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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 110: Inductive load switching

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

this end and in addltlon to other activities,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and GU|des (he

2) The formal decisions or agreements of IEC on technical matters expre
consensus of opinion on the relevant subjects since each
interested IEC National Committees.

3) IEC Publications have the form of recommendations for~nt i < accepted by IEC National
Committees in that sense. While all reasongble effor{s are hat the technical content of IEC
Publications is accurate, IEC cannot be S in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, i i undertake to apply IEC Publications
transparently to the maximum extent posgible in thei ional and regional publications. Any divergence
between any IEC Publication and the corregpond Qr regjonal publication shall be clearly indicated in
the latter.

5) IEC provides no marking d indicate i and cannot be rendered responsible for any
equipment declared to bg in ce 1 E

6) All users should ensure|thakthe

7) No liability shall ach tg IEC orjits\directers,\empjloyees, servants or agents including individual experts and
members of its fe € tees and IEC\Natibnal Committees for any personal injury, property damage or
other damage of ah whether direct or indirect, or for costs (including legal fees) and
expenses arising o R icatt bs€ of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is grawn\o the NQ ve references cited in this publication. Use of the referenced publications is
indispensakie fo ion of this publication

9) Attentig e possibifity that some of the elements of this IEC Publication may be the subject of
paten held responsible for identifying any or all such patent rights

International C 62271-110 has been prepared by subcommittee 17A: High-voltage

switchgear and contro

gear, of IEC technical committee 17: Switchgear and controlgear.

This second edition cancels and replaces the first edition dated 2005 and constitutes an
editorial revision. The main changes from the first edition are that all references to IEC 60694
have been replaced with IEC 62271-1.
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The text of this standard is based on the following documents:

FDIS Report on voting
17A/843/FDIS 17A/856/RVD

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

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

This standard is to be read in conjunction with IEC 62271-1, first edition published in 2007,
and with IEC 62271-100, second edition, published in 2008, to which i{\efers and which are
applicable, unless otherwise specified. In order to simplify the indicgation (of\corresponding
requirements, the same numbering of clauses and subclauses is uged\as_in 6227]-1 and
IEC 62271-100. Additional subclauses are numbered from 101.

* reconfirmed;
* withdrawn;
» replaced by a revised edition, or

@%@
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 110: Inductive load switching

1 General

1.1  Scope

This International Standard is applicable to a.c. circuit-breakers designed for indoor or
outdoor installation, for operation at frequencies of 50 Hz and 60
voltages above 1000 V and applied for inductive current switching
short-circuit current breaking duties. The standard is applicak
accordance with IEC 62271-100 that are used to switch high-volia
reactor currents and also to high-voltage contactors used
currents [2].

Switching unloaded transformers, i.e. breaking transforme current, is not

Tests conducted using an availabl
valid for the transformer tested and

such a duty may prod ' ithin the transformer winding(s) depending
on the circuit-brea ignit; € i and transformer winding resonance
frequencies.

Short-line fault : waking and breaking and capacitive current switching
icableMo ; i i . i

are not applica
are therefore not in

Subclause 1

1.2

Subclause 1.2 62271-100 is applicable with the following addition:

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: High-voltage
alternating-current circuit-breakers

2 Normal and special service conditions

Clause 2 of IEC 62271-1 is applicable.

3 Definitions

For the purposes of this document, the definitions of IEC 60050(441) and IEC 62271-1 apply.
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4 Ratings

Clause 4 of IEC 62271-100 is applicable except for the references to short-line faults, out-of-
phase making and breaking, capacitive current switching and as noted in specific subclauses
below.

4.1 Rated voltage (U,)

Subclause 4.1 of IEC 62271-1 is applicable.

4.2 Rated insulation level

Subclause 4.2 of IEC 62271-1 is applicable with the following addition:

b ¥1-1 are

The rated values stated in Tables 1a and 1b and Tables 2a and
applicable with the exception of column (8) in the latter two tables.

NOTE 1 The reason for this exception is the passive nature of the shunt reactor load

NOTE 2 In some cases (high chopping overvoltage levels, or where a™s eactorNs present or in cases of
shunt reactors with isolated neutral), it may be necessary to speci
than the rated values given in Tables 1a, 1b, 2a and 2b.

4.3 Rated frequency (f;)

60 Hz.

4.4 Rated normal ¢

4.7 Rated duration of short-circuit (z,)
Subclause 4.7 of IEC 62271-100 is applicable.

4.8 Rated supply voltage of closing and opening devices and of auxiliary and control
circuits (U,)

Subclause 4.8 of IEC 62271-1 is applicable.

4.9 Rated supply frequency of closing and opening devices and auxiliary circuits

Subclause 4.9 of IEC 62271-1 is applicable.

4.10 Rated pressure of compressed gas supply for insulation, operation and/or
interruption

Subclause 4.10 of IEC 62271-1 is applicable.
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4.101 Rated short-circuit breaking current (I.)

Subclause 4.101 of IEC 62271-100 is applicable.

4.102 Transient recovery voltage related to the rated short-circuit breaking current

Subclause 4.102 of IEC 62271-100 is applicable.

4.103 Rated short-circuit making current

Subclause 4.103 of IEC 62271-100 is applicable.

4.104 Rated operating sequence

Subclause 4.104 of IEC 62271-100 is applicable.

4.108 Inductive load switching

This standard is applicable.

4.109 Rated time quantities

Subclause 4.109 of IEC 62271-100 is applicable,

4.110 Number of mechanical operati

Subclause 4.110 of IEC 62271-100 is

5 Design and constr

Clause 5 of IEC 62271

6 Type tests :

6.1 General

Inductive :
may be consid alid for another current rating and same type of application as detailed
below:

a) for high-voltage shunt reactor switching at rated voltage 52 kV and above, tests at a
particular current rating are to be considered valid for applications up to the tested current
value +20 %;

b) for shunt reactor switching at rated voltage below 52 kV, no type testing is required and
reference should be made to the guide [1];

c) for high-voltage motor switching, no further type testing is considered necessary for
stalled motor currents between 100 A and 300 A or for stalled motor currents between
300 A and the current associated with the short-circuit current of test duty T10 according
to 6.106.1 of IEC 62271-100.

6.2 Dielectric test

Subclause 6.2 of IEC 62271-100 is applicable with the following addition:
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Refer to 4.2 of this standard.

6.3 Radio interference voltage (r.i.v.) tests

Subclause 6.3 of IEC 62271-1 is applicable.

6.4 Measurement of the resistance of the main circuit

Subclause 6.4 of IEC 62271-1 is applicable.

6.5 Temperature-rise tests

Subclause 6.5 of IEC 62271-1 is applicable.

6.6 Short-time withstand current and peak withstand current

Subclause 6.6 of IEC 62271-1 is applicable.

6.7 Verification of protection

Subclause 6.7 of IEC 62271-1 is applicable.
6.8 Tightness tests
Subclause 6.8 of IEC 62271-1 is applisa

6.9 Electromagnetic compatibility (EMC) tests

is app 'cleQ

Subclause 6.9 of IEC 62271

6.101 Mechanical a

Subclause 6.10®E

IEC 62271-100"and atyrated functional pressure for interruption and insulation. For gas circuit-
breakers shunt reaefor switching tests shall also be performed at the minimum functional
pressure for interruption and insulation.

6.103 Test circuits for short-circuit making and breaking tests

Subclause 6.103 of IEC 62271-100 is applicable.

6.104 Short-circuit test quantities

Subclause 6.104 of IEC 62271-100 is applicable.

6.105 Short-circuit test procedures

Subclause 6.105 of IEC 62271-100 is applicable.
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6.106 Basic short-circuit test duties

Subclause 6.106 of IEC 62271-100 is applicable.

6.107 Critical current tests

Subclause 6.107 of IEC 62271-100 is applicable.

6.108 Single-phase and double-earth fault tests

Subclause 6.108 of IEC 62271-100 is applicable.

NOTE Subclauses 6.109 to 6.112 of IEC 62271-100 are not applicable to this standard.
6.114 High-voltage motor current switching tests

6.114.1 Applicability

This subclause is applicable to three-phase alternating current circuitebre ving rated
voltages above 1 kV and up to 17,5 kV, which are used/for itching high-voltage motors.
Tests may be carried out at 50 Hz with a relative tolerg 4z with a relative

voltage than the motor when connected to\ the rrough a stepdown transformer.
However, the more usual application ig ’ onnection between circuit-breaker and
motor. When tests are required, they shall imacgordance with 6.114.2 to 6.114.9.

No limits to the overvqltage e gi ervoltages are only relevant to the specific
application. Overvolta t 3 S may be as significant as phase-to-earth
overvoltages. :

6.114.2 General

The switching teSts &a d tests or laboratory tests. As regards overvoltages, the
switching of tp arting or stalled motor is usually the more severe operation.

using linear components in a test station. Tests using linear
components e motors can be considered to be more conservative than switching

actual 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 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 circuit-breaker 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 circuit-breaker
performance in other motor circuits. Tests performed with the test currents defined in 6.114.3
and 6.114.4 demonstrate the capability of the switching device to switch high-voltage motors
up to its rated 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 circuit-breaker and
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motor. However, the results of such field tests are only valid for circuit-breakers working in
circuits similar to those during the tests.

The apparatus under test includes the circuit-breaker with overvoltage protection devices if
they are normally fitted.

NOTE 1 Overvoltages may be produced when switching running motors. This condition is not represented by the
substitute circuit, but is regarded as less severe.

NOTE 2 The starting period switching of a slip-ring motor is generally less severe due to the effect of the starting
resistor.

NOTE 3 The rated voltage of the circuit-breaker may differ from that of the motor.

6.114.3 Characteristics of the supply circuits
6.114.3.1 General

A three-phase supply circuit shall be used. The tests shall b
supply circuits A and B as specified in 6.114.3.2 and 6.114/3

The source inductance L
breaking current of the
0,1 times the impedang

The supply side gapacitance §
Their value, inc ‘

inductance Ly, of

The busbar indus d by three bars forming a busbar each 6 m = 1 m in
length and spaced = i e appropriate to the rated voltage.

As supply
1,75 yF £ 0,25 pF&

with the value of the supply side capacitance increased to

6.114.4 Characteristics of the load circuit
6.114.4.1 General

A three-phase load circuit shall be used. The motor substitute circuit is connected to the
circuit-breaker 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.

The inductance of any intermediate connection should not exceed 3 pH. The shield of the
cable shall be earthed at both ends. The tests shall be performed using two different motor
substitute circuits as specified in 6.114.4.2 and 6.114.4.3. The inductance L,, of the
connections between the circuit-breaker and cable shall not exceed 5 pyH.
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6.114.4.2 Motor substitute circuit 1

Series-connected resistance 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 R, shall be connected in parallel with each phase impedance and
capacitance Co between each phase and earth so that the motor substitute circuit has a
natural 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 recovery
voltages values shall be determined in accordance with Annex F of IEC 62271-100. A
transformer may be introduced at the load end of the cable. This shall be considered as part
of the motor substitute circuit.

6.114.4.3 Motor substitute circuit 2

As motor substitute circuit 1, but with the series resistance and indu
a current of 300 A £ 30 A at a power factor less than 0,2 lagging.
recovery voltage shall be as specified for motor substitute circuit q.

6.114.5 Test voltage

a) The average value of the applied voltages shall e rated voltage U,

divided by \/gand shall not exceed this value b
the manufacturer.

jithout the consent of

specified value a
IEC 62271-100.

The power fr
from the ay

between the re¥pective peaks of the preceding and succeeding half-waves shall be

measured, and this, when divided by ZJE and multiplied by the appropriate calibration,
gives the r.m.s. value of the recorded power frequency recovery voltage.

6.114.6 Test duties

The motor current switching tests shall consist of four test duties as specified in Table 1.
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Table 1 — Test duties at motor current switching tests

Test duty Supply circuit Motor substitute circuit
1 A 1
2 A 2
3 B 1
4 B 2

The number of tests for each test duty shall be:

— 20 tests with the initiation of the closing and tripping impulses distributed\at intervals of

approximately 9 electrical degrees.

of 200 ms is recommended.

6.114.7 Test measurements

— power frequency voltage;
— power frequency current;

— phase-to-earth voltage
phases.

6.114.8 Behaviour
The criteria for s@

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

— main dimensions and characteristics of the bus and connections to the circuit-breaker;
— the characteristics of the cable:

— length;

— rated values;

- type;

— main insulation dielectric — XLPE, paper/oil, etc.;

— earthing;

— capacitances;

— surge impedance.
— the parameters of the substitute motor circuit:



