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1)

This i . f 1} fficial IEC Standard all ' ta identify t |

INTERNATIONAL ELECTROTECHNICAL COMMISSION

THYRISTOR VALVES FOR HIGH VOLTAGE DIRECT
CURRENT (HVDC) POWER TRANSMISSION -

Part 1: Electrical testing

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization~com
alll national electrotechnical committees (IEC National Committees). The object of IEC{sis to pr
infernational co-operation on all questions concerning standardization in the electrical and eleetronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific

rising
omote
fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter‘referred to as| “IEC

Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in|the subject dealt with may participate in this preparatory work. Internatiopal,)governmental and
golvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express; as/hearly as possible, an intern
copsensus of opinion on the relevant subjects since each technicalk€ommittee has representation fr.
inferested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsibl€_for the way in which they are used or fg
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diveq
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation.@fsconformity. Independent certification bodies provide conf
aspessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nq liability shall attach to IEC/ornts directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee{
expenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othd
Pyblications.

Atjention is drawnyto-the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

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

rested
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made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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2015

International Standard IEC 60700-1 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 second edition cancels and replaces the first edition published in 1998, its Amendment
1:2003 and its Amendment 2: 2008. This edition constitutes a technical revision.

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

a)

b)

c)
d)
e)
f)

been

ofinitions of terms “redundant fhyriefnr levels” “fhyricfnr level” “valve section” have
hanged for clarification.

c
The notes were added to test requirements of dielectric d.c. voltage tests for valve-suf
MVU, valve, specifying that before repeating the test with opposite polarity; the t
?cllowed at the end of the d.c. voltage test.

able 1 on thyristor level faults permitted during type tests was supplemented.

he alternative MVU dielectric test method was added.

Itfwas specified that production tests may include routine tests as'well as sample tests|

Itf was added into test requirements for periodic firing and‘\extinction tests that a sd
gctor for tests shall be applied when testing with valve sections.

The {ext of this standard is based on the following documents:

Full
voti

CDhV Report on voting
22F/341/CDV 22F/351A/RVC

nformation on the voting for the approval of this standard can be found in the repg
ng indicated in the above table.

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

A lis{ of all parts in the IEC 60700 series, published under the general title Thyristor valve
high yoltage direct current (HVDC) power transmission, can be found on the IEC website.

The

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relat

the

specific publication. At this date, the publication will be

—

¢confirmed,

withdrawn,

port,
psted

bject may be short-circuited and earthed for several hours. The same precedure may be

aling

rt on

s for

committee has decided that the contents of this publication will remain unchanged unfil the

ed to

replaced by a revised edition, or

amended.

The contents of the corrigendum of January 2017 have been included in this copy.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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THYRISTOR VALVES FOR HIGH VOLTAGE DIRECT
CURRENT (HVDC) POWER TRANSMISSION -

Part 1: Electrical testing

1 Scope

This
conn
d.c.

prod

part of IEC 60700 applies to thyristor valves with metal oxide surge arresters.di

The 1ests specified in this standard are based on air insulated valves. For other types of v

the t

st requirements and acceptance criteria-must can be agreed.

2

ormative references

The {ollowing documents, in whole or in part, are normatively referenced in this documen
are indispensable for its application. For dated references,’only the edition cited applies| For

unda
appli

IEC 4

IEC ¢
requ

IEC 4
IEC ¢
IEC 4

IEC ¢
conv
IEC ¢

ed references, the latest edition of the referenced~document (including any amendm
S

0060, High-voltage test techniques

0060-1:1989, High-voltage test techniques — Part 1: General definitions and
rements

0071-1:4993, Insulation co-ordination — Part 1: Definitions, principles and rules
0099 (all parts), Surgelarresters
02704884, Highwoltage test techniques — Partial discharge measurements

1803:1999.Determination of power losses in high-voltage direct current (H
erier stations
1803:1999/AMD1:20101

ISO/IEC Guide 25:1990, General requirements for the technical competence of-calibratios

ectly

bcted between the valve terminals, for use in a line commutated converter for highvoltage
ower transmission or as part of a back-to-back link. It is restricted to electrical typg and
ction tests.

alves,

 and

ents)

test |

/DC)

testing faboratories?

3 Terms and definitions

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

1 There exists a consolidated edition 1.1 (2011) that comprises IEC 61803:1999 and its Amendment 1:2010.

2 Wi

thdrawn.
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3.1 Insulation co-ordination terms

3.11

test withstand voltage

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

3.1.2
steep front impulse

fast-ffont voltage impulse whose time 10 peak Is 1ess than that of a standard lightning impulse
but npt less than that of a very-fast-front voltage as defined in IEC 60071-1.

Note 1 to entry: For this standard, the steep front impulse voltage for test purposes is as shown in\Figure 1.

Steepness S

Voltage

0,2 T4 —=— Peak value U

B

u gpecified peak value of steep front impulse test voltage (kV)

0,6 U

—~— 05U

T Time

IEC Key

S gpecified steepness of steep front impulse test voltage (kV/us)

) ) U
T, irtual front-time = ? (us)

The fgllowihg conditions shall be satisfied:

a) The peak value of the recorded test voltage shall be U £ 3 %. This tolerance is the same as that in IEC 60060
for standard lightning impulse.

b) Over a voltage excursion of not less than 0,6 U, the rising portion of the recorded test voltage shall be entirely
contained between two parallel lines of steepness S and separation 0,2 T,

¢) The value of the test voltage at T, shall not be lower than 0,5 U. T, is defined as the time interval between the
origin and the instant when the voltage has decreased to half the peak value of the waveform which is obtained
from system study. However, it shall be assured that an unintentional du/dt switching of the thyristors can be
adequately detected.

Figure 1 — Steep front impulse test voltage
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3.1.3

internal and external insulation

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

Note 1 to entry: The external insulation is the air between the external surface of the valve or multiple valve unit and
its surroundings.

3.1.4
valve protective firing

means—of prnfnr‘hng the fhyrlcfnre from excessive \/r\lfngn hy flrmg them at a prndnfnr ined

voltage

3.2 Valve construction terms

3.21
valve support
that part of the valve which mechanically supports and electrically insulates from earth the
active part of the valve which houses the valve sections

Note 1 to entry: A part of a valve which is clearly identifiable in a discrete form tobe a valve support may noft exist
in all designs of valves.

3.2.2
valve structure
physical structure holding the thyristor levels of a valve which is insulated to the appropriate
voltage above earth potential

3.2.3

maximum number of thyristor levelsn a thyristor valve that may be short-circuited externdlly or
intermally during service without “\affecting the safe operation of the thyristor valvg as
demg@nstrated by type tests, and,which if and when exceeded, would require shutdown df the
converter to replace the failgd thyristors or acceptance of increased risk of failures

3.2.4
valve base electronics
electfonic unit, atwearth potential, which is the interface between the control system for the
converter and the'thyristor valves

3.2.5

thyristor'tevel
part wmwm@miummﬂm with

their immediate auxiliaries, and reactor, if any

3.2.6

valve section

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

3.2.7

multiple valve unit

MVU

single physical structure comprising more than one valve with a common mechanical support
structure
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3.3 Terms related to type tests

NOTE Those tests which are carried out to verify that the valve design will meet the requirements specified. In this
standard, type tests are classified under two major categories: dielectric tests and operational tests.

3.31
dielectric tests
tests which are carried out to verify the high voltage characteristics of the valve

3.3.2

operational tests
tests which are carried out to \/prify the turn-on turn-off and current related characteristics of

the vplve

3.4 | Terms related to production tests

NOTE| Those tests which are carried out to verify proper manufacture, so that the properties of\a) valve correlspond
to thoge specified.

3.41
routine tests
proddiction tests which are carried out on all valves, valve sections ©f-components

3.4.2
sample tests
prodmction tests which are carried out on a small_“Qumber of valves, valve sections or
components taken at random from a batch

4 General requirements

4.1 | Guidelines for the performance oftype tests
411 Evidence in lieu

Each| design of valve shall be subjected to the type tests specified in this standard. If the palve
is demonstrably similar to one-previously tested, the supplier may, in lieu of performing al type
test, submit a test report of a-previous type test for consideration by the purchaser. This should
be agcompanied by a separate report detailing the differences in the design and demonstrating
how the referenced type, test satisfies the test objectives for the proposed design.

4.1.2 Test object
Test pbject should meet the following requirements:

a) (ertain’ type tests may be performed either on a complete valve or on valve sections, as
indicated in Table 2. For those type tests on valve sections, the total nhumber of yalve
sections tested shall be at least as many as the number in a complete valve.

b) The same valve sections shall be used for all type tests unless otherwise stated.

c) Prior to commencement of type tests, the valve, valve sections and/or the components of
them should be demonstrated to have withstood the production tests to ensure proper
manufacture.

4.1.3 Sequence of tests

The type tests specified can be carried out in any order.

NOTE Tests involving partial discharge measurement-may can provide added confidence if performed at the end
of the dielectric type test programme.
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4.1.4 Test procedures

The tests shall be performed in accordance with IEC 60060, where applicable. The
competence of testing and calibration laboratories should correspond to the
ISO/IEC Guide 17025.

4.1.5 Ambient temperature for testing

The tests shall be performed at the prevailing ambient temperature of the test facility, unless
otherwise specified.

4.1.6 Frequency for testing

AC dlielectric tests can be performed at either 50 Hz or 60 Hz. For operational tests,“spgcific
requirements regarding the frequency for testing are given in the relevant clauses:

4.1.7 Test reports

At the completion of the type tests, the supplier shall provide type test\reports in accordance
with Clause 16.

4.2 | Atmospheric correction

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

— Pilessure:—cicncard—aimecshore clrsroconre 0ol 2 i) cosrooiocd fo the olfitncle g the
si ol . | , led:
a) If the insulation coordination of thé(tésted part of the thyristor valve is based on
standard rated withstand voltages according to IEC 60071-1, correction factors arg only
applied for altitudes exceeding 4 @00 m. Hence, if the altitude of the site ag at which the
equipment will be installed is~<1 000 m, then the standard atmospheric air pregsure
(bg = 101,3 kPa) shall be used with no correction for altitude. If ag >1 000 m, thep the
standard procedure acgording to IEC 60060-1 is used except that the refefence
atmospheric pressure~bgis replaced by the atmospheric pressure corresponding to an
altitude of 1 000 m (b300 m)s

b) If the insulationSgoordination of the tested part of the thyristor valve is not basqd on
standard rated_/withstand voltages according to IEC 60071-1, then the standard
procedure aceording to IEC 60060-1 is used with the reference atmospheric pressure b
(bg=101,3%Pa);

— Temperature: design maximum valve hall air temperature (°C).;
— H{midity: design minimum valve hall absolute humidity (g/m?3).

The Valuesto be used shall be specified by the su

4.3 Treatment of redundancy
4.3.1 Dielectric tests

For all dielectric tests between valve terminals, the redundant thyristor levels shall be short
circuited, with the possible exception of the valve non-periodic firing test (see 8.4). The location
of thyristor levels to be short circuited shall be agreed by the purchaser and supplier.

NOTE Depending on the design, limitations-may can be imposed upon the distribution of short-circuited thyristor
levels. For example, there may be an upper limit to the number of short-circuited thyristor levels in one valve
section.
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4.3.2 Operational tests

For

operational tests, redundant thyristor levels shall not be short circuited. The test voltages

used shall be adjusted by means of a scaling factor kp:

N
kn = NN
t = Vr

where

Niut
N;
N

r

4.4

4.4.

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

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

Criteria for successful type testing

1 General

Experience in industry shows that, even with the most careful design of valves, it i$ not
poss|ble to avoid occasional random failures of thyristor level ccemponents during sdrvice

ope
the

ration. Even though these failures may be stress-related, they~are considered randgm to
ektent that the cause of failure or the relationship betweendajlure rate and stress cannpt be

predicted or is not amenable to precise quantitative definition. Type tests subject valves or
valve sections, within a short time, to multiple stresses thab generally correspond to the yworst
stresges that can be experienced by the equipment not-tore than a few times during the ljfe of

the

vhlve. Considering the above, the criteria for successful type testing set out below thergfore

permfit a small number of thyristor levels to fail during type testing, providing that the failures

are

44.

The following criteria are applicable to_tRyristor levels:

a)

b)

c)

d)

f)

rare and do not show any pattern that is indi¢ative of inadequate design.

2 Criteria applicable to thyristor levels

fl, following a type test as listed in Clause 5, more than one thyristor level (alternafively
ore than 1 % of the series=connected thyristor levels in a complete valve, if greater) has
become short circuited, then the valve shall be deemed to have failed the type tests.

If, following a type test, one thyristor level (or more if still within the 1 % limit) has be¢ome
short circuited, then:*the failed level(s) shall be restored and this type test—continued
r¢epeated.

I the cumulative' number of short-circuited thyristor levels during all type tests is more|than
3| % of the<series-connected thyristor levels in a complete valve, then the valve shgll be
deemed.to_have failed the type test programme.

hen_type tests are performed on valve sections, the criteria for acceptance above| also
applys since the number of valve sections tested shall be not less than the numbjr of
sections ima comptete vatve (see 4.t 2a)J-

The valve or valve sections shall be checked after each type test to determine whether or
not any thyristor levels have become short-circuited. Failed thyristors or auxiliary
components found during or at the end of a type test may be replaced before further testing.

At the completion of the test programme, the valve or valve sections shall undergo a series
of check tests, which shall include as a minimum:

— check for voltage withstand of thyristor levels in both forward and reverse direction;
— check of the gating circuits where applicable;
— check of the monitoring circuits;

— check of the thyristor level protection circuits by application of transient voltages above
and below the protection setting(s) where applicable;

— check of the voltage grading circuits.
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g)

h)

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

When applying the percentage criteria to determine the permitted maximum number of
short-circuited thyristor levels and the permitted maximum number of levels with faults
which have not resulted in a thyristor level becoming short-circuited, it is usual practice to
round off all fractions to the next highest integer, as illustrated in Table 1.

Table 1 — Thyristor level faults permitted during type tests

Number of thyristor levels [Number of thyristor levels | Total number of thyristor Additionalknumber| of
in a Jomplete valve minus permitted to become levels permitted to thyristor-levels, in al| type
the number of redundant | short-circuited in any one | become short-circuited in tests,/which have
levels type test all type tests experienced a fault|but
(N,—N,) have not become short-
circuited
Up to 33 1 1 1
34 to 67 1 2 2
68 to 100 1 3 3
101 to 133 2 4 4
etc.

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

design.

44.

3 Criteria applicable to the valve as a whole

Breakdown of or external flashover across common electrical equipment associated with more
than pne thyristor level of the-valve, or disruptive discharge in dielectric material forming part of

the

transmission and distribution system shall not be permitted.

alve structure, cooling” ducts, light guides or other insulating parts of the pulse

Component and conductor surface temperatures, together with associated current-cafrying
jointg and connegtions, and the temperature of adjacent mounting surfaces shall at all {imes

remalfin withinlimits permitted by the design.

5

List of type tests

Table 2 below lists the type tests given in Clauses 6 to 13.
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Table 2 — List of type tests

Type test Clause or subclause Test object
Valve support d.c. voltage test 6.3.2 Valve support
Valve support a.c. voltage test 6.3.3 Valve support
Valve support switching impulse test 6.3.4 Valve support
Valve support lightning impulse test 6.3.5 Valve support
MVU d.c. voltage test to earth 7.3.1 MVU
MVU a.c. voltage test 7.3.2 MVU
MVU gwitching impulse test 7.3.3 MVU
MVU lightning impulse test 7.3.4 MVU
Valve|d.c. voltage test 8.3.1 Valve
Valve|a.c. voltage test 8.3.2 Valve
Valve|switching impulse test 8.3.4 Valve
Valve|lightning impulse test 8.3.5 Valve
Valve|steep front impulse test 8.3.6 Valve
Valve|non-periodic firing test 84 Valve
Maximpum continuous operating duty tests 9:3.2 Valve or valve-sec{ion
Maxinpum temporary operating duty test (a = 90°) 9.3.3 Valve or valve-sec{ion
Minimum a.c. voltage tests 9.3.4 Valve or valve-sec{ion
Tempprary undervoltage test 9.3.5 Valve or valve-secfion
Intermittent direct current tests 9.3.6 Valve or valve-secfion
Tests|with transient forward voltage during the recovery ‘period 10 Valve or valve-sec{ion
One-Ipop fault current test with re-applied forward-voltage 11.3.2 Valve or valve-secfion
Multigle-loop fault current test without re-applied*forward voltage 11.3.3 Valve or valve-sec{ion
Tests|for valve insensitivity to electromagnetic disturbance 12 Valve or valve-sec{ion
Testirlg of special features and fault.tolerance 13 Valve or valve-sec{ion
6 Dielectric tests\on valve support
6.1 Purpose of tests
The principahobjectives of these tests are:

a) to|vefify the voltage withstand capability of the insulation of the valve support, cooling d

insulation to earth other than the valve support then additional tests may be necessary.

b) to verify that the partial discharge inception and extinction voltages are above the maximum

o

perating voltage appearing on the valve support.

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

6.2

Test object

The valve support to be used for the tests may be a representative separate object including
representation of the adjacent parts of the valve, or may form part of the assembly used for
single valve or multiple valve unit tests. It shall be assembled with all ancillary components in
place and shall have the adjacent earth potential surfaces properly represented. The coolant
shall be in a condition representative of the most onerous service condition for the purpose of
the test.
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6.3 Test requirements
6.3.1 General ‘

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

6.3.2 Valve support d.c. voltage test

The two main terminals of the valve or the MVU shall be connected together and the d.c. |
voltage then applied between the two main terminals thus connected and earth. Starting from a

voltage not higher than 50 % of the maximum test voltage, the voltage shall be raised to the
SpeC F.nA 4 mln +no+ unll-ngn .n f\nr\rnvlmﬂ+r\|\l 10 o lkaont nnno+nn+ 'Fr\r 4 min v-nrh.nnrl t-_) the

L= =4 =) T Ty —TU— o RO pPToorotartt o1 Tt 3 ToooTT

specified 3 h test voltage, kept constant for 3 h and then reduced to zero. During the last|hour
of the specified 3 h test, the number of partial discharges exceeding 300 pC shall be‘recqrded
as dgscribed in Annex B.

The pumber of pulses exceeding 300 pC shall not exceed 15 pulses per minute,"averaged| over
the rg¢cording period. Of these, no more than seven pulses per minute shall*exceed 500 p(, no
more| than three pulses per minute shall exceed 1000 pC and no more) than one puls¢ per
minufe shall exceed 2000 pC.

NOTE|1 If an increasing trend in the magnitude or rate of partial discharge i§" observed the test duration-mgy can |
be ex]ended by mutual agreement between the purchaser and supplier.

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

NOTE|2 Before repeating the test with opposite polarity, the valve/support may be short-circuited and earthed for
severgl hours. The same procedure may be followed at the end of the d.c. voltage test.

The yalve support d.c. test voltage U,y shall be determined in accordance with the following:

Utgs Z+Ugms x k1 x ki

=
=0
()
=
192

Uymd is the maximum value of the d.c. component of the steady-state operating vdltage
appearing across the valve support;

k4 is a test safety factor,~equaling 1,6 for the 1 min test and 1,3 for the 3 h test;
ki is the atmospheric correction factor, equaling the value according to 4.2 for the 1 min
test and 1,0 for_the 3 h test.

6.3.3 Valve support a.c. voltage test

tH 3 T v v o T T o T t HHHHO

PriorlHo-the tast the valve sunpnort shall be short-circuited-and-earthed for a minimum -of 2
~HoOFHothe48sStthe—Vvarve-S po—Shatoe-SRoR-GcHeuheaanGeartneaorai ot+=Z1=

To perform the test, the two main terminals of the valve or the MVU shall be conng¢cted
together’ and the a c test voltage then applied between the two main terminals thus connécted
and earth. Starting from a voltage not higher than 50 % of the maximum test voltage, the
voltage shall be raised to the specified 1 min test voltage U,,¢4 within approximately 10 s, kept
constant for 1 min, reduced to the specified 30 min test voltage U,,¢,, kept constant for 30 min
and then reduced to zero. During the last 1 min of the specified 30 min test, the level of partial |
discharge shall be monitored and recorded. If the value of partial discharge is below 200 pC,
the design may be accepted unconditionally. If the value of partial discharge exceeds 200 pC,
the test results shall be evaluated (see Clause B.4).
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The r.m.s. value of the valve support a.c. test voltage U,,4 shall be determined in accordance
with the following:

u
Utas =%Xk2 x ki x Ky
where
Uns is the peak value of the maximum repetitive operating voltage across the valve support

during steady-state operation, including commutation overshoot;

U H k. 4ot foaliaoaa:
tas1 ISOTC T T TG ST vVUOUTtay©,y

Uiaso s the 30 min test voltage;

ks is a test safety factor equaling 1,3 for the 1 min test and 1,15 for the 30 min test;

ki is the atmospheric correction factor equaling the value according to 4:2 for the 1 min
test and 1,0 for the 30 min test;

k, is the temporary overvoltage factor equaling the value determined. from system studies

for the 1 min test and 1,0 for the 30 min test.
6.3.4 Valve support switching impulse test
The fest shall comprise three applications of positive polarity and three applications of nedative

polarjty switching impulse voltages between the main terminals—ef-the—valve, which are in
common, and earth.

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

The {est voltage shall be selected in accordance with the insulation co-ordination of the HVDC
substation.

6.3.5 Valve support lightning impulse test

The fest shall comprise three applications of positive polarity and three applications of nedative
polarjty lightning impulse voltages between the main terminals—ef-the—valve, which afe in
common, and earth.

[4%
o

A standard lightning impulse voltage waveshape in accordance with IEC 60060 shall be us

The {est voltage.shall be selected in accordance with the insulation co-ordination of the HVDC
substation.

NOTE| If mew. insulating materials without proven service experience are employed, consideration-sheuld{-be is
given [o @n‘additional steep front impulse test.

7 Dielectric tests for multiple valve units (MVU)

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

a) to verify the voltage withstand capability of the external insulation of the MVU, with respect
to its surroundings, especially for the valve/MVU connected at pole potential;
b) to verify the voltage withstand capability between single valves in a MVU structure;

c) to verify that the partial discharge levels are within specified limits.

NOTE Depending upon the application, it can be possible to eliminate some of the tests on the MVU, subject to
agreement between purchaser and supplier.
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7.2 Test object

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

Individual valves may have to be short-circuited depending on the configuration of the MVU and
the objectives of the test. As an example, for the most common arrangement of four identical,
vertically stacked valves (quadruple valve), one valve should be short-circuited in the position
Wh'Ch‘ IUbuitb ill tilU IIIUbt UlIcious bUIIuI;ﬁUIIb.

When the low-voltage terminal of the MVU is not connected at d.c. neutral potentialk/eare[shall
be tdken to suitably terminate the low voltage terminal of the MVU during tests~to corfectly
simulate the voltage appearing at this terminal. Earth planes shall be used, whose separation
shall|be determined by the proximity of other valves or MVU and earth potential surfaces.

NOTE| When the low voltage terminal of the MVU is not connected at d.c. neutral"petential, the following test
methold can be used as an alternative provided that the voltage withstand capability\between the inner parts of a
MVU ip checked adequately during other tests (e.g. the tests between the valve terminals) and the MVU low vpltage
terminal is capable of withstanding the increased voltage stress. In this case the MVU dielectric tests cofild be
perforpned on a short-circuited MVU.

The tgst voltage is applied between the MVU with its terminal short-circuited*and earth.
7.3 | Test requirements
7.3.1 MVU d.c. voltage test to earth

The ¢.c. test voltage shall be applied betweemthe highest potential d.c. terminal of the MVU
and garth.

Start|ng from a voltage not higher than'60 % of the maximum test voltage, the voltage shall be
raised to the specified 1 min test~yoltage in approximately 10 s, kept constant for 1 min,
reduged to the specified 3 h test.voltage, kept constant for 3 h and then reduced to zero.

Durirlg the last hour of the_specified 3 h test, the number of partial discharges exceg¢ding
300 pC shall be recorded.as defined in Annex B.

The pumber of pulsésyéxceeding 300 pC shall not exceed 15 pulses per minute, averaged| over
the rg¢cording periad: Of these, no more than seven pulses per minute shall exceed 500 p{, no
more| than threg-pulses per minute shall exceed 1 000 pC, and no more than one puls¢ per
minute shall exceed 2 000 pC.

NOTE]|1<{f an increasing trend in the magnitude or rate of partial discharge is observed, the test duration-mgy can
be extende&d by mutual agreement between the purchaser and supplier.

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

NOTE 2 Before repeating the test with opposite polarity, the MVU can be short-circuited and earthed for several
hours. The same procedure can be followed at the end of d.c. voltage test.

The MVU d.c. test voltage Uy, shall be determined in accordance with the following:

Utdm = Ugmm K3 x ki

where

Ugymm is the maximum value of the d.c. component of the steady-state operating voltage
appearing between the high-voltage terminal of the MVU and earth;

k3 is a test safety factor;
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k3 = 1,6 for the 1 min test;
k3 = 1,3 for the 3 h test;

ki is the atmospheric correction factor;
kq is the value according to 4.2 for the 1 min test;
ki = 1,0 for the 3 h test.

7.3.2 MVU a.c. voltage test

If a MVU experiences a.c. or composite a.c. plus d.c. voltage stresses between any two
termimrats,thewithrstand bapabiiity of whichs ot du't:quaiciy demonstrated Il.)y othertests; then
it willl be necessary to perform an a.c. voltage test between these terminals of the MVU:

Priorito-thetest—the MV U-terminalsshall beshort-circuitedto
of 2th- To perform the test, the test voltage source shall be connected to the*pair of MVU
terminals in question. The point of earth connection is dependent on [the test gircuit

arrarjgement.

aethar and earthed fora minimiim
gemeranceartnec o iHRim tHh

Start|ng from a voltage not higher than 50 % of the 1 min test voltage, the voltage shall be
raised to the specified 1 min test voltage in approximately 10 s, Kept constant for 1 min,|then
redug¢ed to the 30 min value, kept constant for 30 min and then,reduced to zero.

During the last 1 min of the specified 30 min test, the clevel of partial discharge shdll be
monitored and recorded. If the value of partial discharge is below 200 pC, the design may be
accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test results|shall
be eyaluated (see Clause B.4).

The [.m.s. value of the MVU a.c. test voltage U,,,, shall be determined in accordance with the
following:

u
Utam = %Xk4 Xkr th
wherp
Unml is the peak value of thexmaximum repetitive operating voltage appearing between the

terminals of the MVU during steady-state operation, including commutation overshogt;

k, |is a test safety factor;

ks =1 1,3 for the 1 min-test;

ks =1 1,15 for the .80 min test;

is the temiporary overvoltage factor;

is thewalue determined from system studies for the 1 min test;
k. = | 4;0Aor the 30 min test;

k¢ is the atmospheric correction factor;

k¢ is the value according to 4.2 for the 1 min test;
ki = 1,0 for the 30 min test.

7.3.3 MVU switching impulse test

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

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

The test shall comprise three applications of positive polarity and three applications of negative
polarity switching impulse voltage of a specified amplitude.
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The MVU switching impulse test voltage Ui, shall be determined in accordance with the
following:

Ursi—==%SIPLaks-xkr Uy = SIPL,, X ks X K

where

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

earth;,
kg is a test safety factor,;
ks=| 1,15;
ki is the atmospheric correction factor;
ki is the value according to 4.2.

If the test prescribed above does not adequately test the switching impulse withstand betveen
all terminals of the MVU, then consideration shall be given to performing_extra tests to gheck
the ipsulation.

Subje¢ct to agreement between the purchaser and supplier, the MVU switching impulsg test
need|not be performed, if it can be shown by other means that;

a) the external air clearances to other valves and to eafth“are adequate for the switghing
impulse voltage withstand level required, and

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

7.3. MVU lightning impulse test

[4%
o

A standard lightning impulse voltage waveshape in accordance with IEC 60060 shall be us

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

The {est shall comprise threg-applications of positive polarity and three applications of nedative
polarjty lightning impulse voltage of specified amplitude.

The [MVU lightning -impulse test voltage Uy, shall be determined in accordance with the
following:

Utlm = iLlPLm X k6 X kt
wherg

LIPL{ ds“the lightning impulse protective level determined by insulation co-ordination, taking
into _account the arrester(s) connected between the MVU high voltage terminal and

earth;
Ke is a test safety factor;
ke is 1,15;
k¢ is the atmospheric correction factor;
k¢ is the value according to 4.2.

If it cannot be demonstrated that the test prescribed above adequately tests the lightning
impulse withstand voltage between all terminals of the MVU, then consideration shall be given
to performing extra tests to check this insulation.

Subject to agreement between the purchaser and supplier, the MVU lightning impulse test need
not be performed if it can be shown by other means that:
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a) the external air clearances to other valves and to earth are adequate for the lightning
impulse voltage withstand level required,, and

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

NOTE In some circumstances, consideration-sheuld-be is given to a separate steep front impulse voltage test in
order to supplement the valve steep front impulse test (see 8.3.6).

8 Dielectric tests between valve terminals

8.1 Purpose of tests

tests are intended to verify the design of the valve regarding its voltage-related
characteristics for various types of overvoltages (d.c., a.c., switching impulse, lightniag impulse
and gteep-front impulse overvoltages). The tests should demonstrate that:

a) the valve will withstand the specified overvoltages;

b) any internal overvoltage protective circuits are effective;

c) pjartial discharges will be within specified limits under specified test conditions;

d) the internal d.c. grading circuits have sufficient power rating;

e) the valve electronic circuits are immune to interference and function correctly;

f) the valve can be fired from specified high overvoltage conditions without damage.

It should be noted that the tests described in this clausé. are based on standard wave shapes
and ptandard test procedures as developed for the_testing of high-voltage a.c. systemg and
components. This approach offers great advantages to the industry because it allows mugh of
the gxisting technology of high-voltage testing to)be carried over to the qualification of HVDC
valvgs. On the other hand, it-must shall be re€ognized that a particular HYDC application| may
resulf in wave shapes different from the standards and, in this case, the test may be modified
so ag to realistically reflect expected conditions.

8.2 | Test object

The [test object shall be a.complete valve which shall be assembled with all auxiliary
components except for the \alve surge arrester. The valve may form part of a multiple yalve
unit. [For all impulse tests, the valve electronics shall be energized unless otherwise spedified.
For the a.c. and d.c. voltage tests, the valve electronics need not be energized.

The ¢oolant shall be-in a condition that represents service conditions except for flow rate which
can he reduced ) f any object external to the structure is necessary for proper representatipn of
the gtresses(during tests it shall be included or simulated in the test. Earth planes shall be
used| whose-separation shall be determined by the proximity of other adjacent valves and parth
poterlutial surfaces.

The test object used for the valve dielectric tests will normally not permit the application of
atmospheric correction to the specified test voltages without overstressing the thyristors or
other internal components. For this reason, no atmospheric correction factor is applied to any
of the dielectric tests between valve terminals. The supplier shall demonstrate that the effects
of atmospheric conditions on the valve internal withstand have been allowed for adequately.
Separate tests to verify that capability may be carried out on a case-by-case basis.

8.3 Test requirements
8.3.1 Valve d.c. voltage test

The d.c. test voltage source shall be connected so that the voltage is applied between one
main terminal of the valve and earth, with the other main terminal of the valve earthed.
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Starting from a voltage not higher than 50 % of the maximum test voltage, the voltage shall be
raised to the specified 1 min test level within approximately 10 s, kept constant for 1 min,
reduced to the specified 3 h test voltage, kept constant for 3 h and then reduced to zero.
During the last hour of the specified 3 h test, the number of partial discharges exceeding
300 pC shall be recorded as described in Annex B.

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

NOTE|1 If an increasing trend in the rate or magnitude of partial discharge is observed, the test duration-s#y can |
be extended by mutual agreement between the purchaser and supplier.

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

NOTE|2 Before repeating the test with opposite polarity, the valve terminals can be short-cir€uited and eartHed for
severgl hours. The same procedure can be followed at the end of d.c. voltage test.

The yalve d.c. test voltage Uy, shall be determined in accordance with the following:

Utdv = iUdn * k7

wherg
U4, | is the rated six-pulse bridge voltage;
k; | is a test safety factor;

ks = 1,6 for the 1 min test;

ks = 0,8 for the 3 h test.

8.3.2 Valve a.c. voltage test
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To perform the test, the test voltage source(s) shall be connected to the valve terminals| The
point|of earth connection, is dependent on the test circuit arrangement. Starting from a vdltage
not hiigher than 50 % ofithe maximum test voltage, the voltage shall be raised to the spetified
15 s |test voltage within’ approximately 10 s, kept constant for 15 s, reduced to the spegified
30 mjn test voltage,“kept constant for 30 min, and then reduced to zero. During the last | min ‘
of th¢ specified-30 min test, the level of partial discharge shall be monitored and recorded| The
valug of partialdischarge shall not exceed 200 pC (see Annex B).

The 15_s'test voltage of the valve U,,, shall be determined as follows:

Yavir = véuvom <k xks=xKg Utayir = \/2Uv0max x Ky x K x kg ‘

and

I J I_l I I 1 _
Utavia = V¥ 2Uyom < kr < kg  Utav1d = \/EUVOmax x K > kg ‘

where
Uiavar  Is the peak value of the required 15 s test voltage in the reverse direction;
Uiav1g s the peak value of the required 15 s test voltage in the forward direction;

U Usomax IS the maximum steady-state no-load phase-to-phase voltage on the valve side |

of the transformer;

voem

r is the temporary overvoltage factor;
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The f.m.s. value of the 30 min test voltage U,,,, shall be determined as follows:
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Apply the test voltage Uy,,4 for 15 s and then*U,,,, for 10 min. The value of partial discH

durin

At th
for 3

wher

vrm

8.3.3

Valvd
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is the value determined from system studies;

is the commutation overshoot factor in the reverse direction, calculated for recovery at
the crest of the load rejection overvoltage (a = 90°) including the increase arising from
the reverse recovery charge of the thyristors. k. shall allow for the limiting effect of the

parallel connected valve arrester;
is a test safety factor;
445 1,10.

Since the value of U, ,, is greater than or equal to U
etrical a.c. test voltage of r.m.s. value equal to U
s both requirements.

avid’

favir

U,
U =PV ok
tav2 2 \/E 9

a)
-

across the valve, including commutation overshoot;
is a test safety factor;
1,15.

e Ui, exceeds the maximum effective r.m.s{ content of the valve operating vg
by more than 15 %, the following alternativestest procedure may be adopted:

g the last minute of the 10 min test shall not exceed 200 pC.

e end of the 10 min test, redyce the test voltage to U;,,3 and maintained at this
) min, where:

Utava = kg x Uyrms

11

is the maximum r.m.s. content of the valve voltage under the most severe contin
operating.conditions.

Valve)impulse tests (general)

impulse tests should meet the following requirements:

a)
u

his standard permits selection between two valve impulse test programmes depending

pon the cost-benefit considerations for the application.

the 15 s test-may can be achieved either with a
/N2 or by a combined a.c. plus d.c. test voltage which

is the maximum value of the peak-to-peak steady-state operating voltage appegaring

In the first alternative, the test safety factor for lightning and switching impulse tests is 1,1
and for steep front impulse tests 1,15 with the thyristors present, plus 1,15 and
1,2 respectively with the thyristors replaced by insulating blocks.

In the second alternative, the test safety factor for lightning and switching impulse tests is
1,15 and for steep front impulse tests 1,2 with the thyristors present.

Further information is given in Annex A.

b) If the valve utilises protective firing, impulse test voltages applied in the forward direction
will be prospective only. It shall be demonstrated that any such protective firing circuits
behave as intended.

c) Unless otherwise specified, the valve electronics shall be energized.
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d) It shall be demonstrated that the voltage across the valve at the initiation of the impulse
satisfies the following relationship:

where

Vpsm is the non-repetitive peak forward surge voltage rating of the thyristors;

N, is the total number of series thyristor levels in the valve;

N, is the total number of redundant series thyristor levels in the valve.

e) During the impulse tests, the valve shall be monitored for correct behaviour with regard to

e
v
tg

8.3.4

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

The fest shall comprise three applications of positive polarity and three\applications of neg

polar

energized.

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

If the

operates during the forward test, three additional applications of positive switching impuls|

an a
tests

The

the following:

wher
SIPL
k1o

8.3.5

A standardtlightning impulse voltage waveshape in accordance with IEC 60060 shall be us

ectromagnetic interference (see Clause 12). For this to be possible, those parts\d
blve base electronics that are necessary for the proper exchange of information wit
st valve-must shall be included.

Valve switching impulse test

ty switching impulse voltages of specified amplitude with the-valve electronics in

valve incorporates protective firing against overvoltages in the forward direction, v

jreed amplitude, so that the valve does not fire,-must shall be made. For the addi
the valve electronics shall be energized.

alve switching impulse test withstand'voltage Uy, shall be determined in accordancg

UtSV = iS/PI_V X k10

W

is the switching impulse protective level of the valve arrester;
is a test safety\factor (see 8.3.3 a)).

Valvellightning impulse test

f the
h the

sed.

ative
tially

vhich
es of
ional

with

4%
o

ative

If the valve incorporates protective firing against overvoltages in the forward direction, which
operates during the forward test, three additional applications of positive impulses of an agreed
amplitude and front time, so that the valve does not fire,-must shall be made.
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The valve lighting impulse test withstand voltage Uy, shall be determined in accordance with
the following:

Ut|V= iLIPI_V X k11

where
LIPL, is the lightning impulse protective level of the valve arrester;
kq1 is a test safety factor (see 8.3.3 a)).

8.3.6—Valve-steep-frontimptise-test

For the steep front impulse test, a voltage waveshape as defined by Figure 1 shall*be lsed.
The Virtual steepness S and crest value of the worst case valve steep front impulse voltage
stresp shall be determined from system studies. The virtual steepness shall be_evaluated|from
the dqtudy results as the maximum du/dt, in kV/us, averaged over 60 % ofthe total vgltage
excufsion.

When deriving the test voltage, the virtual steepness and amplitude”derived from the system
studigs shall both be multiplied by the relevant test safety factor, iexthe virtual front time(shall
be held constant.

NOTE| If overvoltages with wavefronts shorter than 0,1 us are expected to occur in service, the purchas¢r and
supplipr—may can agree on an appropriate very fast front voltage, test) in place of the steep front impulse test
descriped above.

The fest shall comprise three applications of positive‘polarity and three applications of negative
polarjty of a steep front impulse of specified amplitude.

If thel valve incorporates protective firing against overvoltages or excessive du/dt in the fofward
direclion, which operates during the forward test, three additional applications of pogitive
impulses of an agreed amplitude and front time, so that the valve does not fire,-must shall be
madg.

The Yalve steep front impulse .test withstand voltage Uy, shall be determined in accordance
with {he following:

Uisry=+FWPLyxkry Ugg, =+ STIPL, x Kkqp

wherg

FWPL  STIPL is the-front-of-wave steep front impulse protective level of the valve arrester
V- V
as determined by the co-ordinating current from system studies;

kyo is‘a test safety factor (see 8.3.3 a)).

8.4 Valve non-periodic firing test
8.4.1 Purpose of test

The principal objective of the valve non-periodic firing tests is to check the adequacy of the
thyristors and the associated electrical circuits with regard to current and voltage stresses at
turn-on under specified high-voltage conditions. This test can usually be performed as part of
the valve switching impulse test (see 8.3.4).

8.4.2 Test object

Test object should be as in 8.2. The test can be made on the valve section instead of complete
valve for the surge arrester method B in 8.4.3. In this case, supplier shall show the equivalency
between the valve section test and the complete valve test.
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If immunity to electromagnetic disturbance due to coupling between adjacent valves in a MVU
is to be demonstrated by approach one as in 12.3.2, then in addition to the test valve, an
auxiliary valve (or sufficient portion thereof) shall be included in the test. This auxiliary valve is
the test object in so far as the demonstration of immunity to electromagnetic disturbance by
coupling is concerned. The electromagnetic disturbance test object shall be configured
geometrically in accordance with the service arrangement. The electromagnetic disturbance
test object shall be forward biased at the triggering instant of the valve subjected to non-
periodic firing. The electronics of the electromagnetic disturbance test object shall be
energized. Those parts of the valve base electronics that are necessary for the proper
exchange of information with the electromagnetic disturbance test object shall be included.

NOTE—+ 3 s P X ’ bl bl bl £ ’ In £ h
C e —Specitc—geometr e —arrangement—to— o useu—ana—te— magmntuage—or—tne— rorward—vortage_19pr the

electr¢magnetic disturbance test object-should-be are agreed, based on the design of MVU.
8.4.3 Test requirements

The {est shall comprise three applications of positive switching impulse voltage, and the yalve
triggéred into conduction at the crest of the impulse.

The |mpedance of the impulse generator shall be selected to reproduce not only the tufn-on
curreint arising from the discharge of the circuit stray capacitance,(but also that arising|from
commutation of the maximum value of surge arrester current determined from system studies.

The fest shall be performed at room temperature.

Two methods for achieving this are acceptable as desecribed below.

A Pprallel capacitor method. In this method, a:capacitor shall be connected in paralle| with
the test valve, the value of which will result inta current discharge at least as severe afs the
fifst 10 us of the predicted value. Longer.times may be important if system studies ghow
that the turn-on current is oscillatory and that there is a risk of current extinction in the
tRyristors. The peak value of currentsShall be determined from system studies, taken into
apcount all the following conditions:

valve voltage at firing;

non-linear behaviour of.valve reactors;

damping effect of thyristor conduction resistance;
—| valve stray capacitance and inductance.

B Surge arrester method. In this method, an arrester shall be connected between the palve
tegrminals, and, the test voltage applied from behind an inductance equal to that of the
cpmmutating ‘inductance. Capacitance equal to the maximum value of valve terminal-to-
tgrminal stray capacitance expected in service shall be connected between the yalve
terminals."When the current through and voltage across the arrester reaches the prescribed
Igvels, the valve shall be triggered into conduction.

! L -] ) T 41 ! R
The dive vUIlaytc at 1y slidilr o uic TUwWTst UT.

a) the switching impulse protective level of the valve arrester;
b) the protective firing level of the valve;

c) the firing inhibit level of the valve (see Note 3).

If the valve is triggered by protective firing below the switching impulse protective level of the
valve arrester, then the test shall be repeated with the redundant thyristor levels operational. If
the valve still triggers by protective firing below the switching impulse protective level, the test
shall again be repeated with the impulse level reduced to just below the protective firing
threshold and the valve triggered by the normal firing circuits.



https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

- 26 — IEC 60700-1:2015 RLV © IEC 2015

NOTE 1 A voltage test safety factor at least equal to the difference between the maximum tolerance and minimum
tolerance of the valve arrester (typically about 5 %) is already included in this test resulting in a corresponding
increase in current. Therefore, no separate test safety factor is applied to the test voltage and current.

NOTE 2 Because of limitations in the practical size of impulse generators, method B is suitable only for valves of
low voltage rating. Therefore, when system studies show a need for accurate turn-on current representation at
times longer than 10 us, the valve non-periodic firing test—may can be performed using method A and be
supplemented by separate tests on valve sections using method B.

NOTE 3 In some designs, firing of the valve from high voltage-may can be inhibited by a voltage measurement
across the valve, or by a current measurement in the parallel valve arrester. If this is the case, the details of the
non-periodic firing test—should—be are agreed by the purchaser and the supplier taking into account the
characteristics of the inhibiting circuits employed.

9 PReriodic firing and extinction tests

9.1 Purpose of tests
The principal objectives of the periodic firing and extinction tests are:

a) t¢ check the adequacy of the thyristor levels and associated electrical circuits in a yalve
with regard to current, voltage and temperature stresses at turn-on-and turn-off undgr the
orst repetitive stress conditions;

=

b) t¢ demonstrate correct performance of the valve at minimum repetitive voltage, coindident
with minimum delay and extinction angles, at maximum temperature.

9.2 | Test object

The fests may be performed on either the complete valve or on valve sections. The choice
depehds mainly upon the valve design and the test facilities available. The tests specified in
this $tandard are valid for valve sections containing five or more series-connected thyristor
levels. If tests with fewer than five levels are (eroposed, additional test safety factors shall be
agreg¢d. Under no circumstances shall the number of series-connected levels for tests bg less
than three.

The yalve or valve sections under test shall be assembled with all auxiliary components. When
required, a proportionally scaled.yalve arrester shall be included. The arrester shall be s¢aled
to the number of series-conhécted levels under test to give a protective level which
correisponds at least to the maximum characteristic of the service arrester.

Hure;

9.3 | Test requirements

9.3.1 General

The ftests shall be performed using suitable test circuits giving stresses equivalent to the
appropriate service conditions such as two six-pulse bridges in back-to-back connection or an
appropriate synthetic test circuit.

The coolant shall be in a condition representative of service conditions. Flow and temperature,
in particular, shall be set to the most unfavourable values appropriate to the test in question.

The equivalent service conditions to be reproduced are specified in 9.3.2 to 9.3.6. Subclauses
9.3.2, 9.3.3 and 9.3.4 are defined for operation with maximum continuous operating thyristor
junction temperature. If higher firing or recovery voltages, alternatively lower delay or extinction
angles, are possible under loading conditions which do not coincide with maximum continuous
operating thyristor junction temperature, then these shall also be reproduced. Examples where
this may be the case include winter overload operation, and the use of the converters to limit
the export of surplus reactive power into the a.c. network at light load conditions. When tests
are performed to reproduce such conditions, the test current and coolant temperature may be
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adjusted to reflect the worst case thermal conditions appropriate to the service conditions
being represented in the test.

To obtain voltage and current stresses representative of service conditions, it is important that
the total stray capacitance associated with the valve and the inductances contributing to the
commutating reactance be properly represented in the circuit. In a deblocked six-pulse bridge
circuit, each valve experiences a parallel impedance equal to 1,5 times that of a single off-state
valve. If a test circuit other than a six-pulse bridge is used, then it is important that this feature
is also properly represented in the circuit.

When testing with valve sections, the scaling factor for tests—{k,} shall be-determined—as—in
432 applied.

Test [voltages and test circuit resistances and inductances shall be determined, from the full
scalg values by being multiplied by-thefastork, a scaling factor, while test circuit capacitgnces
shall[be determined from the full scale values by being divided by-thefastorkg ascaling factor.

In orgler to reproduce correct heating effects, the periodic firing and extinction tests should be
performed at the service frequency. When this is not possible and/the service frequency is
diffejent from the test frequency, then the test conditions shally 'be adjusted so 3s to
approximately compensate the difference in frequency dependent losses, as necessary to
demg@nstrate the proper stressing of the equipment. Guidanceon-the sensitivity to frequency of
the vparious loss producing mechanisms can be found in IEC.61803.

During the tests, the temperature rise of the most criticalkheat producing components and|their
adjagent mounting surfaces shall be monitored t¢/) verify that the maximum temperafures
reached are within limits permitted by the design (see 4.4.3). The number and location gf the
components to be monitored shall be agreed, but'shall be not less than three examples eaEh of:
thyridtor case temperature, damping resistor surface temperature, and valve saturable repctor
surfalce temperature. If less than three item$&.bf a type of component are installed in a valve, all
components of this type in the valve shall-be monitored.

9.3.2 Maximum continuous operating duty tests
9.3.2|1 General

The [test current shall be’ based on the maximum continuous direct current at maximum
ambipnt temperature.- The coolant temperature shall be not less than that which-will- give the
i Cobi . . . o

The fest currentishall incorporate a test safety factor of 1,05.

The {est yoltage U,,,4 corresponding to the no-load phase-to-phase value in a six-pulse bridge
convertershall be determined as follows:

U-tpm;uvomﬁx_lacnﬁxﬁ&fr Utpv1 = Uyomax * Kn % K13

where

Y0m Uyomax 18 the—highest maximum steady-state no-load phase-to-phase voltage on the
valve side of the transformer;

Kk, is a test scaling factor according to 4.3.2;

K3 is a test safety factor;

ki = 1,05.

Three maximum operating duty test conditions shall be satisfied as detailed in 9.3.2.2, 9.3.2.3
and 9.3.2.4 below. These conditions can be satisfied singly or in any combination.



https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

- 28 — IEC 60700-1:2015 RLV © IEC 2015

NOTE Subject to agreement between the purchaser and supplier, consideration—may can be given to apply the
current and voltage stresses separately, provided it can be demonstrated that the objectives of the tests are met.

9.3.2.2 Maximum continuous firing voltage test

Operate the valve or valve sections at a delay angle « so that the valve (section) firing voltage
us is not lower than the greater of:

&)ty = oV max

;) (. pv max max

e

pa is the higdhest steadv-state rectifier delav-anale in-_service coincident with _aberatibn ot
‘max[ TS tHEe—HGRES-Steaay-statefrecter—aeayaRgeHh—SerHece,—cohcicent—wWhn—eperatph—at

u ic tha maxvimum - value of the inverter commutation overlan anale under the corresnohding
max[ o teaxidm-Yarde-omehverRer-eommititaton-oveapangre 4hGeite-corresponaing

a) U= Uppyr X V2 x sine

b) Ui = Uppyq X V2 x sin(y+ )

wherp

o is the steady-state delay angle corresponding,ta_the rectifier service condition that

leads to the highest value of ug coincidentith operation at maximum contirjuous
operating thyristor junction temperature;

(y+ 4) is the sum of the steady-state extinction_angle and overlap angle corresponding to the
inverter service condition that leads "t6 the highest value of ug coincident| with
operation at maximum continuous ope¥rating thyristor junction temperature.

The furation of the test shall be not lessithan 30 min after the exit coolant temperaturg has
stabilized.

9.3.2.3 Maximum continuous-recovery voltage test

Operpte the valve or valve sections at a delay angle « so that the prospective step voltage at
recoyery at current zero &, is not lower than the greater of:

a)—tr—="Ypy C max max

- il : — lo.

a) Uy = Uppyq X V2 x sin(a + p)

b) Uy = Uppy1 X V2 x siny
where

(a+ ) is the sum of the steady-state delay angle and overlap angle corresponding to the
rectifier service condition that leads to the highest value of u,, coincident with
operation at maximum continuous operating thyristor junction temperature;
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y is the steady-state extinction angle corresponding to the inverter service condition that
leads to the highest value of u,, coincident with operation at maximum continuous
operating thyristor junction temperature.

The duration of the test shall be not less than 30 min after the exit coolant temperature has
stabilized.

9.3.24 Heat-run test

To simulate the maximum combined losses in thyristors and damping circuits during
continuous operation, operate the valve or valve sections at a delay angle « so that the sum of
the guuaresofthejumpvottages—mthevatve vottagewavestape,measured—overonmeycle
(exclpding the commutation overshoot transients) is not lower than:

2 2 2 . 2 . 2

I ] ’ max max max

S av? - (1 75 +1 ,5m2j <2 Uztpv1[sinza rsin?(a+ p)}

wher
m is the electromagnetic notch factor (see 5.1.4 of IEC 64803, 1999);

aanfl p e .aRet,,,  correspond to the rectifier or invertel steady-state service congition
for which—U, g, 2{81A% 6t o —+—81AZ et ay—+—tmagdh U2, [Sin? a + sin? (a + L)) is
maximum, coincident with operation at maximum continuous operating thyristor
junction temperature.

11

If a two x six-pulse back-to-back test circuit is used, the conditions required for this tedt are
autorpatically met when performing 9.3.2.2 and 9.3.2.3. However, differences to twelve-pulse
operation shall be considered.

The duration of the test shall be not.less than 1 h after the exit coolant temperaturg has
stabilized.

9.3.3 Maximum temporary.operating duty test (« = 90°)

The {est voltage U,,, corresponding to the no-load phase-to-phase value in a six-pulse bfridge
converter shall be cfetermined as follows:

.L,Ltpﬁ;uvﬁm_x_k.n_x_k.r_x_k_m_ Utpv2 = Uyomax X Kn x K. x Kqq

wherg

Y00 Uvdrdx 18 the—highest maximum steady-state no-load phase-to-phase voltage of the
valve side of the transformer;

K, is a test scaling factor according to 4.3.2;
k, is the temporary overvoltage factor;

k. is a value determined from system studies;
kq4 is a test safety factor;

Kig = 1,05.

Prior to the test, the valve or valve sections, shall be brought to thermal equilibrium under the
conditions of 9.3.2.2. Operate the valve or valve sections, for the specified time, at a delay
angle « = 90° so that the firing and prospective recovery voltages are not less than Uy, x V2.
The sum of the squares of the jump voltages in the valve voltage waveshape shall be not less
than that obtained from the expression given in 9.3.2.4 using « = 90° and U,,,4 as defined in
this clause. The current during the period of « = 90° operation shall be at least equal to the
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maximum value for a = 90° operation, determined from system studies, multiplied by a test
safety factor of 1,05. After the specified time at a« = 90°, return to the conditions corresponding
to 9.3.2.2 and maintain constant for at least 15 min.

The duration of operation at « = 90° shall be at least twice the normal permitted time in service
at this delay angle.

Depending on the temporary overvoltage control strategy for the scheme, tests of different
duration, with different values of k., may be required.

9.3.4—Minimtum-a-c—voltage-tests
9.3.4{1 General

The fest current and coolant temperature shall be selected as defined in 9.3.2.

The {est voltage U,,,3 corresponding to the no-load phase-to-phase value in, a six-pulse bfridge
converter shall be cfetermined as follows:

n Nt f
Utpvd =tyomin d k15 Utpv3 = Uyomin . x K1s
ny, N
wherg
Usoomin s the lowest steady-state no-load phase-to-pliase voltage on the valve side df the
transformer;
A Nijy  is the number of series-connected thyristorlevels under test;
A, N is the total number of series-connectéed thyristor levels in a complete valve, incliiding
redundant levels;
kys is a test safety factor;
k15 = 0,95

9.3.4,2 Minimum delay angle test

Operpte the valve or valve 'sections at a rectifier delay angle « so that the valve (section) ffiring
voltage uy, is not higherithan:

r— 7% i min Ufr = UtpV3 X \/2 X S|na

wherp oS the smallest steady-state rectifier delay angle in service coincident with operation
at merximum continuous operating thyristor junction temperature.

The duration of the test shall be not less than 15 min after the exit coolant temperature has
stabilized.

If the operating strategy of the converter permits temporary operation with o below the
minimum steady-state value, then operation at this reduced value shall also be demonstrated.
The duration of operation at the transient ¢, value shall be at least twice the normal
permitted time in service at this delay angle.

It shall be demonstrated that the valve (sections) fire regularly at both the steady-state and
transient values of a,,;,.
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9.3.4.3 Minimum extinction angle test

Operate the valve or valve sections at an inverter extinction angle y so that the prospective

step

voltage at recovery at current zero u,; is not higher than:

= v c X Siymin Uy = Ugpyz x V2 x siny

and the time from current zero to positive-going voltage zero crossing t¢ is not greater than:

wher

k. |is the commutation overshoot factor (see 8.3.2);

The
stabi

If th

minimum steady-state value, then operation at this reduced value shall also be demonstr
The Turation of operation at the transient minimum, 7, value shall be at least twice the ng

perm

LY Y

—tflm_ =
of =360 xf o = 350xF

is the smallest steady-state extinction angle in service coincident with operatig
bximum operating thyristor junction temperature;

the service frequency.

juration of the test shall be not less than 15 min after the~exit coolant temperaturg
ized.

b operating strategy of the converter permits temporary operation with y below

itted time in service at this extinction angle.

n at

has

the
ated.
rmal

vhich
valve

It shpll be demonstrated that no commutation failures occur at either the steady-state or
transfjent minimum values of y,;,.

9.3.5 Temporary undervoltage test

The purpose of this test is to.verify the correct performance of those valve designs in
energy for the firing circuits,\is extracted from the voltage appearing between the
terminals.

Prior|to the test, the~valve or valve sections shall be operated under conditions correspo

to 9.
Oper

coindident with)a test voltage Uy, 4, which shall be determined as follows:

3.4.2 (steadysstate minimum «,,,) except for the test current which may be red
ate the valveror valve sections, for the specified time at minimum transient value of

nding
iced.

Cmins

n Nyt
Yppya—="Yyon>—xkgxtkrs  Upya = Uyon x —2-x ky x K1g
LAV4 th
where
Uyon is the nominal value of the no-load phase-to-phase voltage on the valve side of the
transformer;
aN,,; is the number of series-connected thyristor levels under test;
A, N, is the total number of series-connected thyristor levels in a complete valve, including
redundant levels;
k, is the temporary undervoltage factor (fundamental frequency) for which the converters
shall remain controllable;
kqg is a test safety factor;

=0,95.



https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

-32 - IEC 60700-1:2015 RLV © IEC

2015

The duration of operation with temporary undervoltage shall be not less than the back-up fault
clearing time for the a.c. system, including, where appropriate, any dead-time arising from

auto-

After

reclose sequences in the a.c. system.

the specified time, return to the conditions corresponding to 9.3.4.2.

It shall be demonstrated that the valve (sections) remain controllable over the full duration of
the temporary undervoltage.

Depending on the level of temporary undervoltage and the method of test adopted, it may not

shall

be p
be d
durin
firing
9.3.6
The

arisir
repro

a) o

ssible to maintain normal nlnnrnfinn of the test circuit during the test |f this accurs it
emonstrated that this is an inherent consequence of the abnormal voltage cond
g the test and not a result of a failure of the valve (sections) to respond correctly t
control signals.

Intermittent direct current tests
est shall be performed with the valve coolant at its maximum temperature. The strg
g from intermittent direct current operation for two operating conditions sha
duced:

= 90° operation with maximum a.c. voltage and k, = 1,0 (see/9.3.3);

b) rectifier minimum «,,;, operation with minimum a.c. voltage*(see 9.3.4.1).

The

duration of the test shall be at least twice the~hormal permitted time in servic

operation with intermittent direct current under the spécified conditions.

The fests shall demonstrate safe turn-on of the thyristors, in accordance with the design, 3

requi
(sect

site number of firings per cycle. For an effective demonstration, the behaviour of the
ons) should be explored with an adjustable intermittent direct current in which

durafion of the periods of zero current;¢an be varied from zero to a value which is

comy

NOTE|

ared with the turn-off time of the.thyristors.

The maximum number of current.pulses per cycle in a valve during intermittent direct current opera

normdlly four for valves used in HVDG ‘transmission applications and eight for valves used in back-to-back sc

10 1

10.1

The

to ch
forwg
demg

[ests with transient forward voltage during the recovery period

Purpose of tests

principal objective of the tests with transient forward voltage during the recovery peri
eck that,/at maximum temperature, the valve will tolerate the application of tran
rd yoltages in the period immediately following current extinction. The tests
nsirate that the valve will either withstand the transient forward voltage or will tu

safel

tions
b the

sses
| be

e for

t the
valve

the
long,

ion is
emes.

od is
sient
shall
n on

A second objective is to demonstrate that, for transients in the forward direction applied after
the recovery interval, the protective firing level and du/dt withstand of a valve containing
operating thyristors at their maximum steady-state junction temperature are consistent with the
design.

10.2

Test object

See 9.2.
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10.3 Test requirements

The test requirements are the same as for the periodic firing and extinction tests, Clause 9,
except that an impulse generator, connected across an inverter valve or valve section, is also
required. Triggering of the impulse generator shall be synchronized with the normal operating
waveshapes to apply forward impulses to the valve or valve sections under test in the interval
immediately following current extinction.

The test current and coolant temperature shall be selected to produce the maximum
continuous operating thyristor junction temperature. The operating conditions for the valve
(sections) under test shall be those of 9.3.4.3 for steady-state minimum y....

The impulse generator shall be set so that the prospective peak voltage in the forward“\dirgction
Uttqlis determined by:

Ywig—="Ysiprv K7 Upta = UimpLy % Kn

wherg

Ygipl, UvpLy is the-switehing impulse protective level of the valverarrester, alternatively the
guaranteed non-firing level for protective firing with a switéhing impulse waveshape, if
lower;

k, is a scaling factor according to 4.3.2.

NOTE[1 Ugpp, is used as U p , in 100 us front time waveshapeidnd U, , is used as U5, in 1,2 and| 10 ps

front tijme waveshapes.

The fest shall be performed with three different impulse waveshapes:

— type 1: 100us-—rise front time + 30 %;
— type 2: 10us-—rise front time = 30 %;
—  type 3: 1,2us-—rise front time + 30 %

The fime from voltage crest to half value of the impulse is not critical, but shall be not less|than
10 ug for any waveshape whenfapplied under conditions for which the valve does not turn on
due tp the impulse.

NOTE| 2 The sensitivity of<the equipment to impulses of different waveshapes is design dependent. Subject to
agreement between purehaser and supplier, consideration—may can be given to restricting the test to a [single
impulde waveshape, provided it can be shown that the objectives of the test are met.

Not less than _five-impulses of each type shall be applied singly, at various times in the inferval
from |current zero to the end of the negative recovery period. Three additional impulses of [each
type ghall-be applied after the recovery period has ended.

NOTE 2 Thn FPV-YAV-VVEV-N3 ir\rl ohnll hn e SORSt Anrnrl h-\ hn e r\nrlnrl M hnn l'lf\r\ fhurietnre h"‘v nnnnnn innd th“ir fJ” off_
state voltage and du/dt W|thstand capabllltles This-may can be marked in some designs, by the ending of a time
window during which protection circuits have increased sensitivity. The relevant time-shalbe is stated by the
supplier.

The valve or valve sections shall either withstand the impulses or turn-on safely.

If the valve incorporates protective firing against transient forward voltages in the recovery
period then it shall be demonstrated that the protection operates as intended.

The valve shall not fire for any impulse applied after the recovery period has ended, unless
firing can be shown to be due to a legitimate response of the protective firing circuits during the
off-state (see Note 3 above). If protective firing occurs with the specified waveshapes, when
applied after the recovery period has ended, then three additional applications of positive
impulses of revised amplitude and front time, such that the valve does not fire, shall be made.
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It shall be demonstrated that the revised amplitude and front times for non-firing are consistent
with the protective firing strategy for the valve.

11 Valve fault current tests

11.1 Purpose of tests

The principal objectives of the fault current tests are to demonstrate proper design of the valve
to withstand the maximum current, voltage and temperature stresses arising from short-circuit
currents.

The fests shall demonstrate that the valve is capable of:

a) spppressing a one-loop fault current of maximum amplitude, commencing from ‘maxijmum
temperature and blocking the ensuing reverse and forward voltages;. including| any
oyvervoltage due to load rejection;

b) slrviving, to circuit breaker trip, a multiple-loop fault current, under conditions similar to the
one-loop test, but with no re-applied forward voltage. This test covers-the — normally rare —
cpse where phase shifts or transients in the AC system prevent-ihe conditions needgd for
the valve to block the fault at the end of the first cycle.

11.2| Test object

See 9.2.

11.3| Test requirements
11.3.1 General

The fests shall be performed using test circuits which are capable of reproducing, as closgly as
possible, the most severe fault current conditions specified.

For the one-loop fault current te§f, the principal requirement is to reproduce the worst
compination of forward voltage and thyristor junction temperature at the time of the crest of the
first positive half cycle of re-applied voltage following one loop of fault current.

For the multiple-loop fault current test, the principal requirement is to reproduce the worst
combination of reverse* voltage and thyristor junction temperature at negative recovery
following the penultimate loop of a multiple-loop fault current.

A sefond requitément of the one-loop fault current test is to demonstrate that the thyristors
have|adequate’turn-off time to be able to withstand the re-application of forward voltage 3t the
positlve-going voltage zero crossing immediately following the fault current. The time inferval
betwgen current zero and posmve gomg voltage zero crossing is dependent on the da p|ng
facto ,
to the service values or adjusted so as to produce a representatlve value for the hoId off
interval. Where this is not possible, the supplier shall demonstrate by other means, that the
turn-off time of the thyristors, after one loop of fault current, is adequately short.

In order to reproduce the correct transient reverse voltages during the multiple-loop fault
current test, it is important that the total stray capacitance associated with the valve and
inductances contributing to the commutating reactance be properly represented in the circuit. It
is important that the effective parallel impedance of the other valves of a six-pulse bridge is
properly represented, taking into account the location of the presumed short circuit and the
control strategy adopted during overcurrents. The valve or valve sections need not be
subjected to any recovery voltage after the final loop of fault current.
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When testing with valve sections, the test voltages and test circuit component values shall be
scaled according to the number of series-connected thyristor levels under test as described
in 9.3.

NOTE The fault current tests specified in 11.3.2 and 11.3.3 are based on the normal worst case condition of the
maximum value of fault current arising from a short circuit across a rectifier valve. If the worst combination of
voltage and junction temperature for the thyristors does not coincide with the maximum fault current arising from a
short circuit across a rectifier valve, then the test conditions-shall-be are adjusted accordingly.

11.3.2 One-loop fault current test with re-applied forward voltage

Prior to the test, the valve or valve sections shall be operated to produce the maximum
contipoous operating tnyristor juncton temperature.

Subject the valve or valve sections to one loop of fault current of the specified peakdvalug and
condpction duration, followed by re-application of forward voltage. The crest valu@ of theg first
half gycle of re-applied forward voltage Uy, 4 shall be determined as follows:

1 1 1

[o -
g = yom N2 x Ky xkrxki7  Uipug = Uyomax X V2 x ko &5Kke x kq7

wherg

Yo Uvomax 18 the—highest maximum steady-state no-load phase-to-phase voltage on the
valve side of the transformer;

Kk, is a test scaling factor according to 4.3.2;

k, is the temporary overvoltage factor;

k, is the value determined from system studies;
k17 is a test safety factor;

kq7 =1,05.

The peak value and conduction durationy,of the fault current shall be determined from system
studips, taking into account:

— the maximum a.c. system short-Circuit fault level;

— the minimum steady-state-a.c. system frequency consistent with the above;

— the minimum tolerance’value of the converter transformer reactance referred to the yjalve
side;

— the most critical ©fjthe following combinations:

o| the lowestdelay angle at fault initiation corresponding to the maximum steady-state
operating Voltage referred to the valve side,

o| theYowest operating voltage referred to the valve side at fault initiation corresponding to
the-minimum transient delay angle;

— tr-n minimuim darmnins fant~re fAr votarm nda nyvuart
~orrrrrTrrTTa Tt UUIIIHIIIS TaviUT I 1TU1T LY LY A™ ] LY
valve side;

— a short circuit across a rectifier valve.

ed-to the

The peak value of the fault current so calculated shall not be reduced by half the d.c. current
(/d/2) unless the supplier can demonstrate that the reduction is valid for the proposed control
strategy.

The value of k, shall be consistent with the a.c. system conditions used for calculating the fault
current. The d.c. load rejected shall be that portion of the rated d.c. power of the converter
station which is lost due to the fault.
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If the parameters of the test circuit prevent the specified fault current amplitude and conduction
duration from being achieved, then a current waveshape of equivalent severity may be used. It
shall be demonstrated that the equivalent waveshape results in a thyristor junction temperature,
at the time of peak voltage stress, which is at least as great as that which would have occurred
with the correct current waveshape.

11.3.3 Multiple-loop fault current test without re-applied forward voltage

Prior to the test, the valve or valve sections shall be operated to produce the maximum
continuous operating thyristor junction temperature.

Subject the valve or valve sections to one application of the specified number of loops of| fault
currgnt of the specified peak value and conduction duration. The valve or valve sections |shall
be sybjected to reverse voltage between the loops of fault current, but shall be prevented|from
expefiencing forward blocking voltage by continuously triggering the thyristors.

The prospective value of reverse recovery voltage at current zero of the penultimate|fault
current loop Uy, shall be determined as follows:

‘ Ui = Yvom VE siny =Ky =k xk7g  Uityr = Uyomax ¥ V2:8in y x kn % kp x Kqg

wherg
| Yol Usomax I8 the—highest maximum steady-state no-lead phase-to-phase voltage on the

valve side of the transformer;

7 is the fraction, in degrees, of one cycle of the service waveform, by which current|zero
of the penultimate fault current loop precedes positive-going voltage zero crossing;

K is a test scaling factor according to 4.3.2;

k, is the temporary overvoltage factor;

k, is the value determined from system studies;

k1s is a test safety factor;

k18 =1,05.

The pumber of fault current(loops shall be determined from the operating time of the primary
circult-breaker used for terminating short-circuit currents in the converter. The operating|time
shalllinclude the fault detection and signalling delays as well as the breaker clearing time.

The peak value and.Conduction duration of the fault current loops shall be determined in the
samg manner gs defined in 11.3.2 except that, for all fault loops after the first, the delay angle
of initiation shall be 0°.

The yalue-of k, shall be determined as described in 11.3.2.

12 Tests for valve insensitivity to electromagnetic disturbance

12.1 Purpose of tests

The principal objective is to demonstrate the insensitivity of the valve to electromagnetic
interference (electromagnetic disturbance) arising from voltage and current transients
generated within the valve and imposed on it from the outside. The sensitive elements of the
valve are generally electronic circuits used for triggering, protection and monitoring of the
thyristor levels.

Generally, the valve insensitivity to electromagnetic disturbance can be checked by monitoring
the valve during other type tests. Of these, the valve impulse tests (8.3.3 to 8.3.5) and the
| valve non-periodic firing test (8.4) are the most important because the events reproduced by
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these tests can be expected during normal operation of the converter station and do not
normally cause the converter station to be tripped.

The tests should demonstrate that:

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

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

NoTE| For this standard, tests to demonstrate valve insensitivity to electromagnetic disturbance
apply only to the thyristor valve and that part of the signal transmission system that‘connects
the valve to earth. Demonstration of the insensitivity to electromagnetic disturbange of
equigment located at earth potential, and characterization of the valve as. '@ sourge of
electfomagnetic disturbance for other equipment, are not within the scope of this)standard

12.2| Test object

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

When insensitivity to electromagnetic disturbance arising fem” coupling between adjacent
valves in a MVU is to be demonstrated, two approaches are acceptable as defined in 12|3. In
this ¢ase, the test object will be a separate valve or valvé_section according to the appnoach
adopted.

12.3 | Test requirements
12.31 General

When demonstrating insensitivity to electramagnetic disturbance arising from coupling betveen
adjadent valves of a MVU, the test reguirements depend on which of the two recommended
approaches is adopted.

12.3.2 Approach one

Apprpach one is to simulate-.the source of electromagnetic disturbance directly as part of a test
set-up. Such a test set=up will require more than one valve in order to check for intergction
betwgen them. The geometric arrangements of the source of the electromagnetic disturbance
with fespect to the.valve under test shall be as close as possible to the service arrangement (or
worse from an electromagnetic disturbance point of view).

Subclause8:4.2 gives further details of requirements if approach one is adopted.

12.3.3—~Approach-two

Approach two is to determine the intensity of electromagnetic fields under worst operational
conditions, either from theoretical considerations or by measurements. In a second step, these
fields are simulated by a test circuit which generates correct (or worse) electromagnetic
radiation at the respective frequencies. A valve section is then exposed to the fields generated
by the test source.

An essential prerequisite to approach two is the determination of the dynamic field strength and
direction at key locations in the valve. This can generally be obtained from search coil
measurements taken during firing tests on a single valve. Alternatively, the field can be
predicted from three-dimensional field modelling programs. A valve section shall then be tested
using a separate field coil to produce field intensity, frequency content and direction which is at
least as severe as the predicted values.
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The following conditions for the valve section under test shall be met:

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

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

2015

n its

those parts of the valve base electronics that are necessary for the proper exchange of

information with the valve section shall be included.

12.3.4 Acceptance criteria

The criteria for acceptance for both approaches one and two shall be as defined in 12.1.

13 Testing of special features and fault tolerance

13.1| Purpose of tests
13.1[1 General

Thesg tests are intended to verify the design and performance of any special features d
valvg. Special features may include, but are not limited to, those in(the following two categ

13.1.2 Circuits to facilitate the proper control,sprotection and monitoring of the val

Gengrally, these features can be demonstrated-as part of the other tests.

13.1.3 Features included in the valve-to provide fault tolerance

Faulf] tolerance capability may be defined as the ability of an HVDC thyristor valve to pe
its intended function, until a scheduted shutdown, with faulted components or subsysten
baded components, and.not"lead to any unacceptable failure of other components, or
externsion of the damage duge 10 the faulted condition. Special features may be required i
design to ensure fault toleranCe. Examples of faults for which fault tolerance may be req
inclugle, but are not limifedhto, those given below.

overl

a)

b)

d)

Short circuit of  thyristor

- m

ven though.a-short-circuited thyristor will shunt the other components at the thyristor
i some designs there may be a danger of overloading gate pulse transformers, overlo
of currenteonnections (where parallel thyristors are used), or changing the clamping lo

Jontindous operation of protective firing at one thyristor level due to loss of normal

f the
ories.

Fform
Ns or

n the
uired

evel,
hding
ad.

firing

pulses to that level.

Continuous operation of protective firing can lead to overload of the damping resistor and

other components at the affected level.

Insulation failure of a pulse transformer (if feeding two or more series-connected thyristors),

damping capacitor, damping resistor or grading capacitor.

Insulation failure of any component in parallel with the thyristors can attract load current

into it, leading to a hazardous condition.

Leakage of small quantities of valve coolant

If the valve is liquid cooled, small leaks may not be easily detected. Escaped coolant can
contaminate sensitive components, leading to malfunction, and can increase the probability

of insulation failure.
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The purchaser shall review the design offered with the supplier to determine the probability and
likely consequences of certain failures. Where appropriate, consideration shall be given, in the
type test programme, to the performance of special tests to verify critical aspects of the fault
tolerance capability of the valve. Such tests shall be agreed between the purchaser and
supplier on a case-by-case basis.

13.2 Test object

Tests may be performed on a complete valve, valve section or relevant parts of either.

13.3 —Testregquirements

The fest procedures and acceptance criteria shall be chosen having regard to the actual design
of the valve. It shall be demonstrated that the components or circuits involved ‘behave as
intended.

14 PRFroduction tests

14.1| General

This glause covers tests on assemblies of components that are parts of valves, valve secfions,
or auxiliary circuits for their protection, control and monitoring. It does not cover tes{s on
individual components that are used within the valve, thesvalve support, or valve strugture.
Prodyiction tests may include routine tests as well as sample tests. In this clause, only rdutine
test gbjectives are given.

NOTE| In some cases it could be necessary to perform gample tests on complete assemblies in addition [to the
routing tests, for example when modifications are introduced in the course of production to verify that the| valve
maintgins its performance without deviation from its ogigiral type tested design. The programme of sample t¢sts is
agreedl between the purchaser and supplier.

14.2 | Purpose of tests
The purpose of the production tests.is to verify proper manufacture by demonstrating that:
— a|l components and subassemblies used in the valve have been correctly installed in

afgcordance with the design;

— the valve equipmentifunctions as intended and predefined parameters are within prescribed
afceptance limits;

— the valve sections and thyristor levels (as appropriate) have adequate voltage withstand
bpability;

[¢)

(@}

bnsisteney and uniformity in production is achieved.

14.3 | Test object

All valve sections or parts thereof manufactured for the project shall be subjected to the routine
production tests. For sample tests the test object should be agreed between the purchaser and
the supplier.

14.4 Test requirements

Uniformity in the specified production tests of different suppliers is unnecessary. The

production tests shall take into account the special design characteristics of the valve and its

components, the extent to which the components are tested prior to assembly, and the

particular manufacturing procedures and techniques involved.—tn-this—<clause—onlyproduction
bioct en.

In all cases, the supplier shall submit, for approval by the purchaser, a detailed description of
the test procedures proposed to meet the production test objectives.
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The minimum requirements for routine-production tests are listed in 14.5. The order in which
the tests are listed implies neither ranking of importance nor the order in which the tests should
be performed.

14.5

14.5.

Production-test-objectives Routine test — minimum requirements

1 Visual inspection

To c
acco

14.5.

To check that all the main current-carrying connections have been made correctly.

14.5.

To ¢
serie
wave

14.5.4 Voltage withstand check

To check that the valve components can withstand.the voltage corresponding to the maxi

valug
testy

14.5.

To demonstrate correct manufac¢ture, the purchaser and supplier shall agree

comy
tests

14.5.

and

14.5.

To c:Leck that the alxiliaries (such as monitoring and protection circuits) at each thyristor

heck that all materials and components are undamaged and are correctly install
dance with the latest approved revision of the production documentation.

2 Connection check

3 Voltage-grading circuit check

heck the grading circuit parameters and thereby ensure(that voltage division bet
5-connected thyristors will be correct for applied veltages from d.c. to im
shapes.

specified for the valve.-The-checks—shallinctudeswitching-impulse—and-powerfregy
oo

5 Partial discharge tests

onents and subassemblies\lare critical to the design, and appropriate partial disch
shall be performed.

6 Check of auxiliaries

ose commonto the complete valve (or valve section) function correctly.

7 Firing check

To cireck that the thyristor in each thyristor level turns on correctly in response to firing sig

pd in

ween

bulse

mum

vhich
arge

level

hals.

14.5.

8 Pressure test

To check that there are no coolant leaks (for liquid cooled valves only).

15 Method for loss determination

The procedure for loss determination of HVDC thyristor valves is specified in IEC 61803.
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16 Presentation of type test results

The test report shall be issued in accordance with the general guidelines as given in
ISO/IEC Guide 25, and shall include the following information:

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

unambiguous identification of the test object, including type and ratings, serial number and
any other information aimed to identify the test object;

dptes of performance of the tests;
description of test circuits and test procedures used for the performance of the tests;

gference to the normative documents and clear description of deviationsif any, |from
pfocedures stated in the normative documents;

—

o

bscription of measuring equipment and statement of the measuring uncertdinty;

—
Far}

st results in the form of tables, graphs, oscillograms, and photographs as appropriatg;

o

Bscription of equipment or component failure.
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Annex A
(normative)

Test safety factors

General

2015

Thyristor valves are designed to withstand the stresses they are likely to experience under
specified HVDC operating conditions. To verify the valve design, dielectric and operational type

tests
cons

Tests
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brvatively reproduce the worst-case service stresses.

and test levels can have major economic penalties, particularly when unneeessary

or unfrealistic test levels are specified without compensating benefits in valve performance

test 5
reali
inten

Test
a prg
predi

tic and practical requirements to assure an economical valve design suitable fo
Hed application.

safety factors allow for measurement uncertainties during the(test and, where approp
tective margin. The protective margin provides an allowance for the uncertainty i

of the equipment with time, due to ageing.

Whe

h type tests are performed according to IEC 60060-1, measuring uncertainties amod

3 % flor measuring errors and a further 3 % for the test level tolerance.

Unce
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A rey
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used

A.2

A.21

A.21

rtainty in the prediction of the maximumcservice stresses depends on many factors

rsally applicable quantitative factorssexist for these parameters but established pra
brted by acceptable service experience provides a basis for judgement.

iew of the standard practice for high voltage equipment, the current practices for tg
VDC thyristor valves and (the service experience, taking the special characteristi
tor valves into accounti, jhas resulted in appropriate values of test safety factors
These are discussed'in Clauses A.2 and A.3 below.

Test safety-factors for dielectric tests

Impulse tests

A Basic approach

mptions, while degradation due to ageing is material and application dependent.

tests

tests
The

afety factors used in this standard have been established with the objéctive of refldcting

r the

riate,
h the

ction of the maximum service stress and an allowance fof -any reduction in the capability

nt to

and
No
Ctice,

sting
s of
o be

The i

1 4 4 I % (I 4 ol ! 1 ! 41 £t H 4
IMPUIST ICS1 SdITLly TdUlUTS USTU TIT TS Stdaliudiu di© UastU UITT U1 TUNTUWITTY aSSUTTTPYUU

1S

a) metal oxide surge arresters are the primary impulse overvoltage protection devices, and
are connected directly between the terminals of each valve to minimize impulse separation
effects;

b) a

Il redundant thyristors are short-circuited during the tests.

The criterion for valve redundancy is that a new valve, with all of its redundant thyristors short-
circuited, shall still be capable of meeting the specified type test performance. The specified
performance is established from analytical studies considering the permissible operating
modes and requirements.

As with other conventional power equipment, the valve costs are influenced by the type tests
and associated test levels. For impulse tests, the cost of a thyristor valve is almost directly
proportional to the required impulse withstand test level. In addition, the associated in-service
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power losses are also almost directly proportional to the impulse test level. Recognizing the
benefits in costs and losses of optimizing test levels, 8.3.3 of this standard allows the following
alternatives for the impulse tests between valve terminals.

a) Apply a test safety factor of 1,10 for lightning and switching impulse tests and a test safety
factor of 1,15 for the steep front impulse test. In addition, the impulse tests are repeated
with a test safety factor of 1,15 for lightning and switching impulse tests, and a test safety
factor of 1,2 for the steep front impulse test with all thyristors replaced with insulating
blocks.

b) Apply a test safety factor of 1,15 for lightning and switching impulse tests and a test safety
factor of 1,2 for the steep front impulse test.

Alterpative b) reflects the majority practice in industry to date, and corresponds to a raisipng of
the effective test safety margin for thyristors and associated thyristor level sequipment
compared with the previous edition of this standard. Alternative a) provides/.for a more
econpmical design by limiting the maximum voltage to be withstood by the thyristors, while
retaining the full test safety margins of alternative b) for all insulation infparallel with the
thyrigtors.

The {est safety factors adopted for both impulse test alternatives are’'supported by succgssful
performance of valves presently in service, and by calculations showing that the test dafety
factofs used give adequate margins of safety based on present industry knowledge|l and
expefience.

The selection of the impulse test alternative rests with the ‘purchaser and will be based on the
cost-penefit considerations for the specific application."Subclauses A.2.1.2 and A.2.1.3 helow
provide background information.

A.2.1.2 Prior practice and experience

The previous edition of this standard specified a test safety factor of 1,15 for lightnind and
switching impulse tests with redundantcthyristor levels of up to 3 % not short-circuited| The
effeclive test safety factor for the thyristors in valves with 3 % redundancy was therefore 1{117.

A reyiew of the valve in-servigé:performance records and the test safety factors used for
impu(se tests showed that, for:the majority of projects installed world-wide, the valves |have
been| tested with a test .safety factor of 1,15 with the redundancy short-circuited. | This
corrgsponds to alternative.b) in A.2.1.1 above. The service experience for these projects has
been|very good.

The feview also.showed that a significant number of projects has been supplied in which gither
the tg¢sts were-performed with a test safety factor of 1,15 and redundancy of up to 3 % inta{t, or

the Value of\the test safety factor was reduced, typically to 1,10. In one case, a test gafety

factor of 01,10 and intact redundancy of 3 % have been used (corresponding to an effectiveg test

safetly.factor for the thyristors of 1,067). The in-service performance records for these prgjects
A

are alse—~very-good-

Based on in-service experience and other investigations to date, the insulation properties of
thyristors do not indicate any tendency for significant ageing in service. On the other hand,
industry recognizes that, in general, conventional insulating materials do age in service.
Because a thyristor valve contains conventional insulating materials as well as thyristors, the
effects of ageing on these materials—must shall be considered when establishing test safety |
factors. For this reason, while an alternative test safety factor of 1,10 for the thyristors can be
supported, the standard shall require an impulse test on all valve components, except
thyristors, at test levels corresponding to the test safety factors of 1,15 for lightning and
switching impulses and 1,2 for steep front impulse. This is the basis of alternative a) in A.2.1.1
above.
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A.2.1.3 Assessment of test safety factor alternatives for impulse tests

As an independent check, the chosen test safety factors were assessed for their adequacy to
cover for the best estimates of the known contributing factors to the measurement uncertainty
and protective margin components of the test safety factor.

The adequacy of the test safety factors was assessed by the following means.

a) All the factors relating to measuring uncertainties and the protective margin were
considered to be statistically independent.

b) From a probability point of view, it was considered unrealistic to assume that all factors

were biased in the same direction and simultaneously at their maximum values.

c) Ifwas assumed that the contributing factors could be combined by a root sum ef.squares
(RSS) approach. A check was then made to ensure that the following relationship| was
sptisfied:

ks ZHW (evaluate n =1 to n)
where
k} is the test safety factor,;
n| is the number of factors;
k}, = per unit value of each n -factor (less than 1,0).

d) Tlhe factors considered for lightning and switching. impulse tests and their assodiated

vplues were as follows:

—| test voltage measuring error (0,03 per IEC 60060);

—| tolerance on test voltage (0,03 per IEC 60060);

—| measurement tolerance of arrester characteristic (0,03 per IEC 60060);
—| ageing allowance for arrester (0,05 per IEC 60099);

—| study uncertainties — most qnerous case (0,03) estimated;

—| allowance for non-standard-waveshapes (0,03) estimated;

—| allowance for insulationyageing (0,10 alternatively 0).

e) Using the RSS relationship of c), then, if an insulation ageing factor of 0,1 is assumgd for
cpnventional materials then:

1+ \/Zik,f =1,13

With|a testrsafety factor of 1,15 specified, the contingency for any unallowed factors qr for

errors in the allowed factors amounts to:

{0,152 0132 = 0,075

If insulation does not significantly age, as is the case for the thyristors, then:

1443 k2 =1,084

With a test safety factor of 1,10 specified, the contingency for any unallowed factors or for
errors in the allowed factors amounts to:

1/0,10% —0,0842 = 0,055
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On the basis of the assumptions made, selection of alternative b) of A.2.1.1 will provide an
inherent contingency margin of 7,5 % for both thyristors and other materials, and makes no
presumption concerning the different ageing mechanisms for thyristors and conventional
insulating materials.

Selection of alternative a) of A.2.1.1 will provide an inherent contingency margin of 7,5 % for all
materials except the thyristors, and a contingency allowance of 5,5 % for the thyristors on the
presumption that ageing of thyristors can be neglected.

The capital cost and operating losses of thyristor valves designed and tested to alternative a)
will each be approximately 4,5 % lower than that of alternative b).

A.2.2

The
tests

Howegver, the a.c and d.c. voltage type tests do demonstrate valve withstand capab

agair
exter
mate
perfo
chec

AC and d.c. temporary and long-term voltage tests

Hurability of the valve dielectric materials cannot be demonstrated during jthe valve
This is more appropriately carried out as part of separate design or deyelopment te

st temporary and long-term overvoltages. The test levels and durations reflect, to a
t, the established a.c and d.c. test philosophy and practices forf ‘¢enventional diels
rials. A commonly used indication of the quality of the insutation is partial disch
rmance (see Annex B). The standard therefore requires thatcthe quality of insulatig
ed during the a.c and d.c. voltage tests by measurement of partial discharges.

type
5ting.
lities
arge
bctric
arge
n be

In th¢ case of the short-duration valve a.c. voltage test, theytest can unrealistically over-sftress

valveg
perfad
resul
test

meagq
chard
or all

A3

The
occu
and

operating conditions. (Iny'general, only measurement uncertainties need be considered i

test 9

For t

components in the reverse direction because, for practical reasons, the test shd
rmed with a.c. (hence giving a large voltage-timg area) but the service condition
s in a short duration at high voltage (commutation overshoot). For this reason, a
bafety factor than normal practice is used.(The test safety factor kg is based on vg
uring error (3 %), tolerance on test voltage™(3 %), measuring tolerance of surge arr
cteristics (3 %), ageing allowance for affester (5 %) and an inherent contingency ma
pwance for other unknown effects (7,8, %).

Test safety factors for operational tests

bperational test safety factors apply to the combined voltage and current stresses
during steady-state operation, specified overloads and fault conditions. The test volt
currents to be considered are those obtained from the most onerous steady-

afety factors:

ks =1++0,03% +0,03% =1,042, rounded up to 1,05

Il be
only
ower
ltage
ester
rgin,

vhich
ages
state
h the

ne minimum a.c. voltage tests, the corresponding test safety factor is:

kg = 1—4/0,032 +0,032 = 0,96 0,957, rounded down to 0,95

For fault current tests, no special current test safety factor is needed (kg = 1,0).

This is justified on the basis that:

a) the tests are performed with fault current amplitudes that are at least equivalent in severity
to the worst case current as determined from calculations or system studies, using the
coincidence of worst case factors as listed in 11.3.2 without statistical averaging;

b) a test safety factor of 1,05 is applied to the voltage to be blocked after the fault current.
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Annex B
(normative)

Partial discharge measurements

Measurement of partial discharge

2015

The quality of insulation in the valve support, between highest potential valve and earth, and
between valve terminals shall be checked during the a.c and/or d.c. voltage tests by

chial ol £ LI/ DO

meas
show
indic

Parti

B.2

The
capa
capa
capa
valug
the 1
nece

The
insul
coulg

urUmUnt \Jf pal udal ulouhargco. PrUOUnt U)\pcriUnUU in thU app”uatiun Ul rrvoio \4
s that other techniques such as RIV (radio interference voltage) measurements -are
htive for the given purpose.

b discharge measurements shall be performed in accordance with IEC 60270.

Partial discharge during a.c. tests

sensitivity of the partial discharge measurements for a.c~woltage depends or
Citance of the test object and the magnitude of the backgraund noise. In most valves
Citance between valve terminals is large (mainly due .to’ the presence of the dan
Citors) compared to stray capacitance between the terminals for other equipment. Ty
s for thyristor valves are in hundreds of nanofarads and for other equipment they 3
ange of tens of picofarads. Consequently, special measurement techniques ma
5sary to fulfil the objectives of the test.

commonly accepted test circuits for the measurement of partial discharge on a larg
hted apparatus will not separate the partial discharge into surrounding air (corona),

valves

less

the
, the
ping
pical
re in
y be

B air-
vhich

be acceptable, from any discharges across or through non-healing insulation.

Condequently, setting an absolute limitcon the partial discharge value for the complete

will
200 §
conc

For t
does
recor

ot alone give a dependable resuli> For an air-insulated valve, partial discharge of

valve
Up to

C is normally of no consequence as far as discharge into the surrounding air is

erned, but is above the safe.threshold for discharges in organic insulation.

nis reason, and also because the a.c. dielectric test on a complete valve or valve su
not stress all components (e.g. damping resistors, saturable reactors, etc.),
hmended that the partial discharge measurement is performed on all critical compo

or su

air.

pport
it is
nents

assemblies a$ identified by the supplier. The purpose of partial discharge measurements
on acomplete valve or valve support during the dielectric tests is then to verify that ther
no adlverse intéractions between individual components or high levels of partial discharge

xcept.as) noted in Clause B.4 below, the maximum value of partial discharge

completevalve or valve support during a.c. tests shall be 200 pC, provided that the valve i
insulated‘and partial discharge of the critical components is within their own individual lim
demq@nstfrated by the component test.

B are
into
for a
5 air-
ts as

B.3

Partial discharge during d.c. tests

It is noted in IEC 60270, that there is no generally accepted method for the determination of the
partial discharge magnitude during tests with direct voltage.

Dielectric stresses under steady-state d.c. conditions are determined by the resistivity of the
insulating material rather than by the dielectric constant. Due to the high value of the resistivity,
the time constant of the system is rather long, therefore partial discharges under d.c.
conditions tend to be characterized by pulses of relatively high amplitude (hundreds to
thousands of pC) at low repetition rate (seconds to minutes).
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For this standard, the quality of insulation during tests with direct voltage is checked by
counting the number of partial discharges per unit of time that exceed specified levels. This
means that, in general, test circuits and measuring instruments used with alternating voltages
may also be used with direct voltages, however with the addition of a multi-level pulse counting
device. The d.c. voltage test levels and durations, together with the acceptance limits for partial
discharge given in this standard, are based on the following considerations:

— expected service stresses, both in normal operation and during faults;

— previous service and test experience;

— recognition that thyristor valves contain many different dielectric materials which have time
constants spanning the whole range of likely values;

— rgcognition that tests of shorter duration with higher test safety factors| will
uprepresentatively overstress those valve components with short time constants;

— regcognition that the magnitude of partial discharges and number per period ‘of time when
using positive polarity is normally higher than when using negative polarity;

|
-

gcognition that, following initial application of opposite polarity, a larger amount of pjartial
scharge than that occurring during steady-state d.c. voltage stresscecan be expected| The
value of partial discharge versus time after selection of opposite polarity should decreage.

o

B.4 | Composite a.c. plus d.c. voltage stress

Equipment in an HVDC converter often experiences a . Service voltage waveshape which
comgrises both a.c. and d.c. components.

Due o practical difficulties and the lack of experience of partial discharge measuremen{ with
composite voltages, separate a.c. and d.c. voltage tests are specified in this standafd. A
consequence of this approach is that, in striving to reproduce the correct peak voltage sfress,
thosg components which are stressed in sefvice mainly by a d.c. component, with only a small
component of a.c., will be stressed during.the long duration a.c. voltage test with a much hjgher
peaktto-peak voltage excursion than will be encountered in service. Since partial discharge
with &.c. voltage stress is strongly influenced by the peak-to-peak voltage swing, the spegified
tests|will be unrealistic for those cases where the service stress is mainly d.c.

Two fpases where this will occur are:

a) arross the valve suppert when the support is attached to another bus than the neutra] d.c.
busbar or lower six-pulse bridge a.c. connection potential;

b) across any twe_terminals of an MVU between which there are two or more series-conngcted

puferaSe aG cHOPHE O0—8a € R eante \/ rVed
values may have on the durability of the equipment in service.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THYRISTOR VALVES FOR HIGH VOLTAGE DIRECT
CURRENT (HVDC) POWER TRANSMISSION -

Part 1: Electrical testing

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiof com

Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National' Committee inte

rising

national electrotechnical committees (IEC National Committees). The object of IECVis to prpmote

fis. To

end and in addition to other activities, IEC publishes International Standards, Technieal Specifications,

“IEC
rested

in |[the subject dealt with may participate in this preparatory work. Internatiopal.’ governmental and non-
gojernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance\ with conditions determinfed by

agfeement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as’nearly as possible, an international
copsensus of opinion on the relevant subjects since each technical\cemmittee has representation from all
interested IEC National Committees.

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

4) In|order to promote international uniformity, IEC Natiehal Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in.their national and regional publications. Any diverjgence
between any IEC Publication and the corresponding. national or regional publication shall be clearly indicgted in
the latter.

5) IEL itself does not provide any attestation®0f conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Alllusers should ensure that they havethe latest edition of this publication.

7) N( liability shall attach to IEC(orits directors, employees, servants or agents including individual expers and
me¢mbers of its technical committees and IEC National Committees for any personal injury, property damgge or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out ©f\'the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Publications.

8) Atfention is drawn\to- the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for'the correct application of this publication.

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

Interpational Standard IEC 60700-1 has been prepared by subcommittee 22F: Hower

elect i i 551 iStri i ] i e 22:

Power electronic systems and equipment.

This second edition cancels and replaces the first edition published in 1998, its Amendment
1:2003 and its Amendment 2: 2008. This edition constitutes a technical revision.

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

a)

b)

Definitions of terms “redundant thyristor levels”, “thyristor level”, “valve section” have
changed for clarification.

been

The notes were added to test requirements of dielectric d.c. voltage tests for valve support,
MVU, valve, specifying that before repeating the test with opposite polarity, the tested
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object may be short-circuited and earthed for several hours. The same procedure may be
followed at the end of the d.c. voltage test.

c) Table 1 on thyristor level faults permitted during type tests was supplemented.

d) The alternative MVU dielectric test method was added.

e) It was specified that production tests may include routine tests as well as sample tests.

f) It was added into test requirements for periodic firing and extinction tests that a scaling
factor for tests shall be applied when testing with valve sections.

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

CDhV Report on voting
22F/341/CDV 22F/351A/RVC

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

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

A lis{ of all parts in the IEC 60700 series, published under the general title Thyristor valves for
high yoltage direct current (HVDC) power transmission, can be_found on the IEC website.

The ¢ommittee has decided that the contents of this publication will remain unchanged unfil the
stability date indicated on the IEC website under "httpi/fwebstore.iec.ch" in the data related to
the specific publication. At this date, the publication will'be

—

¢confirmed,
e withdrawn,

—

g¢placed by a revised edition, or

e amended.

The gontents of the corrigendum of January 2017 have been included in this copy.
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THYRISTOR VALVES FOR HIGH VOLTAGE DIRECT
CURRENT (HVDC) POWER TRANSMISSION -

Part 1: Electrical testing

1 Scope

This
conn
d.c.

prod

part of IEC 60700 applies to thyristor valves with metal oxide surge arresters.di
bcted between the valve terminals, for use in a line commutated converter for highvo
ower transmission or as part of a back-to-back link. It is restricted to electrical typsg
ction tests.

The 1ests specified in this standard are based on air insulated valves. For other types of v

the t

2

st requirements and acceptance criteria can be agreed.

ormative references

The {ollowing documents, in whole or in part, are normatively referenced in this documen
are indispensable for its application. For dated references,’only the edition cited applies|
ed references, the latest edition of the referenced~document (including any amendmgents)

unda
appli

IEC 4

IEC ¢

IEC 4

IEC ¢

IEC 4

IEC ¢

conv

IEC ¢

1ISO/I

S

0060, High-voltage test techniques

0060-1, High-voltage test techniques- Part 1: General definitions and test requireme
0071-1, Insulation co-ordination.— Part 1: Definitions, principles and rules

0099 (all parts), Surge acresters

0270, High-voltage test techniques — Partial discharge measurements

1803:1999, Determination of power losses in high-voltage direct current (H
brier stations
1803:1999/AMD 1:20101

EC Guide 25, General requirements for the technical competence of testing laborator

ectly
Itage
and

alves,

t and
. For

nts

/DC)

es?

3 Terms and definitions

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

1 There exists a consolidated edition 1.1 (2011) that comprises IEC 61803:1999 and its Amendment 1:2010.

2 withdrawn.
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3.1 Insulation co-ordination terms

3.11

test withstand voltage

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

3.1.2
steep front impulse

fast-ffont voltage Impulse whose time 10 peak is 1ess than that of a standard lightning impulse
but npt less than that of a very-fast-front voltage as defined in IEC 60071-1

Note 1 to entry: For this standard, the steep front impulse voltage for test purposes is as shown in\Figure 1.

i

Steepness S

Voltage

0,2 Tq —=— Peak value U

B

U 4pecified peak, value of steep front impulse test voltage (kV)

06U

—-— 05U

Time

T2

IEC

Key

S 4pecified_steepness of steep front impulse test voltage (kV/us)

U
T, irtwalhfront time = ? (ps)

The following conditions shall be satisfied:

a) The peak value of the recorded test voltage shall be U £ 3 %. This tolerance is the same as that in IEC 60060
for standard lightning impulse.

b) Over a voltage excursion of not less than 0,6 U, the rising portion of the recorded test voltage shall be entirely
contained between two parallel lines of steepness S and separation 0,2 T,

¢) The value of the test voltage at T, shall not be lower than 0,5 U. T, is defined as the time interval between the
origin and the instant when the voltage has decreased to half the peak value of the waveform which is obtained
from system study. However, it shall be assured that an unintentional du/dt switching of the thyristors can be
adequately detected.

Figure 1 — Steep front impulse test voltage
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3.1.3

internal and external insulation

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

Note 1 to entry: The external insulation is the air between the external surface of the valve or multiple valve unit and
its surroundings.

3.1.4
valve protective firing

means—of prnfnr‘hng the fhyrlefnre from excessive \/r\li‘ngn h‘,’ fwmg them at a prndnfnr ined

voltage

3.2 Valve construction terms

3.21
valve support
that part of the valve which mechanically supports and electrically insulates from earth the
active part of the valve which houses the valve sections

Note 1 to entry: A part of a valve which is clearly identifiable in a discrete form to be a valve support may not exist
in all designs of valves.

3.2.2
valve structure
physical structure holding the thyristor levels of a valve which is insulated to the appropriate
voltage above earth potential

3.2.3
redupdant thyristor levels
maxijnum number of thyristor levels in a thyristor valve that may be short-circuited externglly or
intermally during service without affecting the safe operation of the thyristor valvg as
demg@nstrated by type tests, and which if and when exceeded, would require shutdown qf the
converter to replace the failed thyristors or acceptance of increased risk of failures

3.2.4
valve base electronics
electfonic unit, at earth potential, which is the interface between the control system for the
converter and the thyristor valves

3.2.5
thyristor level
part of a thyristor valve comprising a thyristor, or thyristors connected in parallel, togetheq with
their jimmediate auxiliaries, and reactor, if any

3.2.6

valve section

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

3.2.7

multiple valve unit

MVU

single physical structure comprising more than one valve with a common mechanical support
structure
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3.3 Terms related to type tests

NOTE Those tests which are carried out to verify that the valve design will meet the requirements specified. In this
standard, type tests are classified under two major categories: dielectric tests and operational tests.

3.31
dielectric tests
tests which are carried out to verify the high voltage characteristics of the valve

3.3.2

operational tests
tests which are carried out to vprify the turn-on turn-off and current related characteristics of

the vplve

3.4 | Terms related to production tests

NOTE| Those tests which are carried out to verify proper manufacture, so that the properties of\a) valve correlspond
to thoge specified.

3.41
routine tests
proddiction tests which are carried out on all valves, valve sections ©f-components

3.4.2
sample tests
prodmction tests which are carried out on a small_ @umber of valves, valve sectionps or
components taken at random from a batch

4 General requirements

4.1 | Guidelines for the performance oftype tests
411 Evidence in lieu

Each| design of valve shall be subjected to the type tests specified in this standard. If the yalve
is demonstrably similar to one-previously tested, the supplier may, in lieu of performing al type
test, submit a test report of a-previous type test for consideration by the purchaser. This should
be agcompanied by a separate report detailing the differences in the design and demonstirating
how the referenced type, test satisfies the test objectives for the proposed design.

4.1.2 Test object
Test pbject should meet the following requirements:

a) (ertair’ type tests may be performed either on a complete valve or on valve sections, as
indicated in Table 2. For those type tests on valve sections, the total humber of yalve
sections tested shall be at least as many as the number in a complete valve.

b) The same valve sections shall be used for all type tests unless otherwise stated.

c) Prior to commencement of type tests, the valve, valve sections and/or the components of
them should be demonstrated to have withstood the production tests to ensure proper
manufacture.

4.1.3 Sequence of tests

The type tests specified can be carried out in any order.

NOTE Tests involving partial discharge measurement can provide added confidence if performed at the end of the
dielectric type test programme.
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4.1.4 Test procedures
The tests shall be performed in accordance with IEC 60060, where applicable. The

competence of testing and calibration laboratories should correspond to the
ISO/IEC Guide 17025.

41.5 Ambient temperature for testing

The tests shall be performed at the prevailing ambient temperature of the test facility, unless
otherwise specified.

4.1.6 Frequency for testing

AC dlielectric tests can be performed at either 50 Hz or 60 Hz. For operational tests,“spgcific
requirements regarding the frequency for testing are given in the relevant clauses:

4.1.7 Test reports

At the completion of the type tests, the supplier shall provide type test\reports in accordance
with Clause 16.

4.2 | Atmospheric correction

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

— Pfessure:

a) If the insulation coordination of the tested part of the thyristor valve is based on
standard rated withstand voltages according to IEC 60071-1, correction factors arg only
applied for altitudes exceeding 1 000 m. Hence, if the altitude of the site ag at which the
equipment will be installed is <15000 m, then the standard atmospheric air pregsure
(bg = 101,3 kPa) shall be used with no correction for altitude. If a; >1 000 m, thep the
standard procedure according to IEC 60060-1 is used except that the refefence
atmospheric pressure bg-is-replaced by the atmospheric pressure corresponding o an
altitude of 1 000 m (b1 500 m);

b) If the insulation coordination of the tested part of the thyristor valve is not basgd on
standard rated.-Swithstand voltages according to |IEC 60071-1, then the standard
procedure aceording to IEC 60060-1 is used with the reference atmospheric pressure b
(bp=101,3 kPa);

— Temperaturei-design maximum valve hall air temperature (°C).;
— Humidity:'design minimum valve hall absolute humidity (g/m3).

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

4.3 Treatment of redundancy
4.3.1 Dielectric tests
For all dielectric tests between valve terminals, the redundant thyristor levels shall be short

circuited, with the possible exception of the valve non-periodic firing test (see 8.4). The location
of thyristor levels to be short circuited shall be agreed by the purchaser and supplier.

NOTE Depending on the design, limitations can be imposed upon the distribution of short-circuited thyristor levels.
For example, there may be an upper limit to the number of short-circuited thyristor levels in one valve section.

4.3.2 Operational tests

For operational tests, redundant thyristor levels shall not be short circuited. The test voltages
used shall be adjusted by means of a scaling factor k,:
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where
Nyt is the number of series thyristor levels in the test object;
N, is the total number of series thyristor levels in the valve;

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

r

4.4 Criteria for successful type testing

4.4.1 General

Experience in industry shows that, even with the most careful design of valves; it i$ not

possible to avoid occasional random failures of thyristor level components. 'during se
operation. Even though these failures may be stress-related, they are considered randd

rvice
m to

the extent that the cause of failure or the relationship between failure rate and-'stress cannot be
predicted or is not amenable to precise quantitative definition. Type tésts subject valves or
valve sections, within a short time, to multiple stresses that generally,correspond to the yorst

stresges that can be experienced by the equipment not more than a‘few times during the |

fe of

the vplve. Considering the above, the criteria for successful type testing set out below thergfore

permfit a small number of thyristor levels to fail during type testing, providing that the fa
are rare and do not show any pattern that is indicative of inadequate design.

4.4.2 Criteria applicable to thyristor levels

The following criteria are applicable to thyristor levéls:

lures

a) If, following a type test as listed in Clause, 5, more than one thyristor level (alternafively

ore than 1 % of the series-connected:thyristor levels in a complete valve, if greater) has
become short circuited, then the valvesshall be deemed to have failed the type tests.

b) Ifl, following a type test, one thyristor1evel (or more if still within the 1 % limit) has be¢ome

short circuited, then the failed leyvel(s) shall be restored and this type test repeated.

c) Iffthe cumulative number of shert-circuited thyristor levels during all type tests is more

than

3|% of the series-connegted thyristor levels in a complete valve, then the valve shall be
deemed to have failed the-type test programme.

d) hen type tests are.performed on valve sections, the criteria for acceptance above| also
apply since the number of valve sections tested shall be not less than the numbgr of
sections in a complete valve (see 4.1.2 a)).

e) The valve gnvalve sections shall be checked after each type test to determine whether or
npot any (thyristor levels have become short-circuited. Failed thyristors or auxiliary
cpmponents found during or at the end of a type test may be replaced before further tgsting.

f) t.the completion of the test programme, the valve or valve sections shall undergo a sleries
ofcheck tests which shall include as a minimum:

— check for voltage withstand of thyristor levels in both forward and reverse direction;
— check of the gating circuits where applicable;
— check of the monitoring circuits;
— check of the thyristor level protection circuits by application of transient voltages above
and below the protection setting(s) where applicable;
— check of the voltage grading circuits.
g) Thyristor level short circuits occurring during the check tests shall be counted as part of the

criteria for acceptance defined above. In addition to short-circuited levels, the total number
of thyristor levels exhibiting faults which do not result in thyristor level short circuit, which
are discovered during the type test programme and the subsequent check tests, shall not
exceed 3 % of the series-connected thyristor levels in a complete valve. If the total number
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of such levels exceeds 3 %, then the nature of the faults and their cause shall be reviewed
and additional action, if any, agreed between purchaser and supplier.

h)

When applying the percentage criteria to determine the permitted maximum number of

short-circuited thyristor levels and the permitted maximum number of levels with faults
which have not resulted in a thyristor level becoming short-circuited, it is usual practice to
round off all fractions to the next highest integer, as illustrated in Table 1.

Table 1 — Thyristor level faults permitted during type tests

Number of thyristor levels |Number of thyristor levels | Total number of thyristor Additional number of
in a complete valve minus permitted to become levels permitted to thyristor levels, in all type
the numberofredundant{short-cireaited-inanyonebecomeshort-cirenited- testswhich-have
levels type test all type tests experienced a fault|but
(N,—N,) have not become,short-
circuited

Up to 33 1 1 1

34 to 67 1 2 2

68 to 100 1 3 3

101 to 133 2 4 4

etc.

The distribution of short-circuited levels and of other thyrister level faults at the end of all type
tests|shall be essentially random and not show any pattetn that may be indicative of inadequate
design.
4.4.3 Criteria applicable to the valve as a whole
Breakdown of or external flashover across eémmon electrical equipment associated with more
than pne thyristor level of the valve, or disruptive discharge in dielectric material forming part of
the YValve structure, cooling ducts, :light guides or other insulating parts of the pulse
transmission and distribution system_shall not be permitted.
Component and conductor surface temperatures, together with associated current-cafrying
jointd and connections, and(the temperature of adjacent mounting surfaces shall at all {imes
remafin within limits permjtted by the design.
5 List of type tests
Table 2 below-lists the type tests given in Clauses 6 to 13.
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Table 2 — List of type tests

Type test Clause or subclause Test object
Valve support d.c. voltage test 6.3.2 Valve support
Valve support a.c. voltage test 6.3.3 Valve support
Valve support switching impulse test 6.3.4 Valve support
Valve support lightning impulse test 6.3.5 Valve support
MVU d.c. voltage test to earth 7.3.1 MVU
MVU a.c. voltage test 7.3.2 MVU
MVU gwitching impulse test 7.3.3 MVU
MVU lightning impulse test 7.3.4 MVU
Valve|d.c. voltage test 8.3.1 Valve
Valve|a.c. voltage test 8.3.2 Valve
Valve|switching impulse test 8.3.4 Valve
Valve|lightning impulse test 8.3.5 Valve
Valve|steep front impulse test 8.3.6 Valve
Valve|non-periodic firing test 84 Valve
Maximpum continuous operating duty tests 9:3.2 Valve or valve-sec{ion
Maxinpum temporary operating duty test (a = 90°) 9.3.3 Valve or valve-sec{ion
Minimum a.c. voltage tests 9.3.4 Valve or valve-sec{ion
Tempprary undervoltage test 9.3.5 Valve or valve-secfion
Intermittent direct current tests 9.3.6 Valve or valve-secfion
Tests|with transient forward voltage during the recovery ‘period 10 Valve or valve-sec{ion
One-Ipop fault current test with re-applied forward-voltage 11.3.2 Valve or valve-secfion
Multigle-loop fault current test without re-applied*forward voltage 11.3.3 Valve or valve-sec{ion
Tests|for valve insensitivity to electromagnetic disturbance 12 Valve or valve-sec{ion
Testirlg of special features and fault,tolerance 13 Valve or valve-sec{ion
6 Dielectric tests\on valve support
6.1 Purpose of tests
The principahobjectives of these tests are:
a) tgwverify the voltage withstand capability of the insulation of the valve support, cooling

insulation to earth other than the valve support then additional tests may be necessary.

b) to verify that the partial discharge inception and extinction voltages are above the maximum

o

perating voltage appearing on the valve support.

NOTE Depending upon the application, it can be possible to eliminate some of the tests on the valve support,
subject to agreement between purchaser and supplier.

6.2

Test object

The valve support to be used for the tests may be a representative separate object including
representation of the adjacent parts of the valve, or may form part of the assembly used for
single valve or multiple valve unit tests. It shall be assembled with all ancillary components in
place and shall have the adjacent earth potential surfaces properly represented. The coolant
shall be in a condition representative of the most onerous service condition for the purpose of
the test.


https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

IEC 60700-1:2015 © IEC 2015 - 15—

6.3
6.3.1

All te

6.3.2

Test requirements
General

st levels given below are subject to atmospheric correction as described in 4.2.

Valve support d.c. voltage test

The two main terminals of the valve or the MVU shall be connected together and the d.c.
voltage then applied between the two main terminals thus connected and earth. Starting from a
voltage not higher than 50 % of the maximum test voltage, the voltage shall be raised to the

FAnI 4 A n +no+ r\Hnnn mn nnnrr\v.mnl-nl 1(\ Py Innl— nAno+nn+ fnr 4 A n raducad +

spec
spec

Y-S g T T o PPt T _y Uy Ko Pt COT LK} Feadeea

fied 3 h test voltage, kept constant for 3 h and then reduced to zero. Durmg the last

of the specified 3 h test, the number of partial discharges exceeding 300 pC shall be recq

as de

scribed in Annex B.

The pumber of pulses exceeding 300 pC shall not exceed 15 pulses per minute, averaged

the r
more
minu

NOTE|
exteng

pcording period. Of these, no more than seven pulses per minute shall*exceed 500 p

e shall exceed 2000 pC.

1 If an increasing trend in the magnitude or rate of partial discharge(is,observed the test duration g
ed by mutual agreement between the purchaser and supplier.

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

NOTE|
severd

The

6.3.3

To p
toget]
and

volta

2 Before repeating the test with opposite polarity, the valve/support may be short-circuited and earth
| hours. The same procedure may be followed at the end of the d.c. voltage test.

alve support d.c. test voltage U,y shall bg determined in accordance with the followir

Utgs Z+Ugms x k1 x ki

D

is the maximum value of the d.c. component of the steady-state operating vo
appearing across the valve support;

is a test safety factor,~equaling 1,6 for the 1 min test and 1,3 for the 3 h test;

is the atmospheric correction factor, equaling the value according to 4.2 for the 1
test and 1,0 for_the 3 h test.

Valve support a.c. voltage test
erform«the test, the two main terminals of the valve or the MVU shall be connd

pafth” Starting from a voltage not higher than 50 % of the maximum test voltage,
jenshall he raised to the specified 1 min test voltage II <4 within approximately 10 s

than three pulses per minute shall exceed 1000 pC and no moke) than one puls¢

t0 the

hour
rded

over
C, no
per

an be

ed for

g:

Itage

min

pcted

her,.and the a.c. test voltage then applied between the two main terminals thus conngcted

the

kept

constant for 1 min, reduced to the specified 30 min test voltage Utas2: kept constant for 30 min
and then reduced to zero. During the last 1 min of the specified 30 min test, the level of partial
discharge shall be monitored and recorded. If the value of partial discharge is below 200 pC,
the design may be accepted unconditionally. If the value of partial discharge exceeds 200 pC,
the test results shall be evaluated (see Clause B.4).

The r.m.s. value of the valve support a.c. test voltage U,,4 shall be determined in accordance
with the following:

U
Utas =

2

x Ko x Ky x K,
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where

Uns is the peak value of the maximum repetitive operating voltage across the valve su
during steady-state operation, including commutation overshoot;

Uias1 s the 1 min test voltage;
Uias2 s the 30 min test voltage;

2015

pport

ks is a test safety factor equaling 1,3 for the 1 min test and 1,15 for the 30 min test;

ki is the atmospheric correction factor equaling the value according to 4.2 for the 1 min
test and 1,0 for the 30 min test;

k, is the temporary overvoltage factor equaling the value determined from system studies

for the 1 min test and 1,0 for the 30 min test.
6.3.4 Valve support switching impulse test
The fest shall comprise three applications of positive polarity and three applications of neg

polarjty switching impulse voltages between the main terminals, which are in” common
earth|.

A standard switching impulse voltage waveshape in accordance withAEC 60060 shall be u

The {est voltage shall be selected in accordance with the insulation co-ordination of the H
substation.

6.3.5 Valve support lightning impulse test

The fest shall comprise three applications of positive polarity and three applications of ned
polarfjty lightning impulse voltages between thesmain terminals, which are in common
earth|.

A standard lightning impulse voltage waveshape in accordance with IEC 60060 shall be us

The {est voltage shall be selected in_accordance with the insulation co-ordination of the H
substation.

NOTE| If new insulating materials~without proven service experience are employed, consideration is given
additignal steep front impulse test:

7 Dielectric tests) for multiple valve units (MVU)

7.1 Purpose‘of tests

The princgipal objectives of these tests are:

ative
and

sed.

vDC

ative
and

[4%
o

vDC

to an

a) to he voltage w a =
to its surroundings, especially for the valve/MVU connected at pole potential;

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

NOTE Depending upon the application, it can be possible to eliminate some of the tests on the MVU, subject to

agreement between purchaser and supplier.

7.2 Test object

There are many possible arrangements of valves and multiple valve units. The test object(s)
shall be chosen to reflect, as accurately as possible, the service configuration of valves insofar
as is necessary for the test in question. The test object shall be fully equipped unless it can be

shown that some components can be simulated or omitted without reducing the significan
the results.

ce of
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Individual valves may have to be short-circuited depending on the configuration of the MVU and
the objectives of the test. As an example, for the most common arrangement of four identical,
vertically stacked valves (quadruple valve), one valve should be short-circuited in the position
which results in the most onerous conditions.

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

NOTE When the low voltage terminal of the MVU is not connected at d.c. neutral potential, the followmg test

MVU ig checked adequately durlng other tests (e g. the tests between the valve terminals) and the MVU lew\vpltage
terminal is capable of withstanding the increased voltage stress. In this case the MVU dielectric tests cotld be
perforfned on a short-circuited MVU.

The tgst voltage is applied between the MVU with its terminal short-circuited and earth.
7.3 | Test requirements
7.31 MVU d.c. voltage test to earth

The {l.c. test voltage shall be applied between the highest potential d.c. terminal of the MVU
and earth.

Start|ng from a voltage not higher than 50 % of the maximam test voltage, the voltage shall be
raised to the specified 1 min test voltage in approximately 10 s, kept constant for 1 min,
reduged to the specified 3 h test voltage, kept constant\for 3 h and then reduced to zero.

During the last hour of the specified 3 h test,“the number of partial discharges exceg¢ding
300 pC shall be recorded as defined in Annex-B

The pumber of pulses exceeding 300 pCrshall not exceed 15 pulses per minute, averaged| over
the r¢cording period. Of these, no more ‘than seven pulses per minute shall exceed 500 p{C, no
more| than three pulses per minute(shall exceed 1 000 pC, and no more than one puls¢ per

minute shall exceed 2 000 pC.

NOTE|1 If an increasing trend in ‘the magnitude or rate of partial discharge is observed, the test duration gan be
extended by mutual agreement\between the purchaser and supplier.

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

NOTE|2 Before repeating the test with opposite polarity, the MVU can be short-circuited and earthed for sgeveral
hours] The same procedure can be followed at the end of d.c. voltage test.

The MVU d,c. test voltage Uy, shall be determined in accordance with the following:

Utdm = TUgmm K3 X Ky

where

Uymm is the maximum value of the d.c. component of the steady-state operating voltage
appearing between the high-voltage terminal of the MVU and earth;

ks is a test safety factor;

ks = 1,6 for the 1 min test;

ks = 1,3 for the 3 h test;

k¢ is the atmospheric correction factor;

k¢ is the value according to 4.2 for the 1 min test;

ki= 1,0 for the 3 h test.
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7.3.2 MVU a.c. voltage test

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

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

Starting from a voltage not higher than 50 % of the 1 min test voltage, the voltage shall be
raised to the specified 1 min test voltage in approximately 10 s, kept constant for 1 min, then
redug¢ed to the 30 min value, kept constant for 30 min and then reduced to zero.

During the last 1 min of the specified 30 min test, the level of partial dischargé shdll be
monitored and recorded. If the value of partial discharge is below 200 pC, the désign may be
accepted unconditionally. If the value of partial discharge exceeds 200 pC, the test results|shall
be evyaluated (see Clause B.4).

The [.m.s. value of the MVU a.c. test voltage U,,,, shall be determined.in accordance with the
following:

U
Utam =%Xk4 Xkr th
wherp
Unml is the peak value of the maximum repetitive @perating voltage appearing between the

terminals of the MVU during steady-state operation, including commutation overshoqt

k, |is a test safety factor,
kq =1 1,3 for the 1 min test;
k4 =1 1,15 for the 30 min test;

Kk, is the temporary overvoltage factor;

Kk, is the value determined from“system studies for the 1 min test;
k. = 11,0 for the 30 min test;

kq is the atmospheric correction factor;

kq is the value according to 4.2 for the 1 min test;

ki = | 1,0 for the 30 min test.

7.3.3 MVU-switching impulse test

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

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

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

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

Uism = SIPL,, x kg x ki

where
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SIPL,, is the switching impulse protective level determined by insulation coordination taking

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

kg is a test safety factor;

ks= 1,15

kq is the atmospheric correction factor;

ki is the value according to 4.2.

and

If the test prescribed above does not adequately test the switching impulse withstand between
all terminals of the MVU, then consideration shall be given to performing extra tests to check

the insulation.

Subje¢ct to agreement between the purchaser and supplier, the MVU switching, impulsq
need|not be performed, if it can be shown by other means that:

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

b) the switching impulse withstand between any two terminals of,the’ MVU is adeq
demonstrated by other tests.

7.3. MVU lightning impulse test

A standard lightning impulse voltage waveshape in accordance with IEC 60060 shall be us

The MVU lightning impulse test voltage shall be applied between the high voltage termin
the MVU and earth.

The {est shall comprise three applications of pgsitive polarity and three applications of ned
polarty lightning impulse voltage of specified‘amplitude.

test
ching

ately

[4%
o

al of

ative

The [IMVU lightning impulse test voltage U, shall be determined in accordance with the

following:

Utlm = iLlPLm X k6 X kt

wher

W

LIPL{, is the lightning impulse protective level determined by insulation co-ordination, t

bking

into account_the ‘arrester(s) connected between the MVU high voltage terminal and
earth;

Ke is a test'safety factor;

Ke is 1,45;

k¢ is\the atmospheric correction factor;

ki is the value according to 4.2

If it cannot be demonstrated that the test prescribed above adequately tests the lightning

impulse withstand voltage between all terminals of the MVU, then consideration shall be given

to performing extra tests to check this insulation.

Subject to agreement between the purchaser and supplier, the MVU lightning impulse test
not be performed if it can be shown by other means that:

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

need

tning

b) the lightning impulse withstand voltage between any two terminals of the MVU is adequately

demonstrated by other tests.

NOTE In some circumstances, consideration is given to a separate steep front impulse voltage test in order to

supplement the valve steep front impulse test (see 8.3.6).
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8 Dielectric tests between valve terminals

8.1 Purpose of tests

These tests are intended to verify the design of the valve regarding its voltage-related
characteristics for various types of overvoltages (d.c., a.c., switching impulse, lightning impulse
and steep-front impulse overvoltages). The tests should demonstrate that:

a) the valve will withstand the specified overvoltages;
b) any internal overvoltage protective circuits are effective;

It should be noted that the tests described in this clause are based on standard wave shapes

and and
comy ch of
the VDC

valvgs. On the other hand, it shall be recognized that a particular HVDC application may fesult
in wgdve shapes different from the standards and, in this case{ the test may be modified $o as
to realistically reflect expected conditions.

8.2 | Test object

The [test object shall be a complete valve which shall be assembled with all auxiliary
components except for the valve surge arrester<>The valve may form part of a multiple yalve
unit. [For all impulse tests, the valve electronicssshall be energized unless otherwise spedified.
For the a.c. and d.c. voltage tests, the valve*electronics need not be energized.

The ¢oolant shall be in a condition that\represents service conditions except for flow rate which
can Rje reduced. If any object external to the structure is necessary for proper representatipn of
the dtresses during tests it shallLbé included or simulated in the test. Earth planes shall be
used| whose separation shall be.determined by the proximity of other adjacent valves and parth
potential surfaces.

The fest object usedfor the valve dielectric tests will normally not permit the applicatipn of
atmopgpheric correction to the specified test voltages without overstressing the thyristors or
othelf internal components. For this reason, no atmospheric correction factor is applied t¢ any
of th¢ dielectric tests between valve terminals. The supplier shall demonstrate that the effects
of atfnospheftic) conditions on the valve internal withstand have been allowed for adequately.
Sepadrate tests to verify that capability may be carried out on a case-by-case basis.

8.3 L Testrequirements
8.3.1 Valve d.c. voltage test

The d.c. test voltage source shall be connected so that the voltage is applied between one
main terminal of the valve and earth, with the other main terminal of the valve earthed.

Starting from a voltage not higher than 50 % of the maximum test voltage, the voltage shall be
raised to the specified 1 min test level within approximately 10 s, kept constant for 1 min,
reduced to the specified 3 h test voltage, kept constant for 3 h and then reduced to zero.
During the last hour of the specified 3 h test, the number of partial discharges exceeding
300 pC shall be recorded as described in Annex B.

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

NOTE 1 If an increasing trend in the rate or magnitude of partial discharge is observed, the test duration can be
extended by mutual agreement between the purchaser and supplier.

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

NOTE 2 Before repeating the test with opposite polarity, the valve terminals can be short-circuited and earthed for
several hours. The same procedure can be followed at the end of d.c. voltage test.

The valve d.c. test voltage U,,4, shall be determined in accordance with the following:

Utdv = iUdn * k7

wherg
U4, | is the rated six-pulse bridge voltage;
k; | is a test safety factor;

ks = 1,6 for the 1 min test;

ks = 0,8 for the 3 h test.

8.3.2 Valve a.c. voltage test

To perform the test, the test voltage source(s) shall beeonnected to the valve terminals| The
point|of earth connection is dependent on the test cirCuit arrangement. Starting from a voltage
not hfigher than 50 % of the maximum test voltage, the voltage shall be raised to the specified
15 s |test voltage within approximately 10 s, kept\constant for 15 s, reduced to the spetified
30 mjn test voltage, kept constant for 30 min, and then reduced to zero. During the last { min
of th¢ specified 30 min test, the level of partiahdischarge shall be monitored and recorded| The
valug of partial discharge shall not exceed. 200 pC (see Annex B).

The 15 s test voltage of the valve U,,, ¢ shall be determined as follows:

Utav1r = \/EUVOmax x ke x kg x Kg

and

Utav1d = \/EUVOmax x ke x kg

=
=0
[)
=
9%

Uiavik s the peak value of the required 15 s test voltage in the reverse direction;

Utav1 is the peak value of the required 15 s test voltage in the forward direction;

Uyomax 1s the maximum steady-state no-load phase-to-phase voltage on the valve side of the

transformer;
k, is the temporary overvoltage factor;
k. is the value determined from system studies;
K¢ is the commutation overshoot factor in the reverse direction, calculated for recovery at

the crest of the load rejection overvoltage (« = 90°) including the increase arising from
the reverse recovery charge of the thyristors. k. shall allow for the limiting effect of the
parallel connected valve arrester;

kg is a test safety factor;
kg = 1,10.
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is greater than or equal to U, 4,

tavir
/N2 or by a combined a.c. plus d.c. test voltage

tavir

satisfies both requirements.

The r.m.s. value of the 30 min test voltage U,,,, shall be determined as follows:

U
ppv < K.
22

Utav2 =

where

U

Where U,,,, exceeds the maximum effective r.m.s. content of the valve operating vo

u

Apply the test voltage Uy, for 15 s and then U,,,, for 10 min. The.value of partial discH
during the last minute of the 10 min test shall not exceed 200 pC-

At the end of the 10 min test, reduce the test voltage to*U,,3 and maintained at this
for 30 min, where:

wher

U

8.3.3 Valve impulse tests (general)

Valvg impulse tests should meet-the following requirements:

a)

b)

d)

ppv

=(1,15.

vrm

vrm

across the valve, including commutation overshoot;
is a test safety factor;

by more than 15 %, the following alternative test procedure may be-adopted:

Utavs = kg X Uiims

w

is the maximum r.m.s. content of the\valve voltage under the most severe contin
operating conditions.

This standard permits selection between two valve impulse test programmes depe
upon the cost-benefiticonsiderations for the application.

In the first alternative, the test safety factor for lightning and switching impulse tests i
ahd for steep ‘front impulse tests 1,15 with the thyristors present, plus 1,15
2 respectively*with the thyristors replaced by insulating blocks.

—_

In the second alternative, the test safety factor for lightning and switching impulse te
1|15 and-for steep front impulse tests 1,2 with the thyristors present.

Further'information is given in Annex A.

2015

the 15 s test can be achieved either with a

which

is the maximum value of the peak-to-peak steady-state operating voltage appearing

Itage

arge

level

uous

hding

5 1,1
and

5ts is

Ifthevatve utitises protective firing, mputse testvottages apptied i the forward dir

ction

will be prospective only. It shall be demonstrated that any such protective firing circuits

behave as intended.
Unless otherwise specified, the valve electronics shall be energized.

It shall be demonstrated that the voltage across the valve at the initiation of the impulse

satisfies the following relationship:

where
Vpsm is the non-repetitive peak forward surge voltage rating of the thyristors;
N, is the total number of series thyristor levels in the valve;

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

r
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e) During the impulse tests, the valve shall be monitored for correct behaviour with regard to
electromagnetic interference (see Clause 12). For this to be possible, those parts of the

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

8.3.4 Valve switching impulse test

h the

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

The test shall comprise three applications of positive polarity and three applications of negative

polarity switching impulse voltages of specified amplitude with the valve electronics in

itially

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

If thg valve incorporates protective firing against overvoltages in the forward(djrection, v
operates during the forward test, three additional applications of positive switching impuls
an agreed amplitude, so that the valve does not fire, shall be made. For the additional {
the vplve electronics shall be energized.

The yalve switching impulse test withstand voltage U, shall be determined in accordancs
the following:

UtSV = iS/PI_V X k10

wher

W

SIPL), is the switching impulse protective level of the valve arrester;
k4o is a test safety factor (see 8.3.3 a)).

8.3.5 Valve lightning impulse test

A standard lightning impulse voltage-waveshape in accordance with IEC 60060 shall be us

The fest shall comprise three applications of positive polarity and three applications of neg
polarjty of a lightning impulse_of specified amplitude.

If thg valve incorporatés: protective firing against overvoltages in the forward direction,
operates during the forward test, three additional applications of positive impulses of an ag
ampl|tude and front.time, so that the valve does not fire, shall be made.

The Yalve lighting impulse test withstand voltage Uy, shall be determined in accordance
the following:

vhich
es of
ests,

with

[4%
o

ative

vhich
reed

with

Ut|V= iLI’JLV X K11

where
LIPL, is the lightning impulse protective level of the valve arrester;
kq1 is a test safety factor (see 8.3.3 a)).

8.3.6 Valve steep front impulse test

For the steep front impulse test, a voltage waveshape as defined by Figure 1 shall be used.

The virtual steepness S and crest value of the worst case valve steep front impulse vo
stress shall be determined from system studies. The virtual steepness shall be evaluated
the study results as the maximum du/dt, in kV/us, averaged over 60 % of the total vo
excursion.

Itage
from
ltage
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When deriving the test voltage, the virtual steepness and amplitude derived from the system
studies shall both be multiplied by the relevant test safety factor, i.e. the virtual front time shall
be held constant.

NOTE If overvoltages with wavefronts shorter than 0,1 us are expected to occur in service, the purchaser and
supplier can agree on an appropriate very fast front voltage test in place of the steep front impulse test described
above.

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

If the~valve-incorporates-protective firing-against-overvoltages orexcessive-du/dtin-the forward
Lad Ll ~J J ~J

direclion, which operates during the forward test, three additional applications of -pogitive
impu|ses of an agreed amplitude and front time, so that the valve does not fire, shall be,made.

The Yalve steep front impulse test withstand voltage Uy, shall be determined inaccordance
with {he following:

UtSfV =+ STIPI_V X k12

wherg

STIPL, is the steep front impulse protective level of the valve\atrester as determined by the
coordinating current from system studies;

Kio is a test safety factor (see 8.3.3 a)).
8.4 | Valve non-periodic firing test
8.4.1 Purpose of test

The principal objective of the valve non-periodic firing tests is to check the adequacy df the
thyridtors and the associated electrical citguits with regard to current and voltage stressges at
turn-pn under specified high-voltage conditions. This test can usually be performed as part of
the valve switching impulse test (see 8:3.4).

8.4.2 Test object

Test jobject should be as in.8:2. The test can be made on the valve section instead of complete
valve for the surge arrester method B in 8.4.3. In this case, supplier shall show the equivalency
between the valve section test and the complete valve test.

If imfnunity to eléctromagnetic disturbance due to coupling between adjacent valves in a [MVU
is to|be demonstrated by approach one as in 12.3.2, then in addition to the test valve, an
auxillary valve-(or sufficient portion thereof) shall be included in the test. This auxiliary valve is
the test, Object in so far as the demonstration of immunity to electromagnetic disturbange by
coupling /is concerned. The electromagnetic disturbance test object shall be configured
geontretticatty—im—accordance—with—the—service—arrangement—The—etectromagnetic—disturbance
test object shall be forward biased at the triggering instant of the valve subjected to non-
periodic firing. The electronics of the electromagnetic disturbance test object shall be
energized. Those parts of the valve base electronics that are necessary for the proper
exchange of information with the electromagnetic disturbance test object shall be included.

NOTE The specific geometric arrangement to be used and the magnitude of the forward voltage for the
electromagnetic disturbance test object are agreed, based on the design of MVU.

8.4.3 Test requirements

The test shall comprise three applications of positive switching impulse voltage and the valve
triggered into conduction at the crest of the impulse.
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The impedance of the impulse generator shall be selected to reproduce not only the tu
current arising from the discharge of the circuit stray capacitance, but also that arising

rn-on
from

commutation of the maximum value of surge arrester current determined from system studies.

The test shall be performed at room temperature.

Two methods for achieving this are acceptable as described below.

A Parallel capacitor method. In this method, a capacitor shall be connected in paralle

| with

the test valve, the value of which will result in a current discharge at least as severe as the

first 10 us of the predicted value. Longer times may be important if system studies

show

that the turn-on current is oscillatory and that there is a risk of current extinctionyi

agcount all the following conditions:

valve voltage at firing;

non-linear behaviour of valve reactors;

damping effect of thyristor conduction resistance;

valve stray capacitance and inductance.

B Spurge arrester method. In this method, an arrester shall be connected between the

cpmmutating inductance. Capacitance equal to the maximum value of valve termin
tgrminal stray capacitance expected in service shallbe connected between the

Igvels, the valve shall be triggered into conduction:

The yalve voltage at firing shall be the lowest of:

a) the switching impulse protective level of thévalve arrester;
b) the protective firing level of the valve;
c) the firing inhibit level of the valve (se€ Note 3).

h the

thyristors. The peak value of current shall be determined from system studies, taken into

valve

tgrminals, and the test voltage applied from behind an inductance equal to that of the

a|-to-
valve

tgrminals. When the current through and voltage acrass the arrester reaches the prescyibed

If thg valve is triggered by protective’ firing below the switching impulse protective level gf the
valveg arrester, then the test shallibe repeated with the redundant thyristor levels operational. If
the vplve still triggers by protective firing below the switching impulse protective level, the test

shall| again be repeated with” the impulse level reduced to just below the protective
threshold and the valve.iriggered by the normal firing circuits.

NOTE|1 A voltage test'safety factor at least equal to the difference between the maximum tolerance and mi
tolerapce of the valve arrester (typically about 5 %) is already included in this test resulting in a corresp
increase in current. Therefore, no separate test safety factor is applied to the test voltage and current.

NOTE|2 Because of limitations in the practical size of impulse generators, method B is suitable only for val

firing

imum
nding

ves of

low vgltage rating. Therefore, when system studies show a need for accurate turn-on current representafion at
times flongerthan 10 us, the valve non-periodic firing test can be performed using method A and be supplemented

by sepgarate tests on valve sections using method B.

NOTE 3 In some designs, firing of the valve from high voltage can be inhibited by a voltage measurement across
the valve, or by a current measurement in the parallel valve arrester. If this is the case, the details of the non-

periodic firing test are agreed by the purchaser and the supplier taking into account the characteristics
inhibiting circuits employed.

9 Periodic firing and extinction tests

9.1 Purpose of tests

The principal objectives of the periodic firing and extinction tests are:

of the

a) to check the adequacy of the thyristor levels and associated electrical circuits in a valve
with regard to current, voltage and temperature stresses at turn-on and turn-off under the

worst repetitive stress conditions;
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b) to demonstrate correct performance of the valve at minimum repetitive voltage, coincident
with minimum delay and extinction angles, at maximum temperature.

9.2 Test object

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

The yalve or valve sections under test shall be assembled with all auxiliary components.\When
required, a proportionally scaled valve arrester shall be included. The arrester shall-be’s¢aled
to the number of series-connected levels under test to give a protectives level which
corrgsponds at least to the maximum characteristic of the service arrester.

9.3 | Test requirements
9.3.1 General

The [ests shall be performed using suitable test circuits giving“stresses equivalent t¢ the
apprIpriate service conditions such as two six-pulse bridges in back-to-back connection pr an
appropriate synthetic test circuit.

The ¢oolant shall be in a condition representative of service conditions. Flow and temper3ture,
in pafticular, shall be set to the most unfavourable values appropriate to the test in questiop.

The g¢quivalent service conditions to be reproduced are specified in 9.3.2 to 9.3.6. Subclguses
9.3.2} 9.3.3 and 9.3.4 are defined for operation with maximum continuous operating thyfistor
junctlon temperature. If higher firing or recovery voltages, alternatively lower delay or extirjction
anglgs, are possible under loading conditions which do not coincide with maximum continuous
operating thyristor junction temperaturé, then these shall also be reproduced. Examples where
this may be the case include winterloverload operation, and the use of the converters to| limit
the export of surplus reactive power into the a.c. network at light load conditions. When Jtests
are gerformed to reproduce such conditions, the test current and coolant temperature may be
adjudted to reflect the worst)case thermal conditions appropriate to the service conditions
being represented in the test.

To obtain voltage and,Current stresses representative of service conditions, it is important that
the tptal stray capacitance associated with the valve and the inductances contributing tp the
comrputating réactance be properly represented in the circuit. In a deblocked six-pulse bridge
circult, each Valve experiences a parallel impedance equal to 1,5 times that of a single off{state
valve. If a-test circuit other than a six-pulse bridge is used, then it is important that this fepture
is algo properly represented in the circuit.

When testing with valve sections, the scaling factor for tests shall be applied.

Test voltages and test circuit resistances and inductances shall be determined from the full
scale values by being multiplied by a scaling factor, while test circuit capacitances shall be
determined from the full scale values by being divided by a scaling factor.

In order to reproduce correct heating effects, the periodic firing and extinction tests should be
performed at the service frequency. When this is not possible and the service frequency is
different from the test frequency, then the test conditions shall be adjusted so as to
approximately compensate the difference in frequency dependent losses, as necessary to
demonstrate the proper stressing of the equipment. Guidance on the sensitivity to frequency of
the various loss producing mechanisms can be found in IEC 61803.
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During the tests, the temperature rise of the most critical heat producing components and their
adjacent mounting surfaces shall be monitored to verify that the maximum temperatures
reached are within limits permitted by the design (see 4.4.3). The number and location of the
components to be monitored shall be agreed, but shall be not less than three examples each of:
thyristor case temperature, damping resistor surface temperature, and valve saturable reactor
surface temperature. If less than three items of a type of component are installed in a valve, all
components of this type in the valve shall be monitored.

9.3.2 Maximum continuous operating duty tests

9.3.21 General

The [test current shall be based on the maximum continuous direct current at maximum
ambignt temperature.

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

The {est voltage U,,4 corresponding to the no-load phase-to-phase value jn*a six-pulse bfridge
converter shall be determined as follows:

Utpv1 = Uyomax * Kn % K3

wherg

Usomkx s the maximum steady-state no-load phase-to-phase voltage on the valve side gf the
transformer;

K, is a test scaling factor according to 4.3.2;

kqs3 is a test safety factor;

k13 = 1,05

Thre¢ maximum operating duty test conditions shall be satisfied as detailed in 9.3.2.2, 93.2.3
and 9.3.2.4 below. These conditions can-be satisfied singly or in any combination.

NOTE| Subject to agreement between the purchaser and supplier, consideration can be given to apply the durrent
and vgltage stresses separately, proyided it can be demonstrated that the objectives of the tests are met.

9.3.2(2 Maximum continuous firing voltage test

Operpte the valve or_valve sections at a delay angle « so that the valve (section) firing vgltage
us is hot lower than the greater of:
a) Urr = UtpV1 X \/2 X S|na

b) ufi = Ugsyt x V2 x sin(y + p)
wherg

a iIs the steady-state delay angle corresponding to the rectifier service condition that
leads to the highest value of ug coincident with operation at maximum continuous
operating thyristor junction temperature;

(y+ u) is the sum of the steady-state extinction angle and overlap angle corresponding to the
inverter service condition that leads to the highest value of ugy coincident with
operation at maximum continuous operating thyristor junction temperature.

The duration of the test shall be not less than 30 min after the exit coolant temperature has
stabilized.

9.3.2.3 Maximum continuous recovery voltage test

Operate the valve or valve sections at a delay angle a so that the prospective step voltage at
recovery at current zero u, is not lower than the greater of:
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Utpy1 x V2 x sin(a + u)
Utpy1 x V2 x siny

is the sum of the steady-state delay angle and overlap angle corresponding to the
rectifier service condition that leads to the highest value of u,, coincident with
operation at maximum continuous operating thyristor junction temperature;

is the steady-state extinction angle corresponding to the inverter service condition that
leads to the highest value of u,, coincident with operation at maximum continuous

operating thyristor junction temperature.

The
stabi

9.3.2

To 9
conti
the s
(excl

wher

Huration of the test shall be not less than 30 min after the exit coolant temperature
ized.

4 Heat-run test

imulate the maximum combined losses in thyristors and damping” circuits d
huous operation, operate the valve or valve sections at a delay anglé\a so that the s
quares of the jump voltages in the valve voltage waveshape, measured over one
Liding the commutation overshoot transients) is not lower than;

Z:AV2 = (1 75 +1 ,5m2)>< 2x Uztpv1[3in20 N sinz(a + ,u)}

11

is the electromagnetic notch factor (see 5.1.4 of IEC 61803, 1999);

aand ¢ correspond to the rectifier or inverter ‘steady-state service condition for which U

If at
auton

[sin? a + sin? (a + )] is maximum, ééincident with operation at maximum contin
operating thyristor junction temperature.

Wwo X six-pulse back-to-back test\circuit is used, the conditions required for this tes
hatically met when performing(9.3.2.2 and 9.3.2.3. However, differences to twelve-

operation shall be considered.

The
stabi

9.3.3

The {est voltage~U,

conv

duration of the test shall be not less than 1 h after the exit coolant temperaturg
ized.

Maximum teimporary operating duty test (« = 90°)

v2 corresponding to the no-load phase-to-phase value in a six-pulse b
prter shall/be cfetermined as follows:

has

uring
m of
cycle

2
tpv1
uous

t are
bulse

has

ridge

Utpv2 = Uyomax X Kn X Kp x Kq4

where
Uyomax is the maximum steady-state no-load phase-to-phase voltage on the valve side of the
transformer;
n is a test scaling factor according to 4.3.2;
r is the temporary overvoltage factor;
r is a value determined from system studies;
K14 is a test safety factor;
kig=  1,05.

Prior to the test, the valve or valve sections, shall be brought to thermal equilibrium under the
conditions of 9.3.2.2. Operate the valve or valve sections, for the specified time, at a delay
angle a = 90° so that the firing and prospective recovery voltages are not less than Utpv2 x V2.
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The sum of the squares of the jump voltages in the valve voltage waveshape shall be not less
than that obtained from the expression given in 9.3.2.4 using a = 90° and Uy, as defined in
this clause. The current during the period of « = 90° operation shall be at least equal to the
maximum value for a = 90° operation, determined from system studies, multiplied by a test
safety factor of 1,05. After the specified time at a« = 90°, return to the conditions corresponding
to 9.3.2.2 and maintain constant for at least 15 min.

The duration of operation at « = 90° shall be at least twice the normal permitted time in service
at this delay angle.

Dep?MMmMmmmmmmmmMerent
duratjion, with different values of k., may be required.

9.3.4 Minimum a.c. voltage tests
9.3.4/1 General

The fest current and coolant temperature shall be selected as defined in 9:3.2.

The {est voltage U,,,3 corresponding to the no-load phase-to-phasgvalue in a six-pulse bridge
converter shall be cfetermined as follows:

Niut
Utpv3 = Uyomin * N % Kis
t

wherg

Uyoomin s the lowest steady-state no-load phase-to-phase voltage on the valve side df the
transformer;

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

N, is the total number of series-connected thyristor levels in a complete valve, including
redundant levels;

Kis is a test safety factor;

k15 = 0,95

9.3.4{2 Minimum delay angle test

Operpte the valvetor valve sections at a rectifier delay angle « so that the valve (section) ffiring
voltage uy, is not Righer than:

Ufr = UtpV3 X \/2 X S|na

Whel c U ;b “IU bllld”Cbt atcau'y-btatc IUbtifiCl dbidy dllyiU ;II DUIV;UU bU;llbiU‘Gllt VVit:I Upwqti n at
maximum continuous operating thyristor junction temperature.

The duration of the test shall be not less than 15 min after the exit coolant temperature has
stabilized.

If the operating strategy of the converter permits temporary operation with a below the
minimum steady-state value, then operation at this reduced value shall also be demonstrated.
The duration of operation at the transient « value shall be at least twice the normal permitted
time in service at this delay angle.

It shall be demonstrated that the valve (sections) fire regularly at both the steady-state and
transient values of a.


https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

9.3.4

-30- IEC 60700-1:2015 © IEC

.3 Minimum extinction angle test

2015

Operate the valve or valve sections at an inverter extinction angle y so that the prospective
step voltage at recovery at current zero u,; is not higher than:

Uri = UtpV3 X \/2 X Sin]/

and the time from current zero to positive-going voltage zero crossing t¢ is not greater than:

has

the
ated.
rmal

vhich
valve

nding
erate
ident

wherg

y is| the smallest steady-state extinction angle in service coincident with\ eperatig
mpximum operating thyristor junction temperature;

f is|the service frequency.

The guration of the test shall be not less than 15 min after the exit’coolant temperaturg

stabilized.

If the operating strategy of the converter permits temporafy operation with y below

minimum steady-state value, then operation at this reduced<value shall also be demonstr

The duration of operation at the transient minimum y value’shall be at least twice the n¢

permfitted time in service at this extinction angle.

It shpll be demonstrated that no commutation.failures occur at either the steady-state or

transjent minimum values of y.

9.3.5 Temporary undervoltage test

The purpose of this test is to verify.the correct performance of those valve designs in

energy for the firing circuits is, éxtracted from the voltage appearing between the

termipnals.

Prior|to the test, the valve ‘or valve sections shall be operated under conditions correspo

to 9.3.4.2 (steady-stateminimum «) except for the test current which may be reduced. Op

the vialve or valve sections, for the specified time at minimum transient value of «, coing

with @ test voltage\Uyg,4, which shall be determined as follows:

Nyt
U =Uyon X —2
tpv4 VvON N

Xku ><k16

is the nominal value of the no-load phase-to-phase voltage on the valve side of the

transformer;
is the number of series-connected thyristor levels under test;

is the total number of series-connected thyristor levels in a complete valve, including

redundant levels;

is the temporary undervoltage factor (fundamental frequency) for which the converters

shall remain controllable;
is a test safety factor;
=0,95.
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The duration of operation with temporary undervoltage shall be not less than the back-up fault
clearing time for the a.c. system, including, where appropriate, any dead-time arising from

auto-

After

reclose sequences in the a.c. system.

the specified time, return to the conditions corresponding to 9.3.4.2.

It shall be demonstrated that the valve (sections) remain controllable over the full duration of
the temporary undervoltage.

Depending on the level of temporary undervoltage and the method of test adopted, it may not

shall

be p
be d
durin
firing
9.3.6
The

arisir
repro

a) o

b) rectifier minimum « operation with minimum a.c. voltage‘(see 9.3.4.1).

The

operation with intermittent direct current under the spécified conditions.

The fests shall demonstrate safe turn-on of the thyristors, in accordance with the design, 3

requi
(sect

durafion of the periods of zero current;¢an be varied from zero to a value which is

comy

NOTE|

normdlly four for valves used in HVDG ‘transmission applications and eight for valves used in back-to-back sc

10 1

10.1

The
to ch
forwg
demg

ssible to maintain normal npnrntinn of the test circuit during the test |f this accurs it

emonstrated that this is an inherent consequence of the abnormal voltage cond
g the test and not a result of a failure of the valve (sections) to respond correctly t
control signals.

Intermittent direct current tests
est shall be performed with the valve coolant at its maximum temperature. The strg
g from intermittent direct current operation for two operating conditions sha
duced:

= 90° operation with maximum a.c. voltage and k, = 1,0 (see/9.3.3);

duration of the test shall be at least twice the~hormal permitted time in servic

site number of firings per cycle. For an effective demonstration, the behaviour of the
ons) should be explored with an adjustable intermittent direct current in which

ared with the turn-off time of the.thyristors.

The maximum number of current.pulses per cycle in a valve during intermittent direct current opera

[ests with transient forward voltage during the recovery period

Purpose of tests

principal objective of the tests with transient forward voltage during the recovery peri
eck that,/at maximum temperature, the valve will tolerate the application of tran
rd yoltages in the period immediately following current extinction. The tests
nsirate that the valve will either withstand the transient forward voltage or will tu

safel

tions
b the

sses
| be

e for

t the
valve

the
long,

ion is
emes.

od is
sient
shall
n on

A second objective is to demonstrate that, for transients in the forward direction applied after
the recovery interval, the protective firing level and du/dt withstand of a valve containing
operating thyristors at their maximum steady-state junction temperature are consistent with the
design.

10.2

Test object

See 9.2.

10.3

Test requirements

The test requirements are the same as for the periodic firing and extinction tests, Clause 9,
except that an impulse generator, connected across an inverter valve or valve section, is also
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required. Triggering of the impulse generator shall be synchronized with the normal operating
waveshapes to apply forward impulses to the valve or valve sections under test in the interval
immediately following current extinction.

The test current and coolant temperature shall be selected to produce the maximum
continuous operating thyristor junction temperature. The operating conditions for the valve
(sections) under test shall be those of 9.3.4.3 for steady-state minimum 7.

The impulse generator shall be set so that the prospective peak voltage in the forward direction
Ugytq is determined by:

Utvtd = UimpLy * Kn

wherg

Uwmply s the impulse protective level of the valve arrester, alternatively the guaranteed|non-
firing level for protective firing with a switching impulse waveshape, if lower;

k is a scaling factor according to 4.3.2.

n

NOTE[1 Ugp,, is used as U
front time waveshapes.

in 100 ps front time waveshape and U is used as U in 1,2 and[10 ps

IMPLv LIPLv IMPLv

The fest shall be performed with three different impulse waveshapes:

— type 1: 100 ps front time £ 30 %;
— type 2: 10 pus front time + 30 %;

- t;lpe 3: 1,2 ps front time + 30 %.

The fime from voltage crest to half value of the-impulse is not critical, but shall be not less|than
10 ug for any waveshape when applied undgr-conditions for which the valve does not turn on
due tp the impulse.

NOTE| 2 The sensitivity of the equipment _to impulses of different waveshapes is design dependent. Subject to
agreement between purchaser and supplier,-consideration can be given to restricting the test to a single impulse
wavesfhape, provided it can be shown thdt.the objectives of the test are met.

Not less than five impulses of gach type shall be applied singly, at various times in the inferval
from |current zero to the end.of the negative recovery period. Three additional impulses of [each
type ghall be applied aftferthe recovery period has ended.

NOTE| 3 The recovety period is considered to have ended when the thyristors have regained their full off-state
voltagp and du/dt withstand capabilities. This can be marked, in some designs, by the ending of a time wWindow
during which protection circuits have increased sensitivity. The relevant time is stated by the supplier.

The yalve-ar valve sections shall either withstand the impulses or turn-on safely.

If the—vatve illbUlpUIdtUb plutcbtivc filillg agaillbt transtent—forward vuitayca im—the—rec very
period then it shall be demonstrated that the protection operates as intended.

The valve shall not fire for any impulse applied after the recovery period has ended, unless
firing can be shown to be due to a legitimate response of the protective firing circuits during the
off-state (see Note 3 above). If protective firing occurs with the specified waveshapes, when
applied after the recovery period has ended, then three additional applications of positive
impulses of revised amplitude and front time, such that the valve does not fire, shall be made.
It shall be demonstrated that the revised amplitude and front times for non-firing are consistent
with the protective firing strategy for the valve.
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11 Valve fault current tests

11.1 Purpose of tests

The principal objectives of the fault current tests are to demonstrate proper design of the valve
to withstand the maximum current, voltage and temperature stresses arising from short-circuit
currents.

The tests shall demonstrate that the valve is capable of:

a) suppressing a one-loop fault current of maximum amplitude, commencing from maximum
temperature and blocking the ensuing reverse and forward voltages, including| any
oyvervoltage due to load rejection;

b) sprviving, to circuit breaker trip, a multiple-loop fault current, under conditions similar to the
ohe-loop test, but with no re-applied forward voltage. This test covers the — nhormally rare —
cpse where phase shifts or transients in the AC system prevent the conditions needgd for
the valve to block the fault at the end of the first cycle.

11.2| Test object

See 9.2.

11.3| Test requirements
11.3.1 General

The fests shall be performed using test circuits which{are capable of reproducing, as closgly as
possible, the most severe fault current conditions_specified.

For the one-loop fault current test, the sprincipal requirement is to reproduce the worst
combination of forward voltage and thyristor junction temperature at the time of the crest ¢f the
first positive half cycle of re-applied voltage following one loop of fault current.

For the multiple-loop fault current™est, the principal requirement is to reproduce the worst
combination of reverse voltage* and thyristor junction temperature at negative recovery
following the penultimate loop of a multiple-loop fault current.

A sefond requirement-of the one-loop fault current test is to demonstrate that the thyristors
have|adequate turn-off-time to be able to withstand the re-application of forward voltage 3t the
positlve-going voltage zero crossing immediately following the fault current. The time inferval
between currept 'zero and positive-going voltage zero crossing is dependent on the damping
factor of the test circuit and on the test supply frequency. These should either be made ¢qual
to thep service values or adjusted so as to produce a representative value for the ho|d-off
intervyal, Where this is not possible, the supplier shall demonstrate by other means, thdt the
turn-pfftime of the thyristors, after one loop of fault current, is adequately short.

In order to reproduce the correct transient reverse voltages during the multiple-loop fault
current test, it is important that the total stray capacitance associated with the valve and
inductances contributing to the commutating reactance be properly represented in the circuit. It
is important that the effective parallel impedance of the other valves of a six-pulse bridge is
properly represented, taking into account the location of the presumed short circuit and the
control strategy adopted during overcurrents. The valve or valve sections need not be
subjected to any recovery voltage after the final loop of fault current.

When testing with valve sections, the test voltages and test circuit component values shall be
scaled according to the number of series-connected thyristor levels under test as described
in 9.3.

NOTE The fault current tests specified in 11.3.2 and 11.3.3 are based on the normal worst case condition of the
maximum value of fault current arising from a short circuit across a rectifier valve. If the worst combination of
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voltage and junction temperature for the thyristors does not coincide with the maximum fault current arising from a
short circuit across a rectifier valve, then the test conditions are adjusted accordingly.

11.3.2 One-loop fault current test with re-applied forward voltage

Prior to the test, the valve or valve sections shall be operated to produce the maximum
continuous operating thyristor junction temperature.

Subject the valve or valve sections to one loop of fault current of the specified peak value and
conduction duration, followed by re-application of forward voltage. The crest value of the first
half cycle of re-applied forward voltage Uy, 4 shall be determined as follows:

Uttva = Uvomax * V2 x Ko x ke x Kq7

wherg

Usombx is the maximum steady-state no-load phase-to-phase voltage on the yalve side gf the
transformer;

K, is a test scaling factor according to 4.3.2;

k, is the temporary overvoltage factor;

k. is the value determined from system studies;

k17 is a test safety factor;

k17 =1,05.

The peak value and conduction duration of the fault gurrent shall be determined from system
studigs, taking into account:

— the maximum a.c. system short-circuit fault level;

— the minimum steady-state a.c. system frequency consistent with the above;

— tHe minimum tolerance value of the cenverter transformer reactance referred to the yjalve
side;

— the most critical of the following combinations:

o| the lowest delay angle at:fault initiation corresponding to the maximum steady-state
operating voltage referred to the valve side,

¢| the lowest operating voltage referred to the valve side at fault initiation correspondipg to
the minimum transient delay angle;

— the minimum damping factors for the a.c. system and converter transformer referred tp the
blve side;

<

— alshort ciretfit'across a rectifier valve.

The peak™value of the fault current so calculated shall not be reduced by half the d.c. cUrrent
(/d/2] uniess the supplier can demonstrate that the reduction is valid for the proposed cgntrol
stratégy-

The value of k, shall be consistent with the a.c. system conditions used for calculating the fault
current. The d.c. load rejected shall be that portion of the rated d.c. power of the converter
station which is lost due to the fault.

If the parameters of the test circuit prevent the specified fault current amplitude and conduction
duration from being achieved, then a current waveshape of equivalent severity may be used. It
shall be demonstrated that the equivalent waveshape results in a thyristor junction temperature,
at the time of peak voltage stress, which is at least as great as that which would have occurred
with the correct current waveshape.
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11.3.3 Multiple-loop fault current test without re-applied forward voltage

Prior to the test, the valve or valve sections shall be operated to produce the maximum
continuous operating thyristor junction temperature.

Subject the valve or valve sections to one application of the specified humber of loops of fault
current of the specified peak value and conduction duration. The valve or valve sections shall
be subjected to reverse voltage between the loops of fault current, but shall be prevented from
experiencing forward blocking voltage by continuously triggering the thyristors.

The prospective value of reverse recovery voltage at current zero of the penultimate fault
current loop Uy, shall be determined as follows:

Ustur = Uyomax X V2 sin w x ky x k. x kg

wherg

Usombx is the maximum steady-state no-load phase-to-phase voltage on the-valve side gf the
transformer;

7 is the fraction, in degrees, of one cycle of the service waveferm, by which current| zero
of the penultimate fault current loop precedes positive-goifig-voltage zero crossing;

K, is a test scaling factor according to 4.3.2;

k, is the temporary overvoltage factor;

k, is the value determined from system studies;

k1s is a test safety factor;

k18 =1,05.

The pumber of fault current loops shall be determined from the operating time of the primary
circult-breaker used for terminating short-circuit currents in the converter. The operating|time
shalllinclude the fault detection and signalling delays as well as the breaker clearing time.

The peak value and conduction duration of the fault current loops shall be determined in the
samg manner as defined in 11.3:2-except that, for all fault loops after the first, the delay angle
of initiation shall be 0°.

The yalue of k, shall be«determined as described in 11.3.2.

12 Tests for valve insensitivity to electromagnetic disturbance

12.1| Purpose of tests

The [pringipal objective is to demonstrate the insensitivity of the valve to electromagnetic
interference—(etectromagnetic—disturbance)—arising—from—voltage—and—eurrent—transients
generated within the valve and imposed on it from the outside. The sensitive elements of the
valve are generally electronic circuits used for triggering, protection and monitoring of the
thyristor levels.

Generally, the valve insensitivity to electromagnetic disturbance can be checked by monitoring
the valve during other type tests. Of these, the valve impulse tests (8.3.3 to 8.3.5) and the
valve non-periodic firing test (8.4) are the most important because the events reproduced by
these tests can be expected during normal operation of the converter station and do not
normally cause the converter station to be tripped.

The tests should demonstrate that:

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

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

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

12.2 | Test object

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

When insensitivity to electromagnetic disturbance arising from coupling between adjacent
valvels in a MVU is to be demonstrated, two approaches are acceptable as_defined in 12|3. In
this ¢ase, the test object will be a separate valve or valve section according to the appfoach
adopted.

12.3 | Test requirements
12.31 General

When demonstrating insensitivity to electromagnetic disturbance arising from coupling betiveen
adjagent valves of a MVU, the test requirements depend on which of the two recommended
appréoaches is adopted.

12.3.2 Approach one

Apprpach one is to simulate the source ofelectromagnetic disturbance directly as part of a test
set-up. Such a test set-up will require.more than one valve in order to check for intergction
betwgen them. The geometric arrangements of the source of the electromagnetic disturbance
with fespect to the valve under test<shall be as close as possible to the service arrangement (or
worse from an electromagnetic disturbance point of view).

Subclause 8.4.2 gives further details of requirements if approach one is adopted.

12.3.8 Approach two

Apprpach two js“to determine the intensity of electromagnetic fields under worst operafional
condftions, either from theoretical considerations or by measurements. In a second step, these
field§ are .simulated by a test circuit which generates correct (or worse) electromagnetic
radiafion(at the respective frequencies. A valve section is then exposed to the fields generated
by the«test source.

An essential prerequisite to approach two is the determination of the dynamic field strength and
direction at key locations in the valve. This can generally be obtained from search coil
measurements taken during firing tests on a single valve. Alternatively, the field can be
predicted from three-dimensional field modelling programs. A valve section shall then be tested
using a separate field coil to produce field intensity, frequency content and direction which is at
least as severe as the predicted values.

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

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

— the electronics of the valve section under test shall be energized;
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information with the valve section shall be included.

12.3.4 Acceptance criteria

The criteria for acceptance for both approaches one and two shall be as defined in 12.1.

13 Testing of special features and fault tolerance

13.1 Purpose of tests

13.1.1 General

Thesg tests are intended to verify the design and performance of any special featurés g
valve. Special features may include, but are not limited to, those in the following two categ

13.1.2 Circuits to facilitate the proper control, protection and monitoring of the val

Gendrally, these features can be demonstrated as part of the other tests.

13.1.8 Features included in the valve to provide fault tolerance

Fault| tolerance capability may be defined as the ability of an~"HVDC thyristor valve to pe
its intended function, until a scheduled shutdown, with fadlted components or subsysten
overlpaded components, and not lead to any unacceptable failure of other components, or
externsion of the damage due to the faulted conditiony“"Special features may be required i
design to ensure fault tolerance. Examples of faults for which fault tolerance may be req

inclugle, but are not limited to, those given below;

a)

b)

d)

those parts of the valve base electronics that are necessary for the proper exchange of

Short circuit of a thyristor

Even though a short-circuited thyristorwill shunt the other components at the thyristor
i some designs there may be a danger of overloading gate pulse transformers, overlo
current connections (where parallel thyristors are used), or changing the clamping lo

o]

Jontinuous operation of protéctive firing at one thyristor level due to loss of normal
pulses to that level.
G
o]

ontinuous operation of protective firing can lead to overload of the damping resisto
her components at.the affected level.

Insulation failureof-a pulse transformer (if feeding two or more series-connected thyris
damping capagitor, damping resistor or grading capacitor.

Insulation_failure of any component in parallel with the thyristors can attract load cd
into it, leading to a hazardous condition.

Leakage of small quantities of valve coolant

f the
ories.

ve

form
hs or

n the
uired

evel,
hding
ad.

firing
and

tors),

rrent

If_.the” valve is liquid cooled, small leaks may not be easily detected. Escaped coolan

[ can

contaminate sensitive components, leading to malfunction, and can increase the probability

of insulation failure.

The purchaser shall review the design offered with the supplier to determine the probability and
likely consequences of certain failures. Where appropriate, consideration shall be given, in the
type test programme, to the performance of special tests to verify critical aspects of the fault
tolerance capability of the valve. Such tests shall be agreed between the purchaser and
supplier on a case-by-case basis.

13.2 Test object

Tests may be performed on a complete valve, valve section or relevant parts of either.
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13.3 Test requirements
The test procedures and acceptance criteria shall be chosen having regard to the actual design

of the valve. It shall be demonstrated that the components or circuits involved behave as
intended.

14 Production tests

14.1 General

or adxiliary mrcwts for the|r protect|on control and mon|tor|ng It does not cover tesis on
individual components that are used within the valve, the valve support, or valve~strugture.
Prodliction tests may include routine tests as well as sample tests. In this clause;_only rdutine
test gbjectives are given.

NOTE| In some cases it could be necessary to perform sample tests on complete assemblies in addition [to the
routing tests, for example when modifications are introduced in the course of production” to verify that the| valve
maintains its performance without deviation from its original type tested design. The programme of sample t¢sts is
agreedl between the purchaser and supplier.

14.2 | Purpose of tests
The purpose of the production tests is to verify proper manufacture by demonstrating that:
— a|l components and subassemblies used in the valve have been correctly installed in

agcordance with the design;

— the valve equipment functions as intended and:predefined parameters are within prescribed
afceptance limits;

— the valve sections and thyristor levels (as appropriate) have adequate voltage withgtand
hpability;

Q

— copnsistency and uniformity in production is achieved.
14.3 | Test object

All vglve sections or parts thereof manufactured for the project shall be subjected to the routine
tests| For sample tests the-test object should be agreed between the purchaser and the
supplier.

14.4| Test requirements

Unifgrmity in~the specified production tests of different suppliers is unnecessary.| The
proddiction_tests shall take into account the special design characteristics of the valve and its
compgonents, the extent to which the components are tested prior to assembly, and the
partig¢ular, manufacturing procedures and techniques involved. In all cases, the supplier|shall
submitFfer-approval-by-thepurchaser—a-detalled-deseriptionof the testprocedurespreposed to

meet the production test objectives.

The minimum requirements for routine tests are listed in 14.5. The order in which the tests are
listed implies neither ranking of importance nor the order in which the tests should be
performed.

14.5 Routine test — minimum requirements
14.5.1 Visual inspection

To check that all materials and components are undamaged and are correctly installed in
accordance with the latest approved revision of the production documentation.
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14.5.2 Connection check

To check that all the main current-carrying connections have been made correctly.

14.5.3 Voltage-grading circuit check

To

check the grading circuit parameters and thereby ensure that voltage division between

series-connected thyristors will be correct for applied voltages from d.c. to impulse
waveshapes.

14.5.4 Voltage withstand check

To c!Leck that the valve components can withstand the voltage corresponding to the maximum

valug specified for the valve.

14.5.6 Partial discharge tests

To

demonstrate correct manufacture, the purchaser and supplier. shall agree which

compgonents and subassemblies are critical to the design, and appraopriate partial discharge

tests|shall be performed.

14.56 Check of auxiliaries

To check that the auxiliaries (such as monitoring and protection circuits) at each thyristor|level

and those common to the complete valve (or valve sectigh) function correctly.

14.5.f Firing check

To check that the thyristor in each thyristor level turns on correctly in response to firing sighals.

14.5.8 Pressure test

To check that there are no coolant leaks (for liquid cooled valves only).

15

The procedure for loss determination of HVDC thyristor valves is specified in IEC 61803.

16

Method for loss determination

Rresentation-of type test results

The |test report shall be issued in accordance with the general guidelines as given in

ISO/IEC Guide 25, and shall include the following information:

o
narme-ahna3a

name and address of the purchaser;

unambiguous identification of the test object, including type and ratings, serial number and
any other information aimed to identify the test object;

dates of performance of the tests;
description of test circuits and test procedures used for the performance of the tests;

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

description of measuring equipment and statement of the measuring uncertainty;
test results in the form of tables, graphs, oscillograms, and photographs as appropriate;

description of equipment or component failure.
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Annex A
(normative)

Test safety factors

General

2015

Thyristor valves are designed to withstand the stresses they are likely to experience under
specified HVDC operating conditions. To verify the valve design, dielectric and operational type

tests
cons

Tests

are carriegd out_ 1 he lype test levels ctude test Sdlely 1dCLlors whitchensure thatthe
brvatively reproduce the worst-case service stresses.

and test levels can have major economic penalties, particularly when unnecessary

or unfrealistic test levels are specified without compensating benefits in valve pérformance

test s
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Test
a pra
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afety factors used in this standard have been established with the objective of refle
tic and practical requirements to assure an economical valve design suitable fo
Hed application.

safety factors allow for measurement uncertainties during the'test and, where approp
tective margin. The protective margin provides an allowance for the uncertainty i
ction of the maximum service stress and an allowance fot7any reduction in the cap3

of the¢ equipment with time, due to ageing.

Whe

n type tests are performed according to IEC 60060-1, measuring uncertainties amol

3 % flor measuring errors and a further 3 % for the.test level tolerance.
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rtainty in the prediction of the maximum(service stresses depends on many factors

rsally applicable quantitative factorsliexist for these parameters but established pra
brted by acceptable service experiefce provides a basis for judgement.

iew of the standard practice_for high voltage equipment, the current practices for tg
VDC thyristor valves and.\the service experience, taking the special characteristi
tor valves into account, )has resulted in appropriate values of test safety factors
These are discussed in Clauses A.2 and A.3 below.

Test safety factors for dielectric tests

Impulse tests

A Basic approach

mptions, while degradation due to ageing is material and application dependent.
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The impulse 1est saftety Tactors used In this standard are based on the following assumptions:

a) metal oxide surge arresters are the primary impulse overvoltage protection devices, and
are connected directly between the terminals of each valve to minimize impulse separation
effects;

b) a

Il redundant thyristors are short-circuited during the tests.

The criterion for valve redundancy is that a new valve, with all of its redundant thyristors short-
circuited, shall still be capable of meeting the specified type test performance. The specified
performance is established from analytical studies considering the permissible operating
modes and requirements.

As with other conventional power equipment, the valve costs are influenced by the type tests
and associated test levels. For impulse tests, the cost of a thyristor valve is almost directly
proportional to the required impulse withstand test level. In addition, the associated in-service
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power losses are also almost directly proportional to the impulse test level. Recognizing the
benefits in costs and losses of optimizing test levels, 8.3.3 of this standard allows the following
alternatives for the impulse tests between valve terminals.

a) Apply a test safety factor of 1,10 for lightning and switching impulse tests and a test safety
factor of 1,15 for the steep front impulse test. In addition, the impulse tests are repeated
with a test safety factor of 1,15 for lightning and switching impulse tests, and a test safety
factor of 1,2 for the steep front impulse test with all thyristors replaced with insulating
blocks.

b) Apply a test safety factor of 1,15 for lightning and switching impulse tests and a test safety
factor of 1,2 for the steep front impulse test.

Alterpative b) reflects the majority practice in industry to date, and corresponds to a raisipg of
the effective test safety margin for thyristors and associated thyristor level /equipment
compared with the previous edition of this standard. Alternative a) provides/.for a more
econpmical design by limiting the maximum voltage to be withstood by the thyristors, while
retaining the full test safety margins of alternative b) for all insulation infparallel with the
thyridtors.

The {est safety factors adopted for both impulse test alternatives are’\supported by succgssful
performance of valves presently in service, and by calculations showing that the test dafety
factors used give adequate margins of safety based on present industry knowledge|l and
expefience.

The s$election of the impulse test alternative rests with the ‘purchaser and will be based oh the
cost-penefit considerations for the specific application."Subclauses A.2.1.2 and A.2.1.3 helow
provide background information.

A.2.1.2 Prior practice and experience

The previous edition of this standard specified a test safety factor of 1,15 for lightnind and
switching impulse tests with redundantcthyristor levels of up to 3 % not short-circuited| The
effective test safety factor for the thyristors in valves with 3 % redundancy was therefore 1}117.

A reyiew of the valve in-servige:performance records and the test safety factors used for
impu|se tests showed that, for:the majority of projects installed world-wide, the valves [have
been| tested with a test .safety factor of 1,15 with the redundancy short-circuited. | This
corrgsponds to alternative.b) in A.2.1.1 above. The service experience for these projects has
been|very good.

The feview also.showed that a significant number of projects has been supplied in which gither

the tg¢sts were-performed with a test safety factor of 1,15 and redundancy of up to 3 % intart, or

the Value of\the test safety factor was reduced, typically to 1,10. In one case, a test gafety

factor of 0,10 and intact redundancy of 3 % have been used (corresponding to an effectiveg test

safetly.factor for the thyristors of 1,067). The in-service performance records for these prqgjects
A

are alse—~very-good-

Based on in-service experience and other investigations to date, the insulation properties of
thyristors do not indicate any tendency for significant ageing in service. On the other hand,
industry recognizes that, in general, conventional insulating materials do age in service.
Because a thyristor valve contains conventional insulating materials as well as thyristors, the
effects of ageing on these materials shall be considered when establishing test safety factors.
For this reason, while an alternative test safety factor of 1,10 for the thyristors can be
supported, the standard shall require an impulse test on all valve components, except
thyristors, at test levels corresponding to the test safety factors of 1,15 for lightning and
switching impulses and 1,2 for steep front impulse. This is the basis of alternative a) in A.2.1.1
above.
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A.2.1.3 Assessment of test safety factor alternatives for impulse tests

As an independent check, the chosen test safety factors were assessed for their adequacy to
cover for the best estimates of the known contributing factors to the measurement uncertainty
and protective margin components of the test safety factor.

The adequacy of the test safety factors was assessed by the following means.

a) All the factors relating to measuring uncertainties and the protective margin were
considered to be statistically independent.

b) From a probability point of view, it was considered unrealistic to assume that all factors

were biased in the same direction and simultaneously at their maximum values.

c) I was assumed that the contributing factors could be combined by a root sum ef.sqdiares
(RSS) approach. A check was then made to ensure that the following relationship| was
sptisfied:

kg 2 1+1/Zk% (evaluate n = 1 to n)
where
k} is the test safety factor,;
n| is the number of factors;
k}, = per unit value of each n -factor (less than 1,0).

d) Tlhe factors considered for lightning and switching. impulse tests and their assodiated

vplues were as follows:

—| test voltage measuring error (0,03 per IEC. 60060);

—| tolerance on test voltage (0,03 per IEC 60060);

—| measurement tolerance of arrester characteristic (0,03 per IEC 60060);
—| ageing allowance for arrester (0,05 per IEC 60099);

—| study uncertainties — most anerous case (0,03) estimated;

—| allowance for non-standard-waveshapes (0,03) estimated;

—| allowance for insulationyageing (0,10 alternatively 0).

e) Using the RSS relationship of c), then, if an insulation ageing factor of 0,1 is assumgd for
cpnventional materials then:

1+ \/ﬁ =1,13

With|a test safety factor of 1,15 specified, the contingency for any unallowed factors ¢r for

errors in,the allowed factors amounts to:

40152 0,132 = 0,075

If insulation does not significantly age, as is the case for the thyristors, then:

144X k2 = 1,084

With a test safety factor of 1,10 specified, the contingency for any unallowed factors or for
errors in the allowed factors amounts to:

/0,102 - 0,0842 = 0,055
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On the basis of the assumptions made, selection of alternative b) of A.2.1.1 will provide an
inherent contingency margin of 7,5 % for both thyristors and other materials, and makes no
presumption concerning the different ageing mechanisms for thyristors and conventional
insulating materials.

Selection of alternative a) of A.2.1.1 will provide an inherent contingency margin of 7,5 % for all
materials except the thyristors, and a contingency allowance of 5,5 % for the thyristors on the
presumption that ageing of thyristors can be neglected.

The capital cost and operating losses of thyristor valves designed and tested to alternative a)
will each be approximately 4,5 % lower than that of alternative b).

A.2.2

The
tests

AC and d.c. temporary and long-term voltage tests

Hurability of the valve dielectric materials cannot be demonstrated during the valve
This is more appropriately carried out as part of separate design or deyelopment te

Howgver, the a.c and d.c. voltage type tests do demonstrate valve withstand capab

agair
exter
mate
perfo
chec

st temporary and long-term overvoltages. The test levels and durations reflect, to a
t, the established a.c and d.c. test philosophy and practices fof ‘¢onventional diel
rials. A commonly used indication of the quality of the insutation is partial disch
rmance (see Annex B). The standard therefore requires thatcthe quality of insulatig
ed during the a.c and d.c. voltage tests by measurement of partial discharges.

type
5ting.
lities
arge
betric
arge
n be

In th¢ case of the short-duration valve a.c. voltage test, theytest can unrealistically over-sitress

valve
perfo
resul
test

meas
charg
or all

A3

The
occu
and

components in the reverse direction because, for practical reasons, the test sha
rmed with a.c. (hence giving a large voltage-time area) but the service condition
s in a short duration at high voltage (commutation overshoot). For this reason, a

bafety factor than normal practice is used.(The test safety factor kg is based on vg
uring error (3 %), tolerance on test voltage (3 %), measuring tolerance of surge arr

Il be
only
ower
ltage
ester

cteristics (3 %), ageing allowance for afrester (5 %) and an inherent contingency margin,

pwance for other unknown effects (7,5, %).

Test safety factors for operational tests

bperational test safety factors apply to the combined voltage and current stresses
during steady-state operation, specified overloads and fault conditions. The test volt
currents to be considered are those obtained from the most onerous steady-

operating conditions. (In'general, only measurement uncertainties need be considered i

test 9

For t

afety factors:

ks =1+4/0,03% +0,03% =1,042, rounded up to 1,05

neminimum a.c. voltage tests, the corresponding test safety factor is:

vhich
ages
state
h the

kg = 1-4/0,032 +0,03% = 0,957, rounded down to 0,95

For fault current tests, no special current test safety factor is needed (kg = 1,0).

This is justified on the basis that:

a) the tests are performed with fault current amplitudes that are at least equivalent in severity
to the worst case current as determined from calculations or system studies, using the
coincidence of worst case factors as listed in 11.3.2 without statistical averaging;

b) a test safety factor of 1,05 is applied to the voltage to be blocked after the fault current.
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Annex B
(normative)

Partial discharge measurements

B.1 Measurement of partial discharge

The quality of insulation in the valve support, between highest potential valve and earth, and
between valve terminals shall be checked during the a.c and/or d.c. voltage tests by

Mmeasurement—ot—partial—discharges—Presentexperierce—in—the—applcatieon—etHYBG—plves
showls that other techniques such as RIV (radio interference voltage) measurements -are less
indicative for the given purpose.

Partial discharge measurements shall be performed in accordance with IEC 60270.

B.2 | Partial discharge during a.c. tests

The [sensitivity of the partial discharge measurements for a.¢~woltage depends on the
capagitance of the test object and the magnitude of the background noise. In most valveg, the
capagitance between valve terminals is large (mainly due .to’.the presence of the damping
capagitors) compared to stray capacitance between the terminals for other equipment. Typical
valugs for thyristor valves are in hundreds of nanofarads and for other equipment they gre in
the fange of tens of picofarads. Consequently, special measurement techniques may be
necepsary to fulfil the objectives of the test.

The gommonly accepted test circuits for the measurement of partial discharge on a largg¢ air-
insulated apparatus will not separate the partial' discharge into surrounding air (corona), which
could be acceptable, from any discharges across or through non-healing insulation.
Condequently, setting an absolute limitcon the partial discharge value for the complete yalve
will ot alone give a dependable resuli: For an air-insulated valve, partial discharge of up to
200 pC is normally of no consequence as far as discharge into the surrounding air is
concerned, but is above the safe.threshold for discharges in organic insulation.

For this reason, and also because the a.c. dielectric test on a complete valve or valve support
does| not stress all components (e.g. damping resistors, saturable reactors, etc.), |it is
recommended that the partial discharge measurement is performed on all critical components
or supassemblies as identified by the supplier. The purpose of partial discharge measurements
on acomplete valve or valve support during the dielectric tests is then to verify that therg are
no adlverse intéractions between individual components or high levels of partial discharge into
air. Except.as) noted in Clause B.4 below, the maximum value of partial discharge for a
complete valve or valve support during a.c. tests shall be 200 pC, provided that the valve is air-
insulated‘and partial discharge of the critical components is within their own individual limits as
demq@nstrated by the component test.

B.3 Partial discharge during d.c. tests

It is noted in IEC 60270, that there is no generally accepted method for the determination of the
partial discharge magnitude during tests with direct voltage.

Dielectric stresses under steady-state d.c. conditions are determined by the resistivity of the
insulating material rather than by the dielectric constant. Due to the high value of the resistivity,
the time constant of the system is rather long, therefore partial discharges under d.c.
conditions tend to be characterized by pulses of relatively high amplitude (hundreds to
thousands of pC) at low repetition rate (seconds to minutes).
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For this standard, the quality of insulation during tests with direct voltage is checked by
counting the number of partial discharges per unit of time that exceed specified levels. This
means that, in general, test circuits and measuring instruments used with alternating voltages
may also be used with direct voltages, however with the addition of a multi-level pulse counting
device. The d.c. voltage test levels and durations, together with the acceptance limits for partial
discharge given in this standard, are based on the following considerations:

— expected service stresses, both in normal operation and during faults;

— previous service and test experience;

— recognition that thyristor valves contain many different dielectric materials which have time
constants spanning the whole range of likely values;

— rgcognition that tests of shorter duration with higher test safety factors| will
uhrepresentatively overstress those valve components with short time constants;

— rgcognition that the magnitude of partial discharges and number per period ‘of time when
using positive polarity is normally higher than when using negative polarity;

g@cognition that, following initial application of opposite polarity, a larger amount of partial
scharge than that occurring during steady-state d.c. voltage stresscean be expected| The
value of partial discharge versus time after selection of opposite polanity should decrease.

|
a =

B.4 | Composite a.c. plus d.c. voltage stress

Equipment in an HVDC converter often experiences a _Service voltage waveshape which
comgrises both a.c. and d.c. components.

Due o practical difficulties and the lack of experience of partial discharge measuremen{ with
composite voltages, separate a.c. and d.c. voltage tests are specified in this standafd. A
consequence of this approach is that, in striving to reproduce the correct peak voltage sfress,
thosg components which are stressed in sefvice mainly by a d.c. component, with only a small
component of a.c., will be stressed during.the long duration a.c. voltage test with a much hjgher
peakito-peak voltage excursion than will be encountered in service. Since partial discharge
with &.c. voltage stress is strongly influenced by the peak-to-peak voltage swing, the spegified
tests|will be unrealistic for those cases where the service stress is mainly d.c.

Two fpases where this will occur are:

a) arross the valve suppert when the support is attached to another bus than the neutra] d.c.
busbar or lower six-pulse bridge a.c. connection potential;

b) across any twe_terminals of an MVU between which there are two or more series-conngcted

pufeaSe aG cHOPHE O—8a € S eante \ rVed
values may have on the durability of the equipment in service.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

VALVES A THYRISTORS POUR LE TRANSPORT D'ENERGIE
EN COURANT CONTINU A HAUTE TENSION (CCHT) -

Partie 1: Essais électriques

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comjposée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC “a)pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans-lés domaings de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Nofmes internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles, au”public (PAS) gt des

ides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a-des comités d'étudels, aux

aux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisjations
rnationales, gouvernementales et non gouvernementales, en liaison avec I'tEC; participent égalemept aux
aux. L’'IEC collabore étroitement avec I'Organisation Internationale de-WNormalisation (ISO), selop des
ditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions teChniques représentent, dans la njesure
possible, un accord international sur les sujets étudiés, étant donné” que les Comités nationaux dg I'lEC

dressés sont représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de recefmmandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les.efforts raisonnables sont entrepris afin qugq I'lEC
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

4) D4gns le but d'encourager I'uniformité internationale, les. Comités nationaux de I'lEC s'engagent, dans tqute la
megsure possible, a appliquer de fagon transparente.lés Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes*Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépepdants
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marques de
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) T

7) Adcune responsabilité ne doit étre imputée a I'l|EC, a ses administrateurs, employés, auxiliaires ou mandajaires,
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de(I'lEC,
popr tout préjudice cause“en cas de dommages corporels et matériels, ou de tout autre dommage de qlielque
nafure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) |et les
dépenses découlant™~de la publication ou de I'utilisation de cette Publication de I'IEC ou de toute| autre
Pyblication de I'lEC, ou au crédit qui lui est accordé.

8) L'

s les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication

ttention est\attirée sur les références normatives citées dans cette publication. L'utilisation de publigations

9) L’3ttention ‘est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvenft faire
I'opjét/de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels|droits
delhrevets et de ne pas avoir signalé leur existence

La Norme internationale IEC 60700-1 a été établie par le sous-comité 22F: Electronique de
puissance pour les réseaux électriques de transport et de distribution, du comité d’études 22
de I'lEC: Systémes et équipements électroniques de puissance.

Cette deuxieme édition annule et remplace la premiere édition parue en 1998, son
Amendement 1:2003 et son Amendement 2: 2008. Cette édition constitue une révision
technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente.

a) Les définitions des termes “niveaux de thyristors redondants”, “niveau de thyristor”, “section
de valve” ont été modifiées dans un souci de clarification.
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b)

d)
e)

f)

Le texte de cette norme est issu des documents suivants:

Le rgpport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote
abouti a I'approbation de cette norme.

Cettg publication a été rédigée selon les Directives ISO/IEC/Partie 2.

Une liste de toutes les parties de la série IEC 60700, publiées sous le titre général Val
thyrigtors pour le transport d'énergie en courant.continu a haute tension (CCHT), peut
conslltée sur le site web de I'lEC.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la da
stabifité¢ indiquée sur le site web de PIEC sous "http://webstore.iec.ch" dans les don
relatives a la publication recherchée. A'cette date, la publication sera

Le cgntenu da corrigendum de janvier 2017 a été pris en considération dans cet exemplair
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Des notes ont été ajoutées aux exigences des essais diélectriques sur support de valve
sous tension continue, UVM, spécifiant qu'avant de répéter I'essai avec la polarité opposée,
I'objet d’essai peut étre court-circuité et mis a la terre pendant plusieurs heures. La méme

procédure peut étre suivie a I'issue de I’essai sous tension continue.

Le Tableau 1 sur les défauts de niveaux de thyristors autorisés au cours des essais de
a été complété.

La méthode alternative pour les essais diélectriques UVM a été ajoutée.

Il a été spécifié que les essais de série peuvent inclure des essais individuels de série
que des essais sur prélévement.

Il a été ajouté dans les exigences pour les essais d’allumage et d’extinction périod

type

ainsi

ques

ql’un facteur d’échelle pour les essais doit étre appliqué lors des essais sur les sectio
valve.

CDV Rapport de vote
22F/341/CDV 22F/351A/RVC

—

¢conduite,

n

ipprimée,

—

emplacée par une édition révisée, ou

amendée.

s de

byant

es a

étre

te de
nées

o
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VALVES A THYRISTORS POUR LE TRANSPORT D'ENERGIE
EN COURANT CONTINU A HAUTE TENSION (CCHT) -

Partie 1: Essais électriques

1 Domaine d'application

La prlésente partie de I'lEC 60700 s'applique aux valves a thyristors équipées de parafeud

oxyd
utilis
coure
type

Les ¢ssais spécifiés dans la présente norme sont basés sur des valves.isolées par l'air.

d'aut
d'un

2 K

Les

parti¢, dans le présent document et sont indispensables pour son application. Pou

référ
éditid

IEC 4

IEC ¢
géné

IEC 4
IEC ¢
IEC 4

IEC ¢
cours
IEC ¢

b métallique directement connectés entre les bornes des valves, qui sont destinées 3
bes au niveau d'un convertisseur commuté par le réseau pour le transport.d'énerg

Blectriques et de série.

res types de valves, les exigences d'essai et les criteres d'acceptation peuvent faire |
accord.

Références normatives

locuments suivants sont cités en référence de maniére normative, en intégralité g

bnces datées, seule I'édition citée s’appliquexRour les références non datées, la der
n du document de référence s’applique (y ¢ompris les éventuels amendements).

0060, Techniques des essais a haute tension

0060-1, Techniques des essais“a haute tension — Partie 1: Définitions et exige
rales

0071-1, Coordination d€ l'isolement — Partie 1: Définitions, principes et régles
0099 (toutes les parties), Parafoudres
0270, Techniques des essais a haute tension — Mesures des décharges partielles

1803:1999, Détermination des pertes en puissance dans les postes de conversia
nt continu & haute tension (CCHT)
180371999/AMD 1:20101

res a
étre
e en

nt continu a haute tension ou dans une liaison dos a dos. Elle est limitéeraux essalis de

Pour
objet

Ir les

niére

nces

n en

Guide ISO/IEC 25, Prescriptions générales concernant la compétence des laboratoires
d'étalonnage et d'essais?

3 Termes et définitions

Pour

les besoins du présent document, les termes et définitions suivants s’appliquent.

11l existe une édition consolidée 1.1 (2011) comprenant I'lEC 61803:1999 et son Amendement 1:2010.

2 Retirée.
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3.1 Termes relatifs a la coordination de l'isolement

3.1.1

tension de tenue d’essai

valeur d'une tension d'essai de forme d'onde normalisée pour laquelle une nouvelle valve, dont
I'intégrité est intacte, ne présente aucune décharge disruptive et respecte tous les autres
criteres d'acceptation spécifiés pour I'essai particulier, lorsqu'elle est soumise a un nombre
spécifié d'applications ou a une durée spécifiée d'application de la tension d'essai, dans les
conditions spécifiées

3.1.2
tension de choc a front raide
tensipn de choc a front rapide dont le temps de créte est inférieur a celui d'une tensionde|choc
de foudre type mais non inférieur a celui d'une tension a front trés rapide selon la définition de
I'IEC|60071-1
Note 1 a l'article: Pour la présente norme, une tension de choc a front raide est définie, dans le cadre des dssais,
par la|Figure 1.
s
[2] .
c Raideur S
(]
|_
0,2 T4 —=—— Valeur créte U
o]
©
)
—~— 05U
T4 o
F—> T Durée
‘ IEC
Légerjde
u vdleur de créte spécifiée de la tension d'essai de tension de choc a front raide (kV)
S raideur spécifiée de la tension d'essai de tension de choc a front raide (kV/us)

U
durée conventionnelle du front = — (us)
S

Les conditions suivantes doivent étre remplies:

a) La valeur de créte de la tension d'essai enregistrée doit étre égale a U + 3 %. Cette tolérance est identique a
celle de I'l[EC 60060 pour des tensions de choc de foudre normalisées.

b) Pour une excursion de tension de 0,6 U au minimum, la portion croissante de la tension d'essai enregistrée doit
étre entiérement comprise entre deux lignes paralléles de raideur S et de séparation 0,2 T,

c) La valeur de la tension d’essai a T, ne doit pas étre plus basse que 0,5 U. T, est défini comme l'intervalle de
temps entre l'origine et l'instant ou la tension a diminué a la moitié de la valeur de créte de la forme d’onde
obtenue de I’étude de réseau. Cependant, la détection d’'un amorgage inattendu des thyristors par un du/dt doit
étre assurée.

Figure 1 — Tension d'essai de tension de choc a front raide
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3.1.3

isolement interne et externe

air extérieur aux composants et matériaux isolants de la valve, mais contenu dans le profil de
la valve ou de l'unité de valves multiples, considéré comme faisant partie du systéme
d'isolement interne de la valve

Note 1 a l'article: L'isolement externe est constitué par I'air situé entre la surface externe de la valve ou de I'unité
de valves multiples et son environnement.

3.1.4
allumage de protection de valve

moven—de protéger les thvristors contre une surtension-en provoguant-—un-allumage-3a une
g 3 J g U i

tensipn prédéterminée

3.2 | Termes relatifs a la construction des valves

3.21
support de valve
parti¢ de la valve offrant un support mécanique et une isolation électrique“par rapport a lafterre
de la|partie active de la valve abritant les sections de valve

Note 1 a l'article: Il est possible que les conceptions de valve ne présentent pas toutes une identification|claire
sous yne forme discréte des parties de valves constituant des supports de valve:

3.2.2
strugture de valve
structure physique maintenant les niveaux des thyristors d'une valve isolée a la tepsion
appropriée au-dessus du potentiel de terre

3.2.3
niveaux de thyristors redondants
nombre maximal de niveaux de thyristorS*dans la valve a thyristors qui peuvent étre gourt-
circultés extérieurement ou a lintérieur~de la valve en cours de service sans influenger le
fonctjonnement sir de la valve a thyristors comme le démontrent les essais de type et qpi s’il
était |dépassé, et seulement dans ce cas, exigerait le débranchement du convertisseur|pour
remplacer des thyristors en défaillance ou accepter un risque augmenté de défauts

3.2.4
électronique de base-de‘la valve
unité| électronique, au potentiel de terre, constituant l'interface entre le systtme de commjande
du cgnvertisseur et €S valves a thyristors

niveau de thyristor
parti¢ dune valve a thyristors constituée d’un thyristor ou de plusieurs thyristors montés en
3 Co L . p o ent,

le cas échéant

3.2.6

section de valve

assemblage électrique comportant un certain nombre de thyristors et d’autres composants et
présentant les propriétés électriques préassignées d'une valve compléte a échelle réduite

3.2.7

unité de valves multiples

Uvm

structure physique unique comprenant plus d'une valve avec une structure de support
meécanique commune
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Termes relatifs aux essais de type

2015

NOTE Essais réalisés pour vérifier que la conception d'une valve respecte les exigences spécifiees. Dans la
présente norme, les essais de type sont classés en deux catégories principales: essais diélectriques et essais de
fonctionnement.

3.3.

1

essais diélectriques
essais réalisés pour vérifier les caractéristiques haute tension de la valve

3.3.

2

essais de fonctionnement

essals réalisés pour vérifier les caractéristiques de la valve liées a l'amorgage
désamorgage et au courant

3.4

NOTE| Essais réalisés pour vérifier que la fabrication s'effectue correctement, de sorte que les propriétés
valve porrespondent a celles spécifiées.

3.4.
essajs individuels de série
essals de série réalisés sur toutes les valves, sections de valve gu composants

3.4.
essajs sur préléevement

essals de série réalisés sur un petit nombre de valves, sections de valve ou compo
prélevés de fagon aléatoire dans un lot

4

4.1

41.

Chadue conception de valve-doit étre soumise aux essais de type spécifiés dans la pré
norme. S’il est possible de ‘démontrer que la valve est similaire a une valve précédem
sounjise a essai, au lieu ‘de réaliser un essai de type, le fournisseur peut soumet
l'ache¢teur pour examen  le rapport d'essai d'un essai de type précédent. Il convier
l'accompagner d'un(rapport distinct détaillant les différences de conception et démontrs
manipre dont l'essai de type référencé satisfait aux objectifs de I'essai pour la conce
propdsée.

4.1.

Il convient que l'objet d’essai satisfasse aux exigences suivantes:

a)

41.

Termes relatifs aux essais de série

1

2

Exigences générales

Lignes directrices concernant;laréalisation d'essais de type

1 Substitution de preuve

2 Objet d’essai

d'une

sants

sente
ment
re a
t de
nt la

ption

Certains essais de type peuvent étre réalisés soit sur une valve compléte soit sur des
sections de valve, comme indiqué dans le Tableau 2. Pour ces essais de type réalisés sur
des sections de valve, le nombre total de sections de valve soumises a essai doit étre au

moins égal au nombre correspondant a une valve compléte.

Sauf indication contraire, les mémes sections de valve doivent étre utilisées pour tou
essais de type.

s les

Avant le début des essais de type, il convient de démontrer que la valve, les sections de

valve et/ou leurs composants ont résisté aux essais de série afin d'assurer une fabric
correcte.

3 Séquence des essais

Les essais de type spécifiés peuvent étre réalisés dans un ordre quelconque.

ation
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NOTE Des essais impliquant un mesurage de décharge partielle peuvent apporter un degré de fiabilité supérieur
s'ils sont réalisés a la fin du programme d’essais de type diélectrique.

41.4

Procédures d'essai

Les essais doivent étre réalisés conformément a I'lEC 60060, si elle s'applique. Il convient que
la compétence des laboratoires d’essai et d’étalonnage corresponde au Guide ISO/IEC 17025.

41.5

Température ambiante pour les essais

Les essais doivent étre réalisés a la température ambiante prédominante de l'installation

d'ess

ai, sauf spécification contraire.

4.1.6

Les gssais diélectriques en courant alternatif peuvent étre réalisés soit a 50 Hz, 'soit a 6
les essais de fonctionnement, des exigences spécifiques concernant la fréquence d'gssai
figur¢nt dans les articles correspondants.

Pour

4.1.7
A Iig
confdq

4.2

Lorsd
aux 1
les c

- P

a

— 16

Fréquence des essais

Rapports d'essai

sue des essais de type, le fournisseur doit produire des- rapports d'essai de
rmes a |'Article 16.

Correction atmosphérique

ue l'article correspondant le spécifie, une correction atmosphérique doit étre appli
ensions d'essai conformément a I'lEC 60060-1" Les conditions de référence auxqu
brrections doivent étre apportées sont les suivantes.

Fression:

Si la coordination de I'isolement detla partie soumise a essai de la valve a thyristof
fondée sur les tensions de tenué assignées normalisées conformes a I'lEC 60071-

1 000 m. Ainsi, si l'altitude_du site ag sur lequel est installé le matériel est <1 000
pression d’air atmosphgfique normalisée (by = 101,3 kPa) doit alors étre utilisée
correction de [laltitide. Si ag>1 000 m, la procédure normalisée conforn
I'lEC 60060-1 est_utilisée, mais la pression atmosphérique de référence b
remplacée par_la-pression atmosphérique correspondant a une altitude de 1 0
(b1 000 m);

Si la coordination de l'isolement de la partie soumise a essai de la valve a thyr

I'IEC.60071-1, la procédure normalisée conforme a I'lEC 60060-1 est alors utilisée
la pression atmosphérique de référence by (bg=101,3 kPa);

D Hz.

type

quée
elles

s est
, les

facteurs de correction sontcuniquement appliqués pour des altitudes supérieulles a

m, la
sans
ne a

est
D0 m

stors

n‘est pas-‘fondée sur les tensions de tenue assignées normalisées conformes a

avec

nipérature: température de I'air maximale de conception de la salle des valves (°C);

— humidité: humidité absolue minimale de conception de la salle des valves (g/m?).

Les valeurs a utiliser doivent étre spécifiées par le fournisseur.

4.3
4.3.1

Traitement de la redondance

Essais diélectriques

Pour tous les essais diélectriques entre les bornes de valves, les niveaux de thyristors
redondants doivent étre court-circuités, a I'exception éventuellement de I'essai d'allumage non
périodique de valve (voir 8.4). L'emplacement des niveaux de thyristors a court-circuiter doit

faire

I'objet d'un accord entre I'acheteur et le fournisseur.
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E En fonction de la conception, des limites peuvent étre imposées au niveau de la répartition des niveaux de

thyristors court-circuités. Par exemple, il peut exister une limite supérieure relative au nombre de niveaux de
thyristors court-circuités dans une seule section de valve.

43.

2 Essais de fonctionnement

Pour les essais de fonctionnement, les niveaux de thyristors redondants ne doivent pas étre
court-circuités. Les tensions d'essai utilisées doivent étre ajustées au moyen d'un facteur
d’échelle kj,, tel que

44

44.

est le nombre de niveaux de thyristors en série dans l'objet d'essai;

est le nombre total de niveaux de thyristors en série dans la valve;

est le nombre total de niveaux de thyristors redondants en série dans'la‘valve.
Critéres de réussite des essais de type

1 Généralités

Mémeg si le plus grand soin est apporté a la conception des valves, I'expérience indusfrielle
montre qu'il est impossible d'éviter des défaillances aléatoires occasionnelles des composgants
de niveaux de thyristors pendant I'exploitation. Méme si‘ces défaillances peuvent étre liges a

des
rela
qua

g¢ontraintes, elles sont considérées comme aléatoires dans la mesure ou leur cause pu la
tion entre le taux de défaillance et la contrainte n'est pas prévisible ou ne peut| étre
ntifiee de maniére précise. Les essais de type soumettent, dans un délai trés cour}, les

valvegs ou sections de valve a plusieurs contraintes correspondant généralement aux |pires
contrpintes auxquelles peut parfois étre soumis le matériel pendant la durée de vie de la Jalve.

De

ce fait, les criteres de réussite des-;essais de type définis ci-dessous n'autorisent qu'un

nombre réduit de défaillances des niveaux de thyristors au cours des essais de type, a
condftion que ces défaillances soient rares et ne soient pas le révélateur d'une conception

inapgropriée.

4.4.
Les

a)

b)

d)

e)

2 Critéeres applicables’aux niveaux de thyristors
gritéres suivants sent*applicables aux niveaux de thyristors:

Si, a la suite d'un’essai de type répertorié dans I'Article 5, plusieurs niveaux de thyristors
(pu plus de~I"% des niveaux de thyristors connectés en série dans une valve compléte, si
cette valeur est supérieure) ont été court-circuités, la valve doit alors étre considérée
cpmme.niayant pas satisfait aux essais de type.

S

i, & ta suite d'un essai de type, un niveau de thyristor (ou plus si la valeur s'inscrit |dans
upelimite de 1 %) a été court-circuité, le ou les niveaux défaillants doivent alors| étre
rétablis et cet essai de type répété.

Si le nombre cumulé de niveaux de thyristors court-circuités au cours de tous les essais de
type dépasse 3 % des niveaux de thyristors connectés en série dans une valve compléte,
la valve doit alors étre considérée comme n'ayant pas satisfait au programme d’essais de
type.

Lorsque des essais de type sont réalisés sur des sections de valve, les criteres
d'acceptation ci-dessus s'appliquent également car le nombre de sections de valve
soumises a essai ne doit pas étre inférieur au nombre de sections compris dans une valve
compléte (voir 4.1.2 a)).

La valve ou les sections de valve doivent étre vérifiées apres chaque essai de type afin de
déterminer si des niveaux de thyristors ont été court-circuités. Avant de poursuivre les
essais, les thyristors ou composants auxiliaires qui se sont révélés défaillants au cours ou
a la fin d'un essai de type peuvent étre remplacés.
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f) A lissue du programme d’essais, la valve ou les sections de valve doivent faire 'objet

d’une série d'essais de vérification, qui doivent inclure au minimum:

— la vérification de la tenue en tension des niveaux de thyristors a la fois dans le
direct et dans le sens inverse;

— la vérification des circuits de déclenchement le cas échéant;
— la vérification des circuits de surveillance;
— la vérification des circuits de protection des niveaux de thyristors par applicatio

sens

n de

tensions transitoires supérieures et inférieures au(x) réglage(s) de protection le cas

échéant;

Les courts-circuits des niveaux de thyristors survenant au cours des essais de vérific
dpivent étre décomptés en tant que partie des critéeres d'acceptation définis\«ci-degsus.

utre les niveaux court-circuités, le nombre total de niveaux de thyristors présentanf des
dgfauts n'occasionnant pas de court-circuit de niveaux de thyristors, qui sofit,découvernts au
cpurs du programme d’essais de type et des essais de vérification ultérieurs, ne doif pas

dépasser 3 % du nombre de niveaux de thyristors connectés en série dans une yalve

cpmpléte. Si le nombre total de ces niveaux dépasse 3 %, la nature des défauts e

ation

leur

cpuse doivent alors étre revues et une action supplémentaire, s’il'ya lieu, doit faire ljobjet

dlun accord entre I'acheteur et le fournisseur.

h) Lprsque les critéres de pourcentage sont appliqués pour détérminer le nombre maximum
autorisé de niveaux de thyristors court-circuités ainsi quesle’nombre maximum autorigé de
njveaux avec des défauts n'ayant pas occasionné de court-circuit de niveaux de thyrigtors,
illest courant d'arrondir toutes les fractions au nombte entier supérieur, comme représenté
ar Tableau 1.

Tableau 1 — Défauts de niveaux de thyristorsautorisés au cours des essais de type
Nombre de niveaux de Nombre de niveaux Nombre total de niveaux | Nombre supplémentaire
thyristors dans une valve de thyristors qu'il est de thyristors qu'il est de niveaux de thyrisfors,
cpmpléte moins le permis de court-citeuiter | permis de court-circuiter dans tous les essais
npmbre de niveaux dans un essai de-type dans tous les essais de type, ayant fait I’'pbjet
redondants quelconque de type d’un défaut mais n'dyant
(N,—N,) pas été court-circujtés
Jusqu'a 33 1 1 1
34 a 67 1 2 2
68 a 100 1 3 3
101 a 133 2 4 4
etc.

La rdpartition des niveaux court-circuités et d'autres défauts de niveaux de thyristors a I'[ssue

de tousdes essais de type doit étre essentiellement aléatoire et ne doit présenter aucun $igne

indigtantune-conceptiontnappropriée:

4.4.3 Critéres applicables a la valve dans son ensemble

Le claquage ou un contournement externe sur un matériel électrique commun associé a
plusieurs niveaux de thyristors de la valve, ou une décharge disruptive dans le matériau
diélectrique faisant partie de la structure de la valve, des conduits de refroidissement, des
conduits de lumiére, ou d'autres parties isolantes du systéme de transmission et de répartition
des impulsions ne doit pas étre autorisé.

Les températures de surface des composants et des conducteurs, ainsi que les jonctions et
connexions associées acheminant du courant, et la température des surfaces de montage
adjacentes doivent toujours rester dans les limites autorisées par la conception.
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5 Liste des essais de type
Le Tableau 2 ci-dessous donne la liste des essais de type présentés dans les Articles 6 a 13.

Tableau 2 — Liste des essais de type

Essai de type Article ou paragraphe Objet d'essai
Essai de support de valve sous tension continue 6.3.2 Support de valve
Essai de support de valve sous tension alternative 6.3.3 Support de valve
Essajde-supportde—vatre-sous-tensionde-—choede 634 Stuppert-de—vatve
mandeuvre
Essa| de support de valve sous tension de choc de foudre 6.3.5 Support de valve
Essa| d'UVM sous tension continue a la terre 7.3.1 UvMm
Essa| d'UVM sous tension alternative 7.3.2 UvM
Essa| d'UVM sous tension de choc de manceuvre 7.3.3 UVM
Essa| d'UVM sous tension de choc de foudre 7.3.4 UvMm
Essa| de valve sous tension continue 8.3.1 Valve
Essa| de valve sous tension alternative 8.3.2 Valve
Essa| de valve sous tension de choc de manoceuvre 8.34 Valve
Essa| de valve sous tension de choc de foudre 8.3.5 Valve
Essal| de valve sous tension de choc a front raide 8.3.6 Valve
Essal| d'allumage non périodique de valve 8.4 Valve
Essals en service permanent maximal 9.3.2 Valve ou section de valve
Essa| en service temporaire maximal (« = 90°) 9.3.3 Valve ou section de valve
Essals sous tension alternative minimale 9.3.4 Valve ou section de valve
Essa| a manque de tension temporaire 9.3.5 Valve ou section de valve
Essals avec courant continu intermittent 9.3.6 Valve ou section de valve
Essals sous tension directe transitoire.durant la période de 10 Valve ou section de valve
rétablissement
Essal en courant de défaut a une-boucle avec réapplication 11.3.2 Valve ou section de valve
de tepsion directe
Essal en courant de défaut™a boucle multiple sans 11.3.3 Valve ou section de valve
réappglication de tensign,directe
Essals d’insensibilité de la valve aux perturbations 12 Valve ou section de valve
électfomagnétiques
Essals de(caractéristiques spéciales et tolérance aux 13 Valve ou section de valve
panngs

6 Essais diélectriques sur support de valve

6.1  Objectifs des essais
Les principaux objectifs de ces essais sont de vérifier:

a) la capacité de tenue en tension au niveau de l'isolation du support de valve, des conduits
de refroidissement, des conduits de lumiére et d'autres composants isolants associés au
support de valve. S'il existe une isolation a la terre autre que le support de valve, des
essais supplémentaires peuvent alors étre nécessaires.

b) que les tensions d'allumage et d’extinction des décharges partielles sont supérieures a la
tension de fonctionnement maximale présente sur le support de valve.
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NOTE Selon l'application, il est possible d'éliminer certains des essais réalisés sur le support de valve, apres
accord entre I'acheteur et le fournisseur.

6.2 Objet d’essai

Le support de valve a utiliser pour les essais peut étre un objet représentatif distinct
comprenant une représentation des parties adjacentes de la valve, ou il peut faire partie de
I'assemblage utilisé pour les essais de valve unique ou d'unité de valves multiples. Il doit étre
assemblé avec tous les composants auxiliaires en place et les surfaces au potentiel de terre
adjacentes doivent étre correctement représentées. Pour les besoins de I'essai, le fluide de
refroidissement doit étre dans un état représentatif des conditions de service les plus
pénalisantes.

6.3 | Exigences d'essai
6.3.1 Généralités

Tous| les niveaux d'essai indiqués ci-dessous sont soumis a une correction atmosphérique
selor] la description donnée en 4.2.

6.3.2 Essai de support de valve sous tension continue

Les deux bornes principales de la valve ou de 'UVM doivent étre connectées entre elles|et la
tensipn continue appliquée alors entre les deux bornes principales ainsi connectées et la terre.
A paitir d'une tension égale au maximum a 50 % de la tensjon d'essai maximale, la tension doit
étre Blevée a la tension d'essai spécifiée a maintenir pendant 1 min, en 10 s environ) étre
mainfenue constante pendant 1 min, réduite a la tension“d'essai spécifiée a maintenir pendant
3 h, maintenue constante pendant 3 h, puis réduite ‘@ zéro. Durant la derniére heure de I'gssai
de 3| h spécifié, le nombre de décharges partielles dépassant 300 pC doit étre enregistré
comme décrit a I'Annexe B.

Le nombre d'impulsions supérieures a 300\pC ne doit pas dépasser 15 impulsions par minute,
selorl une moyenne établie sur I'ensemble"de la période d'enregistrement. Parmi celles-ci, pas
plus de sept impulsions par minute neidoivent dépasser 500 pC, pas plus de trois impulsions
par minute ne doivent dépasser 4'000 pC, et pas plus d'une impulsion par minute ng doit
dépapser 2000 pC.

NOTE|1 Si une tendance croissante est observée au niveau de |'amplitude ou du taux de décharge partiglle, la
durée|de I'essai peut étre proldngée apres accord mutuel entre I'acheteur et le fournisseur.

L'esdai doit alors étre répété avec une tension de polarité opposée.

NOTE|2 Avant d€ xépéter I'essai en polarité opposée, le support de valve peut étre court-circuité et mis a la terre
pendapt plusieufrshheures. Cette procédure peut étre répétée a la fin de I'essai sous tension continue.

La tepsion d'essai continue du support de valve Uy, doit étre déterminée de la fagon suivgnte:

Ll _|ll L L
Ytds — —YdmS * ™M 7 Mt

Uyms  est la valeur maximale de la composante continue de la tension de fonctionnement en
régime permanent au niveau du support de valve;

ki est le facteur de sécurité d'essai; égal a 1,6 pour I'essai de 1 min et a 1,3 pour 'essai
de 3 h;
kq est le facteur de correction atmosphérique; égal a la valeur selon 4.2 pour I'essai de

maintien de la tension pendant 1 min et a 1,0 pour I'essai de maintien de la tension
pendant 3 h.
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6.3.3 Essai de support de valve sous tension alternative

Pour réaliser l'essai, les deux bornes principales de la valve ou de I'UVM doivent étre
connectées entre elles et la tension d'essai alternative appliquée alors entre les deux bornes
principales ainsi connectées et la terre. A partir d'une tension égale au maximum a 50 % de la
tension d'essai maximale, la tension doit étre élevée a la tension d'essai spécifiée a maintenir
pendant 1 min U;,51, €n 10 s environ, étre maintenue constante pendant 1 min, réduite a la
tension d'essai spécifiée a maintenir pendant 30 min U,¢,, maintenue constante pendant
30 min, puis réduite a zéro. Pendant la derniére minute de I’essai de 30 min spécifié, le niveau
de décharge partielle doit étre contrélé et enregistré. Si la valeur de décharge partielle est

inférieure a 200 pC, la conception peut étre acceptée sans condition. Si la valeur de décharge
partiplln délnaqcp 200 p(‘, les résultats d'essai doivent étre évalués (\/nir Article B A)

La vpleur efficace de la tension d'essai alternative du support de valve, U¢) doit| étre
déteqminée de la fagon suivante:

u
Utgs = —25 x ko x ki x K;
V2
ou
Uns est la valeur de créte de la tension de fonctionnementrépetitive maximale au n{veau

du support de valve durant le fonctionnement en régime permanent, y compfis le
dépassement de commutation;

Uiasq|  est la tension d'essai de 1 min;
Uiasd|  est la tension d'essai de 30 min;

ks est le facteur de sécurité d'essai; égal a\1,3 pour I'essai de maintien de la tepsion
pendant 1 min et a 1,15 pour I'essai de maintien de la tension pendant 30 min;

k¢ est le facteur de correction atmosphérique, égal a la valeur selon 4.2 pour I'ess@i de
maintien de la tension pendant_4imin et a1,0 pour I'essai de maintien de la tepsion
pendant 30 min;

k, est le facteur de surtension temporaire, égal a la valeur déterminée a partif des
études du systéme pour(’essai de maintien de la tension pendant 1 min et a 1,0{pour
I’essai de maintien deJaitension pendant 30 min.

6.3.4 Essai de support-de valve sous tension de choc de manceuvre

L'esdai doit comprendre trois applications de tensions de choc de manceuvre de pofarité
posit|lve et trois applications de tensions de choc de manceuvre de polarité négative entrne les
borngs principales\communes et la terre.

Une [forme_d'onde de choc de manceuvre normalisée, conforme a I'lEC 60060, doit| étre
utilisge.

La tension d'essai doit étre choisie conformément a la coordination de I'isolement du poste
CCHT.

6.3.5 Essai de support de valve sous tension de choc de foudre
L'essai doit comprendre trois applications de tensions de choc de foudre de polarité positive et

trois applications de tensions de choc de foudre de polarité négative entre les bornes
principales communes et la terre.

Une forme d'onde de choc de foudre normalisée, conforme a I'lEC 60060, doit étre utilisée.

La tension d'essai doit étre choisie conformément a la coordination de l'isolement du poste
CCHT.
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NOTE Si de nouveaux matériaux isolants sans expérimentation en service probante sont utilisés, la réalisation
d'un essai de tension de choc a front raide supplémentaire est envisagée.

7 Essais diélectriques pour unités de valves multiples (UVM)

7.1  Objectif des essais
Les principaux objectifs de ces essais sont de vérifier:

a) la capacité de tenue en tension au niveau de l'isolation externe de I'UVM, par rapport a son
environnement, en particulier pour la valve/'UVM connectée au potentiel du péle;

b)
c) que les niveaux de décharge partielle se situent dans les limites spécifiées.

g capacité de tenue en tension entre des valves uniques dans une structure UVM;

NOTE| Selon I'application, il peut étre possible d’éliminer certains des essais réalisés sur 'UMV,) aprés accord
entre ['acheteur et le fournisseur.

7.2 | Objet d’essai

De npmbreuses dispositions de valves et d'unités de valves multiples”sont possibles. Le du les
objets d'essai doivent étre choisis afin de refléter, aussi précisément que possible, la
configuration en service des valves, dans la mesure ou cela est nécessaire pour l'essai en
question. L'objet d'essai doit étre entierement équipé a moins’ qu'il soit possible de démaqntrer
que Ja simulation ou I'omission de certains composants¢ne”rend pas les résultats moins
significatifs.

Des valves individuelles peuvent devoir étre court-circuitées en fonction de la configuration de
I'UVNI et des objectifs de l'essai. A titre d'exemple, pour la disposition la plus coufante
de gyatre valves identiques, empilées verticalement (valve quadruple), il convient de gourt-
circulter une valve dans la position provoquantdes conditions les plus défavorables.

Lorsque la borne a basse tension de I'UY¥M n'est pas connectée au potentiel neutre en coprant
contipu, des précautions doivent étre-prises afin d'effectuer une terminaison convenable de la
born¢ a basse tension de I'UVM @ cours des essais pour simuler correctement la tepsion
existant au niveau de cette bornel-Des plans de masse, dont la séparation doit étre déterminée
en fgnction de la proximité _d'adtres valves ou UVM et des surfaces au potentiel de ferre,
doivgnt étre utilisés.

NOTE| Lorsque la borne @ basse tension de 'UVM n’est pas connectée au potentiel neutre en courant contjnu, la
métholde d’essai suivanté peut étre utilisée en variante sous réserve que la capacité de tenue en tension enfre les
partie$ internes d’'unecUVM soit vérifiée de maniére adéquate pendant d’autres essais (par exemple les essaig entre
les bornes de valve)iet*que la borne a basse tension de 'UMV soit capable de résister a la contrainte de t¢nsion
accrug. Dans ce cas;-les essais diélectriques d’UVM peuvent étre réalisés sur une UVM court-circuitée.

La tension d’essai est appliquée entre 'UVM avec sa borne court-circuitée et la terre.

7.3 | ‘Exigences d'essai

7.3.1 Essai d'UVM sous tension continue a la terre

La tension d'essai continue doit étre appliquée entre la borne a courant continu de potentiel le
plus élevé de I'UVM et |a terre.

A partir d'une tension égale au maximum & 50 % de la tension d'essai maximale, la tension doit
étre élevée a la tension d’essai spécifiée a maintenir pendant 1 min, en 10 s environ, étre
maintenue constante pendant 1 min, réduite a la tension d’essai spécifiée a maintenir pendant
3 h, maintenue constante pendant 3 h, puis réduite a zéro.

Durant la derniere heure de l'essai de 3 h spécifié, le nombre de décharges partielles
dépassant 300 pC doit étre enregistré selon la description de I'Annexe B.
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Le nombre d'impulsions supérieures a 300 pC ne doit pas dépasser 15 impulsions par minute,
selon une moyenne établie sur I'ensemble de la période d'enregistrement. Parmi celles-ci, pas
plus de sept impulsions par minute ne doivent dépasser 500 pC, pas plus de trois impulsions
par minute ne doivent dépasser 1 000 pC et pas plus d'une impulsion par minute ne doit
dépasser 2 000 pC.

NOTE 1 Si une tendance croissante est observée au niveau de |'amplitude ou du taux de décharge partielle, la
durée de I’essai peut étre prolongée aprés accord mutuel entre I'acheteur et le fournisseur.

L'essai doit alors étre répété avec une tension de polarité opposée.

NOTE=2—Avant-de répéfnr l'essai-en pnlnrifé nppncéa’ UV M - peut 8tre court-circuitée-ot-mise-a-la-terre al ndant

plusieprs heures. Cette procédure peut étre répétée a la fin de I'’essai de courant continu.

La tejnsion d'essai continue de I'UVM, Uy, doit étre déterminée de la fagon suivante:

N Utdm = iUdmm k3 X kt
ou
Ugmeh st la valeur maximale de la composante de courant continu de la tension de

fonctionnement en régime permanent apparaissant entre la‘borne a haute tension de
I'UVM et la terre;

k3 est le facteur de sécurité d'essai;

k3 = 1,6 pour I'essai de maintien de la tension pendant 1 min;

k3 = 1,3 pour I'essai de maintien de la tension pendant 3 h;

kq est le facteur de correction atmosphérique;

kq est la valeur selon 4.2 pour I'essai de maintien de la tension pendant 1 min;
ki = 1,0 pour I'essai de maintien de la tension pendant 3 h.

7.3.2 Essai d'UVM sous tension alternative

Si urle UVM subit des contraintes de tension alternative ou composite alternative et continue
entrd deux bornes quelconques, dont la capacité de tenue n'est pas démontrée de facon
adéquate par d'autres essais,. il-Sera nécessaire de réaliser un essai sous tension alternative
entrg les bornes concernéesde l'UVM.

Pour|réaliser I'essai, lassource de tension d'essai doit étre connectée a la paire de borngs de
'UVM en question. Le.point de connexion a la terre dépend de la disposition du circuit d'egsai.

A patftir d'une tension égale au maximum a 50 % de la tension d'essai de 1 min, la tensionf doit
étre ¢levée aTa'tension d’essai spécifiée a maintenir pendant 1 min en environ 10 s, maintenue
consiante_pendant 1 min, réduite a la valeur a maintenir pendant 30 min, maintenue consftante
pendrnt 30'min, puis réduite a zéro.

Pendant la derniére minute de I'essai de 30 min spécifié, le niveau de décharge partielle doit
étre contrblé et enregistré. Si la valeur de décharge partielle est inférieure a 200 pC, la
conception peut étre acceptée sans condition. Si la valeur de décharge partielle dépasse
200 pC, les résultats d'essai doivent étre évalués (voir Article B.4).

La valeur efficace de la tension d'essai alternative de I'UVM, U,,,, doit étre déterminée de la
fagon suivante:

U
Utam :%xkél x kp x Ky
ou
Unm estla valeur de créte de la tension de fonctionnement répétitive maximale apparaissant

entre les bornes de I'UVM lors d'un fonctionnement en régime permanent, y compris le
dépassement de commutation;
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Ky est le facteur de sécurité d'essai;

kg4 = 1,3 pour I'essai de maintien de la tension pendant 1 min;

kg4 = 1,15 pour I'essai de maintien de la tension pendant 30 min;

k. est le facteur de surtension temporaire;

Kk, est la valeur déterminée a partir d'études du systéme pour I'essai de maintien de la
tension pendant 1 min;

k.= 1,0 pour I'essai de maintien de la tension pendant 30 min;

ki est le facteur de correction atmosphérique;

ki estta—vateur-seton42pourtessai-demaintien-deta-tensionpendant4min;

ki = 1,0 pour I'essai de maintien de la tension pendant 30 min;

7.3.3 Essai d'UVM sous tension de choc de manceuvre

Une forme d'onde de choc de manceuvre normalisée conforme a I'lEC 60060 doit étre utilisée.

La tgnsion de choc de manceuvre de I'UVM doit étre appliquée entre’la-borne a haute tepsion
de I'UVM et la terre.

L'esgai doit comprendre trois applications de tension de choc.dé,manceuvre de polarité pogitive
et trpis applications de tensions de choc de manceuvre<de polarité négative d'amplitude
spécffiée.

La tejnsion de choc de manceuvre de I'UVM, Ui, doit étre déterminée de la fagon suivant

4

Uism = SIRL,, x kg X ki

ou

SIPL}, est le niveau de protection aux strtensions de manceuvre déterminé par la coordination
de l'isolement en tenant compte du ou des parafoudres connectés entre la bofne a
haute tension de I'UVM et |la‘terre;

ks est le facteur de sécurité-d'essai;

ks =] 1,15;

kq est le facteur de.correction atmosphérique;

kq est la valeur'selon 4.2.

Si I'¢ssai spétifié ci-dessus ne vérifie pas de maniére adéquate la tenue aux chods de
mandeuvre entre toutes les bornes de I'UVM, la réalisation d’essais supplémentaires doit étre
envidagée- pour vérifier l'isolement.

vy et e SoUS
réserve d'accord entre I'acheteur et le fournisseur, si I'on peut mettre en évidence par d'autres
moyens que:

a) les distances d'isolement externes dans l'air par rapport a d'autres valves et par rapport a
la terre sont adaptées pour le niveau de résistance a la tension de choc de manceuvre
prescrite, et

b) la résistance aux surtensions de manceuvre entre deux bornes quelconques de I'UVM est
correctement démontrée par d'autres essais.

7.3.4 Essai d'UVM sous tension de choc de foudre

Une forme d'onde de tension de choc de foudre normalisée conforme a I'|EC 60060 doit étre
utilisée.


https://iecnorm.com/api/?name=8f0f6dc7c0b81aede087ba9a1c329e43

- 64 - IEC 60700-1:2015 © IEC 2015

La tension d'essai de choc de foudre de I'UVM doit étre appliquée entre la borne a haute
tension de I'UVM et la terre.

L'essai doit comprendre trois applications de tensions de choc de foudre de polarité positive et
trois applications de tensions de choc de foudre de polarité négative d'amplitude spécifiée.

La tension d'essai de choc de foudre de I'UVM U, doit étre déterminée de la fagon suivante:

Utlm = iLlPLm X k6 X kt

ou

LIPL}, estle niveau de protection aux surtensions de foudre déterminé par la coordinatic’tn de
I'isolement en tenant compte du ou des parafoudres connectés entre la borne a*haute
tension de I'UVM et la terre;

ke est le facteur de sécurité d'essai;

k6 = 1,15;

ki est le facteur de correction atmosphérique;

k¢ est la valeur selon 4.2.

S’il nfest pas possible de démontrer que I'essai spécifié ci-dessus vérifie de maniere adéquate
la temsion de tenue au choc de foudre entre toutes les bornes/deA'UVM, la réalisation d’epsais

supp|émentaires doit étre envisagée pour vérifier cet isolement.

Il n'dst pas nécessaire de réaliser I'essai de I'UVM/s6us tension de choc de foudre, |sous
réselve d'accord entre I'acheteur et le fournisseur, si)l'oh peut mettre en évidence par d'ajutres

moyegns que:

a)

b)

Igs distances d'isolement externes dans I'air ‘par rapport a d'autres valves et par rapgort a
Ig terre sont adaptées pour le niveauwde résistance a la tension de choc de fgudre
prescrite, et

Ig résistance aux tensions de choc.de foudre entre deux bornes quelconques de I'UVIM est
brrectement démontrée par d'autres essais.

(@]

NOTE| Dans certaines circonstances,'un essai de tension de choc a front raide distinct est envisagé afin de

complgter I'essai de tension de choc\a.front raide de la valve (voir 8.3.6).

8

8.1

Essais diélectriques entre les bornes de valve

Objectifs des-essais

Ces | essais ~sont destinés a vérifier la conception de la valve en fonction de| ses
caragtéristiques liées a la tension pour différents types de surtensions (surtensions en courant
contipu, alternatif, de choc de manceuvre, de choc de foudre et a front raide). Il convient que

les

a)
b)
c)

d)
e)

f)

epsais démontrent les points suivants:

la valve résiste aux surtensions spécifiées;

tous les circuits de protection contre les surtensions internes sont efficaces;

les décharges partielles s'inscrivent dans les limites spécifiées dans les conditions d'essai
spécifiées;

les circuits internes de répartition en courant continu présentent une puissance assignée
suffisante;

les circuits électroniques de la valve ne sont pas sensibles aux interférences et
fonctionnent correctement;

la valve peut sans dommages étre allumée a partir de conditions de surtension élevée
spécifiées.

Il convient de noter que les essais décrits dans le présent article sont basés sur des formes
d'ondes et des procédures d'essai normalisées mises au point pour I'essai de réseaux et
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composants a courant alternatif a haute tension. Cette approche offre de grands avantages
pour l'industrie car elle permet d'appliquer une grande partie de la technologie existante en
matiére d'essais a haute tension a la qualification des valves CCHT. D'autre part, il doit étre
admis qu'une application CCHT particuliére peut engendrer des formes d'ondes différentes des
formes d’ondes normalisées et que, dans ce cas, l'essai peut étre modifié afin de refléter de
fagon réaliste les conditions attendues.

8.2 Objet d’essai

L'objet d’essai doit &tre une valve compléte qui doit étre assemblée avec tous les composants
auxiliaires a I'exception du parafoudre de la valve La valve peut falre partie d’'une unlte de
valve étre
alimgntée sauf spécification contraire. Pour les essais sous tension alternative et continue, il
n'est|pas nécessaire d'alimenter I’électronique de valve.

Le flhide de refroidissement doit étre dans un état représentant les conditions de servite, a
I'exce¢ption du débit qui peut étre réduit. Si un objet, extérieur a la structure, est nécessaire
pour [représenter correctement les contraintes au cours de I'essai, il doit étre inclus ou simulé
dans|'essai. Des plans de masse, dont la séparation doit étre déterminée en fonction de la
proximité d'autres valves adjacentes et de surfaces au potentiel de tefre; doivent étre utiligés.

L'objet d’essai utilisé pour les essais diélectriques de valve( ne permet normalemen{ pas
I'application d'une correction atmosphérique aux tensions diessai spécifiées sans sounjettre
les thyristors ou autres composants internes a des contrajites excessives. Pour cette rgison,
aucup facteur de correction atmosphérique n'est appligué“aux essais diélectriques entrg les
borngs de valve. Le fournisseur doit démontrer que |€s)'effets des conditions atmosphériques
sur |p tenue interne de la valve ont été correctement pris en compte. Des essais séparés
permiettant de vérifier cette capacité peuvent étre réalisés au cas par cas.

8.3 | Exigences d'essai
8.3.1 Essai de valve sous tension continue

La spurce de tension d'essai continue doit étre connectée de sorte que la tension soit
appliguée entre une des bornes ‘principales de la valve et la terre, I'autre borne principale [de la
valvd étant reliée a la terre.

A patftir d'une tension égale au maximum a 50 % de la tension d'essai maximale, la tension doit
étre Elevée au nivead d'essai spécifié de 1 min, en 10 s environ, étre maintenue conSJtante
pendgnt 1 min, réduite a la tension d’essai spécifiée a maintenir pendant 3 h, mainfenue
constante pendant’3 h, puis réduite a zéro. Durant la derniére heure de I'essai de 3 h sp{cifié,
le ngmbre de _décharges partielles dépassant 300 pC doit étre enregistré selon la description
de I'Annexe.B.

Le nopmbre d' |mpuIS|ons superleures a 300 pC ne d0|t pas depasser 15 |mpuIS|ons par m|

plus de sept |mpuIS|ons par mmute ne d0|vent depasser 500 pC pas plus de trois impulsions
par minute ne doivent dépasser 1000 pC et pas plus d'une impulsion par minute ne doit
dépasser 2000 pC.

NOTE 1 Si une tendance croissante est observée au niveau de I'amplitude ou du taux de décharge partielle, la
durée de I'essai peut étre prolongée aprés accord mutuel entre I'acheteur et le fournisseur.

L'essai doit alors étre répété avec une tension de polarité opposée.

NOTE 2 Avant de répéter I'essai en polarité opposée, les bornes de la valve peuvent étre court-circuitées et mises
a la terre pendant plusieurs heures. Cette procédure peut étre répétée a la fin de 'essai sous tension continue.

La tension d'essai continue de I'UVM, U,q, doit étre déterminée de la fagon suivante:
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Utdv = iUdn * k7

Uy, estlatension de pont a six impulsions assignée;
k;  estle facteur de sécurité d'essai;

B
<
1

1,6 pour I'essai de maintien de la tension pendant 1 min;

B
<
1

0,8 pour I'essai de maintien de la tension pendant 3 h.

8.3.2 Essai de valve sous tension alternative

Pour|réaliser I'essai, la ou les sources de tension d'essai doivent étre connectées aux ‘bcl)rnes
de valve. Le point de connexion a la terre dépend de la disposition du circuit d'essai. A partir
d'ung tension égale au maximum a 50 % de la tension d'essai maximale, la tensiofdoi{ étre
élevde a la tension d’essai spécifiée a maintenir pendant 15 s en 10 s environ, éife mainfenue
consfante pendant 15 s, réduite a la tension d’essai spécifiée a maintenir-pendant 30| min,
maintenue constante pendant 30 min, puis réduite a zéro. Pendant la defniéere minufe de
I'essai de 30 min spécifié, le niveau de décharge partielle doit étre contrélé et enregistrg. La
valeyr de décharge partielle ne doit pas dépasser 200 pC (voir I'’Annexe BY.
La tension d'essai de 15 s de la valve, U,,, ¢, doit étre déterminée. de’la fagon suivante:
Utavir = ‘/EUVOmax X K X ke XKg
et
Utav1d = ‘/EUVOmax X kr x kg
ou
Uiavi  est la valeur de créte de la tension d'essai de 15 s exigée dans le sens inverse;
Utav1L est la valeur de créte de la tension d'essai de 15 s exigée dans le sens direct;
Usoomkx ©st la tension maximale *a-vide entre phases en régime permanent cété valie du
transformateur;
k. est le facteur de suftension temporaire;
k. est la valeur déterminée a partir d'études du systeme;
kg est le facteur Jde dépassement de commutation en sens inverse, calculé podr un
rétablissement a la créte de la surtension d'affaiblissement de charge (o =|90°)
incluants:augmentation provoquée par la charge de rétablissement inverse|l des
thyristers. k. doit tenir compte de I'effet limitatif du parafoudre de valve connecfé en
paraliéle;
kg est le facteur de sécurité d'essai;
kg =110

NOTE La valeur de Ui,y étant supérieure ou égale a Ui,y14, I'essai de 15 s peut étre réalisé soit avec une tension
d'essai alternative symétrique de valeur efficace égale & Uiy1/V2 soit avec une tension d'essai combinée
alternative et continue satisfaisant aux deux exigences.

La valeur efficace de la tension d'essai de 30 min U,,,, doit étre déterminée de la fagon
suivante:

U

ppv N
Utav2 = ng ou
242
Uppv est la valeur maximale de la tension de fonctionnement de créte a créte en régime

permanent apparaissant au niveau de la valve, comprenant le dépassement de
commutation;
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