy and)date of the last calibration;

including information on guarg

failed_information on the arrangement for each test (e.g. circuit diagram);
scription of the test procedures;

f)

an

report

serial

rinted

and

val (if

etc.)
istics,

nteed

; aqreed deviations or waivers:
J ~J T

g)
h)

i)

tabulated results including photographs, oscillograms, graphs, etc.;
reports on component failures or other unusual events;
conclusions and recommendations, if any.

5 Type tests on TCR and TSR valves

5.1
5.1.1

Dielectric tests between valve terminals and earth

General

For these tests, each thyristor valve shall be short-circuited across valve terminals or
individual thyristor levels.


https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f

- 16 - IEC 61954:2021 © IEC 2021

For valves belonging to an MVU, all valves in the same structure shall be short-circuited and
connected together. The test voltage shall be applied between all the valves and earth.

See 4.

5.1.2

4.1.1 for other detailed requirements of the test object.

AC test

5.1.21 Objectives

See 4.2.2.2.

the te
voltag
betwe

5.1.2.

The t
durati

gintain Uigq for 1 min.

gintain Ug, for40-min, record the partial discharge level and then reduce the v

5.1.2.E—Femm
Uisq1 apd Ui, have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz, depend'Lng on

5t facilities. Uigq is chosen as the standard short-duration power-frequency wit
e according to IEC 60071-1:2019, Table 2, or by calculating an interpolated
en two consecutive levels from this table. Uiy, shall be calculated from)the followin

overshoot, appearing between any valve terminaltand earth;
is a test safety factor;

=1,2.

B Test procedures

pst consists of applying the specified test voltages Uiy and U, for the sp
bn between the two interconnecgted valve terminals and earth.

ise the voltage from 50 % Uys; to 100 % of Ug4 in approximately 10 s.

duce the voltage from 100 % Uigq to Uygo.

m Uigo to zerQ.

f)

peak value' of the periodic partial discharge recorded during the last minute of s

stand
value

g:

(3)

is the peak value of the maximum steady-state operating voltage, including extinction

pcified

oltage

tep d)
partial
have

with IEC 60270.

51.3 Lightning impulse test

5.1.3.1 Objectives

See 4.2.2.2.

5.1.3.2 Test values and waveshapes

A standard 1,2/50 us waveshape in accordance with IEC 60060 shall be used.

dance

The peak value of the test voltage shall be selected in accordance with the insulation co-
ordination of the SVC valve substation or selected from the standard lightning impulse
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withstand voltages according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an
interpolated value between two consecutive levels from these tables.

5.1.3.3 Test procedures
The test shall comprise three applications of positive-polarity and three applications of

negative-polarity lightning impulse voltages between the earth and the two valve terminals
connected.

5.2 Dielectric tests between valves (MVU only)

5.2.1 — General

For these tests, each thyristor valve shall be short-circuited across valve terminpls or
individqual thyristor levels.

The tests shall be repeated to verify the insulation between any two valves located |in the
same ptructure, unless the physical arrangement of the MVU makes it unnecessary.

See 4|4.1.1 for other detailed requirements of the test object.

5.2.2 AC test

5.2.2. Objectives
See 4|2.2.2.
5.2.2.2 Test values and waveshapes

Uis1 and U,go have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz dependjng on
the tept facilities. U4 is chosen as the standard short-duration power-frequency withstand
voltage according to IEC 60071-1:2019," Table 2, or by calculating an interpolated|value
betwepn two consecutive levels from this table. U, shall be calculated from the following
formula:

__s2 ms3 (4)
ts2 \/E
where
Ums3 | is the peak.value of the maximum steady-state operating voltage, including extinction
overshoaot, appearing between valves;
kgo is a-test safety factor;
ko =,2.
5.2.2.3 Test procedures

The test consists of applying the specified test voltages U4 and U, for the specified
duration between the valves.

a) Raise the voltage from 50 % to 100 % of U,g4 in approximately 10 s.

b) Maintain U4 for 1 min.

c) Reduce the voltage to Uigo.

d) Maintain Uig, for 10 min, record the partial discharge level and then reduce the voltage to
zero.

e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately, or alternatively 50 pC if they have not.
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f) The measurement of inception and extinction voltage shall be performed in accordance
with IEC 60270.

5.2.3 Lightning impulse test

5.2.3.1 Objectives

See 4.2.2.2.

5.2.3.2 Test values and waveshapes

A standard4-2/60ps-waveshape-shalbedvsedrr—m——————————

The p

pak value of the test voltage shall be determined in accordance with the insutati

ordingt
voltagls according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an interp

value

5.2.3.

The t
negati

5.3
5.3.1

between two consecutive levels from these tables.

B Test procedures

st shall comprise three applications of positive-polarity ,and three applicatic
ve-polarity lightning impulse voltages between valves.

Dielectric tests between valve terminals

General

For valves belonging to a multiple valve unit, these tests need only be performed ¢

valve.
or ind

See 4

5.3.2
5.3.2.

See 4

Each other valve in the same structure.'shall be short-circuited across valve ter
vidual thyristor levels and connected to.earth.

4.1.1 for detailed requirements fer'the test object.

AC test
Objectives

2.2.2.

5.3.2.2 Test.values and waveshapes

U1 @
the te

hd U, have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz depend
5t facilities.

bn CO-

ion of MVU or, alternatively, selected from the standard lightning impuise withstand

olated

ns of

n one
minals

ng on

The vat

N £ i+ ot vaoliaoo Ll dapnanda—an-th Baratectian—avwvatar. £t WP~ W] PN HP=Y
e OUTtCtC ST vVOUay T~ Uy T e P eTadsS Ut pTUtCThUTT Sy STeTT o thio—varve—aiTa—TS

equal

to the smallest of U, 11, Upq2 OF Uyyq3- Where neither Uy, 44 nor Uy, 1o can be determined, Uy, 43
shall be used.

Utv11
Utv12
Utv13

Utv11:

where

is determined by the VBO protective firing of the valve;
is determined by the protective action of the arresters;

is determined by the maximum temporary overvoltage that can occur.

Uyq2 @and Uy, 43 shall be evaluated as follows:

k . xU

_ _si1 1

Utv11 - \/5

(5)
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U, is the maximum instantaneous value of the valve terminal-to-terminal voltage that is
guaranteed not to initiate the VBO protective firing system, if fitted;

kgq1 is a test safety factor;
ksq4 =0,95.

U = ks12 XU (6)
tv12 ﬁ

where
U, s the protective voltage of the arrester, if fitted, connected across the valve terminals;

kg1o |s a test safety factor;
ks—]z = 1 ,1 .

_ ks XUy (7)

Utv13 - \/E

where

Uj s the peak value of maximum repetitive overvoltage, including extinction overshoot,
hcross the valve terminals for the most severe temporary overvoltage condition
specified;

ks13 |s a test safety factor;
ksq3 F 1,15.

NOTE |The prescribed test sometimes thermally overstresses‘'some valve components unrealistically. Where this
is the dase, subject to agreement between the purchaser and“the supplier, the 1 min AC voltage withstand test is
replacef by several shorter tests whose minimum duratiepn is determined from the maximum possible durption of
the specified overvoltage condition multiplied by 2, but 'with a total duration of not less than 1 min. More ¢nerous

test valpes for U, 4 are usually agreed between the purchaser and supplier.

The tgst voltage U, , shall be the smaller of U,,4 and Uy,o4:

k. xU
2 2
Utv21 : \/Emv (8)

where
Unvo | is the peak value of the maximum repetitive voltage, including extinction overshoot,

appearing, between valve terminals during the most severe steady-state opgrating

condition;
kgo is a test-safety factor;
kgo = NI5.
5.3.2.3 Test procedures

The test procedure consists of applying the specified test voltages, for the specified duration,
between the two valve terminals. One terminal of the valve may be earthed.

a) Raise the voltage from 50 % to 100 % of U,,¢ in approximately 10 s.

b) Maintain Uy, 4 for 1 min.

c) Reduce the voltage to Uy,,.

d) Maintain Uy, for 10 min, record the partial discharge level and reduce the voltage to zero.

e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively 50 pC if they have not.
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f) The measurement of inception and extinction voltage shall be performed in accordance

with IEC 60270.

If protective VBO firing is provided, it shall not operate during this test.

5.3.3 Switching impulse test
5.3.3.1 Objectives

See 4.2.2.3. An additional objective is to verify the electromagnetic interference insensitivity

of the valve (see Clause 7).

5.3.3. Test values and waveshapes

— Waveshape 1:

Use a 20/200 us waveshape, which approximates a typical extinction waveshape,
alternative approximation if supported by system studies.

— Waveshape 2:
Usle a standard 250/2 500 us waveshape.
a) Test1

This test is intended to verify that the protective firing system of the valve (if applica
the valve design) will not operate for voltage values up toythe test voltage.

The test voltage Uy, ¢ is determined as follows:

Utsv1 = ks < Upg (waveshapes 1 and 2)

or an

ble to

(9)

where

Upk is the value of surge voltage that the valve shall withstand without initiating
operation of the protectivediring system under service conditions;

kg is a test safety factor;

k = 1,05.

b) Test 2
Th[s. test is intendedyto verify the valve insulation and the proper operation

pf the
protective firing system' (if applicable to the valve design).
— | Valves protected by surge arresters:
The prospgctive test voltage Uy, is determined as follows:
Uy, =k *xU, _ (waveshapes 1 and 2) (10)
where
U.ns is the arrester protective level;
kg is a test safety factor;
k =1,1.

S

— Valves protected by VBO:
The prospective test voltage Uy, is determined as follows:

U =k xU o (waveshapes 1 and 2)

where

Uygo is the maximum VBO protective voltage level with redundant thyristor
operational;

k is a test safety factor;

S

(11)

levels
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k =1,1.

S

The upper and lower limits of the protective VBO firing threshold, with the redundant
thyristor levels operational, shall be stated by the manufacturer and a check made that the
observed voltage at firing lies between the two limits.

The test shall be repeated with the valve electronics initially de-energized.

NOTE In valve designs where the regular firing circuits are energized independently of the main power
circuit, this additional test is not applicable.

c) Test3
This test is intended to verify the valve insulation when neither arresters nor VBOs are
used
U, =k xU_ _ (waveshapes 1 and 2) (12)
where
Udns is the switching impulse prospective voltage according tofIEC 60071, |or as
determined by insulation coordination studies;
kg is a test safety factor;
kg =1,15.

The valve shall withstand the test voltage without switching or insulation breakdown.
5.3.3.3 Test procedures

For any of these tests, three applications of switchin@ impulse voltages of each polarity shall
be applied between the valve terminals, with one terminal earthed.

Insteald of reversing the polarity of the surgecgenerator, the test may be performed with one
polarify of the surge generator and reversing the valve terminals.

5.4 Operational tests
54.1 Periodic firing and extinction test
5.4.1. Objectives

The main objective of this test is to demonstrate the valve switching capability, at elevated
voltage and current, during periodic turn-on and turn-off operation. This test also verifies the
propef operation ©f-the dividing/damping network provided to ensure uniform vpltage
distribution.

If the valve“design allows continuous operation of individual protective firing (such as [VBO),
this tgst/shall be used to verify reliable operation of the protective firing circuit itself apd the
damping.circuit at the affected thyristor level.

5.4.1.2 Test values and waveshapes

The valve should be shown to withstand the combined voltage and current stresses resulting
from temporary overvoltage. Therefore, the test conditions shall correspond to the specified
worst-case, time-dependent system overvoltage (load cycle) for which the SVC shall remain in
service, taking into account the control and protection characteristics of the scheme. In
particular, it shall be demonstrated that the valve can block the highest voltage (including
extinction overshoot) combined with the maximum thyristor junction temperature given by the
load cycle.

The valve or valve sections shall be subjected to current and voltage waveshapes as close as
possible to those experienced by the valve during firing and extinction, for the most critical
operating conditions specified below. The time interval of principal interest for firing is the first
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10 to 20 us after firing while, for extinction, the interval of interest is between 0,2 ms before

and 1

ms after current zero at thyristor turn-off.

In particular, the following conditions shall be no less severe than in service:

- VO

Iltage magnitudes at turn-on and turn-off;

— the di/dt at turn-on and at least for 0,2 ms before current zero;

— the thyristor junction temperature.

The following factors shall also be considered:

— thd representalion of stray capacitance between valve terminals;

— Su

ficient magnitude and duration of the load current to achieve full area conduction

thyristor junction.

5.4.1.

B Test procedures

The tgsts shall be performed using suitable test circuits giving turn-on’.and turn-off st
equivalent to the appropriate service conditions, such as a power freguency source fee
reactgr in series with the valve section, or an appropriate synthetic test circuit.

All thg¢ auxiliary systems which may influence the behavidur® of the valve in the ope
conditjons specified below (e.g. forced firing) shall be in operation.

Ideally, the test would be performed by reproducing the specified time-dependent s

voltag

a) es

E. For practical reasons, a modified test procedure may be adopted as follows:

the¢rmal equilibrium is reached;

b) rai

se the source voltage to the highest value according to the overload characteristi

the highest value for which phase angle control is guaranteed. A test safety factor @

sh
c) ke

bll be applied;
bp the firing angle constadtsclose to 90° until the thyristor temperature has reach

mgximum temperature given by the specified temporary overvoltage cycle;

d) refurn to the steady-state'operating conditions.

The €

measyred and checked to ensure that it is less than the design value. If the valve
allowq for continuous operation of VBO protective firing of individual thyristor level

featur
one t

b shall _be)tested under steady-state conditions by disabling the normal firing sid
hyristor=for a period long enough to reach thermal equilibrium for the str

compgnents.

of the

esses
ding a

rating

ource

ablish maximum steady-state conditions.fér voltage and current and maintain them until

C or to
f1,05

ed the

xtinction overshoot, corresponding to the maximum step recovery voltage, shall be

jesign
5, this
nal to
essed

NOTE The temporary overload cycle for a TSR valve will be a current overload without voltage. In order for the
objectives of the test to be fulfilled, the steady-state operation immediately following the overload is usually a
blocked condition. This will demonstrate the ability of overheated thyristors to withstand the blocking voltage.

5.4.2

Minimum AC voltage test

54.21 Objectives

The purpose of this test is to verify proper operation of the firing system in the TCR valve at
the specified minimum AC voltage and specified operating conditions.

5.4.2.2 Test procedures, values and waveshapes

The test procedure shall be as follows:


https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f

IEC 61954:2021 © IEC 2021 - 23 -

a) apply the minimum temporary undervoltage for which the TCR shall remain controlled and
maintain it for a time which is at least equal to twice the specified duration of the
temporary undervoltage;

b) vary the control angle o between «a;, and o, ;

c) repeat item b) by reducing (continuously or in steps) the voltage to zero (or to the
intervention level of the protection), in order to demonstrate that this condition is not
harmful to the valve.

A test

NOTE

safety factor of 0,95 shall be applied.

Depending on the valve design sometimes it is necessary to return to the minimum steady-state
t S Y

alue of

the AC
5.4.3
5.4.3.

The mj
heat

materfals are subjected to excessive temperatures under different.steady-state ope

condit

5.4.3.

oltage after each undervoltage step in order to replenish the gate power supplies.
Temperature rise test
Objectives

ain purpose of this test is to demonstrate that the temperature rise<of the most
broducing components is within specified limits, to verify that no compone

ons and to demonstrate that the cooling provided is adequate:

p Test procedures

The v

than those occurring in service under specified opefating conditions, for the most str
cooling conditions. The test shall be continued forn30 min after thermal equilibrium has

reach

More
compd

In the
betwe
level 1

NOTE

determi
the div
estimat

6 T

6.1

Ive shall be subjected to voltages and currents that.result in losses that are 5 % ¢

d.

than one test may be required in order to determine the temperature rise of

critical
hts or
rating

reater
ingent
been

some

nents whose maximum thermal loadings can occur under different operating condjtions.

event when the current conduction capacity of the interconnection links (bu

sbars)

en the antiparallel thyristorstis a concern, the test shall be repeated with one thyristor

hort circuited, for example by substituting a thyristor by a metal dummy.

Where the temperaturenof the critical part of the heat-producing components cannot practig
hed by measurement;for example the junction temperature of the thyristors or the element temper
ding/damping resistors, a measurement at an appropriate point from which this temperature
bd is used.

ype tests on TSC valves

Dielectric tests between valve terminals and earth

ally be
hture of
can be

6.1.1

General

For these tests, each thyristor valve shall be short-circuited across valve terminals or
individual thyristor levels.

For valves belonging to a multiple valve unit (MVU), all valves in the same structure shall be
short-circuited and connected. The test voltage shall be applied between all the valves and

earth.

See 4.4.1.1 for other detailed requirements of the test object.
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6.1.2 AC-DC test

6.1.2.1 Objectives
See 4.2.2.2.
6.1.2.2 Test values and waveshapes

a) Test voltage Uigq, 1 min

U1 consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, depending on
the test facilities) with r.m.s. value U,;4 superimposed on a DC level Uy;¢. Uiyeq and
Uiges—shall be calculated from the following:

Uy =k kg (13)

- 14
Utdc‘l _ks1 ><kd ><Udcm1 ( )

where

Ugkm1 is the maximum DC voltage remaining across the capacitor bank after any fast-
acting discharge devices, e.g. arresters (decay time-constant less than 100 ms)
have ceased conducting after blocking of (the” valve following a dystem
disturbance;

is the peak value of the maximum predicted\long duration overvoltage (exduding

il the DC component) that can appear between any valve terminal and earth;
kg1 is a test safety factor;
kg1 =1,3;
kqy is the site air density correction factor (see 4.4.1.2).

b) Test voltage U;gy, 10 min

Ui, has a sinusoidal waveshapée with a frequency of 50 Hz or 60 Hz, depending ¢n the
tegt facilities (see 4.2.2). The rim.s. value of U, shall be calculated from the following:

where
Ugko is\the peak value of the maximum steady-state operating voltage that can
appear between any valve terminal and earth;
ke is a test safety factor;
ke =1,15.
6.1.2.3 Test procedures

The test consists of applying the specified test voltages Uig4y and U, for the specified
durations between the two interconnected valve terminals and earth.

a) Raise the voltage from 50 % to 100 % of U,g4 in approximately 10 s.

b) Maintain U4 for 1 min.

c) Reduce the voltage to Uig,.

d) Maintain Ui, for 10 min, record the partial discharge level and then reduce the voltage to
zero.

e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively 50 pC if they have not.
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f) The measurement of inception and extinction voltage shall be performed according to
IEC 60270 for AC tests.

6.1.2.4 Alternative tests

The composite AC-DC test may be replaced by an AC test and a DC test performed
separately.

a) AC test

The test consists of applying the specified test voltages Uyq(4¢) and Uiy 4 for the specified
duration between the two interconnected valve terminals and earth. Uiy a0y and Upp(acy
have sinusoidal waveshapes with a frequency of 50 Hz or 60 Hz, depending on the test

fag

Sele 6.1.2.2 for definitions.

6)

b) DC

Th
be

ilities.

Ut1(ac) - ks1 ><kd ><(Uac1 +Udcm1)/\/5

Ut2(ac) = kg2 xUge2 /2

Raise the voltage from 50 % to 100 % of Uy (sc) in approximately 10 s.
Maintain Uy, for 1 min.
Reduce the voltage to Uiy,

Maintain Uiy (4cy for 10 min, record the partial_discharge level and then redu
voltage to zero.

The peak value of the periodic partial discharge recorded during the last minute ¢
4) shall be less than 200 pC, provided; that the components which are sensi
partial discharge in the valve have bgéen separately tested, or alternatively, 50
they have not.

The measurement of inception and’extinction voltage shall be performed in accor
with IEC 60270.

L test

ke test consists of applying-the specified DC test voltage Ut1(de) for the specified du
fween the two interconnected valve terminals and earth.

U2
1 2
Uti(ac) = Ks1* kg ( \723 ] +Udemt

1)
2)
3)

6.1.3

e 6.1.2.2 for definitions.

(16)

(17)

te the

f step
ive to
pC if

dance

ration

(18)

Maintain Uty gy for 1 min.
Reduce the voltage to zero.

Lightning impulse test

6.1.3.1 Objectives

See 4

2.2.2.

6.1.3.2 Test values and waveshapes

A standard 1,2/50 ys waveshape in accordance with IEC 60060 shall be used.
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The peak value of the test voltage shall be selected in accordance with the insulation co-
ordination of the SVC valve substation or selected from the standard lightning impulse
withstand voltages according to IEC 60071-1:2019, Table 2 or Table 3. When the latter is
adopted, the transformer secondary side (valve side) highest voltage, instead of the highest
voltage on the valve, shall be used to select the corresponding lightning impulse test voltage.
Alternatively, an interpolated value between two consecutive values from the tables
mentioned above can be used as test voltage.

6.1.3.3 Test procedures

The test shall comprise three applications of positive-polarity and three applications of
negative-polarity lightning impulse voltages between earth and the two valve terminals
connefted together.

6.2 Dielectric tests between valves (for MVU only)
6.2.1 General

For these tests, each thyristor valve shall be short-circuited across) valve terminpls or
indiviqual thyristor levels.

The tgsts shall be repeated to verify the insulation between any two valves located |in the
same ktructure, unless the physical arrangement of the MVU. makes it unnecessary.

See 4(4.1.1 for other detailed requirements of the test gbject.

6.2.2 AC-DC test

6.2.2. Objectives
See 4]|2.2.2.
6.2.2.2 Test values and waveshapes

a) Test voltage Uy,¢, 1 min

Uy consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, dependjng on
the test facilities) with,r.m.s. value U,;4 superimposed on a DC level U,y;¢. Uiydq and
Uiycq shall be calcutated from the following:

U (19)
U, =k, xk,xYe
tacl sl x d X AE
Utgor =K1 <k 2 U gomq %K ye (20)

Ugem1 is the maximum DC voltage remaining across the capacitor bank after any fast-
acting discharge devices e.g. arresters (decay time constant less than 100 ms)
have ceased conducting after blocking of the valve following a system
disturbance;

Ugaet is the peak value of the maximum predicted long duration overvoltage (excluding
the DC component) that can appear between adjacent valve terminals;

kg1 is a test safety factor;

kg1 =1,3;

kqg is the site air density correction factor (see 4.4.1.2);

kye = 2. An alternative value, e.g. 1, may be used if the supplier can demonstrate to

the satisfaction of the purchaser that this figure is applicable to the MVU design.


https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f

IEC 61954:2021 © IEC 2021 - 27 -

b)

Test voltage Uy, 5, 10 min

U,yyo has a sinusoidal waveshape with a frequency of 50 Hz or 60 Hz, depending on the
test facilities (see 4.2.2). The r.m.s. value of U,,,, shall be calculated from the following:

U
Uy =k X /ﬁ (21)

where
Uaeo is the peak value of the maximum steady-state operating voltage that can appear
between adjacent valve terminal and earth;
kg3 is a fest safety factor;
ke =1,15.
6.2.2.3 Test procedures

The tg¢st consists of applying the specified test voltages U1 and U,,,for the specified
duratipn between the valves. The test voltage Ui,.q or Ui,.o may be-applied betwegn the
terminals (short-circuited together) and earth of one valve and the DE)voltage U;y.1 Of Uigeo
betwepn the terminals (all short-circuited together) of all remaining, valves and earth.|Other

arrangements for combining the AC and DC voltages are also poSsible.

a)
b)
c)
d)

e)

f)

6.2.2. Alternative tests

Rgise the voltage from 50 % to 100 % of U,g¢ in approximately 10 s.
Mgintain Uy,,4 for 1 min.
Reduce the voltage to U,,,.».

M3gintain U,,» for 10 min, record the partial discharge level and then reduce the voltage to
zefo.

Thie peak value of the periodic partial discharge recorded during the last minute of gtep d)
shall be less than 200 pC, provided that the components which are sensitive to partial
didcharge in the MVU have been separately tested, or alternatively 50 pC if they havg not.

Thee measurement of inception,and extinction voltage shall be performed according to
IEC 60270 for AC tests.

The domposite AC-DC stest may be replaced by an AC test and a DC test perfprmed

separately.

a)

AC test

The test consists of applying the specified test voltages Uyq(4c) and Uy 4y for the specified
duration<between the two valves. Uy () and Upp(,c) have sinusoidal waveshapes with a
frequency of 50 Hz or 60 Hz, depending on the test facilities.

U k1><kd><(UaC

t1(ac) s +kdc xU

)/A2 (22)

1 dcm1

Ut2(ac) = kso x UaCZ/\/E (23)

See 6.2.2.2 for definitions.
1) Raise the voltage from 50 % to 100 % of Ut1(ac) in approximately 10 s.
) Maintain Uy ac) for 1 min.
3) Reduce the voltage to Uy ).
)

Maintain Uiy (,cy for 10 min, record the partial discharge level and then reduce the
voltage to zero.


https://iecnorm.com/api/?name=4882aa1babb98b5f405bade18efb799f

- 28 — IEC 61954:2021 © IEC 2021

5) The peak value of the periodic partial discharge recorded during the last minute of step
4) shall be less than 200 pC, provided that the components which are sensitive to

partial discharge in the MVU have been separately tested, or alternatively 50 pC
have not.

if they

6) The measurement of inception and extinction voltage shall be performed in accordance

with [EC 60270.

b) DC test
The test consists of applying the specified DC test voltage Ut1(de) for the specified duration

be

tween the two interconnected valve terminals and earth.

2

T

N —

)
)
3)
6.2.3

6.2.3.

See 4

6.2.3.

A stan

The p
ordin
voltag
value

6.2.3.

The t
negati

6.3

|
U =k xk E +k, xU )2
ti(de) ~ "s1” d \/E dc dem1

SeE 6.2.2.2 for definitions.
h

test shall be repeated for both polarities of the DC component.

Raise the voltage from 50 % to 100 % of Uy (qyc) in approximately,40 s.
Maintain Uty gy for 1 min.

Reduce the voltage to zero.

Lightning impulse test
Objectives

22.2.

p Test values and waveshapes

dard 1,2/50 ys waveshape in accotdance with IEC 60060 shall be used.

bak value of the test voltage 'shall be determined in accordance with the insulati

s according to IEC 60071-1:2019, Table 2 or Table 3, or by calculating an interp
between two consecutive levels from these tables.

B Test procedures

bst shall comprise three applications of positive polarity and three applicatic
ve polaritydlightning impulse voltages between the valves.

Dielectric tests between valve terminals

6.3.1

(24)

bNn CO-

tion of MVU or, alternatively, selected from the standard lightning impulse withstand

olated

ns of

—_Generat

For valves belonging to a multiple valve unit, these tests need only be performed on one
valve. Each other valve in the same structure shall be short-circuited across valve terminals

or indi

vidual thyristor levels and connected to earth.

See 4.4.1.1 for other detailed requirements of the test object.

6.3.2

AC-DC test

6.3.2.1 Objectives

See 4.2.2.3.
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6.3.2.2 Test values and waveshapes

a)

b)

Test voltage Uy, ¢, 1 min

U,,¢ consists of a sinusoidal AC voltage (at a frequency of 50 Hz or 60 Hz, depending on
the test facilities) with r.m.s. value U,,;, superimposed on a DC level Uiy.1. Uigeq and
Uiqcq shall be calculated from the following:

Utacl :ksl XU%E (25)

Uidor = %612V gomn (26)

where

Udkem1 is the maximum DC voltage remaining across the capacitor bank after any fast-
acting discharge devices e.g. arresters (decay time constant less than 100 ms)
have ceased conducting after blocking of the valve following a dgystem
disturbance;

Uk is the peak value of the long duration overvoltage- (excluding the DC
component) that can appear across the valve;

kg1 is a test safety factor;

k1 = 1,1 if the voltage is limited by a surge arrester;

k1 = 1,15 if no arrester is fitted.

Test voltage Uy, 10 min

Uy, has a sinusoidal waveshape with a frequency of 50 Hz or 60 Hz, depending pn the
tegt facilities (see 4.2.1). The r.m.s. value of ¥y, shall be calculated from the following:

Utv2 szZ XUa%E (27)

where
Ugko is the peak value‘of the maximum steady-state operating voltage that can
appear between'valve terminals;
ks is a test safety factor;
ks =1,15.
6.3.2.3 Test procedures

The test consists of applying the specified test voltages U4 and U, for the specified

duratipn between the two valve terminals. One terminal of the valve may be earthed.

a) R4gisgithe voltage from 50 % to 100 % U, ¢ in approximately 10 s.

b) Maintain U4 for 1 min.

c) Reduce the voltage to Uy,,.

d) Maintain U, for 10 min, record the partial discharge level and then reduce the voltage to
zero.

e) The peak value of the periodic partial discharge recorded during the last minute of step d)
shall be less than 200 pC, provided that the components which are sensitive to partial
discharge in the valve have been separately tested, or alternatively 50 pC if they have not.

f) The measurement of inception and extinction voltage shall be performed according to
IEC 60270 for AC tests.

6.3.2.4 Alternative tests

The composite AC-DC test may be replaced by an AC test and a DC test performed
separately.
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AC test

The test consists of applying the specified test voltages Uyy(,c) and Uy, for the specified
duration between the two valve terminals. Uy yc) @and Upy(4c) have sinusoidal waveshapes
with a frequency of 50 Hz or 60 Hz, depending on the test facilities.

Uy =k (U +U, )/ (28)

t1(ac) act dem1

Ut2(ac) = ks2 xUgc2 /2 (29)

See 6.3.2.2 for definitions.
1)| Raise the voltage from 50 % to 100 % of Uiy, in approximately 10 s.

)| Maintain Uiq(4c) for 1 min.
3)[ Reduce the voltage to Uiy(4¢).
)

Maintain Uiy (4cy for 10 min, record the partial discharge level and‘then reduge the
voltage to zero.

5)| The peak value of the periodic partial discharge recorded duringithe last minute of step
4) shall be less than 200 pC, provided that the componenis: which are sensifive to
partial discharge in the valve have been separately tested, or alternatively 50 pC if
they have not.

6)| The measurement of inception and extinction voltage-shall be performed in accondance
with I[EC 60270.

NOTE The prescribed test sometimes thermally overstresses some valve components unrealistically] Where
thig is the case, subject to agreement between the purchaser and the supplier, the 1 min AC voltage withstand
tes} is usually replaced by several shorter tests whose\minimum duration is determined from the mpximum
pogsible duration of the specified overvoltage condition"multiplied by 2, but with a total duration of fot less
thap 1 min.

D(C test

Thie test consists of applying the specified DC test voltage Ut1(de) for the specified dyration
befween the two interconnected valve terminals and earth.

2
U
Ut1(dc) _ks1\/( \7; j + U g (30)

SeE 6.3.2.2 for definitions.
h

Thee test shall be.repeated for both polarities of the DC component.

—_

Raise thedvoltage from 50 % to 100 % of Uy (qyc) in approximately 10 s.

N

)
)| Maintain Uy gc) for 1 min.
)

3)| Reduce the voltage to zero.

6.3.3 Switching impulse test

6.3.3.1 Objectives

See 4.2.2.3.

The main objective of this test is to verify the withstand of the valve including the non-
operation of VBO protective firing circuits, if fitted. This test checks for correct coordination
between the arrester protective level and the valve protective firing threshold. An additional
objective is to verify the electromagnetic interference insensitivity of the valve (see Clause 7).

6.3.3.2 Test values and waveshapes

Waveshape 1
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Use a 20/200 us waveshape, which approximates a typical extinction waveshape, or an
alternative approximation if supported by system studies.

— Waveshape 2
A standard 250/2 500 us waveshape shall be used.
a) Valves protected by surge arresters

The test voltage shall be calculated from the following formula:

U, =k xU___ (waveshapes 1 and 2) (31)
where
Uchns is the arrester protective level for switching impulses;
kg is a safety factor;
kg =1,1.
b) Vallves not protected by surge arresters
Tl test voltage shall be calculated from the following formula:

U, =ks*xU___ (waveshapes 1 and 2) (32)

tsv

where

Udns is the switching impulse prospective voltagevaccording to IEC 60071, |or as
determined by insulation coordination studies;

is a safety factor;
kg =1,15.
The valve shall withstand the test without.switching or insulation breakdown.

ks

6.3.3.3 Test procedures

Three|applications of each polarity of a switching impulse voltage of the specified amplitude
and wpveshape shall be applied between the valve terminals, one of which may be earthed.

Insteald of reversing the polarity of the surge generator, the test may be performed with one
polarify of the surge generator and reversing the valve terminals.

NOTE |[Protective firing, if fitted, does not operate during the test.
6.4 Operational tests
6.4.1 Overcurrent tests

6.4.1. General

The main objective of these tests is to demonstrate the proper design of the valve during
overcurrent conditions, caused by valve firing at instants with non-zero voltage between its
terminals.

The overcurrent tests may be carried out using an oscillatory circuit, which consists of a
reactor and capacitor fed from a fundamental frequency power source, or by an appropriate
synthetic test circuit.

6.4.1.2 Overcurrent with subsequent blocking
6.4.1.2.1 Objectives

The objective of the test is to demonstrate the correct design of the valve with regard to
voltage stress at elevated thyristor junction temperatures produced by the overcurrent. Both
forward and reverse reapplied voltage need to be demonstrated.
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6.4.1.2.2 Test values and waveshapes

The most important parameters to be reproduced are the magnitude and timing of the
reapplied voltage (forward and reverse), and the corresponding thyristor temperature.
Adequate representation of di/dt and step recovery voltage is also important.

The circuit diagram of one TSC branch is shown in Figure 1.

The test current waveshape shall comprise one or two pulses having a current of peak value
at least equal to the highest value of overcurrent after which blocking is permitted. The worst
case of overcurrent and corresponding reapplied voltage (step and peak value), considering
firing rstart—anrd—Aumber—ofpulses—shall-be—determined—frem—system—studies—using the

follow|ng sequence of events:

a) the valve shall be blocked at the highest system voltage permitted by the SVC<contrpl and
protective systems;

b) the valve shall be fired with the system voltage as indicated above, Wwjth the capacitors
charged. It shall be fired shortly before the voltage between itspderminals is |at its
maximum. Where a protective system is installed to prevent firingrat high-voltage levels,
the firing shall occur at the limit set by the protection. This valve.firing shall determihe the
cufrent peak;
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Figure 1 — TSC branch

valve shall be blocked at its first current zero_€rossing in order to define the
ximum reverse voltage stress (Figure 2). The stép/)voltage shall be defined directl

valve
y after
t. The

valve blocking, and it shall not include the valve current extinction overshoo
bk voltage shall be defined at the largest subsequent voltage peak within a funda
quency cycle;

ximum forward voltage stress (Figure*3). The step voltage shall be defined directl

quency cycle.

equency of the test curfrent should approximate to the resonant frequency of th
ircuit.

If a durge arrester js\.used to limit the valve voltage, then a special arrester, pro

accorgq

6.4.1.
The tqg

ing to the number of thyristor levels under test, may be included in the test circuit

.3 Test procedure

st/should be performed such that both directions of conduction of thyristor strin

tested|

ental

valve shall be blocked at its second Gurrent zero crossing in order to define thel valve

after

valve blocking, and it shall not\include the valve current extinction overshoof. The
bk voltage shall be defined at the largest subsequent voltage peak within a fundamental

e real

-rated

s are

a) Preheat the valve (or valve section) to a condition which represents the maximum steady-
state temperature.

b) Subject the valve (or valve section) to the worst overcurrent and associated reapplied
voltage determined by 6.4.1.2.2.

NOTE

The test comprises one or two loops or both, provided the test objectives are met.
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1 Normal operation
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3  Valve fired

Voltage of charged capacitor C

=
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¢ Conduction angle of thyristor string th2

Figure 2 — One-loop overcurrent

6.4.1.3 Overcurrent.without blocking
6.4.1.3.1 Objectives

The opjective of.this test is to demonstrate the correct design of the valve with regard|to the
heating effect,and electromagnetic forces imposed by the most onerous overcurrent to|which
the valve can\be subjected in service.

6.4.1.3:2 Test values and waveshapes

The test current waveshape shall be a damped sinusoidal current oscillation, or a suitable
alternative representation which gives a peak current, total /2: and peak thyristor junction
temperature not less than in service.

The frequency of the test current should approximate to the resonant frequency of the real
TSC circuit.

6.4.1.3.3 Test procedure

a) Preheat the valve (or valve section) to a condition which represents the maximum steady
state temperature.

b) Subject the valve (or valve section) to the overcurrent.
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u__ Voltage of charged capacitor C

¢ Conduction angle of thyristor string.th2

Figure-3 — Two-loop overcurrent

Minimum AC voltage test
Objectives

rpose of this test is to verify proper operation of the firing system in the TSC va
ed minimum-AC voltage and specified operating conditions.

p Test procedures, values and waveshapes

st'procedure shall be as follows:

lve at

a) apply the minimum temporary undervoltage for which the TSC shall remain controlled and
maintain the valve in the conducting state for a time which is at least equal to twice the

sp

ecified duration of the temporary undervoltage;

b) repeat item a) by reducing (continuously or in steps) the voltage to zero (or to the
intervention level of the protection), in order to demonstrate that this condition is not

ha

rmful to the valve.

NOTE Depending on the valve design, it is usually necessary after each undervoltage step to return to the
minimum steady-state value of the AC voltage in order to replenish the gate power supplies.

A test

safety factor of 0,95 shall be applied.
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6.4.3 Temperature rise test
6.4.3.1 Objectives

The main purpose of this test is to demonstrate that the temperature rise of the most critical
heat producing components is within specified limits, to verify that no components or
materials are subjected to excessive temperatures under different steady-state operating
conditions and to verify that the cooling is adequate.

6.4.3.2 Test procedures

The valve shall be subjected to voltages and currents that result in losses that are 5 % greater
than %ose occurring In service under specified operating conditions, for the most stringent

cooling conditions. The test shall be continued for 30 min after thermal equilibrium_hag been

reached.

More than one test may be required in order to determine the temperature rise 6f components
whosg maximum thermal loading can occur under different operating conditions.

In thg event that the current conduction capacity of the interconnection links (bugbars)
betwepn the antiparallel thyristors is a concern, the test shall be repeated with one thyristor
level ghort circuited, for example by substituting a thyristor by a metal dummy.

NOTE |Where the temperature of the critical part of the heat-producing components cannot practiqally be
determined by measurement, for example the junction temperature_of/the thyristors or the element temperature of
the damping resistors, a measurement at an appropriate point from) which this temperature can be estimated is
used.

7 Electromagnetic interference tests

71 Objectives

The objective of these tests is to demonstrate the insensitivity of the valve to electromagnetic
emiss|on imposed by external events:or by the switching of other closely located valves.

The tgsts shall demonstrate that, as a result of electromagnetic emission:

— splrious triggering ofithyristors does not occur;

— falpe indication of thyristor level faults or erroneous signals sent to the SVC contrpl and
protection system.do not occur.

NOTE |For this document, tests to demonstrate valve insensitivity to electromagnetic disturbance apply only to the
thyristof valve and-that part of the signal transmission system that connects the valve to earth. Demonstrption of
the ins@nsitiyitysto electromagnetic disturbance of equipment located at earth potential, and characterizatioh of the
valve a$ a/source of electromagnetic disturbance for other equipment, are not within the scope of this document.

7.2 Test procedures
7.21 General

Insensitivity to electromagnetic interference is verified by monitoring the valve during the
switching impulse and non-periodic firing tests. In the first case, the valve which is subjected
to the switching impulse is also monitored for electromagnetic interference insensitivity. In the
second case, an additional test valve shall be positioned adjacent to the valve being
subjected to the non-periodic firing test. This additional test object shall be monitored for
electromagnetic interference.

The geometric arrangements of the test valves shall be as in service.
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7.2.2

Switching impulse test

The test is performed as a part of the TCR/TSR and TSC type tests (5.3.3 and 6.3.3,
respectively).

The electronics of the valve under test shall be energized.

Those parts of the valve base electronics that are necessary for the proper exchange of
information with the test valve shall be included.

The criteria for test acceptance are that no spurious valve firing or false indication from the

valve r—rl—rﬁ*rrt—l—rrwm—ﬁ—ro control or protection sysiem occur. The criteria apply 10 bo € valve under 1e
the adjacent valve where fitted.

7.2.3

The t
respe

Non-periodic firing test

bst is performed as a part of the TCR/TSR and TSC optional tests (9.3 and
tively).

The electronics of the valve under test shall be energized.

Those|

information with the test valve shall be included.

The t
voltag

£) across its terminals. The tests shall be petformed close to the peak of the v

and ryn at both polarities of the voltage.

NOTE

In many cases the non-periodic firing test objectives can be fulfilled by other tests, e.g. for the TCH

switching impulse test with VBO firing, and for the TS€ by the overcurrent tests.

The ¢
valve

riteria for test acceptance are that no spurious valve firing or false indication frg
o control or protection systemioccur. These criteria apply to both the test object a

adjacent valve.

8 P

8.1

The s
descri

8.2

roduction tests

General

ption of the test procedures to meet the test objectives.

st and

10.2,

parts of the valve base electronics that are necessary for the proper exchamge of

est object shall have operational fundamentalvfrequency voltage (nominal gervice

oltage

by the

m the
nd the

pecified tests define the minimum testing required. The supplier shall provide a d¢tailed

Visual inspection

Test objective:

a) to
b) to
c) to

8.3

check that all materials and components are undamaged and correctly installed;
check data of components installed;
check air clearances and creepage distances within the valve.

Connection check

Test objective:

a) to
b) to
c) to

check that all the main current-carrying connections have been made correctly;
check the clamping force of thyristors;
check the point to point wiring.
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8.4 Voltage-dividing/damping circuit check

Test objective: check the dividing/damping circuit parameters (resistance and capacitance)
and thereby ensure that voltage sharing between series-connected thyristors will be correct.

8.5 Voltage withstand check

Test objective: check that the thyristor levels can withstand the voltage corresponding to the
maximum value specified for the valve.

8.6 Check of auxiliaries

Test dbjective: check that the auxiliaries (such as monitoring and protection circuits)\af each
thyristor level and those common to the complete valve (or valve section) function corregtly.

8.7 Firing check

Test gbjective: check that the thyristors in each thyristor level turn on correctly in respopse to
firing $ignals.

8.8 Cooling system pressure test
Test gbjective:

a) chgck that there are no leaks;
b) chgck for adequate flow, both in the valve as a whole"and in all sub-circuits;
c) chgeck the differential pressure.

8.9 Partial discharge tests

To démonstrate correct manufacture,othe purchaser and supplier shall agree |which
compaonents and subassemblies are crifical to the design, and appropriate partial disgharge
tests ghall be performed.

9 Optional tests on TCR.and TSR valves

9.1 Overcurrent test
9.1.1 Overcurrent with subsequent blocking

9.1.1. Objectives

This test-verifies the capability of the valve to withstand overcurrent with subsequent blpcking
at thyTistor temperatures equal to the maximum value allowed by valve control or protéction.
The test considers the condition of DC frapped current where the overcurrentis terminated by
blocking at high di/dt.

NOTE In many cases the objectives of this test can be satisfied by the periodic firing and extinction test (5.4.1), in
which case this test is omitted.

9.1.1.2 Test values and waveshapes

The valve shall be subjected to a reapplied voltage which approximates to the extinction
waveshape experienced in service. The reapplied voltage may be produced either by a
separate impulse generator or by the test circuit itself.

Waveshape 1: use a 20/200 uys waveshape, which approximates a typical extinction
waveshape, or an alternative approximation if supported by system studies.
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Uy, =k xU___ (waveshape 1) (33)

where

is the minimum valve protective level defined by the surge arrester or VBO, or the
guaranteed withstand level of the valve where no overvoltage protection is provided;

cms

is a test factor;
=0,9.

9.1.1.3 Test procedures

a) Esfablish a maximum steady-state condition for current and maintain it until \thermal
eqpilibrium at steady-state junction temperature is reached.

b) Subject the valve to an appropriate test current to raise the junction temperature [to the
mgximum allowed by valve control and protection.

c) Blgck the valve at a representative di/dt.
d) Subject the valve to the reverse extinction overshoot voltage.

9.1.2 Overcurrent without blocking
9.1.2. Objectives

Fault [conditions are assumed where the valve currenfiexceeds the design limit. This test
verifiels the capability of the valve to withstand overeurrent without blocking until the $VC is
tripped.

9.1.2.2 Test values and waveshapes

The tgst current shall have a peak value.and a heating effect corresponding to the spécified
worst-{case time-dependent overvoltageyuch that both directions of conduction are tested.
The tgst duration shall be based on the SVC protection system.

9.1.2.3 Test procedures

The tgst circuit may be a power frequency current source with the test object and a reaftor in
series) or a suitable alternative circuit. No voltage need be applied to the valve at the gnd of
the tesgt.

a) Preheat the valve or valve section so that the thyristor junctions reach the maximum
stgady-state Qperating temperature.

b) Subject.the valve to the current waveshape specified.

9.2 L[ Positivevoltagetransient during recovery test
9.2.1 Objectives

It shall be demonstrated that the valve will not be damaged if a positive switching voltage
impulse occurs at any instant after current extinction.

NOTE Where protection external to the valve is provided in order to permit the valve to withstand such an event,
this protection is included in the test.

9.2.2 Test values and waveshapes

Waveshape 1: use a 20/200 us waveshape, which approximates a typical extinction
waveshape, or an alternative approximation if supported by system studies.

Uiy = kg xUgms (Waveshape 1) (34)
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is the minimum valve protective level defined by the surge arrester or VBO,

or the

guaranteed withstand level of the valve where no overvoltage protection is provided;

is a test factor;
=0,9.

This impulse voltage will change the polarity of the valve voltage after current extinction into a
polarity which forward biases the thyristors which have just ceased conduction.

For test performed on a valve section, the amplitude Ui, shall be scaled proportionally in
accorganee-with-4-4-3-2

9.2.3

Test procedures

a) Cqrry an appropriate current through the valve such that the thyristorjunction i

sp
b) BI
c) S

The in
of the

The tqg

9.3
9.3.1

The o
assoc

fead and di/dt at turn off is correct.
ck the valve at maximum steady-state junction temperature.

bmit the valve or the valve section to the prospective voltage impulses specified a

hpulse voltages shall be applied in not less than five time'steps between the ext
current and a full recovery of the valve.

st shall be performed for both directions of condustion of the valve.

Non-periodic firing test
Objectives

bjective of the non-periodic firing testiis to check the adequacy of the thyristors a

periodic conditions. An additional ebjective is to verify the electromagnetic interfe

inseng

NOTE
impuls¢g

9.3.2

The tqg

itivity of the valve (see Clause-7).

In many cases the objectives of this test can be satisfied by the valve terminal to terminal s
test (5.3.3), in which caserthis test is usually omitted.

Test values(and waveshapes

st shall be performed on a complete valve at room temperature.

The test circuit’shall apply a switching impulse voltage to the valve and the valve sh

trigge

ed into conduction at the peak of the impulse. The main task of the test circuif

firing

5 fully

bove.

nction

nd the

ated electrical circuits with regard\fo current and voltage stresses at turn-on undgr non-

trence

vitching

all be
, after
t time

pfithe valve, is to reproduce the correct valve current at turn-on. The importan

frame
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The surge generator shall be selected for its representative source impedance, in order to
reproduce a turn-on current pulse at least as severe as the discharge of circuit stray
capacitances as in service.

The turn-on stresses and the test circuit required depend on the method chosen for protecting

the va

Ives against transient overvoltages.

Waveshape 2: a standard 250/2 500 us waveshape shall be used.

a) Valve protected by surge arrester

Th

e prospective test voltage Uy, is determined as follows:
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b)

Uy =k, xU (waveshape 2) (35)
where
Uems is the arrester protective level,
kg is a test safety factor;
ke =1,0.

The impedance of the impulse generator shall be selected to reproduce not only the turn-
on current arising from the discharge of circuit stray capacitance but also that arising from
commutation of the surge arrester current.

Tu o-mathode for achiovina thic ara an~antahla -
WO tro ST o—a Crm ey g—trhroar oot ptaoTes

1)| parallel capacitor method: in this method, a capacitor is connected in parallel"w|th the
test valve, whose value will result in a current discharge at least as/sévgre as
predicted for commutation of arrester current. The valve is triggered ,into conduction
when the voltage reaches Uig,»

2)| surge arrester method: in this method, a surge arrester is connected between thg valve
terminals and the test voltage is applied from behind an inductance representative of
the TCR reactor. When the current in the arrester reaches ithe prescribed level, the
valve is triggered into conduction.

Due to limitations in the practical size of impulse generators;, the surge arrester method is
suftable only for valves of low-voltage rating.

W:l:ere protection against valve firing during instahts” with current in the arregter is
provided, commutation of arrester current does not have to be considered. Therefore, the

tegt level Uy

Vtve protected by VBO
Th

may be reduced to the maximum, arrester non conduction voltage.

prospective test voltage Uy, , is determiried as follows:

Uyvn =k 59 o (waveshape 2) (36)

where

Uyro is the minimum VBO protective voltage level;
kg is a test safety\factor;

kg =0,95.

If if can be shown-that triggering by VBO action is equivalent to normal firing, then the test
cah be omitted, as the test objective is already demonstrated in the valve terminal to
terminal switehing impulse test (see 5.3.3).

c) V3glve with no protection provided
Uyp =k U, _ (waveshape 2) (37)
where
Ucms is the switching impulse prospective voltage level according to
IEC 60071-1:2019, Table 2 and Table 3, or as determined by insulation
coordination studies;
kg is a test safety factor;
kg = 1,15.
9.3.3 Test procedures

One terminal of the valve may be earthed.

Apply three shots of the switching impulse voltage. The valve shall be triggered into
conduction at the peak of the switching impulse voltages. Repeat for the reverse polarity
(alternatively, reverse the terminals of the valve).
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10 Optional tests on TSC valves

10.1 Positive voltage transient during recovery test
10.1.1 Test objective

It shall be demonstrated that the valve will not be damaged if a positive switching impulse
voltage occurs at any instant after current extinction.

NOTE Where protection external to the valve is provided in order to permit the valve to withstand such an event,
this protection is included in the test.

10.1.2 Test values and waveshapes

Waveshape 1: use a 20/200 us waveshape which approximates a typical extinction
waveghape, or an alternative approximation, if supported by system studies.

The prospective test voltage Uy, shall be calculated from the following formula:

Uisy = ks xUcms (Waveshape 1) (38)
where
Uems | 1S the minimum valve switching impulse protective level defined by surge arrester, or
the guaranteed withstand level of the valve-~where no overvoltage protecfion is
provided;
kg is a test factor;
k =0,9.

This impulse voltage will change the polarity of the valve voltage after current extinctign into
that which forward biases the thyristors’;which have just ceased conduction. For the test
performed on a valve section, the amptitude Uy, shall be scaled proportionally in accorndance
with 414.3.2.

10.1.3 Test procedures

a) Cdrry an appropriate.¢current through the valve such that the thyristor junction is fully
spfead and di/dt at(turn off is correct.

b) Block the valvetat maximum steady-state junction temperature.
c) Submit the valve or the valve section to the voltage impulses specified above.

The impulséwvoltage shall be applied in not less than five time steps between the extincfion of
the cur’rent and a full recovery of the valve.

The test shall be performed for both directions of conduction of the valve.

10.2 Non-periodic firing test
10.2.1 Objectives

The objective of the TSC valve non-periodic firing test is to check the adequacy of the
thyristors and the associated electrical circuits with regard to current and voltage stresses at
turn-on under non-repetitive conditions. An additional objective is to verify the electromagnetic
interference insensitivity of the valve (see Clause 7).

NOTE In many cases the objectives of this test can be satisfied by the overcurrent tests (see 6.4.1), in which
case this test is omitted.
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10.2.2

Test values and waveshapes

The test shall be performed on a complete valve at room temperature.

The test circuit shall apply a switching impulse voltage to the valve, and the valve shall be
triggered into conduction at the peak of the impulse. The main task of the test circuit, after
firing the valve, is to reproduce the correct valve current at turn-on. The important time frame

is the

first 10 ys to 20 ys of conduction.

The surge generator shall be selected to have representative source impedance, so as to
reproduce a turn-on current pulse at least as severe as the discharge of circuit stray

tancac in carvinn
oo ot

capac

The tdirn-on stresses and the test circuit depend on the method chosen for protecti

valvesg

The in

TV TCTT

against transient overvoltages.

g the

hpedance of the impulse generator shall be selected to reproduce, not only the turn-on

current arising from the discharge of circuit stray capacitance but also that arising from
commptation of the surge arrester current, where this can occur.
Waveshape 2: a standard 250/2 500 us shall be used.
a) Vdlve protected by surge arresters
Thee prospective test voltage Uy, » shall be calculated from the following formula:
Uy, =k *xU_ (waveshape 2) (39)
where
Udns is the arrester protective level for switching impulses;
s is a test safety factor;
s =1,0.
Two methods for achieving thistare acceptable:
1)| parallel capacitor method: in this method, a capacitor is connected in parallel w|th the
test valve, whose, value will result in a current discharge at least as sevgre as
predicted for commutation of the arrester current;
2)| surge arrester method: in this method, a surge arrester is connected between thg valve
terminals, and the test voltage is applied from behind an inductance representative of
the TSC<series reactor. When the current in the arrester reaches the prescribed| level,
the valvelis triggered into conduction.
Owing(tolimitations in the practical size of impulse generators, the surge arrester method

may. ke possible only for valves of low-voltage rating.

Where protection against valve firing during instants with current in the arrester is
provided, the commutation of arrester current does not have to be considered. Therefore,
the test level U, may be reduced to the maximum arrester non-conduction volta
the overcurrent test (6.4.1) the objective of this test may already have been demonstrated.

In

this case, this test may be omitted.

ge. In
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b) Valve with no protection provided

The prospective test voltage Uy, shall be calculated from the following formula:

Utsv2 = ks xUcms (Waveshape 2) (40)
where
Uems is the switching impulse as determined by insulation coordination studies;
kg is a test safety factor;
ke =1,15.

10.2.Tmrmms
One tgrminal of the valve may be earthed.

Apply|three shots at the switching voltage, the valve is triggered into conduction when the
voltage reaches Uy, ». Repeat for the reverse polarity (alternatively, reversethe terminals of
the vajve).
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPENSATEURS STATIQUES DE PUISSANCE REACTIVE (SVC) -
ESSAIS DES VALVES A THYRISTORS

AVANT-PROPOS

1) La Commission Electrotechnigue Internationale (IEC) est une organisation mondiale de normalisation composée
de fensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour gbjet de
favdriser la coopération internationale pour toutes les questions de normalisation dans les domajnes de
I'électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — publie des Normes intérratfonales,
des|Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public. (PAS) et des
Guidles (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études, aux
travpux desquels tout Comité national intéressé par le sujet traité peut participef:\Les organ|sations
intefnationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, pafticipent également aux
travpux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon des
conglitions fixées par accord entre les deux organisations.

2) Les|décisions ou accords officiels de I'l[EC concernant les questions techniques-représentent, dans la mesure du
possible, un accord international sur les sujets étudiés, étant donné que les Comites nationaux de I'lEC intgressés
sonf représentés dans chaque comité d’études.

3) Les|Publications de 'lEC se présentent sous la forme de recommapdations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts paisonnables sont entrepris afin qye I'lEC
s'asjsure de I'exactitude du contenu technique de ses publicationsy |'|EC ne peut pas étre tenue responsiable de
I'événtuelle mauvaise utilisation ou interprétation qui en est faite"par un quelconque utilisateur final.

4) Danls le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans foute la
megure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et négionales. Toutes divergences entre toutes Publi¢ations de I'IEC et toutes publications nationples ou
régipnales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’IE|C elle-méme ne fournit aucune attestation de<conformité. Des organismes de certification indépgndants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mardues de
conformité de I'lEC. L’IEC n'est responsable.d’aucun des services effectués par les organismes de certffication
indgpendants.

6) Toup les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publicatign.

7) Aucpne responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y cdmpris ses experts particuliers™etfes membres de ses comités d'études et des Comités nationaux de I'lEC,
pouf tout préjudice causé en cas_de dommages corporels et matériels, ou de tout autre dommage de quelque
natyre que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les d§penses
décpulant de la publicationsourde I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lEC,
ou gu crédit qui lui est accordé.

8) L'atfention est attirée‘sur les références normatives citées dans cette publication. L'utilisation de publ|cations
référencées est obligatoire pour une application correcte de la présente publication.

9) L’atjention est-attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fairg I'objet
de {iroits desbrevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dfoits de
breyets.
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puissance pour les réseaux électriques de transport et de distribution, du comité d’études 22
de I'lEC: Systémes et équipements électroniques de puissance.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2011,
’Amendement 1:2013 et '’Amendement 2:2017. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente: d’importantes clarifications ont été apportées en 4.4.1.2, 5.1.2.2, 5.1.3.2, 5.2.3.2,
6.1.2.2,6.1.2.4,6.1.3.2,6.2.2.2,6.2.2.4,6.3.2.2 et 9.3.2.
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
22F/642/FDIS 22F/658/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.

WwWw.iEcC. ch/members_experts/refdocs Les principaux types de documents développes par
I''EC gont décrits plus en détail sous www.iec.ch/standardsdev/publications.

Le conité a décidé que le contenu de ce document ne sera pas modifié avant la date de sfabilité
indiquge sur le site web de I'lEC sous "http://webstore.iec.ch” dans les-données relatiyes au
document recherché. A cette date, le document sera
e re¢onduit,

e supprime,

e relnplacé par une version révisée, ou

e anjendé.
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COMPENSATEURS STATIQUES DE PUISSANCE REACTIVE (SVC) -
ESSAIS DES VALVES A THYRISTORS

1 Domaine d’application

Le présent document définit les essais de type, les essais de production et les essais facultatifs
des valves a thyristors utilisées dans les bobines d'inductance commandées par thyristors
(TCR i ’ = istors
(TSR t thyristor switched reactor) et les condensateurs commutés par dihyfistors
(TSC ¢ thyristor switched capacitor) qui font partie des compensateurs statiques de'puigsance
réactiye (SVC - static VAR compensator) pour des applications de systéme de puiSsance. Les
exigernces du présent document s'appliquent tant aux unités a valve uniquec(monophasées)
qu'auX unités a valves multiples (polyphasées).

Les Articles 4 a 7 décrivent les essais de type, c’est-a-dire les essaisyeffectués pour agsurer
que lalconception des valves satisfait aux exigences spécifiées. L'Article 8 traite des esdais de
produgtion, c'est-a-dire les essais effectués pour assurer que la-fabrication est correcte. Les
Articlgs 9 et 10 décrivent des essais facultatifs, c'est-a-dire dés-essais supplémentairgs aux
essaig de type et de production.

2 Reéférences normatives

Les dgcuments suivants sont cités dans le texte de’sorte qu’ils constituent, pour tout oufpartie
de leyr contenu, des exigences du présent_document. Pour les références datées,|seule
I’éditign citée s’applique. Pour les références._non datées, la derniére édition du documgnt de
référence s'applique (y compris les éventuéls amendements).

IEC 60060 (toutes les parties), Techniques des essais a haute tension

IEC 60060-1:2010, Techniques\des essais a haute tension — Partie 1: Définitions et exigdences
générales

IEC 60060-2, Techniques des essais a haute tension — Partie 2: Systéemes de mesure

IEC 60071 (toutesiles parties), Coordination de Il'isolement

o

IEC 60071-%:2019, Coordination de I'isolement — Partie 1: Définitions, principes et régle

IEC 60278 Techni ! Y ion — ! - ol

IEC 60700-1:2015, Valves a thyristors pour le transport d'énergie en courant continu a haute
tension (CCHT) — Partie 1: Essais électriques

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

¢ |ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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3.1

niveau de thyristor

partie d’'une valve a thyristors constituée d’un thyristor, ou de plusieurs thyristors montés en
paralléle ou en antiparallele, ainsi que les composants auxiliaires et bobines d’inductance
associés directement, le cas échéant

3.2
chaine de thyristors (en série)
thyristors montés en série constituant une section unidirectionnelle d’'une valve a thyristors

3.3

bobinf-d"i'n-d'uﬂa-nte-de-va'l-v-e
bobing d'inductance intégrée a certaines valves pour limiter les contraintes

Note 1 p I'article: Dans le cadre des essais, la bobine est considérée comme une partie intégrante de la vdlve.

3.4
sectign de valve
assemblage électrique, constitué d’'un certain nombre de thyristors et autres composantg, dont
les prppriétés électriques sont celles de la valve a thyristors compléte proportionnellement
ramenees au nombre d’éléments, mais ne disposant que d’'une partie-de la capacité de blocage
en tension de la valve a thyristors compléte, et qui peut étre utilisé’pour des essais

3.5
valve [a thyristors
assemblage électrique et mécanique, combiné, de niveaux de thyristors, équipé de toufes les
conneikions, composants auxiliaires et structuressmeécaniques nécessaires, qui peut étre
connecté en série avec chaque phase de la bobine d'inductance ou du condensateur d'un
compensateur statique de puissance réactive (§VC)

3.6
strucllllure de valve
structlire physique qui isole les valve$)a un niveau de tension approprié au-dessus du potentiel
de mige a la terre et les unes parwiapport aux autres

3.7
électrpnique de base de‘la valve
VBE
unité ¢lectronique, au potentiel de mise a la terre, qui constitue l'interface entre les systémes
de conmande du.compensateur statique de puissance réactive et des valves a thyristor$

Note 1 |a l'article:/ L’abréviation "VBE" est dérivée du terme anglais développé correspondant "vale base
electronics".

3.8
unité de valve multiple

MVU

ensemble de plusieurs valves dans la méme structure physique, qui ne peut pas étre séparé
pour les essais (par exemple, des valves triphasées)

Note 1 a I'article: L’abréviation "MVU" est dérivée du terme anglais développé correspondant "multiple valve unit".

3.9

niveaux de thyristors redondants

nombre maximal de niveaux de thyristors de la valve a thyristors qui peuvent étre
court-circuités, en interne ou en externe, en fonctionnement normal, sans influence sur la sGreté
de fonctionnement de la valve a thyristors, comme cela est démontré par les essais de type, et
qui, s’il venait a étre dépassé, et seulement dans ce cas, exigerait soit le débranchement de la
valve a thyristors pour remplacer des thyristors défaillants, soit d’accepter une augmentation
du risque de défaillance
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3.10
protection contre les claquages par surtension VBO
moyen de protéger les thyristors contre les surtensions en les amorgcant a une tension

prédéterminée

4 Exigences générales pour les essais de type, de production et les essais
facultatifs

4.1 Récapitulatif des essais

Le Tableau 1 fournit une liste des essais spécifiés dans les articles et paragraphes ci-aprés.
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Essai Paragraphe Objet d'essai
TCR/ITSR TSC
Essais diélectriques entre bornes de valve et terre (essais de type)
Essai en courant alternatif 5.1.2 Valve
Essai en courant alternatif/continu 6.1.2 Valve
Essai de tension de choc de foudre 5.1.3 6.1.3 Valve
Essais diélectriques entre valves (MVU uniquement) (essais de type)
Essai en courant alternatif 5.2.2 MVU
Essai eprcourant atternatif/comtmnu 6.2.2 wvo
Essai de tension de choc de foudre 5.2.3 6.2.3 MVU
Essais|diélectriques entre bornes de valve (essais de type)
Essai ep courant alternatif 5.3.2 Valve
Essai ep courant alternatif/continu 6.3.2 Valve
Essai de tension de choc de manceuvre 5.3.3 6.3.3 Valve
Essais|opérationnels (essais de type)
Essai dlamorgage et d'extinction périodiques 5.4.1 Valve ou section dg valve
Essai de surintensité 6.4.1 Valve ou section de valve
Essai de tension alternative minimale 5.4.2 6.4:2 Valve ou section dg valve
Essai d|échauffement 5.4.3 6.4.3 Valve ou section de valve
Essais|de perturbations électromagnétiques (essais de type)
Essai de tension de choc de manceuvre 7.2.2 7.2.2 Valve
Essai dlamorgage non périodique 7.2.3 7.2.3 Valve
Essais|de production
Contrdle visuel 8.2 8.2
Contrdlp des connexions 8.3 8.3
Contréle du circuit de répartition des potentiels 8.4 8.4
Contrble de la tenue en tension 8.5 8.5
Contrdle des auxiliaires 8.6 8.6
Contréle de I'amorgage 8.7 8.7
Essai de pression du circuit de refreidissement 8.8 8.8
Essais e décharges partielles, 8.9 8.9
Essais[facultatifs
Essai de surintensité 9.1 Valve ou section de valve
Essai de tension positive transitoire pendant la 9.2 10.1 Valve ou section dg valve
période|l de recouvrement
Essai dlamoftgcage non périodique 9.3 10.2 Valve ou section dE valve
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4.2
421

Objectifs des essais

Généralités

Les essais décrits s'appliquent a la valve (ou aux sections de valve), a la structure de la valve
ainsi qu’aux parties du circuit de distribution du réfrigérant et des circuits d’amorgcage et de
contrbéle contenus dans la structure de la valve ou branchés entre la structure de la valve et la
terre. D'autres équipements, tels que I'électronique de commande et de protection de la valve
ainsi que l'électronique de base de la valve, peuvent étre nécessaires pour démontrer le
fonctionnement correct de la valve durant les essais, mais ne sont pas eux-mémes soumis aux
essais.

4.2.2
4.2.2.
Les eg

— ten
— ten
— ten
Dans

foudrg
essaig

4.2.2.

Des e
sontc
que:

— de
— iln
de

transmission et de distribytion des impulsions;

— les

p Essais sur la structure de la valve

Esais sont définis pour les exigences de tenué en tension entre une valve (dont les &
burt-circuitées) et la terre, ainsi qu'entre‘valves d'une MVU. Les essais doivent dém

5 distances d'isolement suffisantes ont été prévues pour éviter les contournement

Essais diélectriques
Généralités
sais relatifs aux contraintes diélectriques suivantes sont spécifiés:

sion alternative;
sion alternative et continue combinées (TSC uniquement);

sions de choc.

entre bornes de la valve et terre ainsi qu'entre phases;d'une MVU sont inclus. Po
entre bornes de valve, seul I'essai de tension de ¢hoc de manoeuvre est spécifié.

'y a pas de décharges disruptives dans I'isolation de la structure de la valve, des co
refroidissement, des conduits de lumiére et autres pieces d'isolement des circl

tensions d'apparition et d'extinction des décharges partielles en régime alternati

ré

apparaissant sur fa,structure de la valve.

4.2.2.

L'objef de ces essais est de vérifier la conception de la valve en matiére de tenue en surtg
entre ses/bornes. Les essais doivent démontrer que:

ime continu sont,\Supérieures a la tension de service maximale en régime

Essais entre bornes de valve

Lin souci de normalisation avec d'autres équipements, des/essais de tension de choc de

ur des

ornes
ontrer

Py

nduits
its de

et en
établi

pnsion

— unisolementinterne suffisant a été prévu pour permettre a la valve de supporter les tensions
spécifiées;

— les tensions d'apparition et d'extinction des décharges partielles en régime alternatif et en
régime continu sont supérieures a la tension de service maximale en régime établi
apparaissant entre les bornes de la valve;

— le systéme d’amorgage pour la protection contre les surtensions (s'il est fourni) fonctionne
comme prévu;

— les thyristors ont une capacité du/d¢ adaptée aux conditions de service. (Dans la plupart
des cas, les essais spécifiés sont suffisants; cependant, dans certains cas exceptionnels,
des essais supplémentaires peuvent étre exigés.)
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4.2.3 Essais opérationnels

L'objet de ces essais est de vérifier la conception de la valve en matiére de tenue en tension
et en courant combinés dans des conditions normales et anormales répétitives ainsi que dans
des conditions de défaut transitoire. lls doivent démontrer que, dans des conditions spécifiées:

4.2.4 Essais de perturbations électromagnétiques

la valve fonctionne correctement;

les contraintes en tension et en courant lors de 'amorgage et du blocage des thyristors sont
compatibles avec les capacités des thyristors et autres circuits internes;

le refroidissement prévu est approprié et aucun composant n'est surchauffé;
la tenue en surcharge courant de la valve est appropriée.

Le pripcipal objectif de ces essais est de démontrer I'immunité de la valve aux perturbfations

électrpmagnétiques de source interne ou externe a la valve. En général) 'immunifé aux
perturpations électromagnétiques est démontrée en instrumentant la valve”pendant d'putres

essaidg.

4.2.5 Essais de production

L'objeftif de ces essais est de vérifier que la fabrication de la valve est correcte. Les esgais de

produg¢tion doivent démontrer que:

4.2.6 Essais facultatifs

toys les matériaux, composants et sous-ensembles utilisés dans la valve ont été
cofrectement installés;

le§ équipements de la valve fonctionnent comme prévu, et les paramétres prédéfinis
s'inscrivent dans les limites d'acceptation _spécifiées;

leg niveaux de thyristors et la valve ou les sections de valve ont une tenue en teénsion
suffisante;

la fabrication est fidéle et uniforme.

Les egsais facultatifs sontdes essais supplémentaires qui peuvent étre effectués, sous r¢serve
de I'agcord entre I'acheteur et le fournisseur. Les objectifs sont les mémes que pour les gssais
opéralionnels spécifiés-en 4.2.3. L'objet d'essai est en principe une valve ou un nombre de

sectiohs de valve équivalent approprié.

4.3

Les pr|incipes suivants doivent s'appliquer:

Lignes directrices pour l'exécution des essais de type et des essais facultatifs

les essais de type doivent etre effectués sur au moins une valve ou un nombre approprié
de sections de valve, comme cela est indiqué dans le Tableau 1 (voir 4.1), afin d'assurer
que la conception de la valve satisfait aux exigences spécifiées. Tous les essais de type
doivent étre effectués sur la ou les mémes valves ou sections de valve;

a condition de démontrer que la valve est similaire a une autre valve précédemment soumise
aux essais, le fournisseur peut soumettre un rapport certifié de tout essai de type précédent
dont les exigences sont au moins égales a celles qui sont spécifiées dans le contrat, en lieu
et place de I'essai de type;

pour les essais de type effectués sur les sections de valve, le nombre total de niveaux de
thyristors soumis a ces essais de type doit étre au moins égal au nombre de niveaux de
thyristors dans une valve compléte;
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la valve ou les sections de valve utilisées pour les essais de type doivent au préalable
satisfaire a tous les essais de production. A 'issue de la réalisation des essais de type, la
valve ou les sections de valve doivent étre vérifiées de nouveau afin d’assurer leur
conformité aux critéres d'essais de production;

le matériel destiné aux essais de type doit étre sélectionné de maniére aléatoire;

les essais diélectriques doivent étre réalisés conformément a I'IEC 60060-1 et a
I'lEC 60060-2, le cas échéant;

les essais individuels peuvent étre effectués dans n'importe quel ordre.

NOTE Les essais impliquant un mesurage de décharges partielles peuvent étre plus pertinents s'ils sont réalisés a
la fin du programme d'essais de type diélectriques.

4.4
4.4
4.4

Conditions d'essai
| Généralités
A. Objets d’essais diélectriques

Les egsais diélectriques doivent étre réalisés sur des valves complétenyent montées, tandis
que cgrtains essais opérationnels peuvent étre réalisés soit sur des vatves complétes, spit sur

des sections de valve.

La valve doit étre équipée de tous les composants auxiliaires)\a I'exception du parafoufire de
valve,|s’il existe. Sauf spécification contraire, I'électronique de' la valve doit étre alimentée. Les
fluideg de refroidissement et d'isolement, en particulier, dgivent étre dans un état représgentatif
des conditions de service, par exemple la conductivité, sauf pour ce qui est du débit ef de la
teneur en agents antigel, qui peuvent étre réduits: Si un objet ou un dispositif externe a la
structlire est nécessaire pour représenter de maniére correcte les contraintes subies pgndant
I'essal, il doit également étre présent ou simulé pendant I'essai. Les piéces métalliqueq de la
structlire de la valve (ou les autres valves dans une MVU) qui ne font pas partie de |'essai
doivent étre reliées ensemble et raccordées a la terre de maniere convenable pour |'essai

concefne.
4.41.2 Correction atmosphérique
La cqrrection atmosphérique ;doit étre appliquée aux tensions d’essai conforménient a

I'IEC 60060-1, sauf lorsque céla est expressément exclu. Pour calculer les valeurs d’essai
applicables dans une atmosphére de référence normalisée, les méthodes décrites| dans
I'lEC 60060-1:2010, 4.8.3.1 doivent étre appliquées en prenant en considération les condlitions
(par exemple, les valeurs d’entrée de la pression p, de la température ¢ et de I’humidité /)

suivarjtes:

pression:

SiJa caordination de I'isolement de la partie de la valve a thyristors soumise a I'essai epose
suf 1€s’tensions de tenue assignées normales conformément a I'lEC 60071-1, les facteurs
de correction sont uniquement appliqués pour des altitudes superieures a 1 000 m. Ainsi, si
I'altitude du site ag a laquelle le matériel est installé est inférieure a 1 000 m, alors la

pression atmosphérique normale (by = 101,3 kPa) doit étre utilisée sans correction de
I'altitude. Si ag >1 000 m, alors la procédure normalisée de I'lEC 60060-1 est utilisée, a
I'exception prés que la pression atmosphérique de référence b, est remplacée par la
pression atmosphérique correspondant a une altitude de 1 000 m (b4 g0 m)-

Si la coordination de I'isolement de la partie de la valve a thyristors soumise a I'essai ne
repose pas sur les tensions de tenue assignées normales conformément a I'lEC 60071-1,
alors la procédure normalisée de I'lEC 60060-1 est utilisée avec la pression atmosphérique
de référence b, (by = 101,3 kPa).

température:

température théorique maximale de l'air dans la salle des valves (°C).
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— humidité:
humidité théorique absolue minimale dans la salle des valves (g/m3).
Les valeurs a utiliser doivent étre spécifiées par le fournisseur.

Quel que soit le cas précédemment mentionné, la correction des valeurs d’essai comprises
entre I'atmosphére de référence normalisée et les conditions d’essai doit s’effectuer
conformément a I'lEC 60060-1:2010, 4.3.3.2.

Lorsque des niveaux d'essais non normalisés sont définis par le présent document, un facteur
de correction de la densité de l'air sur le site, kg, comme cela est défini ci-dessous, doit étre

appliqué lorsque cela est indiqué.

La vaILur de ky doit étre déterminée a partir de la formule suivante:

b, 273+T,
k, =—x—""F>=
d b, 273+T,

(1)

by pst la pression de I'air ambiant du laboratoire, en pascals (Ra):
T, est la température de I'air ambiant du laboratoire, en degrés Celsius (°C);

by st I'atmosphére de référence normalisée de 1013 kPa (c'est-a-dire 1 013 mbar),
corrigée en fonction de I'altitude du site a laquellé le matériel est installé;
Ty st la température théorique maximale de J'air dans la salle des valves, en degrés
Celsius (°C).

Les farteurs de correction ne doivent étre appliqués ni aux essais diélectriques entre les hornes
de la yalve, ni aux essais diélectriques dejlongue durée, dont I'objectif principal est de yérifier
I'isolafion interne et les décharges partielles.

Les facteurs de correction atmosphérique ne doivent étre appliqués ni aux essais opératipnnels
ni aux|essais facultatifs.

4.41.3 Essais opérationnels

Lorsqlie cela est passible, il convient d’effectuer les essais sur une valve a thyristors co
Sinon| les essais-peuvent étre effectués sur des sections de valve a thyristors. Le choix dgpend
principalement-des caractéristiques de conception des valves a thyristors et des installations
d’esss
thyristors,(les essais spécifiés dans la présente norme sont valables pour des sections dg valve
a thyrjstats qui comprennent au moins cing niveaux de thyristors montés en série.
proposeY X . ) , ;
thyristors, des facteurs de sécurité supplémentaires sur les niveaux d’essai, définis d’un
commun accord doivent étre appliqués. En aucun cas le nombre de niveaux de thyristors
montés en série dans une section de valve a thyristors ne doit étre inférieur a trois.

Il est quelquefois admis d'effectuer des essais opérationnels a une fréquence industrielle autre
que la fréquence de service, par exemple 50 Hz au lieu de 60 Hz. Certaines contraintes
opérationnelles telles que les pertes de commutation ou /2¢ du courant de court-circuit sont
affectées par la fréquence industrielle réelle utilisée au cours des essais. Dans ce cas, les
conditions d'essai doivent étre revues et des modifications appropriées doivent étre mises en
ceuvre afin d’assurer que les contraintes de la valve sont au moins aussi sévéres que si les
essais étaient effectués a la fréquence de service.
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Le réfrigérant doit étre dans un état représentatif des conditions de service. En particulier, le
débit et |la température doivent étre réglés a leurs valeurs les plus défavorables pour I'essai en
question. Il convient, de préférence, que la teneur en agents antigel soit équivalente aux
conditions de service; cependant, lorsque cela n'est pas réalisable, un facteur de correction
convenu entre le fournisseur et I'acheteur doit étre appliqué.

4.4.2 Température de la valve au cours des essais
4.4.2.1 Température de la valve pour les essais diélectriques

Sauf spécification contraire, les essais doivent étre effectués a température ambiante.

4.4.2.2 Température de la valve pour les essais opérationnels

Sauf gpécification contraire, les essais doivent étre effectués dans des conditions réproduisant
la temjpérature de composant la plus élevée qui peut apparaitre en fonctionnement réel.

Si plusieurs composants doivent étre vérifiés par un essai donné, il peut étre nécessaire
d'effe¢tuer le méme essai dans des conditions différentes.

4.4.3 Niveaux de thyristors redondants
4.4.3. Essais diélectriques

Sauf |ndication contraire, tous les essais diélectriques<¢d'une valve compléte doivent étre
effectliés en court-circuitant les niveaux de thyristors redondants.

4.4.3.2 Essais opérationnels

Pour les essais opérationnels, il convient qué.les niveaux de thyristors redondants ne [soient
pas cpurt-circuités. Les tensions d’essailappliquées et les impédances du circuit ut|lisées
doivent étre ajustées a 'aide d’un facteurcd’échelle k.

Niot

o (2)

n

Niot st le nombre total’de niveaux de thyristors montés en série dans I'objet d’essai;
N bst le nombrestotal de niveaux de thyristors montés en série dans la valve;

bst le nombre total de niveaux de thyristors redondants montés en série dans la valve.

NOTE |Dans-tes valves a thyristors avec un petit nombre de niveaux de thyristors ou la redondance constifue une
part importante du total, cela peut conduire a imposer une contrainte excessive sur certains composants de |p valve.
En variante, 1T est admis d effeciuer les essais opérafionnels avec des niveaux de thyristors redondants court-
circuités et sans ajustement des tensions d’essai et des impédances a I'aide du facteur d’échelle k.

4.5 Défaillances de composant admissibles au cours des essais de type

L’expérience industrielle prouve que, méme avec une conception des valves la plus soignée, il
n'‘est pas possible d’éviter des défaillances aléatoires occasionnelles de composants des
niveaux de thyristors au cours d’'un fonctionnement en service. Méme si ces défaillances
peuvent étre liées a des contraintes, elles sont considérées comme aléatoires, dans la mesure
ou la cause de la défaillance ou la relation entre le taux de défaillance et la contrainte ne peut
pas étre prévue ou ne peut pas étre définie quantitativement de maniére précise. Les essais
de type soumettent les valves ou les sections de valve, en un court laps de temps, a des
contraintes multiples qui correspondent généralement aux contraintes les plus défavorables qui
peuvent étre rencontrées par les équipements pas plus de quelques fois au cours de la durée
de vie de la valve. En prenant en considération les éléments ci-dessus, les critéres pour des
essais de type concluants indiqués ci-dessous autorisent par conséquent la défaillance d’un
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petit nombre de niveaux de thyristors au cours des essais de type, a condition qu’elles soient
essentiellement aléatoires et ne présentent pas de mode de défaillance indiquant une
éventuelle inadéquation de la conception.

Les valves ou sections de valve doivent étre contrbolées avant chaque essai, aprés tout essai
d'étalonnage préliminaire et, de nouveau, aprés chaque essai de type, afin de déterminer les
éventuelles défaillances de thyristors ou de composants auxiliaires pendant I'essai. Si des
défaillances de thyristors ou de composants auxiliaires sont décelées a la fin d'un essai de
type, elles doivent étre traitées avant de poursuivre les essais de la valve.

en défaut doit étre rétabli et I'essai de type répété (voir 4.4.2 b) dans I'lEC 60700-1:201
e total de niveaux de thyristors dont la défaillance est admise au cours de)l'en
des egsais est donné dans le Tableau 2.

La répartition des niveaux court-circuités et des autres défauts de niveaux dethyristors & la fin
de I'epsemble des essais de type doit étre essentiellement aléatoire etz ne doit pas présenter
de mode de défaillance indiquant une éventuelle inadéquation de la cénception.

4.6 Documentation des résultats d’essai
4.6.1 Rapports d’essai a émettre

Le fodrnisseur doit fournir des rapports d’essai certifiés\de tous les essais de type effe¢ctués
sur leg valves ou les sections de valve.

Les enregistrements des résultats des essais individuels de série doivent étre fournis |par le
fournigseur.

Tableau 2 — Nombre de niveaux/de thyristors dont la défaillance est admise
au cours des essais de type

Nombre de niveaux
de thyristors dans
une valve compléte

Nombreé de niveaux
de.thyristors dont
la défaillance
est admise en
court-circuit dans
chaque essai de

type

Nombre total de
niveaux de
thyristors dont
la défaillance
est admise en
court-circuit dans
I’ensemble des
essais de type

Nombre
supplémentaire
de niveaux de
thyristors, dans
I’ensemble des
essais de type,
ayant pu subir un
défaut, mais qui
n’ont pas été
court-circuités

4.6.2

<34 1 2 2
34<n<68 1 3 3
66 < n < 10T I 4 4

Contenu d'un rapport d'essai de type

Un rapport des essais de type réalisés sur les valves a thyristors doit étre réalisé. Le rapport

doit comprendre ce qui suit:

a) des informations générales telles que:

I'identification de I'équipement soumis a l'essai (par exemple, type et caractéristiques
assignées, numéro de dessin, numéro de série, etc.);

I'identification des principales parties des objets d’essai (par exemple, thyristors,
bobines d'inductance de valve, cartes de circuit imprimé, etc.);

le nom et I'emplacement du laboratoire ou I'essai a été effectué;
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— les conditions d’essai, si pertinentes (par exemple, température, humidité et pression
barométrique pendant les essais diélectriques, etc.);

— la référence a la spécification d'essai;

— les dates des essais;

— le oules noms et signhatures du personnel responsable;

— la signature du contréleur de I'acheteur (s'il était présent) et visa d'approbation (s'il est

exigé);

b) une description des sources d'énergie (par exemple, générateur de tension de choc, source
de tension continue, etc.) utilisées pour chaque essai particulier, telles que le nom du
fabricant, | ractéristi igné | ropriété tc.:

c) ung description des instruments de mesure, y compris les informations sur I'exag¢titude
garantie et la date du dernier étalonnage;

d) dep informations détaillées sur le dispositif utilisé pour chaque essai (par exemple, mantage
élgctrique);

e) unp description des procédures d'essai;

f) I'ehsemble des dérogations ou écarts convenus;

g) dep résultats sous forme de tableau, y compris photographies, osCillogrammes, graphliques,
etg.;

h) dep rapports sur les défaillances des composants ou autres~événements inhabituels;

i) leq conclusions et recommandations éventuelles.

5 Epsais de type des valves TCR et TSR

5.1 Essais diélectriques entre bornes de valve et terre

51.1 Généralités

Pour des essais, chaque valve a thyristors doit étre court-circuitée entre ses bornes ou a travers

ses niyeaux de thyristors individuels:

Pour des valves appartenant @ une MVU, toutes les valves dans la méme structure doivept étre
court-gircuitées et reliées entre elles. La tension d’essai doit étre appliquée entre toutes les

valveqd et la terre.

Voir 4}4.1.1 pour d'autres exigences détaillées concernant I'objet d’essai.

5.1.2 Essai en courant alternatif

5.1.2. Objectifs

Voir 4.2.2.2.

5.1.2.2 Valeurs d'essai et formes d'ondes

Uisq et Uis, ont des formes d'ondes sinusoidales d'une fréquence de 50 Hz ou 60 Hz, selon les
installations d'essai. Uig4 est choisie comme la tension de tenue de courte durée a fréequence

industrielle normalisée selon I'IEC 60071-1:2019, Tableau 2, ou en calculant une valeur
interpolée entre deux valeurs consécutives de ce tableau. Uiy, doit étre calculée a partir de la

formule suivante:

— s2 ms2 (3)
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ou

Uns2 ©st la valeur créte de la tension maximale de service en régime établi, y compris les
dépassements survenant lors du blocage des thyristors apparaissant entre toute borne
de la valve et la terre;

kgo est un facteur de sécurité d'essai;

kgo =1,2.

5.1.2.3 Procédures d'essai

L'essgiconsiste a appliquer les tensions d'essai spécifiées Ulbl ot Tllb‘ pendant la durée

spécif|ée entre les deux bornes de la valve interconnectées et la terre.

a) Augmenter la tension de 50 % de Ug4 @ 100 % de U4 en environ 10 s.
b) Mgintenir Ui, pendant 1 min.
c) R@&duire la tension de 100 % de Uigq @ Usgo.

d) Magintenir U, pendant 10 min, enregistrer le niveau des décharges-partielles, puis rgduire
la fension de Uy, a zéro.

e) La|valeur créte des décharges partielles périodiques enregistrée pendant la derniére minute
de|l'étape d) doit étre inférieure a 200 pC, a condition que-les composants qui sont serjsibles
auk décharges partielles dans la valve aient été soumis a des essais de maniére séparée,
oufalors, 50 pC dans le cas contraire.

f) Lep tensions d'apparition et d'extinction doivent &étre mesurées conformément a I'lEC 60270.

51.3 Essai de tension de choc de foudre
5.1.3. Objectifs

Voir 4|2.2.2.

5.1.3.2 Valeurs d'essai_et.formes d'ondes

Une fgrme d'onde normalisée de 1,2/50 us, conformément a I'lEC 60060, doit étre utilisge.

La valeur créte de la)tension d'essai doit étre choisie conformément a la coordination de
I'isolement du poste.a valve SVC ou choisie a partir des tensions de tenue normaliségs aux
chocs|de foudre{selon I'lEC 60071-1:2019, Tableau 2 ou Tableau 3, ou en calculant une valeur
interpplée entre)deux valeurs consécutives de ces tableaux.

5.1.3.3 Procédures d'essai

L'essai doit comprendre trois applications de tension de choc de foudre de polarité positive et
trois applications de tension de choc de foudre de polarité négative entre la terre et les
deux bornes de la valve reliées ensemble.

5.2 Essais diélectriques entre valves (MVU uniquement)
5.2.1 Généralités

Pour ces essais, chaque valve a thyristors doit étre court-circuitée entre ses bornes ou a travers
ses niveaux de thyristors individuels.

Les essais doivent étre répétés pour vérifier l'isolement entre toutes les paires de valves
placées dans la méme structure, a moins que la disposition physique de la MVU ne les rende
inutiles.
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Voir 4

.4.1.1 pour d’autres exigences détaillées concernant I'objet d’essai.

5.2.2 Essai en courant alternatif

5.2.21 Objectifs

Voir 4.2.2.2.

5.2.2.2 Valeurs d'essai et formes d'ondes

Uisq et Uigp Ont des formes d'ondes sinusoidales d'une fréequence de 50 Hz ou 60 Hz, selon les

install
indust|

formu

ks2

5.2.2.
L'esss
spécif]
a) Au
b) M3
c) Ré
d) Mg
e) La

de
au

ielle normalisée

e suivante:
U _ ksZ ><Ums3
ts2 \/E
est la valeur créte de la tension maximale de servicenén’ régime établi, y comp
dépassements survenant lors du blocage des thyristors, apparaissant entre les v
est un facteur de sécurité d'essai;
=1,2.
B Procédures d'essai
i consiste a appliquer les tensionsi.d'essai spécifiées U4 et Ui, pendant la
ée entre les valves.

gmenter la tension de 50 % a*100 % de U;g4 en environ 10 s.
intenir U4 pendant 1 min.
duire la tension a Uy,.

intenir U,g» pendant 10 min, enregistrer le niveau des décharges partielles, puis
ension a zérg.

uence

valeur
F de la

(4)

ris les
alves;

durée

eduire

valeur créte des décharges partielles périodiques enregistrée pendant la derniére minute
I'étape d))doit étre inférieure a 200 pC, a condition que les composants qui sont ser
X décharges partielles dans la valve aient été soumis a des essais de maniére sé

sibles
barée,

f)

alors/ 50 pC dans le cas contraire.

5.2.3 Essai de tension de choc de foudre
5.2.3.1 Objectifs

Voir 4.2.2.2.

5.2.3.2 Valeurs d'essai et formes d'ondes

Une forme d'onde normalisée de 1,2/50 us doit étre utilisée.

c60270.

La valeur créte de la tension d'essai doit étre choisie conformément a la coordination de
I'isolement de la MVU ou choisie a partir des tensions de tenue normalisées aux chocs de
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foudre selon I'lEC 60071-1:2019, Tableau 2 ou Tableau 3, ou en calculant une valeur interpolée
entre deux valeurs consécutives de ces tableaux.

5.2.3.3 Procédures d'essai

L'essai doit comprendre trois applications de tension de choc de foudre de polarité positive et
trois applications de tension de choc de foudre de polarité négative entre les valves.

5.3 Essais diélectriques entre bornes de valve

5.31 Généralités

Pour dles valves appartenant a une unité de valve multiple, il est nécessaire d'effectupr ces
essaid uniquement sur une valve. Chaque autre valve dans la méme structure do|t étre
court-gircuitée aux bornes de la valve ou a travers les niveaux de thyristors individuels, etireliée
a la terre.

Voir 4}4.1.1 pour des exigences détaillées de I'objet d’essai.

5.3.2 Essai en courant alternatif

5.3.2. Objectifs

Voir 4|2.2.2.

5.3.2.2 Valeurs d'essai et formes d'ondes

Uiy €l Uyyp Ont des formes d'ondes sinusoidales d'une frequence de 50 Hz ou 60 Hz, selon les
installptions d'essai.

La valrur de la tension d'essai U, 4 dépend du systéme de protection de la valve, et est| égale
a la plus faible des valeurs de Uy, q1. Uiy12 OU Uy, q3- Lorsque ni Uy, 44 Ni Uy, 1o NE peuvent étre
déterminées, U, 3 doit étre utilisée.

Uiv11 | est déterminée par I'allumage de protection VBO de la valve;

Ui12 | est déterminée parile niveau de protection des parafoudres;

Uiyq3 | est déterminée par la surtension temporaire maximale qui peut avoir lieu.

Uiv11- [Utv12 et Ugag-doivent étre évaluées comme suit:

U _ ks11 XU‘] (5)
tv11 ﬁ

ou

U, estlavaleurinstantanée maximale de la tension entre bornes de la valve qui est garantie
pour ne pas déclencher le systéme d’amorcage de protection VBO, s'il est utilisé;

ks14 estun facteur de sécurité d'essai;

ksqq =0,95.

__s12 2 (6)

Utv12 - \/5

ou
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U, estlatension de protection du parafoudre, s'il est utilisé, connecté entre les bornes de la
valve;

kg1o est un facteur de sécurité d'essai;

kg1o =11
v =K xUs (7)
tv13 \/5
ou
Uj ments

survenant lors du blocage des thyristors, entre les bornes de la valve pour-l'é
surtension temporaire le plus sévére spécifié;

ks13 st un facteur de sécurité d'essai;

ksq3 F 1,15.

NOTE |1l arrive parfois que I'essai exigé applique sur certains composants de la valve.des surcontraintes thefmiques
irréalistes. Dans ce cas, et sous réserve de l'accord entre I'acheteur et le fournisseur, I'essai de tenue en |tension
alternafive de 1 min est remplacé par plusieurs essais plus courts dont la durée/minimale est déterminée sur(la base
de la dyrée maximale possible de la condition de surtension spécifiée multipliée~par 2, mais d'une durée totale d'au

moins [| min. Des valeurs d'essai plus contraignantes pour U, ., font généralement I'objet d'un accord entre

I’achetdur et le fournisseur.

La tension d'essai Uy, doit étre choisie parmi la valeura plus faible de Uy, 4 et Uy,04:

U — k52 XUva (8)
tv21 \/E

ou

Unvo | €st la valeur créte de la tepsion répétitive maximale, y compris les dépassements

survenant lors du blocagerdes thyristors, apparaissant entre les bornes de la| valve
pendant |'état de service.eh régime établi le plus sévére;

kgo est un facteur de sécurité d'essai;

ks | =1,15.

5.3.2.3 Procédures d'essai

L'essgi consiste’a appliquer les tensions d'essai spécifiées, pendant la durée spécifiée| entre
les deux borpes de la valve. Une borne de la valve peut étre mise a la terre.

a) A amnnfnr la tensionde 50 % 3 100 % de ”IVI enenviron 10 s

b) Maintenir Uy, 4 pendant 1 min.

c) Réduire la tension a Uy,,.

d) Maintenir U;,, pendant 10 min, enregistrer le niveau des décharges partielles, puis réduire
la tension a zéro.

e) Lavaleur créte des décharges partielles périodiques enregistrée pendant la derniére minute
de I'étape d) doit étre inférieure a 200 pC, a condition que les composants qui sont sensibles
aux décharges partielles dans la valve aient été soumis a des essais de maniére séparée,
ou alors, 50 pC dans le cas contraire.

f) Les tensions d'apparition et d'extinction doivent étre mesurées conformément a I'lEC 60270.

Dans le cas ou un systéme de protection VBO est fourni, il ne doit pas fonctionner pendant cet
essai.
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