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Part 100: Alternating-current circuit-breakers

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this\end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the‘two organizations.

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

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

In order to promote international uniformity, IEC National Committ€es undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regiona) publication shall be clearly indicated in the latter.

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

All users should ensure that they have the latest/dition of this publication.

No liability shall attach to IEC or its directorsy'employees, servants or agents including individual experts and
members of its technical committees and IEC_National Committees for any personal injury, property damage or
other damage of any nature whatsoever; whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatioh,”use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no pésition concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the)date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to(implement this document. However, implementers are cautioned that this may not represent
the latest information; which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held.responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC.62271-100 edition 3.1 contains the third edition (2021-07) [documents 17A/1299/FDIS
and 17A/1305/RVD], its corrigendum 1 (2021-12 (applies only to the French version), its
corrigendum 2 (2022-07), its corrigendum 3 (2024-01), and its amendment 1 (2024-08)
| ““[documents 17A/1406/FDIS and 17A/1410/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions are in green text, deletions are in strikethrough red
text. A separate Final version with all changes accepted is available in this publication.
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International Standard IEC 62271-100 has been prepared by subcommittee 17A: Switching
devices, of IEC technical committee 17: High-voltage switchgear and controlgear.

This third edition cancels and replaces the second edition published in 2008,
Amendment 1:2012 and Amendment 2:2017. This edition constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

— the document has been updated to IEC 62271-1:2017;

— Amendments 1 and 2 have been included;

— the definitions have been updated, terms not used have been removed;
— Subclauses 7.102 through 7.108 have been restructured.

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, ‘and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC-Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types’ developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications!

This document is to be read in conjunction with IEC 62271-1, second edition, published in 2017,
to which it refers and which is applicable unless otherwise¢ specified. In order to simplify the
indication of corresponding requirements, the same numbering of clauses and subclauses is
used as in IEC 62271-1. Amendments to these clauses and subclauses are given under the
same references whilst additional subclauses are numbered from 101.

A list of all parts of IEC 62271 series, under’ the general title High-voltage switchgear and
controlgear can be found on the IEC website!

The committee has decided that the contents of this document and its amendment will remain
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the
data related to the specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT:.='The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION to Amendment 1
This amendment includes the following significant changes:

In IEC 62271-100:2021 there is a slight difference for the calculation of u, for T10 in Table 20
and Table 21. The u; value for T10 shall be the same for k,, 1,3 and k,, 1,5 because both
" ¢ P — I : - I YT A
covers cases of three-phase line faults with effectively earthed neutral systems. See also theo~>
notes in Table 20 and Table 21. By increasing the k4 from 1,76 to 1,765 the u, values afé

practically the same again for kop 1,3 and kop 1,5. (l/b&
Q

)
l\ .
X

— The description of the time parameters for the rated operated sequencg\ been updated

Furthermore:

— The definition of terminal fault has been updated.

(the parameters remained the same). (1/
— Rated voltages 15,5; 27 and 40,5 kV added to Table 1. (1,
— Additional criteria for dielectric test added. QQ

— It has been made explicit that partial discharge test only is anllcabIe to GIS and dead-tank

circuit-breakers. ’\
— Voltage test as condition check as per 7.2.12.103 ad@éﬂ% 7.2.12.101.
— The t, for T60 are corrected to the 7, values of T

— TRV values in Table 16, Table 17, Table 18, T&b\e 19, Table 20, Table 22, Table 23, Table
24, Table 25, Table 30 and Table F.1 havebden recalculated and updated.

— Requirement on having inrush making @nt in the same phase as minimum arcing times
during three-phase back-to-back cap% r bank current tests.

— Requirement to perform mechanicék‘a‘perating tests on all releases added.
— Existing tolerance for single-pl;%s@ and double-earth fault added to Table B.1.
— Tolerance for breaking curré@ L,5 updated in Table B.1.

Q\
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 100: Alternating-current circuit-breakers

1 Scope

This part of IEC 62271 is applicable to three-phase AC circuit-breakers designed for indogr.or
outdoor installation and for operation at frequencies of 50 Hz and/or 60 Hz on systemschaving
voltages above 1 000 V. This document includes only direct testing methods for' making-
breaking tests. For synthetic testing methods refer to IEC 62271-101.

NOTE In a direct testing method one source is used to supply the voltage and current during' the making and
breaking tests.

This part of IEC 62271 is not applicable to:

— circuit-breakers with a closing mechanism for dependent manualoperation;

— circuit-breakers intended for use on motive power units of electrical traction equipment;
these are covered by IEC 60077 (all parts) [1]7;

— generator circuit-breakers installed between generator and step-up transformer; these are
covered by the IEC 62271-37-013 [2];

— self-tripping circuit-breakers with tripping devices that cannot be made inoperative during
testing. Tests on automatic circuit reclosers aré.covered by IEC 62271-111 [3];

— tests to prove the performance under abnermal conditions that are not described in this
document are subject to agreement between manufacturer and user. Such abnormal
conditions are, for example, cases where the voltage is higher than the rated voltage of the
circuit-breaker, conditions which can-occur due to sudden loss of load on long lines or
cables.

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.

IEC 60050-151:2001, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical
and magnetic devices

IEC 60050+151:2001/AMD1:2013

IEC 60050-151:2001/AMD2:2014

IEC.60050-151:2001/AMD3:2019

tEC 60050-151:2001/AMD4:2020

IO oo 44410 L

QA4 4 F e | 4 £ L H L \/ N L LI
O OUUIU=SS 1. TIOS, IMTHRCTIatvriar Lieuiruilcorirnear vouitavdiary (I=v ) —
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

T Numbers in square brackets refer to the bibliography.
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IEC 60050-442:1998, International Electrotechnical Vocabulary (IEV) — Part 442: Electrical
accessories

IEC 60050-442:1998/AMD1:2015

IEC 60050-442:1998/AMD2:2015

IEC 60050-442:1998/AMD3:2019

IEC 60050-461:2008, International Electrotechnical Vocabulary (IEV) — Part 461: Electric

caonies

IEC 60050-601:1985, International Electrotechnical Vocabulary (IEV) — Part 601: Generation,
transmission and distribution of electricity — General

IEC 60050-601:1985/AMD1:1998

IEC 60050-601:1985/AMD2:2020

IEC 60050-614:2016, International Electrotechnical Vocabulary (IEV) — Part 614>~ Generation,
transmission and distribution of electricity — Operation

IEC 60059, IEC standard current ratings
IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements

IEC 60255-151:2009, Measuring relays and protection egquipment — Part 151: Functional
requirements for over/under current protection

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

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

IEC 62271-101, High-voltage switchgearand controlgear — Part 101: Synthetic testing

IEC 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating current
disconnectors and earthing switches

IEC 62271-200:20—2, Higtrvoltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC 62271-203, High-voltage switchgear and controlgear — Part 203: Gas-insulated metal-
enclosed switchgear for rated voltages above 52 kV

3 Terms and definitions

Forl_the purposes of this document, the terms and definitions given in IEC 60050-151,
IEC 60050-441, IEC 60050-442, IEC 60050-461, IEC 60050-601 and IEC 60050-614, some of
which are recalled hereunder, and the following apply.

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

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

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

2 Under preparation. Stage at the time of publication: IEC RFDIS 62271-200:2021.
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NOTE Terms and definitions are classified in accordance with IEC 60050-441. Reference from other parts than
IEC 60050-441 are classified so as to be aligned with the classification used in IEC 60050-441.

3.1 General terms and definitions

3.1.101
switchgear and controlgear
general term covering switching devices intended to be installed indoor or outdoor and their

combination with associated control, measuring, protective and reguiating equipment, also
assemblies of such devices and equipment with associated interconnections, accessories,
enclosures and supporting structures

[SOURCE: IEC 60050-441:1984, 441-11-01, modified — The definition has been rephrased/]

3.1.102

short-circuit current

overcurrent resulting from a short-circuit due to a fault or an incorrect connection in an electric
circuit

[SOURCE: IEC 60050-441:1984, 441-11-07]

3.1.103

isolated neutral system

system where the neutral point is not intentionally connected to earth, except for high
impedance connections for protection or measurement purposes

[SOURCE: IEC 60050-601:1985, 601-02-24]

3.1.104
solidly earthed (neutral) system
system whose neutral point(s) is (are) earthed directly

[SOURCE: IEC 60050-601:1985, 604<02-25]

3.1.105
impedance earthed (neutral) 'system
system whose neutral point(s) is (are) earthed through impedances to limit earth fault currents

[SOURCE: IEC 60050=601:1985, 601-02-26]

3.1.106

resonant earthed (neutral) system,

arc-suppression-coil-earth (neutral) system

systemiin ‘which one or more neutral points are connected to earth through reactances which
approximately compensate the capacitive component of a single-phase-to-earth fault current

[SOURCE: IEC 60050-601:1985, 601-02-27]

3.1.107

effectively earthed (neutral) system

system earthed through a sufficiently low impedance such that for all system conditions the
ratio of the zero-sequence reactance to the positive-sequence reactance (Xy/X;) is positive and
less than 3, and the ratio of the zero-sequence resistance to the positive-sequence reactance
(Ro/X4) is positive and less than 1

Note 1 to entry: Normally such systems are solidly earthed (neutral) systems or low impedance earthed (neutral)
systems.
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Note 2 to entry: The earthing conditions depend not only on the physical earthing conditions around the relevant
location but also on the total system.

3.1.108

non-effectively earthed (neutral) system

system other than effectively earthed neutral system, not meeting the conditions given in
3.1.107

Note 1 to entry: Normally such systems are isolated neutral systems, high impedance earthed (neutral) systems or
resonant earthed (neutral) systems.

Note 2 to entry: The earthing conditions depend not only on the physical earthing conditions around the relevant
location but also on the total system.

3.1.109

ambient air temperature

temperature, determined under prescribed conditions, of the air surrounding ‘the complete
switching device or fuse

Note 1 to entry: For switching devices or fuses installed inside an enclosure, it is the temperature of the air outside
the enclosure.

[SOURCE: IEC 60050-441:1984, 441-11-13]

3.1.110

temperature rise <of a part of a circuit-breaker>

difference between the temperature of the part underCconsideration and the ambient air
temperature

3.1.111

single capacitor bank

bank of shunt capacitors in which the inrush“current is limited by the inductance of the supply
system and the capacitance of the bank of* capacitors being energised, there being no other
capacitors connected in parallel to theksystem sufficiently close to increase the inrush current
appreciably

3.1.112

back-to-back capacitor bank

bank of shunt capacitors,_or capacitor assemblies each of them switched independently to the
supply system, the inrush”current of one capacitor or capacitor assembly being appreciably
increased by the capacCitors already connected to the supply

3.1.113
overvoltage-<in an electric power system>
voltage:

— between one line conductor and earth or across a longitudinal insulation having a peak value
exceeding the corresponding peak of the highest voltage of the system divided by V3

=\ between phase conductors having a peak value exceeding the amplitude of the highest
voltage of the system

[SOURCE: IEC 60050-614:2016, 614-03-10]
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3.1.114

out-of-phase conditions

abnormal circuit conditions of loss or lack of synchronism between the parts of an electrical
system on either side of a circuit-breaker in which, at the instant of operation of the circuit-
breaker, the phase angle between rotating vectors, representing the generated voltages on
either side, exceeds the normal value

NUtU 1 tU Ulltly. Tilv Iv\.{uilUlllUlltb Uf til;b UIULzUIIIUIIt bdtvl fUI tilv ylvat |||ajU|ity Uf app“batiuub Uf bilbuit-‘ulvdi’\vlb
intended for making and breaking during out-of-phase conditions. Out-of-phase angles corresponding to the specified
power frequency recovery voltages are given in 7.110.3. For extreme service conditions see 9.103.3.

3.1.115

out-of-phase <as prefix to a characteristic quantity>

qualifying term indicating that the characteristic quantity is applicable to operation of the gircuit-
breaker in out-of-phase conditions

3.1.116

unit test

test made on a making and breaking unit or group of making and breaking units at the making
current or the breaking current, specified for the test on the complete(pote of a circuit-breaker
and at the appropriate fraction of the applied voltage, or the recovery‘yoltage, specified for the
test on the complete pole of the circuit-breaker

3.1.117
loop
part of the wave of the current embraced by two successive current zero crossings

Note 1 to entry: A distinction is made between a major loop and a minor loop depending on the time interval between
two successive current zero crossings being longer or shorter than the half-period of the alternating component of
the current.

3.1.118

short-line fault

SLF

short-circuit on an overhead line ata’short, but significant, distance from the terminals of the
circuit-breaker

Note 1 to entry: As a rule this distance is not more than a few kilometres.

3.1.119

power factor <of acircuit>

ratio of the resistahce to the impedance at power frequency of an equivalent circuit supposed
to be formed by.a reactance and a resistance in series

3.1.120

externaliinsulation

distances in atmospheric air, and along the surfaces in contact with atmospheric air of solid
insulation of the equipment which are subject to dielectric stresses and to the effects of
atmospheric and other environmental conditions from the site

PN = 1 £ H ol RHH [TTH b HAH S H 4
ey~ =X Pre S O e viHro M e ar—C ot oS atr e P ottt oGty vV e —e1Cs

[SOURCE: IEC 60050-614:2016, 614-03-02]

3.1.121

internal insulation

internal distances of the solid, liquid or gaseous insulation of equipment which are protected
from the effects of atmospheric and other external conditions

[SOURCE: IEC 60050-614:2016, 614-03-03]
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3.1.122

disruptive discharge

phenomenon associated with the failure of insulation under electrical stress which includes a
collapse of voltage and the passage of current

Note 1 to entry: The term applies to electric breakdown in solid, liquid and gaseous dielectrics and combination of
these.

Note 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength; in a liquid
or gaseous dielectric the loss can be temporary only.

[SOURCE: IEC 60050-614:2016, 614-03-16]

3.1.123

non-sustained disruptive discharge

NSDD

disruptive discharge associated with current breaking, that does not result in thexresumption of
power frequency current or, in the case of capacitive current breaking does not'result in current
in the load circuit

Note 1 to entry: Oscillations following NSDDs are associated with the parasitic capacitance and inductance local to
or of the circuit-breaker itself. NSDDs can also involve the stray capacitance to ground of nearby equipment.

3.1.124

restrike performance

expected probability of restrike during capacitive current breaking as demonstrated by specified
type tests

Note 1 to entry: Specific numeric probabilities cannot be applied throughout a circuit-breaker service life.

3.1.125

re-ignition <of an AC mechanical switching’dévice>

resumption of current between the contacts of a mechanical switching device during a breaking
operation with an interval of zero current’of less than a quarter cycle of power frequency

[SOURCE: IEC 60050-441:1984,.441-17-45]

3.1.126

restrike <of an AC mechanical switching device>

resumption of current between the contacts of a mechanical switching device during a breaking
operation with an inferval of zero current of a quarter cycle of power frequency or longer

[SOURCE: IE€.60050-441:1984, 441-17-46]

3.1.127
current.chopping
current breaking prior to the natural power frequency current zero of the circuit connected

3:1.128
belted cable

multiconductor cable in which part of the insulation is applied to each conductor individually,
and the remainder is applied over the assembled cores

[SOURCE: IEC 60050-461:2008, 461-06-11]
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3.1.129

individually screened cable

radial field cable

cable in which each core is covered with an individual screen

[SOURCE: IEC 60050-461:2008, 461-06-12]

3.2 Assemblies

No definitions.

3.3 Parts of assemblies

No definitions.

3.4 Switching devices

3.4.101
switching device
device designed to make or break the current in one or more electri€ circuits

[SOURCE: IEC 60050-441:1984, 441-14-01]

3.4.102

mechanical switching device

switching device designed to close and open one or mgre electric circuits by means of separable
contacts

Note 1 to entry: Any mechanical switching device can be‘designated according to the medium in which its contacts
open and close, for example, air, SFG, oil.

[SOURCE: IEC 60050-441:1984, 441-14=02]

3.4.103

circuit-breaker

mechanical switching device-capable of making, carrying and breaking currents under normal
circuit conditions and also.making, carrying for a specified time and breaking currents under
specified abnormal circuit conditions such as those of short-circuit

[SOURCE: IEC 60050-441:1984, 441-14-20]

3.4.104
dead tank'eircuit-breaker
circuit-preaker in which the making and breaking units are housed in an earthed metal tank

[SOURCE: IEC 60050-441:1984, 441-14-25, modified — "interrupters" replaced with "making
and breaking units".]

3.4.105
live tank circuit-breaker
circuit-breaker in which the making and breaking units are housed in a tank insulated from earth

[SOURCE: IEC 60050-441:1984, 441-14-26, modified — "interrupters" replaced with "making
and breaking units".]
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3.4.106
air circuit-breaker
circuit-breaker in which the contacts open and close in air at atmospheric pressure

[SOURCE: IEC 60050-441:1984, 441-14-27]

3.4.107

oil circuit-breaker
circuit-breaker in which the contacts open and close in oil

Note 1 to entry: Typical examples of oil circuit-breakers are live tank minimum oil circuit-breakers and dead \fank
bulk oil circuit-breakers

[SOURCE: IEC 60050-441:1984, 441-14-28]

3.4.108
vacuum circuit-breaker
circuit-breaker in which the contacts open and close within a highly evacuated envelope

[SOURCE: IEC 60050-441:1984, 441-14-29]

3.4.109
sealed-for-life circuit-breaker
circuit-breaker having its making and breaking unit(s) in a-sealed pressure system

3.4.110
gas-blast circuit-breaker
circuit-breaker in which the arc develops in a blast of gas

Note 1 to entry: Where the gas is moved by a difference in pressure established by mechanical means during the
opening operation of the circuit-breaker, it is ternied a single pressure gas-blast circuit-breaker. Where the gas is
moved by a difference in pressure established‘before the opening operation of the circuit-breaker, it is termed a
double pressure gas-blast circuit-breaker.

[SOURCE: IEC 60050-441:19844441-14-30]

3.4.111
sulphur hexafluoride circuit-breaker
SF¢ circuit-breaker.

circuit-breaker in which the contacts open and close in sulphur hexafluoride
[SOURCE: IE€-60050-441:1984, 441-14-31]

3.4.112
air-blast circuit-breaker
gas-blast circuit-breaker in which the gas used is air

[SOURCE: IEC 60050-441:1984, 441-14-32]

3.4.113

self-tripping circuit-breaker

circuit-breaker which is tripped by a current in the main circuit without the aid of any form of
auxiliary power
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3.5 Parts of circuit-breakers

3.5.101

pole

portion of a switching device associated exclusively with one electrically separated conducting
path of its main circuit and excluding those portions which provide a means for mounting and
operating all poles together

Note 1 to entry: A switching device is called single-pole if it has only one pole. If it has more than one pole, it can
be called multipole (two-pole, three-pole, etc.) provided the poles are or can be coupled in such a manner as to
operate together.

[SOURCE: IEC 60050-441:1984, 441-15-01]

3.5.102

main circuit <of a switching device>

all the conductive parts of a switching device included in the circuit which it is designed to close
or open

[SOURCE: IEC 60050-441:1984, 441-15-02]

3.5.103

control circuit <of a switching device>

all the conductive parts (other than the main circuit) of a swit¢ching device which are included in
a circuit used for the closing operation or opening operation; or both, of the device

[SOURCE: IEC 60050-441:1984, 441-15-03]

3.5.104

auxiliary circuit <of a switching device>

all the conductive parts of a switching device which are intended to be included in a circuit other
than the main circuit and the control citebits of the device

Note 1 to entry: Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking etc., and, as
such, they can be part of the control cireuit of another switching device

[SOURCE: IEC 60050-441:1984, 441-15-04]

3.5.105

contact <of a mechanical switching device>

conductive parts designed to establish circuit continuity when they touch and which, due to their
relative motion._during an operation, open or close a circuit, or in the case of hinged or sliding
contacts, maintain circuit continuity

[SOUREE: IEC 60050-441:1984, 441-15-05]

3:5:106
main contact
contact included in the main circuit of a mechanical switching device, intended to carry, in the

closed position, the current of the main circuit

[SOURCE: IEC 60050-441:1984, 441-15-07]
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3.5.107
arcing contact
contact on which the arc is intended to be established

Note 1 to entry: An arcing contact can serve as a main contact; it can be a separate contact so designed that it
opens after and closes before another contact which it is intended to protect from injury.

[SOURCE: IEC 60050-441:1984, 441-15-08]

3.5.108

control contact

contact included in a control circuit of a mechanical switching device and mechanically openated
by this device

[SOURCE: IEC 60050-441:1984, 441-15-09]

3.5.109
auxiliary contact
contact included in an auxiliary circuit and mechanically operated by the switching device

[SOURCE: IEC 60050-441:1984, 441-15-10]

3.5.110

auxiliary switch <of a mechanical switching device>

switch containing one or more control and/or auxiliary ¢éontacts mechanically operated by a
switching device

[SOURCE: IEC 60050-441:1984, 441-15-11]

3.5.111

“a” contact

make contact

control or auxiliary contact which iselosed when the main contacts of the mechanical switching
device are closed and open when theey are open

[SOURCE: IEC 60050-441:1984, 441-15-12]

3.5.112

“b” contact

break contact

control or auxiliary contact which is open when the main contacts of a mechanical switching
device are closed and closed when they are open

[SOUREE: IEC 60050-441:1984, 441-15-13]

35113
butt contact
contact in which relative movement of the contact pieces is substantially in a direction

perpendicular to the contact surface

[SOURCE: IEC 60050-441:1984, 441-15-14]
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3.5.114

release <of a mechanical switching device>

device, mechanically connected to a mechanical switching device, which releases the holding
means and permits the opening or the closing of the switching device

[SOURCE: IEC 60050-441:1984, 441-15-17]

3.5.115

overcurrent release

release which permits a mechanical switching device to open with or without time-delay whén
the current in the release exceeds a predetermined value

Note 1 to entry: This value can in some cases depend upon the rate-of-rise of current.

[SOURCE: IEC 60050-441:1984, 441-16-33, modified — Replacement of "may" with-"can".]

3.5.116

inverse time-delay overcurrent release

overcurrent release which operates after a time-delay inversely dependent upon the value of
the overcurrent

Note 1 to entry: Such a release may be designed so that the time-delay approaches a definite minimum value for
high values of overcurrent.

[SOURCE: IEC 60050-441:1984, 441-16-35]

3.5.117

direct overcurrent release

overcurrent release directly energised by the’ current in the main circuit of a mechanical
switching device

[SOURCE: IEC 60050-441:1984, 441-16-36]

3.5.118
shunt release
release energised by a source*of voltage

Note 1 to entry: The sourcéelef voltage can be independent of the voltage of the main circuit.

[SOURCE: IEC 60050-441:1984, 441-16-41]

3.5.119

under-voltage release

shunt release which permits a mechanical switching device to open or close, with or without
time-delay, when the voltage across the terminals of the release falls below a predetermined
valle

[SOURCE: IEC 60050-441:1984, 441-16-42]

3.5.120

anti-pumping device

device which prevents reclosing after a close-open operation as long as the device initiating
closing is maintained in the position for closing

[SOURCE: IEC 60050-441:1984, 441-16-48]
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3.5.121

interlocking device

device which makes the operation of a switching device dependent upon the position or
operation of one or more other pieces of equipment

[SOURCE: IEC 60050-441:1984, 441-16-49]

3.5.122

circuit-breaker with lock-out preventing closing

circuit-breaker in which none of the moving contacts can make current if the closing command
is initiated while the conditions which should cause the opening operation remain established

[SOURCE: IEC 60050-441:1984, 441-14-23]

3.5.123

arc control device

device, surrounding the arcing contacts of a mechanical switching device;, designed to confine
the arc and to assist in its extinction

[SOURCE: IEC 60050-441:1984, 441-15-18]

3.5.124

connection <bolted or equivalent>

two or more conductors designed to ensure permanent. circuit continuity when forced together
by means of screws, bolts or the equivalent

3.5.125

terminal

conductive part of a device, electric circuit of electric network, provided for connecting that
device, electric circuit or electric networkito*one or more external conductors

Note 1 to entry: The term "terminal” is also Wsed for a connection point in circuit theory.

[SOURCE: IEC 60050-151:20013151-12-12]

3.5.126
making and breaking.unit
part of a circuit-breaképwithin which the flow of current is initiated and interrupted

3.5.127

enclosure <of'an assembly>

part of an(@ssembly providing a specified degree of protection of equipment against external
influencés and a specified degree of protection against approach to or contact with live parts
and against contact with moving parts

[SOURCE: IEC 60050-441:1984, 441-13-01]

.Y P W.Y.Y

J.J. 140
operating mechanism
part of the circuit-breaker that actuates the main contacts

3.5.129

power kinematic chain

mechanical connecting system from and including the operating mechanism up to and including
the moving contacts
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3.5.130
alternative operating mechanism

alternative-operating-mechanism-is—obtained-when-a-change in the power kinematic chain of
the original operating mechanism or-the use of-an—entirely a different operating mechanism

leads-te which retains the same mechanical characteristics

Note 1 to entry: An alternative operating mechanism can utilise an operating principle different from the original

one-{for example-the alternative-mechanism-can-be-spring-cperated-and-the-original-hyvdraulic)
< g P g ) 24 7

3.5.131
resistor switch
contacts intended for switching of a resistive element

3.5.132
vacuum interrupter
contacts in a highly evacuated, hermetically sealed envelope

3.6  Operational characteristics

3.6.101
operation <of a mechanical switching device>
transfer of the moving contact(s) from one position to an adjacent position

Note 1 to entry: For a circuit-breaker, this can be a closing operation or'an opening operation.

Note 2 to entry: If distinction is necessary, an operation in the jelectrical sense, for example make or break, is
referred to as a switching operation, and an operation in the mechanical sense, for example close or open, is referred
to as a mechanical operation.

[SOURCE: IEC 60050-441:1984, 441-16-01]

3.6.102

operating cycle <of a mechanical switching device>

succession of operations from one position to another and back to the first position through all
other positions, if any

[SOURCE: IEC 60050-441:1984, 441-16-02]

3.6.103
operating sequence.<of a mechanical switching device>
succession of specified operations with specified time intervals

[SOURCE: IE€60050-441:1984, 441-16-03]

3.6.104
switching
clasing and/or opening of one or more electrical circuits

3.6.105

= £ ) H 1 O ! H
ClOSIIIg OpEIatlun Ul d TTiciriarmnidl bVVItL;IIIIIg UcvVvittc

operation by which the device is brought from the open position to the closed position

[SOURCE: IEC 60050-441:1984, 441-16-08]
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3.6.106
opening operation <of a mechanical switching device>
operation by which the device is brought from the closed position to the open position

[SOURCE: IEC 60050-441:1984, 441-16-09]

3.6.107

auto-reclosing <of a mechanical switching device>
operating sequence of a mechanical switching device whereby, following its opening, it closes
automatically after a predetermined time

[SOURCE: IEC 60050-441:1984, 441-16-10]

3.6.108

dependent manual operation <of a mechanical switching device>

operation solely by means of directly applied manual energy, such that the sp&ed and force of
the operation are dependent upon the action of the operator

[SOURCE: IEC 60050-441:1984 441-16-13]

3.6.109

dependent power operation <of a mechanical switching device>

operation by means of energy other than manual, wherethé completion of the operation is
dependent upon the continuity of the power supply (to solenoids, electric or pneumatic motors,
etc.)

[SOURCE: IEC 60050-441:1984, 441-16-14]

3.6.110

stored energy operation

operation by means of energy stored®in’ the mechanism itself prior to the completion of the
operation and sufficient to complete-itunder predetermined conditions

Note 1 to entry: This kind of operation-can be subdivided according to:
a) The manner of storing the energy (spring, weight, etc.);
b) The origin of the energy (manual, electric, etc.);

c) The manner of releasing)the energy (manual, electric, etc.).

SOURCE: IEC 60050-441:1984, 441-16-15]

3.6.111
closed position <of a mechanical switching device>
positioniin which the predetermined continuity of the main circuit of the device is secured

[SOURCE: IEC 60050-441:1984, 441-16-22]

36112

open position <of a mechanical switching device>
position in which the predetermined clearance between open contacts in the main circuit of the
device is secured

[SOURCE: IEC 60050-441:1984, 441-16-23]
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3.6.113
operating current <of an overcurrent release>
current value at and above which the release can operate

[SOURCE: IEC 60050-441:1984, 441-16-45]

3.6.114

current setting <of an overcurrent release>
value of the operating current for which the release is adjusted and in accordance with which
its operating conditions are defined

[SOURCE: IEC 60050-441:1984, 441-16-46]

3.6.115

current setting range <of an overcurrent release>

range between the minimum and maximum values over which the current setting of the release
can be adjusted

[SOURCE: IEC 60050-441:1984, 441-16-47]

3.7 Characteristic quantities

Figure 1 through Figure 7 illustrate some definitions of this'subclause.

Time quantities, see definitions 3.7.131 to 3.7.143, are-expressed in milliseconds or in cycles.
When expressed in cycles, the power frequency sheuld be stated in brackets. In the case of
circuit-breakers incorporating switching resistorS)*a distinction is made, where applicable,
between time quantities associated with the contacts switching the full current and the contacts
switching the current limited by switching resistors.

Unless otherwise stated, the time quantities referred to are associated with the contacts
switching the full current.
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Key to Figure 1:
U, voltage across the terminals of the first-pole- « (peak) making current
to-clear b peak-to-peak value of the breaking current
I current in the first-pole-to-clear ¢ peak value of the alternating component
U,, U;  voltage across the terminals of the two other ¢ direct current (DC) component
poles e applied voltage
1, current in the two other poles f recovery voltage
Cc closing command, for example voltage across 4 TRV
the terminals of the closing circuit
) h power frequency recovery voltage
(0] opening command, for example voltage across ) ]
the terminals of the opening release J opening time
f initiation of the closing operation k arcing time
t, instant of the voltage breakdown ! break-time
make time
1y instant when the current is established in all "
poles n major loop
t initiation of the opening operation p minor loop

instant when the arcing contacts have major extended |oop

separated (or instant of initiation of the arc) in
all poles

instant of final arc extinction in all poles

instant when the transient voltage phenomena
have subsided in the last pole to clear

Figure 1 — Typical oscillogram of a three-phase short-circuit make-break cycle
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Notes to the following Figure 2 to Figure 7:

NOTE 1 In practice, there will be a time spread between the travel of the contacts of the three poles. For clarity the
travel of the contacts in the figures is indicated with a single line for all three poles.

NOTE 2 In practice, there will be a time spread between both the start and end of current flow in the three poles.
For clarity, both the start and end of current flow in the figures is indicated with a single line for all three poles.

’L___________

I
I
I
I | i 4 Y
4 i ! > ! : i Time
; I |
5 I | Time . 12 : |
| no_! ! 13!
| 116! ! p >
I |
| ! | 14 Lo
| 7 1 ¢ >
‘—H—»: | [
| 1
| | 9 15 16 17 IEC
1 1
10 8 11 e
Opening operation Closing operation
Key
1 Closed position 10 Initiation of opening operation, 3.7.153
2 Contact travel 11 Instant of final arc extinction in all poles
3 Open position 12 Make time, 3.7.135
4 Current flow 13 Pre-arcing time, 3.7.136
5 Opening time, 3.7 134 14  Closing time, 3.7.134
6 Total arcing time»3.7.154 15 Initiation of closing operation, 3.7.153
7 Break-time, 3.7.133 16  Instant of start of current flow in the first pole
8 Instant™of\separation of arcing contacts in first 17 Instant of contact touch in all poles
opening’pole
9 Instant of separation of arcing contacts in all

poles

Figure 2 — Circuit-breaker without switching resistors — Opening and closing operations



https://iecnorm.com/api/?name=a5c899c656125484b89233c5cb4b99a9

REDLINE VERSION

-32 - IEC 62271-100:2021+AMD1:2024 CSV

© IEC 2024

| | 1
| | |
| [ | |
| 11 | |
| 11 | |
| 11 | | 2
| 11 | |
| 11 | |
A | | | | |
o [ | |
| 11 | |
| 11 | |
| 11 | |
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| | t | |
| | | | |
| | | I |
| —1 1 | [N
| | | | |
| b | | |
| rol [ I
: 8 9 : 11 12 |
|
7 10 13
IEC
Key
1 Closed position 8 Instant of start of current flow in the first pole
2 Contact travel 9 Instant of contact touch in the first closing pole
3 Open position 10 (Ipstant of contact touch in all poles
4 Current flow 43< Initiation of opening operation, 3.7.153
5 Close-open time, 3.7.141 12 Instant of separation of arcing contacts in all poles
6 Make-break time, 3.7.142 13 Instant of arc extinction in all poles
7 Initiation of closing operation, 3.7.153

Figure 3 — Circuit breaker without switching resistors — Close-open cycle
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| | [ [ | |
9 10 11 12 18)15
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Key
1 Closed position 9 Initiation_of{opening operation, 3.7.153
2 Contact travel 10 Instant,of’separation of arcing contacts in all poles
3 Open position 11 Instant of final arc extinction in all poles
4 Current flow 12 Initiation of closing operation, 3.7.153
5 Dead time, 3.7.138 13 Instant of start of current flow in the first closing pole
6 Open-close time, 3.7.137 14 Instant of contact touch in first pole
7 Re-make time, 3.7.140 15 Instant of contact touch in all poles
8 Reclosing time, 3.7.139

Figure 4 — Circuit-breaker without switching resistors — Reclosing (auto-reclosing)



https://iecnorm.com/api/?name=a5c899c656125484b89233c5cb4b99a9

REDLINE VERSION - 34 - IEC 62271-100:2021+AMD1:2024 CSV
© IEC 2024

1

|
|
|
| I
| I
I b
I b
I b
I b
3 3 | | |
T T T
I b
I : I
| T
> L ﬂ_! ' 4 >
Time IL 14 10 Time
f 16
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I 4711
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| I
| g1 |19
' |
e 13 20 2112 e
Opening operation Closing operation
Key
1 Closed position 12 Instant of.arc.extinction in all poles — Resistor
current
2 Contact travel 13 Initiation of the closing operation, 3.7.153
3 Open position 14 , Make time, 3.7.135
4 Current flow 15 Closing time, 3.7.134
5 Opening time, 3.7.131 16  Pre-arcing time, 3.7.136
6 Total arcing time, 3.7.154 17  Pre-insertion time, 3.7.143
7 Break-time, 3.7.133 18 Instant of contact touch in the closing resistor of
any one pole
8 Initiation of opening operation, 3.7°453 19 Instant of contact touch in all poles
9 Instant of separation of arcing-gontacts in first 20 Instant of start of current flow in the first pole —
opening pole Resistor current
10 Instant of separation ofiarcing contacts in all 21 Instant of the start of current flow in the first pole —
poles Full current
11 Instant of arc extinction in all poles — Full 22 Instant of contact touch in the making and breaking
current unit of the same pole as regarded for the resistor

Figure 5 5 Circuit-breaker with switching resistors — Opening and closing operations
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Key
1 Closed position 10 Instant of contact touch in the closing resistor
of any one pole
2 Contact travel 11 Instant of start of current flow in the first pole
— Full current
3 Open position 12 Instant of contact touch in the making and
breaking unit of the same pole as regarded
for the resistor
4 Current flow 13 Instant of contact touch in all poles
5 Close-open time, 3.7.141 14 Initiation of opening operation, 3.7.153
6 Pre-insertion time, 3.7.143 15 Instant of separation of arcing contacts in all
poles
7 Make-break time, 3w/\142 16 Instant of arc extinction in all poles — Full
current
8 Initiation of elosing operation, 3.7.153 17 Instant of arc extinction in all poles —
Resistor current
9 Instant ofi.start of current flow in the first

pole™=Resistor current

Figure 6 — Circuit-breaker with switching resistors — Close-open cycle
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9 10 1112 13 Yls 19
I
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Key
1 Closed position 11 Instant of arc extinction in all poles — Full
eufrent
2 Contact travel 12 Instant of arc extinction in all poles — Resistor
current
Open position 13 Initiation of closing operation, 3.7.153
4 Current flow 14 Resistor current
5 Dead time, 3.7.138 15 Instant of contact touch in the closing resistor
of any one pole
6 Open-close time, 3.7.137 16 Instant of start of current flow in the first pole —
Full current
7 Re-make time, 3.7.140 17 Pre-insertion time, 3.7.143
8 Reclosing time, 3.7.139 18 Instant of contact touch in the breaking unit of
the same pole as regarded for the resistor
9 Initiation of opening operation, 3.7.153 19 Instant of contact touch in all poles
10 Instant of séparation of arcing contacts in

all poles

Figure 7 — Circuit-breaker with switching resistors — Reclosing (auto-reclosing)

357101
rated value

quantity value assigned, generally by the manufacturer, for a specified operating condition of a

component, device or equipment

Note 1 to entry: Examples of rated value usually stated for fuses: voltage, current, breaking capacity.

[SOURCE: IEC 60050-441:2000, 441-18-35]
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3.7.102

prospective current <of a circuit and with respect to a switching device or a fuse>

current that would flow in the circuit if each pole of the switching device or the fuse were
replaced by a conductor of negligible impedance

Note 1 to entry: The method to be used to evaluate and to express the prospective current is specified in the
relevant publications.

[SOURCE: IEC 60050-441:1984, 441-17-01]

3.7.103

prospective peak current

peak value of the first major loop of the prospective current during the transient period following
initiation

Note 1 to entry: The definition assumes that the current is made by an ideal circuit-breaker, i.e. With instantaneous
and simultaneous transition of its impedance across the terminals of each pole from infinity to_zero. The peak value
can differ from one pole to another; it depends on the instant of current initiation relative to the‘voltage wave across
the terminals of each pole.

3.7.104
peak current
peak value of the first major loop of current during the transient period following initiation

3.7.105

prospective symmetrical current <of an AC circuit>

prospective current when it is initiated at such an instant/that no transient phenomenon follows
the initiation

Note 1 to entry: For polyphase circuits, the condition of\aon-transient period can only be satisfied for the current in

one pole at a time.

Note 2 to entry: The prospective symmetrical current is expressed by its RMS value.

[SOURCE: IEC 60050-441:1984, 441217-03]

3.7.106

maximum prospective peak\current <of an AC circuit>

prospective peak current.when initiation of the current takes place at the instant which leads to
the highest possible value

Note 1 to entry: For a.multiple device in a polyphase circuit, the maximum prospective peak current refers to a
single pole only.

[SOURCE;IEC 60050-441:1984, 441-17-04]

3.7.107
prospective making current <for a pole of a switching device>
prespective current when initiated under specified conditions

Note 1 to entry: The specified conditions can relate to the method of initiation, for example by an ideal switching

device, or to the instant of initiation, for example leading to the maximum prospective peak current in an AC circuit,
or to the highest rate of rise. The specification of these conditions is found in the relevant publications.

[SOURCE: IEC 60050-441:1984, 441-17-05]
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3.7.108

making current

peak value of the first major loop of the current in a pole of a circuit-breaker during the transient
period following the initiation of current during a making operation

Note 1 to entry: The peak value can differ from one pole to another and from one operation to another as it depends
on the instant of current initiation relative to the wave of the applied voltage.

Note 2 to entry: Where, for a polyphase circuit, a single value of (peak) making current is referred to, this is, unless
otherwise stated, the highest value in any phase.

3.7.109

prospective breaking current <for a pole of a switching device>

prospective current evaluated at a time corresponding to the instant of the initiation“of the
breaking process

Note 1 to entry: Specifications concerning the instant of the initiation of the breaking processccan’be found in the
relevant publications. For mechanical switching devices or fuses, it is usually defined as the moment of initiation of
the arc during the breaking process.

[SOURCE: IEC 60050-441:1984, 441-17-06]

3.7.110

breaking current <of a switching device or a fuse>

current in a pole of a switching device or in a fuse at the instant of initiation of the arc during a
breaking process

[SOURCE: IEC 60050-441:1984, 441-17-07]

3.7.111
making and breaking test
test during which the circuit-breaker is clos€d (to make) and opened (to break)

3.7.112
terminal fault
short-circuit on at least one of the terminals of the circuit-breaker

Note 1 to entry: The terminal fault current has contributions from the source side only.

3.7.113

critical (breaking)-current

value of breaking.current, less than rated short-circuit breaking current, at which the arcing time
is a maximum.and is significantly longer than that of the rated short-circuit breaking current

3.7.114

breakifg capacity <of a switching device or a fuse>

value of prospective current that a switching device or a fuse is capable of breaking at a stated
voltage under prescribed conditions of use and behaviour

Note 1 to entry: The voltage to be stated and the conditions to be prescribed are dealt with in the relevant

}Ju‘U“bdt;Ullb.
Note 2 to entry: For switching devices, the breaking capacity can be termed according to the kind of current included

in the prescribed conditions, for example line-charging breaking capacity, cable charging breaking capacity, single
capacitor bank breaking capacity, etc.

[SOURCE: IEC 60050-441:1984, 441-17-08]
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3.7.115

no-load line-charging breaking capacity

breaking capacity for which the specified conditions of use and behaviour include the opening
of an overhead line operating at no-load

3.7.116
no-load cable-charging breaking capacity

breaking capacity for which the specified conditions of Use and befaviour inciude the opening
of an insulated cable operating at no-load

3.7.117

capacitor bank breaking capacity

breaking capacity for which the specified conditions of use and behaviour include the opening
of a capacitor bank

3.7.118

making capacity <of a switching device or a fuse>

value of prospective making current that a switching device is capable-0f,making at a stated
voltage under prescribed conditions of use and behaviour

Note 1 to entry: The voltage to be stated and the conditions to be prescribed are dealt with in the relevant
specifications.

[SOURCE: IEC 60050-441:1984, 441-17-09]

3.7.119

capacitor bank inrush making capacity

making capacity for which the specified conditions of use and behaviour include the closing
onto a capacitor bank

3.7.120

out-of-phase (making or breaking) capacity

making or breaking capacity for which’the specified conditions of use and behaviour include the
loss or the lack of synchronism between the parts of an electrical system on either side of the
circuit-breaker

3.7121

short-circuit making capacity

making capacity for-which the prescribed conditions include a short-circuit at the terminals of
the switching device

[SOURCE: IE€*60050-441:1984, 441-17-10]

3.7.122

short<circuit breaking capacity

breaking capacity for which the prescribed conditions include a short-circuit at the terminals of
the switching device

[SOURCE: TEC 60050-441:1964, 441-1/-11]

3.7.123

short-time withstand current

current that a circuit or a switching device in the closed position can carry during a specified
short time under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984, 441-17-17]
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3.7.124

peak withstand current

value of peak current that a circuit or a switching device in the closed position can withstand
under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984, 441-17-18]

3.7.125

applied voltage <for a switching device>

voltage which exists across the terminals of a pole of a switching device just before the making
of the current

[SOURCE: IEC 60050-441:1984, 441-17-24]

3.7.126

recovery voltage

voltage which appears across the terminals of a pole of a switching device or a fuse after the
breaking of the current

Note 1 to entry: This voltage can be considered in two successive intervals of {ime, one during which a transient
voltage exists, followed by a second one during which the power frequency or‘\the steady-state recovery voltage
alone exists.

[SOURCE: IEC 60050-441:1984, 441-17-25]

3.7.127

transient recovery voltage

TRV

recovery voltage during the time in which it has{a significant transient character

Note 1 to entry: The transient recovery voltagescan be oscillatory or non-oscillatory or a combination of these
depending on the characteristics of the circuit and)the switching device. It includes the voltage shift of the neutral of
a polyphase circuit.

Note 2 to entry: The transient recoveryoltages in three-phase circuits is, unless otherwise stated, that across the
first pole to clear, because this voltageyis generally higher than that which appears across each of the other two
poles.

[SOURCE: IEC 60050-441:1984, 441-17-26]

3.7.128

prospective transient recovery voltage <of a circuit>

transient recovery voltage following the breaking of the prospective symmetrical current by an
ideal switching device

Note 1, toventry: The definition assumes that the switching device or the fuse, for which the prospective transient
recoyvery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from zero
to infinite impedance at the very instant of zero current, i.e. at the "natural" zero. For circuits where the current can
follow several different paths, for example a polyphase circuit, the definition further assumes that the breaking of the
current by the ideal switching device takes place only in the pole considered.

— 1SOURCETEC 600504411984, 44 1=17-29]

3.7.129
power frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided

[SOURCE: IEC 60050-441:1984, 441-17-27]
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3.7.130

clearance

distance between two conductive parts along a string stretched the shortest way between these
conductive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.7131

opening time <of a mechanical switching device>

interval of time between the specified instant of initiation of the opening operation and the
instant when the arcing contacts have separated in all poles

Note 1 to entry: The instant of initiation of the opening operation, i.e. the application of the opening commrand (for
example energizing the release, etc.) is given in the relevant specifications.

[SOURCE: IEC 60050-441:1984, 441-17-36]

3.7.132

arcing time <of a pole or a fuse>

interval of time between the instant of the initiation of the arc in a pole of a fuse and the instant
of final arc extinction in that pole or that fuse

[SOURCE: IEC 60050-441:1984, 441-17-37]

3.7.133

break-time

interval of time between the beginning of the opening*time of a mechanical switching device (or
the pre-arcing time of a fuse) and the end of the arcing time

[SOURCE: IEC 60050-441:1984, 441-17-39]

3.7.134

closing time

interval of time between the initiation of the closing operation and the instant when the contacts
touch in all poles

[SOURCE: IEC 60050-441:1984, 441-17-41]

3.7.135

make-time

interval of timepetween the initiation of the closing operation and the instant when the current
begins to flow/in the main circuit

[SOURCE: IEC 60050-441:1984, 441-17-40]

3.7.136
pre-arcing time <of a circuit-breaker>

interval of tima haetweaen the initiation-of currant flow in tha firet nale durina a closina - oneration
Hea+—o+He—-betweehR+thetHHHaHohR-o+-cUHeR+HoWIH—+hRe+Hstpote—-abHhga—-6ct H-g-opeaHon

and the instant when the contacts touch in all poles for three-phase conditions and the instant
when the contacts touch in the arcing pole for single-phase conditions

Note 1 to entry: The pre-arcing time depends on the instantaneous value of the applied voltage during a specific
closing operation and therefore can vary considerably.

Note 2 to entry: The definition of pre-arcing time of a circuit-breaker is different from that of a fuse.
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3.7.137

open-close time <during auto-reclosing>

interval of time between the instant when the arcing contacts have separated in all poles and

the instant when the contacts touch in the first pole during a reclosing cycle

3.7.138
dead time <during auto-reclosing>

intervatof time between finalarc extinction i aif-pofes on the opening operation and the first
reestablishment of current in any pole on the subsequent closing operation

[SOURCE: IEC 60050-441:1984, 441-17-44]

3.7.139

reclosing time

interval of time between the beginning of the opening time and the instant when'the contacts
touch in all poles during a reclosing cycle

3.7.140

re-make time <during reclosing>

interval of time between the beginning of the opening time and the first re-establishment of
current in any pole in the subsequent closing operation

Note 1 to entry: The re-make time can vary, for example due to the variation of the pre-arcing time.

3.7.141

close-open time

interval of time between the instant when the contacts touch in the first pole during a closing
operation and the instant when the arcing contacts have separated in all poles during the
subsequent opening operation

[SOURCE: IEC 60050-441:1984, 441-17:42]

3.7.142

make-break time

interval of time between the instant when the current begins to flow in a pole and the instant of
final arc extinction in all poles, with the opening release energised at the instant when current
begins to flow in the maincircuit

[SOURCE: IEC 60050:441:1984, 441-17-43]

3.7.143
pre-insertiontime <of a closing resistor>
interval of time during which the resistor remains in the main circuit during a no-load operation

3.7(144

continuous current

current that the main circuit of a circuit-breaker is capable of carrying continuously under
specified conditions of use and behaviour

3.7.145
peak factor
ratio of the maximum absolute value of an alternating quantity to its RMS value

Note 1 to entry: For an alternating quantity x, the peak factor is equal to Ymax /Xeff.
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3.7.146
first-pole-to-clear factor <in a three-phase system>

kop

when breaking any symmetrical three-phase current, the first-pole-to-clear factor is the ratio of
the power frequency voltage across the first interrupting pole before current breaking in the
other poles, to the power frequency voltage occurring across the pole or the poles after breaking
in all three poles

3.7.147

amplitude factor

kaf

ratio between the maximum excursion of the TRV to the crest value of the power frequency
recovery voltage

3.7.148
insulation level
set of withstand voltages specified which characterise the dielectric strength of the insulation

[SOURCE: IEC 60050-614:2016, 614-03-23]

3.7.149

power frequency withstand voltage

RMS value of sinusoidal power frequency voltage that the insufation of the given equipment can
withstand during tests made under specified conditions and’for a specified duration

[SOURCE: IEC 60050-614:2016, 614-03-22]

3.7.150

impulse withstand voltage

highest peak value of impulse voltage of\prescribed form and polarity which does not cause
breakdown of insulation under specified\¢onditions

[SOURCE: IEC 60050-442:2014,.442-09-18]

3.7.151

minimum clearing time

sum of the minimum opening time, minimum relay time (0,5 cycle), and the shortest arcing time
of a minor loop breaking in the phase with intermediate asymmetry that starts with a minor loop
at short-circuit current initiation

3.7.152

insertion time <of an opening resistor>

intervalk.of time during an opening operation between the instant of separation of the arcing
contaels in the making and breaking units of any one pole and the instant of contact separation
in the'resistor switch in that pole

3.7.153

initiation of (opening or closing) operation
instant of receipt of command for operation at the control circuit

3.7.154

total arcing time

interval of time between the instant of the first initiation of an arc in a pole and the instant of
arc extinction in all poles
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3.7.155
direct connection to an overhead line
connection between a circuit-breaker and an overhead line having a capacitance less than 5 nF

3.8 Index of definitions

A
"a" contact, make contact 3.5.111
Air-blast circuit-breaker 3.4.112
Air circuit-breaker 3.4-106
Alternative operating mechanism 8157130
Ambient air temperature 3.1.109
Amplitude factor 3.7.147
Anti-pumping device 3.5.120
Applied voltage <for a switching device> 3.7.125
Arcing contact 3.5.107
Arcing time <of a pole or a fuse> 3.7.132
Arc control device 3.5.123
Auto-reclosing 3.6.107
Auxiliary circuit 3.5.104
Auxiliary contact 3.5.109
Auxiliary switch 3.5.110

B
Back-to-back capacitor bank 3.1.112
"b" contact, break contact 3.5.112
Belted cable 3.1.128
Breaking capacity <of a switching device or a fuse> 3.7.114
Breaking current 3.7.110
Break-time 3.7.133
Butt contact 3.5.113

C
Capacitar bank breaking capacity 3.7.117
Capacitor bank inrush making capacity 3.7.119
Circuit-breaker 3.4.103
Circuit-breaker with lock-out preventing closing 3.5.122
Clearance 3.7.130
Closed position 3.6.111
Close-open time 3.7.141
Closing operation 3.6.105
Closing time 3.7.134
Connection <bolted or the equivalent> 3.5.124

Contact 3.5.105
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Continuous current 3.7.144
Control circuit 3.5.103
Control contact 3.5.108
Critical (breaking) current 3.7.113
Current chopping 3.1.127
Cullcllt Dctt;lly Uf dall UVCI\JUIICIIt IU:CGDU 36114
Current setting range <of an overcurrent release> 3.6.115
D
Dead tank circuit-breaker 3.4.104
Dead time <during auto-reclosing> 3.7.138
Dependent manual operation 3.6.108
Dependent power operation 3.6.109
Direct connection to an overhead line 3.7.155
Direct overcurrent release 3.5.117
Disruptive discharge 3.1.122
E
Effectively earthed neutral system 3.1.107
Enclosure <of an assembly> 3.5.127
External insulation 3.1.120
F
First-pole-to-clear factor <in a three-phase. system> 3.7.146
G
Gas-blast circuit-breaker 3.4.110
|
Impedance earthed (neutral) system 3.1.105
Impulse withstand yoltage 3.7.150
Individually screened cable 3.1.129
Initiation of (opening or closing) operation 3.7.153
Insertionytime <of an opening resistor> 3.7.152
Insulation level 3.7.148
Interfocking device 3.5.121
taternal insulation 3.1.121
:IIVCIDC t;IIIC dciay UVUIUUIIUIIt IC:UGDC 351 18
Isolated neutral system 3.1.103
K
kgt 3.7.147
k 3.7.146

pp
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L
Live tank circuit-breaker 3.4.105
Loop 3.1.117
M
Mair-eireuit 3-6-1402
Main contact 3.5.106
Make-break time 3.7.142
Make-time 3.7.135
Making capacity 37.118
Making current 3.7.108
Making and breaking test 3.7.111
Making and breaking unit 3.5.126
Maximum prospective peak current <of an AC circuit> 3.7.106
Mechanical switching device 3.4.102
Minimum clearing time 3.7.151
N
No-load cable-charging breaking capacity 3.7.116
No-load line-charging breaking capacity 3.7.115
Non-effectively earthed neutral system 3.1.108
Non-sustained disruptive discharge 3.1.123
NSDD 3.1.123
o
Oil circuit-breaker 3.4.107
Open-close time <during auto<reclosing> 3.7.137
Opening operation <of a mechanical switching device> 3.6.106
Opening time <of a mechanical switching device> 3.7.131
Open position <of @ mechanical switching device> 3.6.112
Operating current <of an overcurrent release> 3.6.113
Operating cycle <of a mechanical switching device> 3.6.102
Operating mechanism 3.5.128
Operating sequence 3.6.103
Operation <of a mechanical switching device> 3.6.101
Out-of-phase <as prefix to a characteristic quantity> 3.1.115
Out-of-prase(makingor breaking)capacity 37120
Out-of-phase conditions 3.1.114
Overcurrent release 3.5.115
Overvoltage <in an electric power system> 3.1.113
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P
Peak current 3.7.104
Peak factor 3.7.145
Peak withstand current 3.7.124
Pole 3.5.101
Power factor <of a circuit> 3.1.119
Power frequency recovery voltage 3.7.129
Power frequency withstand voltage 3.7.149
Power kinematic chain 315,129
Pre-arcing time <of a circuit-breaker> 3.7.136
Pre-insertion time <of a closing resistor> 3.7.143
Prospective breaking current <for a pole of a switching device> 3.7.109

Prospective current <of a circuit and with respect to a switching device of a fuse> 3.7.102

Prospective making current <for a pole of a switching device> 3.7.107
Prospective peak current 3.7.103
Prospective symmetrical current <of an AC circuit> 3.7.105
Prospective transient recovery voltage <of a circuit> 3.7.128
R
Rated value 3.7.101
Reclosing time 3.7.139
Recovery voltage 3.7.126
Re-ignition <of an AC mechanical switching device> 3.1.125
Re-make time <during reclosing> 3.7.140
Release <of a mechanical switchirg-device> 3.5.114
Resistor switch 3.5.131
Resonant earthed (neutral).system 3.1.106
Restrike <of an AC mechanical switching device> 3.1.126
S
Sealed-for-lifesgircuit-breaker 3.4.109
Self-tripping,circuit-breaker 3.4.113
SFg circuit-breaker 3.4.111
Shgartcircuit current 3.1.102
Short-circuit breaking capacity 3.7.122
Short-circuit making capacity 3.7.121
Short-line fault 3.1.118
Short-time withstand current 3.7.123
Shunt release 3.5.118
Single capacitor bank 3.1.111
SLF 3.1.118
Solidly earthed (neutral) system 3.1.104
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Stored energy operation 3.6.110
Sulphur hexafluoride circuit-breaker 3.4.111
Switchgear and controlgear 3.1.101
Switching 3.6.104
Switching device 3.4.101
T
Temperature rise <of a part of a circuit-breaker> 3.1.110
Terminal 3.5:125
Terminal fault 3.+ 112
Transient recovery voltage 3.7.127
Total arcing time 3.7.154
TRV 3.7.127
U
Under-voltage release 3.5.119
Unit test 3.1.116
Vv
Vacuum circuit-breaker 3.4.108
Vacuum interrupter 3.5.132

4 Normal and special service conditions

Clause 4 of IEC 62271-1:2017 is applicable.

5 Ratings

5.1 General
Subclause 5.1 of IEC 62271-1:2017 is applicable with the following additional items.

k) rated short-circuit breaking current;
[) rated first-pale-to-clear factor;
m) rated short-circuit making current;

n) rated\eperating sequence.
Opftional rated characteristics

o) rated out-of-phase making and breaking current;

n) rated Iinn-r\harging hrnnl{ing current;

q) rated cable-charging breaking current;
r) rated single capacitor bank breaking current;
s) rated back-to-back capacitor bank breaking current;

t) rated back-to-back capacitor bank inrush making current.
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5.2 Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:2017 is applicable.

5.3 Rated insulation level (Uy, Up, Uy)

Subclause 5.3 of IEC 62271-1:2017 is applicable with the following addition:

The standard values of rated withstand voltages across the open circuit-breaker are given in
Tables 1, 2, 3 and 4 of IEC 62271-1:2017.

5.4 Rated frequency (f;)

Subclause 5.4 of IEC 62271-1:2017 is applicable with the following modification:

The standard values for the rated frequency of high-voltage circuit-breakers' are 50 Hz and
60 Hz.

5.5 Rated continuous current (/)

Subclause 5.5 of IEC 62271-1:2017 is applicable with the following addition:

If the circuit-breaker is fitted with a series connected acgessory, such as a direct overcurrent
release, the rated continuous current of the accessory-is'the RMS value of the current which
the accessory shall be able to carry continuously withoUt deterioration at its rated frequency,
with a temperature rise not exceeding the values specified in Table 14 of IEC 62271-1:2017.

5.6 Rated short-time withstand current{Ij)
Subclause 5.6 of IEC 62271-1:2017 is applicable with the following addition:

The rated short-time withstand cuirrent is equal to the rated short-circuit breaking current
(see 5.101).

5.7 Rated peak withstand current (Ip)
Subclause 5.7 of IEC.62271-1:2017 is applicable.
5.8 Rated duration of short-circuit (7)
Subclause 5,8 of IEC 62271-1:2017 is applicable.

5.9 _<Rated supply voltage of auxiliary and control circuits (U,)

Stibclause 5.9 of IEC 62271-1:2017 is applicable.

510—Rated - ¢ i ; trotcircait
Subclause 5.10 of IEC 62271-1:2017 is applicable.

5.11 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 5.11 of IEC 62271-1:2017 is applicable.
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5.101 Rated short-circuit breaking current (I.)

5.101.1 General

A circuit-breaker shall be capable of breaking its rated short-circuit breaking current at voltages
equal to and lower than its rated voltage. The rated short-circuit breaking current is the highest
short-circuit current which the circuit-breaker shall be capable of breaking under the conditions

of use and behaviour rnquirnd inthis document

The rated short-circuit breaking current is characterised by two values:

— the RMS value of its AC component;
— the DC time constant of the rated short-circuit breaking current.
If the level of asymmetry expressed in terms of the DC component at contact separation does

not exceed 20 %, the rated short-circuit breaking current is considered symmetrical and
characterised only by the RMS value of its AC component.

For determination of the AC component and the percentage of DC component at any time
following current initiation, see Figure 8.

Circuit-breakers directly connected to overhead lines can beée. exposed to short-line faults.
Further information regarding applicability and testing is given\in 3.7.155, 6.107.3 and 7.109.
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BX normal zero line
cc’ displacement of-current-wave zero-line at any instant
DD’ RMS value of/the AC component of current at any instant,
measuredifrom CC'

EE' instant, of Contact separation (initiation of the arc)
Imc making current
Inc peak value of AC component of current at instant EE'
Iac .
N RMS value of the AC component of current at instant EE'
Ipc DC component of current at instant EE'
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DBC 4 100= i~ ><100:( TN —1}100 percentage value of the DC component

Figure 8 — Determination of short-circuit making and breaking currents,
and of percentage DC component

5.104.2 AC component of the rated short-circuit breaking current

TFhe standard value of the AC component of the rated short-circuit breaking current shall be

selected from the R10 series specified in I[EC 60059

NOTE The R10 series comprises the numbers 1 -1,25-16-2-2,5-3,15-4 -5 -6,3 — 8 and their products
by 10",
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5.101.3 DC time constant of the rated short-circuit breaking current

a)

For circuit-breakers with rated voltages up to and including 800 kV

The standard DC time constant is 45 ms. The following are special case DC time constants,
related to the rated voltage of the circuit-breaker:

— 120 ms for rated voltages up to and including 52 kV;
— 60 ms for rated voltages from 72,5 kV up to and including 420 kV;

b)

— 75 ms for rated voltages 550 kV and 800 kV.

These special case time constants recognise that the standard value may be inadequate(in
some systems. They are provided as unified values for such special system needs, taking
into account the characteristics of the different ranges of the rated voltage, for example itheir
particular system structures, the design of lines, etc.

In addition, some applications may require even higher values, for example if a circuit-
breaker is close to generators. In these circumstances the required DC time.constant and
any additional test requirements should be specified in the inquiry.

NOTE 1

is given in the IEC TR 62271-306 [4]3. The percentage of DC component against time for different time constants
is shown in Figure 9.

More detailed information on the use of the standard time constant and the special case time constants

NOTE 2 The percentage of DC component at contact separation as used invformer editions of IEC 62271-100
can be derived by using the equation given in 7.107.6. The concept of percentage of DC component at contact
separation for symmetrical test-duties is still used in this edition. For, the asymmetrical test-duty T100a, such
concept has been changed (see IEC TR 62271-306 [4]).

For circuit-breakers with rated voltages higher than-800 kV
The standard DC time constant is 120 ms. Note-Z(is also applicable in this case.
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Figure 9 — Percentage DC component in relation to the time interval from
the initiation of the short-circuit for the different time constants

3 Numbers in square brackets refer to the Bibliography.
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5.102 Rated first-pole-to-clear factor (kpp)

The ability of the circuit-breaker to operate in networks having different earthing conditions of
the system neutral is expressed in terms of k,,. The rated values of k, are:

— 1,2 for circuit-breakers with rated voltages higher than 800 kV in effectively earthed neutral
systems;

— 1,3 for circuit-breakers for rated voltages up to and including 800 kV in effectively earthed
neutral systems;

— 1,5 for circuit-breakers for rated voltages up to and including 170 kV in non-effectively
earthed neutral systems.

NOTE 1 In this document, it is considered that systems with voltages up to and including 170 kV can have either
effectively earthed neutrals or non-effectively earthed neutrals. Systems with voltages higher than 170V have an
effectively-earthed neutral.

NOTE 2 The rated first-pole-to-clear factors given here are associated with terminal faults, For other switching
conditions other first-pole-to-clear factors apply. As an example, the following kpp applies to put:of-phase conditions:

— 2,0 for breaking in out-of-phase conditions in systems with effectively earthed neutral;
— 2,5 for breaking in out-of-phase conditions in systems with non-effectively earthed.neutral.

5.103 Rated short-circuit making current

The rated short-circuit making current is obtained by mulfiplying the RMS value of the AC
component of the rated short-circuit breaking current (see . 5:101) with the peak factor given in
Table 5 of IEC 62271-1:2017.

5.104 Rated operating sequence
The rated operating sequence is O — ¢t — CO =# — CO, where

0] represents an opening operation;

CO represents a close-open operating cycle with the shortest possible close-open time
such that the circuit-breakét reaches the fully closed and latched position prior to
openings.

The tiphe parameters are as follows:

=_eircuit-breaker for auto-reclosing: t = 3 min and #'= 3 min (alternative values for ¢t and ¢ may
be used, for example 15 s or 1 min);

cirennit hraalear far ranid anitn ranlacina- 1= N 2 o AanAd ¢ —
GHGHH P reawer—orTapiaadto+re6roSHhg— orOo-S—ahet

be used, for example 15 s or 1 min);
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— circuit-breaker not for auto-reclosing: ¢t > 3 min and ¢ > 3 min (values for ¢ and ' to be
specified by the manufacturer).

5.105 Rated out-of-phase making and breaking current

The rated out-of-phase breaking current is the maximum out-of-phase current that the circuit-
breaker shall be capable of breaking under the conditions of use and behaviour required in this
document in a circuit having a recovery voltage as specified in 7.110.
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If a rated out-of-phase breaking current is assigned, the rated out-of-phase breaking current
shall be 25 % of the rated short-circuit breaking current and the rated out-of-phase making
current shall be the crest value of the rated out-of-phase breaking current.

The standard conditions of use with respect to the rated out-of-phase making and breaking
current are as follows:

- U}JCII;IIH Cllld b:UD;IIy upclat;una ball;cd uut ;II bUIIfUIIII;ty VV;th thc ;Ilbtlubt;ullb U;VUII by thc
manufacturer for the operation and proper use of the circuit-breaker and its auxiliary
equipment;

— earthing condition of the neutral for the power system corresponding to that for which{the
circuit-breaker has been tested;

— absence of a fault on either side of the circuit-breaker.
5.106 Rated capacitive currents
5.106.1 General

Switching of capacitive loads can comprise part or all of the operatingcduty of a circuit-breaker
such as the charging current of an unloaded transmission line or cable.or the load current of a
shunt capacitor bank.

NOTE The classes associated with making and breaking of capacitive cutrents are explained in 6.107.4.

The rating of a circuit-breaker for capacitive currents shalhinclude, where applicable:

rated line-charging breaking current;

— rated cable-charging breaking current;

— rated single capacitor bank breaking current;

— rated back-to-back capacitor bank breaKing current;

— rated back-to-back capacitor bank iarush making current.

Preferred values of rated capacitive.currents are given in Table 1.
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Table 1 — Preferred values of rated capacitive currents
Line Cable Singleb;z:‘ﬁacitor Back-to-back capacitor bank
Rated line- Rated cable- Rated single Rated back-to- Rated back-to-
Rated charging charging capacitor bank back capacitor back capacitor
voltage breaking breaking breaking bank breaking bank inrush

current current current current making current
U 1 I, Iy Tpp Ty
kV A A A A kA
3,6 10 10 400 400 20
4,76 10 10 400 400 20
7,2 10 10 400 400 20
8,25 10 10 400 400 20
12 10 25 400 400 20
15 10 25 400 400 20
15,5 10 25 400 400 20
17,5 10 31,5 400 400 20
24 10 31,5 400 400 20
25,8 10 31,5 400 400 20
27 10 31,5 400 400 20
36 10 50 400 400 20
38 10 50 400 400 20
40,5 10 50 400 400 20
48,3 10 80 400 400 20
52 10 80 400 400 20
72,5 10 125 400 400 20
100 20 125 400 400 20
123 31,5 140 400 400 20
145 50 160 400 400 20
170 63 160 400 400 20
245 125 250 400 400 20
300 200 315 400 400 20
362 315 355 400 400 20
420 400 400 400 400 20
550 500 500 400 400 20
800 900 - - - -
1100 1200 - - - -
1200 1300 - - - -

NOTE~IN“The values given in this table are chosen for standardization purposes. They are preferred values and

coverthe majority of typical applications. If different values are-reeded applicable, any appropriate value can be
specified as rated value.

NOTE 2 For actual cases, the inrush currents can be calculated based on I[EC TR 62271-306 [4].

NOTE 3 The peak of the inrush current can be higher or lower than the preferred values stated in this table

depending on system conditions, Tor example whether or not current [imiting reactors are used.

NOTE 4 Preferred values for rated voltages 1 100 kV and 1 200 kV are based on applications at 50 Hz. Higher
values of current could be possible in the future in systems operated at 60 Hz, however experience shows that
these higher currents would not lead to a higher stress for the circuit-breaker as the recovery voltage is generally
the dominant factor for breaking.
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5.106.2 Rated line-charging breaking current

The rated line-charging breaking current is the line-charging current the circuit-breaker shall be
capable of breaking at its rated voltage under the conditions of use and behaviour required in
this document. The associated restrike class (C1 or C2) shall be assigned when a line-charging
breaking current is assigned.

—5-106-3—Rated—cabte=chargingbreaking—current

The rated cable-charging breaking current is the cable-charging current the circuit-breaker shall
be capable of breaking at its rated voltage under the conditions of use and behaviour required
in this document. The associated restrike class (C1 or C2) shall be assigned when a cable-
charging breaking current is assigned.

5.106.4 Rated single capacitor bank breaking current

The rated single capacitor bank breaking current is the single capacitor bank.breaking current
the circuit-breaker shall be capable of breaking at its rated voltage underthe conditions of use
and behaviour required in this document. This breaking current refers to the'switching of a shunt
capacitor bank where no shunt capacitors are connected to the source side of the circuit-
breaker. The associated restrike class (C1 or C2) shall be assigned’when a single capacitor
bank breaking current is assigned.

5.106.5 Rated back-to-back capacitor bank breaking current

The rated back-to-back capacitor bank breaking current, is the back-to-back capacitor current
the circuit-breaker shall be capable of breaking at its«ated voltage under the conditions of use
and behaviour required in this document. The associated restrike class (C1 or C2) shall be
assigned when a back-to-back capacitor bank breaking current is assigned.

This breaking current refers to the switching of a shunt capacitor bank where one or several
shunt capacitor banks are connected to the source side of the circuit-breaker giving an inrush
making current equal to the rated back-to-back capacitor bank inrush making current.

NOTE Similar conditions could apply fox switching in substations with cables.
5.106.6 Rated back-to-back'capacitor bank inrush making current

The rated back-to-backcapacitor bank inrush making current is the peak value of the current
that the circuit-breakershall be capable of making at its rated voltage and with a frequency of
the inrush current\during a simultaneous three-phase making operation (see Table 1 and
7.111.5.3).

6 Design’and construction

6.1 Requirements for liquids

Subclause 6.1 of IEC 62271-1:2017 is applicable.

6.2 Requirements for gases

Subclause 6.2 of IEC 62271-1:2017 is applicable.

6.3 Earthing
Subclause 6.3 of IEC 62271-1:2017 is applicable.
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6.4 Auxiliary and control equipment and circuits
Subclause 6.4 of IEC 62271-1:2017 is applicable with the following additions:

— where shunt opening and closing releases are used, appropriate measures shall be taken
in order to avoid damage on the releases when permanent orders for closing or opening are
applied. For example, those measures can be the use of series control contacts arranged
so that when the circuit-breaker is closed, the close release control contact ("b" contact or

break contact) is open and the open release control contact ("a" contact or make contact)
is closed, and when the circuit-breaker is open, the open release control contact is open
and the close release control contact is closed,;

— where auxiliary switches are used as position indicators, they shall indicate the end pgsition
of the circuit-breaker at rest, open or closed. The signalling shall be sustained;

— connections shall withstand the stresses imposed by the circuit-breaker, especially those
due to mechanical forces during operations;

— where special items of control equipment are used, they shall operate, within the limits
specified for supply voltages of auxiliary and control circuits, making_and breaking and/or
insulating and operating media, and be able to switch the loads which are stated by the
circuit-breaker manufacturer;

— special items of auxiliary equipment such as liquid indicators, ‘pressure indicators, relief
valves, filling and draining equipment, heating and interlock ,contacts shall operate within
the limits specified for supply voltages of auxiliary and conttol'circuits and/or within the limits
of use of making and breaking and/or insulating and operating media;

— where anti-pumping devices are part of the circuit-breaker control scheme, they shall act on
each control circuit, if more than one is installed;

— where a control scheme of pole discrepancy is part of the circuit-breaker, the position of the
poles shall be supervised, open or closed.

6.5 Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 is¢applicable with the following addition:

A circuit-breaker arranged for dependent power closing with external energy supply shall also
be capable of opening immediately following the closing.

6.6 Stored energy opetration

Subclause 6.6 of IEC62271-1:2017 is applicable with the following addition to the first
paragraph.

A circuit-bregaker arranged for stored energy closing shall also be capable of opening
immediately following the closing operation.

6.7 —~dndependent unlatched operation (independent manual or power operation)

Subclause 6.7 of IEC 62271-1:2017 is applicable with the exception of the last paragraph and
Note 2.

6.8 Manually operated actuators

Subclause 6.8 of IEC 62271-1:2017 is applicable.

6.9 Operation of releases

Subclause 6.9 of IEC 62271-1:2017 is applicable with the following additions.
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6.9.101 Overcurrent release
6.9.101.1 Operating current

An overcurrent release shall be marked with its rated continuous current and its current setting
range.

\I\Ilfhln fhn cHrent onH‘lnn rahae H'\n overcHrent rnlnaon oha“ Ql\ua\lo opetrate—at-currents of
G Hge—e 8ct H-S—opetrate—at SHt5—O+

110 % and above of the current setting and shall never operate at currents of 90 % and below
of this current setting.

6.9.101.2 Operating time

The manufacturer shall provide tables or curves, each with the applicable tolerances, showing
the operating time as a function of current, between twice and six times the operating current.
These tables or curves shall be provided for extreme current settings togethér-with extreme
settings of time delay.

For an inverse time delay overcurrent release, the operating time shall\be" measured from the
instant at which the overcurrent is established until the instant the tripping is initiated.

6.9.101.3 Resetting current

If the current in the main circuit falls below a certain value, before the time delay of the
overcurrent release has expired, the release shall not complete its operation and shall reset to
its initial position.

The relevant information shall be given by the manufacturer.

6.9.102 Multiple releases

If a circuit-breaker is fitted with more than one release for the same function, a defect in one
release shall not disturb the functionZin the others. Releases used for the same function shall
be physically separated, i.e. magnetically decoupled.

6.9.103 Power consumption of releases

The power consumption of shunt closing or opening releases of a three-pole circuit-breaker
should not exceed 1.200' VA. For certain circuit-breaker designs higher values may be required.

6.9.104 Integrated relays for self-tripping circuit-breakers

When an cintegrated relay is used for self-tripping circuit-breakers, it shall comply with
IEC 602585-151:2009. The input energising quantity is the current through the main contacts.

6.10 ) Pressure/level indication

6.10.1 Gas pressure

Subclause 6.10.1 of I[EC 622/71-1:2017 i1s applicable with the following addition:

All circuit-breakers having an energy storage in gas receivers or hydraulic accumulators
(see 6.6.2 of IEC 62271-1:2017) and all circuit-breakers except sealed pressure devices, using
compressed gas for making and breaking (see 6.103) shall be fitted with a locking device set
to operate at, or within, the appropriate limits of pressure stated by the manufacturer.
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6.10.2 Liquid level
Subclause 6.10.2 of IEC 62271-1:2017 is applicable.

6.11 Nameplates

Subclause 6.11 of IEC 62271-1:2017 is applicable with the following additions: the nameplates

of 3 circuit-bhraglkar and itec Aanaratina daviceac chall ha marlkead in ansaArdana~a vyith Tahla 9
oG Gut—ot —a oS Operat = SS-SHaroe—atrkea G W aoTe—==

ToOTrTTaTTo

Coils of operating devices shall have a reference mark permitting the complete data to be
obtained from the manufacturer.

Releases shall bear the appropriate data.

With the exception of removable circuit-breakers, the nameplate shall be visible.in~the position
of normal service and installation. For removable circuit-breakers 6.11 of IEC62271-200:20—
applies.
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Table 2 — Nameplate information
Abb.revi- Unit Circuit- Operz?ting ] Condition: ] )
ation breaker device Marking only required if
1 2 3 4 5 6
Manufacturer X X
Type designation and serial number X X
Rated voltage U, kV X
Rgted short-duration power frequency U KV X
withstand voltage d
Rated lightning impulse withstand U KV X
voltage P
Rated switching impulse withstand U, KV y Rated voltage 300 kV and
voltage above
Rated frequency It Hz X
Rated continuous current 1 A X
Rated duration of short-circuit [ s Different from 1 s
Rated short-circuit breaking current sc kA X
g&siirpsrggﬂis;gnéu?ié:? rated short- T ms y Different from 45 ms
Rated first pole-to-clear factor kpp X
Short-line fault breaking current Ig ¢ kA (X)
Rated out-of-phase breaking current 1y kA (X)
Rated line-charging breaking current 1, A (X)
Rated cable-charging breaking current | 1, A (X)
Rated single capacitor bank-breaking I, A (X)
current
Efetaelgir?;it-rtgr?ta(:k capacitor bank- Iy A (X)
inuah making current | | kA )
Filling pressure for operation Prm MPa (X)
Ei!iglginpéessure for making and Pre MPa (X)
Rated su_pply voltage of auxiliary and v
control circuits U, (X)
Specify BE/AC (with rated frequency) Hz
g/lraez?(e(}irr;c):luding oil for oil circuit- M kg y y More than 300 kg
;X'p)iisaur}gtirgﬁss of fluid (liquid or gas) M, kg y If contains fluid
Rated operating sequence
Year of manufacture
Minimum and maximum ambient air y y Different from

temperature

-5 °C and/or 40 °C
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Abbrevi- Unit Circuit- Operating Condition:
ation breaker device Marking only required if
1 2 3 4 5 6

If different from C1, E1,
M1, S1 for rated voltages
less than 100 kV

Classification y
If different from C1, M1 for
rated voltages 100 kV and
above

Reference to this document X X

X = the marking of these values is mandatory; blanks indicate the value zero.

(X) = the marking of these values is optional.

y = the marking of these values to the conditions in column 6.

The abbreviation in column 2 can be used instead of the terms in column 1. When terms in colufmn\1 are used, the

word “rated” need not appear.

6.12 Locking devices

Subclause 6.12 of IEC 62271-1:2017 is applicable.

6.13 Position indication

Subclause 6.13 of IEC 62271-1:2017 is applicable.

6.14 Degrees of protection provided by enclosures

Subclause 6.14 of IEC 62271-1:2017 is applicable.

6.15 Creepage distances for outdooriinsulators

Subclause 6.15 of IEC 62271-1:2047 is applicable.

6.16 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:2017 is applicable.

6.17 Tightness forjliquid systems
Subclause 6.17.0f IEC 62271-1:2017 is applicable.

6.18 Fire hazard (flammability)
Subclause 6.18 of IEC 62271-1:2017 is applicable.

619 Electromagnetic compatibility (EMC)

Subclause 6.79 of [EC 622771-1:2077 1s applicable.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 is applicable

6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 is applicable.



https://iecnorm.com/api/?name=a5c899c656125484b89233c5cb4b99a9

REDLINE VERSION - 62— IEC 62271-100:2021+AMD1:2024 CSV
© IEC 2024

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 is applicable.

6.101 Requirements for simultaneity of poles during single closing and single
opening operations

The followina reauirements ara an
oW g—eqgtHemets—atre—

ppH le—drderrat rditionrs—of-the—auxitiar
voltage and pressure for operation:

— The maximum difference between the instants of contacts touching in the individual poles
during closing shall not exceed 1/4 of a cycle of rated frequency. If one pole consists*of
more than one making and breaking unit connected in series, the maximum differénce
between the instants of contacts touching within these series connected making and
breaking units shall not exceed 1/6 of a cycle of rated frequency. Where closing resistors
are used, the maximum difference between the instants of contacts touching.during closing
in the individual closing resistors shall not exceed 1/2 cycle of rated frequency. If on one
pole more than one individual closing resistor is used, each assigned toe.one of the making
and breaking units which are connected in series, the maximum difference between the
instants of contacts touching within these series connected closing resistors shall not
exceed 1/3 of a cycle of rated frequency;

— The maximum difference between the instants of contacts separating in the individual poles
during opening shall not exceed 1/6 of a cycle of rated frequency. If one pole consists of
more than one making and breaking unit connected .in| series, the maximum difference
between the instants of contact separation within these series connected making and
breaking units shall not exceed 1/8 of a cycle of ratéd frequency.

Circuit-breakers intended for controlled switching are covered by IEC TR 62271-302 [10].

NOTE For a circuit-breaker having separate poles, the\yequirement is applicable when these operate in the same
conditions; after a single-pole reclosing operation, the ‘eonditions of operation for the three mechanisms is not the
same.

6.102 General requirement for. operation

A circuit-breaker, including its-operating devices, shall be capable of completing its rated
operating sequence 5.104 in\aecordance with the relevant provisions of 6.5 to 6.10 and 6.103
for the whole range of ambient temperatures within its minimum and maximum air temperature
as defined in Clause 4 of 1EC 62271-1:2017.

This requirement is.not applicable to auxiliary manual operating devices; where provided, these
shall be used only-for maintenance and for emergency operation on a dead circuit.

Circuit-brelakers provided with heaters shall be designed to permit an opening operation at the
minimumyambient air temperature when the heaters are not operational for a minimum time of
2 h.

6.103 Pressure limits of fluids for operation

The manufacturer shall state the maximum and minimum pressures of the fluid for npprqfinn at

which the circuit-breaker is capable of performing according to its ratings and at which the
appropriate low- and high-pressure interlocking devices shall be set (see 6.10).

The manufacturer can specify pressure limits at which the circuit-breaker is capable of each of
the following performances:

— an “O” operation;
— a “CO” operating cycle;
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— for circuit-breakers intended for rapid auto-reclosing an "O — ¢ — CO" operating sequence.

The circuit-breakers shall be provided with energy storage of sufficient capacity for satisfactory
performance of the appropriate operations at the corresponding minimum pressures stated.

6.104 Vent outlets

Vant coutlate ara davicac which allow o daliharata ralaaca nf
V-eHt-edtetsSate-—aeviee VG OW—a—GeHoeirate+e+ea5e-06

iGe sV Y liberate—+el fpt H
operation.

NOTE This is applicable to air, air-blast and oil circuit-breakers.

Vent outlets of circuit-breakers shall be so situated that a discharge of oil or gas or both'will not
cause electrical breakdown and is directed away from any location where persons.'Can be
present. The necessary safety distance shall be stated by the manufacturer.

The construction shall be such that gas cannot collect at any point where ignition can be caused,
during or after operation, by sparks arising from normal operation of the~Circuit-breaker or its
auxiliary equipment.

6.105 Time quantities
Refer to Figure 1, Figure 2, Figure 3, Figure 4, Figure 5, Figufe 6 and Figure 7.

Values can be assigned to the following time quantities:

— opening time (no-load);

— closing time (no-load);

— open-close time (no-load);
— reclosing time (no-load);

— close-open time (no-load);
— pre-insertion time (no-load).

Time quantities are based on

— rated supply voltages. 0f closing and opening devices and of auxiliary and control circuits
(see 5.9);

— rated supply frequency of closing and opening devices and of auxiliary circuits (see 5.10);

— filling pressuré.for controlled pressure systems (see 5.11);

— filling levgls for insulation and/or operation (see 6.22);

— an ambient air temperature of 20 °C £+ 5 °C.

NOTEXM/ ™It is not practical to assign a value of make-time or of make-break time due to the variation of the arcing
time.and the pre-arcing time.

NOTE 2 The break-time is determined using the calculation method given in IEC TR 62271-306 [4].

—6-106—Mechanicattoads
6.106.1 General
Circuit-breakers shall be designed to withstand static forces such as those from connected

conductors, wind, etc. and dynamic forces (for example caused by short-circuit current and
operation of the circuit-breaker).

These forces can occur simultaneously.
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6.106.2 Static mechanical loads

This capability is demonstrated by calculation.

When calculating the stresses resulting from ice and wind, the ice coating and wind pressure
shall be in accordance with 4.1.3 of IEC 62271-1:2017.

Some examples of static Torces due to wind, ice and weight on tlexible and tubular connected
conductors are given as a guidance in Table 3.

The tensile force due to the connected conductors is assumed to act at the outermost end«of
the circuit-breaker terminal.

Table 3 — Examples of static horizontal and vertical forces for static terminal load

Rated voltage Rated current Static horizontal force Static vertical force
range range Fy
U, I Longitudinal Transversal Fy,
Fina Fing
kV A N N N
<100 800 to 1 250 500 400 500
<100 1 600 to 2 500 750 500 750
100 to 170 1250 to 2 000 1000 750 750
100 to 170 2 500 to 4 000 1250 750 1000
245 to 362 1 600 to 4 000 1250 1 000 1250
420 to 800 2 000 to 4 000 1750 1250 1500
1100 to 1 200 4 000 to 6 300 3/500 3 000 2 500

6.106.3 Dynamic loads

This capability is demonstrated>by calculation.

NOTE A calculation methodsof-the effects of short-circuit current on rigid and flexible conductors is given in
IEC 60865-1:2011.

6.107 Circuit-breaker classification
6.107.1 General
Circuit-breakers can be classified according to their application according to the following:

— classification for number of mechanical operations (mechanical endurance);
——classification related to the connection to the network;

~/ classification for capacitive currents;

Il ' ' £ Il it 1 ol
- Cidssiniatiult 1Or Ticutuicdal ©hiuurarivc.
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6.107.2 Classification for number of mechanical operations

The following classes are specified with respect to the number of mechanical operations of a
circuit-breaker:

— Class M1 circuit-breaker
A class M1 circuit-breaker shall perform the number of operations given in Table 4, following

4la £ H § e aal o 4lo £ 4 ol 4 4 oal P H 4
urc progrdairime Ul TTalirmerialicc opPTUITIcTU Uy 1T TTditurtdGiurcT drfu tcolTtUu aLlCUruImmy tu

7.101.2.3;
— Class M2 circuit-breaker

A class M2 circuit-breaker shall perform the number of operations given in Table 4, following
the programme of maintenance specified by the manufacturer and tested according to
7.101.2.4.

Table 4 — Number of mechanical operations

Circuit-breaker class M1 2 000 operating cycles (see NOTE)

Circuit-breaker class M2 10 000 operating cycles (see NOTE)

NOTE For more details regarding the operating cycles, see Table*8.

6.107.3 Classification related to the connection to the-network
The following classes are specified related to the connection of a circuit-breaker to the network:

— Class S1 circuit-breaker

Circuit-breaker having a rated voltage higher than 1 kV and less than 100 kV and where the
total length of cable (including when {present the equivalent length provided by the
capacitance of capacitors and/or insulated bus) connected to the supply side of a circuit-
breaker is at least 100 m.

NOTE 1 Circuit-breakers of indoor substations with cable connection are generally of class S1.

— Class S2 circuit-breaker

Circuit-breaker having a rated/voltage higher than 1 kV and less than 100 kV without a cable
connected on the supply“side of the circuit-breaker or in which the total length of cable
(including when presént the equivalent length provided by the capacitance of capacitors
and/or insulated bus)on the supply side of a circuit-breaker is less than 100 m.

NOTE 2 Applications where a circuit-breaker is connected to an overhead line through a busbar (without
intervening cable econnections) are typical examples of class S2 circuit-breakers.

6.107.4 Classification for capacitive currents
The folfowing two classes are specified with respect to capacitive load switching:

— \Class C1 circuit-breaker

Circuit-breaker with low probability of restrike during capacitive current breaking as
demonstrated by specific type tests described both in 7.111.9.2 and 7.111.9.3;

— Class C2 circuit-breaker
Circuit-breaker with very low probability of restrike during capacitive current breaking as
demonstrated by specific type tests described both in 7.111.9.2 and 7.111.9.4.

A circuit-breaker can be of class C2 for one kind of application and of class C1 for another kind
of application where the recovery voltage stress is more severe.
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6.107.5 Classification for electrical endurance

The following classes are specified with respect to the electrical endurance capability of a
circuit-breaker:

— Class E1 circuit-breaker
Circuit-breaker tested in accordance with 7.107.

— Class E2 circuit-breaker

Circuit-breaker having a rated voltage up to and including 52 kV designed so as not to
require maintenance of the making and breaking units of the main circuit during its expected
operating life.

Class E2 circuit-breakers not for auto-reclosing duty are tested in accordance to 7¢112.1.

Class E2 circuit-breakers for auto-reclosing duty or rapid auto-reclosing duty,@re tested in
accordance to 7.112.2.

NOTE For circuit-breakers of rated voltages exceeding 52 kV guidance is given in IEC, TR 62271-310 [6].
7 Type tests

7.1 General
711 Basics

Subclause 7.1.1 of 62271-1:2017 is applicable with the-following additions:

The type tests for circuit-breakers are listed in Table"5.

Tolerances on test quantities are given in Annex B.

A new or refurbished circuit-breaker can'be used for each of the tests specified in Table 5.

The responsibility of the manufacturer is limited to the declared values and not to those values
achieved during the type tests.

The expanded uncertainty(©f a complete measuring system for determination of the ratings (for
example short-circuit current, applied voltage and recovery voltage) shall be < 5 %, evaluated
with a coverage probability of 95 % corresponding to a coverage factor k£ = 2 under the
assumption of a normal distribution.

NOTE Procedures for the determination of the uncertainty of measurements are given in ISO/IEC Guide 98-3 [7].

If the cireuit<breaker can be equipped with different operating mechanisms, complete type tests
according to Table 5 shall be performed on circuit-breakers equipped with one type of operating
mechanism. The other operating mechanisms are considered being alternative operating
mechanisms as defined in 3.5.130, provided they fulfil the related requirements as defined in
7)102.7. Tests to be repeated for alternative mechanisms are defined in 7.1.102.

A change in the secondary equipment does not constitute an alternative operating mechanism.
However, it shall be checked that changes in the opening time/minimum clearing time does not
entail different requirements for test-duty T100a (see 7.104.2.2).
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Table 5 — Type tests

Mandatory type tests 2

Subclauses

Dielectric tests 7.2
Resistance measurement 7.4
Continuous current tests 7.5
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Additional tests on auxiliary and control circuits 7.10
Mechanical operation test at ambient temperature (class M1) 7.101.2.1 to

7.101.2.

Terminal fault tests

7.102 to, 7107

Type tests depending on requirements

Condition requiring type test

Subclauses

Radio interference voltage (RIV) tests

U, 2 245 kV

7.3

Verification of the protection Assigned IP and IK class 7.7

Tightness test Controlled, sealed or closed pressure _systems | 7.8

EMC tests Electronic equipment or components-are 7.9
included in the secondary system

X-ray radiation test Vacuum circuit-breaker 7.1

Extended mechanical endurance tests on circuit- Class M2 rating assigned 7.101.2.4

breakers for special service conditions

Low and high temperature tests If ambient air temperature is different 7.101.3
from -5 °C and/or +40 °C

Humidity test Insulation stibject to voltage stress and 7.101.4
condensdtion

Critical current tests Circuit-breaker performance against 7.108.1
conditions in 7.108.1

Short-line fault tests U/ 2"15 kV and I > 12,5 kA, in case of direct |7.109
connection to overhead lines

Out-of-phase making and breaking tests Out-of-phase rating assigned 7.110

Electrical endurance tests (only for U, < 52.KV) Class E2 rating assigned 7.112

Test to prove operation under severe ice Outdoor circuit-breakers with moving external |7.101.5

conditions parts

Single-phase fault test Effectively earthed neutral systems 7 108.2

Double-earth fault test Non-effectively earthed neutral systems ' '

Capacitive current tests:

— line-charging current.breaking tests

— cable-charging current breaking tests . o
Relevant rating and classification (C1 or C2) 7111

— single capacitor bank making and breaking
tests

— back#tesback capacitor bank making and
breaking tests

assigned

a8 _s:Mandatory type tests, shown in the upper part of the table, are required for all circuit-breakers regardless of rated
voltage, design or intended use. Other type tests, shown in the lower part of the table, are required for all circuit-
breakers where the associated rating is specified, for example out-of-phase making and breaking, or where a
specific condition is met for example RIV is required nnly far rated \/nlfngpe of 245 k\/ and abhave

7.1.2 Information for identification of test objects

Subclause 7.1.2 of IEC 62271-1:2017 is applicable.

7.1.3 Information to be included in type-test reports

Subclause 7.1.3 of IEC 62271-1:2017 is applicable with the following addition:
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Further details relating to records and reports of type tests for making, breaking and short-time
current performance are given in Annex C.

7.1.101 Invalid tests

In the case of an invalid test, it may become necessary to perform a greater number of tests
than required by this document. An invalid test is one where one or more of the test parameters
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breaking tests, current, voltage and time factors as well as point-on-wave requirements (if
specified).

The deviation from the standard could make the test less or more severe. Table 6 considers
some cases.

The invalid part of the test-duty can be repeated without reconditioning of the circuit-breaker.
However, in the case of a failure of the circuit-breaker during such additionalstests, or at the
discretion of the manufacturer, the circuit-breaker can be reconditioned and the complete test-
duty repeated. In the case where the circuit-breaker has not been reconditioned, the test report
shall include reference to the invalid part of the test.

In a rapid auto-reclosing duty cycle, the O — ¢ — CO is regarded as’ene part, and an ensuing CO
is regarded as another part.

A class E2 circuit-breaker can be reconditioned during class'E2 tests, but in this event the entire
test series (see 7.112) shall be repeated.

If any record of an individual operation cannot be ptoduced for technical reasons, this individual
operation is not considered invalid, provided that evidence can be given in another manner that
the circuit-breaker did not fail and the required testing values were fulfilled.

Table 6 — Invalid tests

Test conditions related to Circuit-breaker
standard
Passes Fails
More severe Test valid, result accepted Test to be repeated with correct
parameters
Less severe Test to be repeated with correct Circuit-breaker failed the test.
parameters

7.1.102 Type tests to repeat for circuit-breakers with alternative operating mechanisms

The following type tests shall be repeated on circuit-breakers with alternative operating
mechahisms:

~<_mechanical operation tests at ambient temperature (according to 7.101.2);

~ low and high temperature tests (according to 7.101.3);

— short-circuit making and breaking tests (as defined in 7.102.7);

— short-time withstand current and peak withstand current tests on circuit-breakers having
main contacts of the butt type (according to 7.6).

7.2 Dielectric tests
7.2.1 General

Subclause 7.2.1 of IEC 62271-1:2017 is applicable.
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7.2.2 Ambient air conditions during tests

Subclause 7.2.2 of IEC 62271-1:2017 is applicable.

7.2.3 Wet test procedure
Subclause 7.2.3 of IEC 62271-1:2017 is applicable with the following addition:

In the case of dead tank circuit-breakers, when the bushings have been previously tested
according to the relevant IEC standard, tests under wet conditions can be omitted.

7.2.4 Arrangement of the equipment

Subclause 7.2.4 of IEC 62271-1:2017 is applicable.

7.2.5 Criteria to pass the test

Subclause 7.2.5 of IEC 62271-1:2017 is applicable with the following addition:

If disruptive discharges occur and evidence cannot be given during\testing that the disruptive
discharges were on self-restoring insulation, the circuit-breakier~shall be dismantled and
inspected after the completion of the dielectric test series. If 'damage (for example tracking,
puncture, etc.) to non-self-restoring insulation is observednthe circuit-breaker has failed the
test.

For metal-enclosed circuit-breakers tested with test bushings that are not part of the circuit-
breaker,-flashevers disruptive discharges across the'test bushings can be disregarded.

7.2.6 Application of test voltage and test)conditions

Subclause 7.2.6 of IEC 62271-1:2017 isapplicable.

7.2.7 Tests of switchgear and controlgear of U, < 245 kV

7.2.71 General

Subclause 7.2.7.1 of IEC«62271-1:2017 is applicable.

7.2.7.2 Power-frequency voltage tests

Subclause 7.2.7:2of IEC 62271-1:2017 is applicable with the following addition:

In the case/of dead tank circuit-breakers, when the bushings have been previously tested
according*to the relevant IEC standard, tests under wet conditions can be omitted.

7<2:7.3 Lightning impulse voltage test

Subclause 7.2.7.3 of IEC 62271-1:2017 is applicable.

7.2.8 Tests of switchgear and controlgear of U, > 245 kV

7.2.8.1 General

Subclause 7.2.8.1 of IEC 62271-1:2017 is applicable.
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7.2.8.2 Power-frequency voltage tests

Subclause 7.2.8.2 of IEC 62271-1:2017 is applicable.

7.2.8.3 Switching impulse voltage tests

Subclause 7.2.8.3 of IEC 62271-1:2017 is applicable with the following addition:

For outdoor circuit-breakers dry tests shall be performed using voltage of positive polarity only,
With the circuit-breaker closed, the test voltage equal to the rated withstand voltage to earnth
shall be applied for each test condition of Table 10 of IEC 62271-1:2017.

With the circuit-breaker open, the test voltage equal to the rated withstand voltage to eatth shall
be applied for each test condition of Table 10 of IEC 62271-1:2017.

A second test series, with the test voltages according to column (6) of Tables 3 and 4 of
IEC 62271-1:2017, shall be performed for circuit-breakers intended for special applications as
stated in 9.102.2. For each test condition of Table 12 of IEC 62271-1:2017; one terminal shall
be energised with switching impulse voltage and the opposite terminal with power-frequency
voltage.

Subject to the manufacturer's approval, the test with the circuit-breaker open can be performed
avoiding the use of the power-frequency voltage source(|This test series consists of the
application, to each terminal in turn, of impulses at a voltage equal to the sum of the switching
impulse voltage and the peak value stated in column (6)of Tables 3 and 4 in IEC 62271-1:2017,
the opposite terminal being earthed.

ltem b) of 7.2.6.3 of IEC 62271-1:2017 can be’used. In general, this test is more severe than
that following the specified test procedure.

7.2.8.4 Lightning impulse voltage tests
Subclause 7.2.8.4 of IEC 62271-1;2017 is applicable with the following addition:

With the circuit-breaker closed;y the test voltage equal to the rated withstand voltage to earth
shall be applied for each testcondition of Table 10 of IEC 62271-1:2017.

With the circuit-breakénopen, the test voltage equal to the rated withstand voltage across the
open switching device shall be applied for each test condition of Table 12 of IEC 62271-1:2017.

Subject to thesmanufacturer's approval, the test with the circuit-breaker open can be performed
avoiding the-Use of the power-frequency voltage source. This test series applies to each
terminaltin.turn (or on one terminal if the arrangement of the terminals is symmetrical with
respectto the base), 15 consecutive impulses at a voltage equal to the sum of the rated lightning
impulse withstand voltage and the peak value stated in column (8) of Tables 3 and column (7)
ofHEC 62271-1:2017, the opposite terminal being earthed. Item a) and item b) of 7.2.6.3 of
IEC 62271-1:2017 can be used. In general, this test is more severe than that following the
specified test procedure.

7.2.9 Artificial pollution tests for outdoor insulators

Subclause 7.2.9 of IEC 62271-1:2017 is applicable.
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7.2.10 Partial discharge tests
Subclause 7.2.10 of IEC 62271-1:2017 is applicable with the following addition:

meak%Normally it is not required to perform partial discharge tests on a complete CIrCUIt—
breaker. However, in-the case of dead-tank and GIS circuit-breakers using components for

Vvh;bh d IU:Ulelt :EC Dtdlldald C}\;Dtb, ;Ilu:ud;lla thdt ICL.{U;ICD paltia= d;bbhalyc Illcabulclllclltb
(for example, bushings, see IEC 60137:2047 [8]), evidence shall be-preduced provided by the
manufacturer showing that those components have passed the partial discharge tests as-laid
dewn-n required by the relevant IEC standard.

7.2.11 Dielectric tests on auxiliary and control circuits

Subclause 7.2.11 of IEC 62271-1:2017 is applicable.

7.2.12 Voltage test as a condition check

Subclause 7.2.12 of IEC 62271-1:2017 is replaced by the following.

7.2.12.101 Condition after mechanical or environmental test

Where after mechanical or environmental tests (see 7.101.1,4) the insulating properties across
open contacts of a circuit-breaker cannot be verified by Wwisual inspection with sufficient
reliability, a voltage test as condition check-test in dry condition across the open circuit-breaker
according to 7.2.12 of IEC 62271-1:2017 or 7.2.12.103) of this document shall be-performed
across-the-open-contactsofthecircuit-breaker applied/For metal-enclosed circuit-breakers test
conditions refer to Table 7. For multi-unit live tank €ircuit-breakers with identical units according
to 7.102.4.2.53 the voltage test as a condition,check-shall may be performed as unit test-on

Ki Ny . "
7.2.12.102 Condition check after making and breaking test

Where after making and breaking:fests (see 7.102.9) a voltage test as a condition check is
performed (see 7.2.12.103), the following conditions shall apply:

For circuit-breakers with ap. asymmetrical current path, the connections shall be reversed. The
complete tests shall be carried out once for each arrangement of the connections. For metal-
enclosed circuit-breakers having a symmetrical current path, a test to earth is required with the
circuit-breaker in closed position. When a test to earth is required, the rated insulation voltages
across open contacts and to earth may be different. For such cases, each of the rated values
corresponding:to-the test condition shall be used as the reference value for the determination
of the test voltage. These requirements are summarised in Table 7.
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Table 7 — Test requirements for voltage tests as condition check
for metal-enclosed circuit-breakers

No. of series Arrangement of
connected making g Circuit-breaker position
X . the current path
and breaking units
Open (one side) Open (other side) Closed
Single Symmetrical Y N Y
Asymmetrical Y Y N
Multi Symmetrical Y N Y
Asymmetrical Y Y Y

Y: necessary to apply voltage.

N: not necessary to apply voltage.

If making and breaking units are placed in an insulating fluid with different characteristics and
other than air at atmospheric pressure, that also might withstand the) test voltages when
replacing the original arc extinguishing medium (for example a nraclum interrupter in an
enclosure filled with SFg), the condition checking test may not be adequate to verify the integrity

of the vacuum interrupter. In such cases the integrity of the device shall be demonstrated by
the following.

An additional short-circuit breaking test shall be performed’using a circuit that supplies at least
10 % of the rated short-circuit breaking current and at\least 50 % of the rated voltage. If more
than one test-duty is carried out without reconditioning’this additional test shall be made before
or after the no-load tests subsequent to the short<gircuit test-duties as follows:

— if a three-phase test is performed in a cifeuit with effectively or solidly earthed neutral, one
opening operation shall be performed-with both the source side neutral and the short-circuit
point earthed;

— if a three-phase test is performed in a circuit with non-effectively earthed neutral, three
opening operations shall be\>performed. The first-pole-to-clear conditions shall be
demonstrated for each pole:of‘the circuit-breaker;

— if a single-phase test is-performed, one opening shall be performed. The test shall be
repeated on each pole!

A successful breaking-in each pole is evidence that the integrity of the making and breaking
unit(s) is maintained.

The additionalyshort-circuit breaking test is not required on the poles in which the final test was
a successfulbsingle-phase breaking.

If the.type test is completed with a successful three-phase breaking in a circuit with effectively
earthed neutral no additional short-circuit test as condition check is required.

7.2.12.103 Test voltage for the condition check tests

The following test voltages shall be applied:

— Circuit-breakers with U, < 72,5 kV

A 1 min power-frequency voltage test shall be performed. The test voltage shall be 80 % of
the value in column (2) of Tables 1 or 2 of IEC 62271-1:2017.

— Circuit-breakers with 72,5 kV < U, < 245 kV
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An impulse voltage test shall be performed. The crest value of the impulse voltage shall be
60 % of the highest relevant value in column (4) of Tables 1 or 2 of IEC 62271-1:2017.

— Circuit-breakers with 300 kV =< U, < 420 kV

An impulse voltage test shall be performed. The crest value of the impulse voltage shall be
80 % of the rated switching impulse withstand voltage given in Tables 3 or 4 of IEC 62271-

1:2017, except in the case of GIS circuit-breakers (i.e. circuit-breakers in Gas Insulated
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impulse withstand voltage given in IEC 62271-2083.
— Circuit-breakers with 550 kV < U, < 800 kV

An impulse voltage test shall be performed. The crest value of the impulse voltage shall be
90 % of the rated switching impulse withstand voltage given in Tables 3 or 4 of IEC,62271-
1:2017, except in the case of GIS circuit-breakers the crest value of the impulse.'voltage
shall be 90 % of the rated switching impulse withstand voltage given in IEC 62271-203.

— Circuit-breakers with U, > 800 kV

An impulse voltage test shall be performed. The crest value of the impulse voltage shall be
90 % of the rated switching impulse withstand voltage given in Table 8of IEC 62271-1:2017,
except in the case of GIS circuit-breakers the crest value of the impulse voltage shall be
90 % of the rated switching impulse withstand voltage. Examples\ef rated switching impulse
withstand voltage values for GIS equipment are given in IEC 62271-203.

Where an impulse voltage test shall be carried out, the waveshape of the impulse voltage shall
be either a standard switching impulse or a waveshape_according to the TRV specified for
terminal fault test-duty T10. Five impulses of each polarityshall be applied. The circuit-breaker
shall be considered to have passed the test if no distuptive discharge occurs. In the case that
a T10 waveshape is used, timing tolerances on the TRV waveshape of -10 % and +200 % on
time ¢3 are permitted. If the tests are performed using the TRV impulse with a T10 waveshape,

equivalence is maintained to the standard switching impulse if the following rules are applied:

— the damping of the TRV should be sugh'that the second peak of the TRV oscillation is not
higher than 80 % of the first one;

— the voltage should be in the range’of 50 % of its peak value 2,5 ms after time to peak.

NOTE Comparative tests have shown-that there are almost no differences in the behaviour of the circuit-breakers,
both in new and in worn conditions, when testing is performed with standard switching impulses or with TRV impulses
with a waveshape in accordance with terminal fault T10, respectively.

7.3 Radio interference voltage (RIV) test

Subclause 7.3 of IEC 62271-1:2017 is applicable with the following addition:

Tests can bé performed on one pole of the circuit-breaker in both closed and open position.
During the_tests the circuit-breaker shall be equipped with all accessories such as grading
capaciters, corona rings, HV connectors, etc., which can influence the radio interference voltage
perfotmance.

74 Resistance measurement

741407 43 ofIEC 52274 1:-2017
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Subclause 7.4.4 is replaced by the following.

7.4.4 Resistance measurements of contacts and connections in the main circuit as a
condition check

7.4.4.1 Resistance measurement test procedure

Subclause 7.4.4.1 of IEC 62271-1:2017 is applicable with the following modifications.
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The resistance across the circuit-breaker contacts shall be measured before the test. The
measuring test points shall be the nearest accessible points to and on either side of the contacts
in question. An average value of the resistance shall be calculated based on three
measurements. If possible, one no-load open and close operation cycle should be made
between each of the measurements. If no-load operations cannot be made, the 3 measurements
shall be made without no-load operations of the circuit-breaker.

ItisTecognised that for some tests, it1s not practicat (for exampte if gas tandfing 15 required
between the measurements) nor possible (for example during a continuous current test because
of the presence of temperature sensors within the breaking chamber(s)) to make any no-load
operations between each of the three resistance measurements.

7.4.4.2 Making and breaking tests
Subclause 7.4.4.2 of IEC 62271-1:2017 is applicable with the following addition:

For circuit-breaker types other than sealed-for-life visual inspection of the gontact system is
usually sufficient as stated in 7.102.9.2.

7.4.4.3 Other tests
Subclause 7.4.4.3 of IEC 62271-1:2017 is replaced by 7.101.1.4.

7.5 Continuous current tests
7.5.1 Condition of the test object

Subclause 7.5.1 of IEC 62271-1:2017 is applicable.

7.5.2 Arrangement of the equipment

Subclause 7.5.2 of IEC 62271-1:2017 isapplicable with the following addition:

For a circuit-breaker not fitted with'series connected accessories, the test shall be made with
the rated continuous current of the circuit-breaker.

For a circuit-breaker fitted with series connected accessories having a range of rated
continuous currents, the following tests shall be made:

a) a test of the circuit-breaker fitted with the series connected accessories having a rated
continuous current equal to that of the circuit-breaker, and made at the rated continuous
current of the circuit-breaker;

b) a serigs of tests of the circuit-breaker fitted with the intended accessories made with
currents equal to the rated continuous current of each accessory.

If the) accessories can be removed from the circuit-breaker, and if it is evident that the
temperature rise of the circuit-breaker and of the accessories do not appreciably influence each
other, test b) above can be replaced by a series of tests on the accessories alone.

7.5.3 Test current and duration

Subclause 7.5.3 of IEC 62271-1:2017 is applicable.

7.5.4 Temperature measurement during the test

Subclause 7.5.4 of IEC 62271-1:2017 is applicable.
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7.5.5 Resistance of the main circuit

Subclause 7.5.5 of IEC 62271-1:2017 does not apply. The resistance of the main circuit shall
be measured using the procedure given in 7.4.4.

7.5.6 Criteria to pass the test
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7.6  Short-time withstand current and peak withstand current tests
7.6.1 General

Subclause 7.6.1 of IEC 62271-1:2017 is applicable.

7.6.2 Arrangement of the equipment and of the test circuit

Subclause 7.6.2 of IEC 62271-1:2017 is applicable with the following addition:

The use of making and breaking and/or insulating fluid is not mandatery for short-time withstand
current and peak withstand current tests. Air or N, may be used as'\an alternative to gases with

high global warming potential. There is also no requirement for minimum pressure for insulation
and/or making and breaking.

7.6.3 Test current and duration

Subclause 7.6.3 of IEC 62271-1:2017 is applicable.

7.6.4 Conditions of the test object after-test

Subclause 7.6.4 of IEC 62271-1:2017 iscapplicable with the exception of b) and the following
addition.

After the tests of self-tripping circuit-breakers, the conditions of the circuit-breaker shall comply
with 7.102.9, and it shall be demonstrated that the overcurrent release is still in order to operate
correctly. A primary injection_test at 110 % of the minimum tripping current and in the conditions
(single-phase or three-phase), as declared by the manufacturer, is a satisfactory demonstration.

7.7 Verification of\the protection
7.71 Verification of the IP coding
Subclause7:7.1 of IEC 62271-1:2017 is applicable.

7.7.2)>Verification of the IK coding
Subclause 7.7.2 of IEC 62271-1:2017 is applicable.

| ~" 7.8 Tightness tests

Subclause 7.8 of IEC 62271-1:2017 is applicable.

7.9 Electromagnetic compatibility tests (EMC)
Subclause 7.9 of IEC 62271-1:2017 is applicable with the following addition.
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7.9.3.2 Ripple on DC input power port immunity test

Subclause 7.9.3.2 of IEC 62271-1:2017 is applicable with the following addition:

If no electronic components are used in the control unit and the mechanical operation test at
ambient air temperature in accordance with 7.101.2 is performed on the complete circuit-
breaker equipped with its entire control unit, the ripple on DC input power port immunity test

020 £ 1l DN 74 4. 0047 ¢

dbbuld;lly tU 7.{7.\).4 U1 O UZZT7T 17 T1T.2U17T 19 IUUdIdCd ao \JUVUIUd all\‘.l.l additiunai tcata th” bU
omitted. When testing of the complete circuit-breaker is not practicable, component tests in
accordance with 7.101.1.2 are acceptable.

Where electronic components are used, tests according to 7.9.3.2 of IEC 62271-1:2017-0tvthe
individual components are sufficient.

NOTE This subclause is applicable to both, complete electronic boards (for example control modules) and devices
containing at least one electronic component.

7.10 Additional tests on auxiliary and control circuits
7.10.1 General

Subclause 7.10.1 of IEC 62271-1:2017 is applicable.

7.10.2 Functional tests

Subclause 7.10.2 of IEC 62271-1:2017 is applicable wijth the following addition:

If the mechanical operation test at ambient air temperature in accordance with 7.101.2 is
performed on the complete circuit-breaker equipped with its entire control unit, the functional
tests according to 7.10.2 of IEC 62271-1:2Q17 are regarded as covered and additional tests
shall be omitted. When testing of the compléte circuit-breaker is not practicable, component
tests in accordance with 7.101.1.2 are ac¢eptable.

7.10.3 Verification of the operational characteristics of the auxiliary contacts

Subclause 7.10.3 of IEC 62271+1:2017 is applicable.

7.10.4 Environmental tests

Subclause 7.10.4 of V\EC 62271-1:2017 is applicable with the following addition:

If the mechanical operation test at ambient air temperature in accordance with 7.101.2, the low
and high teraperature tests in accordance with 7.101.3 and, if applicable, the humidity test in
accordance_with 7.101.4 are performed on the complete circuit-breaker equipped with its entire
controlsuhit or in case of the humidity test on the control equipment respectively, the
environmmental tests according to 7.10.4 of IEC 62271-1:2017 are regarded as covered and
additional tests can be omitted. When testing of the complete circuit-breaker is not practicable,
component tests in accordance with 7.101.1.2 are acceptable.

Seismic tests are not covered. I a seismic test 15 requested, itshould—be performedin
accordance with IEC TR 62271-300 [9] by agreement between manufacturer and user.

7.10.5 Dielectric test

Subclause 7.10.5 of IEC 62271-1:2017 is applicable with the following addition:

The dielectric test shall be performed on the auxiliary and control circuits in new condition.
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7.11 X-radiation test procedure for vacuum interrupters

Subclause 7.11 of IEC 62271-1:2017 is applicable.

7.101 Mechanical and environmental tests

7.101.1 Miscellaneous provisions for mechanical and environmental tests

7.101.1.1 Mechanical characteristics

At the beginning of the type tests, the mechanical characteristics of the circuit-breaker shall be
established. IEC TR 62271-306 [4] gives examples on how to measure the mechanical
characteristics. The mechanical characteristics will serve as the reference for the purpose of
characterising the mechanical behaviour of the circuit-breaker. Furthermore, the mechanical
characteristics shall be used to confirm that the different test samples used~during the
mechanical, making and breaking type tests behave mechanically in a similar way. The
reference mechanical characteristics are also used to confirm that production*units behave
mechanically in a similar way compared to the test samples used during typetests.

Following are examples of operating characteristics that can be recorded:

— no-load travel curves;
— closing and opening times.

The mechanical characteristics shall be produced during;alno-load test made with a single O
operation and a single C operation at rated supply voltage of operating devices and of auxiliary
and control circuits, filling pressure for operation{and, for convenience of testing, at the
minimum functional pressure for making and breaking.

Annex G gives requirements and explanatiord on the use of mechanical characteristics.

7.101.1.2 Component tests

When testing of a complete circuit-breaker is not practicable, component tests can be accepted
as type tests. The manufacturer should determine the components which are suitable for testing.

Components are separate_functional sub-assemblies which can be operated independently of
the complete circuit-breaker (for example, pole, breaking unit, operating mechanism).

When component (tests are made, the manufacturer shall prove that the mechanical and
environmental stresses on the component during the tests are not less than those applied to
the same component when the complete circuit-breaker is tested. Component tests shall cover
all different-types of components of the complete circuit-breaker, provided that the particular
test is applicable to the component. The conditions for the component type tests shall be the
same as:those which could be employed for the complete circuit-breaker.

Parts of auxiliary and control equipment which have been manufactured in accordance with
relevant standards shall comply with these standards. The proper function of such parts in
connection with the function of the other parts of the circuit-breaker shall be verified.

7.101.1.3 Characteristics and settings of the circuit-breaker to be recorded before
and after the tests

Before and after the tests, the following operating characteristics or settings shall be recorded
and evaluated:

a) closing time;
b) opening time;
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c) time spread between making and breaking units of one pole;
d) time spread between poles (if multi-pole tested);

e) recharging time and consumption of the operating device;

f) consumption of the control circuit, if applicable;

g) consumption of the auxiliary circuit;

—duratiomrofopening—and—ctosingcommantd;

i) tightness, if applicable;

j) gas densities or pressures, if applicable;

k) resistance of the main circuit;

[) mechanical travel, if applicable;

m) other important characteristics or settings as specified by the manufacturer.

The above operating characteristics shall be recorded for the conditions hefow (if applicable)
at:

— rated supply voltage and filling pressure for operation;

— maximum supply voltage and filling pressure for operation;

— maximum supply voltage and minimum functional pressuré€ for operation;

— minimum supply voltage and minimum functional pressur€ for operation;

— minimum supply voltage and-maximum filling pressure for operation.

7.101.1.4 Condition of the circuit-breaker during and after the tests

During and after the tests, the circuit-breakershall be in such a condition that it is capable of
operating normally, carrying its rated continueus current, making and breaking its rated short-
circuit current and withstanding the voltage values according to its rated insulation level.

In general, these requirements are fuffilled if

— during the tests, the circuit=breaker operates on command and does not operate without
command;

— after the tests, the characteristics measured according to 7.101.1.3 are within the tolerances
given by the manufaeturer before the tests;

— after the tests,(coated contacts are such that a layer of coating material remains at the
contact area.-If this is not the case, the contacts shall be regarded as bare and the test
requirementstare fulfilled only if the temperature rise of the contacts during the continuous
current test (according to 7.5) does not exceed the value permitted for bare contacts;

— during and after the tests, it shall be possible to fit any defined replacement part according
tosthe' manufacturer's instructions;

— «.after the tests the insulating properties of the circuit-breaker in the open position shall be in
essentially the same condition as before the tests. Visual inspection of the circuit-breaker
after the tests is usually sufficient for verification of the insulating properties. In the case of

sealed-for-life circuit-breakers g \lnlfngn test as a condition check in accordance with 7.2 12

replaces this visual inspection;

— for sealed-for-life circuit-breakers, the increase of the resistance of the main circuit shall be
less than or equal to 20 %. If the increase in resistance exceeds 20 % then a continuous
current test according to 7.5 is applicable to determine if the test object can carry its rated
continuous current without exceeding the temperature limits given in Table 14 of IEC 62271-
1:2017 by more than 10 K;

— for other circuit-breaker types, the resistance condition check of the test object is
satisfactory if the resistance increase for each phase determined in 7.4.4.1 is not greater
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than 20 % and that the visual inspection of the contact system does confirm that the contact
system complies with the requirements stated in 7.102.9.4. If the resistance increase
exceeds 20 % then also a visual inspection shall be performed in order to see if the contact
system is complying with the requirements stated in 7.102.9.4.

7.101.1.5 Condition of the auxiliary and control equipment during and after the tests

During and after the tests, the following conditions for the auxiliary and control equipment shall

be fulfilled:

— during the tests, care should be taken to prevent undue heating;

— during the tests, a set of contacts (both make and break auxiliary contacts) shall be arranged
to switch the current of the circuits to be controlled (see 6.4);

— during and after the tests, the auxiliary and control equipment shall fulfil its functions;

— during and after the tests, insulation capability of the auxiliary circuits, ef\the auxiliary
switches and of the control equipment shall not be impaired. In case of doubt, the dielectric
tests according to 7.10.5 of IEC 62271-1:2017 shall be performed;

— during and after the tests, the contact resistance of the auxiliary(switches shall not be
affected adversely.

7.101.2 Mechanical operation test at ambient air temperature
7.101.2.1 General

The mechanical operation test shall be made at the ambient air temperature of the test location.
The ambient air temperature shall be recorded in the, test report. Auxiliary equipment forming
part of the operating devices shall be included.

The mechanical operation test shall consist\of 2 000 operating cycles in accordance with
7.101.2.3 for class M1 circuit-breakers @nd” 10 000 operating cycles in accordance with
7.101.2.4 for class M2 circuit-breakers.

Except for circuit-breakers fitted with.direct overcurrent releases the test shall be made without
voltage on or current in the main circuit.

For circuit-breakers fitted withrovercurrent releases, approximately 10 % of the operating cycles
shall be performed with the opening device energised by the current in the main circuit. The
current shall be the minimum current necessary to operate the overcurrent release. For these
tests, the current through overcurrent releases can be supplied from a suitable low-voltage
source.

A circuit-breaker design can be fitted with several variants of auxiliary equipment (shunt
releases, and motors) in order to accommodate the various rated control voltages and
frequencies as stated in 5.9 and 5.10. No additional tests are required if the variants are of
simjlar designs and if the resulting no-load mechanical characteristics are within the tolerance
given’/in Annex G.

7.101.2.2 Condition of the circuit-breaker before the test

The circuit-breaker for test shall be mounted on its own support and its operating mechanism
shall be operated in the specified manner. It shall be tested according to its type as follows:

A multipole circuit-breaker actuated by a single operating device and/or with all poles mounted
on a common frame shall be tested as a complete unit.

Tests shall be conducted at the filling pressure for making and breaking.
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A multipole circuit-breaker in which each pole or even each column is actuated by a separate
operating device should be tested preferably as a complete multipole circuit-breaker. However,
for convenience, or owing to limitations of the dimensions of the test bay, one single-pole unit
of the circuit-breaker can be tested, provided that it is equivalent to, or not in a more favourable
condition than, the complete multipole circuit-breaker over the range of tests, for example in
respect of

— reference mechanical travel characteristics:

— power and strength of closing and opening mechanism;
— rigidity of structure.

7.101.2.3 Operating sequence for class M1 circuit-breakers

The circuit-breaker shall be tested in accordance with Table 8.

Table 8 — Number of operating sequences

Number of operating sequences
o ti Supply voltage and
perating sequence operating pressure Circuit-breakers for Circuit-breakers not for
auto-reclosing auto-reclosing

Minimum 500 500

C-1,-0-1, Rated 500 500
Maximum 500 500

0-t-CO-t,-C-—1t, Rated 250 -

CO -1, Rated - 500

— O = opening;

— C =closing;

— CO =close-open operating cycle with the shortest'possible close-open time such that the circuit-breaker reaches
the fully closed and latched position prior to.0pening;

- t, = time between two operations which(is necessary to restore the initial conditions and/or to prevent undue
heating of parts of the circuit-breakeri(this time can be different according to the type of operation);

— t=0,3 s for circuit-breakers for rapid*auto-reclosing;

— ¢t =3 min for circuit-breakers fon auto-reclosing. For testing purposes shorter times for ¢ can also be used.

During the test, lubrication of parts outside of the main circuit is allowed in accordance with the
manufacturer's instructions, but no mechanical adjustment or other kind of maintenance is
allowed.

7.101.2.4 “Operating sequence for class M2 circuit-breakers

The-{ests shall be made according to 7.101.1, 7.101.2.1, 7.101.2.2 and 7.101.2.3 with the
following addition:

= the tests shall consist of 10 000 operating cycles performing five times the relevant test

programme epnr‘ifinr{ inTable R;

— between each series of 2 000 operating cycles specified, some maintenance, such as
lubrication and mechanical adjustment, is allowed, and shall be performed in accordance
with the manufacturer’s instructions. Only change of parts outside of the main circuit and
not being part of the power kinematic chain, that are listed in the program of maintenance,
is permitted;

— during a test series of 2 000 operating cycles, lubrication of parts outside of the main circuit
is allowed in accordance with the manufacturer's instructions, but no mechanical adjustment
or other kind of maintenance is allowed.
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7.101.2.5 Acceptance criteria for the mechanical operation tests

The criteria given below apply for mechanical operation tests on class M1 and class M2 circuit-
breakers.

a) Before and after the total test programme, the following operations shall be performed:
— five close- open operatmg cycles at the rated supply voItage of closmg and opemng

UCVI\JCD allu UI au;uual_y allu L;UIILIUI bllbullb aIIuIUI lIIU IIIIIIIH MIToouUlrT IUI UPUIGLIUII,

— five close-open operating cycles at the minimum supply voltage of closing and opening
devices and of auxiliary and control circuits and/or the minimum pressure for operatioh;

— five close-open operating cycles at the maximum supply voltage of closing and opéning
devices and of auxiliary and control circuits and/or the maximum pressure for operation.

During these operating cycles, the operating characteristics (see 7.101.1,.3)\shall be
recorded. It is not necessary to publish all the oscillograms recorded. However, at least one
oscillogram for each set of conditions given above shall be included in thestest report.

In addition, the following checks and measurements shall be performed:

— measurements of characteristic operating fluid pressures _and consumption during
operations, if applicable;

— verification of the rated operating sequence;

— checks of certain specific operations, if applicable.

The variation between the mean values of each parameter measured before and after the
extended mechanical endurance tests shall be& within the tolerances given by the
manufacturer.

b) After each series of 2 000 operating sequences; the operating characteristics a), b), ¢), d),
e)and 1) in 7.101.1.3 shall be recorded.

c) After the total test programme the condition of the circuit-breaker shall be in accordance
with 7.101.1.4.

7.101.3 Low and high temperature tests

7.101.3.1 General requirenmients

a$b+tpapy—lf the minimum ambient air temperature of indoor and outdoor CII'CUI’[ breakers is
higher than or equal to -5 °C, no low temperature test is required. If the maximum ambient air
temperature is not _higher than +40 °C, no high temperature test is required.

The tests may’be combined. If a combined sequence is chosen, a failure after either item k) of
7.101.3.4. 0r'u) of 7.101.3.5 will constitute a failure of both tests.

For( sihgle enclosure circuit-breakers or multi-enclosure circuit-breakers with a common
operating device, three-pole tests shall be made. For multi-enclosure circuit-breakers with
independent poles, the testing of one complete pole is permitted.

Multi-enclosure type circuit-breakers can be tested using one or more of the following
alternatives provided that the circuit-breaker in its testing arrangement is not in a more
favourable condition than normal condition for mechanical operation (see 7.101.2.2):

a) reduced length of phase-to-earth insulation;

b) reduced pole spacing;

c) reduced number of making and breaking units.

If heat sources are required, they shall be in operation.
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Liquid or gas supplies for circuit-breaker operation are to be at the test air temperature unless
the circuit-breaker design requires a heat source for these supplies.

No maintenance, replacement of parts, lubrication or readjustment of the circuit-breaker is
permissible during the tests.

The circuit-breaker has passed the test if the conditions stated in 7.101.1.4 and 7.101.1.5 are

fulfilled. Furthermore, the conditions in 7.101.3.4 and 7.101.3.5 shall be fulfilled and the leakage
rates recorded shall not exceed the limits given in Table 15 of IEC 62271-1:2017. In the test
report the testing conditions and the condition of the circuit-breaker before, during and after the
test shall be reported. The recorded quantities shall be presented. To reduce the numben of
oscillograms in the test report, a single representative oscillogram of every relevant type of
operation under each specified testing condition shall be included.

A circuit-breaker design can be fitted with several variants of auxiliary equipment (shunt
releases and motors) in order to accommodate the various rated control~voltages and
frequencies as stated in 5.9 and 5.10. No additional tests are required ifrthe variants are of
similar designs and if the resulting no-load mechanical characteristics are/within the tolerance
given in 7.101.1.1.

The conditions during and after the tests are given in 7.101.1.4.

7.101.3.2 Additional requirements for metal-enclosed outdoor circuit-breakers

For circuit-breakers equipped with tank heater(s) for the purpose of avoiding gas liquefaction
during low ambient temperature conditions, the test,sequence required in 7.101.3.4 is not
sufficient to demonstrate that the gas heating &lement is properly designed to avoid gas
liquefaction during low ambient temperature conditions. For such circuit-breakers, the test
sequence required in 7.101.3.4 shall be performed with a simulation of an average wind speed
of 10 km/h (x20 %) applied perpendicularly to the longitudinal axis of an outer phase of the
circuit-breaker. The wind shall be applied:\from step c) to j) of the test procedure described in
7.101.3.4.

The wind speed shall be measured by at least 5 positions along the longitudinal axis of the
circuit-breaker and at a distance of 0,5 m (x0,1 m) to the outer circuit-breaker tank (see
Figure 10). Each measurement shall be spaced by approximately 0,3 m. The number of
measurements shall be such that the measurement length exceeds the circuit-breaker length
by at least 0,5 m on ea¢h end. The wind speed for each of the individual measurements shall
not deviate from thetaverage wind value by more than £50 %.

It is recognised that the wind speed measurements in relatively small climatic room (in relation
to the circuitsbreaker dimensions) can be difficult and that wind turbulences from the
neighbouring test cell walls cannot be avoided. In such cases, greater deviations than required
above eah'be accepted in agreement between manufacturer and user.

The-application of a transversal wind can make the measurement of the gas tightness
impossible. If this is the case, it is allowed to split the low temperature test procedure in two
parts. After having performed the required test sequence with the simulation of the transversal

VViIId, thc IUVV tclllpvld‘lulc ‘lcbt STUUTTILET bhd” bU lcpcatcd, vvithuut tldlleUIbU VViIICII aIIClI vvithuut
gas heater, at low temperature 7| equal to or lower than the lowest temperature measured
during the first test on the circuit-breaker tank surface close to sealing joints. A minimum of ten
temperature measuring points shall be used to measure the tank surface temperature close to
sealing joints.
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Figure 10 & Example of wind velocity measurement

7.101.3.3 Measurement.of ambient air temperature

The ambient air temperature of the immediate test environment shall be measured at half the
height of the circuit=breaker and at a distance of 1 m from the circuit-breaker.

The maximum/itemperature deviation over the height of the circuit-breaker shall not exceed 5 K.

7.101:3:4 Low temperature test

Thediagram of the test sequences and identification of the application points for the tests
specified are given in Figure 11.

If the low temperature test is performed immediately after the high temperature test, the low
temperature test can proceed after completion of item u) of the high temperature test in
7.101.3.5. In this case items a) and b) are omitted.

a) The test circuit-breaker shall be prepared and adjusted in accordance with the
manufacturer's instructions;

b) Characteristics and settings of the circuit-breaker shall be recorded in accordance with
7.101.1.3 and at an ambient air temperature of 20 °C £ 5 °C (7,). The tightness test (if

applicable) shall be performed according to 7.8;
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With the circuit-breaker in the closed position, the air temperature shall be decreased to the
appropriate, minimum ambient air temperature (7| ), according to the minimum ambient

temperature specified as given in 4.1.2, 4.1.3 and 4.2.4 of IEC 62271-1:2017. The circuit-
breaker shall be kept in the closed position for 24 h after the ambient air temperature
stabilises at 7 ;

d) During the 24 h period with the circuit-breaker in the closed position at temperature 7|, a
fiabtn oo toct obholl b narfaormeaedLif anpnliecablea)l A inaraacao dlaalkaa rata i aoncantalhl
LIHIILIIUDO Col oTidiT VU HUIIUIIIIUU \II GPHIIUGUIU}- AAIT TTTOT Ao UuU IUGI\UHU rate 1o U\J\JUHLUUIU,

e)

g)
h)

provided that it returns to the original value when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate

shall not exceed the permissible temporary leakage rate of Table 15 of IEC 62271-1:2047;

After 24 h at temperature T, the circuit-breaker shall be opened and closed at rated values

of supply voltage and operating pressure. The mechanical characteristics shall bg‘recorded
and shall be within the manufacturer’s specified tolerances;

The low temperature behaviour of the circuit-breaker and its alarms and lock-out systems
shall be verified by disconnecting the supply of all heating devices, including also the anti-
condensation heating elements, for a duration ¢,. During this interval, occurrence of an alarm

is acceptable but lock-out is not. At the end of the interval ¢,, ancopening order, at rated
values of supply voltage and operating pressure, shall bé \given. The mechanical

characteristics shall be recorded and shall be within the-manufacturer’s specified
tolerances.

The manufacturer shall state the value of 7, (not less than'2 h) up to which the circuit-breaker

is still operable without auxiliary power to the heatersIn the absence of such a statement,
the default value shall be equal to 2 h;

The circuit-breaker shall be left in the open position for 24 h;

During the 24 h period with the circuit-breaker in the open position at temperature 7, a

tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the originalvalue when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate

shall not exceed the permissible temporary leakage rate of Table 15 of IEC 62271-1:2017;

At the end of the 24 h period, 50 closing and 50 opening operations shall be made at rated
values of supply voltage andioperating pressure with the circuit-breaker at temperature 7.

At least a 3 min interval shall be allowed for each cycle or sequence. The first closing and
opening operation shall*‘be recorded. The mechanical characteristics shall be recorded and
shall be within the manufacturer’s specified tolerances. Following the first closing operation
(C) and the first opening operation (O) three CO operating cycles shall be performed. The
additional operations shall be made by performing C — ¢, — O — ¢, operating sequences (¢,

is defined innTable 8);

After completing the 50 opening and 50 closing operations, the air temperature shall be
increased to ambient air temperature T, at a rate of change of approximately 10 K per hour;

Daring the temperature transition period the circuit-breaker shall be subjected to alternate
Cr-t;,-0—-t,—Cand O-1r,-C -1, -0 operating sequences at rated values of supply

voltage and operating pressure. The alternate operating sequences should be made at

30 min intervals so that the circuit-breaker will be in open and closed positions for 30 min
pnrindc between the npnrafing sequences;

k)

After the circuit-breaker has stabilised thermally at ambient air temperature T,, a recheck

shall be made of the circuit-breaker settings. The mechanical characteristics shall be
recorded and shall be within the manufacturer’s specified tolerances. The tightness test
shall be repeated as in item b) and the leakage rate shall remain the limits stated in 7.8.

The accumulated leakage during the complete low temperature test sequence from item b)
to item j) shall not be such that lock-out pressure is reached (reaching alarm pressure is
allowed).
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NOTE Letters a through k identify application points of tests specified in 7.101.374.

Figure 11 — Test sequence for low tempeérature test

7.101.3.5 High temperature test

The diagram of the test sequence and identification jof the application points for the tests
specified are given in Figure 12.

If the high temperature test is performed immediately after the low temperature test, the high
temperature test can proceed after completion of item j) of the low temperature test. In this
case, items |) and m) below are omitted.

) The test circuit-breaker shall.‘be prepared and adjusted in accordance with the
manufacturer's instructions;

m) Characteristics and settings of the circuit-breaker shall be recorded in accordance with
7.101.1.3 and at an ambient air temperature of 20 °C £ 5 °C (T,). The tightness test (if
applicable) shall be pérformed according to 7.8;

n) With the circuit-breaker in the closed position, the air temperature shall be increased to the
appropriate, maximum ambient air temperature (Ty), according to the upper limit of ambient

air temperature as given in 4.1.2, 4.1.3 and 4.2.4 of IEC 62271-1:2017. The circuit-breaker
shall be kept in the closed position for 24 h after the ambient air temperature stabilises at
Ty,

o) During the 24 h period with the circuit-breaker in the closed position at the temperature Ty,

atightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate

shall not exceed the permissible temporary leakage rate of Table 15 of IEC 62271-1:2017;

p) After 24 h at the temperature Ty, the circuit-breaker shall be opened and closed at rated

values of supply voltage and operating pressure. The mechanical characteristics shall be
recorded and shall be within the manufacturer’s specified tolerances;

q) The circuit-breaker shall be opened and left open for 24 h at the temperature Ty;
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During the 24 h period with the circuit-breaker in the open position at the temperature T, a

tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate

shall not exceed the permissible temporary leakage rate of Table 15 of IEC 62271-1:2017;

At the end of the 24 h period, 50 closing and 50 opening operations shall be made at rated
values of supply voltage and operating pressure with the circuit-hreaker at the temperature

u)

Th- Aninterval of at least 3 min shall be allowed for each cycle or sequence. The first closing

and opening operation shall be recorded. The mechanical characteristics shall be recorded
and shall be within the manufacturer’s specified tolerances;

Following the first closing operation (C) and the first opening operation (O) three~/CO
operation cycles shall be performed. The additional operations shall be made by péerforming
C —t,— O — 1, operating sequences (¢, is defined in Table 8);

After completing the 50 opening and 50 closing operations, the air temperature shall be
decreased to ambient air temperature T,, at a rate of change of approximately 10 K/h;

During the temperature transition period, the circuit-breaker shall be-subjected to alternate
C-t,-0-t,-Cand O-1r,-C -1, -0 operating sequences at rated values of supply
voltage and operating pressure. The alternate operating sequences should be made at
30 min intervals so that the circuit-breaker will be in the open and-closed positions for 30 min
periods between the operating sequences;

After the circuit-breaker has stabilised thermally at ambient air temperature T,, a recheck

shall be made of the circuit-breaker settings. The\mechanical characteristics shall be
recorded and shall be within the manufacturer’s specified tolerances. The tightness test
shall be repeated as in item m) and the leakage‘tate shall remain within the limits stated in
7.8.

The accumulated leakage during the compléte high temperature test sequence from item [)
to item t) shall not be such that lock-odt pressure is reached (reaching alarm pressure is
allowed).

A o p) Circuit-breaker
/ / open
r

S

t Operate
circuit-breaker

Temperature (°C)
~

q
Circuit-breaker
closed

—

Time
IEC

NOTE Letters | through u identify application points of tests specified in 7.101.3.5.

Ei
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7.101.4 Humidity test
7.101.4.1 General

The humidity test does not apply to equipment which is designed to be directly exposed to
precipitation, for example primary parts of outdoor circuit-breakers. The test shall be performed
on circuit-breakers or circuit-breaker components, where due to sudden changes of the
temperature, condensation can occur on insulating surfaces which are continuously stressed

by voltage. This is mainly the insulation of the secondary wiring of indoor installed circuit-
breakers. The test is not necessary if the circuit breaker is used within a switchgear for which
tests on auxiliary and control circuits include environmental tests. It is also not necessary where
effective means against condensation are provided, for example control cubicles with~anti-
condensation heaters.

Applying the test procedure described in 7.101.4.2, the withstand of the test objéct, primarily
circuit-breaker components, to humidity effects, which can produce condensation:on the surface
of the test object, is determined in an accelerated manner.

7.101.4.2 Test procedure

The test object shall be arranged in a test chamber containing circulating air and in which the
temperature and humidity shall follow the cycle given below:

During about half of the cycle the surfaces of the test object,shall be wet, and dry during the
other half. To obtain this result the test cycle consists of-a’period ¢, with low air temperature

(Thin = 25 °C £ 3 °C) and a period ¢, with high air temperature (7,,,,, = 40 °C £ 2 °C) inside the
test chamber. Both periods shall be equal in time. The“generation of fog shall be maintained for
that half of the cycle (see Figure 13) in which the(low air temperature is applied.

The beginning of fog generation coincidésvin principle with the beginning of the low air
temperature period. However, to wet thexvertical surfaces of materials with a high thermal time
constant, it can be necessary to start‘the fog generation later within the low air temperature
period.

The duration of the test cycle depends on the thermal characteristics of the test objects, and
shall be sufficiently long, bothat high and low temperature, to cause wetting and drying of all
insulation surfaces. In ordér to obtain these conditions, steam should be injected directly into
the test chamber or heated water should be atomised; the rise from 25 °C to 40 °C can be
obtained with the provision of heat coming from the steam or atomised water or, if necessary,
by additional heaters. Preliminary cycles shall be carried out with the test object placed in the
test chamber invorder to observe and to check these conditions.

For low-valtage components of high-voltage circuit-breakers, usually having time constants
smaller.than 10 min, the duration of the time intervals given in Figure 13 are: 4 = 10 min, 1, =

20 min,73 = 10 min and 74 = 20 min.

The fog is obtained by the continuous or periodical atomisation of 0,2 | to 0,4 | of water (with
the resistivity characteristics given below) per hour and per cubic metre of test chamber volume.

The diameter of the droplets shall be less than 10 um; such a fog can be obtained by mechanical
atomisers. The direction of the spraying shall be such that the surfaces of the test object are
not directly sprayed. No water shall drop from the ceiling upon the test object. During the fog
generation the test chamber shall be closed and no additional forced air-circulation is permitted.

The water used to create the humidity shall be such that the water collected in the test chamber
has a resistivity equal to or greater than 100 Qm and contains neither salt (NaCl) nor any
corrosive element.
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The temperature and the relative humidity of the air in the test chamber shall be measured in
the immediate vicinity of the test object and shall be recorded for the whole duration of the test.
No value of relative humidity is specified during the drop in temperature; however, the humidity
shall be above 80 % during the period when the temperature is maintained at 25 °C. The air
shall be circulated in order to obtain uniform distribution of the humidity in the test chamber.

The number of cycles shall be 350.

During and after the test, the operating characteristics of the test objects shall not be affected:
This is proven by the dielectric withstand test on the auxiliary and control circuits in accordance
with 7.2.11. The degree of corrosion, if any, should be indicated in the test report.
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Figure 13 — Humidity test

7.101.5 Test to prove the operation under severe ice conditions

The test under severe ice conditions is applicable only to outdoor circuit-breakers having
moving external parts. The test shall be performed according to IEC 62271-102:2018.
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7.102 Miscellaneous provisions for making and breaking tests
7.102.1 General

The following subclauses are applicable to all making and breaking tests unless otherwise
specified in the relevant clauses.

Ciredit-breakers-shal-be-capable-ef-making-and-breaking-al-short-circuit-currents—symmetrical
and asymmetrical, up to and including the rated short-circuit breaking currents: this is
demonstrated, when the circuit-breakers make and break the specified three-phase symmetrical
and asymmetrical currents between 10 % (or such lower currents as specified in 7.108.1,2%f
7.108.1.1 is applicable) and 100 % of the rated short-circuit breaking current at rated voltage.

In addition, circuit-breakers rated for kop = 1,2 or 1,3 shall be capable of breaking single-phase
short-circuit currents (see 7.108.2). Furthermore, circuit-breakers rated for kpp =,5 shall be
capable of breaking short-circuit currents in case of double-earth faults (see 71108.2).

Making and breaking tests according to class S2 cover making and breaking tests according to
class S1.

Circuit-breakers to which any capacitive current rating has been assigned shall be capable of
making and breaking capacitive currents up to and including/the rated capacitive current at a
voltage level up to and including that specified (see 7.111.7)]

Where applicable, prior to the commencement of the tests, the manufacturer shall declare the
values of

— minimum conditions of the operating mechanism guaranteeing the rated operating sequence
(for example the minimum pressure for)*operation in case of a hydraulic operating
mechanism);

— minimum conditions of the circuit-breaker guaranteeing the rated operating sequence (for
example the minimum pressure for,making and breaking in case of an SFg circuit-breaker).

7.102.2 Additional requirements

The reference test method to-prove the making and breaking requirements is using three-phase
circuits.

If the tests are carried out in a laboratory, the applied voltage, current, transient and power-
frequency recoyery voltages can all be obtained from a single power source (direct tests) or
from several _s@urces where all of the current, or a major portion of it, is obtained from one
source, and'the TRV is obtained wholly or in part from one or more separate sources (synthetic
tests).

If, dueto limitations of the testing facilities, the reference test method cannot be used, several
methods employing either direct or synthetic test methods can be used either separate or in
combination, depending on the circuit-breaker type:

a) singfe-phase testing (see 7. 102417,
b) unit testing (see 7.102.4.2);
c) multi-part testing (see 7.102.4.3).
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7.102.3 Arrangement of circuit-breaker for tests
7.102.3.1 General

The circuit-breaker under test shall be mounted on its own support or on an equivalent support.
A circuit-breaker supplied as an integral part of an enclosed unit shall be assembled on its own
supporting structure and enclosure, complete with any disconnecting features, with vent outlets
forming part of the unit and. where practicable, with main connections and busbars.

Its operating device shall be operated in the manner specified and in particular, if it is electrically
or spring operated, closing solenoid or shunt closing releases and shunt opening releases shall
be supplied at their respective minimum voltages guaranteeing successful operation (857% of
the rated voltage for the closing solenoid or shunt closing releases, 85 % of the rated yoltage if
AC or 70 % if DC for the opening release). To facilitate consistent control of the opening and
closing operation, the releases shall be supplied at the maximum operating voltage for test-duty
T100a, capacitive current tests and the single-phase test specified in 7.108.2. Operating
devices having a minimum operating condition (i.e. pressure, energy, etc.) shall'be operated at
the minimum condition for operation at the commencement of the rated operating sequence, as
per 5.104, unless otherwise specified in the relevant clauses. In cases where a test-duty allows
for operating sequences consisting of separate O operations, CO and, O — ¢t — CO operating
sequences, the following procedure applies to pneumatically and ‘hydraulically operating
devices:

a) before performing making and breaking tests and starting\from the minimum pressure for
operation, all the pressures during the rated operating.sequence carried out at no-load shall
be recorded;

b) the recorded values shall be compared withi/the minimum values declared by the
manufacturer as guaranteeing successful opérations as separate O, CO and in case of
t=0,3s,0—¢t-CO. For these no-load operations the conditions stated in 7.101.1 apply;

c) tests shall be carried out at the pressuré. for operation set at the minimum value resulting
from a) and b) above, whatever is theower, for the corresponding operation in the test-
duty; the pressure values shall be reported in the test report.

The operating time of some circuit-breakers can vary when the supply voltage to the coils is at
the minimum value specified in 6.9 of IEC 62271-1:2017, while the operating times are
reasonably constant at their rated supply voltages. Performing a test-duty with correct arcing
times can be difficult to achieve in such a case, especially where steps of 18 electrical degrees
shall be made to prove thé&arcing window. Additionally, the scattering of the closing time can
prevent the possibility to-perform the making test with the rated short-circuit making current.

For circuit-breakers” where the operation of the coils does not affect contact travel
characteristics, it.is permitted to increase the supply voltage of the coils from the minimum value
to 110 % of the'rated supply voltage. No-load operations performed at the rated and minimum
supply voltage shall be included in the test report to show that the contact travel characteristics
are not.affected by the increased voltage of the coil.

At'least one making and one breaking operation shall be performed for test-duty T100s with
minimum supply voltage to prove the ability of the circuit-breaker to operate correctly up to its
rated short-circuit current under minimum control voltage conditions.

Interlocking devices associated with pressure interlocks shall be made inoperative during the
tests, if they interfere with the intent of the test.

It shall be shown that the circuit-breaker will operate satisfactorily under the above conditions
at no-load as specified in 7.102.6. The pressure of the compressed gas for making and breaking,
if any, shall be set at its minimum functional value.

The circuit-breaker shall be tested according to its type as specified in 7.102.3.2 and 7.102.3.3.
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7.102.3.2 Common enclosure type

A three-pole circuit-breaker having all its arcing contacts supported within a common enclosure
shall be tested as a complete three-pole circuit-breaker in three-phase circuits, taking Annex H
into account.

7.102.3.3 Multi-enclosure type

A three-pole circuit-breaker consisting of three independent single-pole switching devices can
be tested single-phase according to 7.102.4.1. The manufacturer shall give testing evidence to
show compliance with 6.101.

A three-pole circuit-breaker not having completely independent switching devices should be
tested as a complete three-pole circuit-breaker. However, owing to limitation of available testing
facilities, one single pole of the circuit-breaker can be tested, provided that it is with regard to
the mechanical and electrical conditions applied during the tests equivalent to,.otnot in a more
favourable condition than, the complete three-pole circuit-breaker over theyrange of tests in
respect of:

— mechanical travel characteristics in a making operation (for the.evaluation method, see
7.102.4.1);

— mechanical travel characteristics in a breaking operation (for the evaluation method, see
7.102.4.1);

— availability of arc-extinguishing medium;
— power and strength of closing and opening devices;
— rigidity of structure.

7.102.3.4 Self-tripping circuit-breakers

For self-tripping circuit-breakers, subject to'the provisions of 7.103.2.3, the overcurrent release
shall be inoperative during making and breaking tests and the overcurrent release or the current
transformers shall be connected to the live side of the test circuit.

7.102.4 General considerations concerning testing methods
7.102.4.1 Single-phase testing of a single pole of a three-pole circuit-breaker

According to this methed, a single pole of a three-pole circuit-breaker is tested single-phase,
applying to the poleithe same current and substantially the same power-frequency voltage
which would be impressed upon the most highly stressed pole during three-phase making and
breaking by thetcomplete three-pole circuit-breaker under corresponding conditions.

tr-thosecases—where-Depending on the circuit-breaker design this document permits single-
pole testing to-simulate cover three-phase conditions-and. In those cases where the circuit-
breaKer-is equipped with one operating mechanism for all three poles, a complete three-pole
assembly shall be supplied for the tests.

For short-circuit tests, in order to establish whether-the—circuit-breakerpermits—single-phase
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for making and breaking shall be performed. Furthermore, it shall be checked that the operating
characteristics of the circuit-breaker to be single-phase tested correspond to the provisions of
7.101.1.1.

The verification test for breaking consists of performing a three-phase short-circuit breaking
test at the same current level as required for test-duty T100s, without TRV with any convenient
test voltage, and with the longest expected arcing time in the last-pole-to-clear.
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The verification test for making consists of two three-phase making operations under the same
conditions as given in 7.105.2.1. In one making operation full symmetrical current and the
maximum pre-arcing time shall be achieved in one pole. In the other making operation the
maximum asymmetry shall be achieved in one pole; in this case the making operation can be
performed at a convenient reduced voltage.

During the verification test making the circuit-breaker shall reach the fully closed position and

the duration of the current shattbe atfeastequat to the time needed for the circuit-breaker to
reach the fully closed position.

During these verification tests for making and breaking, the course of the contact travekis
recorded. It shall be used as a reference for the following procedure (see Figure 14). Thecsensor
for picking up the course of the contact travel shall be mounted at a suitable location making it
possible for providing the course of the contact travel, either directly or indirectly.
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Figure 14 — Example of reference mechanical characteristics (idealised curve)

From this reference course, two envelope curves shall be drawn from the instant of contact
separationto-the end of the contact travel, in the case of a breaking operation, and from the
beginning of the contact travel to the instant of contact touch, in the case of a making operation.
The distance of the two envelopes from the original course shall be 5 % of the total travel
evaluated from the three-phase verification test (see Figure 15).

Puring a single-phase test under the same conditions (test-duty T100s with the longest arcing
time and the longest pre-arcing time) the course of the contact travel shall be recorded. If the

course of the contact travel in the single-phase test is within the envelopes of the mechanical
travel characteristics from the instant of contact separation to the end of the contact travel in
the case of a breaking operation and from the beginning of the contact travel to the instant of
contact touch in the case of a making operation of the three-phase tests, single-phase tests for
representing three-phase conditions are valid.
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Figure 15 — Reference mechanical characteristics of Figure 14
with the envelopes centred over the reféerence curve (+5 %, -5 %)

The envelopes can be moved in the vertical ditection until one of the curves covers the
reference curve. This gives maximum tolerances over the reference contact travel curve of
-0 %, +10 % and +0 %, —10 % respectively{(see Figure 16 and Figure 17). The displacement
of the envelope can be done only once for'the complete procedure in order to get a maximum
total deviation from the reference curve 6f10 %.

To achieve the correct contact travel characteristics of the individual poles, depending on the
design (single-phase or three-phase operated), it may be necessary to make adjustments, for
example by using transfer fundtions.
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with the envelope fully displaced upward from the reference curve (+10 %, —0 %)
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Figure 17 — Reference mechanical characteristics of Figure 14

with the envelope fully displaced downward from the reference curve (+0 %, —-10 %)

Special attention should be paid to the emission of arc products. If it is considered that such
emission would, for example, be likely to impair the insulation distance to adjacent poles, then
this shall be checked, using earthed metallic screens (see 7.102.8).
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When testing a circuit-breaker for 50 Hz and 60 Hz, verification tests shall only be performed

at 50 Hz or 60 Hz, provided the following two conditions are met:

— the arcing time for breaking shall be the longest expected arcing time in the last-pole-to-
clear at 50 Hz;

— during the making operation with asymmetrical current the rated short-circuit making current
for 60 Hz shall be achieved.

7.102.4.2 Unit testing
7.102.4.2.1 General

Certain circuit-breakers are constructed by assembling identical making and breaking.units in
series, the voltage distribution between the making and breaking units of each pole often being
improved by the use of parallel impedances.

This type of design enables the making and breaking performance of a circuit-breaker to be
tested by carrying out tests on one or more making and breaking units.

The requirements of 7.101.1.1, 7.102.3 and 7.102.4.1 also apply for unit.testing. Since therefore
at least a complete pole assembly shall be made available for the\verification tests on one or
more making and breaking units, the test results relate only to this‘specific pole design.

7.102.4.2.2 Configuration and requirements
The following situations can be distinguished:

a) The circuit-breaker pole consists of making and breaking units (or assemblies of making
and breaking units) which are separately operated and which have no mutual connections
for the arc extinguishing medium.

In this case unit testing is acceptable. However, the mutual influence through the
electrodynamic forces of the current)on the making and breaking units and the arc in the
making and breaking units should>be taken into account (see Figure 18). This can be done
by substitution of the secondxmaking and breaking unit by a conductor with equivalent
shape.

b) The circuit-breaker pole_consists of making and breaking units (or assemblies of making
and breaking units) which are separately operated but which have a mutual connection for
the arc extinguishing medium.

In this case, unit\testing is only acceptable if the making and breaking units not under test
arc during the, test (for example used as auxiliary circuit-breaker in synthetic tests).

c) The circuitzbreaker pole consists of making and breaking units (or assemblies of making
and breaking units) which are not separately operated.

In this.case, unit testing is only acceptable if the mechanical characteristics for the unit test
and.for the full-pole test are the same. The procedure as given in 7.102.4.1 for single-pole
testing of a three-pole circuit-breaker shall be applied accordingly. Moreover, the influence
of electrodynamic forces (see also item a) above) shall be covered.

However, if the making and breaking units not under test arc during the test (for example,
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mechanical characteristics are considered to be covered. In this case, the requirement for
circuit-breakers, which have mutual connections for the extinguishing medium between
making and breaking units (see also item b) above) is covered at the same time.

d) For test currents equal to or less than 60 % of the rated short-circuit current, unit test is
permissible if the arc extinguishing medium volume of the single making and breaking unit
under test is proportional to the applicable part of one assembly of making and breaking
units having the same arc extinguishing medium.
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The mechanical characteristics under no-load conditions for unit test and for full-pole testing
shall be the same. The procedure for comparison of mechanical characteristics given in
7.102.4.1 for single-pole testing of a three-pole circuit-breaker shall be applied accordingly.
The mutual influence through the electrodynamic forces of the current and the arc in the
making and breaking units is considered to be negligible for test currents equal or less than
60 % of the rated short-circuit current.

When carrying out unit tests it is essential that the making and breaking units are identical and

that the static voltage distribution for the type of test (for example terminal faults, short-line
fault, out-of-phase, etc.) is known.

For unit testing of metal-enclosed circuit-breakers, see Annex H.

Unit 2 Unit 1

Pole of a circuit-breaker with two
separate making and breaking units in

series
IEC
Conductor with equivalent shape
—_— —_—
Unit 1

Equivalent testing set-up for unit testings; )//
the second making and breaking unit.is
substituted by a conductor of equivalent
shape

IEC

Figure 18 — Equivalent testing set-up for unit testing of circuit-breakers
with more than one separate making and breaking units

7.102.4.2.3 Identical nature of the making and breaking units

The making and breaking units of the circuit-breaker shall be identical in their shape, in their
dimensions and in their operating conditions; only the devices for controlling the voltage
distribution among making and breaking units can be different. In particular, the following
conditions shall be fulfilled.

a) Operation of contacts

The operation of contacts shall be in accordance with 6.101. Rated operating pressures and
voltages shall be used.
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b) Supply of the arc-extinguishing medium

For a circuit-breaker using a supply of arc-extinguishing medium from a source external to
the making and breaking units, the supply to each making and breaking unit shall, for all
practical purposes, be independent of the supply to the other making and breaking units,
and the arrangement of the supply pipes shall be such as to ensure that all making and
breaking units are fed essentially together and in an identical manner.

71-102.4.2.4—Volitage distribution

The test voltage is determined by analysing the voltage distribution between the making and
breaking units of the pole.

The voltage distribution between making and breaking units of a pole, as affected,\by the
influence of earth, shall be determined for the relevant test conditions laid down fer fésts on
one pole:

— for terminal fault conditions see items c) and d) of 7.103.2.2 and Figure 19a, Figure 19b,
Figure 20a and Figure 20b;

NOTE 1 The test circuits shown in Figure 19b and Figure 20b are not applicable for\circuit-breakers where the
insulation between phases and/or to earth is critical (for example GIS or dead tank’cifcuit-breakers). Appropriate
testing methods for those circuit-breakers are presented in Annex H and in IEC 622741-101.

1,5U/3 1,00 V3 0,5U/+3

IEC IEC

Figure 19a= Preferred circuit Figure 19b — Alternative circuit

Figune 19 — Earthing of test circuits for single-phase short-circuit tests,
k,,=1,5
pp ’
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1,0U/3 0,3U/3

a

Figure 20a — Preferred circuit

IEC

Figure 20b.—. Alternative circuit

Figure 20 — Earthing of test circuits for single-phase short-circuit tests,

for short-line fault conditions see 7.109.3;

kpp =13

for out-of-phase conditions see 7.110.1 and Figure 21, Figure 22 and Figure 23;

for capacitive making and breaking conditiéns see 7.111.3, 7.111.4 and 7.111.5.

U

-
|

<
-

The squares represent TRV control elements.

IEC

Figure 21 — Test circuit for single-phase out-of-phase tests
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a8 The squares represent TRV control elements.

Figure 22 — Test circuit for out-of-phase tests using two voltages
separated by 120 electrical degrees

IEC

a8 The square represents TRV control elerments.

Figure 23 — Test circuit forout-of-phase tests with one terminal of the circuit-breaker
earthed-(subject to agreement of the manufacturer)

Where the making and-breaking units are not symmetrically arranged, the voltage distribution
shall be determinegd-also with reverse connections.

The voltage disfribution is determined either by measurement or by calculation. Values used in
the calculations shall be supported by measurements of the stray capacitances of the circuit-
breaker. Such calculations and supporting measurements verifying the assumptions used in the
calculations are the responsibility of the manufacturer.

If<thé circuit-breaker is fitted with parallel resistors, the voltage distribution shall be calculated
or measured statically at the equivalent frequency involved in the TRV.

NOTE 2 The equivalent frequency is considered to be 1/(2¢,) in the case of four parameters or 1/(2¢;) in the case
of two parameters (see Figure 24 and Figure 25).
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Delay line of the specified TRV

Reference line of the specified TRV

Prospective test TRV

Envelope of the prospective test TRV

Upper limit of the envelope of the~prospective test TRV

Figure 24 — Example-of prospective test TRV with four-parameter envelope
which satisfies the conditions to be met during type test —
Case, of-specified TRV with four-parameter reference line
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1 Envelope of the prospective test TRV
2 Reference line of the specified TRV
3 Prospective test TRV
4 Delay line of the specified TRV

Figure 25 — Example of prospective test TRV with two-parameter envelope
which satisfies the.conditions to be met during type test:
case of specified(TRV with two-parameter reference line

Where short-line fault tests areperformed with unit test method, both source and line side TRV
shall be determined with the'single voltage distribution factor, corresponding to the voltage
distribution of the line side>TRV.

If only capacitors are*used, the voltage distribution can be calculated or measured at power
frequency.

The manufacturing tolerances for resistors and capacitors shall be taken into account. The
manufacturer shall state the value of these tolerances.

NOTE 8 It can be taken into account that the voltage distribution is more favourable during the out-of-phase and
capacitive current breaking tests than during the terminal fault or short-line fault tests. This also applies when, in
exceptional cases, tests are performed under the conditions of unearthed faults in effectively earthed neutral
systems.

NOTE 4 The influence of pollution is not considered in determining voltage distribution. In some cases, pollution
can affect this voltage distribution.
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7.102.4.2.5 Additional requirements for unit testing

When testing a single making and breaking unit, the test voltage shall be the voltage of the
most highly stressed making and breaking unit of the complete pole of the circuit-breaker,
determined in accordance with 7.102.4.2.4. For short-line fault conditions, the making and
breaking unit referred to is that most highly stressed at the specified time of the first peak of
the line side transient voltage.

When testing a group of making and breaking units, the voltage appearing at the terminals of
the most highly stressed making and breaking unit of the group shall be equal to the voltage of
the most highly stressed making and breaking unit of the pole, both determined in accordance
with 7.102.4.2.4.

Additional guidance is given in Annex H.

7.102.4.3 Multi-part testing

If all recovery voltage requirements for the given test-duty cannot be met) simultaneously, the
test can be carried out in two successive parts, for example as illustrated’in Figure 26.

A

U (kV)

llc

u' > v Se e

t t, t (ms)
IEC

Key.
Required 4-parameter envelope

Test TRV part 1

Test TRV part 2

Delay line

Figure 26 — Example of prospective test TRV-waves and
their combined envelope in two-part test
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In the test circuit used for the first part, the initial portion of the TRV shall not cross the straight
line defining the delay time and shall meet the specified reference line up to the voltage u4 and

the time ¢,.

In the test circuit used for the second part, the voltage u, and the time ¢, shall be attained.

MuTti-part festing can also be carried out in order to obiain the power frequency recovery voliage
of Ur/\/3 for terminal fault after one half-cycle of rated frequency during single-phase tests in

substitution for three-phase tests as specified in 7.103.4.

The number of tests for each part shall be the same as the number required for the test:duty,
and the arcing times for each part shall meet the requirements of 7.104. The arcing times in
separate tests forming part of one multi-part test shall be the same with a tolerance of +1 ms.
Moreover, if the minimum arcing time in one part differs from that established in-the other part
by more than 1 ms then the maximum arcing time associated with the longer of the two minimum
arcing times shall be used for both parts.

When multi-part testing is used to separately meet the requirements foriTRV and for the power
frequency recovery voltage, during tests with power frequency(recovery voltage it is not
necessary to search for the minimum arcing time. Arcing times shall be based on the minimum
arcing time obtained during tests with TRV.

The circuit-breaker can be re-conditioned between the parts”of the multi-part testing procedure
in accordance with 7.102.9.6.

In rare cases, it may be necessary to perform theytest in more than two parts. In such cases,
the principles stated above shall be applied.

7.102.5 Synthetic tests

Synthetic testing methods can be applied for making and breaking tests as required in 7.107 to
7.111. Synthetic testing techniques:and methods are described in IEC 62271-101.

7.102.6 No-load operations-before tests

Before commencing making, breaking tests, C and O operations shall be made and the
mechanical characteristics recorded. Details such as closing time and opening time shall be
recorded. For thesé€ no-load operations, conditions stated in 7.101.1.1 apply. Additional no-load
operations can be necessary (see also 7.102.3.1).

In addition;-it~shall be demonstrated that the mechanical behaviour of the circuit-breaker under
test confarms to that of the reference mechanical travel characteristics required in 7.101.1.1.
After @change of contacts or any kind of maintenance, these mechanical travel characteristics
shall"be reconfirmed by repeating these no-load tests.

For a circuit-breaker fitted with a making current release, it shall be shown that this does not
operate on no-load

The pressure of the compressed gas for making and breaking shall be set at the value
corresponding to that required for the test-duty to be performed.

For electrically or spring-operated circuit-breakers, operations shall be made with the closing
solenoid or shunt-closing releases energised at 100 % and 85 % of the rated supply voltage of
the closing device and with the shunt-opening release energised at 100 % and 85 % in the case
of AC, and 100 % and 70 % in the case of DC of the rated supply voltage.
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7.102.7 Alternative operating mechanisms

In this subclause, it is considered that one version of a circuit-breaker with its operating
mechanism is completely type-tested in accordance with this document; this version is referred
to as the completely tested circuit-breaker. The other versions, differing in the operating
mechanisms (see definition in 3.5.130), are referred to as circuit-breakers with alternative
operating mechanisms.

For a circuit-breaker equipped with alternative operating mechanisms, repetition of T100s and
T100a (if required in ¢) below) only is required for the demonstration of the making and breaking
capabilities.

Therefore, the tests to be performed on the circuit-breaker equipped with the alternative
operating mechanism are as follows:

a) the mechanical characteristics shall be recorded in accordance with 7.10%.1.1 and the
results of a comparison with the characteristics of the completely tested circuit-breaker shall
comply with the requirements given in Annex G;

b) test-duty T100s shall be performed. In addition, the mechanical characteristics during the
breaking operations with the longest arcing time shall be compared with the completely
tested circuit-breaker according to the method required in 7,401.1.1 and comply with the
requirements given in Annex G;

c) in the particular case where the minimum clearing time (see 3.7.151) is falling in a shorter
category, test-duty T100a shall be performed.

If requirements a), b) and c¢) are met, the reference méchanical characteristics of the completely
tested circuit-breaker shall apply also for the c¢cirCuit-breakers equipped with alternative
operating mechanisms.

7.102.8 Behaviour of circuit-breaker during tests
During making and breaking tests, the‘Circuit-breaker shall not

— show signs of distress;

— show harmful interaction between poles and to earth;

— show harmful interaction"with adjacent laboratory equipment;

— exhibit behaviour which could endanger an operator.

If faults occur whichyare neither persistent nor due to defect in design, but rather are due to
errors in assembly, or maintenance, the faults can be rectified and the circuit-breaker subjected

to the repeated-test-duty concerned. In those cases, the test report shall include reference to
the invalid tests.

Resumption of power-frequency current in any pole before one cycle after breaking shall be
cleared by the circuit-breaker. A resumption of power frequency current later than one cycle
after the first breaking of the short-circuit in all poles is a failure.

NSDDs can occur during the recovery voltage period following a breaking operation. However

their occurrence is not a sign of distress of the switching device under test. Therefore, their
number is of no significance to interpreting the performance of the device under test. They shall
be reported in the test report in order to differentiate them from restrikes.

It is not the intent to require the installation of special measuring circuits to detect NSDDs. They
should only be reported when seen on an oscillogram.
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7.102.9 Condition of the circuit-breaker after making and breaking tests
7.102.9.1 General

After each short-circuit test-duty, the circuit-breaker shall be capable of making and breaking
its rated continuous current at the rated voltage, although its short-circuit making and breaking
performance can be impaired. The circuit-breaker shall be inspected after any test-duty or a
number of test-duties. Its mechanical parts and insulators shall be in essentially the same

condition as before the tests. Visual inspection is usually sufficient for verification of the
insulating properties. In some cases as specified in 7.102.9.2, the condition checking test
according to 7.2.12 is required to prove the insulation properties.

7.102.9.2 Insulation properties

For sealed-for-life circuit-breakers the voltage test as condition check accordingto '7.2.12 is
mandatory after the tests according to 7.107 through 7.112 and shall be performed~as follows:

— in case of a single-phase test, the condition check test shall only be canriéd out on the pole
tested;

— in case of three-phase tests the condition check test shall be carried-out on all three poles.

Terminals to which no test voltage is applied shall be earthed during the condition check test.

For other than sealed-for-life circuit-breakers the condition-check test shall be performed after
test-duty Lgq. If test-duty Lo is not required, the conditiog-chieck shall be carried out after test-

duty T100s.

After all other test-duties a visual inspection isysufficient for verification of the insulating
properties. There shall be no evidence of purcture, flashover or tracking of the internal parts
that contribute to the insulation, except thatymoderate wear of the parts of arc control devices
exposed to the arc is permissible.

If, during the capacitive current tests, one or more restrikes occurred, a dielectric condition
checking test according to(%.2.12 shall be performed before visual inspection, provided that the
tested peak recovery voltage during the capacitive current tests is lower than the peak voltage
of the specified dielectric condition checking test. The subsequent visual inspection shall
demonstrate that the restrike occurred between the arcing contacts only. There shall be no
evidence of puncture, flashover or permanent tracking of internal parts that contribute to the
insulation. Wear of the parts of arc control devices exposed to the arc is permissible as long as
it does not ‘impair the breaking capability. Moreover, the inspection of the insulating gap
betweenwthe main contacts, if they are different from the arcing contacts, shall not show any
trace of\a restrike.

If<no restrike occurred during the capacitive current tests visual inspection is sufficient.

If making and breaking units are placed in an insulating fluid with different characteristics and
other than air at atmospheric pressure, that also might withstand the test voltages when
replacing the original arc extinguishing medium (for example a vacuum interrupter in an
enclosure filled with SFg) the integrity check as requested in 7.2.12.102 shall be performed

after the short-circuit making and breaking tests. This is not required after a capacitive current
test.
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7.102.9.4 Continuous current carrying capability

The main contacts shall be in such a condition, in particular with regard to wear, contact area,
pressure and freedom of movement, that they are capable of carrying the rated continuous
current of the circuit-breaker without their temperature rise exceeding by more than 10 K the
values specified for them in Table 14 of IEC 62271-1:2017 with the exception that after
capacitive current tests for class C1 the maximum temperature rise does not exceed the values
specified in Table 14 of IFC 62271-1:2017

Contacts shall be considered as "silver-faced" only if there is still a layer of silver at the contaet
points after any of the short-circuit test-duties; otherwise, they shall be treated as "not silver=
faced" (see 7.5.6.2, point 6 of IEC 62271-1:2017).

For other than sealed-for-life ciruit-breakers, visual inspection is usually sufficient for
verification of the capability of the circuit-breaker to carry the continuous currentiand to make
and break its rated continuous current at the rated voltage.

For circuit-breakers with sealed-for-life circuit-breakers the following appliées:

a measurement of the resistance as condition check accordingto."7.4.4 is mandatory for
verification of the capability of the circuit-breaker to carry and,to)make and break the rated
continuous current at the rated voltage;

— by-products resulting from arcing can generate a non-conductive layer on contact surfaces,
showing high resistance if measured with limited current’source. Such value might not be
representative of real current carrying capability as this layer might disappear at contact
spots under rated continuous current flow;

— if the resistance increase exceeds 100 % it is allowed to repeat the resistance measurement
after a maximum of 10 no-load CO operating cycles;

— if the resistance increase still exceeds 100,/%, it is allowed to repeat the measurement after
applying a current not exceeding the\rated continuous current for a maximum duration of
15 min. A cooling time of maximupr 30 min is also allowed prior to this resistance
measurement;

— if the resistance increase still exceeds 100 % then a continuous current test according to
7.5 is applicable to determine’if the test object can carry its rated continuous current;

— the circuit-breaker passed the tests if the maximum temperature rise recorded at the
terminals of any making and breaking unit does not exceed by more than 10 K the values
specified in Table 14-of IEC 62271-1:2017.

7.102.9.5 No-load-tests after a test-duty

No load operations after an individual test-duty are only necessary if change of the contacts or
other kinds jef maintenance is intended to be performed after the test-duty. The no-load
operations.shall be compared with the corresponding operations made in accordance with
7.102:6 and shall remain within the tolerances given by the manufacturer.

Inorder to check the operation of the circuit-breaker after the completion of an entire test series
of making and breaking tests, the no-load operating sequence according to 7.102.6 shall be
repeated. These no-load tests shall be compared with the corresponding operations made in

accordance with 7.102.6. The requirements of 7.101.1.1 and of Annex G shall be fulfilled. The
circuit-breaker shall close and latch satisfactorily.
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7.102.9.6 Reconditioning during making and breaking tests

For some-circuit breakers it may be necessary to carry out maintenance work after performing
a test-duty. After the maintenance work the circuit-breaker shall be in a practically new condition.
It is also allowed to exchange the complete circuit-breaker or a big part of the circuit-breaker.
Before continuation of the tests on the maintained, reconditioned or new circuit-breaker it shall
be demonstrated that the mechanical behaviour of the circuit-breaker under test conforms to
that of the reference mechanical travel characteristics required in 7 101 1 1

It is the responsibility of the manufacturer to specify when the circuit-breaker needs to be
maintained, reconditioned or replaced as long as the following requirements are fulfilled:

a) It is not allowed to maintain, recondition or replace the circuit breaker during the specified
operating sequence of a terminal fault test-duty, a short-line fault test-duty orpan“out-of-
phase making and breaking test-duty;

b) Itis not allowed to maintain, recondition or replace the circuit-breaker during,test-duty 1 and
test-duty 2 for class C1 and during pre-condition test, test-duty 1 and test-duty 2 for class
C2 circuit-breakers. This is also not allowed when combinations of capacitive test-duties for
line, cable or capacitor bank charging current tests are made or when)reclassification tests
are made in accordance with 7.111.11.4;

c) A class E2 circuit-breaker, intended to use without auto-reclosing, shall not be maintained,
reconditioned or replaced during the terminal fault test-duties? given in 7.107;

d) A class E2 circuit-breaker, intended to use with auto-reclosing, shall not be maintained,
reconditioned or replaced during the test series described in 7.112.2.

7.103 General considerations for making and breaking tests
7.103.1 General

This subclause describes some general congiderations for making and breaking tests. The
manufacturer shall specify the values required.

7.103.2 Test circuits for short-circuit making and breaking tests
7.103.2.1 Frequency

Circuit-breakers shall be tested at rated frequency with a tolerance of +8 %.

However, for convenignce of testing, some deviations from the above tolerance are allowable;
for example, when circuit-breakers rated at 50 Hz are tested at 60 Hz and vice versa, care
should be exercised in the interpretation of the results, taking into account all significant facts
such as the type‘of the circuit-breaker and the type of test performed.

7.103.2.2 _.Earthing of test circuit

The connections to earth of the test circuit for short-circuit making and breaking tests shall be
in-accordance with the following requirements and shall be indicated in the diagram of the test
circuit included in the test report (see item f) of C.2.4).

N T 3 n 4 rd 41 } : e L 7 4 -
d)  TTHeC=pIidst 1515 Ul a ITec=puic CITCUIt=DICdRCT, Kpp = 1,9.

The circuit-breaker (with its structure earthed as in service) shall be connected in a test
circuit having the neutral point of the supply isolated and the short-circuit point earthed as
shown in Figure 27a, or vice versa as shown in Figure 27b, if the test can only be made in
the latter way.

In accordance with Figure 27a, the neutral of the supply source can be earthed through a
resistor, the resistance of which is as high as possible and, expressed in ohms, in no case
less than U/10, where U is the numerical value in volts of the voltage between lines of the
test circuit.
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When a test circuit according to Figure 27b is used, it is recognised that in case of an earth
fault at one terminal of the test circuit-breaker, the resulting earth current could be
dangerous. It is consequently permitted to connect the supply neutral to earth through an
appropriate impedance.

Three-phase tests of a three-pole circuit-breaker, k =1,3:

The circuit-breaker (with its structure earthed as in service) shall be connected in a test
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and the short-circuit point earthed as shown in Figure 28a, or vice versa as shown
in Figure 28b, if the test can only be made in the latter way.

The impedance in the neutral connection shall be selected appropriate to a kop of |1,3.
Assuming Z, = 3,25 x Z, the appropriate value of the impedance in the neutral confiection
is 0,75 times the phase impedance.

NOTE 1 The test circuit shown in Figure 28b is not applicable for circuit-breakers where the insulation between
phases and/or to earth is critical (for example GIS or dead tank circuit-breakers). Appropriate testing methods
for those circuit-breakers are presented in Annex H and in IEC 62271-101.

Single-phase tests of a single pole of a three-pole circuit-breaker with kop = 1,5:

The test circuit and the circuit-breaker structure shall be connected as in Figure 19a, so that
the voltage conditions between live parts and the structure after’arc extinction are the same
as those which would exist in the first-pole-to-clear of a three-pole circuit-breaker if tested
in the test circuit shown in Figure 27a.

The preferred test circuit is shown in Figure 19a. Where)there are limitations on test station
equipment, then the circuit shown in Figure 19b can be used.

NOTE 2 The test circuit shown in Figure 19b is not applicableAfor circuit-breakers where the insulation between
phases and/or to earth is critical (for example GIS or dead tank circuit-breakers). Appropriate testing methods
for those circuit-breakers are presented in Annex H andlin IEC 62271-101.

Single-phase tests of a single pole of a three-pole circuit-breaker with kop = 1,3:

The test circuit and the circuit-breakef structure shall be connected as in Figure 20a, so that
the voltage conditions between live parts and the structure after arc extinction are
approximately the same as those’that would exist in the first-pole-to-clear of a three-pole
circuit-breaker if tested in the test circuit shown in Figure 28a.

The preferred test circuit isrsshown in Figure 20a. Where there are limitations on test station
equipment, then the circuif*shown in Figure 20b can be used.

NOTE 3 The test circuit;shewn in Figure 20b is not applicable for circuit-breakers where the insulation between
phases and/or to earthis critical (for example GIS or dead tank circuit-breakers). Appropriate testing methods
for those circuit-breakers are presented in Annex H and in IEC 62271-101.

Single-phasg tests of a single-pole circuit-breaker:

The testycircuit and the circuit-breaker structure shall be connected so that the voltage
conditions” between live parts and earth within the circuit-breaker after arc extinction
reproduce the service voltage conditions. The connections used shall be indicated in the
test.report.
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Figure 27a - Preferred circuit with vector diagram Figure 27b - Alternative circuit with vector diagram

Figure 27 — Earthing of test circuits for three-phase short-circuit tests, kpp =1,5
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Figure 28a — Preferred circuit Figure 28b — Alternative circuit

Figure 28 — Earthing of test circuits for three-phase short-circuit tests, kpp =1,3

7.103.2.3 Connection of test circuit to circuit-breaker

Where the physical arrangement of one side of the circuit-breaker differs from that of the other
side, the live side of the test circuit shall be connected for testing to that side of the circuit-
breaker which gives.(the more severe conditions, unless the circuit-breaker is especially
designed for feedingjfrom one side only.

Where it cannot be demonstrated satisfactorily which connection gives the more severe
conditions(test-duties T10 and T30 shall be made with opposite connections, and likewise for
test-duties.T100s and T100a. If test-duty T100a is omitted, test-duty T100s shall be made with
eachof the two connections.

7.103.3 Measurement of the TRV during test

During a short-circuit test, the circuit-breaker characteristics such as arc voltage, post-arc

conductivity and presence of switching resistors (if any) will affect the TRV. Thus, the test TRV
will differ from the prospective TRV-wave of the test circuit upon which the performance
requirements are based to a degree depending upon the characteristics of the circuit-breaker.

Methods for the assessment of the TRV characteristics are given in Annex D.

The TRV during the test shall be recorded.
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7.103.4 Power frequency recovery voltage

The power frequency recovery voltage of the test circuit can 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 for at least 0,3 s.

For synthetic test circuits, details and tolerances are given in IEC 62271-101.

For the terminal fault test-duties of 7.107, the power frequency recovery voltage shall be as
follows, subject to the 95 % minimum stated above:

a) For three-phase tests on a three-pole circuit-breaker, the average value of the-power
frequency recovery voltage shall be equal to the rated voltage U, of the circuit-breaker

divided by V3.

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

For an effectively earthed neutral system, it shall be proved that the insufficient build-up of
dielectric strength in one pole will not lead to prolonged arcing and)possible failure. The
single-phase test (7.108.2) shall be applied as a demonstration.

b) For single-phase tests on a three-pole circuit-breaker, the powerfrequency recovery voltage
shall be equal to the product of the phase-to-earth value Ur/\/3 and the first-pole-to-clear

factor (1,2, 1,3 or 1,5); the power frequency recovery voltage can be reduced to Ur/\/3 after
an interval of half a cycle of the rated frequency.

The power frequency recovery voltage shall be measured between terminals of a pole in each
phase of the test circuit. Its RMS value shall be determined on the oscillogram within the time
interval of one half-cycle and one cycle of test frequency after final arc extinction, as indicated
in Figure 29. The vertical distance (74, V', andJ%; 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 RMS value of the power frequency recovery voltage
recorded.
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-~ Pole 1 = first-pole-to clear
15U/\3 A
™~ 00 = instant of final arc-extinction
v on all phases
Pole 1
1
G,G, = instant —— from 00
2
1
G,G, = instant — from 00
———— Pole 2
f = test frequency
" = value of7power frequency
242 recovery valtage of Pole 1
Vo _
—— | Pole 3 £ =! value of power frequency
242 recovery voltage of Pole 2
V3 -
N2 = value of power frequency
ec 22 recovery voltage of Pole 3

In Pole 3 a voltage peak occurs exactly at
instant G,G,. In such event measurement is

made at later instant G1G1

Average value of the power frequency recovery voltages’of poles 1, 2 and 3

Vi Va V3

+ +
_ 202 22 22
3

The example illustrates three voltages’ obtained during a test of a three-pole circuit-breaker in a three-phase test
circuit having one of its neutral points insulated, see Figure 27a or Figure 27b, thus producing momentarily in the

first pole-to-clear a 50 % increase’in the recovery voltage, as shown in pole 1.

Figure.29'— Determination of power frequency recovery voltage

7.103.5 Initial\transient recovery voltage (ITRV)

Every part(ofithe TRV wave can influence the making and breaking capability of a circuit-breaker.
The verytbeginning of the TRV can be of importance for some types of circuit-breakers. This
part af’the TRV, called initial TRV (ITRV), is caused by the initial oscillation of small amplitude
due.to reflections from the first major discontinuity along the busbar. Standard values are given
in\Table 9. The explanation of the ITRV parameters is given in 7.105.5.1.
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Table 9 — Standard values of ITRV - Rated voltages 100 kV and above

Rated Multiplying factor to determine u; as function of the .
voltage RMS value of the short-circuit breaking current 1_ 2 Time
U, £ t
kV kV/KA us
50 HZ B0 HZ
100 0,046 0,055 0,4
123 0,046 0,055 0,4
145 0,046 0,055 0,4
170 0,058 0,069 0,5
245 0,069 0,083 0,6
300 0,081 0,097 Q)7
362 0,092 0,111 0,8
420 0,092 0,111 0,8
550 0,116 0,139 1,0
800 0,159 0,191 1,1
1100 0,173 0,208 1,5
1200 0,173 0,208 1,5

a8 The actual initial peak voltages are obtained by multiplying the valuges in these columns by the RMS value of
the short-circuit current.

NOTE These values cover both three-phase and single-phase faults’and are based on the assumption that the
busbar, including the elements connected to it (supports, current.and voltage transformers, disconnectors, etc.),
can be roughly represented by a resulting surge impedance Z;'ef\about 260 Q with the exception of a rated voltage

800 kV for which the resulting surge impedance Z; is about 325 Q. The relation between f; and ¢ is then:
‘ﬁ=ti><Zi><a)><\/5
where

o = 2rf, is the angular frequency corresponding, to'the rated frequency f, of the circuit-breaker.

If a circuit-breaker for use in systems with a rated voltage equal to or less than 800 kV has a
short-line fault rating, the ITR\Vrequirements are covered if the short-line fault test-duty Lo is

carried out using a line with a time delay less than 100 ns (see 7.105.5.2 and 7.109.3) unless
both terminals are not identical from an electrical point of view (for instance when an additional
capacitance is used.as mentioned in 7.109.3). When terminals are not identical from an
electrical point of view, test circuits which produce an equivalent TRV stress across the circuit-
breaker can bewsed.

For circuit-bfeakers for use in systems with a rated voltage higher than 800 kV, the ITRV
requirements are considered to be covered if the short-line fault test-duty Lg, is carried out

usind\a-line with a time delay less than 100 ns and a surge impedance of 450 Q unless both
terminals are not identical from an electrical point of view (for instance when an additional
capacitance is used as mentioned in 7.109.3). When terminals are not identical from an
electrical point of view, test circuits which produce an equivalent TRV stress across the circuit-

breaker canbe used.

Since the ITRV is proportional to the busbar surge impedance and to the current, the ITRV
requirements can be neglected for all circuit-breakers with a rated short-circuit breaking current
of less than 25 kA and for circuit-breakers with a rated voltage below 100 kV. In addition the
ITRV requirements can be neglected for GIS circuit-breakers because of the low surge
impedance. ITRV requirements can also be neglected for circuit-breakers directly connected to
a busbar with a total source side capacitance of more than 800 pF.
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7.104 Demonstration of arcing times
7.104.1 General

The requirements described in this subclause are relevant for the adjustment of prospective
arcing times. The actual arcing times can vary from the prospective ones. Tests are valid as
long as the actual arcing times are within the tolerances given in Annex B.

The terminal fault tests T100a in 7.104.2.2 and 7.104.3.3 consist of three valid breaking
operations independent of the rated operating sequence.

NOTE The arcing times required in this subclause are adequate to cover the effect of the unintentional hon-
simultaneity of the circuit-breaker poles.

Throughout this subclause the following symbols are used:

T is the duration of one cycle of rated frequency;

ta100s 1N case of a three-phase test 7,44 is the minimum of the arcing times of any first-pole-
to-clear during the breaking operations of test-duty T100s;

in case of a single-phase test t,499s is the minimum arcing fime of terminal fault test-

duty T100s;

da =18°;

T is the DC time constant of the rated short-circuit breaking current;

I the p.u. value of peak of the short-circuit current'during the last major or major extended
loop prior to breaking;

Aty is the duration of the last major loop of the-first-pole-to-clear;

Aty is the duration of the major extendeddoop of the last-pole-to-clear for &, = 1,5;

Atg is the duration of the majorsextended loop of the second-pole-to-clear for
kop = 1,3 0r1,2;

Atgq is the time interval betweén the moment of current breaking in the first-pole-to-clear

after a major loop withthe required asymmetry and the moment of the first preceding
current zero;

Aty,  is the time intervalbetween the moment of current breaking in the last-pole-to-clear after
an major extended loop with the required asymmetry for kop = 1,5 and the moment of
the second(pneceding current zero;

At,3 is the time interval between the moment of current breaking in the second-pole-to-clear
after(an major extended loop with the required asymmetry for kpp = 1,3 or 1,2 and the
moment of the second preceding current zero.

For.explanation of Azq, Aty, Ats, Atyq, Atyo and Aty see Figure 30.
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b) Time parameters for kpp =1,5

Figure 30 — Graphical representation of the time parameters for the demonstration

of arcing times in three-phase tests of test-duty T100a
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7.104.2 Three-phase tests
7.104.2.1 Test-duty T10, T30, T60, T100s, T100s(b)

For these tests, the tripping command shall be advanced by 40 electrical degrees (40°) between
each opening operation. For T100s(b), see 7.107.1.

A cranbhingl ronmea oot oo -an nnnnn £ Iv\’\ thea ”nli,-l bhragolkina Aanaraotionae £ 1 =4 L o
I\ UIGPIIIUGI IUHIUOUIIlGlI\JII vl dl UI\OIII'.IIU UT TG Iimre o vairitu UIUGI\IIIH UPUIGLIUIIO LAYA] npp HLHJ o
given in Figure 31 and fork =1,3 or 1,2 in Figure 32.
1.5 1t valid breaking operation
Contact separation
0,9
3. X X X
AR\ \_/ / \ \_/ \
5,0\ / [N/ \/
=]
3| X Yoo XX
-0,9 \/
50m 39m 48m 57m 66 m 75m
Time' (s)
IEC
15 2"d valid breaking operation

Contact separation

Contact separation 40° in
0,9 ) advance of the 15t valid

A A A OVYA
\ \ VNS VAN

\ \ \ ./
X

o
w

Current (p.u.)

>
>

<

550m 39m 48m 57m 66 m 75m
i(L1) i(L2) i(L3) Time (s)
IEC

1.5 - 3" valid breaking operation
Contact separation

Contact separation 40° in
09 {) advance of the 2"9 valid
breaking operation

(p.u.)
=
=
™~
=

Cur[ent
/
/

T30m 39m 48m 57m 66 m 75m
i(L1) i(L2) i(L3) Time (s)
IEC

Figure 31 — Graphical representation of an example of the three valid
symmetrical breaking operations for kpp =1,5
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Figure 32 — Graphical representation of the three valid symmetrical breaking

operations for kpp =1,20r1,3

7.104.2.2 Test-duty T100a

The initiation of the short-circuit shall be changed between tests in order to transfer the required
asymmetry criteria from phase to phase.
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The breaking operations are valid if the prospective current meets the following asymmetry
criteria:

— the peak short-circuit current 7 during the last loop prior to breaking is between 90 % and
110 % of the required value; and

— the duration of the short-circuit current loop Af prior to breaking is between 90 % and 110 %
of the required value;

— the product “I x A¢” prior to breaking is between 90 % and 110 % of the required value.

Table 10 and Table 11 give the required prospective values of the peak short-circuit current
and loop duration that shall be attained by the last major loop prior to the breaking. In thése
tables the kpp factors of 1,3 and 1,2 are combined because of very small differences i arcing

time requirements.

Table 10 — Last current loop parameters in three-phase tests
and in single-phase tests in substitution for three-phase conditions
in relation with short-circuit test-duty T100a — Tests for 50 Hz operation

T Minimum i kpp =1,5,1,30r1,2 kpp =1,5 kpp =1,30r1,2
clearing time
Aty Aty At, At Aty At 5
ms ms p.u. ms ms ms ms ms ms
10,0 <¢=<27,0 1,52 13,6 4,1 15,0 10,6 14,4 10,0
45 27,0 <t<47,5 1,33 12,2 3,8 13,7 9,8 13,1 9,1
47,5 <+<68,0 1,21 11,4 3,7 12,9 9,2 12,3 8,6
10,0 << 27,0 1,61 14,2 4,3 15,6 11,1 15,1 10,5
27,0<t<47,5 1,44 12,9 4,0 14,3 10,2 13,8 9,6
00 47,5<t<67,5 1,31 12,1 3,8 13,6 9,7 12,9 9,1
67,5 <1< 88,0 1,22 11,4 3,7 13,0 9,3 12,3 8,6
10,0 <t =< 27,0 1,67 14,8 4,4 16,1 11,3 15,6 10,8
27,0 <t1<47,5 1,51 13,4 4,2 14,9 10,6 14,3 10,0
75 47,5<t<67,5 1,39 12,6 3,9 141 10,1 13,4 9,4
67,5 <1<87,5 1,30 12,0 3,8 13,5 9,7 12,8 9,0
87,5 <1< 10840 1,23 11,5 3,7 13,1 9,3 12,4 8,7
10,0 < <£27,0 1,78 15,7 4,8 17,0 11,9 16,6 11,4
27,0 %0 £47,0 1,66 14,6 4,4 15,9 11,3 15,3 10,8
120 47,0<¢<67,5 1,56 13,8 4,3 15,2 10,8 14,6 10,3
67,5 <1<87,5 1,47 13,2 4,1 14,6 10,4 14,0 9,8
87,5 <1t<108,0 1,40 12,6 4,0 141 10,1 13,5 9,5
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Table 11 — Last current loop parameters in three-phase tests
and in single-phase tests in substitution for three-phase conditions
in relation with short-circuit test-duty T100a — Tests for 60 Hz operation

T Minimum i ky,=15,130r1,.2 ko, =1,5 k,,=1,30r1,2
clearing time

Aty Aty At, At , Aty At g

ms ms p-U- ms ms ms ms ms ms

8,5<t=<225 1,58 11,6 3,5 12,8 9,1 12,4 8.6

22,5<t<39,5 1,40 10,5 3,3 11,8 8,4 11,2 7,9

4 39,56<¢t<56,5 1,27 9,8 3.1 11,1 7,9 10,6 7,4

56,5<¢<73,0 1,19 9,3 3,0 10,7 7,6 10,1 7,1

85<t=<225 1,66 12,2 3,7 13,3 9,4 12,9 9,0

22,5<t<39,5 1,50 11,1 3,4 12,4 8,8 14,8 8,3

60 39,5<+<56,5 1,38 10,4 3,3 11,7 8,3 11,2 7,8

56,5 <t=<73,0 1,29 9,9 3.1 11,2 8,0 10,6 7,5

73,0 <+<90,0 1,22 9,5 3,1 10,8 7 10,2 7,2

8,5<t=<225 1,72 12,6 3,8 13,7 9,6 13,3 9,2

22,5<t<39,5 1,57 11,6 3,6 12,8 9,1 12,3 8,6

39,56 <+t<56,0 1,46 10,9 3,4 121 8,6 11,6 8,1

® 56,0 <+<73,0 1,37 10,3 3,2 11,6 8,3 11,1 7,8

73,0 <+<90,0 1,30 9,9 3.1 11,2 8,0 10,7 7,5

90,0 <r<106,5 1,24 9,6 3,1 10,9 7,8 10,4 7,3

8,5<1<225 1,81 13,4 4.1 14,4 10,1 14,1 9,7

22,5<1<39,0 1,71 12,5 3,8 13,6 9,6 13,2 9,2

39,0 <+<56,0 1,62 11,8 3,7 13,0 9,3 12,5 8,8

120 56,0 <+=<73,0 1,54 14,8 3,5 12,5 8,9 12,0 8,5

73,0<+<89,5 1,47 10,9 3,4 12,1 8,7 11,6 8,1

89,56 <1t<106,5 1,44 10,6 3,3 11,8 8,4 11,3 7,9

When the last currentloop parameters are within the required tolerances, the resulting
deviations on the DG*component at current zero, the associated di/dz and the following TRV
peak value are within acceptable limits compared to those calculated with rated values.

The intention-is to achieve three valid tests and the duty is satisfactory if following conditions
are met.\There is no preferred order to demonstrate the three valid tests.

a)

One operation where arc extinction occurs in the first-pole-to-clear at the end of a major
current loop in the phase with the required asymmetry criteria and with the longest possible
arcing time.

b)

The lonaest naossible arcing time £ for the firstonole-to-clear is achieved when following
+-le—+ohRgestp Ho+e—afcig—Hm ArcT o HRe—HFSt=-po+e~t +eas—achieved—WARehR+IoHOWIRYG

condition is met:
_ da
tarc1 - (ta1003 —-TIx 360° ) + Ata1

One operation where arc extinction occurs at the end of an major extended loop in the last-
pole-to-clear or in the second-pole-to-clear with the required asymmetry criteria and with
the longest possible arcing time.
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— The longest possible arcing time 7., for the last-pole-to-clear for circuit-breakers rated
for kpp = 1,5 is achieved, when following condition is met:

_ da
tarc2 - (ta1003 -Ix 360° ) + Ata2

— The longest possible arcing time 7,,.3 for the second-pole-to-clear for circuit-breakers
rated for kop = 1,3 or 1,2 is achieved, when following condition is met:

o
tarcS = (ta1003 -Tx 360° ) + AtaS

c) If the required conditions of a) and b) are fulfilled, arc extinction for the third_operation can
occur at the end

— of a major current loop for first-pole-to-clear conditions, or

— of a major extended loop for last-pole-to-clear conditions for circuit-breakers rated for
k., = 1,5, or
pp b b

— of a major extended loop for second-pole-to-clear conditions for circuit-breakers rated
for kpp = 1,3 0r1,2.

There are no further requirements regarding arcing times!

At4q, Atyo and Atz are the relevant time parameters 10 be selected from Table 10 and Table 11.

The conditions for current breaking in test-duty~T100a for the last-pole-to-clear for circuit-
breakers rated for k,, = 1,3 or 1,2 are coveredby the tests in test-duty T100s.

Some circuit-breakers will not clear atithe end of a major loop or a major extended loop after
the required arcing time. However, thjs, test is valid if the circuit-breaker cleared the subsequent
minor current loop and it is proven<that the longest possible arc-duration was achieved.

If the behaviour of the circuit-breaker is such that the required conditions of a) and b) are not
fulfilled, the test-duty shatl be continued by changing the tripping command of the circuit-
breaker in steps of 182, If*during tests the required arcing times are not achieved because of

minimum arcing times.differing from 7,,09s the maximum achievable arcing times shall be

demonstrated. The-total number of tests is limited to 6, when attempting to meet the
requirements. After these six tests, the test-duty is valid no matter which arcing times have
been obtained,

The cireuit-breaker can be reconditioned with renewable parts or replaced by a second one
before‘the extended operations (see 7.102.9.6).

Ajgraphical representation of an example of the three valid breaking operations for kpp =1,5is
given in Figure 33 and for k,, = 1,3 or 1,2 in Figure 34.
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Figure 33 — Graphical representation of an example of the three valid asymmetrical
breaking operations for kpp =15
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Figure 34 — Graphical representation of an example of the three valid asymmetrical

breaking operations for kpp =1,20r1,3
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7.104.2.3 Tests covering the conditions for kpp =1,3 and kpp =1,5

- 123 -

In order to cover the performance for kpp =1,3 and kpp = 1,5, two separate series of duties with
their specific earthing of test circuits as described in 7.103.2.2 should be performed.

If a complete series of test-duties demonstrating the circuit-breaker performance for kop = 1,5
is already performed, it is not necessary to repeat all terminal fault test-duties required by this

document for demonstrating the performance of the circuit-breaker for kop = 1,3. In that case,

test-duties T100s and T100a shall be repeated with a test-circuit simulating kpp = 1,3, see
7.103.2.2.

The repetition of test-duties T100s and T100a with a three-phase circuit for kop = 1,3 lean, as

an alternative, be replaced by additional single-phase tests specified below. In_this case the
three-phase verification test according to 7.102.4.1 is not required. Single-phase tests are
allowed for all types of circuit-breakers except for metal-enclosed circuit-breakers with three
phases in one enclosure where direct gas dynamic interaction between phases is involved, as
per 7.102.3.2 and H.4.1.

The tests shall be carried out with the following parameters:

— afirst test shall demonstrate the performance of the second-pole-to-clear under symmetrical
fault conditions in an effectively earthed neutral system.(The arcing time shall be set to:

+19°

farc = fa100s +TX 360°

The TRV parameters shall be adjusted in accordance with Table 12.
The test voltage is 1,26 x U/V3 and canbe reduced to U,/\3 after one half cycle of rated
frequency after current breaking.

Table 12 — Prospective TRV parameters for single-phase tests in substitution for three-
phase tests to demonstrate the breaking of the second-pole-to-clear for kpp =1,3

Kpp Rated voltage
U, &)100 kV U,2100 kV
2-parameter-TRV 4-parameter-TRV
uc,sp t3,sp u1,sp t1,sp uc,sp t2,sp
Uc,sp U,sp
173 1,26><kaf><\/\/§><Ur ufcxo‘gs 0,95><\/\/§er u—1><0,95 ’I,26><kaf><\/\/§><Ur a
t3 i

a 4x I sp for rated voltages from 100 kV up to and including 800 kV.
=/ a second test shall demonstrate the performance of the third-pole-to-clear under

symmetrical fault conditions in an effectively earthed neutral system. The arcing time shall

be set to:

162°
360°

+ 7T %

tarc = ta1003

The TRV-parameters shall be adjusted according to Table 13:
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Table 13 — Prospective TRV parameters for single-phase tests in substitution for three-
phase tests to demonstrate the breaking of the third-pole-to-clear for kpp = 1,3

kpp Rated voltage
U, <100 kV U,2100 kV
2-parameter-TRV 4-parameter-TRV
Ug op I3 op Uy op 4 op Ug op 15 op
Uc,sp U ,sp
vz — e — VZ
1,3 kafxfo, u—°><0,7 0,75><\/§><Ur u—1><0,7 kafxfxur a
3 4]

a 4x 14 sp for rated voltages from 100 kV up to and including 800 kV, 3 x ¢, sp for rated voltages abovg)800 kV.

The single-phase tests with symmetrical currents can be combined using.thé prospective
TRV peak value required for the second-pole-to-clear with the arcing time ‘required for the
third-pole-to-clear.

— an additional single-phase fault test with an asymmetrical current thatfulfils the asymmetry
criteria as defined in 7.104.2.2 shall be performed. This additional test demonstrates the
performance of the second and third-pole-to-clear under asymmetrical fault current on the
major extended loop.

The test voltage to be applied is 1,26 x Ur/\/3 for the verification of kpp =1,3;
and can be reduced to Ur/\/3 after one quarter of a cycle of rated frequency after current
breaking.

When the last current loop parameters are within the required tolerances, the resulting
deviations on the DC component at currentizero, the associated di/dz and the following TRV
peak value are within acceptable limits cOmpared to those calculated with rated values.

The arcing time shall be the maximum ‘arcing time calculated for a three-phase condition
considering the minimum arcing time' value found during test-duty T100s performed for
koo = 1,5.

pp '

fare = (a100s = T % 9% ) + At
arc (a1OOS 360°) a3

where
At,5 is the releyant time parameter to be selected from Table 10 and Table 11.

7.104.3 Single-phase tests in substitution for three-phase conditions, out-of-phase and
short-line fault tests

7.104.3.1\.°General

The procedure for establishing a minimum arcing time might result in a test with maximum
arcing time or with an arcing time in excess of the maximum arcing time. The aim of the following
single-phase tests is to satisfy the conditions of the first-pole-to-clear, the second-pole-to-clear
and the last pole-to-clear for each test-duty in one test circuit.

The following procedures are applicable if all operations of the rated operating sequence fulfil
the requirements of 6.101.

7.104.3.2 Test-duties T10, T30, T60, T100s and T100s(b), OP1 and OP2, Ly, L5
and Lg,

Each test-duty shall consist of three valid breaking operations. The order of the breaking
operations of each test-duty is not specified.
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A valid breaking operation shall demonstrate breaking with an arcing time as small as possible.
The resultant arcing time is known as the minimum arcing time (z5,c in). This is established
when any extra delay in the contact separation with respect to the current waveform results in
breaking at the next current zero. This minimum arcing time is found by changing the setting of
the tripping command by steps of 18°.

Another valid breaking operation shall demonstrate breaking with the maximum arcing time.

The required maximum arcing time is known as 7, nax @nd is determined as follows:

— for circuit-breakers rated for kop = 1,3 or 1,2 and short-line fault tests, by

162°

T —_
T 3600

t. t.

arc max ~ ‘arc min

— for circuit-breakers rated for kop = 1,5, by

1320

T —_
T 3600

t t

arc max ~ ‘arc min

where

t is the minimum arcing time obtained from the first valid operation.

arc min

Another valid breaking operation shall demonstrate breaking with an arcing time which is
approximately equal to the average value of the minindium arcing time and the required maximum
arcing time. This arcing time is known as the medium arcing time (7,5, meq) @nd is determined

by

farc med = (tarc max + tarc min)/2

If the circuit-breaker does not interrupt at the expected current zero with medium and/or
maximum arcing time but at a subsequent current zero no additional testing is required.

A graphical representation_of*an example of the three valid breaking operations for kpp =1,5is
given in Figure 35 and for Kop = 1,3 or 1,2 in Figure 36.
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Figure 35 — Example of a graphical representation of the three valid symmetrical
bréaking operations for single-phase tests in substitution of three-phase conditions
fork,,=1,5

pp ’
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Figure 36 — Example of a graphical representation of an example of the three valid
symmetrical breaking operations for single-phase tests in substitution of three-phase

conditions for kpp =1,20r1,3

7:104.3.3 Test-duty T100a

The breaking operations are valid if the prospective current meets the following asymmetry

criteria as given in 7.104.2.2.

Table 10 and Table 11 give the required values of the peak short-circuit current and loop
duration that shall be attained by the last loop prior to the intended breaking. All tests shall be

performed with the current parameters of the first-pole-to-clear.
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A breaking operation shall demonstrate breaking at the end of the major loop with an arcing
time equivalent to the maximum arcing time under three-phase conditions ¢,,,4 of the first-pole-

to-clear.

This is achieved, when following condition is met:

_ da
larc1 = fa100s + Ata1 -Ix 360°

Another breaking operation shall demonstrate breaking at the end of the major loop with an
arcing time equivalent to the maximum arcing time of the major extended loop under-three-
phase conditions

farc2 for the last-pole-to clear of circuit-breakers rated for k,, = 1,5

This is achieved, when following condition is met:

_ da
tarc2 = fa100s + AtaZ -Ix 360°

farc3 for the second-pole-to-clear for circuit-breakers rated for k,, = 1,3 or 1,2.

This is achieved, when following condition is met:

_ da
larc3 = La100s * Ata3 = Tx 360°

Atgq, Atgo and Aty4 are the relevant time parameters to be selected from Table 10 and Table 11.

Another breaking operation shall demaénstrate the conditions of breaking after a major loop as
first-pole-to-clear or after a major, extended loop as last-pole-to-clear for circuit-breakers rated
for kpp = 1,5 or after a major extended loop as second-pole-to-clear for circuit-breakers rated

for kpp =1,2 or 1,3. There are ho further requirements regarding arcing times.

If the circuit-breaker fails to interrupt after the required major loop and interrupts after the
subsequent minor (09p, the required maximum arcing time is extended by the duration of this
minor loop.

If the behavieur of the circuit-breaker is such that the required arcing times are not achieved,
the test-duty shall be continued by changing the tripping command of the circuit-breaker in
stepsofi18°. If during tests the required arcing times are not achieved because of minimum
arcing‘times differing from T100s, the maximum achievable arcing times shall be demonstrated.
The total number of tests is limited to 6, when attempting to meet the requirements. After 6 tests
the test-duty is valid regardless of the arcing times that have been obtained.

The circuit-breaker can be reconditioned with renewable parts before the extended operations
(see 7.102.9.6). Another test sample can also be used for the extended operations.

A graphical representation of an example of the three valid breaking operations for kpp =1,5is
given in Figure 37 and for kpp = 1,3 and 1,2 in Figure 38.
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Figure 37 — Example of a graphical representation of an example of the three valid
asymmetrical breaking operations for single-phase tests in substitution of three-phase

conditions for kpp =1,5
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Figure 38 — Example of a graphical representation of an example of the three valid
asymmetrical breaking operations for single-phase tests in substitution of three-phase
for kpp = 1,2 and 1,3

7.104.3.4 Tests covering the conditions for k,, =1,5 and k,, = 1,3

Both conditions, kpp =1,5 and kpp = 1,3 can be combined in one test series. The transient and

power frequency voltages to be used shall be those applicable to a non-effectively earthed
neutral system and the arcing times shall be those applicable to an effectively earthed neutral
system.

For test-duty T100a the arcing times shall be those applicable to a non-effectively earthed
neutral system.
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7.104.3.5 Splitting of test-duties in test series taking into account the associated TRV
for each pole-to-clear

- 131 -

It is recognised that single-phase tests in substitution of three-phase conditions are more severe
than three-phase tests because the arcing time of the last-pole-to-clear is used together with
the prospective TRV of the first-pole-to-clear. As an alternative, the manufacturer can choose
to split each test-duty into two or three separate test series, each test series demonstrating a
successful breaking with the minimum and maximum arcing times for each pole-ta-clear with its

associated prospective TRV. The standard multipliers for the prospective TRV values for the
second and third clearing poles are given in Table 14. They are applicable for test-duties T10/
T30, T60, T100s, OP1 and OP2.

Table 14 — Standard multipliers for TRV values for second and third clearing poles

First-pole-to-clear factor Multipliers
koo 2"d clearing pole 3™ clearing'pole
RRRV ug, RRRV ug
1,2 (terminal fault)
0,95 0,95 0,83 0,83
2,0 (out-of-phase)
1,3 (terminal fault)
0,95 0,97 0,70 0,77
2,0 (out-of-phase)
1,5 (terminal fault)
0,70 0,58 0,70 0,58
2,5 (out-of-phase)

Reconditioning of the circuit-breaker is permitted after a minimum of three breakings and shall
comply with the requirements of 7.102.9.6.

Assuming that the simultaneity of poles.during all operations of the rated operating sequence
is within the tolerances of 6.101, for tests with symmetrical current the arcing window for each
phase is within the band stated in*xI'able 15, if the instant of breaking for the first clearing pole
with the minimum arcing time isttaken as reference. A graphical representation of the arcing
window and the pole factor kp, determining the TRV of the individual pole, is given for terminal

fault in Figure 39 and Figure 40 for systems with a kop of 1,2 and 1,3 and in Figure 41 for
systems with a kpp of 1,5.

Table 15 — Arcing window for tests with symmetrical current

First-pole-to:clear

First clearing pole

Second clearing pole

Third clearing pole

factor o o o
1,86 (Terminal fault) 0to 42 90 to 132 90 to 132
2/5 (Out-of-phase)
1,3 (Terminal fault) 0 to 42 77 to 119 120 to 162
2.0 (Out-of-phase)
1,2 (Terminal fault) 0 to 42 71 to 113 120 to 162

2,0 (Out-of-phase)
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Figure 39 — Graphical representation of the arcing window and

the pole factor k&, determining the TRV of the individual pole,
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Figure 40 — Graphical representation of the arcing window and the pole factor k,
determining the TRV of the individual pole, for systems with a kpp of 1,3
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Figure 41 — Graphical representation of the arcing window(@nd the pole factor kp,
determining the TRV of the individual pole, for systems with a kpp of 1,5

7.105 Short-circuit test quantities

7.105.1 Applied voltage before short-circuit making'tests

For the short-circuit making tests of 7.107, the applied voltage shall be as follows.

a)

b)

For three-phase tests on a three-pole_gircuit-breaker, the average value of the applied
voltages phase-to-phase shall not be less than the rated voltage U, and shall not exceed

this value by more than 10 % withaut)the consent of the manufacturer.

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

For single-phase tests on @’three-pole circuit-breaker, the applied voltage shall not be less
than the phase-to-earth*value Ur/\/3 and shall not exceed this value by more than 10 %

without the consent of\the manufacturer.

With the manufacturer’s consent it is permissible, for convenience of testing, to apply a
voltage equal to_the product of the phase-to-earth voltage and the first-pole-to-clear factor
(1,3 or 1,5) of the circuit-breaker.

Where the)“circuit-breaker can be arranged for a single-pole reclosing cycle and the
maximum time difference between the contacts touching in a subsequent three-pole closing
operation exceeds one-quarter of a cycle of rated frequency (see note of 6.101), the applied
voltage shall be the product of the phase-to-earth voltage and the first-pole-to-clear factor
(1,3 or 1,5) of the circuit-breaker.

7:105.2 Short-circuit making current

7.105.2.1 General

The ability of the circuit-breaker to make the rated short-circuit making current is proven in test-
duty T100s (see 7.107.5).
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The circuit-breaker shall be able to make the current with pre-strike of the arc occurring at any

point on the voltage wave. Two extreme cases are specified as follows (see Figure 1):

— making at the peak of the voltage wave (within the range between —15 ° and +15 °), leading
to a symmetrical short-circuit current and the longest pre-striking arc;

— making at the zero of the voltage wave, without pre-striking, leading to a fully asymmetrical
short-circuit current.

The test procedure as outlined below aims to demonstrate the ability of the circuit-breaker to
fulfil the following two requirements:

a) the circuit-breaker can close against a symmetrical current as a result of the pre-arcing
commencing at a peak of the applied voltage. This current shall be the symmetrical
component of the rated short-circuit breaking current (see 5.101);

b) the circuit-breaker can close against a fully asymmetrical short-circuit current:.Whis current
shall be the rated short-circuit making current (see 5.103).

A circuit-breaker shall be able to operate at voltages below its ratedioltage at which it
actually makes with a fully asymmetrical current. The lower limit of veltage, if any, shall be
stated by the manufacturer.

Due to unintentional non-simultaneity of poles, the instants of contact touching during making
can differ such as to provoke an even higher peak making current in one pole (see also 6.101).
This is particularly the case if, in one pole, the current begins to flow about one-quarter of a
cycle later than in the other two poles, provided that there iS)n@ pre-arcing. Failure of the circuit-
breaker during such an event is considered a failure of a'Circuit-breaker to satisfy the test-duty
as long as the prospective making current is within the.tolerances given in Table B.1.

7.105.2.2 Test procedure

7.105.2.2.1 Three-phase tests

For three-phase tests on a three-pole circuit-breaker it is assumed that the requirements
outlined in a) and b) above are.adequately demonstrated during the test-duty T100s.

The control of the timing shall be such that at least in one of the two close-open (CO) cycles of
test-duty T100s the rated short-circuit making current is obtained.

Where a circuit-breaker exhibits pre-arcing to such an extent that the rated short-circuit making
current is not.attained during the first CO operating cycle of test-duty T100s and, even after
adjustment ofythe timing, the rated short-circuit making current is not achieved during the
second CQ operating cycle, further CO operating cycles can be carried out at reduced voltage
until the\\making current is met. Before this operating cycle, the circuit-breaker can be
reconditioned.

74105.2.2.2 Single-phase tests

For sinale-nhase tasts tast-dutv T100s or T100s(3) shall ha carried out-in-such a2 wav that thg
—o—sSHigte-phrasetests—test-atty—— S—oH—+JoSa)-SHabe-caHHeaoutH—sdeha—Way-that+th

requirement outlined in a) of 7.105.2.1 is met in one and that of b) of 7.105.2.1 in the other
making operation. The sequence of these operations is not specified. If during test-duty T100s
or T100s(a) (see 7.107.1) one of the requirements outlined in a) and b) has not been adequately
demonstrated, an additional CO operating cycle is necessary. Before this operating cycle the
circuit-breaker can be reconditioned.
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The additional CO operating cycle shall, depending on the results obtained during the normal
test-duty T100s or T100s(a), demonstrate either
— requirements in a) or b) of 7.105.2.1, or

— evidence that the short-circuit making currents attained are representative of the conditions
to be met in service due to the pre-arcing characteristics of the circuit-breaker.

T4 T 400
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attained due to the characteristics of the circuit-breaker, further CO operating cycles shall be
carried out at reduced voltage until the making current is met.

If during the test-duty T100s or T100s(a) no symmetrical current has been obtained, as required
in a) above, the additional CO test can be made at an applied voltage within the tglerances
stated in 7.105.1.

7.105.3 Short-circuit breaking current

The short-circuit current to be interrupted by a circuit-breaker shall be determined in accordance
with Figure 8 at the instant of contact separation of the last pole to open-and shall be stated in
terms of the following two values:

— the average of the RMS values of the AC components in all, phases;

— the last loop duration and amplitude for test-duty T100a,

The RMS value of the AC component in any phase shallonot vary from the average by more
than 10 %.

Although the short-circuit breaking current is measured at the instant corresponding to contact
separation, the breaking performance of the citcuit-breaker is determined, among other factors,
by the current which is finally interrupted in the last loop of arcing. The decrement of the AC
component of the short-circuit current is\ therefore very important, particularly when testing
those circuit-breakers which arc for several loops of current. To obviate an easement of duty,
the decrement of the AC component’of the short-circuit current shall be such that at a time
corresponding to the final extinction. of the current in the last-pole-to-clear, the AC component
of the prospective current is notiess than 90 % of the appropriate value for the test-duty. This
shall be proven by a record of.the prospective current before commencing the tests.

If the characteristics of.thecircuit-breaker are such that it reduces the short-circuit current value
below the prospectiveé_breaking current, or if the oscillogram is such that the current wave
envelope cannot be drawn successfully, the average prospective short-circuit breaking current
in all phases shall be used as the short-circuit breaking current and shall be measured from the
oscillogram ofiprospective current at a time corresponding to the instant of contact separation.

The instant of contact separation can be determined according to the experience of the testing
statioNn.and the type of apparatus under test by various methods, for instance, by recording the
contact travel during the test, by recording the arc voltage or by a test on the circuit-breaker at
no=load.

L~ 71054 DC component of the short-circuit breaking current

For circuit-breakers that prevent the control of the DC component, for example self-tripping
circuit-breakers when in a condition for test as set out in 7.102.3, this DC component can be
greater than that specified for test-duties T10, T30, T60 and T100s of 7.107.
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7.105.5 TRV for short-circuit breaking tests
7.105.5.1 General

The prospective TRV of the test circuits shall be determined by such a method as will produce
and measure the TRV wave without significantly influencing it. It shall be measured at the
terminals to which the circuit-breaker will be connected with all necessary test-measuring
devices, such as voltage dividers, etc. Suitable methods are described in Annex E (see also

7.103.3). In such cases where a measurement is not possible, a calculation of the prospective
TRV is allowed. Guidance is given in Annex E.

For three-phase circuits, the prospective TRV refers to the first-pole-to-clear, i.e. the voltage
across one open pole with the other two poles closed, with the appropriate test circuit arranged
as specified in 7.103.3.

The TRV specified for the test is represented by a reference line, a delay line and I FRV envelope
in the same manner as the TRV related to the rated short-circuit breaking current in accordance
with 7.103.5 and Figure 42, Figure 43, Figure 44 and Figure 45.

The prospective TRV for the test is represented by its envelope, drawn’as shown in Annex D,
and by its initial portion.

The special case of circuit-breakers with a connection of lew\capacitance to a transformer is
covered in Annex F.

# t t t (us)
IEC

Figure 42 — Representation of a specified TRV by a 4-parameter
reference line and a delay line
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Figure 43 — Representation of a specified TRV by a two-parameter
reference line and a delay line

IEC

C.B. circuit-breaker Cy time delaying source side capacitance
Ug  supply sidewoltage Z,  source side TRV control components
Ug  bus voltage z, ITRV controlling components

Ucg Voltage across circuit-breaker Xy power frequency source side reactance
Ug /~$ource side voltage Xy power frequency busbar reactance

NOTE If a lumped inductance is used as X, the ITRV controlling components can be connected in parallel to this

inductance.

Figure 44 — Basic circuit for terminal fault with ITRV
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Voltage

Inherent source side TRV (U,)

N

A

7

fa: \
0.2u - 4i- ) TRV across circuit-breaker (Ug)
: Delay line of source

: side TRV /\
0 \\\ /
! 08u - f === === \/

~—— Inherent bus bar TR¥.(U)

0 <—|> Time
IEC

u; peak voltage of ITRV t. time co-ordinate of ITRV

Figure 45 — Represéentation of ITRV in relationship to TRV

TRV parameters are a function-0f the rated voltage (U,), the rated first-pole-to-clear factor (kpp)
and the amplitude factor (k4)-"The values of k,, and k,; are stated in Table 16 through Table 27.
kpp is given in 5.102.

a) For rated voltages'less than 100 kV
A representation by two parameters of the prospective TRV is used for all test-duties.

In Table*16 and Table 17, for class S1 circuit-breakers.

TRV-peak value u = kpj, * k,V(213) x U, where k is equal to 1,4 for test-duty T100, 1,5
for test-duty T60, 1,6 for test-duty T30 and 1,7 for test-duty T10, 1,25 for out-of-phase
breaking.

Time ¢ for test-duty T100 is taken from Table 16 and Table 17. Time 5 for test-duties
T60, T30 and T10 is obtained by multiplying the time 5 for test-duty T100 by 0,44 for

160, 0,22 for T30, 0,22 for T10 in Table 16 and 0,25 for T10 in Table 17.
In Table 18 and Table 19, for class S2 circuit-breakers.

TRV peak value ug = ky, % kaV(2/3) x U, where ky is equal to 1,54 for test-duty T100
and the supply side circuit for short-line fault, 1,65 for test-duty T60, 1,74 for test-duty
T30 and 1,8 for test-duty T10, 1,25 for out-of-phase breaking.

Time t5 for test-duty T100 is taken from Table 18 and Table 19. Time ¢; for test-duties
T60, T30 and T10 is obtained by multiplying the time #5 for test-duty T100 by 0,67 for
T60, 0,40 for T30, 0,40 for T10 in Table 18 and 0,46 for T10 in Table 19.
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Time ¢ for the supply side circuit of short-line fault is obtained by dividing 75 for test-duty
T100 by k,,. The ratios u / t3 for the supply circuit of SLF is the same as for T100s.

— Time delay t4 for test-duty T100 is 0,15¢5 for class S1 circuit-breakers, 0,05¢5 for class
S2 circuit-breakers, 0,05¢5 for the supply side circuit for short-line fault.

— Time delay ¢4 is 0,15¢5 for test-duties T60, T30 and T10 and for out-of-phase breaking.

— Voltage u=uc/s.

— Time ¢ is derived from u', 5 and 74 according to Figure 43, ¢' = t4 + t3/3.

Table 16 — Values of prospective TRV for class S1 circuit-breakers rated for kpp = 1,5

U, Test- kpp ko ug 1y ty u' t ult,
duty

kV p.u p.u kV us us kV uS kV/us
T100 1,5 1,4 6,17 40,7 6,10 2,06 19,47 0,152
T60 1,5 1,5 6,61 17,9 2,68 2,20 8,65 0,370
36 T30 1,5 1,6 7,05 8,95 1,34 2,35 4,32 0,788
T10 1,5 1,7 7,50 8,95 1,34 2,50 4,32 0,838

T100 1,5 1,4 8,16 43.744.8 | 6,55873 2,72 21,47 | 0,487182

T60 1,5 1,5 8,74 19,27 2)8896 2,91 9,2954 | 0,455443

470 T30 1,5 1,6 9,33 9,6187, 1,4448 3,11 4,6577 | 0,970945
T10 1,5 1,7 9,91 9,6487 1,4448 3,30 4,6577 1,0300

T100 1,5 1,4 12,3 46851,5 | 7,4873 4,12 24,49 | 0,248240

T60 1,5 1,5 13,2 21,922,7 | 3,2940 4,41 10,611,0 | 0,603584

2 T30 1,5 1,6 14,1 11,03 1,6470 4,70 5,3048 1,2924
T10 1,5 1,7 45,0 11,03 1,6470 5,00 5,3048 1,3732

T100 1,5 1,4 14,1 52.454,0 | 7,868,09 4,72 25.326,1 | 0,270262

T60 1,5 155 15,2 23,47 3,4656 5,05 11,45 | 0,657638
826 T30 1,5 1,6 16,2 11,59 1,7378 5,39 5,5774 1,4036
T10 1,5 1,7 17,2 11,59 1,7378 5,73 5,5774 1,4945

T100 15 1,4 20,6 61,28 9,4827 6,86 29,69 |0,336333

T60 1,5 1,5 22,40 | 26,927,2 | 4,0408 7,35 13,01 | 0,819811
12 T30 1,5 1,6 23,5 13,56 2,0204 7,84 6,5457 1,7573
T10 1,5 1,7 25,0 13,56 2,0204 8,33 6,5157 1,8684

T100 1,5 1,4 25,7 67,97 10,2 8,57 32,87 | 0,379380

T60 1,5 1,5 27,6 29,98 4,4847 9,19 14,4 0,923925
R T30 1,5 1,6 29,4 14,9 2,2423 9,80 7,2220 1,97
T10 1,5 1,7 31,2 14,9 2,2423 10,4 7,2220 2,0910

406 45 44 2676 668787 46-3 8:86 33;32—10;38536%

T60 1,5 1,5 28,5 30,32 4,5553 9,49 14,76 | 0,939943
19:5 T30 1,5 1,6 30,4 15,21 2,27 10,1 7,3330 2,0001
T10 1,5 1,7 32,3 15,21 2,27 10,8 7,3330 2,4314

T100 1,5 1,4 30,0 73.272,5 | 44,010,9 10,0 35,40 | 0,410414

17.5 T60 1,5 1,5 32,1 32.231,9 | 4,8379 10,7 15,64 94;95;1,0
T30 1,5 1,6 34,3 16,40 2,4439 11,4 7,7871 2,4315
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U, Test- kpp ko ug 1y ty u' t ult,
duty
kV p.u p.u kV us us kV us kV/us
T10 1,5 1,7 36,4 16,40 2,4139 12,1 7,7871 2,2628
T100 1,5 1,4 41,2 8685,0 12,87 13,7 41,61 0,478484
N T60 1,5 1,5 441 37,94 5,6861 14,7 18,31 1,4618
- T30 1,5 1,6 47,0 18,97 2,8480 15,7 9,4504 2,4852
T10 1,5 1,7 50,0 18,97 2,8480 16,7 9,4504 2,6467
T100 1,5 1,4 44,2 8988,4 13,43 14,7 43;242,7 | 0,4955Q0
T60 1,5 1,5 47,4 39;338,9 5,9084 15,8 19;618,8 N2122
258 T30 1,5 1,6 50,6 19,75 2,9592 16,9 9,5040 2,56760
T10 1,5 1,7 53,7 19,75 2,9592 17,9 9,5040 2,7376
T100 1,5 1,4 46,3 94,690,7 13,76 15,4 44¢343,8 | 0,506511
T60 1,5 1,5 49,6 40;339,9 | 6;045,99 16,5 19,563 1,2324
27 T30 1,5 1,6 52,9 20,40 3,022,99 17,6 9,7464 2,6365
T10 1,5 1,7 56,2 20,140 3;022,99 18,7 9,7464 2,7982
T100 1,5 1,4 61,7 107 16,1 20,6 51,78 0,5677576
T60 1,5 1,5 66,1 47,42 70607 22,0 22,8 1,40
% T30 1,5 1,6 70,5 23,6 316354 23,5 11,4 3;002,99
T10 1,5 1,7 75,0 23,6 3,6354 25,0 11,4 3,18
T100 1,5 1,4 65,2 140111 16,56 21,7 53,5 0,594589
T60 1,5 1,5 69,8 48,57 7,2830 23,3 23,5 1,4443
% T30 1,5 1,6 745 24,3 3,6465 24,8 11,78 3,0706
T10 1,5 1,7 791 24,3 3,6465 26,4 11,78 3,2625
T100 1,5 1,4 69,4 114115 17,42 23,1 55,25 0,608605
T60 1,5 1,5 74,4 50,35 7,6458 24,8 24,34 1,4847
405 T30 1,5 1,6 79,4 25,43 3,7779 26,5 12,42 3,4614
T10 1,5 1,7 84,3 25,43 3,7#79 28,1 12,42 3,3634
T100 1,5 1,4 82,8 126127 | 48;919,0 27,6 61,44 0,656652
T60 1.5 1,5 88,7 55,69 8,3438 29,6 26;927,0 1,6059
483 T30 1,5 1,6 94,6 27,89 4,4719 31,5 13,45 3,4439
T10 1,5 1,7 101 27,89 4,4719 33,5 13,45 3,6260
T400 1,5 1,4 89,2 132 19,8 29,7 63,89 0,676674
160 1,5 1,5 95,5 58,42 8,71473 31,8 28,1 1,6564
% T30 1,5 1,6 102 29,01 4,3537 34,0 14,01 3,56450
T10 1,5 1,7 108 29,01 4,3537 36,1 14,01 3,7372
T100 1,5 1,4 124 164166 24,79 41,4 79;580,1 | 0,756750
T60 1,5 1,5 133 72,49 10,9 44,4 35,02 1,8483
725 T30 1,5 1,6 142 36,25 5,4347 47,4 17,56 3,9390
T10 1,5 1,7 151 36,25 5,4347 50,3 17,56 4,4714

NOTE kpp = 1,5 is specified to cover transformer-limited fault conditions with X,/X, higher than 3,0 (for example

non-effectively earthed transformers in effectively earthed neutral systems, or cases of transformers having one
side effectively earthed and the other connected to non-effectively earthed neutral systems).
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Table 17 — Values of prospective TRV for class S1 circuit-breakers rated for kpp = 1,3

U, Test- kpp k¢ u, ty ty u' t ult,
duty
kV p.u p.u kV us us kV us kV/us
T100 1,3 1,4 5,35 35,32 5,29 1,78 17,0 0,152
T60 3 15 5,73 1575 2733 591 7,560 6,376
36 T30 1,3 1,6 6,11 7,7675 1,16 2,04 3,75 0,788
T10 1,5 1,7 7,50 8,95 1,34 2,50 4,3332 0,838
T100 1,3 1,4 7,07 3738,9 5,6883 2,36 18,38 0,48%182
T60 1,3 1,5 7,58 16,717,1 2,5057 2,53 8,05627 [ 0,455443
470 T30 1,3 1,6 8,08 8,3355 1,2528 2,69 4,0343 ) | 0,970945
T10 1,5 1,7 9,91 9,6187 1,4448 3,30 46577 1,6300
T100 1,3 1,4 10,7 43,;244.,6 6,4870 3,57 20,921,6 | 0,248240
T60 1,3 1,5 11,5 19,06 2,8595 3,82 9,4949 | 0,603584
"2 T30 1,3 1,6 12,2 9,5082 1,4347 4,08 4,5975 1,2924
T10 1,5 1,7 15,0 11,03 1,6470 5,00 5,3048 1,3732
T100 1,3 1,4 12,3 45;446.8 | 6:847.01 4,09 222—,6922, 0,270262
8,25 T60 1,3 1,5 13,1 20,06 3,6009 4,38 9,6694 | 0,657638
T30 1,3 1,6 14,0 9;9910,3 1,6054 4,67 4,8397 1,4036
T10 1,5 1,7 17,2 14,59 1,7378 5,73 5,6774 1,4945
T100 1,3 1,4 17,8 53,06 968,03 5,94 25,69 0,336333
T60 1,3 1,5 194 23,36 3,6054 6,37 11,34 0,849811
12 T30 1,3 1,6 20,4 11,78 1,7577 6,79 5,6470 1,7573
T10 1,5 1,7 25,0 13,56 2,0204 8,33 6,51457 1,8684
T100 1,3 1.4 22,3 57,958,7 8,8280 7,43 28,4 0,379380
T60 1,3 1,5 23,9 25,98 3,8887 7,96 12,5 0,923925
10 T30 1,3 1,6 25,5 12,9 1,94 8,49 6,2524 1,97
T10 1:5 1,7 31,2 14,9 2,2423 10,4 7,2220 2,6910
T100 N3 1,4 23,0 59,75 8,9693 7,68 28,98 0,386387
T60 1,3 1,5 24,7 26,32 3,9493 8,23 12,7 0,939943
195 T30 1,3 1,6 26,3 13,1 1,9796 8,77 6,3533 2,0001
T40 1,5 1,7 32,3 15,21 2,27 10,8 7,3330 2,4314
T100 1,3 1,4 26,0 63;462.8 9,61443 8,67 30,74 0,410414
T60 1,3 1,5 27,9 27,97 4,4815 9,29 13,54 6;9991,0
17,5 1
T30 1,3 1,6 29,7 13,98 2,0907 9,91 6,7468 2,4315
T10 5 157 36,4 16,0 2,439 T2t 7,787t 27,2628
T100 1,3 1,4 35,7 #473,6 11,20 11,9 365035,6 | 0,478484
T60 1,3 1,5 38,2 32,84 4,9286 12,7 15,97 1,4618
24 T30 1,3 1,6 40,8 16,42 2,4643 13,6 7,9383 2,4852
T10 1,5 1,7 50,0 18,97 2,8480 16,7 9,4504 2,6467
T100 1,3 1,4 38,3 77:576,6 11,65 12,8 37,40 0,495500
208 T60 1,3 1,5 41,1 34:433,7 5,4106 13,7 16,53 1,2422
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U, Test- kpp ko ug 1y ty u' t ult,
duty
kV p.u p.u kV us us kV us kV/us
T30 1,3 1,6 43,8 47,616,9 2,6653 14,6 8,2415 2,6760
T10 1,5 1,7 53,7 19,75 2,9592 17,9 9,54 2,7376
T100 1,3 1,4 40,1 79;478,6 11,98 13,4 38,40 0,506511
T60 1,3 1,5 43,0 34,96 5,2419 14,3 16,97 1,2324
27 T30 1,3 1,6 45,9 17,63 2,6259 15,3 8,4436 2,6365,
T10 1,5 1,7 56,2 20,140 3;022,99 18,7 9,7464 2,7982
T100 1,3 1,4 53,5 92,89 13,9 17,8 44,89 0,647576
T60 1,3 1,5 57,3 40,89 6,4213 19,1 19,78 1,40
% T30 1,3 1,6 61,1 20,4 3,0607 20,4 9,8688 3;002,99
T10 1,5 1,7 75,0 23,6 3,6354 25,0 11,4 3,18
T100 1,3 1,4 56,5 95,69 14,34 18,8 46,24 0,591589
T60 1,3 1,5 60,5 42,42 6,3433 20,2 20,34 1,4443
% T30 1,3 1,6 64,5 21,01 3,4516 21,5 10,2 3,0706
T10 1,5 1,7 79,1 24,3 3,6468 26,4 11,78 3,2625
T100 1,3 1,4 60,2 99,065 14,9 20,1 47;948,1 | 0,608605
T60 1,3 1,5 64,5 43,68 66457 21,5 21,42 1,4847
405 T30 1,3 1,6 68,8 21,89 3,2728 22,9 10,56 3,4614
T10 1,5 1,7 84,3 25,48 3,7#79 28,1 12,42 3,3634
T100 1,3 1,4 71,8 469110 16,45 23,9 52,953,2 | 0,656652
T60 1,3 1,5 76,9 48,24 7,2326 25,6 23,34 1,6059
483 T30 1,3 1,6 82,0 24,42 3,61463 27,3 11,67 3,4439
T10 1,5 1,7 101 27,89 4,4719 33,5 13,45 3,6260
T100 1,3 1,4 77,3 114115 17,2 25,8 55,34 0,676674
T60 1,3 1,5 82,8 50,34 7,6557 27,6 24,34 1,6564
% T30 1,3 1,6 88,3 25,2 3,7#78 29,4 12,2 3,56450
T10 1,5 1,7 108 29,01 4,3537 36,1 14,01 3,7372
T100 1.3 1,4 108 143144 21,46 35,9 68,969,4 | 0,756750
T60 1,3 1,5 115 62,72 9,4148 38,5 30,35 1,8483
728 T30 1,3 1,6 123 31,46 4,7074 41,0 15,23 3,9390
T40 1,5 1,7 151 36,25 5,4347 50,3 17,56 4,4714

NOTE kpp = 1,5 is specified to cover transformer-limited fault conditions with X,/X, higher than 3,0 (for example

non-effectively earthed transformers in effectively earthed neutral systems, or cases of transformers having one
side-effectively earthed and the other connected to non-effectively earthed neutral systems).-FheFR\-speecified

%WM@MMM%WMWW%}%MW
phases canlead to-an-amplitude factor of 1,76
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Table 18 — Values of prospective TRV for class S2 circuit-breakers rated for kpp = 1,5

U, Test-duty kpp k¢ R 1y ty u' t ult,
kV p.u. p.u. kV us us kV us kV/us
T100 1,5 1,54 6,79 | 11,45 | 057471 | 2,26 4,37 0,5965
(5,51)40 91
T60 TS T65 727 7547 TZT5 V.V 3977 U.9539
0 45
3,6
T30 1,5 1,74 7,67 4,5965 0,684689 2,56 2,2022 1,6867
T10 1,5 1,80 7,94 4,5965 0,684689 2,65 2,2022 ™73
T100 1,5 1,54 8,98 13,9 0,693 2,99 5,31, 0,6486
(2,08)697 (6,70%35 44
T60 1,5 1,65 9,62 | 9,293 1,440 3,21 4\952 1,0403
4,76 :
T30 1,5 1,74 10,1 5,5845 0,832837 3,38 2,6870 1,8382
T10 1,5 1,80 10,5 5,5845 0,832837 3,50 2,6870 1,8988
T100 1,5 1,54 13,6 | 18,56 0,926, 4,53 7,40 0,7337
2,7287930 (8,95)13 30
T60 1,5 1,65 14,6 | 12,45 {687 4,85 6,0002 1,17
7.2 T30 1,5 1,74 15,3 7,144 1,4412 5,11 3,5859 2,0706
T10 1,5 1,80 15,9 7,144 1,4412 5,29 3,5859 2,4413
T100 1,5 1,54 15,60 20,4 | 1,0243.08) | 519 | 7.81(9.85) | 0,7647
7,83 61
T60 1,5 1,65 16,7 13,7 2,05 5,56 6,6062 1,22
8,25 T30 1,5 1,74 17,6 8,48—51 1,2223 5,86 3,9495 2,4615
T10 1,5 1180 18,2 8,4851 1,2223 6,06 3,9495 2,2322
T100 1,5 1,54 226 | 26,56 | +32(3.97) | 7,54 | 10,242.8) | 0,8558
1,33 54
12 T60 1,5 1,65 243 | 17,78 2,6667 8,08 8,5759 1,3736
T30 1,5 1,74 25,6 10,6 1,59 8.52 5,1213 2,4241
T1d 1,5 1,80 26,5 10,6 1,59 8,82 5,1213 2,5049
T100 1,5 1,54 28,3 | 31,0 | 1,55(4,64) | 943 | 11,9(15,0) | 0,914
T60 1,5 1,65 30,3 | 20,7 3,11 10,1 10,0 1,46
3 T30 1,5 1,74 32,0 12,4 1,86 10,7 5,9899 2,58
T10 1,5 1,80 33,1 12,4 1,86 11,0 5,9899 2,67
1100 15 1.54 292 317 | 158(475) | 974 | 121(153) | 0.923
T60 1,5 1,65 31,3 | 21,2 3,18 10,4 10,3 1,48
19:5 T30 1,5 1,74 33,0 12,7 1,90 11,0 6,12 2,61
T10 1,5 1,80 34,2 12,7 1,90 11,4 6,12 2,70
T100 1,5 1,54 33,0 | 34,55 | 1,72(517) | 11,0 | 13,2 (16,7) 0,955819
7.5 160 15 1,65 354 | 23,1 3,4746 11,8 11,2 1,53
T30 1,5 1,74 37,3 13,8 2,07 12,4 6,6766 2,70
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U, Test-duty kpp ko u, 13 1y u' r u lt,
kV p.u. p.u kV us us kV us kV/us
T10 1,5 1,880 38,6 13,8 2,07 12,9 6,6766 2,80
T100 1,5 1,54 45,3 43;04 | 2,15 (6,4544) 15,1 16,5 1,05
2,9 (20,87)
24 T60 1,5 1,65 48,5 28,8 4,3231 16,2 13,9 1,6869
T30 1,5 1,74 51,21 17,2 2,58 17,40 8,32 2,9798
T10 1,5 1,8 52,9 17,2 2,58 17,6 8,32 3,08
T100 1,5 1,54 48,7 45,21 | 2,26 (6,7977) 16,2 17,3 1,08
(21,98)
258 T60 1,5 1,65 52,1 30,32 4,5554 17,4 14,6 1,72
T30 1,5 1,74 55,0 18,1 2,71 18,3 8,75738 3,04
T10 1,5 1,880 56,9 18,1 2,71 19,0 8\%573 3,4415
T100 1,5 1,54 50,9 46,76 | 2,34(70433 17,0 17,9 1,09
(6,99) (22,95)
27 T60 1,5 1,65 54,6 31,32 4,6968 18,2 15,1 1,7475
T30 1,5 1,74 57,5 18,76 2,80 19,2 9,0301 3,0809
T10 1,5 1,880 59,5 18,76 2,80 19,8 9,0301 3,19
T100 1,5 1,54 67,9 5745 2,8685 22,6 21,98 1,19
6,9 (8,5%54) (27,85)
36 T60 1,5 1,65 72,8 38,31 5,7472 24,3 18,54 1,9091
T30 1,5 1,74 76,7 22,98 3,4341 25,6 11,40 3,3637
T10 1,5 1,880 79,4 22,98 3,4341 26,5 11,40 3,4749
T100 1,5 1,54 71,7 59,31 | 2,9795 (8,90) | 23,9 22,76 1,21
(28,7)
38 T60 1,5 1,65 76,8 39,86 5,9694 25,6 19,21 1,9394
T30 1,5 1,74 81,0 23,76 3,5654 27,0 11,54 3,4143
T10 1,5 1,880 83,8 23,76 3,5654 27,9 11,54 3,56354
T100 1,5 7,54 76,4 62,06 3,4609 25,5 23,7 (29,8 1,2324
1,8 (9,3126) (30;0)
405 T60 1,5 1,65 81,8 41,64 6,2421 27,3 20,40 1,9798
T30 1,5 1,74 86,3 24,87 3,7271 28,8 12;011,9 3,4849
T10 1,5 1,880 89,3 24,87 3,7271 29,8 42;011,9 3,6061
T100 1,5 1,54 91,1 7026 | 3,5449 (10,5) | 30,4 26,98 1,3031
9,8 (33,97)
T60 1,5 1,65 97,6 47,04 7,0501 32,5 22,76 2,0809
6,8
48,3
T30 1,5 1,74 103 2842 4,2419 34,3 13,65 3,6769
7,9
T10 1,5 1,880 106 2842 4,2419 35,5 13,65 3,7981
7,9
T100 1,5 1,54 98,1 73,95 3,7067 32,7 28,32 1,33
(11,40) (35,75)
52 T60 1,5 1,65 105 49,52 7,4338 35,0 23,98 2,4213
T30 1,5 1,74 111 29,64 4,4341 36,9 14,32 3,7577
T10 1,5 1,880 115 29,64 4,4341 38,2 14,32 3,8890
T100 1,5 1,54 137 93;39 | 4,66(145063 45,6 35,8(45:15 1,48
72,5 2,6 (13,9) (44,7)
T60 1,5 1,65 146147 | 62,50 9,3730 48,8 30,20 2,3536
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U, Test-duty kpp ko u, 13 1y u' r u lt,
kV p.u. p.u. kV us us kV us kV/us
T30 1,5 1,74 155 37,30 5,6055 51,5 48:017,9 4,4417
T10 1,5 1,880 160 37,30 5,6055 53,3 18;017.,9 4,2932

NOTE Where two values of times ¢, and ¢' are given for test-duty T100 separated by brackets, the time ¢, in

b £t Fion d !nu thaot con b dfort foduty, TA40N0 f ch et 1o foald &

kaota o th Honarlioa i + - Il
DA ECKEeTS1StTeuppPper— it me—me Gy T ot e D aSCaTo eSSt auty T oo SO e autteStSarearsSo

made. For such cases, the delay line terminates at /' given in brackets. If this is not the case, the lower values of
ty and ¢ apply.

Table 19 — Values of prospective TRV for class S2 circuit-breakers rated for kgpl= 1,3

U, .L?‘st;' kpp k¢ u, ty ty u' P ult,
kV p.u p.u kV us us kV us kV/us
T100 1,3 1,54 588 | 9,8895 e&gf% 1,96 (43271_)982 0,596591
36 T60 1,3 1,65 6,30 | 6,6267 | 0,9931,00 2,70 3,2022 | 0,953945
T30 1,3 1,74 6,65 | 3,9598 | 0,593597\] 2,22 1,0192 | 1,6867
T10 1,5 1,80 7,94 | 45659 | 0684889 | 2,65 22022 | 1,7473
T100 1,3 1,54 778 | 12,01 H—?ég%ggm 2,59 (_5:8'_%963 0,648644
4.76 T60 1,3 1,65 8,34 | 80510 1,21 2,78 3,8991 1,0403
T30 1,3 1,74 8,79 | 4,8083 | 0721725 | 2,93 23234 | 1,8382
T10 1,5 1,80 10,5 <4 )5,5458 | 0,832837 | 3,50 2,6870 | 1,8988
T100 1,3 1,54 11,8 16,1 eﬁi@g% 3,92 gfijcfw 0,733730
7.2 T60 1,3 1,65 12,6 10,8 1,6462 4,20 5,2022 1,17
T30 1,3 1,74 13,3 | 6,4245 | 0,963967 | 4,43 34012 | 2,0706
T10 1,5 80 15,9 | 7,4144 | 1,4412 5,29 3,56859 | 2,413
T100 1,3 1,54 13,5 17,7 éé;gjss 4,50 (835‘;179 0,764761
8.25 T60 13 1,65 145 | 11,89 1,7778 4,82 5,7274 1,22
T30 1,3 1,74 15,2 | 7,0609 1,06 5,08 34142 | 24615
T10 1,5 1,80 18,2 | 84518 | 1,2223 6,06 3,0405 | 2,2322
1100 1,3 1,54 19,6 23,0 |1,1543.44) | 6,54 889 |0 e55854
41481
19 T60 1,3 1,65 21,0 15,4 2,31 7,01 74344 | 1,3736
T30 1,3 1,74 222 | 9,4819 1,38 7.39 4,44 2,4241
T10 1,5 1,80 26,5 10,6 1,59 8,82 54213 | 2,5049
—ann 4 4 - oc o 1,34 Q4 4o can o o oas
FH06 H3 Ho4 245 2686 G.0203) | o7 | O tIEET o9
15 T60 1,3 1,65 26,3 18,0 2,70 8,76 8,69 1,46
T30 1,3 1,74 27,7 10,7 1,61 9,23 5,19 2,58
T10 1,5 1,80 33,1 12,4 1,86 11,0 5,9899 2,67
T100 1,3 1,54 253 | 27,45 |1,37(4,12) | 845 |10,5(13,3)| 0,923
15,5 T60 1,3 1,65 27,2 18,4 2,76 9,05 8,89 1,48
T30 1,3 1,74 28,6 11,0 1,65 9,54 5,31 2,61
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Test- . '
U, duty kop k¢ ug 13 ty u I ult,
kV p.u p.u kV us us kV us kV/us
T10 1,5 1,80 34,2 12,7 1,90 11,4 6,12 2,70
T100 1,3 1,54 28,6 29,9 1,49 (4,48) 9,54 11,5 (14,4) | 0,957958
T60 1,3 1,65 30,76 20,0 3,00 10,2 9,6867 1,53
47 L
' T30 1,3 1,74 32,3 42;0611,9 1,79 10,8 5,78 2,70
T10 1,5 1,880 38,6 13,8 2,07 12,9 6,6766 2,80
1,86
T100 1,3 1,54 39,2 37,32 (5,5958) 13,1 14,3 (18,0) 1,05
24 T60 1,3 1,65 42,0 25,0249 3,7574 14,0 12,0 14,6869
T30 1,3 1,74 44,3 14,9 2,2423 14,8 7,2419 2,9798
T10 1,5 1,880 52,9 17,2 2,58 17,6 8,32 3,08
1,96 15,0
T100 1,3 1,54 42,2 39,21 (5,8887) 14,1 (19.018,9) 1,08
25,8 T60 1,3 1,65 45,2 26,32 3,9493 1541 12,7 1,72
T30 1,3 1,74 47,7 15,76 2,35 16,9 7,5856 3,04
T10 1,5 1,880 56,9 18,1 2,71 19,0 8,7573 3,415
2,02 15,5
T100 1,3 1,54 441 40,54 (6.6706) 14,7 (19,65) 1,09
27 T60 1,3 1,65 47,3 27,1 40706 15,8 13,1 1,7475
T30 1,3 1,74 49,9 16,2 2,4342 16,6 7,83 3,0809
T10 1,5 1,880 59,5 18;%6 2,80 19,8 9,0301 3,19
2,4847 49;018,9
T100 1,3 1,54 58,98 49,63 (7.4340) 19,6 (23,98) 1,19
36 T60 1,3 1,65 6331 33,20 4,9896 21,0 16,0 1,9091
T30 1,3 1,74 66,5 19,87 2,9796 22,2 9,6753 3,3637
T10 1,5 1,880 79,4 22,98 3,4341 26,54 11,40 3,4749
2,6756 19,76
T100 1,3 1,54 62,1 51,42 (7.7468) 20,7 (24.98) 1,21
38 T60 1,3 1,65 66,6 34,63 5,4715 22,2 16,76 1,9394
T30 3 1,74 70,2 20,65 3,0907 23,4 9,9490 3,4443
T10 1,5 1,880 83,8 23,76 3,6654 27,9 11,54 3,56354
2,6968 20,626,065
T100 1,3 1,54 66,2 53,85 (8.6703) 221 (25,9) 1,2324
405 T60 1,3 1,65 70,9 36;035,9 5,4038 23,6 17,43 1,9798
T30 1,3 1,74 74,8 21,64 3,2321 24,9 10,43 3,4849
T10 1,5 1,880 89,3 24,87 3,7271 29,8 12;611,9 3,6061
3,0402 23,32
T100 1,3 1,54 79,0 60,85 (9.4207) 26,3 (29.42) 1,3031
783 +66 43 465 846 40785 64468 2872 4+0-+6 256865
T30 1,3 1,74 89,2 24,32 3,6563 29,7 11,87 3,6769
T10 1,5 1,880 106 28;427,9 4,2419 35,5 13,65 3,7981
3,2018 24,6-(31,04
T100 1,3 1,54 85,0 64:-163,7 (9.6455) 28,3 (30,8) 1,33
52 T60 1,3 1,65 91,1 42,97 6,4440 30,4 20,76 2,4213
T30 1,3 1,74 96,0 25,65 3,8482 32,0 12,43 3,7677
T10 1,5 1,880 115 29,64 4,4341 38,2 14,32 3,8890
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Test- ' '
U, disty kpp k¢ ug ty 1y u P ult,
kV p.u p.u kV us us kV us kV/us
4,0401 30,039,148
T100 1,3 1,54 119 80,82 (12,40) 39,5 (38.8) 1,4748
72.5 T60 1,3 1,65 127 | 54,2537 | 81206 42,3 26,20 2,3536
36 1S 74 134 32;5+1 4858+ 4476 15,65 AT
T10 1,5 1,880 160 37,30 5,6055 53,3 18,017,9 4,2932

NOTE Where two values of times 7, and ¢ are given for test-duty T100 separated by brackets, the time #, in
brackets is the upper limit of the time delay ¢, that can be used for test-duty T100 if short-line fault tests are)also

made. For such cases, the delay line terminates at ' given in brackets. If this is not the case, the lowergvalues of
ty and ¢ apply.

b) For rated voltages from 100 kV to 800 kV

A representation by four parameters of the prospective TRV is used fof test-duties T100 and
T60, and the supply circuit of SLF for test-duties Lgg and L;5 and forreut-of-phase test-duties

OP1 and OP2 and by two parameters for test-duties T30 and T10.

First reference voltage u, :0,75xkpper\/§

Time ¢4 for terminal fault test-duties is derived from, and the specified value of the rate
of rise u4/t4. For test-duties OP1 and OP2, ¢is two times ¢, for test-duty T100 and the
rate of rise is derived from u4 and ¢,. For the supply side circuit of short-line fault, time
t1 is derived from u4 and the specified #alUe of the rate of rise u4/t; which is the same
as for test-duty T100.

TRV peak value u; = ky, xkys x Uy XE

where k,; is equal to 1,4 fortest-duty T100 and for the supply side circuit for SLF, 1,5
for test-duty T60, 1,54.for test-duty T30, 1,76765 for test-duty T10 in case of kpp is 1,3,
1,53 (0,9 x 1,7) for-test-duty T10 in the case of kop is 1,5, and 1,25 for out-of-phase
breaking.

Time 1, is equalto 4¢, for test-duty T100 and for the supply side circuit for short-line fault
and between, (for T100) and 21, (for T100) for out-of-phase breaking. Time ¢, is equal
to 674 forT60.

For test-duties T30 and T10, time 75 is derived from u. and the specified value of the
rate of rise u /ts.

Time delay ty4 is 2 ps for test-duty T100, between 2 us and 0,3¢, for test-duty T60,
between 2 us and 0,1, for test-duties OP1 and OP2. Time delay is 0,15 #5 for test-duties
T30 and T10. For the supply side circuit for short-line fault the time delay is equal to

Z [is. When short-Tine fault tests are performed, the time delay 74 for test-duty 1100 can
be extended up to 0,28 ¢,. The relevant value of ¢y to be used for testing is given in
7.105.5.2 to 7.105.5.5.

Voltage u' = u4/2 for test-duties T100 and T60 and the supply side for SLF and out-of-
phase breaking, and u/3 for test-duties T30 and T10.

Time ¢' is derived from u', u4/t; and ¢4 for test-duties T100, T60 and the supply circuit for
SLF and out-of-phase breaking, and according to Figure 42; and from u', u_/t3 and t4 for
test-duties T30 and T10 according to Figure 43.
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c) For rated voltages higher than 800 kV

A representation by four parameters of the prospective TRV is used for test-duties T100 and
T60, and the supply circuit of SLF for test-duties Lgy and L;5 and by two parameters for test-

duties T30, T10 and for out-of-phase test-duties OP1 and OP2.

First reference voltage u, =0,75xk,, er\/g

Time ¢4 for terminal fault test-duties is derived from u, and the specified value of the rate
of rise u4/t1. For the supply side circuit of short-line fault, time ¢, is derived from u4 and
the specified value of the rate of rise u4/¢; which is the same as for test-duty T100.

Time t5 for out-of-phase test-duties OP1 and OP2 is derived from u, and the specified
value of the rate of rise.

TRV peak value u; = ky, xkys x Uy X\E

where k¢ is equal to 1,5 for test-duty T100 and for the supply side”circuit for SLF, 1,5
for test-duty T60, 1,54 for test-duty T30, 1,76765 for test-duty~T.10, and 1,25 for out-of-
phase breaking.

Time ¢, is equal to 3 ¢4 for test-duty T100 and for the,supply side circuit for short-line
fault. Time ¢, is equal to 4,5 ¢, for T60.

For test-duties T30 and T10, time ¢3 is derived-from u. and the specified value of the
rate of rise u /3.

Time delay ¢4 is 2 ps for test-duty T100, between 2 us and 0,3 ¢4 for test-duty T60. Time
delay is 0,15 t5 for test-duties T30 and-[40, 0,05 ¢; for test-duties OP1 and OP2. For the

supply side circuit for short-line fatlt the time delay is equal to 2 pus. When short-line
fault tests are performed, the time-delay 74 for test-duty T100 can be extended up to

0,28 ¢4. The relevant value of ¢, to be used for testing is given in 7.105.5.2 to 7.105.5.5.

Voltage u' = u4/2 for test-duties T100 and T60 and the supply side for SLF, and u/3 for
test-duties T30, T10 and,out-of-phase test-duties.

Time ¢' is derived fromu', u4/t4 and ¢4 for test-duties T100, T60 and the supply circuit for
SLF, and accordingto Figure 42; and from ', u /t3 and ¢4 for test-duties T30, T10 and
out-of-phase {est-duties according to Figure 43.

For rated voltages of 100 kV and above, the specified values are given in Table 20 and Table 21.

Table 20 — Values of prospective TRV for circuit-breakers
rated for kpp =1,2 or 1,3 — Rated voltages of 100 kV and above

Ur Eist; Ko Kas 2 ‘4 g | B OFI3 | g ® u’ e lel
kV p.u. p.u. kV us kV us us kV us kV/us
T100 1,3 1,40 80 40 149 160 2 (11) 40 22 (31) 2
T60 1,3 1,50 80 27 159 462160 2-8 40 15-21 3
100 T30 1,3 1,54 - - 163 33 5 54 16 5
T10 1,3 1,76765 - - 187 27 4 62 13 7
T100 1,3 1,40 98 49 183 196 2 (14) 49 26 (38) 2
123 T60 1,3 1,50 98 33 196 498196 | 2-10 49 18-26 3
T30 1,3 1,54 - - 201 40 6 67 19 5
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U, :Iist; Kop ko u, t u, tyorty | 1, u' fa lel
kV p.u. p.u. kV us kV us us kV us kV/us
T10 13 |1,76765| - ; 230 33 5 77 16 7
T100 13 | 140 | 115 58 215 | 232 |2(16) | 58 | 31(45) | 2
760 13 | 150 | 115 38 231 1228230 | 212 | 58 | 21-31 3
" e 13 | 154 - - 237 47 7 79 23 5
T10 13 |1,76765| - - 272 39 6 91 19 7
T100 13 | 140 | 135 68 253 | 272 | 2(19) | 68 | 36(53) | 2
T60 13 | 150 | 135 45 271 |270272 | 2-14 | 68 | 25-36 3
A s 13 | 1,54 - - 278 56 8 93 27 5
T10 13 |1,76765| - - 319 46 7 106 23 7
T100 13 | 140 | 195 98 364 | 392 | 2(27) | 98 |(51(76) | 2
T60 13 | 150 | 195 65 390 |390392 | 2-20 | 08 | 35-52 3
2 o 13 | 1,54 - - 400 80 12 133 39 5
T10 13 |1,76765| - ; 459 66 10 153 32 7
T100 13 | 140 | 239 | 119 | 446 | 476 [r2733) | 119 | 62(93) | 2
T60 13 | 150 | 239 80 478 | 480476 | 2-24 | 119 | 42-64 3
30 e 13 | 1,54 - - 490 o8 15 163 47 5
T10 13 |1,76765| - - 562 80 12 187 39 7
T100 13 | 140 | 288 | 144 | 538~ 576 | 2(40) | 144 [74(112)] 2
T60 13 | 150 | 288 96 576 | 576 | 2-29 | 144 | 50-77 3
R 13 | 1,54 - ) 592 | 118 18 197 57 5
T10 13 |1,76765| - . 678 97 15 226 47 7
T100 13 | 140 | 334,167 | 624 | 668 | 2(47) | 167 |86(130)| 2
T60 13 | 150 | 33 | 111 | 669 |eeee68| 233 | 167 | 58-89 3
20 e 13 | 1,54 - - 687 | 137 21 229 66 5
T10 13 |1,76765| - ; 787 | 112 17 262 54 7
T100 13 140 | 438 | 219 | 817 | 876 | 2(61) | 219 (m) 2
550 | T60 (3| 150 | 438 | 146 | 876 | 876 | 2-44 | 219 | 75-117 | 3
T30 13 | 1,54 - - 899 | 180 27 300 87 5
T10 13 |1,76765| - ; 1031 | 147 22 344 71 7
1400 13 | 140 | 637 | 318 | 1189 | 1272 | 2(89) | 318 (;2;) 2
sog )" |60 13 | 150 | 637 | 212 | 1274 | 1272 | 264 | 318 [108-170| 3
T30 13 | 1,54 - - 1308 | 262 39 436 126 5
T10 13 |1,76765| - ; 1499 | 214 32 500 103 7
T100 12 | 150 | 808 | 404 | 1617 | 1212 |2(113)| 404 (%?‘51) 2
T60 12 | 150 | 808 | 269 | 1617 | 1212 | 2-81 | 404 [137216| 3
1100 12 | 1,54 - - 1660 | 332 50 553 161 5
T10 12 |1,76765| - S 41 |632634 | 131 7
1200 |T100 12 | 150 | 882 | 441 | 1764 | 1323 |2(123)| 441 (gﬁg) 2
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U Test- k k u t u t,ort t, 2 ' v a uglty
r duty pp af 1 1 c 2 3 d u t "c/ta
kV p.u. p.u. kV us kV us us kV us kV/us
T60 1,2 1,50 882 294 1764 1323 2-88 441 149-235 3
T30 1,2 1,54 - - 1811 362 54 604 175 5
I'TU I, £ I,+6700 - - 9-6—92075 290 a9 I 0I~Z 45 [4

NOTE Test-duty T10 covers transformer-limited fault conditions with X /X, higher than 3,0 (for example nop=

effectively earthed transformers in effectively earthed neutral systems, or cases of transformers having one side
effectively earthed and the other connected to non-effectively earthed neutral systems). For rated voltages thigher
than 170 kV the TRV specified covers also cases of three-phase line faults with effectively earthed neutral systems
where coupling between phases can lead to an amplitude factor of 1,76765.

@ Where two values of times ¢, and ¢ are given for terminal fault test-duty T60, those indicate the Jower and upper

limits which should be used for testing. The time delay ¢, and the time ¢ during testing should not be shorter
than their respective lower limits and should not be longer than their respective upper limits!

Where two values of times ¢, and ¢ are given for test-duty T100; separated by brackets, the time ¢, in brackets
is the upper limit of the time delay ¢, that can be used for test-duty T100 if short-line-fault tests are also made.
For such cases, the delay line terminates at ¢ given in brackets. If this is not the.case, the lower values of Iy
and ¢ apply.
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Table 21 — Values of prospective TRV for circuit-breakers rated for kpp = 1,5 -
Rated voltages of 100 kV to 170 kV

U, Test-duty kop k¢ u, 1 u, t,ort, ty? u' ra u/t,
ulty
kV p.u. p.u. kV us kV us us kV us kV/us
TT00 5 1240 92 46 71 8% FAUE))] 16 25(36) 4
100 T60 1,5 1,50 92 31 184 186 2-8 46 15-21 3
T30 1,5 1,54 - - 189 38 5 63 16 5
T10 1,5 1,53 - - 187 27 4 62 13 7
T100 1,5 1,40 113 56 211 224 2 (16) 56 30 (44) 2
T60 1,5 1,50 113 38 226 228 2-10 56 18526 3
12 T30 1,5 1,54 - - 232 46 6 77 19 5
T10 1,5 1,53 - - 230 33 5 77 16 7
T100 1,5 1,40 133 67 249 268 2 (19) 67 35 (52) 2
T60 1,5 1,50 133 44 266 264 2-12 67 21-31 3
149 T30 1,5 1,54 - - 273 55 7 91 23 5
T10 1,5 1,53 - - 272 39 6 91 19 7
T100 1,5 1,40 156 78 291 312 2 (22) 78 41 (61) 2
T60 1,5 1,50 156 52 312 312 2-14 78 25-36 3
170 T30 1,5 1,54 - - 321 64 8 107 27 5
T10 1,5 1,53 - - 319 46 7 106 22 7

® Where two values of times ¢, and ¢ are given for termipal‘fault test-duty T60, those indicate the lower and upper limits
which should be used for testing. The time delay #)and the time ¢ during testing should not be shorter than their
respective lower limits and should not be longer than their respective upper limits.

Where two values of times 7, and ¢' are given for test-duty T100, separated by brackets, the time ¢, in brackets is the
upper limit of the time delay ¢, that can be used’for test-duty T100 if short-line fault tests are also made. For such cases,
the delay line terminates at 7' given in brackets. If this is not the case, the lower values of 7, and ¢ apply.

NOTE Test-duty T10 covers transformer-limited fault conditions with X,/X, higher than 3,0 (for example non-effectively

earthed transformers in effectivelycearthed neutral systems, or cases of transformers having one side effectively earthed
and the other connected to non-effectively earthed neutral systems).

The prospective. TRV wave of the test circuit shall comply with the following two requirements:

— Requirement a)
Its envelope shall at no time be below the specified reference line.

It\s stressed that the extent by which the envelope can exceed the specified reference line
requires the consent of the manufacturer (see 7.105); this is of particular importance in the
case of two-parameter envelopes when four-parameter reference lines are specified, and in
the case of four-parameter envelopes when two-parameter reference lines are specified.

For convenience of testing it is allowed to carry out test-duties for which a four parameter
TRV is specified with a two parameter TRV, provided that the rate-of-rise of recovery voltage
corresponds to the standard value u,/t, and the peak value to the standard value u_. This

procedure requires the consent of the manufacturer.



https://iecnorm.com/api/?name=a5c899c656125484b89233c5cb4b99a9

REDLINE VERSION - 152 - IEC 62271-100:2021+AMD1:2024 CSV
© IEC 2024

— Requirement b)

Its initial portion shall fulfil the specified ITRV requirements. The ITRV shall be handled like
a short-line fault. Consequently, it is necessary to measure the ITRV circuit independently
of the source side in an inherent way. The ITRV is defined by the peak value u; and the time
coordinate ¢ (Figure 45). The inherent waveshape shall mostly follow a straight line

reference line drawn from the beginning of the ITRV to the point defined by u; and #. The

rant | TDN\/ ahban ahball-falaw—tht £ IH from 2N 0/ QN 0/ £ 4+l

kb ad
iherertt T RV-waveshapeshat-fellow-thisreferencetHnefrom20-%to-86-%of the—reqtired
ITRV peak value. Deviations from the reference line are permitted for the ITRV amplitude
below 20 % and above 80 % of the specified ITRV peak value. It shall not be significantly
higher than the above-mentioned reference line. If the 80 % value cannot be reached without
significant increase of the rate of rise of the ITRV, it is preferred to raise the peak value y;

above the specified value in order to reach the 80 % point. The rate of rise of the ITRV shall
not be increased, because this would be connected to a change of the impedance _and thus
to an essential change of the severity of the test.

Testing under ITRV conditions is necessary for T100a, T100s and Lgy. However, if a circuit-
breaker with rated voltage equal or less than 800 kV has a short-line fault rating, the ITRV
requirements are considered to be covered if Lgg is carried out usinga@.line with a time delay
less than 100 ns (see also 7.105.5.2).

If a circuit-breaker with rated voltage higher than 800 kV has_'a)short-line fault rating, the
ITRV requirements are covered if Lg is carried out using a,line with a time delay less than
100 ns and a surge impedance of 450 Q (see also 7.105:5\2 and 7.109.3).

7.105.5.2 Test-duties T100s and T100a
For rated voltages less than 100 kV, the specified values are given in

— Table 16 and Table 17 for class S1 circuit-breakers,
— Table 18 and Table 19 for class S2 circujt-breakers.

The specific reference lines, delay lines.and ITRV are given by the values in Table 9, Table 16,
Table 17, Table 18, Table 19, Table 20 and Table 21.

With reference to ITRV, if a test is made with a TRV following the straight reference line
specified in requirement a) and’b) of 7.105.5.1 and shown in Figure 45, it is assumed that the
effect on the circuit-breaker. is' similar to that of any ITRV defined in requirement b) of 7.105.5.1
and Figure 45.

Owing to limitation§ of the testing station, it may not be feasible to comply with the requirement
of item b) of 7.105.5.1 with respect to the time delay 74 as specified in Table 16 through Table 21.

Where shartsline fault duties are also to be performed, any such deficiency of the TRV of the
supply citcuit shall be compensated by an increase of the voltage excursion to the first peak of
the line-side voltage (see 7.109.3). The time delay of the supply circuit shall be as small as
possible, but shall in any case not exceed the values given in brackets in Table 18, Table 19,
Table 20 or Table 21.
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ITRV and Lgy requirements in the line-side circuit. When the ITRV is combined with the
transient voltage of a short line having a time delay 74, as specified in 7.109.3 the total

stress is, for practical considerations, equal or covered by the stress of a short line with a
time delay less than 100 ns and a surge impedance of 450 Q. Therefore the ITRV
requirements for test-duties T100s and T100a are considered to be covered when Lgg is

performed using a line with a time delay less than 100 ns and a surge impedance of 450 Q.
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Where short-line fault test-duty Loy with a time delay less than 100 ns is used to cover ITRV
requirements, the initial part of the line side transient voltage up to 0,2 | * shall not cross the
20 % to 80 % Lgg reference except if the time delay as defined in Figure 46 is less than 100 ns.

»l
»

0,8 u

IEC
Figure 46 — Example of line transient voltage with-time delay with non-linear rate of rise

7.105.5.3 Test-duty T60
For rated voltages less than 100 kV, the.specified values are given in

— Table 16 and Table 17 for class S circuit-breakers,
— Table 18 and Table 19 for class.S2 circuit-breakers.

For rated voltages of 100 kV.:and above, the specified standard values are given in Table 20
and Table 21.

7.105.5.4 Test-duty. T30

a) For rated voltages less than 100 kV, the specified values are given in
— Table 16vand Table 17 for class S1 circuit-breakers,
— Table™8 and Table 19 for class S2 circuit-breakers.

b) Fortrated voltages of 100 kV and above, the specified standard values are given in Table 20
and Table 21.

In'case that small values of time ¢3 cannot be met, the shortest time that can be met shall be
used. The values used shall be stated in the test report.

NOTE The contribution of transformers to the short-circuit current is relatively larger at smaller values of short-
circuit current as in T30 and T10 conditions. However, most systems have effectively earthed neutrals at ratings of
100 kV up to 800 kV. With the system and transformer neutrals effectively earthed, a kpp of 1,3 is applicable for all

test-duties except for T10, where in general a kpp of 1,5 is used in order to take also transformer fed faults into
account. For rated voltages higher than 800 kV, a kpp of 1,2 is applicable for all test-duties.
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In some systems for rated voltages of 100 kV up to and including 170 kV, transformers with non-effectively earthed
neutrals are in service, even though the rest of the system can have effectively earthed neutrals. Such systems are
considered special cases and are covered in Table 21 where the TRVs specified for all test-duties are based on a
kpp of 1,5. For rated voltages above 170 kV, all systems and their transformers are considered to have effectively

earthed neutrals.

7.105.5.5 Test-duty T10
a) For rated voltages less than 100 kV, the specified values are given in

— Table 16 and Table 17 for class S1 circuit-breakers,
— Table 18 and Table 19 for class S2 circuit-breakers.

b) For rated voltages of 100 kV and above, the specified standard values are given in Table’20
and Table 21. The time t5 is a function of the natural frequency of transformers.

In case that small values of time #3 cannot be met, the shortest time that can be<met shall be
used. The values used shall be stated in the test report.

7.105.5.6 Test-duties OP1 and OP2

For rated voltages up to and including 72,5 kV, the specified values.are’ given in the following
Tables.

— Table 22 for class S1 circuit-breakers for use in non-effectively earthed neutral systems;

— Table 23 for class S1 circuit-breakers for use in effectively earthed neutral systems;

— Table 24 for class S2 circuit-breakers for use in non-effectively earthed neutral systems;

— Table 25 for class S2 circuit-breakers for use in-&ffectively earthed neutral systems.

For rated voltages of 100 kV and above, the specified values are given in Table 26 and Table 27.

Table 22 — Values of prospective TRV for out-of-phase tests
on class S1 circuit-breakers for kpp =25

U, kpp k¢ U, t; ty u' t ult,
kV p.u. p.u. kV us us kV us kV/us
3,6 2,5 1,25 9,19 81,43 12,2 3,06 39,3 0,113
4,76 2,5 1,25 12,1 87,489,7 13,45 4,05 42,2434 | 0,439135
7,2 2,5 1,25 18,4 99,7103 15,65 6,12 48,249,8 | 0,484178
8,25 2,5 1,25 21,1 165108 45;716,2 7,02 56,752,3 | 0,204195
12 25 1,25 30,6 122124 18,45 10,2 59,27 0,250248
15 2,5 1,25 38,3 436135 20,43 12,8 65,64 0,282283
15,5 2,5 1,25 39,5 138137 20,76 13,2 68,666,4 | 0,287288
17%5 2,5 1,25 44,7 146145 22;621,8 14,9 70,71 0,365308
24 2,5 1,25 61,2 472170 25,85 20,4 83,282,1 0,356360
25,8 2,5 1,25 65,8 479177 26,85 21,9 86,485,5 | 0,368372
27 2,5 1,25 68,9 183181 27,52 23,0 88,587,7 | 0,376380
36 2,5 1,25 91,9 214 32,42 30,6 163104 0,429428
38 2,5 1,25 97,0 221 33,42 32,3 107 0,440438
40,5 2,5 1,25 103 229 34,35 34,54 110111 0,452450
48,3 2,5 1,25 123 253254 37,938, 1 411 422123 0,488485
52 2,5 1,25 133 264265 39,67 44,2 128 0,563502
72,5 2,5 1,25 185 329332 49,37 61,7 459160 0,562558
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Table 23 — Values of prospective TRV for out-of-phase tests
on class S1 circuit-breakers for kpp = 2,0
U, kpp ko u, ty ty u' 7 ult,
kV p.u. p.u. kV us us kV us kV/us
3,6 2,0 1,25 7,35 65,1 9,8376 2,45 31,65 0,113
476 2,0 1,25 9,72 69.971,8 10,58 3,24 33,834,7 | 0,439135
7,2 2,0 1,25 14,7 79,7824 12,04 4,90 38,539,8 | 0,484178
8,25 2,0 1,25 16,8 83.986,3 12,69 5,61 40.541,7 | 0,204195
12 2,0 1,25 24,5 9798,9 14,78 8,16 47,38 0,250
15 2,0 1,25 30,6 409108 16,32 10,2 52,53 0,282283
15,5 2,0 1,25 31,6 110 16,5 10,6 53,31 0,287288
17,5 2,0 1,25 35,7 1147116 17,64 11,9 56,64 0,305308
24 2,0 1,25 49,0 138136 20,64 16,3 66¢465,7 | 0,356360
25,8 2,0 1,25 52,7 143141 21,52 17,6 69,168,4 | 0,368372
27 2,0 1,25 55,1 443145 22.021,8 18,4 70,81 0,376380
36 2,0 1,25 73,5 174172 25,7 24,5 82,89 0,429428
38 2,0 1,25 77,6 176177 26,56 25,9 85,36 0,440438
40,5 2,0 1,25 82,7 483184 27,46 27,6 88,48 0,452450
48,3 2,0 1,25 98,6 202203 30,85 32,9 97.798,2 | 0,488485
52 2,0 1,25 106 2144212 31,78 35,4 102 0,503502
72,5 2,0 1,25 148 263265 39,68 49,3 427128 | 0,563558
Table 24 — Values of prospéective TRV for out-of-phase tests
on class S2 circuit-breakers for kpp =2,5

U, kpp ko U 1y 1y u' 7 uc/t3
kV p.u. p.u. kV us us kV us kV/us
3,6 2,5 1,25 9,19 22.823,0 3,4245 3,06 11,01 0,403400
4,76 2,5 1,25 12,61 27,79 4,1618 4,05 13,45 0,438435
7,2 2,5 1,25 18,4 37,02 5,5658 6,12 17,918,0 | 0,496494
8,25 2,5 1,25 21,1 40,79 6,4413 7,02 19,78 0,547515
12 2,5 1,25 30,6 53,0 7,9496 10,2 25,6 0,578577
15 2.5 1,25 38,3 61,9 9,29 12,8 29,9 0,618
15,5 2,5 1,25 39,5 63,4 9,50 13,2 30,6 0,624
17,5 2,5 1,25 44,7 69.068,9 10,3 14,9 33,3 0,647648
24 2,5 1,25 61,2 86.085,9 12,9 20,4 41,65 0,742713
25,8 2,5 1,25 65,8 90,53 13,65 21,9 43,76 0,727729
27 2,5 1,25 68,9 93,42 14,0 23,0 45,20 0,737739
36 ')‘R 1")5. 01‘0 114 17‘1 'm‘a RR’QH n,gmmrw
38 2,5 1,25 97,0 119118 17,87 32,3 57,41 0,817821
40,5 2,5 1,25 103 124 18,65 34,5 60,059,7 | 0,833837
48,3 2,5 1,25 123 140 21,0 41,1 67,85 0,878883
52 2,5 1,25 133 148147 22,20 44,2 71,40 0,898903
72,5 2,5 1,25 185 187185 28.027,8 61,7 90,289,5 | 0,992999
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Table 25 — Values of prospective TRV for out-of-phase tests on
class S2 circuit-breakers for kpp = 2,0

U, kpp ko u, ty ty u' 7 ult,
kV p.u. p.u. kV us us kV us kV/us
3,6 2,0 1,25 7,35 18,24 2,7476 2,45 8,8288 0,403400
4,76 2,0 1,25 9,72 22,23 3,3335 3,24 10,78 0,438435
7,2 2,0 1,25 14,7 29,67 4,4446 4,90 14,34 0,496494
8,25 2,0 1,25 16,8 32,67 4,8991 5,61 15,8 0,547545
12 2,0 1,25 24,5 42,4 6,3536 8,16 20,5 0,56%8577
15 2,0 1,25 30,6 49,5 7,43 10,2 23,9 0,618
15,5 2,0 1,25 31,6 50,7 7,60 10,6 24,5 0,624
17,5 2,0 1,25 35,7 55,21 8,2827 11,9 2657 0,648
24 2,0 1,25 49,0 68,87 10,3 16,3 33,32 0,742713
25,8 2,0 1,25 52,7 72,42 10,98 17,6 35.034,9 | 0,728729
27 2,0 1,25 55,1 74,45 11,2 18,4 36,40 0,737739
36 2,0 1,25 73,5 91,40 13,7 24,5 44,20 0,804807
38 2,0 1,25 77,6 94,95 14,2 25,9 45,97 0,817821
40,5 2,0 1,25 82,7 99.398,8 14,98 27,6 48.047,8 | 0,833834
48,3 2,0 1,25 98,6 112 16,8 32,9 54,30 0,878883
52 2,0 1,25 106 118 17,76 35,4 57.256,8 | 0,898903
72,5 2,0 1,25 148 149148 22,42 49,3 72.471,6 | 0,992999

Table 26 — Values of prospective. TRV for out-of-phase tests on circuit-breakers

rated for k,, = 2,5 Rated voltages of 100 kV to 170 kV

u,lt,
U, kg ko uy t u, tyort,? t,? u' ra uty
kV p.u. p.u. kV us kV us us kV us kV/us
100 2,5 1;26 153 92 255 184-368 2-8 77 42-48 1,67
123 2,5 1/25 188 112 314 224-448 2-10 94 51-59 1,67
145 2,5 1,25 222 134 370 268-536 2-12 111 60-70 1,67
170 2,5 1,25 260 156 434 312-624 2-14 130 70-82 1,67

a

The values of times 7,, ¢, and ¢' indicate the lower and upper limits which should be used for testing. The time
delay-z; and the time ' during testing should not be shorter than their respective lower limits and should not be
longer than their respective upper limits.
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Table 27 — Values of prospective TRV for out-of-phase tests on circuit-breakers
rated for kpp = 2,0 — Rated voltages of 100 kV and above

k k a a ' ' a u1lt1
U, pp af "y 4 e fort; Iy u t ulty
c
kV p.u p.u. kV us kV us us kV us kV/us
100 P4 725 22 80 20% 160-320 2-8 6t 1248 5%
123 2 1,25 151 98 251 196-392 2-10 75 51-59 1,54
145 2 1,25 178 116 296 232-464 2-12 89 60-70 1,54
170 2 1,25 208 136 347 272-544 2-14 104 70-82 1,54
245 2 1,25 300 196 500 392-784 2-20 150 99-117 1,54
300 2 1,25 367 238 612 476-952 2-24 184 121-148 1,54
362 2 1,25 443 288 739 576-1 152 2-29 222 146-173 1,54
420 2 1,25 514 334 857 668-1 336 2-33 257 169-200 1,54
550 2 1,25 674 438 1123 | 876-1 752 2-44 337 221-263 1,54
2 1,25 980 636 1633 1272-2 2-64 490 320-382 1,54
800
544
1100 2 1,25 - - 2 245 1458 2-78 748 488-559 1,54
1200 2 1,25 - - 2 449 1590 2-80 816 532-610 1,54
@  The values of times 1y, tqy @and ¢' indicate the lower and upper limits'which should be used for testing. The time
delay ¢, and the time ¢ during testing should not be shorter than their respective lower limits and should not be
longer than their respective upper limits.

7.105.6 Multipliers for TRV for second and'third clearing poles

The TRV is defined for the first-pole-to-clear. In order to obtain the values of RRRV and u for
the second and third clearing poles, amultiplier shall be applied to the values of RRRV and u,

of the first clearing pole at the relevant first-pole-to-clear factor. The values of these multipliers
are given in Table 14.

The multipliers of Table)y 14 have been calculated with the assumptions given in
IEC TR 62271-306 [4].

For three-phase testing the test circuit shall be designed to achieve the prospective u, values

for the second.and third clearing poles. It is not necessary to meet the prospective RRRV values
for the secondjand third clearing poles. The actual values shall be stated in the test report.

7.106,,Short-circuit test procedure
7.106.1 Time interval between tests

The time intervals between individual operations of a test sequence shall be the time intervals

7.106.3 applies. If, due to test plant limitations, the rated operating sequence cannot be
achieved, the following applies:

a) The test shall be performed with the shortest achievable time interval . The time interval
achieved shall be stated in the report. For time intervals longer than 10 min the reason for
the delay shall be stated in the report;

b) For different time intervals ¢ the following applies:
1) ¢= 0,3 s: the time interval is mandatory;
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2) t=15s, procedure a) applies.

Prolonged time intervals shall not be due to faulty operation of the circuit-breaker.

7.106.2 Application of auxiliary power to the opening release — Breaking tests

Auxiliary power shall be applied to the opening release after the initiation of the short-circuit,

hutwhan diia ta tact nlant mitatinne thic ic tmnrantinahla tha nawar nan ha annlind hafara tha
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initiation of the short-circuit (with the limitation that contacts shall not start to move before the
initiation of the short-circuit).

7.106.3 Application of auxiliary power to the opening release — Make-break tests

In make-break tests the auxiliary power shall not be applied to the opening releaserhefore the
circuit-breaker has reached the closed position. In the close-open operations of thé.short-circuit
test-duties the power shall not be applied until at least one half-cycle has elapsed from the
instant of contact touch. The close-open time shall remain as close as possible(to the minimum
close-open time declared by the manufacturer, but it is permissible to delay‘\the circuit-breaker
opening such that the level of asymmetry is within the permissible limit,

7.106.4 Latching on short-circuit

A circuit-breaker is latched when the main current-carrying contacts have achieved a stationary,
fully engaged position at closing and this position is majqtained until intentionally released,
either mechanically or electrically. Unless the circuit-breaker is fitted with a making current
release, or equivalent device, it shall be verified that it latches satisfactorily without undue
hesitation when there is negligible decrement of the/AC component of the current during the
closing period.

The ability of the circuit-breaker to latch on.short-circuit making current can be verified in test-
duty T100s (see 7.107.5) or in the verification test for making (see 7.102.4.1). During this test
the following applies:

— for three-phase tests on a threerpele circuit-breaker, the closing angle should be chosen in
order to stress the pole most remote from the drive with the peak making current;

— if a single-phase test is carried out, care should be taken to stress the pole most remote
from the mechanism in_the same way as during a three-phase test in respect to applied
voltage across the pole-and current through the pole.

If the characteristics 0f the test plant are such that it is impossible to carry out test-duty T100s
within the specifieddimits of the applied voltage stated in 7.105.1, the test shall be repeated at
reduced voltagé\using a test circuit which gives the rated short-circuit making current, with
negligible decrement of the AC component.

Severalmethods can be used to establish whether a circuit-breaker has closed and latched, for
example:

=\ by recording of the auxiliary contacts or the contact travel;
<~ by visually checking the latching position after the performance of the making test;

— by recording the action of the device in order to detect latching (for example a micro-switch
suitably fitted to the mechanism).

The method employed to prove satisfactory latching shall be recorded in the test report.
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7.107 Terminal fault tests
7.107.1 General

The terminal fault tests shall consist of test-duties T10, T30, T60, T100s and T100a, as specified
below. Tests carried out with rapid auto-reclosing sequence cover testing without rapid auto-
reclosing.

In the cases explained in 7.106.4, it can be necessary to separate the making and breaking
tests of test-duty T100s. In this case, the part consisting of the making operations is designated
T100s(a) and the part consisting of the breaking operations is designated T100s(b).

The peak short-circuit current during the breaking-current tests of test-duties T100s, T100s(b)
and T100a shall not exceed 110 % of the rated short-circuit making current of the circuit-breaker.

For convenience of testing the making operations of test-duties T10, T30 and T60 can be
performed as no-load operations. The time intervals between the individual breaking operations,
shall be the time intervals of the rated operating sequence of the circuit-breaker (see 7.106.1).

7.107.2 Test-duty T10

Test-duty T10 consists of the rated operating sequence at 10’ % of the rated short-circuit
breaking current with a DC component at contact separation not exceeding 20 % and a transient
and power frequency recovery voltage as specified in 7.10374'and 7.105.5.5 (see also Table 16,
Table 17, Table 18, Table 19, Table 20 and Table 21).

7.107.3 Test-duty T30

Test-duty T30 consists of the rated operating sequence at 30 % of the rated short-circuit
breaking current with a DC component at contact separation not exceeding 20 % and a transient
and power frequency recovery voltage as:specified in 7.103.4 and 7.105.5.4 (see also Table 16,
Table 17, Table 18, Table 19, Table 2Q0-and Table 21).

7.107.4 Test-duty T60

Test-duty T60 consists of the“rated operating sequence at 60 % of the rated short-circuit
breaking current with a DC.component at contact separation not exceeding 20 % and a transient
and power frequency recovery voltage as specified in 7.103.4 and 7.105.3 (see also Table 16,
Table 17, Table 18, Table 19, Table 20 and Table 21).

7.107.5 Test-duty T100s
7.107.5.1 ~General

Test-duty."T100s consists of the rated operating sequence at 100 % of the rated short-circuit
breakifig current taking account of 7.105.3, and with a transient and power frequency recovery
voltage as specified in 7.103.4, 7.105.1 and 7.105.2 (see also Table 16, Table 17, Table 18,
Table 19, Table 20 and Table 21) and 100 % of the rated short-circuit making current taking
account of 7.105.2 and an applied voltage as specified in 7.105.1.

For this test-duty, the percentage of the DC component at contact separation shall not exceed
20 % of the AC component.
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When making single-phase tests on one pole of a three-pole circuit-breaker, or when the
characteristics of the test plant are such that it is impossible to carry out test-duty T100s within
the specified limits of applied voltage in 7.105.1, making current in 7.105.2, breaking current in
7.105.3 and transient and power frequency recovery voltages in 7.103.4 and 7.105.5.2 taking
account also of 7.106.3 and 7.106.4 the making and breaking tests in test-duty T100s can be
made separately. The short-circuit current in the separate making operations shall be
maintained for an interval of at least 100 ms.

7.107.5.2 Time constant of the DC component of the test circuit equal to
the specified value

Where the time constant of the DC component of the test circuit is equal to the specifiedvalue
as defined by 5.101.3, the alternative for performing test-duty T100s described above’is as
follows:

a) making tests, test-duty T100s(a)

The sequence C — ¢ — C shall be carried with one making operation against a symmetrical
current equal to the rated short-circuit breaking current and the other*making operation
against the rated short-circuit making current according to 7.105.2.\The making operation
against symmetrical current shall be carried out at the applied voltage specified in 7.105.1;

b) breaking tests, test-duty T100s(b)

These making operations detailed in a) shall be followed hy'O — ¢t - CO — ' — CO at 100 %
of the rated short-circuit breaking current and with a transient and power frequency recovery
voltage as specified in 7.103.4 and 7.105.5.2.

During this test sequence, the following applies:

— no maintenance is allowed between a) and b);

— the second making operation of a) can be{omitted, provided that during b) one of the making
operations is such that the rated short-gircuit making current is achieved;

7.107.5.3 Time constant of the “DC component of the test circuit less than
the specified value

Where the time constant of the D€ component of the test circuit is less than the specified value
as defined by 5.101.3, the alernative for performing test-duty T100s described above is as
follows:

a) making tests, test-duty T100s(a)

A single closing.operation against the rated short-circuit making current according to 7.105.2
shall be performed. This making operation can be performed at reduced voltage with the
limitations-stated in 7.105.2;

b) breakingjtests, test-duty T100s(b)

Thissmaking operation shall be followed by O —¢t— CO — ¢ — CO at 100 % of the rated short-
citeuit breaking current, at the applied voltage specified in 7.105.1 and with a transient and
power frequency recovery voltage as specified in 7.103.4 and 7.105.5.2. In this second part,
one of the making operations shall be such that it closes against a symmetrical current equal
to the rated short-circuit breaking current.

NOTE Due to the smaller time constant of the DC component of the test circuit with respect to the specified value
used for the rated short-circuit breaking current, the symmetrical value of the current during a) will need to be greater
than the rated value. During b), for the same reason, the current peak, already demonstrated during a), will be smaller
than the rated short-circuit making current.

During this test sequence the following applies:

— no maintenance is allowed between a) and b);
— for synthetic testing IEC 62271-101 applies.
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7.107.5.4 Time constant of the DC component of the test circuit greater than
the specified value

Where the time constant of the DC component of the test circuit is greater than the specified
value as defined by 5.101.3, the alternative for performing test-duty T100s described above is
as follows:

a) Making tests, test-duty T100s(a)

A single making operation against the rated short-circuit making current according to
7.105.2 shall be performed. This making operation can be performed at reduced voltage
with the limitations stated in 7.105.2;

b) The sequence O — ¢ — CO — ' — CO shall be carried out at 100 % of the rated short=circuit
breaking current, at the applied voltage specified in 7.105.1 and with a transient and.-power
frequency recovery voltage as specified in 7.103.4 and 7.105.5.2. During this. Sequence,
one of the making operations shall be such that the circuit-breaker closes’ against a
symmetrical current equal to the rated short-circuit breaking current, and the other against
a full asymmetrical current. Due to the larger time constant of the DC component of the test
circuit with respect to the specified value as per 5.101.3, the curfent peak during the
asymmetrical making will be larger than the rated short-circuit making current. Therefore,
the making operation can be controlled by use of point-on-wave” control to obtain the
required rated short-circuit making current. The performance 'of the test procedure a) is,
however, subject to the consent of the manufacturer;

NOTE 1 Because of the larger peak of the current during the asymmeétrical making, a separate closing operation
against the rated short-circuit making current according to 7.105.2 is not required.

c) Alternatively sequence b) can be performed with the first making operation against a
symmetrical current equal to the rated short-circuit breaking current and the second making
operation at no load, i.e. O — ¢t — CO — ¢ — O2at 100 % of the rated short-circuit breaking
current, at the applied voltage specified in 7105.1 and with a transient and power frequency
recovery voltage as specified in 7.103.4 and 7.105.5.2.

In this case evidence of the ability .of the circuit-breaker to perform the rated operating
sequence will be demonstrated ¢by' repeating the test sequence b), with relevant
requirements, and with a symmetpical current smaller than the rated short-circuit breaking
current in such a manner that the'rated short-circuit making current is obtained in one of the
making operations. During this repeated duty, the making operations can be performed at
reduced voltage with the limitations stated in 7.105.2.

NOTE 2 Since the abilitysof_the circuit-breaker to close against the rated short-circuit making current is proven
during the repeated dutyj a separate making operation against the rated short-circuit making current according
to 7.105.2 is not requirea:

During this test sequence the following applies:

— where séquence c) is adopted, maintenance before repetition of the rated operating
sequence is permitted;

7.107.5.5 Significant decay of the AC component of the test circuit
Where the decay of the AC component of the test circuit is significant, it may be impossible to

test the rated operating sequence without overstressing the circuit-breaker extensively. In such
cases it is permitted to split the making and the breaking tests in test-duty T100s as follows,

provided that the time constant of the AC component of the test circuit, corresponding to the
decay of the AC component, is at least three times longer than the specified DC time constant
of the system the circuit-breaker under test is intended to be used for:
a) Making tests, test-duty T100s(a)

cC-¢-C

with the making current as specified in 7.105.2 and the applied voltage as specified in
7.105.1. For the time interval between the individual tests 7.106.1 applies.
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b) Breaking tests, test-duty T100s(b)

The making operations of test-duty T100s(a) shall be followed by the testing sequence
O—-t-CO -+ —-CO at 100 % of the rated short-circuit breaking current as specified in
7.105.3 and with a transient and power frequency recovery voltage as specified in
7.103.4 and 7.105.5.2. For the time interval between the individual tests 7.106.1 applies.

The operating sequence O — ¢t — CO can be demonstrated by two tests. In this case the
following applies-

In the first test the first breaking operation shall be tested at 100 % of the rated short-
circuit breaking current as specified in 7.105.3 and with a transient and power frequency
recovery voltage as specified in 7.103.4 and 7.105.5.2. The subsequent making 1and
breaking operations shall be tested with making current and applied voltage or breaking
current and transient and power frequency recovery voltage respectively as €lose as
possible to the values specified for test-duty T100s.

In the second test an additional CO operating cycle shall be performed with\the breaking
operation at 100 % of the rated short-circuit current as specified in 7.105-3 and with the
transient and power frequency recovery voltage as specified in 7.103*4 and 7.105.5.2.
This CO operating cycle shall be preceded by a no-load opening-6peration to complete
the operating sequence O — ¢ — CO. For the C operation the provisions of 7.105.1 and
7.105.2 may be omitted, however, the making current and the(applied voltage shall meet
the specified values as close as possible.

The operating cycle CO is demonstrated by another CO operating cycle where the
breaking operation shall be performed at 100 % ofthe rated short-circuit current as
specified in 7.105.3 and with the transient and power frequency recovery voltage as
specified in 7.103.4 and 7.105.5.2. For the making operation the provisions of 7.105.1
and 7.105.2 may be omitted, however, the making current and the applied voltage shall
meet the specified values as close as possible:

Where a making operation in test-duty, T100s(b) fulfils the requirements given in a)
above, the respective making operation‘in test-duty T100s(a) may be omitted. In order
to not overstress the circuit-breaker, controlled closing can be necessary in test-duty
T100s(b). Where needed an auxiliary circuit-breaker can be used. If due to inconsistency
of the opening or the closing time the specified test values cannot be met, it is allowed
to supply the releases at theirmaximum operating voltage; in this case the provisions of
7.102.3.1 as to the supply\voltage of closing and opening devices are omitted.

No maintenance is allowed between the test-duties T100s(a) and T100s(b). When this testing
procedure results in actual stresses exceeding the limits specified in Table B.1 the consent of
the manufacturer is necessary.

7.107.6 Test-duty-T100a

Test-duty T100a is only applicable when the minimum opening time Top of the circuit-breaker,

as stated by the manufacturer, plus the relay time is such that the DC component at the instant
of contact: separation is higher than 20 %. The DC component at contact separation is
deterfined by the following equation:

(Top+Tr)
%DC=100xe °

where

% DC

percentage of DC component at contact separation;
minimum opening time declared by the manufacturer;

relay time (0,5 cycle; 10 ms for 50 Hz and 8,3 ms for 60 Hz);

DC time constant of the rated short-circuit current (45 ms, 60 ms, 75 ms or 120 ms,
see 5.101.3).
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Test-duty T100a consists of three valid breaking operations at 100 % of the rated short-circuit
breaking current with the required asymmetry criteria regarding the peak and duration of the
last major loop and the related arcing time conditions given in 7.104 and a transient and
prospective power frequency recovery voltage under symmetrical conditions as specified in
7.103.4 and 7.105.5.2.

The change of an opening or a closing release does not constitute an alternative operating

mechanism. {f the opening time of the ciTcuit-breaker 1S Teduced, due exciusivety to the use of
a faster acting release, it should be checked whether the range of the minimum clearing time,
as stated in Table 10 and Table 11 for this release, is still covered by tests performed with the
initial release. If the circuit-breaker falls into a range with shorter minimum clearing times, it is
sufficient to repeat test-duty T100a only for that range, the rest of the type tests remains‘valid,
provided the release is tested to the relevant subclauses and standards.

7.108 Additional short-circuit tests
7.108.1 Critical current tests
7.108.1.1 Applicability

These tests are short-circuit tests additional to the terminal fault test*duties covered by 7.107
and are applicable only to circuit-breakers which have a critical'current. It shall be assumed
that this is the case if the minimum arcing times in any of the test-duties T10, T30 or T60 is one
half-cycle or more longer than the minimum arcing times in the adjacent test-duties. For three-
phase tests the arcing times of all three phases shall be taken into account.

7.108.1.2 Test current

Where applicable, the behaviour of the circuit-breaker with respect to the critical current shall
be tested in two test-duties.

The test currents for these two test-duties'shall be equal to the average of the breaking current
corresponding to the test-duty in which the prolonged arcing times occurred (see 7.108.1.1)
and:

a) the breaking current corresponding to the next higher breaking current for one test-duty;
and

b) the breaking current caérresponding to the next lower breaking current for the other test-duty.

In the case of prolonged arcing times in test-duty T10, the critical current tests shall be
performed at a current of 20 % of the rated short-circuit breaking current for one test-duty and
at a current of 5:.% of the rated short-circuit breaking current for the other one.

7.108.1.3 “Critical current test-duty

The_critical current test-duty consists of the rated operating sequence at the current according
to#.108.1.2 with a DC component at contact separation not exceeding 20 %. The transient and
power frequency recovery voltage shall be that associated with the terminal fault test-duty
having the breaking current the next higher to the critical current.

The critical current test-duty can be performed on a reconditioned circuit-breaker.
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7.108.2 Single-phase and double-earth fault tests
7.108.2.1 Applicability

Circuit-breakers shall be capable of clearing single-phase short-circuit currents which can occur
in two different cases:

— in effectively earthed neutral systems in case of single-phase faults or,

— in non-effectively earthed neutral systems in case of double-earth faults, i.e. earth faults on
two different phases, one of which occurs on one side of the circuit-breaker and the other
one on the other side.

Depending on the neutral earthing condition of the system in which the circuit-breaker is
intended to be used, on the circuit-breaker operating mechanism design (single-pole-or three-
pole operated) and on whether the circuit-breaker was tested single-phase or three-phase in
test-duty T100s, additional single-phase breaking tests may be necessary (see<kigure 47).

These tests are intended to demonstrate

— that the circuit-breaker is able to clear a single-phase fault current'atrelevant parameters;

— for circuit-breakers having a common operating mechanism faryall three poles and being
fitted with a common opening release, that the operation ,of the circuit-breaker is not
adversely affected by unbalanced forces produced in the ‘case of a single-phase fault
current.

The test for single-phase fault shall be performed on@n outer pole resulting in the maximum
stress on the interpole coupling mechanism, while/the test for double-earth fault can be
performed on any pole.

NOTE If two single-phase tests are carried out on a citcuit-breaker with a three-pole common operating mechanism,
the test can be carried out on two different poles to frevent overstressing of one pole.

Circuit-breaker with threespole Circuit-breaker intended to be
common operating meechanism used in non-effectively earthed
intended to be usediin effectively neutral system

earthed neutral system

(kpp 21,2...1,3) (kpp =1,5)
e A
Test-duty“F00s is Test-duty T 100s is
performed single-phase performed three-phase
g | J - |
Additional single-phase test: Additional single-phase test: Additional single-phase test:
No, Yes, Yes,
(It case of three-pole at 1009 Tatedbreakimgcurrent at 87 % Tatedbreakinmg current
common operating and and
mechanism outer pole was
tested; otherwise test values U3 U
see middle box right) ' '

IEC

Figure 47 — Necessity of additional single-phase tests and requirements for testing
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7.108.2.2 Test current and recovery voltage

The breaking current and the recovery voltage for the additional single-phase breaking tests
are as shown in Figure 47.

The DC component of the breaking current at contact separation shall not exceed 20 % of the
AC component. The TRV shall meet the requirements of Items a), b) and c) of 7.105.5.1 with

4.0 T alal 47 T olal 409 T olo1 40 T ol [a¥al Jal (a1

btallddld vaiuca dclivcd fIUIII Tabic o, 1rduic 17, 1TdUIC 1O, TdUIC 1TJ, 1AdUICT 4U, dll\‘.l.l Tauu—; 1.
The values to be used for single-phase and double-earth fault tests are given in Table 28
marked by the index (sp).

Table 28 — Prospective TRV parameters for single-phase and double-earth fault tests

System Rated voltage
neutral
U, <100 kV U, 2100 kV
2-parameter-TRV 4-parameter-TRV
uc,sp t3,sp u1,sp t1,sp uc,sp t2,sp
Effectively a
2
earthed kg x —=xU, 0175X£XUr
V3 V3
ty X “c,sp/“c By % Uy op /u1 kg % Ui op /0,75
Non-
effectively kgg % \/E xU, 0,75 x \/5 x Uy
earthed
a  4x 1 sp for rated voltages from 100 kV up to and including,800 kV, 3 x ¢, sp for rated voltages above 800 kV.

The other parameters are related to uy gy, ug gp, #1,5p @and 13 5, as defined in 7.105.5.1 for test-

duty T100. Where necessary, advantage‘can be taken of the provisions of 7.105.5.2 concerning
test plant limitations.

7.108.2.3 Test-duty

The test-duty for each of the two specified fault cases shall consist of one single breaking
operation.

The arcing time dufing the breaking operation shall not be shorter than the following value #,:

ta 2 taq00s T 0,7 X T/2

where

ta100s)~" i the minimum of the arcing times of first-poles-to-clear during the three breaking
operations of test-duty T100s, if terminal fault test-duty T100s is tested in three-
phase;

— is the minimum arcing time of terminal fault test-duty T100s, if terminal fault test-duty

T100¢ ic tastad in sinala-nhasa
[100s istested-insingle-phase-

T is the duration of one cycle of rated frequency.

If the minimum arcing time under the conditions of single-phase or double-earth fault tests is
shorter than the minimum arcing time of terminal fault test-duty T100s by more than 0,1 x 7,
the test can be carried out at a shorter arcing time based on the following equation:

2t +0,9x%x7/2

la a min single-phase
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where

t is the minimum arcing time under the conditions of single-phase or double-

earth fault tests.

a min single-phase

NOTE It is not necessary to determine the minimum arcing time for single-phase or double-earth fault breaking
tests. However, the manufacturer can show that under these conditions a shorter minimum arcing time than for T100s
is achievable. Then testing can be done, as shown above, with this shorter minimum arcing time.

To reduce the amount of testing, it is allowed to replace the two applicable tests by one test,
provided that both test conditions are met simultaneously. This allowance is permitted only with
the consent of the manufacturer.

7.109 Short-line fault tests
7.109.1 Applicability

A short-line fault breaking capability is required for circuit-breakers intended for direct
connection to overhead lines, having a rated voltage equal to or higher than\15 kV and a rated
short-circuit breaking current exceeding 12,5 kA.

Short-line fault tests are short-circuit tests additional to the terminal fault test-duties covered
by 7.107. These tests shall be made to determine the ability of a eircuit-breaker to break short-
circuit currents under short-line fault conditions characterised’by'a TRV as a combination of the
source and the line side components.

The short-line fault current is the maximum current thatthe circuit-breaker shall be capable of
breaking under the conditions of use and behaviour required in this document in a circuit having
a recovery voltage as specified in 7.109.

7.109.2 Test current

The test current shall take into account\the source and line side impedances. The source side
impedance shall be that corresponding to approximately 100 % rated short-circuit breaking
current /. and the phase-to-earthwalue of the rated voltage U,.

Standard values of the line side impedance are specified corresponding to a reduction of the
AC component of the rated short-circuit breaking current to:

— 90 % (Lgg) and 75.% (L;5) for circuit-breakers with a rated voltage higher than 52 kV,
— 75 % (L,g) for-circuit-breakers with a rated voltage of 15 kV up to and including 52 kV.

In a test, the line length represented on the line side of a circuit-breaker can differ from the
length of the line corresponding to currents equal to 90 % and 75 % of the rated short-circuit
breaking-:current.

Ferrated voltages higher than 52 kV, tolerances on these standardised lengths are —20 % and
0% for tests at 90 % of the rated short-circuit breaking current and +20 % for tests at 75 % of
the rated short-circuit breaking current.

For rated voltages higher than 12 kV and up to and including 52 kV, tolerances on these
standardised lengths are 0 % and -20 % for tests at 75 % of the rated short-circuit breaking
current.
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These tolerances for the line lengths give the following deviations of the short-circuit currents:
- Lgg at 0 % deviation: /| = 90 % of I;

- Lgg at —=20 % deviation: 7| = 92 % of Ig;

- L;g at +20 % deviation: 7| =71 % of I;

- L75 at 0 % deviation: I = 75 % of Lo

- L;g5at =20 % deviation: /| =79 % of Ig.

For the case stated in 7.109.4, item c) another test (Lgy) at 60 % of the rated short-cirsuit

breaking current is required. The tolerance on the corresponding standardised line length is
+20 %. This results in the following deviations of the short-circuit current:

— Lgg at +20 % deviation: /| = 55 % of Ig;
— Lgg at =20 % deviation: /| = 65 % of Ig.

For further information see IEC TR 62271-306.

7.109.3 Test circuit

The test circuit shall be single-phase and consists of a supply ‘circuit and a line circuit (see
Figure 48, Figure 49 and Figure 50). The source side TRV-shall be based on a kop of 1,0. The

values of line characteristics are given in Table 29. The basic requirements are:

— values of the RRRYV factor, based on the line surge’impedance Z, the peak factor £ and the
line side time delay ¢4, are given in Table 29.-For determination of the line side time delay

and the rate-of-rise of the line side voltagei«see Figure 46 and Figure 51;
— the method for calculation of TRVs from/the characteristics is given in Annex A.

Table 29 — Values of line" characteristics for short-line faults

Rated Surge Peak RRRYV factor Time
voltage impedance factor 50 Hz I 60 Hz delay
U, Z k sP laL
KV «Q kV/uskA us
15< U, <48,3 450 1,6 0,200 0,240 0,1
52< U, =170 450 1,6 0,200 0,240 0,2
245 < U, < 800 450 1,6 0,200 0,240 0,5
U, > @800 3302 1,6 0,147 0,176 0,5

a8 A yalue of 450 Q can be used during testing to cover ITRV requirements.

b (For'the RRRYV factor s, see Annex A.

NOTE These values cover the short-line faults dealt with in this document. For very short lines (7 < 5¢, ) not all

requirements as given in the table can be met. The procedures for approaching very short lines are given in
ECTFR-62271-306-14}

Regarding the time delays on the source side and on the line side and the ITRV (see 7.105.5),
two main requirements are specified and shall be distinguished:

a) source side: with time delay (74) and without ITRV;

line side: with time delay (74, );
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b1) source side: with ITRV;
line side: with time delay (74, );

b2) source side: with time delay (zy);

line side: with a time delay less than 100 ns (4,).

The representation of the ITRV on the source side can be neglected if a line side oscillation

with a time delay less than 100 ns is used.
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Source LineL, Z

Y
A

IEC,

Ug Supply voltage, phase to earth value X Power frequency line side reactance
Xg Power frequency source side reactance zZ Line side TRV controlling components
S Source side TRV controlling components CaL Time delaying line side capacitance
d Time delaying source side capacitance VA Surge impedance of line

L Length of line to fauit

CB Circuit-breaker

A
[

Voltage across the

a4 Circuit-breaker

AA A
U

Voltage

Time

IEC

Figure 48 — Basic circuit arrangement for short-line fault testing and prospective TRV-
circuit-type a) according to 7.109.3: Source side and line side with time delay
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LineL, Z
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v ¢ 1
CB A
— ||z
L
CdL
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Ug Supply voltage, phase to earth value Z, ITRV controlling components
Xg Power frequency source side reactance X, Power frequency line side reactance
Zg Source side TRV controlling components Z Line side TRV controlling components
Cy Time delaying source side capacitance CaL Time delaying line side capacitance
CB Circuit-breaker VA Surge impedance of line
Xg Power frequency busbar reactance L Length of line to fault

(0]

£ A

'—

U1,test
Voltage across the
a4 cCircuit-breaker
u,
L
AAa /
VAR
Voltage

SA

ot

KS)

>

1 e
IIT
i zl*s
U
! — — o s . . § — | —- — — — -
A = : u.
O,le*l_ i o
° E
’s
TaL ;(),Su*l_ \

Time

IEC

Figure 49 — Basic circuit arrangement for short-line fault testing — circuit type b1)
according to 7.109.3: Source side with ITRV and line side with time delay
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Source | B Line L, Z
[ Y :Xc {
Xs CB X
U, 1
G z p— z
s L
Cq
Ug Supply voltage, phase to earth value X Power frequency line side reactance
Xg Power frequency source side reactance zZ Line side TRV controlling componénts
Zg Source side TRV controlling components VA Surge impedance of line
Cy Time delaying source side capacitance L Length of line to fault
CB Circuit-breaker
gh
'_

u,

»

L

AAa
o

Voltage across the

4— Circuit-breaker

Vv

Voltage

Time

IEC

Figure 50 — Basic circuit arrangement for short-line fault testing — circuit type b2)
according to 7.109.3: Source side with time delay and line side without time delay
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0,8u,*

AU IS, S

IEC

Figure 51 — Example of a line side transient Voltage with time delay
Figure 46 shows the determination of the line side time delay in case of a non-linear rate of rise.

The line side time delay is defined as the time ‘between the origin and the point where the
tangent of the straight line drawn threugh 0,24, and 0,84 crosses the zero line

(see Figure 51). See also 7.3.1.1 of IEC TR(62271-306:2012.

Taking this into account, three types, of test circuits characterised by their time delays are
applicable for testing:

— circuit SLF a): source side with time delay (zy4) and line side with time delay (74 ) (see A.4.2);
circuit shown in Figure 48;

— circuit SLF b1): source side with ITRV and line side with time delay (74, ) (see A.4.3); circuit
shown in Figure-49;

— circuit SLF b2): source side with time delay (¢4) and line side with a time delay less than
100 ns (tg ) circuit shown in Figure 50.

Circuit aj).shall only be used in the case where no ITRV requirements apply. Circuit b2) can be

used as-a substitute for the circuit b1) unless both terminals are not identical from an electrical
point\of view.

For the choice of test circuit, see flow chart diagram, Figure 52.
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Source
with metalclad
Open air busbar and cable Metal enclosed
switchgear switchgear
(incl. dead-tank) (GIS)

Source

with open

air busbar

) ! )
No = 15kV = 15kV No = 15kV No
— and and —] and ‘1
Short-line >12.5KkA > 125 kA Short-line >125KA Short-line
fault tests fault tests fault tests
not necessary not necessary not necessary

Yes Yes Yes

!

A Y
Line with Iy = 0,1 ps3 032 ps or 0,5 ps
=100 kV No i =
and Source with 7, =2 s'to 5 s
> 25 kA Circuit type a)
(see Figure 48)
Yes

TRV
influencing
from one
terminal

Source with ITRV
Circuit type b1)

(see Figure 49)

Line with Iy = 0,2 us or 0,5 us

Line with Iy <100 ns

Source with t, = 2 s
Circuit type b2)
(see Figure 50)

IEC
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Source with metal clad

Open air switchgear busbar and cable Metal enclosed
(including dead-tank) switchgear (GIS)

Source with open
air busbar

No No No

Short-line fault
tests not
necessary

Short-line fault
tests not
necessary

Short-line fault
tests not
necessary

Yes Yes

Line with 745, = 0,1 ps, 0,2 us or 0,5 (s
P Source with 7y =2 us to 5 us
Circuit type a) (see Figure 48)

No

TRV
influencing
from one
terminal

Line with 75, = 0,2 ys or 0,5 ps
Source with ITRV
Circuit type b1) (see Figure 49)

Y

Y

Line Lgg with 7y <100 ns
Source with 7y =2 s
Circuit type b2) (see Figure 50)

Y

IEC
Figure 52 — Flow chart for the choice of short-line fault test circuits

Other’characteristics of the source side and the line side of the test circuit shall be in line with
the(explanations and calculations given in Annex A.

Where applicable, a circuit-breaker with rated voltage higher than 800 kV can be tested with a

..........

the circuit-breaker fails during this test procedure after a time corresponding to the first peak of
ITRV, the test can be repeated with the required test circuit having the specified ITRV and a
line having a surge impedance of 330 Q and the specified time delay (¢4, ). For both cases it is

not required to perform T100s and T100a with circuits reproducing the rated ITRV.

If the TRV requirements of the source side cannot be met due to testing station limitations, a
deficiency of the time delay of the source side TRV can be compensated by an increase of the
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excursion of the line side voltage. The increased value u| ,,4* is calculated as follows (see also
Figure 46, Figure 51 and Figure 53):

td < t'd < tL ”L,mod* = ML* + Lf X RRRV % (t'd - td)

td < tL < t‘d ”L,mod* = ML* + Lf X RRRV % (tl_ - td)

where

RRRV is the required rate of rise of recovery voltage of the source side (kV/us);
L¢ is the SLF current factor 7 /I, (0,9 or 0,75 or 0,6);

tq is the required time delay of the source side (us);

'y is the actual time delay of the source side (us);

o is the time to the peak voltage u| * of the line side transient voltage((ps);
u * is the required peak voltage across the line (kV);

UL mod " is the adjusted peak voltage across the line (kV).
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by an increase of the excursion of the line side voltage
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If the tests are carried out on a circuit-breaker with one terminal earthed, as may be the case
during synthetic testing, measurements or calculations of voltage distribution factors of line and
source side oscillations shall be carried out. The higher stressed making and breaking unit from
the line side oscillation is the lower stressed making and breaking unit from the source side
oscillation. It is recognised that the more significant stress is due to the line. The voltage
distribution factors shall be as follows:

— unit tests- factors calculated or measured on the line side making and breaking unit;

— multi-unit tests: factors calculated or measured on the multi-making and breaking unit next
to the line-side. Attention should be paid that the factors to be applied do not overstress the
circuit-breaker because of the voltage distribution within the multi-making and breaking unit:
A new measurement or calculation can be required for the portion to be tested.

The measurement of the prospective TRV shall be carried out with the line connected to the
actual circuit in order to take into account all the effects due to voltage dividers, stray
capacitances and inductances of the test circuit.

An extra capacitance can be applied at the line side or at the source siderof the circuit-breaker
or across the circuit-breaker in order to adjust the time delays of the individual sections of the
test circuit.

NOTE 2 The term “actual” is used as distinct from the nominal value (90 %,.75 % or 60 %); the use of prospective
short-circuit breaking current in accordance with 7.105.3 is not precluded.

NOTE 3 If an extra capacitance is applied in order to adjust the time-delay of the line to the standard value given
in Table 29 the rate of rise of the line side TRV will reach its standard value (du /d¢ = — s x [ ) after the decay of the

delaying effect of this extra capacitance.

Where the breaking capability of the circuit-breakeris not sufficient to interrupt a short-line fault,
an additional capacitance at the line side of the circuit-breaker or parallel to the making and
breaking unit(s) can be used, both during thé fest and in service. In this way, the stress on the
circuit-breaker is facilitated. The value and the location of this additional capacitance used
during the tests shall be stated in the testreport.

For a large additional capacitancejthe surge impedance of the line and the line side time delay
may seem to be reduced, caused by the effect of this additional capacitance. However, the
correct value of the surge impé&dance of the line itself (in advance adjusted in accordance with
the standard values given.in"Table 29) remains unchanged. Since the period of the decay of
the delaying effect of the 'additional capacitance can be longer than the time to the first peak of
the line side TRV, the fower rate of rise at the rising slope of the TRV may be misinterpreted as
a decreased surgedmpedance of the line. Therefore, the values of the time delay and the surge
impedance evaluated for the line in connection with the additional capacitance are not relevant
to the test.

The testwreport should show the specified TRV appropriate to the rating of the circuit-breaker,
and, ferscomparative purposes, the prospective TRV of the test circuit used.

7:109.4 Test-duties

The short-line fault tests shall be single-phase tests. The series of test-duties is specified below.

Each test-duty consists of the rated operating sequence. For convenience of testing, the making
operations can be performed as no-load operations.

The test circuit shall be in accordance with 7.109.3.

The prospective TRV of the supply circuit shall be in accordance with Table 30.
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Table 30 — Values of prospective TRV for the supply circuit of short-line fault tests

U, kpp k¢ u, , ug t, O t, 1y u' ¢ 21;?
c'l3

kV p.u p.u. kV us kV us us kV us kV/us
15 1 1,54 - - 18,9 20,6 1,03 6,29 7,91 0,914
15,5 T T,54 z = 19,5 7T,1 T,06 6,50 B,0970 0,923
17,5 1 1,54 - - 22,0 23,0 1,15 7,33 8,81 0,957958
24 1 1,54 - - 30,2 28,76 1,43 10,1 11,0 1,05
25,8 1 1,54 - - 32,4 30,21 1,5450 10,8 11,65 1,08
27 1 1,54 - - 34,0 31,1 1,56655 11,3 11,9 1,09
36 1 1,54 - - 45,3 38,437,9 1,90 15,1 14565 1,19
38 1 1,54 - - 47,8 39,64 1,9897 15,9 15,21 1,21
40,5 1 1,54 - - 50,9 41,42 2,0706 17,0 15,98 1,2324
48,3 1 1,54 - - 60,7 46,85 2,3433 2032 17,98 1,3631
52 1 1,54 - - 65,4 49,30 2,4645 21,8 18,98 1,33
72,5 1 1,54 - - 91,2 62,261,7 | 3,4409 30,4 23,87 1,4748
100 1 1,40 61 31 114 124 2 31 17 2
123 1 1,40 75 38 141 152 2 38 21 2
145 1 1,40 89 44 166 76 2 44 24 2
170 1 1,40 104 52 194 208 2 52 28 2
245 1 1,40 150 75 280 300 2 75 40 2
300 1 1,40 184 92 343 368 2 92 48 2
362 1 1,40 222 111 414 444 2 111 57 2
420 1 1,40 257 129 480 516 2 129 66 2
550 1 1,40 337 168 629 672 2 168 86 2
800 1 1,40 490 245 914 980 2 245 124 2
1100 1 1,50 674 337 1347 1011 2 337 170 2
1200 1 1,50 735 367 1470 1101 2 367 186 2

For these test-duties, the percentage DC component at the instant of contact separation shall
not exceed 20 %_of the AC component.

The test-duties related to test currents according to 7.109.2 are as follows:

Test-duty Lgg

a)—At the current for Ly given in 7.109.2 and the appropriate prospective TRV.

This test-duty is only mandatory for circuit-breakers with a rated voltage higher than 52 kV.

At the current for L;5 given in 7.109.2 and the appropriate prospective TRV.

c) Test-duty Lgg

At the current for Lgg given in 7.109.2 and the appropriate prospective TRV.

This test-duty is mandatory only for circuit-breakers with a rated voltage higher than 52 kV
and only if the minimum arcing time obtained during test-duty L5 is a quarter of a cycle or

more longer than the minimum arcing time determined during test-duty Lg.
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7.109.5 Short-line fault tests with a test supply of limited power
When the maximum short-circuit power available at a testing plant is not sufficient to make the

short-line fault tests on a complete pole of a circuit-breaker, it is possible to make unit tests
(see 7.102.4.2).

Short-line fault tests can also be made at reduced power frequency voltage, the provisions of

Z- 4002 TR\ L 4

r.1VJ.o bc;lly lU:d}\cd. Thcbc pIUV;DiUIID Dha” bc: IIICt ao VVC“ ao pUDO;b:C dlld, fUI thU Irm\v dt
least up to three times the specified time of the first line side peak. This method is used if the
terminal fault tests in 7.107 have been satisfactory, it being assumed that the dielectric strength
of the circuit-breaker near the peak value of TRV is independent of stresses applied immediately
after current zero. The test method can also be used in combination with unit tests.

If short-line fault tests are performed at reduced power frequency voltage and in any ene short-
line fault test-duty the maximum arcing time according to 7.104.3.2 is more than2'ms longer
than the maximum arcing time achieved in test-duty T100s, a single opening opgration with the
maximum arcing time achieved in the short-line fault tests shall be performedyapplying the test
conditions of terminal fault T100s. The TRV parameters for this additional* operation can be
reduced to values corresponding to a kop of 1,0, as usual for short-line fault'testing. The circuit-
breaker is considered to have passed the short-line fault test only, if\the current is interrupted
successfully in this additional opening operation.

7.110 Out-of-phase making and breaking tests
7.110.1 Test circuit

Usually the tests are carried out in a single-phase” test circuit. This subclause therefore
concerns single-phase test procedures only.

Instead of single-phase tests, three-phase/tests are permissible. Where three-phase tests are
performed, the test procedure should be.agreed upon between the manufacturer and user.

The test circuit should be so arranged’that approximately one half of the applied voltage and of
the recovery voltage is on each side of the circuit-breaker (see Figure 21).

If it is not practicable to use this circuit in the testing station, it is permissible, with the agreement
of the manufacturer, to use)two identical voltages separated in phase by 120° instead of 180°,
provided that the total voltage across the circuit-breaker is as stated in 7.110.2 (see Figure 22).

Tests with one terminal of the circuit-breaker earthed are permissible, with the agreement of
the manufacturer (see Figure 23).

7.110.2 ( Test voltage
Fortheétest voltages used during making and breaking operations the following applies:
a)\ for circuit-breakers intended to be used in effectively earthed neutral systems the applied

voltage and the power frequency recovery voltage shall have a value of 2,0/V3 times the

ratad voltaae-
Ftec—\o+tage;

b) for circuit-breakers intended to be used in non-effectively earthed neutral systems the
applied voltage during the making operation shall have a value of 2,0/Y3 times the rated
voltage and the power frequency recovery voltage shall have a value of 2,5/V3 times the
rated voltage.

The TRV shall be in accordance with 7.105.5.6.
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7.110.3 Test-duties

The test-duties to be made are indicated in Table 31. For arcing times see 7.104.3.

Table 31 — Test-duties to demonstrate the out-of-phase rating

Breaking current in per cent of the

Toct duty n.mmt'mg segquence _Fa_t_ed_o,u_t__o_i_phase_braallinﬂ
v kol 4 Ll 9
current
OP1 0-0-0 30
OoP2 CO-0-0 100

or alternatively
c*-C**0-0-0

C* = C at full voltage
C** = C at no-load

NOTE 1 For circuit-breakers fitted with closing resistors, the thermal capability of the closing résistors can be tested
separately on agreement between manufacturer and user.

NOTE 2 Test-duty OP1 can be omitted for those circuit-breakers for which the T10 current is not a critical current
as per 7.108.1.

For the breaking operation of each test-duty, the DC component of the breaking current at
contact separation shall not exceed 20 % of the AC componént.

For the making operation of the close-open cycle of\test-duty OP2:

a)

b)
c)

the applied voltage shall be 2Ur/\/3; for convenience of testing the applied voltage for circuit-

breakers intended to be used in non-effectively earthed neutral systems can be increased
with the agreement of the manufacturerto 2,5U,/\3.

NOTE 1 A power frequency voltage of 2;0 p.u. is specified for making as it is the highest value the first-pole-
to-close (which is stressed by the longé€stpre-arcing time) is normally exposed to.

NOTE 2 Power frequency recovery voltages corresponding to out-of-phase voltage factors of 2,0 p.u. and 2,5
p.u. are specified for breakingy“in effectively earthed neutral systems and non-effectively earthed neutral
systems, respectively, as they cater to the great majority of applications of circuit-breakers intended for making
and breaking during out-of<phase conditions (see 9.103.3). The out-of-phase angle corresponding to 2,0 p.u. in
effectively earthed neutral systems is approximately 105° for rated voltages up to 800 kV and approximately
115° for rated voltages.higher than 800 kV. The out-of-phase angle corresponding to 2,5 p.u. in non-effectively
earthed neutral systems is approximately 115°. However higher values of angle are covered when considering
other factors such as the non-simultaneity of voltage peaks, lower kpp (see IEC TR 62271-306 [4]).

the making-shall occur within £ 15° of the peak of the applied voltage.

the making shall produce a symmetrical current with the longest pre-arcing time. The making
current'shall be equal to the rated out-of-phase making current.

Ithe pre-arcing time when making at the peak of the applied voltage is shorter than or equal
to half a cycle of the rated frequency, then the making current can be reduced to any smaller
value, but not less than 1 kA;

If the pre-arcing time when making at the peak of the applied voltage does not exceed %

cycle of power frequency with a tolerance of 20 %, due to possible limitations of the testing
facilities it is allowed to replace the CO operating cycle of OP2 by the following sequence:

— C atfull voltage;
— CO with C at no load.
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7.111  Capacitive current tests
7.111.1 General

This subclause describes capacitive current test procedures for the different ratings defined in
5.106 and their associated restrike class.

Dahnnc- QnH clace Hcmnnofrah:\rl Fr\r- hcr\ll to-bhack r\anar\ufnr hank ara alen valid far cinAala
g5 CTraSS—Ge KO0 AGK—Ea PG ooH A e—arSO—ae—e+—S5Hgte

capacitor bank application for the same earthing conditions.
Tests at 60 Hz cover tests for 50 Hz for same class of probability of restrike.

Tests at 50 Hz cover tests for 60 Hz, provided that the voltage across the circuit-breaker is not
less during the first 8,3 ms than it would be during a test at 60 Hz. This test method requires
the consent of the manufacturer.

7.111.2 Applicability

Capacitive current tests are applicable to all circuit-breakers to whi¢ch’one or more of the
following ratings have been assigned:

— rated line-charging breaking current;

— rated cable-charging breaking current;

— rated single-capacitor bank breaking current;

— rated back-to-back capacitor bank breaking and infrush making current.

Preferred values of rated capacitive currents are given in Table 1.

Tests specified for these ratings are individual type tests, each comprising a tests series with
two test-duties.

NOTE 1 The determination of overvoltages When switching capacitive loads is not covered by this document.

NOTE 2 Explanatory notes on switching,of capacitive loads are given in IEC TR 62271-306 [4].

When point-on-wave energising is used for back-to-back capacitor bank making, IEC TR 62271-
302 [10] applies.

7.111.3 Characteristics of supply circuits

In laboratory tests the lines and cables can be partly or fully replaced by artificial circuits with
lumped elenients of capacitors, reactors or resistors.

The test-circuit shall fulfil the following requirements:

a)\the characteristics of the test circuit should be such that the power frequency voltage
variation, when breaking, should be less than 2 % for test-duty 1 (LC1, CC1 and BC1) and
less than 5 % for test-duty 2 (LC2, CC2 and BC2). Where the voltage variation is higher

than tha yaliiac enar\ifiaﬂ |<|' |o e”arnrxh\lahl narmuoollfﬂn to r\arfnrm tesis \nn{‘h l'ha onar\nﬁar\l
tHa it e—yadesS—SpectHea P P Sd A

recovery voltage (7.11 1.10) or synthetic tests

b) the impedance of the supply circuit shall not be so low that its short-circuit current exceeds
the rated short-circuit current of the circuit-breaker.

For line-charging, cable-charging and single capacitor bank current tests the prospective TRV
of the supply circuit shall not be more severe than the TRV specified for test-duty T100s in
7.105.5.2.
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For back-to-back capacitor bank making and breaking tests, the capacitance of the supply
circuit and the impedance between the capacitors on the supply and load sides shall be such
as to give the rated back-to-back capacitor bank inrush making current when testing with 100 %
of the rated back-to-back capacitor bank breaking current.

For back-to-back capacitor bank making and breaking tests where separate making tests are
performed, a lower capacitance of the supply circuit can be chosen for the breaking tests. The

that specified for short-circuit in 7.105.5.2.

The test circuit frequency shall be the rated frequency with a tolerance of + 2 %.

7.111.4 Earthing of the test circuit
7.111.4.1 Supply circuit

For single-phase laboratory tests, either terminal of the single-phase supply circuit can be
earthed. However, when it is necessary to ensure that the correct voltage ‘distribution exists
between the making and breaking units of the circuit-breaker, another point of the supply circuit
can be connected to earth.

For three-phase tests, the earthing of the supply circuit shall bé.as follows:

a) for capacitor bank making and breaking tests, the néutral of the supply circuit shall be
earthed. For capacitor banks with effectively earthed neutral, the zero-sequence impedance
shall not be more than three times its positive sequence impedance. For capacitor banks
with isolated neutral this ratio is not relevant, For the purpose of switching of capacitive
loads the high impedance neutral system isceonsidered to fall under effectively earthed
neutral systems;

NOTE The condition for high impedance neutral’systems applies to the switching of capacitive loads only.

b) for line-charging and cable-charging current tests, the earthing of the supply circuit should
correspond to the earthing conditions in circuits for which the circuit-breaker is to be used:

— for three-phase tests of a citcuit-breaker intended for use in effectively earthed neutral
systems, the neutral point*of the supply circuit shall be earthed and its zero-sequence
impedance shall be ng more than three times its positive sequence impedance;

— for three-phase tests of a circuit-breaker intended for use in non-effectively earthed
neutral systems)ithe neutral point of the supply side shall be isolated.

For convenience of_festing, an alternative test circuit can be used as long as the equivalent
values of the recovery voltage as given in Table H.1 and Table H.2 will be obtained.

Attention should be given to the influence of TRV control capacitors on the values of the
recovery\voltage especially for low capacitive currents. Table 32 gives values of the required
recovery voltage.



https://iecnorm.com/api/?name=a5c899c656125484b89233c5cb4b99a9

IEC 62271-100:2021+AMD1:2024 CSV - 183 - REDLINE VERSION
© IEC 2024

Table 32 - Specified values of u,, 74, u; and ¢,

Test-duties Recovery voltage values of Figure 54 Time values of Figure 54
in relation to the peak value of the test
voltage
Ug Uy I Iy
p.uU. p.u.
1 > 1,98 < 0,02k, a 2, 0rt,in7.105.5.1 8,7 ms for 50 Hz
for terminal fault
2 > 1,95 < 0‘05kaf a 7,3 ms for 60 Hz

a ko= 1,4 (see Table 16, Table 17, Table 20 and Table 21) for class S1 circuit-breakers and for circuit-hreakers
with rated voltage of 100 kV up to and including 800 kV.

kg, = 1,5 (see Table 20) for circuit-breakers with rated voltage higher than 800 kV.

ko = 1,54 (see Table 18 and Table 19) for class S2 circuit-breakers.

NOTE For tests with specified recovery voltage the prospective recovery voltage is calgulated based on the test
voltage of the corresponding single-phase direct test.

7.111.4.2 Load circuit for three-phase capacitor bank current tests

Tests performed with an isolated capacitor bank neutral do-cover the switching performance of
capacitor banks having an earthed neutral. However, tests“performed with an earthed supply
and an earthed capacitor bank neutral are not valid for demonstrating the switching performance
of capacitor banks with isolated neutral.

7.111.5 Characteristics of the capacitive circuit to be switched
7.111.5.1 General
There are three possibilities:

a) three-phase tests, where in case of line- or cable-charging current tests it is permissible to
use parallel lines or cables:;respectively or to partly, or fully, replace the real three-phase
line or cable with conc¢entrated capacitor banks. The resulting positive sequence
capacitance shall be twice the zero-sequence capacitance for tests representing three-core
belted cables for rated voltages higher than 72,5 kV, and three times the zero-sequence
capacitance for rated voltages up to and including 72,5 kV;

b) single-phase tests in a three-phase test circuit with two phases of the capacitive circuit
connected directly to the three-phase supply circuit and one phase connected to the supply
circuit through the circuit-breaker pole to be tested;

c) single-phase laboratory tests, where in case of line- or cable-charging current tests it is
allowed to replace partly or fully the real lines or cables respectively by concentrated
capacitor banks and to use any parallel connection of the conductors in the individual
phases with the return current through earth or through a conductor.

The characteristics of the capacitive circuit shall, with all necessary measuring devices such as

\lnlfagn diviiders inr\lnrlnr{, be-such-that the r{nr\ay of the \1n|+agn at load-side-does-not-exceed

10 % at the end of an interval of 0,3 s after final arc extinction, except for test-duty LC1 and/or
CC1 as the withstand capability during an interval of 0,3 s is demonstrated by any test-duty 2.

In laboratory tests the lines and cables can be partly or fully replaced by artificial circuits with
lumped elements of capacitors, reactors or resistors.
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7.111.5.2 Line-charging and cable-charging current tests

When capacitors are used to simulate overhead lines or cables, a non-inductive resistor of a
maximum value of 5 % of the capacitive impedance can be inserted in series with the capacitors.
Higher values can unduly influence the recovery voltage. If, with this resistor connected, the
peak inrush current is still unacceptably high, then an alternative impedance (for example LR)
can be used instead of the resistor.

Caution is needed when using such alternative impedances, since this impedance can generate
an overvoltage after re-ignition, which can lead to further re-ignitions or restrikes.

7.111.5.3 Capacitor bank current making and breaking tests
The back-to-back capacitor bank making performance is covered when:

— the prospective peak inrush making current is equal to or greater than the rated value;

— the frequency of the inrush current used during tests is 4 250 Hz with the tolerance given in
Table B.1.

The prospective damping factor for the inrush current during back-to~back making, i.e. the ratio
between the second peak and the first peak of the same polarity, ‘shall be equal to or greater
than 0,75 for circuit-breakers having a rated voltage up to and, including 72,5 kV and equal to
or greater than 0,85 for circuit-breakers having a rated voltagé higher than 72,5 kV.

A non-inductive resistor of a maximum value of 5 % of the'‘€apacitive impedance can be inserted
in series with the capacitors for testing single-capacitor.bank current making and breaking and
for back-to-back capacitor bank current breaking:\Higher values can unduly influence the
recovery voltage and the inrush making current.

7.111.6 Waveform of the current

The waveform of the current to be interrupted should, as nearly as possible, be sinusoidal. This
condition is considered to be complied with if the ratio of the RMS value of the current to the
RMS value of the fundamental component does not exceed 1,2.

The current to be interruptedishall not go through zero more than once per half-cycle of power
frequency.

7.111.7 Test voltage

For direct three-phase tests and for single-phase tests with the capacitive circuit to be switched
according to-the arrangement in item b) of 7.111.5.1, the test voltage measured between the
phases across’'the capacitive load circuit immediately prior to opening shall be not less than the
rated voltage U, of the circuit-breaker.

For\direct single-phase laboratory tests, the test voltage measured at the circuit-breaker
fogation immediately prior to opening shall be not less than the product of Ur/\/3 and the

following capacitive voltage factor k.:

a) k. = 1,0 for tests corresponding to normal service in effectively earthed neutral systems
without significant mutual influence of adjacent phases of the capacitive circuit, typically
capacitor banks with earthed neutral and individually screened cables;

b) k. = 1,2 for tests on belted cables and for line-charging current tests according to item c¢) of

7.111.5.1 corresponding to normal service conditions in effectively earthed neutral systems
for rated voltages higher than 72,5 kV. This condition is also applicable to high impedance
neutral systems;
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NOTE 1 The condition for high impedance neutral systems applies to switching of capacitive loads only.

NOTE 2 Selection of the neutral impedance for high impedance neutral systems is determined such that
protection relays can work in a short time to detect single-phase earth faults. The value of impedance is normally
around several hundred Ohms. For further details see [11].

c) k= 1,4 for tests corresponding to

— breaking during normal service conditions in non-effectively earthed neutral systems;

— breaking of capacitor banks with isolated neutral.

Moreover, the k. = 1,4 is applicable for tests on belted cables and overhead lines according

to item c¢) of 7.111.5.1 corresponding to normal service conditions in effectively earthed
neutral systems for rated voltages up to and including 72,5 kV.

For unit tests, the test voltage shall be chosen to correspond to the most stressed making and
breaking unit of the pole of the circuit-breaker.

The power frequency test voltage and the DC voltage resulting from the trapped charge on the
capacitive circuit shall be maintained for a period of at least 0,3 s after breaking.

NOTE 3 The voltage factors in b) and c) above are applicable to single circuit lineceonstruction. Test requirements
for multiple circuit overhead line constructions can be greater than these factors.

Making and breaking of capacitive currents under earth fault gonditions is treated in Annex J.

7.111.8 Test current

The test currents for the various test-duties can be derived using Table 33.

Table 33 — Common requirements for test-duties

Test current as
percentage of the rated Type of
Operating voltage | Pressure for operation and capacitive breaking operation or
Test-duty . . .
of the releases making and breaking current operating
sequence
%
LC1, CC1 and Maximum voltage Minimum functional 10 to 40 (0]
BC1 pressure
LC2, CC2 and Maximum®voltage Filling pressure 2 Not less than 100 O and CO
BC2 or
CcO

a8 For vacuum circuit-breakers in sealed pressure systems the test shall be performed at minimum functional
pressure.

NOTE 1 The\tests are performed at maximum operating voltage of the releases in order to facilitate consistent
control during/operation.

NOTE 2.*For convenience of testing, CO operating cycles can be performed in test-duty 1 (LC1, CC1 and BC1).

7.111.9 Test-duties

7.111.9.1 General

The two test-duties for LC, CC or BC shall be performed on one test object without any
maintenance. The following abbreviations apply:

— line-charging current, test-duty 1 LC1;

— line-charging current, test-duty 2 LC2;

— cable-charging current, test-duty 1 CC1;
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— cable-charging current, test-duty 2 CC2;
— capacitor bank current, test-duty 1 BC1;
— capacitor bank current, test-duty 2 BC2.

If back-to-back capacitor bank switching tests are performed, single capacitor bank switching
tests are not required.

These test-duties can be combined for the same class of restrike performance in order to
demonstrate the performance of a circuit-breaker for covering several ratings (for example LC
and/or CC and/or BC). If such combination method is used, the following applies:

— atest-duty 2, covering all test-duties 2 of the combination, with a current not less than 100 %
of the highest capacitive current rating to be demonstrated;

— atest-duty 1 with a current between 10 % and 40 % of the highest capacitive«Current rating
to be demonstrated;

— a test-duty 1 for each lower capacitive current rating if the range of 10, % to 40 % of that
rating is not covered by a previous test-duty 1;

— all other requirements for the individual test-duties shall also be met (for example type, order
and number of operations, pressure conditions and test circuits):"\Where CO operations are
specified for one application and O operations for a different one, CO operations are
considered to cover O operations if the testing conditions are the same.

NOTE IEC TR 62271-306 [4] provides examples of the application of.the, fules for combining test-duties.
7.111.9.2 Common test conditions for class C1 and )C2 performance

For the make-break tests, the contacts of the cirCuit-breaker shall not be separated until the
transient currents have subsided. To achievedhis; the time between the closing and opening
operations can be adjusted but shall remaif as close as possible to the close-open time as
defined in 3.7.141.

Common requirements for capacitivecurrent test-duties are given in Table 33.
For vacuum circuit-breakers the-pressure conditions for making and breaking are not applicable.
No appreciable charge shall remain on the capacitive circuits before the making operations.

In case of three-phaséback-to-back capacitor bank current making and breaking tests with non-
effectively earthed ‘neutral on supply side and/or load side, the making operation is considered
to be valid if thé\following conditions are met:

— the target“phase was involved in two-phase making where the making shall occur within
+25°%ef-the peak value of the phase-to-phase voltage of these two phases, or

— the making in the target phase shall occur within £25° of the peak value of the applied
voltage in case of a three-phase simultaneous making.

For single-phase back-to-back making operations, the making shall occur within +25° of the

aof +=—\n nd vanhe dicte l-.n{-}-\ I r:t:

naalevvaliia o HP=X T2H “NET P20 BTN
pTaricvaraCoTaic aru- oveTmy urst ioutca—TT oot

For line-charging and cable-charging current tests the C operations can be no-load operations.
For the C operations in single capacitor bank tests the making current provided by the test
circuit is considered to be sufficient.
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Where in case of back-to-back capacitor bank making and breaking tests it is not possible to
comply with the requirements during the CO operating cycles, then it is permitted to perform
the requirements of test-duty 2 (BC2) as a series of separate making tests followed by a series
of CO tests.

It is also permitted to perform these split tests not in two subsequent blocks (i.e. one consisting
of all C operations and one of all CO operations), but to mix C and CO operations provided that

the mumber of making operations s targer than or equat to the number of breaking operations
at any time during this test. The remaining breaking operations after 80 valid making operations
can be performed as CO tests, where the C operations can be no-load operations.

The separate making tests of this test series shall comprise the following:

— the same number of operations, when testing back-to-back capacitor bank making and
breaking the prospective inrush making current shall be at least equal to the rated back-to-
back capacitor bank inrush making current;

— the target phase was involved in two-phase making where the making.shall occur within
+25° of the peak value of the phase-to-phase voltage of these two phases, or

— the making in the target phase shall occur within £25° of the peak value of the applied
voltage in case of a three-phase simultaneous making.

The test voltage shall be the phase-to-earth voltage.

After the separate making operations, the CO operations” shall be performed with no-load
conditions on the closing. The CO operations shall be carried out on the same pole without
intermediate re-conditioning.

When making and breaking capacitive currentsy the opening operation in a CO operating cycle
is not influenced by the pre-arc of the preceding closing operation but can be impacted by the
actual behaviour of the fluid for making. and breaking caused by the closing operation (for
example local differences in density, turbulence, fluid motion). Therefore, the closing and
opening operations can be separated, as mentioned above with regard to the electrical stress
but not with regard to the motion €onditions of the fluid for making and breaking. A no-load
closing operation prior to the opening operation is necessary for these reasons.

For opening operations, the-minimum arcing time is determined by changing the setting of the
contact separation on opening by steps of approximately 6°. Using this method, several tests can
be necessary to demonstrate the minimum arcing time.

If a different arcing time is obtained instead of an expected minimum arcing time, this is a valid
test and shall be included in the count for the total requirement. In such an event the following
will be necessary:

— advance the setting of the control of the tripping command by 6° and repeat the test. The
néw-setting shall be kept for other tests at minimum arcing time;

——make one less opening operation to retain the overall total count of tests.

A re-ignition followed by breaking at a later current zero shall be treated as a breaking operation

bl lana ralnor dioa
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The specified arcing times generally refer to the first pole-to-clear. No arcing times are specified
for the additional tests.

All required minimum arcing times shall be obtained on the same phase. In case of back-to-
back capacitor bank current making the inrush current shall be achieved also in that phase.
Within each test-duty, the order of the operations as written in 7.111.9.3.2, 7.111.9.3.3 and
7.111.9.4.2 to 7.111.9.4.5 is not mandatory.
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For circuit-breakers with a non-symmetrical current path, the terminal connections shall be
reversed between test-duty 1 (LC1, CC1 and BC1) and test-duty 2 (LC2, CC2 and BC2). The
test arrangement should be such that no interference with the circuit-breaker between the test-
duties is necessary. However, if this is not possible, it is allowed to decrease the pressure in
the circuit-breaker, in this case the circuit-breaker shall be refilled with at least 50 % of the used
gas.

711193 Ciass Cttest-duties
7.111.9.3.1 General

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests"is
limited to 36 for each test-duty.

There is no preferred order for the following tests:

— capacitive current, test-duty 1 (LC1 or CC1 or BC1);
— capacitive current, test-duty 2 (LC2 or CC2 or BC2).

7.111.9.3.2 Three-phase capacitive current tests

Test-duty 1 (LC1, CC1 and BC1) shall comprise a total of 24 O tests. Test-duty 2 (LC2, CC2
and BC2) shall comprise a total of 24 CO tests.

Test-duty 1 (LC1, CC1 and BC1):

— 6 O, distributed on one polarity (step: 10°);

— 3 O at minimum arcing time on one polarity;

— 6 O, distributed on the other polarity (step:,10°);
— 3 O at minimum arcing time on the other polarity;
— additional tests to achieve 24 O, distributed.

Test-duty 2 (LC2, CC2 and BC2):

— 6 CO, distributed on one pgalarity (step: 10°);

— 3 CO at minimum arcing, time on one polarity;

— 6 CO, distributed onithe other polarity (step: 10°);
— 3 CO at minimumyarcing time on the other polarity;
— additional tests to achieve 24 CO, distributed.

7.111.9.3.3 Single-phase capacitive current tests

Test-duty’ 1 (LC1, CC1 and BC1) shall comprise a total of 24 O tests. Test-duty 2 (LC2, CC2
and'BC€2) shall comprise a total of 24 CO tests.

Test-duty 1 (LC1, CC1 and BC1):

— 6 O, distributed on one polarity (step: 30°);

— 3 O at minimum arcing time on one polarity;

— 6 O, distributed on the other polarity (step: 30°);
— 3 O at minimum arcing time on the other polarity;
— additional tests to achieve 24 O, distributed.
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Test-duty 2 (LC2, CC2 and BC2):

— 6 CO, distributed on one polarity (step: 30°);
— 3 CO at minimum arcing time on one polarity;
— 6 CO, distributed on the other polarity (step: 30°);
— 3 CO at minimum arcing time on the other polarity;

— additional tests to achieve 24 CO, distributed.
7.111.9.4 Class C2 test-duties
7.111.9.4.1 General

Capacitive current tests for class C2 circuit-breakers shall be made after performing, t€st-duty
T60 as a preconditioning test (T60 is related to the AC component of the rated\short-circuit
breaking current).

As an alternative, the preconditioning can be performed at reduced voltage under the following
conditions:

same current as test-duty T60;

— reduced voltage and no specified TRV;

— three breaking operations;

— arcing times: as for test-duty T60 given by the manufacturer;

— filling or minimum pressure for operation and making and breaking.

NOTE For practical reasons the manufacturer can choose toyadd other test-duties to the T60 preconditioning tests.

If several capacitive current tests, for instance line-charging, cable-charging and capacitor bank
current tests, are performed with the same circuit-breaker without reconditioning, the T60
preconditioning tests shall be performed;only once at the beginning of the capacitive current
tests.

For the line-charging or cable-charging current tests, there is no preferred order between test-
duty 1 and test-duty 2.

The mandatory order for capacitor bank (single or back-to-back) making and breaking tests is
as follows:

— capacitive current, test-duty 2 (BC2);

— capacitive-gurrent, test-duty 1 (BC1).
7.111.9.4.2- Three-phase line-charging and cable-charging current tests

Each.test-duty shall comprise a total of 24 operations or operating cycles as follows:

Test-duty 1 (LC1 and CC1):

— 4 O, distributed on one polarity (step: 15°);

— 6 O at minimum arcing time on one polarity;

— 4 0O, distributed on the other polarity (step: 15°);
— 6 O at minimum arcing time on the other polarity;
— additional tests to achieve 24 O, distributed.
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Test-duty 2 (LC2 and CC2):

— 4 CO, distributed on one polarity (step: 15°);
— 6 CO at minimum arcing time on one polarity;
— 4 CO, distributed on the other polarity (step: 15°);
— 6 CO at minimum arcing time on the other polarity;

— additional tests to achieve 24 CO, distributed.

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests(is
limited to 36 for each test-duty independent from arcing times obtained.

7.111.9.4.3 Single-phase line-charging and cable-charging current tests

Each test-duty shall comprise a total requirement of 48 operations or operating cyéles as follows:

Test-duty 1 (LC1 and CC1):

— 12 O, distributed on one polarity (step: 15°);
— 6 O at minimum arcing time on one polarity;
— 12 O, distributed on the other polarity (step: 15°);
— 6 O at minimum arcing time on the other polarity;
— additional tests to achieve 48 O, distributed.

If the behaviour of the circuit-breaker prevents accufate control, the total number of tests is
limited to 72 independent from arcing times obtained:

Test-duty 2 (LC2 and CC2):

— 6 0 and 6 CO, distributed on one polarity (step 30°);

— 3 0 and 3 CO at minimum arcing¢ime on one polarity;

— 6 0 and 6 CO, distributed on the other polarity (step: 30°);
— 3 0 and 3 CO at minimum.@rcing time on the other polarity;
— additional tests to achieve 24 O and 24 CO, distributed.

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests is
limited to 36 O and 36 CO independent from arcing times obtained.

7.111.9.4.4 -Three-phase capacitor bank (single or back-to-back) making and breaking
tests

Test-duty: 1 (BC1) shall comprise a total of 24 O tests. Test-duty 2 (BC2) shall comprise a total
of 80€0 tests as follows:

Tést-duty 1 (BC1):

— 4 0O, distributed on one polarity (step:157);

— 6 O at minimum arcing time on one polarity;

— 4 O, distributed on the other polarity (step: 15°);
— 6 O at minimum arcing time on the other polarity;
— additional tests to achieve 24 O, distributed.

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests is
limited to 36 independent from arcing times obtained.
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Test-duty 2 (BC2):

— 4 CO, distributed on one polarity (step 15°);

— 32 CO at minimum arcing time on one polarity;

— 4 CO, distributed on the other polarity (step: 15°);

— 32 CO at minimum arcing time on the other polarity;

— additional tests to achieve 80 CO, distributed.

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests(is
limited to 100 independent from arcing times and making conditions obtained.

7.111.9.4.5 Single-phase capacitor bank (single or back-to-back) making and breaking
tests

Test-duty 1 (BC1) shall comprise a total of 48 O tests. Test-duty 2 (BC2) shalligomprise a total
of 80 CO tests at minimum arcing time with making at applied voltage and 40 CO tests, where
the C operations can be no-load operations. For back-to-back making ahd breaking tests the
making shall occur within £25° of the peak value of the applied voltage:

Test-duty 1 (BC1):

— 12 O, distributed on one polarity (step: 15°);
— 6 O at minimum arcing time on one polarity;
— 12 O, distributed on the other polarity (step: 15°);
— 6 O at minimum arcing time on the other polarity;
— additional tests to achieve 48 O, distributed,

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests is
limited to 72 independent of arcing times obtained.

Test-duty 2 (BC2):

— 12 CO, distributed on one potarity (step: 15°);

— 40 CO at minimum arcingtime on one polarity;

— 12 CO, distributed on the other polarity (step: 15°);

— 40 CO at minimum~arcing time on the other polarity;

— Additional tests to achieve 120 CO, distributed (step: 15°).

If the behaviour of the circuit-breaker prevents accurate control, the total number of tests to

meet the requirement for making angle is limited to 100 and the total number of tests is limited
to 158.independent of the arcing times obtained.

7-411.10 Tests with specified recovery voltage

As an alternative to using the test circuits defined in 7.111.3 through 7.111.5, tests can be

performedimcircuits whichfutfitthefottowing requirements for the prospective tecovery voitage:

— with the envelope of the prospective test recovery voltage defined as (see Figure 54)
u'e 2 ug
'y Sty

— in addition the initial part of the prospective recovery voltage shall remain below the line
from the origin to the point defined by u4 and ¢4;
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— care should be taken in order to assure that the actual recovery voltage shall not exceed
the theoretical test voltage of the corresponding single-phase direct test (1-cos curve) by
more than 6 % of the peak value of the test voltage (i.e. approximately 3 % of the peak
recovery voltage u; shown in Figure 54).

NOTE The use of a series resistor (7.111.5.2 and 7.111.5.3) in the load circuit causes a phase shift which can lead
to the above given limit be exceeded. In those cases the value of the resistor can be decreased or an appropriate

LR circuit can be used instead (7.111.5.2 and 7.111.5.3).

Specified values of uq, t4, u; and ¢, for single-phase testing are given in Table 32.

For three-phase testing the same principle is used to define the initial part of the recovery
voltage for the first-pole-to-clear.

Voltage

]
u
c

h r t, Time

u

IEC

Figure 54 — Recovery voltage for capacitive current breaking tests
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7.111.11 Criteria to pass the test
7.111.11.1 General

The circuit-breakers of the individual classes shall have successfully passed the tests if the
following conditions are fulfilled:

a) the behaviour of the circuit-breaker during making and breaking of the capacitive currents

in all required test-duties fulfils the conditions given in 7.102.8;

b) the condition of the circuit-breaker after the tests corresponds to the conditions given jn
7.102.9.2. If no restrike occurred during test-duties 1 (LC1 or CC1 or BC1) and 2 (LC2 or
CC2 or BC2), visual inspection is sufficient.

Where combined testing in accordance with 7.111.9.1 is carried out, the criteria to pass the test
apply to each combination of test-duties 1 and 2 relevant to cover the rating the testsyhave been
carried out for.

7.111.11.2 Class C1 performance

The circuit-breaker has successfully passed the tests if up to one restrike occurred during the
complete test-duties 1 (LC1 or CC1 or BC1) and 2 (LC2 or CC2 or BC2).

If two restrikes occurred during the complete test-duties 1 and 2 for LC, CC or BC, then both
test-duties shall be repeated on the same apparatus without any maintenance. If no more than
one additional restrike happens during this extended series of tests, the circuit-breaker has
successfully passed the tests. External flashover and phase-to-ground flashover shall not take
place.

In the case of combined testing according to 7:111.9.1, the circuit-breaker shall have passed
the test for those ratings for which both, a tést-duty 2 and a matching test-duty 1 were carried
out with less than two restrikes in total. Where due to restrikes test-duties shall be repeated,
the affected set of matching test-duties\(test-duty 1 and test-duty 2) shall be repeated. If in
more than one test-duty 1 restrikes occurred, each of them shall be repeated together with one
single test-duty 2. If restrikes occurred only in test-duty 2, this one and any one of the test-
duties 1 shall be repeated.

7.111.11.3 Class C2 performance

The circuit-breaker has'successfully passed the tests if no restrike occurred during the complete
test-duties 1 and 2 fornLC, CC or BC.

If one restrikesoccurred during the complete test-duties 1 (LC1 or CC1 or BC1) and 2 (LC2 or
CC2 or BC2), then both test-duties shall be repeated on the same apparatus without any
maintenanece. If no additional restrike occurs during this extended series of tests, the circuit-
breaker:has successfully passed the tests. External flashover and phase-to-ground flashover
shallinot take place.

In the case of combined testing according to 7.111.9.1, the circuit-breaker has passed the test
for those applications or ratings for which both a test-duty 2 and a matching test-duty 1 were

carried out without restrike. VWRere due to restrikes test-duties shall be repeated, the aifected
set of matching test-duties (test-duty 1 and test-duty 2) shall be repeated. If in more than one
test-duty 1 one restrike occurred, each of them shall be repeated together with one single test-
duty 2. If one restrike occurred in test-duty 2, this one and any one of the test-duties 1 shall be
repeated.

7.111.11.4 Criteria for reclassification from class C2 performance to class C1

A circuit-breaker which has met the requirements for class C2 performance for a particular test-
duty (LC, CC, BC) can be class C1 for the same duty without further testing.
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A circuit-breaker tested in accordance with the class C2 test procedure but which has failed to
pass class C2 performance can be qualified for class C1 performance if the requirements of
7.111.11.1 are fulfilled and if the following condition is met:

a)

Line- or cable-charging current tests

The total number of restrikes during line-charging current tests (LC1 and LC2) or cable-
charging current tests (CC1 and CC2) does not exceed two in the first series of test

b)

operations .e. 96 1 case of single-phase tests and 481 case of three-phase tests, See
7.111.9.4.2 or 7.111.9.4 .3 respectively. In the event of a single restrike during the first series
of test operations a repetition series can be carried out in accordance with 7.111.11.3. The
behaviour of the circuit-breaker during the repetition series is not relevant for the purpose
of reclassification. If during this repetition series a restrike occurs no further testing is
required.

Capacitor bank current tests

The total number of restrikes during capacitor bank current tests (BC1 and“BC2) does not
exceed five in the first series of operations, i.e. 168 in case of single-phase tests and 104
in case of three-phase tests, see 7.111.9.4.4 or 7.111.9.4.5 respectively. In the event of a
single restrike during the first series of test operations a repetition series can be carried out
in accordance with 7.111.11.3. The behaviour of the circuit-breaker during the repetition
series is not relevant for the purpose of reclassification. If during this repetition series a
restrike occurs no further testing is required.

The reclassification procedure is shown in Figure 55 and Figure 56.

Zero restrikes > Class C2
= More than No classification
two restrikes

T60 and test-duties . ; Two-réstrikes >
1and 2

Condition check > Class C1
as per 7.102.9.2

One restrike —>

Test-duties
1 and 2 repeated

Condition check as

[ ZETO TESITKES per 7.102.9.2 Class C2

Tests can be

Condition check as
stopped after per 7.102.9.2 — Class C1
one restrike

IEC

Figure 55 — Reclassification procedure for line and cable-charging current tests
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Zero restrikes > Class C2
= More than No classification
five restrikes

T60 and test-duties between two
1and 2 ¢ ; and five restrikes >

Condition check ; Clasé C1
as per 7.102.9.2

One restrike —>

Test-duties
1 and 2 repeated

" Condition check as
.% Zero restrikes per 7.102.9.2 Class C2

Tests can be

Condition check as
Cl C1
stopped after 0er 740292 | ass
one restrike

IEC

Figure 56 — Reclassification procedure for capacitor bank current tests

7.112 Requirements formaking and breaking tests on class E2 circuit-breakers
having a rated voltage above 1 kV up to and including 52 kV

7.112.1 Class E2circuit-breakers not for auto-reclosing
The electrical.endurance capability of circuit-breakers, that are not for auto-reclosing duty, is

demonstrated )by performing the terminal fault test-duties of 7.107 without intermediate
maintenance. Additional tests are not required.

7.112:2 Class E2 circuit-breakers for auto-reclosing

The test shall be performed in accordance with, and in the order specified in, Table 34.

The test shall be carried out on a circuii-breaker, that is in clean and new condition and identical
to that which has been submitted to the terminal fault tests, given in 7.107. No intermediate
maintenance shall be carried out during the tests specified in Table 34. The test parameters
shall be in accordance with 7.107 except as follows:

a) the test shall be made at the rated supply voltage of closing and opening devices and of
auxiliary and control circuits and at the filling pressure for operation;
b) the test shall be made at the filling pressure for insulation and/or making and breaking;

c) the values of ' shall be chosen for convenience of testing;
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d) the minimum time interval between operating sequences should be stated by the

manufacturer.

Arcing times shall be at random for the 10 % and 30 % tests. Adjustment of the trip command

shall be made in accordance with 7.104 for the 60 % and 100 % tests.

The condition of the circuit-breaker after the test shall comply with 7.102.9.

If a circuit-breaker already has been tested for kop = 1,3 and kop = 1,5, aclass E2 test performed

with either kpp =1,3 or kpp = 1,5 covers both conditions.

Table 34 — Operating sequence for electrical endurance test on class E2

circuit-breakers for auto-reclosing duty

Testing current Operating sequences Number of Number of Number of
(percentage of rated operating operating operating
short-circuit breaking sequences sequences sequences
current)
Y (list1) 2 (list2).2 (list 3) 2
0
0} 84 12 -
10 O0-¢t-CO 14 6 -
O-¢t-CO-¢-CO 6P 40 10D
0} 84 12 -
30 O0-t-CO 14 6 -
O-t-CO-r-CO 6P 4b 1b
0} 2 8 15
60
O-t-CO-¢-CO 2b 8b 15 b
100 % (symmetrical) O-t-CO-{~CO 20 4b 20

a8 List 1 is preferred. List 2 can be used as'an alternative to list 1 for circuit-breakers used for effectively earthed
neutral systems. Calculations have been carried out on the basis of publication [12]. These calculations are
applicable for certain circuit-breakerdypes (single-pressure SF; and vacuum circuit-breakers). Calculation results

can be different for other types:ofieircuit-breakers. Using these calculations and setting the wear generated by
list 1 at 100 %, list 2 results in“425 % and list 3 in 134 %. Therefore, list 3 can be used as an alternative to list 1

and to list 2 to reduce the number of different test circuits.

of Table 34. In pradtice, this means reducing these numbers marked ? by 1.

When no reconditioninglis-made on the sample during and after the terminal fault tests, the test already carried
out can be taken intoiagcount in determining the number of additional tests required to satisfy the requirements

8 Routine tests

Clagse 8 of IEC 62271-1:2017 is applicable with the following addition.

81 General

Subclause 8.1 of IEC 62271-1:2017 is applicable.
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8.2 Dielectric test on the main circuit

Subclause 8.2 of IEC 62271-1:2017 is applicable with the following addition:

In the case of circuit-breakers constructed by assembling identical making and breaking units
in series, the test voltage to be applied across each single making and breaking unit, when
open, shall be the higher fraction of the total withstand voltage resulting from actual power-

£ 14 P HPRY Y-l Y hla_tlo + H L £ .11 <l 4 + 1 dla <l
MTYUTITIVY VUILAy®T UISUITOUULIUTT WILTT U7TS CITUUTCTUTTARNTT TUlTy UpPCTIT diTUu UTIC 1TTTTITTal ©artricu.

With reference to Figure 2 of IEC 62271-1:2017, which shows a diagram of a three-pole circuit-
breaker, the test voltage shall be applied, according to Table 35.

Table 35 — Application of voltage for dielectric test on the main circuit

Test c:l?dition Circuit-breaker Voltage applied to Earth'connected to
1 Open ABC abcF
2 Closed AaCc BbF
3 Closed Bb AaCcF

The tests in closed position are only required for metal-enclosed circuit-breakers.

NOTE If the insulation between poles is air at atmospheric pressure, test,conditions n° 2 and 3 can be combined,
the test voltage being applied between all parts of the main circuit conheeted together and the frame.

For circuit-breakers using compressed gas for insulation the gas pressure during the dielectric
test on the main circuit shall be set at the minimum functional pressure for making and breaking
and insulation. For sealed pressure systemsy the gas pressure shall be the filling pressure for
making and breaking and insulation.

In case of circuit-breakers using a_gas mixture such as SFz/CF, or SFgz/N,, the test can be

performed using the declared gas mixture at the minimum functional pressure for making and
breaking and insulation or pure;SFq at a total absolute pressure not exceeding the equivalent

gas pressure (Pi.s) as calculated by the following equations (see Figure 4.1 of CIGRE
Technical Brochure 163 [13]):

— for circuit-breakers-using a SFg/Nj, mixture: Fegt = Fspg +0,7 x Fagg N, - The equation is valid
for mixtures_having at least 30 % of SF gas volume (see Note);

— for circuit-breakers using a SFg/CF, mixture: Fggt = Pspg +0,45% Payq cFs -

where

Pisst is the total absolute SFg pressure at 7= 20 °C during routine dielectric test on the
main circuit;

Pgre  is the partial pressure of SFg at 7= 20 °C at the minimum functional pressure for
making and breaking and insulation according to the declared gas mixture;

P,gqq  is the partial pressure of CF, or N, at 7= 20 °C at the minimum functional pressure
for making and breaking and insulation according to the declared gas mixture.

NOTE See CIGRE Technical Brochure 163 [13] for mixtures having less than 30 % SFg.
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8.2.101 Partial discharge measurement

For dead-tank circuit-breakers with rated voltage higher than 52 kV using solid insulating
material to earth, a measurement of partial discharges shall be performed to detect possible
material and manufacturing defects within these solid insulating parts.

The measurement of partial discharges should be preferably performed on the complete circuit-
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dielectric test (8.2) and preferably after mechanical operating routine tests (8.101).

If a test on the complete circuit-breaker is impractical, it is allowed to replace the test onithe
complete circuit-breaker by partial discharge measurements on individual components before
assembly, such as bushings, insulators, partitions, insulated operating rods, etc. For partial
discharge tests on bushings, 9.5 of IEC 60137:2017[8] is applicable.

The measurement shall be made in accordance with IEC 60270.

The applied power-frequency voltage shall be raised to a pre-stress valuoelwhich is identical to
the power-frequency withstand voltage test and maintained at that.'value for 1 min. Partial
discharges occurring during this period shall be disregarded. Then, the voltage shall be
decreased to the value defined in Table 36.

The extinction voltage shall be recorded during the rediction of the applied test voltage
specified in Table 36.

Table 36 — Test voltage for partial discharge test

Circuit-breaker rated for kpp =420r1,3 Circuit-breaker rated for kpp =1,5
Pre-stress Test voltage for PD Pre-stress voltage | Test voltage for PD
voltage measurement measurement
Ups Upg Ups Upg

(1 min) (> 1 min) (1 min) (> 1 min)
Single-phase Uy 1,2 x UN3 U, 1,2 x U,
enclosure designs
(phase-to-earth
voltage)
Three-phase Uy Upg, pe = 1.2 U3 Uq Upg, pe = 1,2 X U,
enclosure designs

Upd, pp = 1,2 x U,

voltage for equipment.

Uy power-frequency withstand test voltage as per Tables 1, 2, 3 or 4 of IEC 62271-1:2017 for dead-tank
¢circuit-breakers.

Ups pre-stress voltage.

Yoq test voltage for PD measurement.

Up,. bs test voltage for PD measurement, phase-to-earth.

Upd’ pp test voltage for PD measurement, phase-to-phase.

The maximum permissible partial discharge level shall not exceed 10 pC for dead-tank circuit-
breakers at the test voltage specified in Table 36.
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8.3 Tests on auxiliary and control circuits

Subclause 8.3 of IEC 62271-1:2017 is applicable.

8.4 Measurement of the resistance of the main circuit

Subclause 8.4 of IEC 62271-1:2017 is applicable.

8.5 Tightness test

Subclause 8.5 of IEC 62271-1:2017 is applicable.

8.6 Design and visual checks

Subclause 8.6 of IEC 62271-1:2017 is applicable with the following addition:

The following items shall be checked as applicable:

— the language and data on the nameplates;

— identification of any auxiliary equipment;

— the colour and quality of paint and corrosion protection of metallic surfaces;
— the values of the resistors and capacitors connected to the.main circuit.

8.101 Mechanical operating tests
Mechanical operating tests shall be performed on @llMeleases and shall include the following:
a) at maximum supply voltage of operating,de€vices and of auxiliary and control circuits and
maximum pressure for operation (if applicable):
— five closing operations;
— five opening operations.

b) at specified minimum supply voltage of operating devices and of auxiliary and control circuits
and minimum functional pressure for operation (if applicable):

— five closing operations;
— five opening operations.

c) at rated supply voltage of operating devices and of auxiliary and control circuits and filling
pressure for operation (if applicable):

— five close-open operating cycles with the-tri
of-thé_main-contacts the shortest possible CO time such that the circuit-breaker reaches
the\Mully closed and latched position prior to opening;

— o, moreover, for circuit-breakers intended for rapid auto-reclosing (see 5.104), five open-
close operating cycles O — ¢ — C where ¢ shall be not more than the time interval specified
for the rated operating sequence.

Mechanical operating tests should be made on the complete circuit-breaker. However, when

Circuii-breakers are assembled and shipped as separaie making and breaking units, routine
tests can be performed on components according to 7.101.1.2. In such cases, the manufacturer
shall produce a programme of commissioning tests for use at site to confirm the compatibility
of such separate making and breaking units and components when assembled as a circuit-
breaker. A guidance for commissioning tests is given in 11.3.101.
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For all required operating sequences the following shall be performed and records made of the
closing and opening operations:
— measurement of operating times;

— where applicable, measurement of fluid consumption during operations, for example
pressure difference.

£
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type testing. For example, a no-load operating cycle, as described in 7.101.1.1, can be
performed to record the no-load travel curves at the end of the routine tests. Where this is done,
the curve shall be within the required envelope of the reference mechanical travel characteristic;
as defined in 7.101.1.1, from the instant of contact separation to the end of the contact dravel
for an opening operation and from start of movement to contact touch for a closing operation.

Where the mechanical routine tests are performed on sub-assemblies, the’/ reference
mechanical travel characteristics shall be confirmed to be correct, as above, ai'the end of the
commissioning tests on site.

If the measurement is performed on site, the manufacturer shall state the’preferred measuring
procedure. If other procedures are used, the results can be different(and the comparison of the
instantaneous contact stroke can be impossible to achieve.

The mechanical travel characteristics can be recorded directly, using a travel transducer or
similar device on the circuit-breaker contact system or at other convenient locations on the drive
to the contact system where there is a direct connection; and a representative image of the
contact stroke can be achieved. The mechanical travel characteristics shall be preferably a
continuous curve as shown in Figure 14. Where ¢he”"measurements are taken on site, other
methods can be applied which record points of travel during the operating period.

In these circumstances, the number of points‘fecorded shall be sufficient to derive the time to,
and contact speed at, contact touch and:contact separation, together with the total travel time.

After completion of the required operating sequences, the following tests and inspections shall
be performed (if applicable):
— connections shall be checked;

— the control and/or auxXiliary switches shall correctly indicate the open and closed positions
of the circuit-breaker;

— all auxiliary equipment shall operate correctly at the limits of supply voltage of operating
devices and,of.auxiliary and control circuits and/or pressures for operation.
Furthermore\the following tests and inspections shall be made (if applicable):

— measurement of the resistance of heaters (if fitted) and of the control coils;

— _(nspections of the wiring of the control, heater and auxiliary equipment circuits and checking
of the number of auxiliary contacts, in accordance with the order specification;

= inspection of control cubicle (electrical, mechanical, pneumatic and hydraulic systems);

— recharging duration(s);

— functional performance of pressure relief valve of the operating mechanism;

— operation of electrical, mechanical, pneumatic or hydraulic interlocks and signalling devices;
— operation of anti-pumping device;

— general performance of equipment within the required tolerance of the supply voltage;

— inspection of earthing terminals of the circuit-breaker.
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For self-tripping circuit-breakers, the releases or the relays shall be set at the minimum
calibration mark on the scale of current settings.

It shall be shown that the overcurrent releases or relays correctly initiate the opening of the
circuit-breaker with the current through the main circuit not exceeding 110 % of the minimum
tripping current corresponding to the value set on the scale of current settings. A secondary
injection test can be used as an alternative.

For these tests, the current through overcurrent releases, or through current transformers, can
be supplied from a suitable low-voltage source.

For circuit-breakers fitted with under-voltage opening releases, it shall be shown that the'circuit-
breaker opens and can be closed when voltages within the specified limits are applied to the
releases (see 6.9.5 of IEC 62271-1:2017).

If adjustments are required during the mechanical operating tests, the complete test sequence
shall be repeated following the adjustments.

9 Guide to the selection of switchgear and controlgear (informative)
Clause 9 of IEC 62271-1:2017 is applicable with the followingiaddition.

9.101 General

A circuit-breaker suitable for a given duty in service is best selected by considering the
individual rated values required by load conditions‘and fault conditions.

The complete list of rated characteristics is<given in Clause 5. The following individual ratings
are dealt with in this clause.

Type of rating and characteristic Subclause
Rated voltage 9.102.1
Rated insulation level 9.102.2
Rated frequency 9.102.3
Rated continuous current 9.102.4
Rated short-circuit breaking current 9.103.1
Rated first-pole-ta-cglear factor 9.103.2
Rated out-of-phase making and breaking current 9.103.3
Rated short=eircuit making current 9.103.4
Rated operating sequence 9.103.5
Rated“duration of short-circuit 9.103.6

Classification as for electrical endurance (class E1 or E2 (with/without auto- 9.104
reclosing duty)), where applicable
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For rated characteristics not dealt with in Clause 9, reference should, if applicable, be made to
Clause 5 as follows:

Type of rating and characteristic Subclause
Rated short-time withstand current 5.6

Rated peak withstand current 5.7

Rated supply voltage of auxiliary and control circuits 5.9

Rated supply frequency of auxiliary circuits 5.10
Pressures of compressed gas supply for controlled pressure systems 5.11
Restrike performance (class C1 or C2) 6.107:4
Short-line fault current 7.409

Characteristics as for switching of capacitive loads (for example earthing , 5106
conditions, type of capacitive load, etc.)

Rated line-charging breaking current 5.106.2
Rated cable-charging breaking current 5.106.3
Rated single capacitor bank breaking current 5.106.4
Rated back-to-back capacitor bank breaking current 5.106.5
Rated back-to-back capacitor bank inrush making current 5.106.6
Number of mechanical operations (class M1 or M2) 6.107.2

Other parameters to be considered when selecting a circuit-breaker are, for example:

Local atmospheric and climatic conditions 9.102.5
Use at high altitudes 9.102.6
Opening time 9.103.1

The duty imposed by the fault conditions that a circuit-breaker is required to meet should be
determined by calculating the fault currents at the place where the circuit-breaker is to be
located in the system, in accordance with some recognised method of calculation.

When selecting a circuit-breaker, due allowance should be made for the likely future
development of the system as a whole, so that the circuit-breaker may be suitable not merely
for immediate needs:but also for the requirements of the future.

Circuit-breakersswhich have satisfactorily completed type tests for a combination of rated values
(i.e. voltageseontinuous current, making and/or breaking current) are suitable for any lower
rated values—(with the exception of rated frequency) without further testing. Switching of
inductiverloads (magnetising currents of transformers, high-voltage motors and shunt reactors)
is specified in IEC 62271-110 [14].

NOTE Some fault conditions such as evolving faults and some service conditions such as switching of arc furnaces
are not dealt with in this document and are considered as special conditions subject to agreement between
manufacturer and user.

The same is applicable to circuit-breakers used for any operation leading to a power-frequency recovery voltage
higher than that corresponding to the rated voltage of the circuit-breaker, which can be the case at certain points of
the system and, in particular, at the end of long lines. In this particular case, the value of current to be interrupted at
the highest voltage which can occur across the terminals of the circuit-breaker when opening are subject to a similar
agreement.
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9.102 Selection of rated values for service conditions
9.102.1 Selection of rated voltage

The rated voltage of the circuit-breaker should be chosen so as to be at least equal to the
highest voltage of the system at the point where the circuit-breaker is to be installed.

of IEC 6227

-1:2017.

—_

In selecting the rated voltage the corresponding insulation levels specified in 5.2 should also
be taken into account (see also 9.102.2).

9.102.2 Insulation coordination

The rated insulation level of a circuit-breaker should be selected according to5.3.

The values in the tables stated there apply to both indoor and outdoor circuit-breakers. It should
be specified in the enquiry whether the circuit-breaker is to be of indoon or outdoor type.

The insulation coordination in an electrical system serves to minimise damage to the electrical
equipment due to overvoltages and tends to confine flashovers (when these cannot be
economically avoided) to points where they will cause no damage.

Precautions should be taken to limit the overvoltages 6n, the terminals of the circuit-breaker to
stated values below the insulation level (see IEC 60071-2).

Where a circuit-breaker is required for a position necessitating a higher insulation level, this
should be specified in the enquiry (see 10.2)

For circuit-breakers with U, > 245 kV foruse in synchronisation operations simultaneously with

a substantial transient or temporarytovervoltage, the insulation of a standard circuit-breaker
may be insufficient. In such cases.it is suggested to use a standard circuit-breaker having a
higher rated voltage or to use aspecial circuit-breaker, increasing the severity of the test with
the circuit-breaker open. The test procedure for this test is described in 7.2.6.3 of
IEC 62271-1:2017. The standard values of rated power frequency and rated switching impulse
withstand voltage across the open switching device are given in columns (3) and (6) of Tables
3 and 4 of IEC 62271-1;2017.

When selecting, circuit-breakers for service, it is also necessary to take into account their
characteristies'in respect of transient phenomena and overvoltages. Experience shows that the
unfavourabte-effects of transient phenomena and the risk of overvoltages for certain critical
cases oftapplication can be minimised by

— @ppropriate selection of the type of circuit-breaker;

~\.cthanges in the system or the use of additional equipment for damping and limiting transient
phenomena (RC circuits, overvoltage arresters, non-linear resistances, etc.).

These precautions shall be discussed with the manufacturer for individual cases. Special tests
can be agreed for evaluating the selected solution.

9.102.3 Rated frequency

The manufacturer should be consulted if a circuit-breaker is to be used at any frequency other
than its rated frequency (see 5.4 of IEC 62271-1:2017).
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When circuit-breakers rated 50 Hz are tested at 60 Hz and vice versa, care should be exercised
in the interpretation of the test results, taking into account all significant facts such as the type
of circuit-breaker and the type of test performed.

9.102.4 Selection of rated continuous current

The rated continuous current of a circuit-breaker should be selected from the standard values
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It should be noted that circuit-breakers have no specified continuous overcurrent capability.
When selecting a circuit-breaker therefore, the rated continuous current should be such as. to
make it suitable for any load current that can occur in service. Where intermittent overcurrents
are expected to be frequent and severe, the manufacturer should be consulted.

9.102.5 Local atmospheric and climatic conditions

The normal atmospheric and climatic conditions for circuit-breakers are given‘in Clause 4.

For outdoor circuit-breakers, the atmospheric conditions in certain aréas are unfavourable on
account of smoke, chemical fumes, salt-laden spray and the Jlike: Where such adverse
conditions are known to exist, special consideration should be given'to the design of those parts
of the circuit-breaker, especially the insulators, normally exposed to the atmosphere.

The performance of an insulator in such atmospheres alsa;depends on the frequency of washing
or cleaning operations and on the frequency of natural(washing by rain. Since the performance
of an insulator under such conditions is dependent of/so many factors, it is not possible to give
precise definitions of normal and heavily polluted ‘atmospheres. Experience in the area where
the insulator is to be used is the best guide.

The manufacturer should be consulted whén the circuit-breaker is to be located where the wind
speed exceeds 34 m/s.

If a circuit-breaker is to be located where an ice-coating exceeding 20 mm is expected,
agreement should be reached bétween manufacturer and user as to the ability of the circuit-
breaker to perform correctly under such conditions.

Where applicable, the seismic qualification level should be specified by the user. Subclause
4.2.5 of IEC 62271-1.20497 should be taken into account.

For indoor installations, the humidity conditions are given in 4.1.2e) of IEC 62271-1:2017. When
selecting the-gircuit-breaker for service, it is recommended to indicate the cases, where the
high values-of’humidity are expected and condensation can occur.

For indoor circuit-breakers, the manufacturer should be consulted for any special service
conditions, for example when chemical fumes, aggressive atmosphere, salt laden spray, etc.,
are“present.

The normal service conditions specified in Clause 4 of IEC 62271-1:2017 provide for circuit-
breakers intended for use at altitudes not exceeding 1 000 m.

For installation at altitudes above 1 000 m, 4.2.2 of IEC 62271-1:2017 is applicable.
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9.103 Selection of rated values for fault conditions
9.103.1 Selection of rated short-circuit breaking current
As stated in 5.101, the rated short-circuit breaking current is expressed by two values:

a) the RMS value of its AC component;

B tha DC timao conctant
o—tH e ot e-CoRStatt:

The rated short-circuit breaking current should be selected from the standard values given in
5.101.2.

The percentage DC component, as shown in Figure 9, varies with time from the incidence of
the short-circuit and with the corresponding DC time constant of the rated short-circuit breaking
current. The percentage DC component at contact separation can be determined. by applying
the equation given in 7.107.6. Standard DC time constants are specified .in:5.101.3. The
corresponding last current loop parameters are defined in Table 10 and./Fable 11 for the
minimum clearing time range. The minimum clearing time is defined in 3.7,1561.

The curves in Figure 9 are based on a constant AC component and.on a DC time constant
7= 45 ms (i.e. the standard DC time constant for rated voltages,upyto and including 800 kV),
60 ms, 75 ms and 120 ms (i.e. the standard DC time constant for rated voltages higher than
800 kV).

A circuit-breaker tested with a higher DC time constant‘covers application at lower DC time
constants.

The terminal fault test-duties, see 7.107, togethéep with the critical current tests, see 7.108.1,
and where applicable, short-line fault tests, see</.109, have been chosen to prove the capability
of the circuit-breaker for all values of curreap up to the rated short-circuit current. Therefore, for
situations where the prospective short-circuit current of the network is lower, it is not necessary
to perform a short-circuit test series based on a lower rated short-circuit breaking current.

When circuit-breakers are installed-in the vicinity of centres of generation, the AC component
can decrease more quickly thapin the normal case. The short-circuit current may then not have
a current zero for a number of ¢ycles. In such circumstances the duty of the circuit-breaker can
be eased, for example, by@elaying its opening, or by connecting an additional damping device
with another circuit-breakér and opening the circuit-breakers in sequence. If the standard or
special case DC time.constants values cannot be adhered to, the required percentage should
be specified in thelenquiry and testing should be subject to agreement between manufacturer
and user.

NOTE The Cufrrent zero crossing can be advanced by the effects of the arc voltages of the circuit-breaker and/or
the making, and breakings of the short-circuit currents in the other phases with earlier current zero crossings. For
such circumstances, standard circuit-breakers are applicable subject to careful investigation.

9.103.2 Selection of TRV and kpp for terminal fault and characteristics for short-line
faults

The prospestive TRV of the-system-sheould-nrotexceed-thereference-tinerepresenting-the TRY
specified for the circuit-breaker; it should cross the specified delay line close to zero voltage
but should not re-cross it later (see 7.105.5). Standard values are shown in 7.105.5.

NOTE 1 The TRVs which appear when breaking the highest short-circuit currents are not necessarily more severe
than those which appear in other cases. For example, the rate-of-rise of TRV can be higher when breaking smaller
short-circuit currents.
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In the range of rated voltages higher than 1 kV and less than 100 kV, in order to cover all types
of networks (distribution, industrial and sub-transmission) and for standardisation purposes, two
classes of circuit-breakers are specified depending on their connection to the network
(see 6.107.3).

The following considerations should facilitate the choice by the user of the class S1 or S2:
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be required by specifying class S1 (these are given in Table 16 and Table 17);

— to cover applications type S1 and S2, except those mentioned in a), b) and c) below, class
S2 of circuit-breakers shall be specified (TRV values are given in Table 18 and Table,19).

NOTE 2 In the special cases where the total length of cable (or equivalent length when capacitors are also present)
on the supply side of the circuit-breaker is between 20 m and 100 m, the system is considered as a\liné system
except if a calculation can show that the actual TRV is covered by the envelope defined from Table 16 and Table 17.
If the TRV is covered the system is then considered as a cable system.

The TRV values given for rated voltages below 100 kV are applicable to a rated kpp of 1,3 or
1,5. For rated voltages 100 kV to 800 kV, the rated £, is 1,3 since most systems at 100 kV and
above are effectively earthed. For rated voltages 100 kV to 170 kV, the choice of kop between

1,3 and 1,5 is provided for those special cases with non-effectively~earthed neutrals (see also
the note in 7.105.5.4). For rated voltages higher than 800 kV the rated kpp is 1,2.

The values of kop of 1,3 and 1,2 are based on a system with\effectively earthed neutral where
three-phase faults not involving earth are considered-highly improbable. For applications in
non-effectively earthed neutral systems, k,, = 1,5 should be used. For applications in systems
with effectively-earthed neutral in cases where the probability of three-phase faults not involving
earth cannot be disregarded, and for applicatiops‘in systems other than with effectively-earthed
neutral systems, k,, = 1,5 can be necessary,

Generally, it will not be necessary to consider alternative TRV as the standard values specified
cover the majority of practical cases.

More severe conditions can occuh in some cases, for example:

a) One case is when a short-circuit occurs close to a transformer but on the opposite side to
the circuit-breaker and-where there is no appreciable additional capacitance between the
transformer and theteircuit-breaker. In this case both the peak voltage and rate-of-rise of
TRV can exceed'the values specified in this document.

Care should also be taken when selecting a circuit-breaker for the primary side of a
transformer-which may have to interrupt a short-circuit on the secondary side.

Such cases are covered in Annex F.

b) Circuit-breakers being used next to current-limiting reactors can fail to interrupt due to the
high natural frequency of these reactors (see 9.103.7).

c)—=In the case of a short-circuit on circuit-breakers close to generators, the rate-of-rise of TRV
can exceed the values specified in this document.

[N such cases it can be necessary for special TRV characierisiics 1o be agreed between
manufacturer and user.
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When circuit-breakers are required for installations necessitating the assignment of rated
characteristics for short-line faults, the line on which they are to be used should have a surge
impedance and peak-factor not greater than, and a time delay not less than, the standard values
of rated line characteristic given in Table 29. However, if this should not be the case, it is still
possible that a standard circuit-breaker is suitable, especially if the short-circuit current of the
system is less than the rated short-circuit breaking current of the circuit-breaker. This can be
established by calculating the prospective TRV for short-line faults from the rated

characteristics by the method givenin-Annex-A-and comparing-this with the prospective TRV

derived from the actual characteristics of the system.

If special characteristics for short-line faults are required, they should be agreed between
manufacturer and user.

A higher rate of rise than specified in Table 16 through Table 21 can occur when-ohe circuit-
breaker terminal is transformer-connected. Circuit-breakers tested in accorddnee with this
document are considered to comply with this higher rate-of-rise requirement, previded that they
have satisfied test-duty T30 of the terminal fault test-duties (see 7.107.3).

9.103.3 Selection of out-of-phase characteristics

The out-of-phase requirements of this document cater for the great’majority of applications of
circuit-breakers intended for out-of-phase conditions. Several circumstances would have to be
combined to produce a severity in excess of those covered by the specific tests of the standard
and, as out-of-phase conditions are rare, it would be uneconomical to design circuit-breakers
for the most extreme conditions.

The actual system conditions should be considered wWhen frequent out-of-phase conditions are
expected or where excessive stresses are probable.

A special circuit-breaker, or one rated at a higher voltage, can sometimes be required. As an
alternative solution, the severity of out-ofsphase duty is reduced in several systems by using
relays with coordinated impedance-sensitive elements to control the tripping instant, so that
breaking will occur either substantially after or substantially before the instant the phase angle
reaches 180°.

In the case of applications oficircuit-breakers with rated voltages higher than 800 kV, an out-
of-phase angle of approximately 115° is covered by the specific tests of this document; however,
higher values of angle are covered when considering other factors such as the non-simultaneity
of voltage peaks, lower kop (see IEC TR 62271-306 [4]).

9.103.4 Selection of rated short-circuit making current

As stated in)5.103, the rated short-circuit making current is derived from the rated voltage and
is related to the rated frequency and the DC time constant of the rated short-circuit current. For
a rated~frequency of 50 Hz and based on a time constant r = 45 ms, it is 2,5 times (i.e.
approximately 1,82 times) the AC component of the rated short-circuit breaking current of the
circuit-breaker. For a rated frequency of 60 Hz and based on a time constant r = 45 ms, it is
2,6 times the AC component of the rated short-circuit breaking current of the circuit-breaker.

If one of the other DC time constants (60 ms, 75 ms or 120 ms) stated in 5.101.3 applies, taking
the explanations given in Annex A of IEC TR 62271-306:2012 [4] into account, the rated short-
circuit making current is 2,7 times the AC component of the rated short-circuit breaking current
of the circuit-breaker, for both 50 Hz and 60 Hz rated frequencies.

The selected circuit-breaker should have a rated short-circuit making current not less than the
highest peak value of the short-circuit currents expected at the application point.
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In some cases, for example when induction motors are electrically close, the maximum peak
value of the fault current can be more than the AC component of the short-circuit current
multiplied by the factors given above. In such cases, a special design should be avoided and a
standard circuit-breaker having a suitable rated short-circuit making current should be selected.

9.103.5 Operating sequence in service

g |

Tla i £ H HY 1 H : H o404
' Talcu opcTratlilty sTUUCTITILTE Ul a LITUUTIEUTTARTT 15 YIvVeTT 1T J. TUS.

When the operating sequence in service is more severe than is provided for in this document,
this should be specified by the user in his enquiry and/or order in such a way thatithe
manufacturer can modify the rating of the circuit-breaker appropriately. Examples of cireuit-
breakers for special duty are those used for controlling arc furnaces, electrode boilers) and, in
certain cases, rectifiers. Single-pole operation of a multi-pole circuit-breaker, for example with
a view to single-phase making and breaking, is also a special duty.

9.103.6 Selection of rated duration of short-circuit

The standard value of rated duration of short-circuit (5.8 of IEC 62271+1:2017) is 1 s.

If, however, a lower or higher duration is necessary, the recommended values of 0,5 s, 2 s and
3 s should be selected as the rated value.

For short-circuit durations greater than the rated duration¢the relation between current and time,
unless otherwise stated by the manufacturer, is in accordance with the equation:

12 x t = constant

9.103.7 Faults in the presence of current\limiting reactors

Due to the very small inherent capacitance of a number of current limiting reactors, the natural
frequency of transients involving these'reactors can be very high. A circuit-breaker installed
immediately in series with such typé of reactor will face a high frequency TRV when clearing a
terminal fault (reactor at supply.side of circuit-breaker) or clearing a fault behind the reactor
(reactor at load side of circuit-breaker). The resulting TRV frequency generally exceeds by far
the standardised TRV values:

In these cases, it is necessary to take mitigation measures, such as the application of capacitors
in parallel to the reactors or connected to earth. The available mitigation measures are very
effective and cost “efficient. It is strongly recommended to use them, unless it can be
demonstrated<by tests that a circuit-breaker can successfully clear faults with the required high
frequency TRV.

The mifigation method should be such that the rate-of-rise of TRV for the fault current, as limited
by the\series reactor, is reduced to a value lower than the standard values given in Table 16
through Table 21, depending on the circuit-breaker ratings. It shall be considered that the fault
current can be close to 100 % of the rating of the circuit-breaker.

Based on the preceding considerations, no rated values of TRV and no special test-duty are
specified for this fault case.
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9.104 Selection for electrical endurance in networks of rated voltage above 1 kV and
up to and including 52 kV

The electrical endurance capability of a class E2 circuit-breaker (see 6.107.5) is demonstrated
by performing the short-circuit test-duties of 7.107 without intermediate maintenance. This
electrical endurance is considered to be sufficient for circuit-breakers used on cable connected
networks, where auto-reclosing-is should not-regquired be applied. If intermediate maintenance
is permissible then a circuit-breaker class F1 (see 6 107 5) can he selected

For the more severe conditions of use on an overhead-line connected network, including aute-
reclosing duty, a class E2 circuit-breaker capable of meeting the electrical endurance
requirements specified in 7.112 is recommended.

9.105 Selection for switching of capacitive loads

Caution is required where capacitor banks are to be installed at substations where cables are
already installed, and vice versa, as this can inflict back-to-back making and‘breaking duties
on the controlling circuit-breakers for these circuits. The back-to-back duty- can be similar to
that detailed in 6.107.4.

10 Information to be given with enquiries, tenders and orders (informative)

10.1 General

Subclause 10.1 of IEC 62271-1:2017 is applicable.

10.2 Information with enquiries and orders

Subclause 10.2 of IEC 62271-1:2017 is applicable with the following edition.

When enquiring for or ordering a circuit-breaker, the following particulars should be supplied by
the enquirer:

a) particulars of systems, i.e. nominal and highest voltages, frequency, number of phases and
details of neutral earthing;

b) service conditions including minimum and maximum ambient air temperatures, altitude if
over 1 000 m and any special conditions likely to exist or arise, for example unusual
exposure to water yapour, moisture, fumes, explosive gases, excessive dust or salt air (see
9.102.5 and 9.102.6);

c) characteristics-of circuit-breaker.

The following information should be given:

Type of information Reference
¥)="number of poles
2) indoor or outdoor 9.102.5
3) rated voltage 9.102.1
A) rated insulation level where a choice exists between different insulation Q102 2
levels corresponding to a given rated voltage, or, if other than standard, the
desired insulation level
5) rated frequency 9.102.3

rated continuous current 9.102.4

rated first-pole-to-clear factor 9.103.2

)
)
7) rated short-circuit breaking current 9.103.1
)
)

rated operating sequence 9.103.5
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Type of information Reference
10) the number of mechanical operations (class M1 or M2) 6.107.2
11) the type tests specified under special request (for example artificial pollution 7.29and 7.3
and radio interference, etc.)
The following information should be given, if the required performance is other
than standard
1£) gesiTed TRV fortermimat fautts J.1US.2
13) desired characteristics for short-line faults 9.103.2
14) desired short-circuit making current 9.103.4
15) desired duration of short-circuit 9.103.6
The following information should be given in the case of applicability
16) short-line fault current 7.109
17) rated out-of-phase making and breaking current 5.108
18) restrike performance (Class C1 or C2) 6.107.4
19) characteristics of the capacitive load (for example, earthing conditions, type 5.106
of capacitive load etc.)
20) rated line-charging breaking current 5.106.2
21) rated cable-charging breaking current 5.106.3
22) rated single capacitor bank breaking current 5.106.4
23) rated back-to-back capacitor bank breaking current 5.106.5
25) rated back-to-back capacitor bank inrush making current 5.106.6
26) characteristic for electrical endurance (class E1 orE2\(with/without auto- 6.107.5
reclosing duty))
27) any test exceeding the standardised type, rouiine and commissioning tests

1) method of operation, whether manual or power;
2) number and type of spaté auxiliary switches;

3) rated supply voltagéjand rated supply frequency;
4) number of releases for tripping, if more than one;

5) number of releases for closing, if more than one.

n

requirements, concerning the use of compressed gas and requirements for design and tests
of pressurewessels.

The enguirer should give information of any special conditions not included above, that might
influence the tender or order (see also the note in 9.101).

10.3

Information to be given with tenders

Subclause 10.3 of IEC 62271-1:2017 is applicable with the following addition:

When the enquirer requests technical particulars of a circuit-breaker, the following information

(those which are applicable) should be given by the manufacturer, with the descriptive matter

and drawings:
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a) rated values and characteristics:

Type of information Reference
1) number of poles
2) indoor or outdoor, temperature, ice-coating 9.102.5
3) rated voltage 9.102.1
4—ratedHnsttationtevel 91022
5) rated frequency 9.102.3
6) rated continuous current 9.102.4
7) rated short-circuit breaking current 9.103.1
8) rated first-pole-to-clear factor 9.103.2
9) rated operating sequence 9.103.5
10) opening time, break-time and closing time 6.105
11) class M1 or class M2 for mechanical endurance 6.107.2
12) the type tests specified under special request (for example artificial pollutioncand 7.29and 7.3

radio interference etc.)

The following information should be given, if the required performance-.is’other
than standard

13) TRV for terminal faults 9.103.2
14) characteristics for short-line faults 9.103.2
15) rated short-circuit making current 9.103.4
16) rated duration of short-circuit 9.103.6

The following information should be given in the caserefiapplicability

17) rated out-of-phase making and breaking current 5.105
18) restrike performance (class C1 or C2) 6.107.4
19) characteristics for capacitive current conditions 5.106
20) rated line-charging breaking current 5.106.2
21) rated cable-charging breaking, current 5.106.3
22) rated single capacitor banklbreaking current 5.106.4
23) rated back-to-back capacitor bank breaking current 5.106.5
24) rated back-to-back-capacitor bank inrush making current 5.106.6
25) class S1, S27tircuit-breakers (circuit-breakers with rated voltage less than 100 kV) | 6.107.3
26) class E1 or class E2 (with/without auto re-close) for electrical endurance 6.107.5
27) any testexceeding the standardised type, routine and commissioning tests

b) type-tests:

c)

certificate or report on request;
constructional features:

Ine 10lowing aetalls are required wnere tney are applicable 10 the aesign.

1) mass of complete circuit-breaker without fluids for insulation, making and breaking and
operation;

2) mass/volume of fluid for insulation, its quality and operating range, including the
minimum functional value;

3) mass/volume of fluid for making and breaking (where different fluid to items 2) and/or
4)), its quality and operating range, including the minimum functional value;
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4) mass/volume of fluid for operation (where different fluid to items 2) and/or 3)), its quality
and operating range, including the minimum functional value;
5) tightness qualification;
6) mass/volume of fluids per pole to fill to a level sufficient to prevent deterioration of
internal components during storage and transportation;
7) number of making and breaking units in series per pole;
8) minimum clearances in air:
— between poles;
— to earth;
— the safety boundaries during a breaking operation, for circuit-breakerswith an
external exhaust for ionised gasses or flame;
9) any special arrangements (for example heating or cooling) to maintain/ the rated

characteristics of the circuit-breaker at the required temperatures of the.ambient air;

d) operating mechanism of circuit-breaker and associated equipment:

1)
2)

3)

4)
5)

6)
7)
8)
9)
10)
11)
12)

type of operating mechanism;

whether the circuit-breaker is suitable for trip-free or fixed frip operation and whether
it is provided with lock-out preventing closing;

rated supply voltage and/or pressure of closing mechanism, pressure limits where
different to or expanding data required in c) 4) of 10:3;

current required at rated supply voltage to closethe circuit-breaker;

energy expended to close the circuit-breaker, for example measured as a fall in
pressure;

rated supply voltage of shunt opening/retease;

current required at rated supply voltage for shunt opening release;
number and type of spare auxiliary switches;

current required at rated supply voltage by other auxiliaries;
setting of high and low pressure interlocking devices;

number of releases fap,tripping, if more than one;

number of releases for closing, if more than one;

e) overall dimensions-and other information:

The manufacturersshould give the necessary information as regards the overall dimensions
of the circuit-breaker and details necessary for the design of the foundation.

General information regarding maintenance of the circuit-breaker and its connections should
be given.

11 Transport, storage, installation, operation instructions and maintenance

111 General

Subclause 11 1 of IEC 62271-1:2017 is applirahlp

11.2 Conditions during transport, storage and installation

Subclause 11.2 of IEC 62271-1:2017 is applicable.

11.3

Installation

Subclauses 11.3 of IEC 62271-1:2017 are applicable, with the following addition.
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11.3.101 Commissioning tests

After a circuit-breaker has been installed and all connections have been completed,
commissioning tests are recommended to be performed. The purpose of these tests is to
confirm that transportation and storage have not damaged the circuit-breaker. In addition, when
a large part of the assembly and/or of the adjustment is performed on site, as identified in 8.101,
the tests are required to confirm compatibility of the sub-components and the satisfactory nature
of both the site wark and the functional characteristics dependent upon it

In addition to the requirements of 11.3.102, a minimum of 50 no-load operations shall be
performed on site on the circuit-breaker where major sub-assemblies are combined atsite
without previous routine tests on the complete circuit-breaker. These operations shall be
performed after assembly, all connections and checks having been made and the pregramme
of commissioning tests having been completed. These operations can include deferred"routine
test operations forming part of the commissioning programme only where they are made after
all site adjustments and tightness checks are complete. The purpose of these tests'is to reduce
occurrences of maloperation and failure early in the operational life of the circuit-breaker.

The manufacturer shall produce a programme of site commissioning” checks and tests.
Repetition of the full programme of routine tests, already performed .in the factory, shall be
avoided as the purpose of commissioning tests is for confirmation of

— absence of damage;

— compatibility of separate making and breaking units;

— correct assembly;

— correct performance of the assembled circuit-breaker.

In general, this is achieved when the commissioning tests include, but are not limited to, the
programme given in 11.3.102. The results of(the tests shall be recorded in a test report.

11.3.102 Commissioning checks and‘test programme
11.3.102.1 Checks after installation
11.3.102.1.1 General

Subclause 11.3.101 requires the manufacturer to produce a programme of commissioning
checks and tests. This.should be based on, but is not limited to, the programme of checks and
tests given here.

11.3.102.1.2 General checks

— assembly conforms to manufacturer's drawings and instructions;

— tightness of circuit-breaker, its fastenings, fluid systems and control devices;

— external insulation and, where applicable, internal insulation are undamaged and clean;
——paint and other corrosion protection are sound;

=~ operating devices, especially operating releases, are free from contamination;

I

——adequacy and-integrity of theearthrcommectiomuptoamd-inctudingthe—mterfacewiththe
substation earthing system;

and, where applicable:

— record the number on the operations counter(s) at delivery;
— record the number on the operations counter(s) at completion of all site testing;
— record the number on the operations counter(s) at first energisation.
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11.3.102.1.3 Checks of electrical circuits
— Conformity to the wiring diagram.
— Correct operation of signalling (position, alarms, lockouts, etc.).
— Correct operation of heating and lighting.
11.3.102.1.4 Checks of the insulation and/or extinguishing fluid(s)

Qil Type, dielectric strength (IEC 60296 [16]), level

Gas Filling pressure/density, and quality checks, to confirm the acceptance levels

of IEC 60376 [17], IEC 60480 [18] and IEC 62271-4 [19] as applicable, These
quality checks are not required on sealed equipment and new gas used-from
sealed bottles. A dewpoint check and a check of the total impurities shall be
carried out to confirm the manufacturer's acceptance levels

Gas mixtures Quality to be confirmed prior to energisation
Compressed air  Quality (if applicable) and pressure

11.3.102.1.5 Checks on operating fluid(s), where filled or added-to on site

Hydraulic oil Level and, unless otherwise agreed, confirmation that the moisture content
is sufficiently low to prevent internal (Gorrosion or other damage to the
hydraulic system

Nitrogen Filling pressure and purity (for eXxample oxygen free or 1 % tracer gas)

11.3.102.1.6 Site operations

Confirmation shall be given that the progtamme of commissioning checks and tests required by
8.101 has been completed and, where-applicable, extended by the additional 50 operations
required by 11.3.101.

11.3.102.2 Mechanical testsiand measurements

11.3.102.2.1 Measurements of the characteristic insulating and/or making and breaking
fluid pressures (where applicable)

The following measurements shall be taken in order to compare them with the values both
recorded during.the routine tests and guaranteed by the manufacturer. These values serve as
the reference~for future maintenance and other checks and will enable any drift in operating
characteristics to be detected.

The_purpose of these measurements is to verify that pre-set pressure (density) levels of
pressure or density switches, where applicable, for signalling, alarms and lockouts are within
opéerating tolerances. These measurements shall be performed on rising pressure and/or
dropping pressure depending of the manufacturer instructions for checking operating
characteristics of pressure (or density) devices Allowable tolerances from the pre-set pressure

(density) level(s) shall be given by the manufacturer.
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11.3.102.2.2 Measurements of characteristic operating fluid pressures (if applicable)
11.3.102.2.2.1 General

The following measurements (list to be adapted as necessary) should be taken, in order to
compare them with the values both recorded during routine tests and guaranteed by the
manufacturer. These values can serve as a reference during later checks (maintenance) and
will enable any drift in operating characteristics to be detected.

The measurements involve a check of the operation of the lockout or alarm devices (pressure
switches, relays, etc.).

11.3.102.2.2.2 Measurements to be taken
a) On arise in pressure with the pumping devic