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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 110: Inductive load switching

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

is end and in addition to other activities, IEC publishes International Standards, TechnicalkSpecifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International,) ‘governmental

y agreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
onsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internationalluse and are accepted by IEC Na

ublications is accurate, IEC cannot be held responsible for the  way in which they are used or fo
isinterpretation by any end user.

e latter.
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo

ervices carried out by independent certification bodies.

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

ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees

ublications.

dispensable for the(correct application of this publication.

atent rights. [EC shall not be held responsible for identifying any or all such patent rights.

sted
1and
on-governmental organizations liaising with the IEC also participate in this preparation. IEC collabornates
losely with the International Organization for Standardization (ISO) in accordance with conditions determfined

r{sing

Il national electrotechnical committees (IEC National Committees). The object of IEC is {g..profnote
international co-operation on all questions concerning standardization in the electrical and electrénic fieldd. To

tijons,
[IEC

tional
m all

tional

ommittees in that sense. While all reasonable efforts are madefto ensure that the technical content of|IEC

rlany

order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Publicafions
ansparently to the maximum extent possible in their national and regional publications. Any divergence
etween any IEC Publication and the corresponding patiehal or regional publication shall be clearly indicat¢d in

C itself does not provide any attestation of conformity. Independent certification bodies provide confolmity

r| any

o liability shall attach to IEC or itsxdirectors, employees, servants or agents including individual experts|and
embers of its technical committees and IEC National Committees for any personal injury, property damage or

)|and

xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ttention is drawn to the\Normative references cited in this publication. Use of the referenced publicatiofs is

ttention is drawn“to the possibility that some of the elements of this IEC Publication may be the subjeft of

redline version of the official IEC Standard allows the user to identify the changes

magde-to-the previous edition. A vertical bar appears in the margin wherever a change

hag been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62271-110 has been prepared by subcommittee 17A: Switching
devices, of IEC technical committee 17: High-voltage switchgear and controlgear.

This fourth edition cancels and replaces the third edition published in 2012 and constitutes a
technical revision.

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

— all switching devices are now covered, not only circuit-breakers;

— |a limited number of T10 tests no longer covers shunt-reactor switching tests below 52 KV;

— Jevaluation and reporting of a re-ignition-free arcing time window has been added,

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

FDIS Report on voting
17A/1151/FDIS 17A/1155/RVD

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

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

A lipt of all parts of the IEC 62271 series can be found, under the general title High-voltage
swifchgear and controlgear, on the IEC website.

Thg committee has decided that the contents of this document will remain unchanged until|the
stability date indicated on the IEC website.unider "http://webstore.iec.ch" in the data related to
the|specific document. At this date, the document will be
e [reconfirmed,

e |withdrawn,

e [replaced by a revised edition, or

e Jamended.

Thg contents of thecorrigenda of December 2017 and February 2018 have been included in
this| copy.

IMBORTANT - The “colour inside” logo on the cover page of this publication indicgtes
that it.contains colours which are considered to be useful for the correct understanding
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 110: Inductive load switching

1—General

1 |Scope

Thig part of IEC 62271 is applicable to AC-circuit-breakers switching devices designed| for
indpor or outdoor installation, for operation at frequencies of 50 Hz and 60 Hz.on syst¢ms
having voltages above 1000 V and applied for inductive current switchingspwith—or—witHout
additional-she ! urrent-breaking-duties. It is applicable to switchingevices (including
cirduit-breakers in accordance with IEC 62271-100) that are used to switch*high-voltage metor
currents and shunt reactor currents and also to high-voltage contactors.used to switch h|gh-

volge motor currents as covered by IEC 62271-106. %t%ake%pphed%e%w%eh
dH2b;

D q
N

cl
na-d nea e no eg a’d afo

Switching unloaded transformers, i.e. breaking transforme€r magnetizing current, is [not
considered in this document. The reasons for this are as follows:

a) |Owing to the non-linearity of the transformer cofe, it is not possible to correctly model|the
switching of transformer magnetizing current.using linear components in a test laboratory.
Tests conducted using an available transformer, such as a test transformer, will only be
valid for the transformer tested and cannpt be representative for other transformers.

b) |As detailed in IEC TR 62271-306*, the.characteristics of this duty are usually less seVere
than any other inductive current switehing duty.-lt-sheould-be-noted-that Such a duty may
produce severe overvoltages within’ the transformer winding(s) depending on the-ecirduit-
breaker re-ignition behaviour of the switching device and transformer winding resonance
frequencies.

n
D
P

33

Sy

NOTE 1 The(switching of tertiary reactors from the high-voltage side of the transformer is not covered by|this
docyment.

NOTE €/THe switching of shunt reactors earthed through neutral reactors is not covered by this document.
However, the application of test results according to this document, on the switching of neutral reactor earthed
reactors (4-leg reactor scheme), is discussed in [IEC TR 62271-306.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

4+__To be published.
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IEC 60050-441, International Electrotechnical Vocabulary — Chapter 441: Switchgear,
controlgear and fuses (available at www.electropedia.org)

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1: Common specifications
for alternating current switchgear and controlgear

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating current
circuit-breakers
IEC 62271-100:2008/AMD1:2012

IEQ 62271-106:2011, High-voltage switchgear and controlgear — Part 106: Alternating curfent
contactors, contactor-based controllers and motor-starters

2 In | I ial . it

3 |Terms and definitions

For| the purposes of this document, the terms and definitions given in IEC 60050-441,

IEQG 62271-1 and the following-spesific-to-inductivetoad-switebing apply.

IS and IEC maintain terminological databases for {4se in standardization at the follow
addresses:

ng

e [[EC Electropedia: available at http://www.ele€tropedia.org/

e [ISO Online browsing platform: available at)http://www.iso.org/obp

3.1
inductive current

power-frequency current—through-a—circuit-breaker drawn by an inductive circuit having a
power factor 0,5 or less

current chépping
abrppt current interruption in-the—eireuit-breaker a switching device at a point-on-wave other
than the-natural power-frequency current zero-ef-the-circuit connected-to-the-circuit-breakef

3.3

virtual current chopping
current chopping in one of the three phases in a three-phase circuit originated by transients in

{parts—of)-the-circuit another phase of the circuit



https://iecnorm.com/api/?name=16d91ddc352dfda9b99765c5de15b529

-8- IEC 62271-110:2017 RLV © IEC 2017

34
sugpressiompeak

firs

peak of the transient voltage to earth on the load side of the-circuit-breaker switch

delice following current interruption

Notg 1 to entry: Suppression peak is not necessarily the absolute maximum of the transient(recovery volt
Pre\ious breakdowns may have appeared at higher voltage values.

3.5
rec
ma

pvery peak
imum value of the voltage across the—cireuit-breaker switching device occurring—3

definite-polarity-change-of when the polarity of the recovery voltagelis equal to the polarit

the

power-frequency voltage

Notq 1 to entry: Suppression-peak-and Recovery peak-are is not necgssarily the absolute-maxima—in maximu
the fransient recovery voltage. Previous breakdowns may have appeared at higher voltage values.

3.6
re-i
res
bre

ignition
imption of current between thelcontacts of a mechanical switching device durin
bking operation with an interval of zero current of less than a quarter cycle of po

frequency

Notq 1 to entry: In the case of inductive load switching the initiation of the re-ignition is a high-frequency e
whigh can be of a single or multiple nature and may in some cases be interrupted without power frequency fq

curr

bnt.

3.7
re-i
per
swi

ng

hge.

o
y of

n of

J a
wer

ent,
llow

lgnitionsfree arcing time window
odr6fJarc duration during a breaking operation during which the contacts of a mechan
chivlg device reach sufficient distance to exclude re-ignition

ical
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4

Type tests

4.1
Sy

Cirg
not
pur

For
TaH

volage tests across the isolating distance (columns (6) and (8) in Table 3 and column (7

TaH

The
exc

NOT

NOT
shur
than

Ind

app
det

a)

General

uit-breakers according to IEC 62271-100 and contactors according to IEG"62271-106
have dedicated inductive switching ratings. However, switching devic€s -applied for
bose shall meet the requirements of this document.

shunt reactor switching test of circuit-breakers, the rated insulation level values state
les 1a, 1b, 3 and 4 of |IEC 62271-1:2017 are applicable with' the exception of combi

le 4).

type tests are in addition to those specified in thestelevant product standard, with
eption of short-line faults, out-of-phase switchingzand capacitive current switching.

E 1 The reason for this exception is the source-less nature of the shunt reactor load circuit.

E 2 In some cases (high chopping overvoltage (€vels, or where a neutral reactor is present or in casgq
t reactors with isolated neutral), it can be necessary to specify an appropriate insulation level which is hi
the rated values stated above.

ictive current switching tests performed for a given current—rating level and typd
lication may be considered valid for another current rating and same type of applicatiorn
hiled below:

particular current—rating level are to be considered valid for applications with a hid
current level up 105150 % of the tested current value;

ircuittest duties- T30 and- T4

do
this

H in
hed

the

s of
bher

of
as

for-high-veoltage shunt(reactor switching at rated voltages of 52 kV and above, tests at a

her

hort

L of
5O+

SOt Co—Touvarra T YV

for high=voltage motor switching, type testing for stalled motor currents at 100 A and 30
is considered to cover stalled motor currents in the range 100 A to 300 A and up to
curfent associated with the short-circuit current of test duty T10 according to 6.106.

0A
the
of

O cnem e anp onno e RN . . L N . . .
I 0227 1T=-TUU.ZUUO 10T CITCUT=DTEdRElS  arlud up W e 1dieu Operauuridl CUTrTrelit
contactors.

for

With respect to a) the purpose of type testing is also to determine a re-ignition-free-zones
arcing time window for controlled switching purposes (refer to IEC TR 62271-302) and caution
should be exercised when considering applications at higher currents than the tested values
since the re-ignition-free arcing window can increase at higher current.

Annex B of IEC 62271-100:2008-is—applicable can be used with respect to tolerances on test
quantities.



https://iecnorm.com/api/?name=16d91ddc352dfda9b99765c5de15b529

- 10 - IEC 62271-110:2017 RLV © IEC 2017

D1 Mechanical and_envi |

clause 6.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 is applicable
following addition:

iliary and centrol voltage or, where necessary, at maximum auxiliary and control voltag

62271-100:2008-and-at rated functional-pressure-for-interruption-and-insulation.

Miscellaneous provisions for-making-and-breaking inductive load switching tests

vith

h-voltage mator/current and shunt reactor switching tests shall be performed at rgted

b to

litate consistent control of the opening and closing operation according to 6.102.3.1 of

For gas filled switching devices (including vacuum switching devices using gaseous media for
insulation), tests shall be performed at the rated functional pressure for interruption and
insulation, except for test-duty 4, where the pressure shall be the minimum functional
pressure for interruption and insulation.

6.103 T irouits f | ireuit ki ¥ ki
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6.106_Basic.s! . . Luti

Suhelanuse 8 108 of IEC £2271-4100-2008 | li hl
8 ig cooolionloln

017

0]
+h

4.3

Sufjclause 4.3 is applicable to three-phase alternating current—circuit-breakers switch
deVices having rated voltages above 1 kV andvuup to 17,5 kV, which are used for switch
high-voltage motors. Tests may be carried out at 50 Hz with a relative tolerance of +10 9

60

Mofor switching tests are applicable-to all three-pole-circuit-breakers switching devices ha
ratgd voltages equal to or less than 17,5 kV, which may be used for the switching of thi
phgse asynchronous squirrel-esage or slip-ring motors. The—cireuit-breaker switching de

ma
ste
bet
ma

Wh
limi
par

No

High-voltage motor current switching tests

1 Applicability

Hz with a relative tolerance of +10 %, both frequencies being considered equivalent.

pdown transformer. Howkever, the—meore usual application is a direct cable connec
veen—cireuit-breaker switching device and motor. When tests are required, they shal
e in accordance with 4.3.2 to 4.3.9.

en overvoltage® limitation devices are mandatory for the tested equipment, the volt

ing
ing
b Or

ing
ee-
ice

be of a higher rated voltage than the motor when connected to the motor through a

ion
be

hge

king devices-may be included in the test circuit provided that the devices are an intripsic

of the.egquipment under test.

limits to the overvoltages are given as the overvoltages are only relevant to the spegific
L F'H O [ry bat I b H H + b + H
moatuvullt. \JVUIVUILO&UO VCOLVWTTTI PIIGOUO IIIGy |VA] do OIHIIIIIUGIIL do }JIIGOU |4 i v rth

ap

overvoltages.

4.3.2 General

The switching tests can be either field tests or laboratory tests. As regards overvoltages, the
switching of the current of a starting or stalled motor is usually the more severe operation.

Due to the non-linear behaviour of the motor iron core, it is not possible to exactly model the
switching of motor current using linear components in a test station. Tests using linear
components to simulate the motors can be considered to be more conservative than switching
actual motors.
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017

For laboratory tests a standardized circuit simulating the stalled condition of a motor is
specified (refer to Figure 1). The parameters of this test circuit have been chosen to represent
a relatively severe case with respect to overvoltages and will cover the majority of service
applications.

The laboratory tests are performed to prove the ability of a-eireuit-breaker switching device to
switch motors and to establish its behaviour with respect to switching overvoltages, re-
ignitions and current chopping. These characteristics may serve as a basis for estimates of
the—eireuit-breaker switching device’s performance in other motor circuits. Tests performed
with the test currents defined in 4.3.3 and 4.3.4 demonstrate the capability of the switching

dey,

ice-to switch hiah.voltaae maotors 1un to-its rated interruntina current
J J Lad ~ J *

For
and
deV
SWi

Ths
pro

NOT
subsg

NOT
resig

NOT|

field tests, actual circuits are used with a supply system on the source side and.a’ca
motor on the load side. There may be a transformer between the-circuit-breakér switch
ice and motor. However, the results of such field tests are only valid for-giceuit-breal
ching devices working in circuits similar to those during the tests.

apparatus under test includes the—cireuit-breaker switching device with overvolt
ection devices if they are normally fitted.

E 1 Overvoltages can be produced when switching running motors. This(eondition is not represented by
titute circuit and is generally considered to be less severe than the stalled motor case.

E 2 The starting period switching of a slip-ring motor is generally [ess’severe due to the effect of the sta
tor.

E3 T ¢ the ciroui 1 _

ble
ing
lers

hge

the

Fting
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Switchgear
Source Ur Bus representation under test Cable Motor substitute
Ls T ; L R
A — 4
. Y _I’Y‘W\
o 6 )
| Lpo
Ze ~ J A A
F = = = = 5
Kely

. rated voltage

Z, earthing impedance impedance high enough to limit the phase-to-earth
fault current to less than, the test current (can be
infinite)

L source side inductance oL, < 0,1 oL, but prospective short-circuit current <
the rated short,eircuit current of the tested-cireuit-
breaker switch/ng’ device

C supply side capacitance 0,03 pF t0.0,05 pF for supply circuit A
1,5 puF to*2 pF for supply circuit B

Lyq inductance of capacitors and <A2\H

connections

Bup representation 5 m to 7 m in length spaced appropriate to the rat¢d
voltage

Ly inductance of connections <5 upH

Caple 100 m = 10 m, screened,
~%o—= surge impedance 30 Q to 50 Q

L motor substitute inductance load circuit 1: 100 A+ 10 A
load circuit 2: 300 A+ 30 A

motor substitute resistance cos ¢ <0,2
b motorisubstitute parallel frequency 10 kHz to 15 kHz
capdcijtance

Rp motor substitute parallel resistance  amplitude factor 1,6 to 1,8

Figure 1 — Motor switching test circuit and summary of parameters
4.3]3 Characteristics of the supply circuits

4.3.3.1 General

A three-phase supply circuit shall be used. The tests shall be performed using two different
supply circuits A and B as specified in 4.3.3.2 and 4.3.3.3, respectively. Supply circuit A
represents the case of a motor connected directly to a transformer. Supply circuit B
represents the case where parallel cables are applied on the supply side.

4.3.3.2 Supply circuit A

The three-phase supply may be earthed through a high ohmic impedance so that the supply
voltage is defined with respect to earth. The impedance value shall be high enough to limit a
prospective line-to-earth fault current to a value below the test current.
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The source inductance Lg shall not be lower than that corresponding to the rated short-circuit
breaking current of the tested-cireuit-breaker switching device. Its impedance shall also be not
higher than 0,1 times the impedance of the inductance in the load circuit (see 4.3.4).

The supply side capacitance Cq is represented by three capacitors connected in earthed star.
Their value, including the natural capacitance of the circuit shall be 0,04 yF + 0,01 pF. The
inductance Ly, of the capacitors and connections shall not exceed 2 pH.

The busbar inductance is represented by three bars forming a busbar each 6 m = 1 m in
length and spaced at a distance appropriate to the rated voltage.

4.3/3.3 Supply circuit B

As | supply circuit A with the value of the supply side capacitance ifncreased| to
1,79 yF £ 0,25 uF.

4.314 Characteristics of the load circuit
4.314.1 General

A three-phase load circuit shall be used. The motor substitute-circuit is connected to |the
cirgdit-breaker switching device under test by 100 m + 10,m of screened cable. If is
recommended that the cable be connected directly to the terfninals of the motor or substifute
cirduit.

Thg inductance of any intermediate connection should not exceed 3 pH. The shield of [the
cablle shall be earthed at both ends as shown in.Figure 1. The tests shall be performed uging
two| different motor substitute circuits as specified in 4.3.4.2 and 4.3.4.3. The inductance|L,
of the connections between the-cireuit-breaker'switching device and cable shall not excedd 5
MH.

NOTE The use of a three-phase test circuil/jis necessary in order to allow the possibility of virtual cufrent
chogping.

4.314.2 Motor substitute circuit 1

Serjes-connected resistarice® and inductance shall be arranged to obtain a current of
100 A + 10 A at a power factor less than 0,2 lagging. The star point shall not be connected to
earth. Resistance RS:-shall be connected in parallel with each phase impedance fand
capacitance CID between each phase and earth so that the motor substitute circuit has a
natyral frequency of 12,5 kHz + 2,5 kHz and an amplitude factor of 1,7 + 0,1 measured in
each phase with:the other two phases connected to earth. The prospective transient recoyery
voltages vatues shall be determined in accordance with Annex F of IEC 62271-100:2(08.
A tfansformer may be introduced at the load end of the cable. This shall be considered as part
of the motor substitute circuit.

4.3.4.3 Motor substitute circuit 2

As motor substitute circuit 1, but with the series resistance and inductance reduced to obtain
a current of 300 A £ 30 A at a power factor less than 0,2 lagging. The prospective transient
recovery voltage shall be as specified for motor substitute circuit 1.

4.3.5 Test voltage

a) The average value of the applied voltages shall be not less than the rated voltage U,
divided by V3 and shall not exceed this value by more than 10% without the consent of
the manufacturer.

The differences between the average value and the applied voltages of each pole shall not
exceed 5%.
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The rated voltage U, is that of the—sireuit-breaker switching device when using
substitute circuit, but is that of the motor when an actual motor is used.

the

b) The power-frequency recovery voltage of the test circuit may be stated as a percentage of

the power-frequency recovery voltage specified below. It shall not be less than 95 % of
specified value and shall be maintained in accordance with 6.104.7
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

The average value of the power-frequency recovery voltages shall not be less than
rated voltage U, of the-eireuit-breaker switching device divided by V3.

the
of

the

The power-frequency recovery voltage of any pole should not deviate by more than 20 %

from the average value-at-the-end-of the-time-forwhich-it-is-maintained-

4.3

Thd

Theg
trip

Thdg
bre
Wh
SWi
Wh

4.3

[The power-frequency recovery voltage shall be measured between terminals of a_pol
each phase of the test circuit. Its r.m.s. value shall be determined on the osgillog
within the time interval of one half cycle and one cycle of test frequency after final
extinction, as indicated in Figure 44 of IEC 62271-100:2008. The vertical distance (7,

between the respective peaks of the preceding and succeeding halfswaves shall

measured, and this, when divided by 2V2 and multiplied by the appropriate calibra
factor, gives the r.m.s. value of the recorded power-frequency recovery voltage.

6 Test-duties

motor current switching tests shall consist of four test-duties as specified in Table 1.

Table 1 — Test-duties at motor current switching tests

Test-duty Supply circuit MOtorcisrﬂzisttitUte
1 A 1
2 A 2
3 B 1
4 B 2

number of tests for each.test-duty shall be 20 tests with the initiation of the closing
bing impulses distributed/at intervals of approximately 9 electrical degrees.

above tests shall*be make-breaks tests or separate—makes—and-breaks making
bking tests except that when using an actual motor they shall only be make-breaks te
en tests are.made using the motor substitute circuit, the contacts of the-cireuit-breg

en switching an actual motor, a make-break time of 200 ms is recommended.

7 Test measurements

B in
am
arc

Va

and V5 respectively) between the peak of the second half-wave and the straight line drawn

be
ion

And

and
S5ts.
Heer

ching devi¢e shall not be separated until any DC component has become less than 20 %.

At least the following quantities shall be recorded by oscillograph or other suitable recording
techniques with bandwidth and time resolution high enough to measure the following:

43.

power-frequency voltage;

power-frequency current;

phase-to-earth voltage, at the motor or motor substitute circuit terminals, in all th
phases.

8 Behaviour and condition of-cireuit-breaker switching device

The criteria for successful testing of a circuit-breaker are as follows:

ree
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the behaviour of the circuit-breaker during the motor switching tests fulfils the conditions

given in 6.102.8 of IEC 62271-100:2008 as applicable;

voltage tests shall be performed in accordance with 6.2.11 of IEC 62271-100:2008

+IEC 62271-100:2008/AMD1:2012;
all re-ignitions shall take place between the arcing contacts.

The criteria for successful testing of contactors are listed in 6.102.9 of IEC 62271-106:2011.

4.3.9 Test report

In
incl

a)

b)

Ths
at €

ude a thorough description of the circuit, including the following details:

switching device;

the characteristics of the cable:

—_

length;

N

rated values;

)
)
) type;

) main insulation dielectric — cross-linked polyethylene (XLPE), paper/oil, etc.;
)

)

(SIS

earthing;

<)

capacitances;

7) surge impedance.

the parameters of the substitute motor circuit;
1) natural frequency;

2) amplitude factor;

3) current;

4) power factor.

or details of the actual motor:

1) type and rating;

2) rated voltage;

3) winding conngction;

4) rated motor current;

5) starting ‘current and power factor.
overvaoltage characteristics.

ach’test (Figure 2) shall be evaluated:

hddition to the requirements of Annex C of IEC 62271-100:2008, the test report\s

main dimensions and characteristics of the bus and connections to the—cireuit-bred

follawing characteristics of the voltages at the motor or motor substitute circuit termir

hall

Heer

als

Up' maximum overvoltage;
umg- Suppression peak overvoltage;

un- load side voltage peak to earth;

ug: maximum peak-to-peak voltage excursion at re-ignition and/or-prestrike restrike.

When overvoltages occur which may be hazardous for a specific application, or where-eircuit-
breaker switching device characteristics are required, a more comprehensive test programme

will

be required which is beyond the scope of this document.
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Supply side voltage

Load side voltage

/O

Neutral point
average voltage

IEC]
Kely
ug power-frequency voltage-crest value to earth
u neutral voltage shift at-first-pole interruption
Uy cireuit-breaker swit€hing device arc voltage-drop
u|= ug *+ouy initial voltage 'at the moment of current chopping
U suppression’peak voltage to earth
U load.side voltage peak to earth
u, voltage across the-circuit-breaker switching device at re-ignition
Uy maximum overvoltage to earth (could be equal to u_ or u__ if no re-ignitions occur)
ug maximum peak-to-peak overvoltage excursion at re-ignition
Figure 2 — lllustration of voltage transients at interruption of inductive current

— —for first phrase clearing ima three-phase non-effectivety earthedTiTcuit——

4.4 Shunt reactor current switching tests
4.4.1 Applicability

These tests are applicable to three-phase alternating current switching devices (mainly
circuit-breakers) which are used for steady-state switching of shunt reactors that are directly
connected to the-eireuit-breaker switching device without interposing transformer. Tests may
be carried out at 50 Hz-with-arelative-toleranceof £10-% or 60 Hz with a relative tolerance of
+10%. Tests performed at—either—50-Hz—or 60 Hz shall be considered as valid for—beth
frequencies 50 Hz. Tests at 50 Hz are valid for 60 Hz provided that the minimum arcing time
without re-ignition is shorter than 8,3 ms.
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NOTE |If the re-ignition-free arcing window is shorter than 8,3 ms, there is no possibility of re-ignition at a second
current zero at 60 Hz test even if only 50 Hz tests have been carried out. Most switching devices have a
re-ignition-free arcing window shorter than 8,3 ms.

4.4.2 General

Reactor switching is an operation where small differences in circuit parameters can produce
larde differences in the severity of the duty. The results from any one series of tests _carnnot
simply be applied to a different set of conditions.

NOT|E Further guidance is given in IEC TR 62271-306.

Thg switching tests can be either field tests or laboratory tests. Results ifrom field tests |are
only valid for-cireuit-breakers switching devices applied in circuits similar'to those in the tegts.

Stapdard circuits are specified in order to demonstrate the ability of the—eireuit-bregker
swifching device to interrupt reactor currents and to determine” chopping characteristics
(suppression peak overvoltages) and re-ignition behaviour.( TThe parameters of these fest
cirduits represent typical cases of application with relatively’severe transient recovery voltage
(TRV) and are regarded as covering the majority of servicé.applications.

If tHe switching device is used to switch reactor cugrepts smaller than the standardized valyes,
the|test current should be adjusted to give theslower limit of the actual current range. [The
lowgr the current the more severe the switching duty is for the switching device.

Laboratory tests may be made using an*actual reactor but the re-ignitions and overvoltpge
magnitudes during switching will not necessarily be valid for other cases of installation.

4.4)3 Test circuits

Foyr in-service load circuit configurations are possible as shown in Table 2.

Tiable 2 — In-service load circuit configurations

In-service Cheosuibrenler Reactor neutral TRV values Test circuit
configuration Switching device earthing

location

1 Source side of Isolated Table 3 Figure 3 or Figure 4
reactor - -

2 Earthed Table 4 Figure 3 or Figurg 4

3 Neutral side of Isolated Table 5 Figure 5
roaetor

4 A Earthed Table 6 Figure 4 or Figure 5

The in-service load circuit configurations are covered by three test circuits detailed in
Tables 3, 4, 5 and 6 and Figures 3, 4 and 5, respectively.

NOTE 1 Applying a-cireuit-breaker switching device on the neutral side of the reactor is only a consideration at
rated voltages of 52 kV and below and the TRV values shown in Tables 5 and 6 are limited to this range.

NOTE 2 The test circuit shown in Figure 4 is applicable for in-service configuration 4 even though the-eireuit-
breaker switching device location is on the source side of the reactor.

For circuit-breakers the requirements of 6.102.1 and 6.102.2 of IEC 62271-100:2008
+IEC 62271-100:2008/AMD1:2012 shall be fulfilled.
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For three-pole in one enclosure type-circuit-breakers switching devices, single pole testing is
permissible provided that the correct transient recovery voltages to earth (enclosure) are

achi

eved.

For non-earthed reactors on solidly earthed systems, three-pole testing is impractical at
higher rated voltages. Single-pole testing is permissible on the basis that the neutral point is

earthed prior to in-service switching-erthat-the-methodologydeseribedintEC62271-306-is
socddtedotorminothocnlinbilibrof the cleonit beoalons o tho conlication,

For switchgear under test that includes a-eireuit-breaker switching device with overvoltage

profectiom devites, the devices may be mctudedm the testTitcuitprovidedthrat the devices
are|an intrinsic part of the-circuit-breaker switching device.
When overvoltage limiting devices are added in the test circuit for its protection agajnst
posisible excessive overvoltages, it shall be proven that these devices have fiot' limited |the
overvoltages recorded during the tests, for instance by recording the current, through thgese
devlices.
(~) NWLS NWLM NLﬂf'sz'\ r‘vwlr‘wm
~ L]
o) . .
@ YY) YY) YT T YY)
(~) YN . YN AN *« VY Y\ o
i 1 L=
4 U
r i Cs I a R
= = IEC
Kely
U, rated voltage
L inductance of the source
Lyd Ly, inductance of the connéctions
L inductance of the reaector
Cy capacitance of, the source
C, capacitance-of the load
R representation of load losses (to obtain 1,9 amplitude factor)
NOTIE The reactor neutral can be isolated or earthed.
Figure 3 — Reactor switching test circuit — Three-phase test circuit for
in-service load circuit configurations 1 and 2 (Table 2)
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Ls Lp1 Lp2

™ u L Lt a— R H

IEC

Kely

U, test voltage

Ly inductance of the source

Lyd Ly, inductance of the connections

L, inductance of the test-circuit reactor

C capacitance of the source

CL capacitance of the load

R representation of load losses (to obtain 1,9 amplitude factor)

NoTlE For in-service load circuit configurations 2 and 4 (Table 2) U, = U/N3 and L, = L whefe L
is tihe inductance of the reactor in service.

NoTE For in-service load circuit configuration 1.(Table 2) U, = 1,5 x Ur/\/3 and L; = 1,6 [x L
where L is the inductance of the reactor in seryice.

Figure 4 — Reactor switching test circuit — Single-phase test circuit for
in-service load circuiticonfigurations 1, 2 and 4 (Table 2)
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|
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O l 2008 Py

Ce R L

—

L

IS
8

Kely

U, rated voltage

L inductance of the source

Ly inductance of the connection

L inductance of the reactor

C capacitance of the source

C, capacitance of the load

R representation of load losses (to obtain 1,9 amplitude factor)

NOTE This is the only test circuit that can be used for this case.\No single-phase test circuit will give the cofrect
test fcurrent and TRV and ¢, values.

Figure 5 — Reactor switching test circuit — Three-phase test circuit
for in-service load circuit.configuration 3 (Table 2)

4.4/4 Characteristics of the supply ¢ircuit

Thg source inductance Lg shall mot be smaller than that corresponding to the rdted
short-circuit current of the circuit<breaker, nor larger than 10 % of the inductance of the Ipad
cirduit L.

NOTE A higher value of L is.acCeptable if the resulting voltage drop is compensated by tuning the frequengy of
the TRV to that of the load _side.

Thg source capacitance Cq shall be at least 10 times the load capacitance C, .

Thgq TRV of the-supply circuit has a negligible influence on that of the complete circuit anfl is
therefore not specified.

4.415 Characteristics of the connecting leads

The total inductance Ly, = L4 + Ly, of the leads may be shared between the supply and the
load side. The value of L,, is not specified but should be as small as possible.

4.4.6 Characteristics of the load circuits
4.4.6.1 General

The load circuits shall consist of a reactor, or alternatively, an air-cored or iron-cored
reactance with appropriate shunt capacitance and resistance so as to produce a prospective
transient voltage not less severe than the values specified in Tables 3, 4, 5 and 6.
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Table 3 —Standard-Values of prospective transient recovery voltages — Rated voltages
12 kV to 170 kV for effectively and non-effectively earthed systems — Switching shunt
reactors with isolated neutrals (Table 2: In-service load circuit configuration 1)

: 0
Rated voltage Peak voltage Time parameter 1; 5 %
U u - - . -
r ¢ Load circuit 1 Load circuit 2
kV kV
us us
12 28 9 16
17.5 41 11 19
24 56 13 22
36 84 15 27
52 121 55 97
72,5 169 64 115
100 233 107 190
123 286 120 210
145 337 130 230
170 395 140 248

u, pnd ¢, are as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

NGTE The first-pole-to-clear factor kpp is 1,5 for this case. The amplitude‘factor k. is assumed to be 1,9.

ug :Ur‘/gxkppxtg

NQTE 1 The transient voltage is of a damped (1-cos) form'dnd the values are for the first pole to clear. Stafed
u, lvalues do not take arc voltage, current chopping or rexgnitions into account and actual measured u_ valges
canm be higher than those stated in this table.

NQTE 2 The values of ¢; are based on a mean capacitance value of load side capacitance C, of
- | 500 pF for voltages below 52 kV;
- | 1750 pF for voltages at or above 52 kV-

If the actual values of C| are known for'a particular application, then the applicable ¢, values can be calculafed
as|described in Annex A.

NQTE 3 The recovery voltages-given in the table are not necessarily representative for all field applicatiops,
bu{ are suitable to determine the current chopping behaviour of the-circuit-breaker switching device. b se
o ro-icnit] o o io tod for. contro itohi . e
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Table 4 —Standard Values of prospective transient recovery voltages — Rated voltages

100 kV to 1200 kV for effectively earthed systems — Switching shunt reactors with

earthed neutrals (See Table 2: In-service load circuit configuration 2)

Rated voltage Peak voltage Time parameter 1; 50 %

Ur e Load circuit 1 Load circuit 2

kV kV
us us

100 155 87 155
123 191 97 172
145 225 105 187
170 264 114 203
245 380 167 297
300 465 185 328
362 562 203 360
420 652 220 388
550 853 250 444
800 1240 300 536
1100 1700 — 1170
1200 1860 5 1220

=

NG
uC
ca

NG

If ¢
as

NJTE 3 The recavery’ voltages given in the table are not necessarily representative for all field applicatio

bu
thg

TE1

ug =Ur‘/§><kpp><1v9

bnd ¢, as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

ITE The first-pole-to-clear factor kpp is 1,0 for this case. Thesamplitude factor kot is assumed to be 1,9.

The transient voltage is of a damped (1-cos)/form and the values are for the first pole to clear. Sta
values do not take arc voltage, current chopping.or re-ignitions into account and actual measured u, val
be higher than those stated in this table.

TE 2 The values of ¢, are based on a mean capacitance value of load side capacitance C| of

1750 pF for voltages at or above 100°kV and below 245 kV;
2600 pF for voltages of 245 kY, 'up to and including 800 kV;
9000 pF for voltages above'800 kV.

he actual values of C <are known for a particular application, then the applicable ¢, values can be calcula
described in Annex A.
are suitable_to-determine the current chopping behaviour of the-eireuit-breaker switching device.a-the—€4

ed
es

ed

ns,
kSse
e
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Table 5 —Standard Values of prospective transient recovery voltages — Rated voltages
12 kV to 52 kV for effectively and non-effectively earthed systems — Switching shunt
reactors with isolated neutrals (See Table 2: In-service load circuit configuration 3)

Rated voltage Peak voltage Time parameter #; 5 %
U e Load circuit 1 Load circuit 2
kV kV
us us
12 28 7 13
17,5 41 9 16
24 56 10 18
36 84 12 22
52 121 45 79

u, pnd t; as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

NGTE The first-pole-to-clear factor kpp is 1,5 for this case. The amplitude factor k¢ is assumed to be 1,9.

U :Ur‘% X kpp x1,9

NQTE 1 The transient voltage is of a damped (1-cos) form and the values ar€)for the first pole to clear. Stajed
u, alues do not take arc voltage, current chopping or re-ignitions into account and actual measured u_ valges
cam be higher than those stated in this table.

NQTE 2 The values of ¢, are based on a mean capacitance valug of load side capacitance C, of 500 pF [for
volfages below 52 kV and 1750 pF for voltages of 52 kV.

If the actual values of C_ are known for a particular application,”then the applicable ¢, values can be calculafed
as|described in Annex A.

NJTE 3 The recovery voltages given in the table are not necessarily representative for all field applicatiops,
bu{ are suitable to determine the current chopping\behaviour of the-circuit-breaker switching device.-tn-the-ecgse
tha TP o i ; L DD } i

g—t-}’:ne



https://iecnorm.com/api/?name=16d91ddc352dfda9b99765c5de15b529

— 25 —

IEC 62271-110:2017 RLV © IEC 2017

Table 6 —Standard Values of prospective transient recovery voltages — Rated voltages |
12 kV to 52 kV for effectively and non-effectively earthed systems — Switching shunt
reactors with earthed neutrals (See Table 2: In-service load circuit configuration 4)

; 0
Rated voltage Peak voltage Time parameter #; 5, %
U, L . . K K
Load circuit 1 Load circuit 2
kV kV
us us
12 19 7 13
17.5 27 9 16
24 37 10 18
36 56 12 22
52 81 45 79
us pnd t53 as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.
NGTE The first-pole-to-clear factor &, is 1,0 for this case. The amplitude factor k,; is assymed to be 1,9.
{2
ue =U; 3 X kpp x1,9
NJTE 1 The transient voltage is of a damped (1-cos) form and the values are_for the first pole to clear. Stafed
u, alues do not take arc voltage, current chopping or re-ignitions into account and actual measured u. valjes
cam be higher than those stated in this table.
NQTE 2 The values of ¢, are based on a mean capacitance value of load side capacitance C, of 500 pF [for
voltages below 52 kV and 1750 pF for voltages of 52 kV.
If the actual values of C_ are known for a particular applicatign, then the applicable ¢, values can be calculafed
as|described in Annex A.
NJTE 3 The recovery voltages given in the table are\not necessarily representative for all field applicatiops,
bu{ are suitable to determine the current chopping behaviour of the-cireuit-breaker switching device.-tn-the-ecgse
thgt—a—re-ignition-free—wi w—is—demon edswfo ontro witchi icati ,—the 3—14%
Thg values of t; are based on“a calculation at 50 Hz. There is no need to differentjate
betywveen 50 Hz and 60 Hz since the stress of the tests with both frequencies is equivalgnt.
Thig is taken into account byythe overlapping tolerances for the frequency of the test current.
Thq test current shallbe symmetrical (DC component lower than 20 %).
4.416.2 Load eircuit 1
Thqg inductance L of the load circuit shall be adjusted to give the breaking currents in Tablg 7.

Table 7 — Load circuit 1 test currents

Rated voltage

Test current

kv A (£ 20 %)
<52 1600

52 to 72,5 630

100 to 800 315

NOTE A test at 315 A is not required for rated voltages
of 1100 kV and 1200 kV since such a current value
represents an unrealistic shunt reactor rating.
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4.4.6.3 Load circuit 2

The inductance L of the load shall be adjusted to give the breaking currents in Table 8.

Table 8 — Load circuit 2 test currents

Rated voltage Test current
kv A (20 %)
<52 500
5210 72,5 200
100 to 1200 100

However, if the-eireuit-breaker switching device is used to switch reactor currents) smaller than
thege values, the load circuit 2 should be adjusted to give the lower limit of-the”actual curfent
range. The lower the current the more-enerous severe the switching duty.is for the-cirquit-
brepker switching device.

4.4)7 Earthing of the test circuit

Earthing of the test circuit shall be as indicated in Figures 3 0.5}

4.418 Test voltage

For| three-phase tests, the test voltage measured between the phases at the-circuit-bregker
swijching device location immediately prior to the ‘'opening shall,—as—rearas—possible; with a
toldrance of +5%, be equal to the rated voltage U, of the—cireuit-breaker switching deyice
(Taples 3, 4, 5 and 6).

For|single-phase laboratory tests, the-t&st voltage measured at the-eireuit-breaker switching
devlice location immediately before thé“opening shall,-as-nrearhras-pessible; with a tolerance
of 45 %, be equal to-these the testrwoltage as stated in Figure 4.

Eorlunit tests a D
FofrHhHtesSts—th V g f } } ) tH f P } Y

4.4)9 Test-duties
4.419.1 General

Thqg reactor switching tests shall consist of three three-phase test-duties or four single-phpse
test-duties—using the supply circuit detailed in 4.4.4 and the load circuits detailed in 4.4|6.2
and 4.4.6'3.

Test-duties 1 and 2 shall be made at rated filling pressure for interruption, insulation and
operation and shall consist of twenty breaking operations. They shall be made with each load
circuit with the initiation of the tripping impulse distributed at intervals of-approximately 9
electrical degrees for three-phase tests or 18 electrical degrees for single-phase tests.

Test-duty 3—is shall be performed at rated filling pressure for interruption, insulation and
operation for single-phase tests only and shall consist of 18 breaking operations. It shall be
performed with load circuit 2 around the arc duration at which the re-ignitions occurred in the
previous test series with load circuit 2. Six breaking operations shall be made with the
initiation of the tripping impulse at the point that gave the highest breakdown voltage u,,,
6 breaking operations with the initiation of the tripping impulse retarded by 9 electrical
degrees and 6 breaking operations with the initiation of the tripping impulse advanced by
9 electrical degrees. If no re-ignition occurs in the test-duty with load circuit 2, test-duty 3
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shall consist of 6 breaking operations with the initiation of the tripping impulse at the point that
gave the shortest arcing time, 6 break tests with the initiation of the tripping impulse retarded
by 9 electrical degrees and 6 break tests with the initiation of the tripping impulse retarded by
a further 9 electrical degrees.

Test-duty 4 shall be performed at the minimum pressure for interruption, insulation and
operation using load circuit 2 only. For three-phase tests, 20 breaking operations shall be
made with the initiation of the tripping impulse distributed at intervals of 9 electrical degrees.
For single-phase tests, 20 breaking operations shall be made with the initiation of the tripping
impulse distributed at intervals of 18 electrical degrees.

Thqg test-duties are summarized in Table 9.

Table 9 — Test-duties for reactor current switching tests

Number of breaking operations
Test-duty Test current determined by
Three-phase Single-phase
1 20 20 Load circuit 1 (4.4.6.2)
2 20 20 Load circuit 2 (4.4.6.3)
3 - 18 Load circuit 2 (4.4.6.3)
4 20 20 Load circuit 2 (4.4.6.3)

Thqg current value used in test-duty 2, 3 and 4 is the/minimum shunt reactor switching currgnt.
However, if the—ecircuit-breaker switching device<is“to be used to switch reactor currgnts
smTIIer than these values, the current for test-duty 2, 3 and 4 shall be adjusted to the lower
limit of the actual current range or as close as-possible to this current value. Calculation of
the[applicable t5 value for such a case is described in Annex A.

4.4)9.2 Test measurements

At Ipast the following quantities shiould be recorded by oscillograph or other suitable record
techniques with sufficient bandwidth and time resolution-high-enough-to-measure:

— upply side voltage, phase-to-earth;

ng

— |voltage across-ciredit-breaker switching device terminals;

— Jload side voltage, phase-to-earth, at the terminal of the load reactor;
— |oad side neutral point voltage to earth (in three-phase tests);

— [lcurrent through the-cireuit-breaker switching device.

4.4)9.3 Behaviour and condition of-circuit-breaker switching device

Thea criferia for successful testing are as follows

a) The-cireuit-breaker switching device shall interrupt the current with at most one re-ignition
leading to conduction of another loop of power-frequency current. This criterion applies to
all three-circuit-breaker switching device poles in three-phase tests.

NOTE Multiple high-frequency re-ignitions in any one current zero crossing can be counted as one such
re-ignition.

b) A visual inspection shall be performed to demonstrate that the re-ignitions occurred
between the arcing contacts only. There shall be no evidence of puncture, flashover or
permanent tracking of the internal—insulating—materials parts that contribute to the
insulation. Wear of the parts of the arc control devices exposed to the arc is permissible
provided that it does not impair breaking capability.
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NOTE In many designs of circuit-breakers “auxiliary” nozzles are included that do not contribute to the
insulation but assist the short-circuit current breaking process by the release of ablated vapour, leading to
material loss and deformation.

Moreover, the inspection of the insulating gap between the main contacts, if they are
different from the arcing contacts, shall not show any trace of a re-ignition.

For—circuit-breakers switching devices with sealed-for-life interrupter units, no visual
inspection is required but the dielectric condition test according to 6.2.11 of
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 shall be performed.

4.49.4 Test report

In
incl
and

NOT|
IEC

In 4
incl

ifching device poles.

ddition to the requirements of Annex C of IEC 62271-100:2008, the test report\shall
de a thorough description of the circuit including the following details (Figure 3, Kigure 4
Figure 5):
I.: inductance of the source;
L1, Lpo: inductance of connections;
I.: inductance of reactor;
Cs: capacitance of source;
C\ : capacitance of load;
R: representation of load losses.

1”4

following quantities shall be measured and evaluatedtat each test (Figure 2 and Figur¢ 6):

i n4- SUppression peak voltage to earth;

;- initial voltage (at the instant of chopping);

- l0ad side voltage peak to earth-({imerethan—+ ., )

. Voltage across the switching device@fre-ignition (if applicable);
arcing time;

breaking current;

test voltage.

hree-phase tests, thesabove quantities shall be reported for all three—circuit-bregker

E The application\ of the test results to predict overvoltages in actual installations is treated in
TR 62271-306.

ddition, tie-re-ignition-free arcing window resulting from all tests shall be evaluated pnd
uded in(the report. This is the period of shortest arc duration during which no re-ignitiop is

observed¥th a three-phase test, this period refers to absence of re-ignition in all three pgles

of t

he/switching device.

If a re-ignition-free arcing window has been specified, the re-ignition-free arcing window
measured during the tests should be equal to or greater than the specified value. Evaluation
in this regard should consider the actual system frequency.

7—Routine-tesis
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Supply side voltage

IEC

power frequency voltage crest §alue to earth
arc voltage drop of-eireuit-bréaker switching device
+u initial voltage to earth at'the moment of current chopping
suppression peak yvoltage to earth
load side voltage'‘peak-voltage to earth
maximum ©vervoltage to earth (could be equal to u__ oru )
maximum“peak-to-peak voltage excursion at re-ignition
voltage across the-cireuit-breaker switching device at re-ignition

voltage across the-cireuit-breaker switching device at the recovery-veltage peak

Figure 6 — lllustration of voltage transients at interruption of inductive current
for a single-phase test
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Annex A
(normative)

Calculation of 73 values

For the following cases, the required test circuit 3 values shall be calculated as described in
Annex A:

a)

for—cireuit-breakers switching devices rated at less than 52 kV, where the required test

current is less than the 500 A value stated in Table 8;

b)

c)

Ste

whe

Ste
Cas

Tim

for—eireuit-breakers switching devices rated 52 kV to 72,5 kV, where the required
current is less than the 200 A value stated in Table 8;

for-circuit-breakers switching devices rated at 100 kV to 1200 kV, where the required
current is less than the 100 A value stated in Table 8.

p 1: Calculate the required inductance (L)

L:

Ul’
\/ga)l
re U, is the rated voltage, I is the required test current anid’ v = 314 rad/s at 50 Hz.

L=

1’841' YUr , with U, in kilovolt (kV), 7 in ampete\(A) and L in henry (H), all at 50 Hz.

b 2: Calculate the required ¢5 value
e 1: Reactor neutral earthed

e to peak T for (1 — cosine) function is given by:

T =nvLC

Ratjo #53/T for an amplitude factor of 1,9 is 0,873:

whe

t3 =0,873xmx+LC =2,74xyLC x108 s

actiakvalue is not knnwn)

re’ the value of C in farad (F) is taken from NOTE 2 in Tables 3, 4, 5 and 6 (default valu

Case 2: Reactor neutral isolated

EXA

t3 =0,873xmx4[1,6 LC =3,36x+/LC x108 s

MPLE 1 U, = 245 kV, 50 Hz and required test current 75 A, reactor neutral earthed:

L= 1,84 x 245 _
75

6H

est

est

e if
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t3 =2,746x2600x10712 <106 =342 pis

EXAMPLE 2 U, = 36 kV, 50 Hz and required test current 350 A, reactor neutral isolated:

1,84x36
350

L =0,19H

t3 = 3,3640,19x500x 1012 x108 =32,7 s
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 110: Inductive load switching

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr{sing
3ll national electrotechnical committees (IEC National Committees). The object of IEC is da. prommote
international co-operation on all questions concerning standardization in the electrical and electranic fieldy. To
this end and in addition to other activities, IEC publishes International Standards, TechnicalkSpecifications,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as [IEC

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
ih the subject dealt with may participate in this preparatory work. International,) ‘governmental |and
on-governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
¢losely with the International Organization for Standardization (ISO) in accordance with conditions determfined
by agreement between the two organizations.

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

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

order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Publicafions
ransparently to the maximum extent possible in their national and regional publications. Any divergg¢nce
lhetween any IEC Publication and the corresponding natiohal or regional publication shall be clearly indicatgd in
the latter.

C itself does not provide any attestation of cgnformity. Independent certification bodies provide confofmity
gdssessment services and, in some areas, acecess to IEC marks of conformity. IEC is not responsible for|any
4ervices carried out by independent certification bodies.

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

o liability shall attach to IEC or itsudirectors, employees, servants or agents including individual experts|and
embers of its technical committegs and IEC National Committees for any personal injury, property damade or
¢gther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)|and
g¢xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications.

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publications is
ihdispensable for the(cortect application of this publication.

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

rnational Standard IEC 62271-110 has been prepared by subcommittee 17A: Switchling

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

all switching devices are now covered, not only circuit-breakers;
a limited number of T10 tests no longer covers shunt-reactor switching tests below 52 kV;

evaluation and reporting of a re-ignition-free arcing time window has been added.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
17A/1151/FDIS 17A/1155/RVD

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

the

report on voting indicated in the above table.

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

A li
swi

Ths
sta
the

Ths
this

5t of all parts of the IEC 62271 series can be found, under the general title High-volt
chgear and controlgear, on the IEC website.

committee has decided that the contents of this document will remain unch@nged until
ility date indicated on the IEC website under "http://webstore.iec.ch" in theldata relate
specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

contents of the corrigenda of December 2017 and February 2018 have been include
copy.

nge

the
J to

d in
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 110: Inductive load switching

(indluding circuit-breakers in accordance with IEC 62271-100) that are used| to sw
high-voltage motor currents and shunt reactor currents and also to high-voltage contac
useld to switch high-voltage motor currents as covered by IEC 62271-106.

Switching unloaded transformers, i.e. breaking transformer magnetizing current, is
congidered in this document. The reasons for this are as follows:

a) |Owing to the non-linearity of the transformer core, it is not possible to correctly model

Tests conducted using an available transformer, such as‘\a test transformer, will only
valid for the transformer tested and cannot be representative for other transformers.

b) |As detailed in IEC TR 62271-306, the characteristics-of this duty are usually less seV
than any other inductive current switching duty: Such a duty may produce seV

the switching device and transformer winding-resonance frequencies.

NOTE 1 The switching of tertiary reactors from the (high-voltage side of the transformer is not covered by
docyment.

NOTE 2 The switching of shunt reactors earthed through neutral reactors is not covered by this docuni
However, the application of test results according to this document, on the switching of neutral reactor ear
reactors (4-leg reactor scheme), is discussed in IEC TR 62271-306.

2 [Normative references

Thqg following documents ‘are referred to in the text in such a way that some or all of t
content constitutes (frequirements of this document. For dated references, only the edi
citeld applies. For tndated references, the latest edition of the referenced document (inclug
anylamendments).applies.

IEQ 60050-441, International Electrotechnical Vocabulary — Chapter 441: Switchg
conftrolgear and fuses (available at www.electropedia.org)

joor
ges
ces

tch
ors

not

the

switching of transformer magnetizing current using linear components in a test laboratopry.

ere
ere

overvoltages within the transformer winding(s)y.d€pending on the re-ignition behaviouf of

this

ent.
hed

heir
ion
ing

ons

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating current

circuit-breakers
IEC 62271-100:2008/AMD1:2012

IEC 62271-106:2011, High-voltage switchgear and controlgear — Part 106: Alternating current

contactors, contactor-based controllers and motor-starters
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Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441,
IEC 62271-1 and the following apply.

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

3.1
ind
pow

3.2
cur]
abr

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

Lctive current
er-frequency current drawn by an inductive circuit having a power factor 0,5 or less

rent chopping
Ipt current interruption in a switching device at a point-on-wave,other than the nat

power-frequency current zero

3.3

virjual current chopping

cur

ent chopping in one of the three phases in a three-phase Circuit originated by transient

andther phase of the circuit

3.4

suppression peak

Liral

5 in

firs{ peak of the transient voltage to earth on%he load side of the switching device following
curfent interruption

Notg 1 to entry: Suppression peak is not necessarily the absolute maximum of the transient recovery voltage.
PreJious breakdowns may have appeared at higher voltage values.

3.5

recpvery peak

maximum value of the voltage across the switching device occurring when the polarity of|the
recpvery voltage is equal.to-the polarity of the power-frequency voltage

Notg 1 to entry: Recovery peak is not necessarily the absolute maximum of the transient recovery voltage.
Pre\ious breakdowns may have appeared at higher voltage values.

3.6

re-ignition

resymption™of current between the contacts of a mechanical switching device during a
brepking-operation with an interval of zero current of less than a quarter cycle of power
frequency

Note 1 to entry:

In the case of inductive load switching the initiation of the re-ignition is a high-frequency event,

which can be of a single or multiple nature and may in some cases be interrupted without power-frequency follow
current.

3.7

re-ignition-free arcing time window
period of arc duration during a breaking operation during which the contacts of a mechanical
switching device reach sufficient distance to exclude re-ignition
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4 Type tests

4.1 General

Circuit-breakers according to IEC 62271-100 and contactors according to IEC 62271-106 do
not have dedicated inductive switching ratings. However, switching devices applied for this
purpose shall meet the requirements of this document.

For shunt reactor switching test of circuit-breakers, the rated insulation level values stated in
Tables 1a, 1b, 3 and 4 of IEC 62271-1:2017 are applicable with the exception of combined
VOltE'g'E_te'E| |I . I |. I. . ) in
Talle 4).

Thg type tests are in addition to those specified in the relevant product standard, with [the
exception of short-line faults, out-of-phase switching and capacitive current switching.

NOTE 1 The reason for this exception is the source-less nature of the shunt reactor load circuit.

NOTE 2 In some cases (high chopping overvoltage levels, or where a neutral reacter is present or in casqs of
shunt reactors with isolated neutral), it can be necessary to specify an appropriate<insulation level which is higher
than| the rated values stated above.

Inductive current switching tests performed for a given current, level and type of application
may be considered valid for another current rating and sameé type of application as detajled
belpw:

a) [for shunt reactor switching at rated voltages of~52 kV and above, tests at a particplar
current level are to be considered valid for applications with a higher current level up to
150 % of the tested current value;

b) [for shunt reactor switching at rated voltages-below 52 kV, type testing is required;

c) ffor high-voltage motor switching, type testing for stalled motor currents at 100 A and 300 A
is considered to cover stalled motoricurrents in the range 100 A to 300 A and up to|the
current associated with the short-gircuit current of test-duty T10 according to 6.106.1 of
IEC 62271-100:2008 for circuit-breakers and up to the rated operational current|for
contactors.

With respect to a) the purpose of type testing is also to determine a re-ignition-free arging
tim¢ window for controlled” switching purposes (refer to IEC TR 62271-302) and caution
should be exercised when considering applications at higher currents than the tested values
singe the re-ignition4free arcing window can increase at higher current.

Anrnex B of IEC62271-100:2008 can be used with respect to tolerances on test quantities.

4.2 Miscellaneous provisions for inductive load switching tests

Sufjclause 6.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 is applicable yith
the Tollowing addition:

High-voltage motor current and shunt reactor switching tests shall be performed at rated
auxiliary and control voltage or, where necessary, at maximum auxiliary and control voltage to
facilitate consistent control of the opening and closing operation according to 6.102.3.1 of
IEC 62271-100:2008.

For gas filled switching devices (including vacuum switching devices using gaseous media for
insulation), tests shall be performed at the rated functional pressure for interruption and
insulation, except for test-duty 4, where the pressure shall be the minimum functional
pressure for interruption and insulation.
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4.3 High-voltage motor current switching tests
4.3.1 Applicability

Subclause 4.3 is applicable to three-phase alternating current switching devices having rated
voltages above 1 kV and up to 17,5 kV, which are used for switching high-voltage motors.
Tests may be carried out at 50 Hz with a relative tolerance of 10 % or 60 Hz with a relative
tolerance of £10 %, both frequencies being considered equivalent.

Motor switching tests are applicable to all three-pole switching devices having rated voltages

chronous squirrel-cage or slip-ring motors. The switching device may be of a higher rdted
ge than the motor when connected to the motor through a stepdown transformer.
However, the usual application is a direct cable connection between switching ,device pnd
mofor. When tests are required, they shall be made in accordance with 4.3.2 to 4:3.9.

WhEn overvoltage limitation devices are mandatory for the tested equipment, the volthge
limiting devices may be included in the test circuit provided that the deyices are an intripsic
parf of the equipment under test.

No [limits to the overvoltages are given as the overvoltages are-only relevant to the spegific
application. Overvoltages between phases may be as sighificant as phase-to-earth
ovefrvoltages.

4.312 General

Thg switching tests can be either field tests or laboratory tests. As regards overvoltages, [the
swifching of the current of a starting or stalled motor is usually the more severe operation.

Dug to the non-linear behaviour of the motor~iron core, it is not possible to exactly model|the
swifching of motor current using linear components in a test station. Tests using lifear
conpponents to simulate the motors can be considered to be more conservative than switching
actlial motors.

For| laboratory tests a standardized circuit simulating the stalled condition of a motor is
specified (refer to Figure 1)-"The parameters of this test circuit have been chosen to repredent
a r¢latively severe case ,with respect to overvoltages and will cover the majority of seryice
applications.

Thq laboratory tests’are performed to prove the ability of a switching device to switch motors
and to establish-its behaviour with respect to switching overvoltages, re-ignitions and curfent
chopping. TheSe characteristics may serve as a basis for estimates of the switching devige’s
performanee~in other motor circuits. Tests performed with the test currents defined in 4}3.3
and 4.3(4, demonstrate the capability of the switching device to switch high-voltage motorg up
to is «ated interrupting current.

For field tests, actual circuits are used with a supply system on the source side and a cable
and motor on the load side. There may be a transformer between the switching device and
motor. However, the results of such field tests are only valid for switching devices working in
circuits similar to those during the tests.

The apparatus under test includes the switching device with overvoltage protection devices if
they are normally fitted.

NOTE 1 Overvoltages can be produced when switching running motors. This condition is not represented by the
substitute circuit and is generally considered to be less severe than the stalled motor case.

NOTE 2 The starting period switching of a slip-ring motor is generally less severe due to the effect of the starting
resistor.
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Switchgear
Source Uy Bus representation under test Cable Motor substitute
Ls T : L R
1 . 1
o \:/ »I\ _/WY‘\/
A Lp2
A . I I S
L o L4
T = = = = IE
Kely
. rated voltage

Z, earthing impedance impedance high enough to limit the phase-to-earth
fault current to less than, the test current (can be
infinite)

L source side inductance oL, < 0,1 oL, but prospective short-circuit current <
the rated short;eircuit current of the tested switchipg
device

C supply side capacitance 0,03 pF t0<0,05 pF for supply circuit A
1,5 uF to2 pF for supply circuit B

Lyq inductance of capacitors and <2\H

connections
Bup representation 5 m to 7 m in length spaced appropriate to the rat¢d

Ly inductance of connections
Caple
L motor substitute inductance

motor substitute resistance

motorisubstitute parallel
capdgejtance

R motor substitute parallel resistance

4313

Figure 1 — Motor switching test circuit and summary of parameters

Characteristics of the supply circuits

voltage
<5 uH

100 m £ 10 m, screened, surge impedance 30 Q t
50 Q

load circuit 1: 100 A £ 10 A
load circuit 2: 300 A £ 30 A
cos ¢ <0,2

frequency 10 kHz to 15 kHz

amplitude factor 1,6 to 1,8

4.3.3.1 General

A three-phase supply circuit shall be used. The tests shall be performed using two different
supply circuits A and B as specified in 4.3.3.2 and 4.3.3.3, respectively. Supply circuit A
represents the case of a motor connected directly to a transformer. Supply circuit B
represents the case where parallel cables are applied on the supply side.

4.3.3.2 Supply circuit A

The three-phase supply may be earthed through a high ohmic impedance so that the supply
voltage is defined with respect to earth. The impedance value shall be high enough to limit a
prospective line-to-earth fault current to a value below the test current.
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The source inductance L shall not be lower than that corresponding to the rated short-circuit
breaking current of the tested switching device. Its impedance shall also be not higher than
0,1 times the impedance of the inductance in the load circuit (see 4.3.4).

The supply side capacitance Cq is represented by three capacitors connected in earthed star.
Their value, including the natural capacitance of the circuit shall be 0,04 yF + 0,01 pF. The
inductance Ly, of the capacitors and connections shall not exceed 2 pH.

The busbar inductance is represented by three bars forming a busbar each 6 m = 1 m in
length and spaced at a distance appropriate to the rated voltage.

4.3/3.3 Supply circuit B

As | supply circuit A with the value of the supply side capacitance ifncreased| to
1,79 yF £ 0,25 uF.

4.314 Characteristics of the load circuit
4.314.1 General

A three-phase load circuit shall be used. The motor substitute-circuit is connected to |the
swifching device under test by 100 m + 10 m of screened cable. It is recommended that|the
cable be connected directly to the terminals of the motor or.substitute circuit.

Thg inductance of any intermediate connection should not exceed 3 pyH. The shield of [the
cable shall be earthed at both ends as shown in Figure 1. The tests shall be performed uging
twol different motor substitute circuits as specified\in 4.3.4.2 and 4.3.4.3. The inductance Ly,
of the connections between the switching devicesand cable shall not exceed 5 pH.

NOT[E The use of a three-phase test circuit isynecessary in order to allow the possibility of virtual cufrent
chopping.

4.314.2 Motor substitute circuit 4

Serfjes-connected resistance .and inductance shall be arranged to obtain a current of
100 A + 10 A at a power factotless than 0,2 lagging. The star point shall not be connected to
earth. Resistance R, shall)*be connected in parallel with each phase impedance and
capjacitance Cp between’ each phase and earth so that the motor substitute circuit haf a
natpral frequency of-32,5 kHz + 2,5 kHz and an amplitude factor of 1,7 + 0,1 measured in
eadh phase with the‘other two phases connected to earth. The prospective transient recoyery
voltages values«shall be determined in accordance with Annex F of IEC 62271-100:2(08.
A tnansformep-may be introduced at the load end of the cable. This shall be considered as part
of the motor-substitute circuit.

4.314.3 Motor substitute circuit 2

As motor substitute circuit 1, but with the series resistance and inductance reduced to obtain
a current of 300 A £ 30 A at a power factor less than 0,2 lagging. The prospective transient
recovery voltage shall be as specified for motor substitute circuit 1.

4.3.5 Test voltage

a) The average value of the applied voltages shall be not less than the rated voltage U,
divided by V3 and shall not exceed this value by more than 10% without the consent of
the manufacturer.

The differences between the average value and the applied voltages of each pole shall not
exceed 5%.

The rated voltage U, is that of the switching device when using the substitute circuit, but is
that of the motor when an actual motor is used.
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The power-frequency recovery voltage of the test circuit may be stated as a percentage of
the power-frequency recovery voltage specified below. It shall not be less than 95 % of the
specified value and shall be maintained in accordance with 6.104.7 of
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

The average value of the power-frequency recovery voltages shall not be less than the
rated voltage U, of the switching device divided by V3.

The power-frequency recovery voltage of any pole should not deviate by more than 20 %
from the average value at the end of the time for which it is maintained.

The power-frequency recovery voltage shall be measured between terminals of a pole in
ach phaen of the test citrcuit—Hs—+rm-s—value—shall be—determined—on-the ner\illng-am
within the time interval of one half cycle and one cycle of test frequency after final|arc
extinction, as indicated in Figure 44 of IEC 62271-100:2008. The vertical distance (V4| V>
and V5 respectively) between the peak of the second half-wave and the straight line drawn
between the respective peaks of the preceding and succeeding half-waves shall| be
measured, and this, when divided by 2V2 and multiplied by the appropriate calibration
factor, gives the r.m.s. value of the recorded power-frequency recovery veltage.

6 Test-duties

Table 1 — Test-duties at motor current switching tests

Test-duty Supply circuit MOto::isrzﬂisthte
1 A 1
2 A 2
3 B 1
4 B 2

Thg number of tests for each test-duty shall be 20 tests with the initiation of the closing pnd

trip

bing impulses distributed at intervals of approximately 9 electrical degrees.

Thg above tests shall be make—break tests or separate making and breaking tests except fhat
when using an actual moter they shall only be make—break tests. When tests are made uging

the

motor substitute-Circuit, the contacts of the switching device shall not be separated yntil

any] DC component—~has become less than 20%. When switching an actual motor, a

ma

4.3

tec

4.3

At I|rast the following quantities shall be recorded by oscillograph or other suitable recording

e-break time,of 200 ms is recommended.

7 Te'stt measurements

nigues with bandwidth and time resolution high enough to measure the following:

power-frequency voltage;

power-frequency current;

phase-to-earth voltage, at the motor or motor substitute circuit terminals, in all three
phases.

.8 Behaviour and condition of switching device

The criteria for successful testing of a circuit-breaker are as follows:

a)

the behaviour of the circuit-breaker during the motor switching tests fulfils the conditions
given in 6.102.8 of IEC 62271-100:2008 as applicable;
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b) voltage tests shall be performed in accordance with 6.2.11 of
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012;

c) all re-ignitions shall take place between the arcing contacts.

The criteria for successful testing of contactors are listed in 6.102.9 of IEC 62271-106:2011.

4.3.9 Test report

In addition to the requirements of Annex C of IEC 62271-100:2008, the test report shall
include a thorough description of the circuit, including the following details:

a) |main dimensions and characteristics of the bus and connections to the switching device

b) [the characteristics of the cable:

[N

length;

N

rated values;

)
)
) type;

) main insulation dielectric — cross-linked polyethylene (XLPE), paper/oil, etc.;
)

)

a b~ W

earthing;

[}

capacitances;

7) surge impedance.

c) [the parameters of the substitute motor circuit:
1) natural frequency;

2) amplitude factor;

3) current;

4) power factor.

d) |or details of the actual motor:

1) type and rating;

2) rated voltage;

3) winding connection;

4) rated motor current;

5) starting current. and power factor.
e) |overvoltage characteristics.

Thq following characteristics of the voltages at the motor or motor substitute circuit terminals
at gach test{(Figure 2) shall be evaluated:

: mraximum overvoltage;

-
—  pmg7suppression peak overvoltage;

— up,: load side voltage peak to earth;
— ug: maximum peak-to-peak voltage excursion at re-ignition and/or restrike.
When overvoltages occur which may be hazardous for a specific application, or where

switching device characteristics are required, a more comprehensive test programme will be
required which is beyond the scope of this document.
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u

Supply side voltage

Load side voltage

O\

Neutral point
average voltage

IEC}

Kely
Uy power-frequency voltage;Crest value to earth
u neutral voltage shift at-first-pole interruption
Uy switching device arc voltage
U= ug +u, initial voltage.'at the moment of current chopping
U suppression’ peak voltage to earth
U loadiside voltage peak to earth
u, voltage across the switching device at re-ignition
Uy maximum overvoltage to earth (could be equal to u , or u_ if no re-ignitions occur)
ug maximum peak-to-peak overvoltage excursion at re-ignition
Figure 2 — lllustration of voltage transients at interruption of inductive current

— for first phase clearing I a three-phase non-effectively earthed circutt
4.4 Shunt reactor current switching tests

4.4.1 Applicability

These tests are applicable to three-phase alternating current switching devices (mainly
circuit-breakers) which are used for steady-state switching of shunt reactors that are directly
connected to the switching device without interposing transformer. Tests may be carried out
at 50 Hz or 60 Hz with a relative tolerance of +10%. Tests performed at 60 Hz shall be
considered as valid for 50 Hz. Tests at 50 Hz are valid for 60 Hz provided that the minimum
arcing time without re-ignition is shorter than 8,3 ms.
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NOTE |If the re-ignition-free arcing window is shorter than 8,3 ms, there is no possibility of re-ignition at a second
current zero at 60 Hz test even if only 50 Hz tests have been carried out. Most switching devices have a
re-ignition-free arcing window shorter than 8,3 ms.

4.4.2 General

Reactor switching is an operation where small differences in circuit parameters can produce
large differences in the severity of the duty. The results from any one series of tests cannot
simply be applied to a different set of conditions.

NOTE Further guidance is given in IEC TR 62271-306.

Thg switching tests can be either field tests or laboratory tests. Results from field tests |are
only valid for switching devices applied in circuits similar to those in the tests.

Stapdard circuits are specified in order to demonstrate the ability of the switching devic¢ to
intdrrupt reactor currents and to determine chopping characteristics (suppression pgak
overvoltages) and re-ignition behaviour. The parameters of these test (cirCuits repregent
typical cases of application with relatively severe transient recovery vaoltage (TRV) and |are
regarded as covering the majority of service applications.

If tHe switching device is used to switch reactor currents smaller than'the standardized valyes,
the|test current should be adjusted to give the lower limit of-the actual current range. The
lower the current the more severe the switching duty is for the'switching device.

Laboratory tests may be made using an actual reactor‘but the re-ignitions and overvoltage
magnitudes during switching will not necessarily be yalid for other cases of installation.

4.4)3 Test circuits

Fodr in-service load circuit configurations are“possible as shown in Table 2.

Table 2 - In-service load circuit configurations

In-service Switching device Reactor neutral TRV values Test circuit
configuration location earthing

1 Sourge side of Isolated Table 3 Figure 3 or Figurg 4
reactor . .

2 Earthed Table 4 Figure 3 or Figurge 4

3 Neutral side of Isolated Table 5 Figure 5
reactor - -

4 Earthed Table 6 Figure 4 or Figurg 5

Thg in-service load circuit configurations are covered by three test circuits detailed in
Talhles 3,54, 5 and 6 and Figures 3, 4 and 5, respectively.

NOTE 1 Applying a switching device on the neutral side of the reactor is only a consideration at rated voltages of
52 kV and below and the TRV values shown in Tables 5 and 6 are limited to this range.

NOTE 2 The test circuit shown in Figure 4 is applicable for in-service configuration 4 even though the switching
device location is on the source side of the reactor.

For circuit-breakers the requirements of 6.102.1 and 6.102.2 of
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 shall be fulfilled.

For three-pole in one enclosure type switching devices, single pole testing is permissible
provided that the correct transient recovery voltages to earth (enclosure) are achieved.

For non-earthed reactors on solidly earthed systems, three-pole testing is impractical at
higher rated voltages. Single-pole testing is permissible on the basis that the neutral point is
earthed prior to in-service switching.
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For switchgear under test that includes a switching device with overvoltage protection devices,
the devices may be included in the test circuit provided that the devices are an intrinsic part of
the switching device.

When overvoltage limiting devices are added in the test circuit for its protection against
possible excessive overvoltages, it shall be proven that these devices have not limited the
overvoltages recorded during the tests, for instance by recording the current through these
devices.

Ls Lp1 Lp2 L
/\/\-,/\ /S Y Y L /Y Y YL 7Y Y YO\ -L/%\j
@ ~Y Y Y Y oo
L——
@ ~Y Y . Y Y YY"\ o
T—|:|—T

= Uy | __l R

s o5

IEC

Kely

U, rated voltage

L inductance of the source

Lyd Ly, inductance of the connections

L inductance of the reactor

Cy capacitance of the source

C, capacitance of the load

R representation of load losses (to gbiain 1,9 amplitude factor)

NOTE The reactor neutral can be isolated or earthed.

Figure 3 — Reactor switching test circuit — Three-phase test circuit for
in-service load circuit configurations 1 and 2 (Table 2)
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IEC

Kely

U, test voltage

L inductance of the source

Ly Ly, inductance of the connections

L, inductance of the test-circuit reactor

Cy capacitance of the source

C, capacitance of the load

R representation of load losses (to obtain 1,9 amplitude factor)

For|in-service load circuit configurations 2 and 4 (Table 2)\U, = U/V3 and L, = L where L is|the
inddictance of the reactor in service.

For|in-service load circuit configuration 1 (Tablex2)*U, = 1,5 x U/N3 and L, = 1,5 x L whefe L
is the inductance of the reactor in service.

Figure 4 — Reactor switching test circuit — Single-phase test circuit for
in-service load circuiticonfigurations 1, 2 and 4 (Table 2)
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Kely
U, rated voltage
L inductance of the source
Ly inductance of the connection
L inductance of the reactor
Cy capacitance of the source
CL capacitance of the load
R representation of load losses (to obtain 1,9 amplitude factor)
NOTIE This is the only test circuit that can be used for this case.No single-phase test circuit will give the co

testfcurrent and TRV and i3 values.

4.414 Characteristics of the supply circuit

Th

short-circuit current of the circuit<breaker, nor larger than 10 % of the inductance of the |

cir

NOTE A higher value of L is.-acCeptable if the resulting voltage drop is compensated by tuning the frequen

the

Th

Th

therefore notspecified.

4.415 Characteristics of the connecting leads

._@_rv\rvw l Y /Y Y Y
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|_4.

= = CS R _-— = CL

Ll

i
B

Figure 5 — Reactor switching test. circuit — Three-phase test circuit
for in-service load circuit'‘configuration 3 (Table 2)

g source inductance Lg shall mot be smaller than that corresponding to the rg

cuit L.

[RV to that of the load_side.

g source capacitance Cg shall be at least 10 times the load capacitance C, .

g TRV of_the-supply circuit has a negligible influence on that of the complete circuit an

rect

ted
bad

y of

d is

The total inductance Ly, = L4 + Ly, of the leads may be shared between the supply and the
load side. The value of L, is not specified but should be as small as possible.

4.4.6 Characteristics of the load circuits

4.4.6.1 General

The load circuits shall consist of a reactor, or alternatively, an air-cored or iron-cored
reactance with appropriate shunt capacitance and resistance so as to produce a prospective
transient voltage not less severe than the values specified in Tables 3, 4, 5 and 6.
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Table 3 —Values of prospective transient recovery voltages — Rated voltages 12 kV to
170 kV for effectively and non-effectively earthed systems — Switching shunt reactors
with isolated neutrals (Table 2: In-service load circuit configuration 1)

Rated voltage Peak voltage Time parameter 1; 50 %
Ur e Load circuit 1 Load circuit 2
kV kV
s s
12 28 9 16
17.5 41 11 19
24 56 13 22
36 84 15 27
52 121 55 97
72,5 169 64 115
100 233 107 190
123 286 120 210
145 337 130 230
170 395 140 248

u, pnd t; are as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

The first-pole-to-clear factor kpp is 1,5 for this case. The amplitude factor%y; is assumed to be 1,9.

U = Ur‘/% X kpp x1,9

NQTE 1 The transient voltage is of a damped (1-cos) form“and the values are for the first pole to clear. Stajed
u, falues do not take arc voltage, current chopping or rexignitions into account and actual measured u_ valges
cam be higher than those stated in this table.

NQTE 2 The values of ¢, are based on a mean capacitance value of load side capacitance C of
- 1500 pF for voltages below 52 kV;
- | 1750 pF for voltages at or above 52 kV-

If the actual values of C| are known fora particular application, then the applicable ¢, values can be calculafed
as|described in Annex A.

NQTE 3 The recovery voltages_given in the table are not necessarily representative for all field applicatiops,
bu{ are suitable to determine the current chopping behaviour of the switching device.
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Table 4 — Values of prospective transient recovery voltages — Rated voltages 100 kV to
1200 kV for effectively earthed systems — Switching shunt reactors with
earthed neutrals (See Table 2: In-service load circuit configuration 2)

Rated voltage Peak voltage Time parameter 1; 50 %

Ur e Load circuit 1 Load circuit 2

kV kV
s s

100 155 87 155
123 191 97 172
145 225 105 187
170 264 114 203
245 380 167 297
300 465 185 328
362 562 203 360
420 652 220 388
550 853 250 444
800 1240 300 536
1100 1700 - 1170
1200 1860 N 1220

u, pnd ¢, as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

The first-pole-to-clear factor kpp is 1,0 for this case. The amplitude.factor kot is assumed to be 1,9.

ug :U”%xkppxtg

NJTE 1 The transient voltage is of a damped (1-co§),form and the values are for the first pole to clear. Stafed
u, fvalues do not take arc voltage, current chopping, or re-ignitions into account and actual measured u_ valges
canm be higher than those stated in this table.

NQTE 2 The values of ¢; are based on a mean capacitance value of load side capacitance C, of

- | 1750 pF for voltages at or above 100KV and below 245 kV;
- 12600 pF for voltages of 245 kV_up'to and including 800 kV;
- 19000 pF for voltages above\800 kV.

If the actual values of C  are known for a particular application, then the applicable ¢, values can be calculafed
as|described in Annex A:

NQTE 3 The recaovery voltages given in the table are not necessarily representative for all field applicatiops,
bu{ are suitable te.determine the current chopping behaviour of the switching device.
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Table 5 — Values of prospective transient recovery voltages — Rated voltages 12 kV to
52 kV for effectively and non-effectively earthed systems — Switching shunt reactors

with isolated neutrals (See Table 2: In-service load circuit configuration 3)

Rated voltage Peak voltage Time parameter t; 0 %
Ur “o Load circuit 1 Load circuit 2
kV kV
s s
12 28 7 13
17,5 41 9 16
24 56 10 18
36 84 12 22
52 121 45 79

Th

NG

u

NG

vol

If 4
a

2]

NG
bu

bnd ¢, as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

e first-pole-to-clear factor koo is 1,5 for this case. The amplitude factor k,; is assumed to.be’1,9.

ug = U, /% X kgp x1,9

TE 1 The transient voltage is of a damped (1-cos) form and the values aré)for the first pole to clear. Sta
values do not take arc voltage, current chopping or re-ignitions into account and actual measured u_ val
be higher than those stated in this table.

TE 2 The values of 7, are based on a mean capacitance valug of load side capacitance C| of 500 pF
fages below 52 kV and 1750 pF for voltages of 52 kV.

he actual values of C| are known for a particular applicatien, then the applicable 7, values can be calcula
described in Annex A.

TE 3 The recovery voltages given in the table are not necessarily representative for all field applicatio
are suitable to determine the current chopping ‘hiehaviour of the switching device.

ed
es

for

ed
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Table 6 — Values of prospective transient recovery voltages — Rated voltages 12 kV to
52 kV for effectively and non-effectively earthed systems — Switching shunt reactors

with earthed neutrals (See Table 2: In-service load circuit configuration 4)

Rated voltage Peak voltage Time parameter ¢, —28 %

Ur e Load circuit 1 Load circuit 2
kV kV

us us
12 19 7 13
17.5 27 9 16
24 37 10 18
36 56 12 22
52 81 45 79

Uc

Th

NQ
Uc
ca

NQ
vol

If 4
a

[

NG
bu

and ¢; as defined in 4.102 of IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

b first-pole-to-clear factor &, is 1,0 for this case. The amplitude factor /¢ is assumed to be)1,9.

Ug :Ur‘%xkpprQ

TE 1 The transient voltage is of a damped (1-cos) form and the values are for the first pole to clear. Sta
values do not take arc voltage, current chopping or re-ignitions into account and actual measured u, val
be higher than those stated in this table.

TE 2 The values of 7, are based on a mean capacitance value ‘of load side capacitance C| of 500 pF
tages below 52 kV and 1750 pF for voltages of 52 kV.

he actual values of C are known for a particular applicatien, then the applicable ¢, values can be calcula
described in Annex A.

TE 3 The recovery voltages given in the table are‘not necessarily representative for all field applicatio
are suitable to determine the current chopping bebaviour of the switching device.

es

for

ed

Ths
bet
Thi

Ths

4.4

Thdg

values of t; are based on a-galculation at 50 Hz. There is no need to different
veen 50 Hz and 60 Hz sincexfhe stress of the tests with both frequencies is equival
5 is taken into account by thé-overlapping tolerances for the frequency of the test currer

test current shall be symmetrical (DC component lower than 20 %).

6.2 Load circuit 1

inductancewl,'of the load circuit shall be adjusted to give the breaking currents in Table

Table 7 — Load circuit 1 test currents

ate
bnt.

—

4.4.

6.3

Rated voltage Test current
kV A (£ 20 %)
<52 1600
52t0 72,5 630
100 to 800 315

NOTE A test at 315 A is not required for rated voltages
of 1100 kV and 1200 kV since such a current value
represents an unrealistic shunt reactor rating.

Load circuit 2

The inductance L of the load shall be adjusted to give the breaking currents in Table 8.
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Table 8 — Load circuit 2 test currents

Rated voltage Test current
kV A (20 %)
<52 500
52t0 72,5 200
100 to 1200 100

However, if the switching device is used to switch reactor currents smaller than these valyes,
the|load circuit 2 should be adjusted to give the lower limit of the actual current range. [The
lowgr the current the more severe the switching duty is for the switching device.

4.4)7 Earthing of the test circuit

Earthing of the test circuit shall be as indicated in Figures 3 to 5.

4.4)8 Test voltage

For|three-phase tests, the test voltage measured between the phases at the switching deyice
location immediately prior to the opening shall, with a tolerance/of +5%, be equal to the rdted
volfage U, of the switching device (Tables 3, 4, 5 and 6).

For| single-phase laboratory tests, the voltage meastured at the switching device location
immediately before the opening shall, with a tolerafice’ of +5%, be equal to the test voltageg as
stafed in Figure 4.

4.4)9 Test-duties
4.419.1 General

Thqg reactor switching tests shall censist of three three-phase test-duties or four single-phpse
test-duties using the supply circuit detailed in 4.4.4 and the load circuits detailed in 4.4|6.2
and 4.4.6.3.

Tegt-duties 1 and 2 shall be made at rated filling pressure for interruption, insulation pnd
opgration and shall consist of twenty breaking operations. They shall be made with each Ipad
cirduit with the initiation of the tripping impulse distributed at intervals of 9 electrical degrges
for three-phase tests or 18 electrical degrees for single-phase tests.

Tegt-duty .8 shall be performed at rated filling pressure for interruption, insulation pnd
opgration~for single-phase tests only and shall consist of 18 breaking operations. It shall be
performed with load circuit 2 around the arc duration at which the re-ignitions occurred in|the
preyvious test series with load circuit 2. Six breaking operations shall be made with |the
initiation of the tripping impulse at the point that gave the highest breakdown voltage u,,,
6 breaking operations with the initiation of the tripping impulse retarded by 9 electrical
degrees and 6 breaking operations with the initiation of the tripping impulse advanced by
9 electrical degrees. If no re-ignition occurs in the test-duty with load circuit 2, test-duty 3
shall consist of 6 breaking operations with the initiation of the tripping impulse at the point that
gave the shortest arcing time, 6 break tests with the initiation of the tripping impulse retarded
by 9 electrical degrees and 6 break tests with the initiation of the tripping impulse retarded by
a further 9 electrical degrees.

Test-duty 4 shall be performed at the minimum pressure for interruption, insulation and
operation using load circuit 2 only. For three-phase tests, 20 breaking operations shall be
made with the initiation of the tripping impulse distributed at intervals of 9 electrical degrees.
For single-phase tests, 20 breaking operations shall be made with the initiation of the tripping
impulse distributed at intervals of 18 electrical degrees.


https://iecnorm.com/api/?name=16d91ddc352dfda9b99765c5de15b529

- 24 - IEC 62271-110:2017 © IEC 2017

The test-duties are summarized in Table 9.

Table 9 — Test-duties for reactor current switching tests

Number of breaking operations
Test-duty Test current determined by
Three-phase Single-phase
1 20 20 Load circuit 1 (4.4.6.2)
2 20 20 Load circuit 2 (4.4.6.3)
3 - 18 Load circuit 2 (4.4.6.3)
4 20 20 Load circuit 2 (4.4.6.3)

Ths
Hoy

cur

4.4

At

techniques with sufficient bandwidth and time resolution:

4.4
Thdg

a)

b)

9.2 Test measurements

bast the following quantities should be recorded by oscillograph or other suitable recorg

supply side voltage, phase-to-earth;

voltage across switching device terminals;

load side voltage, phase-to-earth, at the terminal of the load reactor;
load side neutral point voltage to earth (invthree-phase tests);

current through the switching device.

9.3 Behaviour and condition*of switching device
criteria for successful testing'are as follows.

The switching device shall interrupt the current with at most one re-ignition leading

conduction of another Ioop of power-frequency current. This criterion applies to all th
switching device peles in three-phase tests.

re-ignition.

A visual Sinspection shall be performed to demonstrate that the re-ignitions occu

reakina capnability
~J Ll J

NOTE In many designs of circuit-breakers “auxiliary” nozzles are included that do not contribute to

current value used in test-duty 2, 3 and 4 is the minimum shunt reactor switching currgnt.
vever, if the switching device is to be used to switch reactor currents smaller than these
vallies, the current for test-duty 2, 3 and 4 shall be adjusted to the lower(limit of the ac
ent range or as close as possible to this current value. Calculation, of the applicablg ¢5
valdie for such a case is described in Annex A.

ng

to
ree

NOTE Multiple high-frequency re-ignitions in any one current zero crossing can be counted as one $uch

red

between._the arcing contacts only. There shall be no evidence of puncture, flashovef or
permanent tracking of the internal parts that contribute to the insulation. Wear of the parts
ofdthe”arc control devices exposed to the arc is permissible provided that it does not impair

the

insulation but assist the short-circuit current breaking process by the release of ablated vapour, leading to

material loss and deformation.

Moreover, the inspection of the insulating gap between the main contacts, if they
different from the arcing contacts, shall not show any trace of a re-ignition.

For switching devices with sealed-for-life interrupter units, no visual inspection is requi
but the dielectric condition test according to 6.2.11
IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 shall be performed.

are

red
of
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4.49.4 Test report

017

In addition to the requirements of Annex C of IEC 62271-100:2008, the test report shall
include a thorough description of the circuit including the following details (Figure 3, Figure 4
and Figure 5):

Lg: inductance of the source;

Ly, Lyp: inductance of connections;
L: inductance of reactor;

C,: capacitance of source;

C| : capacitance of load;
R: representation of load losses.

Thqg following quantities shall be measured and evaluated at each test (Figure 2~and Figur

pol

o SUPPression peak voltage to earth;

- initial voltage (at the instant of chopping);

i l0ad side voltage peak to earth;

iy, voltage across the switching device at re-ignition (if applicable);
arcing time;

breaking current;

test voltage.

In fhree-phase tests, the above quantities shall be reported for all three switching de
S.
E The application of the test results tox predict overvoltages in actual installations is treate

NOT
IEC

In @
incl

TR 62271-306.

ddition, the re-ignition-free arcing*window resulting from all tests shall be evaluated
uded in the report. This is the period of shortest arc duration during which no re-ignitio

D

6):

ice

And
h is

observed. In a three-phase test, this period refers to absence of re-ignition in all three pgles

of t

If g

ne switching device.

measured during the tests should be equal to or greater than the specified value. Evalua

int

his regard should consider the actual system frequency.

re-ignition-free arcing window has been specified, the re-ignition-free arcing wingow

ion
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Supply side voltage

= Uy a

IEC

power frequency voltage crest«alue to earth

arc voltage drop of switching“device
+u initial voltage to earth,at the moment of current chopping

suppression peak yoltage to earth

load side voltage peak to earth

maximum @vervoltage to earth (could be equal to u__ oru )
maximUm“peak-to-peak voltage excursion at re-ignition
voltage across the switching device at re-ignition

voltage across the switching device at the recovery peak

Figure 6 — lllustration of voltage transients at interruption of inductive current
for a single-phase test
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Annex A
(normative)

Calculation of 73 values

For the following cases, the required test circuit 3 values shall be calculated as described in
Annex A:

a)

for switching devices rated at less than 52 kV, where the required test current is less than

the 500 A value stated in Table 8;

b)

c)

Ste

whe

Ste
Cas

Tim

for switching devices rated 52 kV to 72,5 kV, where the required test current is lessit
the 200 A value stated in Table 8;

for switching devices rated at 100 kV to 1200 kV, where the required test current is |
than the 100 A value stated in Table 8.

b 1: Calculate the required inductance (L)

Ur
«/ga)l
re U, is the rated voltage, I is the required test current ard’ v = 314 rad/s at 50 Hz.

L=

1’8;1 Ur , with U, in kilovolt (kV), 7 in ampere(A) and L in henry (H), all at 50 Hz.

b 2: Calculate the required ¢5 value
e 1: Reactor neutral earthed

e to peak T for (1 — cosine) function is given by:

T =nvLC

Ratjo #53/T for an amplitude factor of 1,9 is 0,873:

t3 =0,873xx~+/LC =2,74x+LC x10° ps

whe

re_the value of C in farad (F) is taken from NOTE 2 in Tables 3, 4, 5 and 6 (default valu

nan

eSS

e if

actlalhvalue is not knn\A/n)

Case 2: Reactor neutral isolated

t3 =0,873xmx4[1,6 LC =3,36x+/LC x108 ps

EXAMPLE 1 U, = 245 kV, 50 Hz and required test current 75 A, reactor neutral earthed:

L= 1,84x245 _
75

6H
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13 = 2,74/6x2600x1072 x106 =342 s

EXAMPLE 2 U, = 36 kV, 50 Hz and required test current 350 A, reactor neutral isolated:

I 1,84 x 36

=0,19H
350

13 =3,36¢0,19x500x10~'? x10% =32,7 ps
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 110: Manceuvre de charges inductives

017

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalis
omposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), LNEC a

uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a desreomités d'études,

ternationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent également
avaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normadlisation (ISO), selon
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la me
u possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de |
téressés sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr
omme telles par les Comités nationaux de I'lEC. Tous les efforts\raisonnables sont entrepris afin que |
'assure de I'exactitude du contenu technique de ses publications;-'IEC ne peut pas étre tenue responsabl
Iléventuelle mauvaise utilisation ou interprétation qui en est faite. par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente les*Publications de I'l[EC dans leurs publications nation
t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationale
égionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation<de conformité. Des organismes de certification indépend
urnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marque
onformité de I'lEC. L'IEC n'est responsablgd'aucun des services effectués par les organismes de certifica
indépendants.

ous les utilisateurs doivent s'assurer'qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étre-imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandata|
compris ses experts particuliers”et les membres de ses comités d'études et des Comités nationaux de I
our tout préjudice causé enicas de dommages corporels et matériels, ou de tout autre dommage de quel
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) e
épenses découlant de.la publication ou de I'utilisation de cette Publication de I'lEC ou de toute 4
ublication de 'l|EC, obu)au crédit qui lui est accordé.

'attention est aitirée sur les références normatives citées dans cette publication. L'utilisation de publicat
éférencées est.obligatoire pour une application correcte de la présente publication.

‘attention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
llobjet de\droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels d
e brevets et de ne pas avoir signalé leur existence.

orme internationale IEC 62271-110 a été établie par le sous-comité 17A: Appareils

tion
bour

bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domdines
e I'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes internationjales,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS) et|des

aux

avaux desquels tout Comité national intéressé par le sujet traité peut participer: Les organisafions

aux
des

sure
IEC

bées
IEC
E de

e la
ales
ou

ants

tion

res,
EC,
que

les
utre

ions

aire
Foits

de

connexion, du comité d'études 17 de I'lEC: Appareillage haute tension.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

tous les appareils de connexion sont dorénavant couverts, et non uniquement
disjoncteurs;

les

un nombre limité d’essais T10 ne couvrent plus les essais d’établissement et de coupure

de courant de bobine d’inductance shunt en dessous de 52 kV;
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I’évaluation et la consignation d’'une plage de coupure sans réallumage ont été ajoutées.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
17A/1151/FDIS 17A/1155/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abo

uti a I'approbation de cette norme.

Ce

Ungd
Apq

Le
sta
reld

Le
cet

document a été rédigé selon les Directives ISO/IEC, Partie 2.

liste de toutes les parties de la série IEC 62271, publiées sous le titre* gén
areillage a haute tension, peut étre consultée sur le site web de I'lEC.

comité a décidé que le contenu de ce document ne sera pas modifié.avant la date]
tives au document recherché. A cette date, le document sera
reconduit,

supprimeé,

remplacé par une édition révisée, ou

amendé.

contenu des corrigenda de décembre 2017 et fevrier 2018 a été pris en considération d
exemplaire.

Bral

de

ilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch". dans les donnges

ANsS
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APPAREILLAGE A HAUTE TENSION -

Partie 110: Manceuvre de charges inductives

1 Domaine d’application

' v - C€ =S - C E1TTrS—C€ O 3 a cot
altdrnatif congus pour une installation a l'intérieur ou a l'extérieur, et pour fonctionner-a
fréquences de 50 Hz a 60 Hz, sur des réseaux de tensions supérieures a 1000 V, et \pré
poUyr I'établissement et la coupure de courants inductifs. Le présent document est applics
aux appareils de connexion (y compris les disjoncteurs selon I'lEC 62271-100) qui S
utilisés pour I’établissement et la coupure de courants de moteurs a haute ‘tension et
courants de bobines d'inductance shunt, et aussi aux contacteurs a haute -tension utili
pour I'établissement et la coupure de courants de moteurs a haute tensigon) tels que couv
par|l'lEC 62271-106.

La manceuvre de transformateurs a vide, c'est-a-dire la coupurede, Courants magnétisants
transformateurs, n’est pas prise en compte dans ce documenti- Les raisons pour cela sont
suiyantes:

a) |En raison du comportement non linéaire du circuit magnétique du transformateur, il n
pas possible de modéliser correctement I'établissement et la coupure d’un cou
magnétisant d’un transformateur en utilisant des \composants linéaires dans un laborat
d’essais. Les essais effectués en utilisantsun transformateur a disposition, tel qu
transformateur d’essai, sont valables seulemient pour le transformateur soumis a I’'esss
ne peuvent pas étre représentatifs pour d’autres transformateurs.

b) JAinsi qu’il est détaillé dans I'lEC TR,62271-306, les caractéristiques de cette manoeu
sont habituellement moins sévéresi'que les autres manceuvres d’établissement et
coupure de courants inductifs. Unetelle manceuvre peut produire des surtensions sévé
dans le ou les bobinages d'un transformateur en fonction de la caractéristique
réallumage de l'appareil de connexion et des fréquences de résonance du bobinage]
transformateur.

NOTE 1 L’établissement et la-colupure de bobines d’inductance tertiaire, du c6té haute tension du transforma
ne spnt pas couverts par le_présent document.

NOT|E 2 L’établissement-et la coupure de bobines d’inductance shunt mises a la terre a travers des bob
d’inquctance de neutre“/ne sont pas couverts par le présent document. Cependant, I'application des résu

ant
des
vus
ble
ont

de
SEs
pris

de
les

est
ant
Dire
‘un
i et

vre
de
res
de
du

eur,

ines
tats

d’espai, effectués suivant le présent document, a I’établissement et a la coupure des bobines d’inductance mises a

la tefre par bobine-d’inductance de neutre (schéma a quatre noyaux), est abordée dans I'lEC TR 62271-306.

2 |Références normatives

Les documents suivants citées dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule [I'édition citée

s’applique. Pour les références non datées, la derniére édition du document de référe
s'applique (y compris les éventuels amendements).

nce

IEC 60050-441, Vocabulaire électrotechnique international — Chapitre 441: Appareillage et

fusibles (disponible a I'adresse www.electropedia.org)

IEC 62271-1:2017, Appareillage a haute tension — Partie 1: Spécifications communes pour

appareillage a courant alternatif
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IEC 62271-100:2008, Appareillage a haute tension — Partie 100: Disjoncteurs a courant
alternatif
IEC 62271-100:2008/AMD1:2012

IEC 62271-106:2011, Appareillage a haute tension — Partie 106: Contacteurs, combinés de
démarrage a contacteurs et démarreurs de moteurs, pour courant alternatif

3 Termes et définitions

P 1 k. H <l 4 + <l % 1 % + PP Al I =¥a) 41
OLI 1o VT OVUITNTOo uu MICovTIit uquLeuniTerTit, 1o T o ol UTTITITUuITTO ue JU )

IELC 62271-1, ainsi que les suivants s’appliquent.

L'I§0 et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisges
en pormalisation, consultables aux adresses suivantes:

e [[EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e [SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
coyrant inductif
courant a fréquence industrielle fourni par un circuit inductiffayant un facteur de puissance
infdrieur ou égal a 0,5

3.2
arrachement du courant
interruption brusque du courant dans un appareil de connexion a un point de I'onde| de
courant autre que celle du passage a zéro du courant a fréquence industrielle

3.3
arrachement virtuel du courant
arragchement du courant dans I'une des trois phases d'un circuit triphasé provoqué par des
trarsitoires dans une autre phase du-circuit

3.4
créte d'extinction
premiére créte de la tension transitoire a la terre du c6té charge de I'appareil de connexion
aprgs l'interruption duseourant

Notg 1 a l'article: ¢La“créte d'extinction n'est pas nécessairement la valeur maximale absolue de la tension
transgitoire de rétablissement. Des amorgages préalables peuvent étre apparus a des valeurs de tension |plus
élevges.

3.5
créfede-rétablissement
valg¢ur'maximale de la tension a travers I'appareil de connexion, se produisant lorsqu¢ la
polarité de la tension de rétablissement est égale a la polarité de la tension a fréquence
industrielle

Note 1 a l'article: La créte de rétablissement n'est pas nécessairement la valeur maximale absolue de la tension
transitoire de rétablissement. Des amorgages préalables peuvent étre apparus a des valeurs de tension plus
élevées.

3.6

réallumage

rétablissement du courant entre les contacts d'un appareil mécanique de connexion au cours
d'une manceuvre de coupure, l'intervalle de temps durant lequel le courant est resté nul étant
inférieur a un quart de la période correspondant a la fréquence industrielle
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Note 1 a l'article: Dans le cas de la manceuvre de charges inductives, I'établissement du réallumage est un
événement a fréquence élevée, qui peut étre de nature simple ou multiple et qui peut, dans certains cas, étre
interrompu sans courant de suite a fréquence industrielle.

3.7

plage de coupure sans réallumage

durée de l'arc au cours d’'une manceuvre de coupure pendant laquelle les contacts d'un
appareil mécanique de connexion atteignent une distance empéchant le réallumage

4 Essais de type

4.1 Généralités

Les| disjoncteurs, selon I'lEC 62271-100, et les contacteurs, selon I'lEC 62271<106,| ne
disposent pas de caractéristiques assignées de manceuvres inductives dédiées. Toutefois,|les
appareils de connexion utilisés a cet effet doivent répondent aux exigences du prégent
dodument.

Poyr les essais d’établissement et de coupure de courant de bobinesdinductance shunt des
disjpncteurs, les valeurs des niveaux d’isolement assignés dans les \Tableaux 1a, 1b, 3 ¢t 4
de |'IEC 62271-1:2017 sont applicables, a Iexcept|on des essais”de tension combinég a
travers la distance de sectionnement (colonnes (6) et (8) du Tableau 3 et colonne (7)| du
Tahleau 4).

Les| essais de type sont, en plus de ceux spécifiés dans la norme de produit applicablg¢, a
I'exception des défauts proches en ligne, I'établissement et la coupure de courants| de
disgordance de phases et de courants capacitifs.

NOTIE 1 Cette exception est due au fait que le circuit de~charge par bobine d'inductance shunt ne comporte| pas
de spurce.

NOTE 2 Dans certains cas (niveaux élevés delsurtension par arrachement de courant, ou lorsqu’une bopine
d'inquctance de neutre est présente ou dans lgrcas de bobines d'inductance shunt avec neutre isolé), il peut|étre
nécgssaire de spécifier un niveau d’isolement approprié qui est plus élevé que les valeurs assignées donfpées
ci-dgssus.

Les| essais d’établissement et-de coupure de courants inductifs effectués pour un niveay de
courant et un type d’application donnés peuvent étre considérés comme valables pour| un
autre courant assigné et pour le méme type d’application, tel que détaillé ci-aprés:

a) |pour I'établissement et la coupure de bobines d'inductance shunt, de tensions assignges
supérieures ou égales a 52 kV, les essais a un niveau de courant particulier doivent gtre
considérés.comme valables pour des applications avec un niveau de courant jusqu’a 150 %
supérieur{a-la valeur du courant d’essai;

b) |pour L'établissement et la coupure de bobines d'inductance shunt de tensions assignges
inféfieures a 52 kV, des essais de type sont exigés;

c) [pouf I'établissement et la coupure de moteurs a haute tension, des essais de type pour|les
courants de moteurs bloqués a 100 A et 300 A sont considérés comme couvrant les
courants de moteurs bloqués dans la plage de 100 A a 300 A et le courant associé au
courant de court-circuit de la séquence d’essais T10, conformément a 6.106.1 de
I'IEC 62271-100:2008 pour les disjoncteurs et le courant d’emploi assigné pour les
contacteurs.

Selon a), I'objet des essais de type est de déterminer également la plage de coupure sans
réallumage pour des connexions contrélées (se reporter a I'lEC TR 62271-302) et il convient
de faire preuve de circonspection dans le cas des applications a des valeurs de courants
supérieures aux valeurs en essai puisque la plage de coupure sans réallumage peut
augmenter avec un courant plus élevé.
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L'Annexe B de I'|EC 62271-100:2008 peut étre utilisée en ce qui concerne les tolérances sur
les grandeurs d'essai.

4.2 Dispositions diverses pour les essais de manceuvres de charges inductives

Le paragraphe 6.102 de [I'IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012 est
applicable, avec I'ajout suivant:

Les essais d’établissement et de coupure de courant de moteur a haute tension et de bobine
d'inductance shunt doivent étre effectués a la tension assignée d'alimentation des circuits
au... - C€ commMmanae—ot; - a - ";";' i;"';i' deS
circuits auxiliaires et de commande pour obtenir un fonctionnement stable des manceuyres
verture et de fermeture, conformément a 6.102.3.1 de I'lEC 62271-100:2008.

Poyr les appareils de connexion a remplissage de gaz (y compris les appareils~de connexion
a vjde utilisant un support gazeux pour l'isolation), les essais doivent étre|effectués g la
pregsion de fonctionnement assignée pour la coupure et l'isolement,\excepté pouy la
séquence d’essais 4, pour laquelle la pression doit étre la préssion minimale | de
fongtionnement pour la coupure et I'isolement.

4.3 Essais d’établissement et de coupure de courants de moteurs a haute tension
4.311 Applicabilité

Le paragraphe 4.3 s'applique aux appareils de connexion triphasés a courant alternatif| de
tengsions assignées supérieures a 1 kV et allant jusqu'a 17,5 kV, utilisés pour I’établissenjent
et |a coupure de moteurs a haute tension. Les essais peuvent étre effectués a 50 Hz avec
undg tolérance relative de £10 %, ou 60 Hz avec. une tolérance relative de £10 %, les dpux
fréquences étant considérées comme équivalentes.

Les| essais d'établissement et de coupurée-'de moteurs s'appliquent a tous les appareils| de
connexion tripolaires de tensions assignées inférieures ou égales a 17,5 kV, qui peuvent ¢tre
utilisés pour I'établissement et la\coupure de moteurs asynchrones triphasés a cpge
d'ég¢ureuil ou a bagues. L'appareil’de connexion peut avoir une tension assignée plus élejée
qug celle du moteur lorsqu'il est raccordé au moteur par un transformateur abaissgur.
Cependant, l'application courante est le raccordement direct par cable de l'appareil| de
connexion au moteur. Lorsque des essais sont exigés, ils doivent étre effectués selon 4.3{2 a
4.319.

Lorgque des dispositifs limiteurs de surtension sont obligatoires pour les appareils soumis pux
esspis, des dispositifs limiteurs de tension peuvent étre inclus dans le circuit d'essa|, a
condition quelJes dispositifs fassent partie intégrante de I'appareil en essai.

Auqune/limite de surtension n'est donnée car les surtensions dépendent uniquement| de
I'application considérée. Les surtensions entre phases peuvent étre aussi significatives fue

les surtensions—entre-phase-etterre
HH8RSHeR RH-e-pha +—6H-6-

4.3.2 Généralités

Les essais de coupure et d'établissement peuvent étre effectués soit sur site, soit en
laboratoire. En ce qui concerne les surtensions, la coupure du courant d'un moteur de
démarrage ou bloqué est normalement la manceuvre la plus sévere.

En raison du comportement non linéaire du circuit magnétique du moteur, il n’est pas possible
de modéliser correctement I'’établissement et la coupure d’'un courant de moteur en utilisant
des composants linéaires dans un laboratoire d’essais. Les essais effectués en utilisant des
composants linéaires pour simuler des moteurs peuvent étre considérés comme plus
contraignants que I'établissement et la coupure de moteurs réels.
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Un circuit normalisé simulant un moteur bloqué est spécifié pour les essais en laboratoire
(voir la Figure 1). Les paramétres de ce circuit d'essai ont été choisis pour représenter un cas
relativement sévére en ce qui concerne les surtensions, et couvrent la majorité des
applications pratiques.

Les essais en laboratoire sont effectués pour prouver la capacité d'un appareil de connexion
a établir et a couper les courants de moteurs, et pour déterminer son comportement en ce qui
concerne les surtensions d'établissement et de coupure, les réallumages et I'arrachement de
courant. Ces caractéristiques peuvent servir de base a l'estimation du fonctionnement de
I'appareil de connexion avec d'autres circuits de moteurs. Les essais effectués avec les
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Représentation du Appareillage Circuit de substitution
Source Uy jeu de barres en essai Cable du moteur
Lg T : L R
C 1 :
\El T _/WY‘\ —.
@m . e 000
._@m ° \;, /f~ _rWY‘\/
IR
Ze Cs = _f_ -G
___ — _____ _____ — ’E
Légende

tension assignée

impédance de mise a la terre

inductance c6té source

capacité coté alimentation

inductance des condensateurs
et du raccordement

Représentation du jeu de barres

impédance assez forte pour limiterde courant de défaut phase-
terre au-dessous du courant d’esSail(peut étre infinie)

oLg < 0,10L, mais le courani-de court-circuit présumé < au
courant de court-circuit assigné de I'appareil de connexion en
essai

0,03 pyF a 0,05 uF poure circuit d’alimentation A
1,5 uF a 2 pF potrle circuit d’alimentation B

<2 uH

5 m a 7sm'de longueur espacés suivant la tension assignée

Ly inductance des connexions < 5%uH
Caple 100 m + 10 m, a écran, impédance caractéristique 30 Q a 50 Q
L inductance de substitution du circuit de charge 1: 100 A + 10 A
moteur
circuit de charge 2: 300 A £ 30 A
R résistance de substitutien du cos ¢ <0,2
moteur
Cp capacité paralléle de fréquence 10 kHz a 15 kHz
substitution-du-moteur
Rp résistance parallele de facteur d’amplitude 1,6 a 1,8
substitution du moteur
Figure 1 — Circuit d’essai d’établissement et de coupure de moteur
et résumé des paramétres
4.3.3 Caractéristiques des circuits d’alimentation
4.3.3.1 Généralités

Un circuit d’alimentation triphasé doit étre utilisé. Les essais doivent étre effectués en utilisant
deux circuits d’alimentation différents A et B, tel que spécifié respectivement en 4.3.3.2 et
4.3.3.3. Le circuit d’alimentation A représente le cas d’'un moteur connecté directement a un
transformateur. Le circuit d’alimentation B représente le cas dans lequel des cables en

paralléle sont connectés sur le c6té alimentation.
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4.3.3.2 Circuit d’alimentation A

L'alimentation triphasée peut étre mise a la terre par l'intermédiaire d'une impédance de forte
valeur ohmique, de telle sorte que la tension d'alimentation soit définie par rapport a la terre.
La valeur de l'impédance doit étre assez grande pour limiter le courant présumé d'un défaut
entre phase et terre a une valeur inférieure au courant d'essai.

L'inductance de la source Ly ne doit pas étre inférieure a celle qui correspond au courant
assigné de coupure de court-circuit de Il'appareil de connexion soumis a l'essai. Son
impédance doit aussi ne pas étre supérieure a 0,1 fois I'impédance de I'inductance du circuit
de hargp (\/nir 43 4)

La tapacité Cg du circuit d'alimentation est représentée par trois condensateurs branchéq en
étolle, dont le point commun est mis a la terre. Leur valeur, y compris les capacités nature]les
du [ircuit, doit étre de 0,04 yF + 0,01 yF. L'inductance L,, des condensateurs\et de lgurs
rac¢ordements ne doit pas dépasser 2 pH.

L'inductance du jeu de barres est représentée par trois barres longues de.6 m + 1 m chacune
et gspacées d'une distance appropriée a la tension assignée.

4.313.3 Circuit d’alimentation B

Commme le circuit d'alimentation A, avec une valeur de .apacité du circuit d'alimenta
porfée a 1,75 yF £ 0,25 uF.

on

4.314 Caractéristiques du circuit de charge
43141 Généralités

Un gircuit de charge triphasé doit étre utilise“Le circuit de substitution de moteur est raccqrdé
a I'pppareil de connexion en essai par.un cable a écran de 100 m + 10 m de long. Il|est
recommandé de connecter directement le cable aux bornes du moteur ou du circuit| de
subystitution.

Il cpnvient que l'inductance de“toute connexion intermédiaire ne dépasse pas 3 yH. Les dpux
exttémités de I'écran du cabledoivent étre mises a la terre, tel que représenté a la Figure 1.
Les| essais doivent étre effectués en utilisant deux circuits de substitution de moteur différents,
tel que spécifié en 4.3:4.2 et 4.3.4.3. L'inductance L,, des connexions entre I'appareill de
connexion et le cable™ne doit pas dépasser 5 uH.

NOTIE L’utilisation.d*un circuit d’essai triphasé est nécessaire afin de permettre I’éventualité d’un arrachement
virtuel du courant

4.314.2 Circuit 1 de substitution de moteur

Ung résistance et une inductance doivent étre montées en série pour obtenir un couran{ de
100 A+ 10 A, avec un facteur de puissance inferieur a 0,2 en retard. Le point commun ne doit
pas étre raccordé a la terre. Une résistance R, doit étre connectée en paralléle avec
I'impédance de chaque phase et la capacité Cp entre chaque phase et la terre, de sorte que le
circuit de substitution du moteur ait une fréquence propre de 12,5 kHz + 2,5 kHz et un facteur
d'amplitude de 1,7 + 0,1, mesurés sur chaque phase avec les deux autres phases connectées
a la terre. Les valeurs présumées des tensions transitoires de rétablissement doivent étre
déterminées conformément a I'Annexe F de I'lEC 62271-100:2008. Un transformateur peut
étre introduit a I'extrémité aval du cable. Celui-ci doit étre considéré comme faisant partie du
circuit de substitution du moteur.

4.3.4.3 Circuit 2 de substitution de moteur

Comme le circuit 1 de substitution de moteur, mais en réduisant la résistance en série et
I'inductance pour obtenir un courant de 300 A + 30 A avec un facteur de puissance inférieur a
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0,2 en retard. La tension transitoire de rétablissement présumée doit étre la méme que celle
qui est spécifiée pour le circuit 1 de substitution de moteur.

4.3.5 Tension d’essai

a) La moyenne des tensions appliquées ne doit pas étre inférieure a la tension assignée U,
divisée par V3 ni dépasser cette valeur de plus de 10 % sans I'accord du constructeur.

Les différences entre la valeur moyenne et les tensions appliquées a chaque péle ne
doivent pas dépasser 5%.

La tension assignée U, est celle de l'appareil de connexion lorsque le circuit de
ubstitutiom estutitise, mais etffe estTette dumoteur forsqu umm moteur Teer est utitise:

b) |La tension de rétablissement a fréquence industrielle du circuit d'essai peut étre_indiquée
en pourcentage de la tension de rétablissement a fréquence industrielle spécifiée(ci-agreés.
Elle ne doit pas étre inférieure a 95% de la valeur spécifiée et doit étre \maintehue
conformément au 6.104.7 de 'l|EC 62271-100:2008+IEC 62271-100:2008/AMD1:2012.

La moyenne des tensions de rétablissement a fréquence industrielle’ne doit pas ¢tre
inférieure a la tension assignée U, de I'appareil de connexion divisée par V3.

Il convient que la tension de rétablissement a fréquence industrielle’de n'importe quel gole
ne soit pas différente de plus de 20% de la valeur moyenne a(a, fin de la durée pendant
laguelle elle est maintenue.

La tension de rétablissement a fréquence industrielle doit étre mesurée entre les borhes
d'un pbdle dans chaque phase du circuit d'essai. Sa valeur.efficace doit étre déterminée|sur
I'oscillogramme entre une demi-période et une périede a la fréquence d'essai apgres
I'extinction finale de I'arc, comme indiqué sur la £igure 44 de I'lEC 62271-100:2008] La
distance verticale (respectivement 7y, V, et )I3) entre la créte de la deuxigme
demi-période et la ligne droite joignant les crétes respectives des demi-périodes
précédente et suivante, doit &tre mesurée ptiis divisée par 2V2 et multipliée par le facleur
d'étalonnage approprié pour donner la_valeur efficace de la tension enregistrée| de
rétablissement a fréquence industrielle:

4.3]6 Séquences d’essais

Les| essais d'établissement et de_goupure de courants de moteurs doivent consister en quatre
séquences d'essais, tel que spécifié au Tableau 1.

Tableau 1 — Séquences d’essais d’établissement et de coupure
de courants de moteurs

Séquence d’essais Circuit d’alimentation Circuit dems;t;ztritution de
1 A 1
2 A 2
3 B 1
4 B 2

Chaque séquence d'essais doit comprendre 20 essais avec les débuts des ordres de
fermeture et d'ouverture répartis a des intervalles de 9 degrés électriques environ.

Les essais ci-dessus doivent étre des cycles établissements—coupures ou des établissements
et coupures séparés, sauf pour les essais avec un moteur réel, pour lesquels ils doivent étre
seulement des établissements—coupures. Lorsque les essais sont effectués a I'aide du circuit
de substitution de moteur, les contacts de I'appareil de connexion ne doivent pas étre séparés
tant que toute composante continue du courant est inférieure a 20%. Une durée
d'établissement—coupure de 200 ms est recommandée pour les essais avec un moteur réel.
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4.3.7 Mesurages d'essai

Les grandeurs suivantes, au moins, doivent étre enregistrées a l'oscillographe ou avec
d'autres techniques d’enregistrement adéquates, avec une bande passante et une résolution
en temps suffisantes pour mesurer:

— la tension a fréquence industrielle;

— le courant a fréquence industrielle;

— la tension phase-terre aux bornes du moteur ou du circuit de substitution du moteur, dans
les trois phases.

4.3)8 Comportement et état de I’'appareil de connexion
Les| criteres permettant a un disjoncteur de satisfaire aux essais sont les suivants:

a) |le comportement du disjoncteur pendant les essais d'établissement et de coupure| de
courants de moteur est conforme aux conditions applicables données .€n 6.102.8| de
I'IEC 62271-100:2008;

b) les essais de tension doivent étre effectués conformément a 6.2.11 |de
'IEC 62271-100:2008+IEC 62271-100:2008/AMD1:2012;

c) fous les réallumages doivent se produire entre les contacts dlare.

Les| criteres permettant aux contacteurs de satisfaire aux essais sont énoncés en 6.102.9 de
'EC 62271-106:2011.

4.3)9 Rapport d’essai

En |plus des exigences de I'Annexe C de I'lEC 62271-100:2008, le rapport d'essai poit
conmprendre une description minutieuse du circuit, y compris des détails suivants:

a) |les dimensions principales et caractéristiques du jeu de barres et des connexiong a
I'appareil de connexion;

b) |les caractéristiques du cable:
1) longueur;

2) valeurs assignées;

3) type;

4) diélectrique deéuil'isolation principale — polyéthyléne réticulé (XLPE, cross-linked
polyethylene)s-papier/huile, etc.;

5) mise a la_ terre;

6) capacites;

7) ipipedance caractéristique.

c) leS/sparamétres du circuit de substitution de moteur:

1) fréquence propre;
2) facteur d'amplitude;
3) courant;
4) facteur de puissance.
d) ou les détails du moteur réel:
1) type et caractéristiques assignées;
2) tension assignée;
3) branchement des enroulements;
4) courant assigné du moteur;

5) courant de démarrage et facteur de puissance correspondant.
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