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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 37-013: Alternating-current generator circuit-breakers

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is {0 promof
international co-operation on all questions concerning standardization in the electrical and electronic fields. T
this end and in addition to other activities, IEC publishes International Standards, Technical“Specification
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IE
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National CGommittee intereste
in the subject dealt with may participate in this preparatory work. International,//\governmental and nof
governmental organizations liaising with the IEC also participate in this preparation.

r 2 OO 0 0@

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its’standards through a consensys
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily
members of IEEE and serve without compensation. While IEEE administers the process and establishes rulgs
to promote fairness in the consensus development process, IEEE doés not independently evaluate, test, ¢r
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents (s
wholly voluntary. I[EEE documents are made available for use subject to important notices and legal disclaimefs
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the tw
organizations. This Dual Logo International Standard svas/jointly developed by the IEC and IEEE under th
terms of that agreement.

® O

The formal decisions of IEC on technical matters €xpress, as nearly as possible, an international consensus

opinion on the relevant subjects since each teghnical committee has representation from all interested IE
National Committees. The formal decisions of {EEE on technical matters, once consensus within IEEE Societig
and Standards Coordinating Committees has“been reached, is determined by a balanced ballot of material
interested parties who indicate interest~in reviewing the proposed standard. Final approval of the IEE
standards document is given by the IEEE-Standards Association (IEEE-SA) Standards Board.

M< »n ()=

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

S @ O

[

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publication]
(including IEC/IEEE_Publications) transparently to the maximum extent possible in their national and regional
publications. Any ,divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall-be.clearly indicated in the latter.

IEC and IEEExdo not provide any attestation of conformity. Independent certification bodies provide conformi
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsib
for any services carried out by independent certification bodies.

D <

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

No\liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individua
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societids

aIILi I.iIC Ol.dllulalulb L/UUIUIiIIdl.illg UUIIIIIIiLLUUb Uf I.;IU iEEE Ol.dlluldl\.ib AabUbidliUll \iEEE'OA} Oldll\jdl\jb BUdI I,
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 publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE 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.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard |IEC/IEEE 62271-37-013 has been prepared by a joint working group
comprised of members both from IEC 17A/WG 52 representing subcommittee 17A: High-
voltage switchgear and controlgear, of IEC technical committee 17: Switchgear and
controlgear, in cooperation with IEEE WG P62271-37-0131 representing the Switchgear
Committee of the Power and Energy Society of the IEEE, under the IEC/IEEE Dual Logo
Agreement.

This publication is published as an IEC/IEEE Dual Logo standard.

Tietextof thisstandard s basedom the fottowimg docurmernts:

FDIS Report on voting
17A/1074/FDIS 17A/1101/RVD

-
=}

ull information on the voting for the approval of this standard can be foundn the report o
pting indicated in the above table.

<

C)

mternational standards are drafted in accordance with the ruleshHgiven in the ISO/IE
Directives, Part 2.

A list of all parts in the IEC 62271 series, published under“the general title High-voltag
witchgear and controlgear, can be found on the IEC website:

D

=

his standard shall be read in conjunction with IEC 62271-1: 2007, to which it refers and whic

i$ applicable unless otherwise specified in this standard. In order to simplify and clarify th

sfructure of this document, the numbering of clauses and subclauses used here is the samE

in [EC 62271-1. Amendments to these clauses and subclauses are given under the sam
umbering, while additional subclauses are httmbered from 101.

D

>

he IEC Technical Committee and IEEE“Technical Committee have decided that the conteni
f this publication will remain unchanged until the stability date indicated on the IEC websi

nder "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
ublication will be

o C O -

reconfirmed,

o[ withdrawn,

| replaced by a revised edition, or
[ amended.

A bilingual version of this publication may be issued at a later date.

Tlhe contents of the corrigendum of June 2017 have been included in this copy.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

1 Alist of IEEE participants can be found at the following address:
http://standards.ieee.org/downloads/62271/62271-37-013-2015/62271-37-013-2015_wg-participants.pdf.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 37-013: Alternating-current generator circuit-breakers

General

11 Scope

It
t
W
C

T

1

dpplications, and their requirements are not completely covered by this standard.

and to their auxiliary equipment.

his part of IEC 62271 is applicable to three-phase a.c. high-voltage generator [circuif-
reakers, hereafter called generator circuit-breaker, designed for indoor or outdoorn.installatio
nd for operation at frequencies of 50 Hz and 60 Hz on systems having voltagesabove 1 k
nd up to 38 kV.

< D

is applicable to generator circuit-breakers that are installed between the generator and the
ansformer terminals. Requirements relative to generator circuit-breakers intended for usg
ith generators and transformers rated 10 MVA or more are covered specifically. Generatqr
rcuits rated less than 10 MVA and pumped storage installations are considered special

his standard is also applicable to the operating mechanisms of generator circuit-breakers

.2 Normative references

he following documents, in whole or in part, are normatively referenced in this document anfd

o —

S =

~ —

~ —

1
gre indispensable for its application. For dated references, only the edition cited applies. Fd

=

ndated references, the latest edition” of the referenced document (including an
mendments) applies.

<

FC 60050-441:1984, International Electrotechnical Vocabulary — Chapter 441: Switchgeaty,
ontrolgear and fuses

~

EFC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and tes
pquirements

S

FC 60296:2012,-'Fluids for electrotechnical applications — Unused mineral insulating oils fd
ansformers and-switchgear

EC 6048032004, Guidelines for the checking and treatment of sulphur hexafluoride (SF4)
hken_from electrical equipment and specification for its re-use

EC.60529:1989, Degrees of profection provided by enclosures (IP Code)

IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 61180-1, High-voltage test techniques for low voltage equipment — Part 1: Definitions,
test and procedure requirements

IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment

a

gainst external mechanical impacts (IK code)

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications
IEC 62271-1:2007/AMD1:2011
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IEC IEEE 62271-37-082:2012, High-voltage switchgear and controlgear — Part 37-082
Standard practice for the measurement of sound pressure levels on alternating current circuit
breakers

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

IEC 62271-101:2012, High-voltage switchgear and controlgear — Part 101: Synthetic testing

FC TR 62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide -

o = =

reakers

—

C High-Voltage Circuit Breakers (ANSI)2

FEE Std C37.237V-2003 (Reaff 2008), IEEE Standard for Metal-Enclosed’Bus (ANSI)

e

quipment

24 Normal and special service conditions

re¢spectively.

2.1 Normal service conditions

o

ubclause 2.1 of IEC 62271-1:2007 is applicable.

2.2 Special service conditions

o

ubclause 2.2 of IEC 62271-1:2007 is applicable.

3 Terms and definitions

IEC 60050-441 @and IEC 62271-1, as well as the following, apply.

NOTE Additional definitions are classified so as to be aligned with the classification used in IEC 60050-441.

Tlhe JIEEE Standards Dictionary Online3 should be referenced for terms and definitions ng
c1efined in this clause.

EC 62271-100, IEC 62271-1 and other IEC standards related to alternating currentcircuit-

FEE Std C37.011™-2011, IEEE Guide for the Application of Transient Recovery Voltage far

FEE Std C37.59™-2007, |IEEE Standard Requirements for Convérsion of Power Switchgegr

NOTE Normal and special service conditions are sometinmiés called usual and unusual service conditions

Hor the purposesyof this International Standard, the terms and definitions given ip

t

(@)

—

For clarity, ease of reference and convenience of the user, definitions of selected terms as

used in this standard are given below.

2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and

Electronics Engineers, Inc.

3 |EEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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3.1 General terms

3.1.101

switchgear and controlgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and
equipment with associated interconnections, accessories, enclosures and supporting
structures

Note 1 to entry: Since generator circuit-breakers are used only in switchgear, this document will refer only to
“gwitchgear” and not to “switchgear and controlgear”.

[FOURCE: IEC 60050-441:1984, 441-11-01, modified — Addition of a new note to entry.]

.1.102

hort-circuit current
er-current resulting from a short circuit due to a fault or an incorrect €onnection in an

lectric circuit

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

.1.103

oment of inertia

sjum (integral) of the products of the mass elements of ‘a’body and the squares of the
istances (radii) from a given axis

=

.1.104

ut-of-phase conditions
bnormal circuit conditions of loss or lack ofssynchronism between the parts of an electrical
slystem on either side of a generator circuit-breaker in which, at the instant of operation of the
enerator circuit-breaker, the phase angle between rotating vectors, representing the
enerated voltages on either side, exceeds the normal value

.1.105

ut-of-phase (as prefix to a characteristic quantity)
ualifying term indicating that ‘the characteristic quantity is applicable to operation of the
enerator circuit-breaker in‘out-of-phase conditions

test made on a making or breaking unit or group of units at the making current or the breakin

rrent, specified for the test on the complete pole of a generator circuit-breaker and at th
ppropriate fraction of the applied voltage, or the recovery voltage, specified for the test op
the complete pole of the generator circuit-breaker

[ORLC®]

.1<107

|6 ob-(of-an-a-c—current-wave)
oo 7

part of the wave of the a.c. current between two successive current zero crossings

SEE: Figure 1 n and p.

Note 1 to entry: When a d.c. component (see Figure 1 d) is present, a distinction is made between a major loop
(see Figure 1 n) and a minor loop (see Figure 1 p) depending on the time interval between two successive current
zero crossings being longer or shorter, respectively, than the half-period of the alternating component of the
current.

3.1.108

power factor (of a circuit)

ratio of the resistance to the impedance at power frequency of an equivalent circuit supposed
to be formed by an inductance and a resistance in series
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3.1.109

external insulation

distances in air and the surfaces in contact with open air of solid insulation of the equipment,
which are subject to dielectric stresses and to the effects of atmospheric and other conditions
such as pollution, humidity, vermin, etc.

[SOURCE: IEC 60050-604:1987, 604-03-02, modified — replacement of "atmospheric air" by
llairll]

110
%elf-restoring insulation
imsulation which completely recovers its insulating properties after a disruptive discharge

[FOURCE: IEC 60050-604:1987, 604-03-04]

3.1.111

non-self-restoring insulation

sulation which loses its insulating properties, or does not recover thém 'completely, after
isruptive discharge

)

e =

[FOURCE: IEC 60050-604:1987, 604-03-05]

henomenon associated with the failure of insulation under electric stress, in which th
discharge completely bridges the insulation under{test, reducing the voltage between th
lectrodes to zero or nearly to zero

(OB

=

ote 1 to entry: This term applies to discharges in’solid, liquid and gaseous dielectrics and to combinations
these.

ote 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (nof
sglf-restoring insulation); in a liquid or, gaseous dielectric, the loss may be only temporary (self-restorin
irsulation).

«Q

ote 3 to entry: The term "sparkover'is used when a disruptive discharge occurs in a gaseous or liquid dielectri¢.
The term "flashover" is used when-a-disruptive discharge occurs over the surface of a solid dielectric in a gaseoy
of liquid medium. The term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

[

.1.113

on-sustained disruptive discharge

SDD

isruptive discharge associated with current interruption, that does not result in th
resumption-of-power frequency current or, in the case of capacitive current interruption doe
ot resultifgscurrent in the main load circuit

» D

oter\1o entry: Oscillations following NSDDs are associated with the parasitic capacitance and inductance locg
orof the circuit-breaker itself. NSDDs may also involve the stray capacitance to earth of nearby equipment.

3.1.114

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 (Ry/X,) is positive and less than 1

Note 1 to entry: Normally such systems are solidly earthed (neutral) systems or low impedance earthed (neutral)
systems.

Note 2 to entry: For the correct assessment of the earthing conditions not only the physical earthing conditions
around the relevant location but the total system is to be considered.
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3.1.115
non-effectively earthed neutral system
system other than effectively earthed neutral system and not meeting its conditions

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: For the correct assessment of the earthing conditions not only the physical earthing conditions
around the relevant location but the total system is to be considered.

3.1.116

re-ignition (of an a.c. mechanical switching device)

resumption of current between the contacts of a mechanical switching device during
reaking operation with an interval of zero current of less than a quarter cycle Jf| powdq
frequency

V)

—

[FOURCE: IEC 60050-441:1984, 441-17-45]

.1.117

restrike (of an a.c. mechanical switching device)
resumption of current between the contacts of a mechanical switching device during p
reaking operation with an interval of zero current of a quarter/cycle of power frequency g
lpnger

-

[BOURCE: IEC 60050-441:1984, 441-17-46]

.1.118

isolated-phase bus
us in which each phase conductor is enclosed by an individual earthed metal housinpg
parated from adjacent conductor housings.by-'an air space

Note 1 to entry: The bus may be self-cooled orsmay be forced-cooled by means of circulating gas or liquid.
3.2 Assemblies of switchgear.and controlgear

No particular definitions.

3.3 Parts of assemblies

No particular definitions:

[3%]

.4  Switching devices

3.4.101

jwitching device
evice designed to make or break the current in one or more electric circuits

3.4.102

mechanical switching device

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

Note 1 to entry: Any mechanical switching device may be designated according to the medium in which its
contacts open and close, e.g. air, SFy, oil.

[SOURCE: IEC 60050-441:1984, 441-14-02]
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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, as well as capable of
withstanding specified voltages across the gap between the contacts when open

[SOURCE: IEC 60050-441:1984, 441-14-20, modified — addition of a new capability]

enerator circuit-breaker
rcuit-breaker installed between generator and associated step-up transformer

.4.105
ir circuit-breaker
cjrcuit-breaker in which the contacts open and close in air at atmospheric preSsure

—

SBOURCE: IEC 60050-441:1984, 441-14-27]

[9%]

.4.106
il circuit-breaker
rcuit-breaker in which the contacts open and close in oil

O 0

ote 1 to entry: Typical examples of oil circuit-breakers are live tanksminimum oil circuit-breakers and dead tarnk
Lk oil circuit-breakers.

o Z

—

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

3.4.107
cuum circuit-breaker
rcuit-breaker in which the contacts opef*and close within a highly evacuated envelope

[POURCE: IEC 60050-441:1984, 444-14-29]

.4.108
as-blast circuit-breaker
rcuit-breaker in which the arc develops in a blast of gas

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

oved by a difference in pressure established before the opening operation of the circuit-breaker, it is termed
dpuble pressure-gas-blast circuit-breaker.

O n O

[FOURCEJIEC 60050-441:1984, 441-14-30]

3.4.110
air-blast circuit-breaker
gas-blast circuit-breaker in which the gas used is air

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

3.4.111
generator circuit-breaker class M1
generator circuit-breaker with normal mechanical endurance
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3.4.112

generator circuit-breaker class M2

frequently operated generator circuit-breaker for special service requirements and designed
so as to require only limited maintenance as demonstrated by specific type tests

3.4.113

generator circuit-breaker class G1

generator circuit-breaker having a rated generator-source short-circuit breaking current
characterized at contact separatlon by a degree of asymmetry of 110 % W|th the aSS|gned a.c.

a ymmetry of 130 % W|th a current having an a.c. component equal to 74 % of the assignefd
a.c. component of the rated generator-source short-circuit breaking current

.4.114
generator circuit-breaker class G2
generator circuit-breaker having a rated generator-source short-circuit breaking currern
characterized at contact separation by a degree of asymmetry of 130 % with the assigned a.g¢.
component of the rated generator-source short-circuit breaking current

—

.5  Parts of generator circuit-breakers

plortion of a switching device associated exclusively with ahe-electrically separated conductin
plath of its main circuit and excluding those portions which“provide a means for mounting an
operating all poles together

[®m (o)

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

o<

[POURCE: IEC 60050-441:1984, 441-150%]

3.5.102

ain circuit

Il the conductive parts of a Switching device included in the circuit which it is designed t
cJose or open

O

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

3.5.103

clontrol circuit

T the conductive parts (other than the main circuit) of a switching device which are includefd
a circuit'used for the closing operation or opening operation, or both, of the device

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

3.5.104

auxiliary circuit

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 circuits of the device

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

[SOURCE: IEC 60050-441:1984, 441-15-04]
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3.5.105

contact

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

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

3.5.106

nraitr comntact

cpntact included in the main circuit of a mechanical switching device, intended to carry, in thL
osed position, the current of the main circuit

(@)

[FOURCE: IEC 60050-441:1984, 441-15-07]

3.5.107
rcing contact
ntact on which the arc is intended to be established

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

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

.5.108

ontrol contact
ntact included in a control circuit of a mechanical switching device and mechanically
perated by this device

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

.5.109
uxiliary contact
ntact included in an auxiliary gircuit and mechanically operated by the switching device

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

.5.110

uxiliary switch

sitch containing,one or more control and/or auxiliary contacts mechanically operated by
switching deyice

[\

[FOURCEIEC 60050-441:1984, 441-15-11]

make contact
control or auxiliary contact which is closed when the main contacts of the mechanical
switching device are closed and open when they 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
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[SOURCE: IEC 60050-441:1984, 441-15-13]

3.5.113

release

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]

.5.114

rc control device

evice, surrounding the arcing contacts of a mechanical switching device, designed to-confing
the arc and to assist in its extinction

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

.5.115

osition indicating device

art of a mechanical switching device which indicates whether it,isCin the open, closed, g
here appropriate, earthed position

-

[POURCE: IEC 60050-441:1984, 441-15-25]

.5.116
onnection (bolted or equivalent)
t\vo or more conductors designed to ensure permanent circuit continuity when forced togethg
means of screws, bolts or the equivalent

—

.5.117
terminal
mponent provided for the connection of a device to external conductors

.5.118

aking (or breaking) unit

art of a generator circuit-breaker which in itself acts as a circuit-breaker and which, in serig|
ith one or more identicalkand simultaneously operated making or breaking units, forms the
mplete generator circuit-breaker

[2]

ote 1 to entry: Making units and breaking units may be separate or combined. Each unit may have severa
cpntacts.

ote 2 to entryi_“The means controlling the voltage distribution between units may differ from unit to unit.

p y
assemblies to form a pole of a generator circuit-breaker

3.5.120

enclosure

part of a generator circuit-breaker providing a specified degree of protection of equipment
against external influences and a specified degree of protection against approach to or
contact with live parts and against contact with moving parts

Note 1 to entry: A three-phase enclosed generator circuit-breaker has all three phases in a common enclosure.

Note 2 to entry: A single-phase enclosed generator circuit-breaker has each phase in a single independent
enclosure.
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Note 3 to entry:  For degrees of protection specified by IP coding see IEC 60529:1989 and for degrees of
protection specified by IK coding see IEC 62262:2002.

[SOURCE: IEC 60050-441:1984, 441-13-01, modified — addition of new notes to entry and
replacement of "assembly" by "generator circuit-breaker" in the definition]

3.5.121
operating mechanism
part of the generator circuit-breaker that actuates the main contacts

.5.122

ower kinematic chain

echanical connecting system from and including the operating mechanism up(to’ and
imcluding the moving contacts

.5.123

Iternative operating mechanism

echanism obtained when a change in the power kinematic chain of the original operatin
echanism or the use of an entirely different operating mechanism//leads to the sam
echanical characteristics.

D ©

ote 1 to entry: Mechanical characteristics are defined in 6.101.1.1. The use\wof mechanical characteristics and
r¢lated requirements are described in Annex D.

ote 2 to entry: An alternative operating mechanism can utilise an @perating principle different from the origing
ohe (for example the alternative mechanism can be spring-operated¢andthe original hydraulic).

ote 3 to entry: A change in the secondary equipment doe§/not lead to an alternative operating mechanism.
owever, changes in the opening time can entail differences€on asymmetrical switching conditions.

.6 Operation

transfer of the moving contact(s) fromione position to an adjacent position

ote 1 to entry: For a generator circuit=breaker, this can be a closing operation or an opening operation.

ote 2 to entry: If distinction is mecessary, an operation in the electrical sense, e.g. make or break, is referred {
ap a switching operation, and“@n operation in the mechanical sense, e.g. close or open, is referred to as
echanical operation.

Q O

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

.6.102

perating cycle
sjuccession) of operations from one position to another and back to the first position through af

her pasitions, if any

4 441 1Rﬁ’)]
= =

3.6.103
operating sequence
succession of specified operations with specified time intervals

[SOURCE: IEC 60050-441:1984, 441-16-03]

3.6.104

closing operation

C

operation by which the device is brought from the open position to the closed position
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[SOURCE: IEC 60050-441:1984, 441-16-08]

3.6.105
opening operation

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

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

.6.106

ored energy operation
peration by means of energy stored in the mechanism itself prior to the completion,'of the
peration and sufficient to complete it under predetermined conditions

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

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

.6.107
losed position
osition in which the predetermined continuity of the main circuit’of the device is secured

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

.6.108

pen position

osition in which the predetermined clearancerbetween open contacts in the main circuit g
the device is secured

—

[BOURCE: IEC 60050-441:1984, 441-16-23]

.6.109

trip-free mechanical switching-device
echanical switching device,"the moving contacts of which return to and remain in the opep
osition when the opening-operation is initiated after the initiation of the closing operatior
en if the closing command is maintained

ote 1 to entry: To-ensure proper breaking of the current which may have been established, it may be necessafy
that the contacts mementarily reach the closed position.

ote 2 to entry.> If the release circuit is completed through an auxiliary switch, electrical release will not take
place until Such auxiliary switch is closed.

[POURCE: IEC 60050-441:1984, 441-16-31, modified — addition of a second note to entry]

3.6.110
shunt release
release energized by a source of voltage

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

3.6.111

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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3.6.112

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]

3.6.113
making operation
fosimgoperatiom witite power is—apptiedto the maimr citcuit

ote 1 to entry:  See Figure 1.

3.6.114
hreaking operation
opening operation while power is applied to the main circuit

ote 1 to entry: See Figure 1.

3.6.115
close-open operation

osing operation followed by an opening operation

3.6.116
ake-break operation
ose-open operation while power is applied to the-main circuit

ote 1 to entry: See Figure 1.
.7  Characteristic quantities

igures 1 to 5 illustrate some definitions of this subclause.

ime quantities, see terms and-definitions 3.7.126 to 3.7.135, are expressed in millisecond
or in cycles of the rated power frequency. When expressed in cycles, the power frequenc
should be stated in brackets,'In the case of generator circuit-breakers incorporating switchin
resistors, a distinction is’. made, where applicable, between time quantities associated with th

ontacts switching the ‘full current and the contacts switching the current limited by switchin
resistors.

QPO &

nless otherwisg stated, the time quantities referred to are associated with the contacts

rated value

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 to be specified in
the relevant publications.

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

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

ote 1 to entry: See Figure 1 a.

.7.105

rospective symmetrical current (of an a.c. circuit)

rospective current when it is initiated at such an instant that no transient phenomeno
follows the initiation

o

=

ote 1 to entry: For polyphase circuits, the condition of non-transient period can”enly be satisfied for the curre
one pole at a time.

ote 2 to entry: The prospective symmetrical current is expressed by its’f.m.s.

[FOURCE: IEC 60050-441:1984, 441-17-03]

.7.106

aximum prospective peak current (of an a.c{circuit)
rospective peak current when initiation of thexcurrent takes place at the instant which leads
to the highest possible value

ote 1 to entry: For a multiple device in a pelyphase circuit, the maximum prospective peak current refers to |a
s|ngle pole only.

[FOURCE: IEC 60050-441:1984,.441-17-04]

.7.107
rospective making current (for a pole of a switching device)
rospective current when initiated under specified conditions

ote 1 to entry: The specified conditions may relate to the method of initiation, e.g. by an ideal switching devic¢
of to the instanteof initiation, e.g. leading to the maximum prospective peak current in an a.c. circuit, or to th
hlghest rate of.fise. The specification of these conditions is found in the relevant publications.

OIS

[FOURGEJIEC 60050-441:1984, 441-17-05]

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

Note 1 to entry: The peak value may 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.

Note 3 to entry: See Figure 1 a.
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3.7.109

prospective breaking current (for a pole of a switching device)

prospective current evaluated at the instant corresponding to the initiation of the arc during
breaking process

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

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

.7.111

aking current (of a switching device or a fuse)
lue of prospective making current that a switching device is capable of making’at a stated
Itage under prescribed conditions of use and behaviour

=4

ote 1 to entry: The voltage to be stated and the conditions to be prescribed aref dealt with in the releva
specifications.

[POURCE: IEC 60050-441:1984, 441-17-09, modified — replacement of "capacity" b

<

.7.112

hort-circuit making current
aking current for which the prescribed conditions inelude a short circuit at the terminals ¢
e switching device

—

Note 1 to entry: See Figure 1 a.

[FOURCE: IEC 60050-441:1984, 441-17:-10, modified — replacement of "capacity" b
current”]

<

[3%]

.7.113

hort-circuit breaking current
reaking current for which the_prescribed conditions include a short circuit at the terminals g
e switching device

—

o

Note 1 to entry: See Figure 1 b.

—

SOURCE: IEC~60050-441:1984, 441-17-11, modified — replacement of "capacity" b
current"]

<

3.7.114

hort-time withstand current
%::rrent 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]

3.7.115

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]
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3.7.116

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]

3.7.117
recovery voltage

reaking of the current

—_

ote 1 to entry: This voltage may be considered in two successive intervals of time, one during which, a transie
vpltage exists, followed by a second one during which the power frequency or the steady-state recovery voltag
alone exists.

[

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

r

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

ote 1 to entry: The transient recovery voltage may be oscillatory of,noen-oscillatory or a combination of thede
epending on the characteristics of the circuit and the switching deviee/It includes the voltage shift of the neutra
a polyphase circuit.

o Q Z

Note 2 to entry: The transient recovery voltages in three-phase circuits is, unless otherwise stated, that acrog
he first-pole-to-clear, because this voltage is generally higher than that which appears across each of the othg
o poles.

,_..
- »n

—_

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

3.7.119

prospective transient recovery voltage (of a circuit)
transient recovery voltage following the breaking of the prospective symmetrical current by an
eal switching device

ote 1 to entry: The definitioh assumes that the switching device or the fuse, for which the prospective transie
r¢covery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from zer
tg infinite impedance at the very instant of zero current, i.e. at the "natural” zero. For circuits where the current ca
fgllow several differept. paths, e.g. a polyphase circuit, the definition further assumes that the breaking of th
cprrent by the ideal switching device takes place only in the pole considered.

© S5O0 =

[FOURCE: IEGC'60050-441:1984, 441-17-29]

.7.120
oweér frequency recovery voltage
recoyery voltage after the transient voltage phenomena have subsided

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

3.7.121

peak arc voltage (of a mechanical switching device)

maximum instantaneous value of voltage which under prescribed conditions appears across
the terminals of a pole of a switching device during the arcing time

[SOURCE: IEC 60050-441:1984, 441-17-30]
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3.7.122

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]

3.7.123
clearance between poles
fearance betweem any conductive parts of adjacent potes

[FOURCE: IEC 60050-441:1984, 441-17-32]

.7.124

learance to earth
earance between any conductive parts and any parts which are earthed otintended to be
arthed

[BOURCE: IEC 60050-441:1984, 441-17-33]

.7.125

learance between open contacts
total clearance between the contacts, or any conductive garts connected thereto, of a pole ¢
mechanical switching device in the open position

—h

[FOURCE: IEC 60050-441:1984, 441-17-34]

.7.126

pening time

pening time is the interval of time between the instant of energising the opening release, th
enerator circuit-breaker being in the “closed position, and the instant when the arcinpg
cpntacts have separated in all poles

[$2]

ote 1 to entry: The opening time may-vary with the breaking current.

ote 2 to entry: For generatorgireuit-breakers with more than one interrupting unit per pole, the instant when th
afcing contacts have separatéd in all poles is determined as the instant of contact separation in the first unit of th
Igst pole.

® @

ote 3 to entry: The opening time includes the operating time of any auxiliary equipment necessary to open the
gkenerator circuit-breaket and forming an integral part of the generator circuit-breaker.

ote 4 to entry.\See Figure 1.

.7.127
rcing time (of a pole)
interval of time between the instant of the first initiation of an arc and the instant of final arc

Note 1 to entry: See Figure 1 k.

[SOURCE: IEC 60050-441:1984, 441-17-38, modified — deletion of the words "in all poles" at
the end of the definition]

3.7.128

break-time

maximum interval of time between the energizing of the trip circuit at rated control voltage and
rated fluid pressure of the operating mechanism and the end of the arcing time

Note 1 to entry: See Figure 1 /.
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[SOURCE: IEC 60050-441:1984, 441-17-39, modified — the entire definition has been
rephrased]

3.7.129

closing time

interval of time between energising the closing circuit, the generator circuit-breaker being in
the open position, and the instant when the contacts touch in all poles

Note 1 to entry: The closing time includes the operating time of any auxiliary equipment necessary to close the

imterval of time between energising the closing circuit, the generator circuit-breakerybeing ip
the open position, and the instant when the current begins to flow in the first pole

ote 1 to entry: The make time includes the operating time of any auxiliary equipment necessary to close the
generator circuit-breaker and forming an integral part of the generator circuit-breaker.

ote 2 to entry: The make time may vary, e.g. due to the variation of the pre-arcing_timev

ote 3 to entry: See Figure 1 m.

[FOURCE: IEC 60050-441:1984, 441-17-40, modified — the” entire definition has beep
rephrased ]

.7.131
pre-arcing time
imterval of time between the initiation of current flow'in the first pole during a closing operatio

)

and the instant when the contacts touch in all.poles for three-phase conditions and the instant
hen the contacts touch in the arcing pole for'single-phase conditions
ote 1 to entry: The pre-arcing time depends on\the instantaneous value of the applied voltage during a specif|c
closing operation and therefore may vary considerably.
.7.132
close-open time
imterval of time between theiinstant 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

sjubsequent opening operation

=

ote 1 to entry: Unléss*otherwise stated, it is assumed that the opening release incorporated in the generat
c|rcuit-breaker is eriergised at the instant when the contacts touch in the first pole during closing. This represen
the minimum close-open time.

[

[POURCEXIEC 60050-441:1984, 441-17-42, modified — addition of a new note]

.7.133

ake-break time
interval of time between the initiation of current flow in the first pole during a closing operation
and the end of the arcing time during the subsequent opening operation

Note 1 to entry: Unless otherwise stated, it is assumed that the opening release of the generator circuit-breaker is
energised one half-cycle after current begins to flow in the main circuit during making. Here it is noted that the use
of relays with shorter operating time can subject the circuit-breaker to higher asymmetrical currents.

Note 2 to entry: The make-break time can vary due to the variation of the pre-arcing time.

3.7.134

minimum trip signal duration

minimum time the auxiliary power is applied to the opening release to ensure complete
opening of the generator circuit-breaker


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

IEC/IEEE 62271-37-013:2015 -31-
© IEC/IEEE 2015

3.7.135

minimum close signal duration

minimum time the auxiliary power is applied to the closing device to ensure complete closing
of the generator circuit-breaker

3.7.136

normal current

current in r.m.s. amperes at power frequency that a generator circuit-breaker is capable of
carrying continuously under specified conditions of use and behaviour without exceeding any

of-its dncignnfnd limitations

.7.137
first-pole-to-clear factor

three-phase system> when interrupting any symmetrical three-phase current the_ first-polg
tp-clear factor is the ratio of the power frequency voltage across the first interrupting pol

efore current interruption in the other poles, to the power frequency voltageroccurring acros|
the pole or the poles after interruption in all three poles

» D

[3%]

.7.138

mplitude factor
tio between the maximum excursion of the transient recovery/voltage to the crest value g
e power frequency recovery voltage

_,
—

—

.7.139

nsulation level

br a generator circuit-breaker, a characteristic defined-by two values indicating the insulatio
ithstand voltages

s gow
=)

SBOURCE: IEC 60050-604:1987, 604-03-47,"\modified — replacement of "particular item ¢
quipment" by "generator circuit-breaker" and removal of “one or”]

o —
=n

3.7.140

power frequency withstand voltage
rim.s. value of sinusoidal power frequency voltage that the generator circuit-breaker cap
withstand during tests made_under specified conditions and for a specified time

[FOURCE: IEC 600504604:1987, 604-03-40, modified — replacement of "equipment" by
jenerator circuit-breaker"]

3.7.141

impulse withstand voltage

eak value/ofithe standard impulse voltage wave which the insulation of the generator circui
reaker withstands under specified test conditions

.7{142

pressure, referred to the standard atmospheric air conditions of +20 °C and 101,3 kPa, which
may be expressed in relative or absolute terms, at which and above which rated
characteristics of a circuit-breaker are maintained and at which a replenishment of the
operating device becomes necessary

Note 1 to entry: This pressure is often designated as interlocking pressure (refer to 3.6.5.6 of IEC 62271-1:2007).

3.7.143

minimum functional pressure for interruption and insulation

pressure for interruption and for insulation, referred to the standard atmospheric air conditions
of +20 °C and 101,3 kPa, which may be expressed in relative or absolute terms, at which and
above which rated characteristics of a generator circuit-breaker are maintained and at which a
replenishment of the interrupting and/or insulating fluid becomes necessary
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Note 1 to entry: See also 3.6.5.5 of IEC 62271-1:2007.

Note 2 to entry: For generator circuit-breakers with a sealed pressure system (also termed sealed-for-life), the
minimum functional pressure for interruption is the one at which the rated characteristics of the generator circuit-
breaker are maintained taking into account the pressure drop at the end of the expected operating life.

3.7.144

degree of asymmetry (of a current at any time)

ratio (expressed as a percentage) of the d.c. component to the peak value of the a.c.
component determined from the envelope of the current wave at that time

ote 1 to entry: This value is 100 % when the d.c. component equals the peak value of the a.c. component.

.7.145

enerator-source short-circuit current
short-circuit current when the source of the short-circuit current is entirely from-a\generatg
through no transformation

=

3.7.146

stem-source short-circuit current
ort-circuit current when the source of the short-circuit current is-from the power syster
rough at least one transformation

>

;mg

.7.147

htermediate level of asymmetry

hen in a three-phase system the short-circuit current istinitiated simultaneously in all phase|
nd maximum asymmetry is obtained in one of the phases, the intermediate asymmetry is th
level of asymmetry in the other two phases having an intermediate (reduced) level ¢
symmetry

3
i
W

2]

=0

ote 1 to entry: See Figure 6.

.7.148
arliest possible interruption in a phase with intermediate level of asymmetry after
major loop
the interruption with the shortesttime (z4) from fault current initiation to the first current zerp
ter a major loop in the phasexwith intermediate level of asymmetry, taking into account:

— the minimum relay time\(0,5 cycle of power frequency);
— the minimum openingtime;

— the minimum arcing time;

—_

- and that thé_subsequent current zero crossing of the prospective three-phase currer
occurs indhe phase with maximum level of asymmetry after a major loop

Note 1 to entny: This definition is to be used only for the determination of the test parameters during asymmetrica
short-cireuit breaking tests. (TD2 - System-source fault)

Notes2,to entry: See Figure 7.

3.7.149

earliest possible interruption in a phase with intermediate level of asymmetry after a
minor loop

the interruption with the shortest time (#,) from fault current initiation to the first current zero

after a minor loop in the phase with intermediate level of asymmetry, taking into account:

— the minimum relay time (0,5 cycle of power frequency);
— the minimum opening time;
— the minimum arcing time;

— and that the subsequent current zero crossing of the prospective three-phase current
occurs in the other phase with intermediate level of asymmetry after a major loop
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Note 1 to entry: This definition is to be used only for the determination of the test parameters during asymmetrical
short-circuit breaking tests. (TD2 — System-source fault)

Note 2 to entry: See Figure 8.

3.7.150

minimum arcing time (of a switching device)

shortest interval of time between the instant of the initiation of an arc and the instant of arc
extinction
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U, voltage across the terminals of the first-pole-to-clear a (peak) making current
1 current in the first-pole-to-clear b peak-to-peak value of the a.c. component
U,, U; voltage across the terminals of the two other poles ¢ peak value of the a.c. component
I,, I3 currentin the two other poles d d.c. component
C closing command, e.g. voltage across the terminals of e applied voltage
the closing circuit
O oEe:ing commanld, e.g. voltage across the terminals f recovery voltage
of the onenina release
1 the instant of initiation of the closing operation g transient recovery voltage
2 the instant when the current begins to flow in the main % power frequency recovery voltage
circuit
3 the instant when the current is established in all poles j opening time
4 the instant of energizing the opening release k arcing time
5 the instant when the arcing contacts have separated [ break time
(or instant of initiation of the arc) in all poles
6 the instant of final arc extinction in all poles m make time
7 the instant when the transient voltage phenomena » major loop
have subsided in the last-pole-to-clear
NOTE 1 Indicators i and o are not used. p minor lgop

NOTE 2 The rms value of the a.c. component of the breaking ¢ major extended loop
burrent is ¢/V2.

Figure 1 — Typical oscillogram of a three-phaseyshort-circuit make-break cycle

Notes to the following Figures 2 to 5:

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

—

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

nZ
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Energizing of
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contacts in the first
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Separation of arcing
contacts in all poles IEC

Figure 2 — Generator circuit-breaker without resistors — Opening operation
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! closing circuit i first closing pole contacts in all poles 3
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i
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‘ flow in first pole extinction in i
all poles IEC

Figure 3 — Generator circuit-breaker without resistors — Close-open cycle
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Figure 4 — Generator circuit-breaker with opening resistors — Opening operation
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i 1 in all poles at main !
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Figure 5 — Generator circuit-breaker with opening resistors — Close-open cycle
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Figure 6 — Example of a three-phase asymmetrical current
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Figure 7 — Examples of possible valid interruptions in a phase with intermediate
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Current

0,0

Current

00 N

1)

Current

3.8 Index of definitions

Interruptions at these zeras,would be “valid” interruptions

Figure 8 — Examples of possible valid interruptions in a phase with intermediate
level of asymmetry after a minor loop and a corresponding time 7,

t [ms]

IEC

A
" contact, make contact 3.5.11(1
Air-blast circuit-breaker 3.4.11D
Air circuit-brgaker 3.4.10p
Alternative)operating mechanism 3.5.1213
Amplitude factor 3.7.138
Antispumping device 3.6.111
Applied voltage (for a switching device) 3.7.116
Arcing contact 3.5.107
Arcing time (of a pole) 3.7.127
Arc control device 3.5.114
Auxiliary circuit 3.5.104
Auxiliary contact 3.5.109
Auxiliary switch 3.5.110

B

"b" contact, break contact

3.5.112
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Break contact 3.5.112
Breaking current (of a switching device or a fuse) 3.7.110
Breaking operation 3.6.114
Breaking unit 3.5.118
Break-time 3.7.128
C
Circuit-breaker 3.4.103
(Tass GT generator circuit-breaker 3.4 71113
Glass G2 generator circuit-breaker 34114
(Glass M1 generator circuit-breaker 34111
(Glass M2 generator circuit-breaker 3.4.11p
Glearance 3.7.12p
(learance between open contacts 3.7.12p
Glearance between poles 3.7.123
(Glearance to earth 3.7.124
(Glosed position 3.6.10[7
Glose-open operation (CO) 3.6.11p
Glose-open time 3.7.13R
Glosing operation (C) 3.6.10¢
Glosing time 3.7.12p
Gonnection (bolted or the equivalent) 3.5.11p
CGontact 3.5.10p
Gontrol circuit 3.5.10B
Gontrol contact 3.5.10B
D
Degree of asymmetry (of a currént at any time) 3.7.144
Disruptive discharge 3.1.11p
E
Barliest possible intetruption in a phase
with intermediate feyel of asymmetry after a major loop 3.7.148
Harliest possible-interruption in a phase
with intermediate level of asymmetry after a minor loop 3.7.14p
Hffectively earthed neutral system 3.1.114
Bnclosure 3.5.12p
Bxternal insulation 3.1.109
F
First-pole-to-clear factor (in a three-phase system) 3.7.137
G
Gas-blast circuit-breaker 3.4.108
Generator circuit-breaker 3.4.104
Generator circuit-breaker class G1 3.4.113
Generator circuit-breaker class G2 3.4.114
Generator circuit-breaker class M1 3.4.111

Generator circuit-breaker class M2

3.4.112
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Generator-source short-circuit current 3.7.145
|
Impulse withstand voltage 3.7.141
Insulation level 3.7.139
Interlocking device 3.6.112
Intermediate level of asymmetry 3.7.147
Isolated-phase bus 3.1.118
L
Loop 319017
M
Main circuit 3.5.10p
Main contact 3.5.10p
Make-break operation 3.6.11p
Make-break time 3.7.13B
Make contact 3.5.11(1
Make-time 3.7.130
Making current (of a switching device or a fuse) 3.7.1111
(Peak) Making current 3.7.10B
Making operation 3.6.11B
Making unit 3.5.11B
Maximum prospective peak current (of an a.c. circuit) 3.7.106
Mechanical switching device 3.4.10R
Minimum arcing time (of a switching device) 3.7.150
Minimum close signal duration 3.7.13p
Minimum functional pressure for interruption and insulation 3.7.14p
Minimum functional pressure fof_bperation 3.7.14p
Minimum trip signal duration 3.7.13¢
Module 3.5.11p
Moment of inertia 3.1.108
N
Non-effectively earthed neutral system 3.1.11p
Non-self-réstoring insulation 3.1.1111
Non-sustained disruptive discharge (NSDD) 3.1.113
Normat current 3.7.136
NSBH 31+
(0]
Oil circuit-breaker 3.4.106
Opening operation (O) 3.6.105
Opening time 3.7.126
Open position 3.6.108
Operating cycle 3.6.102
Operating mechanism 3.5.121
Operating sequence 3.6.103
Operation 3.6.101
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Out-of-phase (as prefix to a characteristic quantity) 3.1.105
Out-of-phase conditions 3.1.104
P
Peak arc voltage (of a mechanical switching device) 3.7.121
Peak current 3.7.104
(Peak) making current 3.7.108
Peak withstand current 3.7.115
ole 3.5.10[1
Hosition indicating device 3:511p
Hower factor (of a circuit) 31.10B
Hower frequency recovery voltage 3.7.12pD
Hower frequency withstand voltage 3.7.140
Hower kinematic chain 3.5.12p
Hre-arcing time 3.7.13(1
Hrospective breaking current (for a pole of a circuit-breaker) 3.7.109
Hrospective current (of a circuit and with respect to a switching,d€vice or a fuse) 3.7.10R
Hrospective making current (for a pole of a switching device) 3.7.10f
Hrospective peak current 3.7.108
Hrospective symmetrical current (of an a.c. circuit) 3.7.10p
Hrospective transient recovery voltage (of a circuit) 3.7.11P9
R
Rated value 3.7.10(1
Recovery voltage 3.7.11
Re-ignition (of an a.c. mechanical switgching device) 3.1.116
Release 3.5.11B
Restrike (of an a.c. mechanicalk'switching device) 3.1.11)7
S
Jelf-restoring insulation 3.1.11Pp
Jhort-circuit current 3.1.10R
Yhort-circuit breaking current 3.7.11B
Jhort-circuit. making current 3.7.11p
Jhort-time.withstand current 3.7.114
Yhunt.release 3.6.11P0
Jtoted energy operation 3.6.10p
Switchgear and controlgear 3.T.101
Switching device 3.4.101
System-source short-circuit current 3.7.146
T
Terminal 3.5.117
Transient recovery voltage (TRV) 3.7.118
Trip-free mechanical switching device 3.6.109
TRV 3.7.118
U
(Making or breaking) Unit 3.5.118
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Unit test 3.1.106
\"

Vacuum circuit-breaker 3.4.107

4 Ratings

Clause 4 of IEC 62271-1:2007 is replaced by the following:

—

he ratings and required capabllities of a generator circulit-breaker are the designated Mmits
perating characteristics based on definite conditions and shall include the following itemy
here applicable:

(@)

=

) rated voltage;

) rated insulation level;

rated frequency;

rated normal current;

) rated short-time withstand current;
rated peak withstand current;

) rated duration of short-circuit;

o o ™ o O O T ©
~

) rated supply voltage of closing and opening devices and‘of auxiliary circuits;

rated supply frequency of closing and opening devices*and of auxiliary circuits;

j] rated pressures of compressed gas supply and/or of hydraulic supply for operation
interruption and insulation, as applicable;

k) rated system-source short-circuit breaking-current;
I} rated short-circuit making current;

nm) rated load making and breaking current;

n) rated transient recovery voltage (FRV);

o) rated operating sequence;

p)) rated time quantities.
1

he following characteristics are not mandatory but shall be given on request if assigned.

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

me)

rated generatar-source short-circuit breaking current.

4.1 Rated'voltage U,

[d))]

ubclause’4.1 of IEC 62271-1:2007 is replaced by the following:

Tlhewrated voltage of a generator circuit-breaker is the highest r.m.s. voltage for which th
generator circuit-breaker is designed and is the upper limit for operation.

[

NOTE 1 The rated voltage can also be referred to as rated maximum voltage.

NOTE 2 The rated voltage is equal to the maximum operating voltage of the generator (usually equal to
1,05 times the rated voltage of the generator) to which the generator circuit-breaker is applied.

4.2 Rated insulation level
NOTE The rated insulation level can also be referred to as rated dielectric strength.

Subclause 4.2 of IEC 62271-1:2007 is replaced by the following:
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The rated insulation level of a generator circuit-breaker is its voltage withstand capability
with specified magnitudes and waveshapes.

4.2.101 Dielectric strength

Dielectric strength shall conform to the performance requirements of this standard.
Requirements for the rated dielectric strength of the generator circuit-breakers are given in
Table 1.

Tablet—Rated-instlationtevetsfora—c- etrit-breal

Insulation withstand voltages

(1) (2) (3)

Rated voltage Rated power-frequency Rated lightning impulse

withstand voltage withstand|voltage
U, Uy Uy
kV (r.m.s. value) kV (r.m.s. value) kV (peak value)
U, <72 20 60
7,2<U,<£12 28 75
12<U <15 38 95
15<U, <17,5 50 110
17,5 < U, <27 60 125
27 < U, <38 80 150
These values are applicable for indoor and outdoor generatorTircuit-breakers.

.2.102 Rated power frequency withstand voltage U

he rated power frequency withstand voltage is the voltage that a new generator circui
reaker shall be capable of withstandijng for 1 min (see Column (2) of Table 1 and 6.2.6.1).

.2.103 Rated lightning impulse withstand voltage Up

he rated lightning impulse”withstand voltage is the peak value of a standard 1,2 x 50 uis
pulse voltage wave that a new generator circuit-breaker shall be capable of withstanding
($ee Column (3) of Table 1 and 6.2.6.2).

.3 Rated frequency f,
ubclausei4=3 of IEC 62271-1:2007 is applicable with the following modification:

he standard values for the rated frequency of generator circuit-breakers are 50 Hz anf
0.Hz.

If rated for both 50 Hz and 60 Hz, the nameplate may be marked 50/60 Hz.

Applications at other frequencies require special considerations.

NOTE The rated frequency can also be referred to as rated power frequency.
4.4 Rated normal current I, and temperature rise
4.4.1 Rated normal current I,

Subclause 4.4.1 of IEC 62271-1:2007 is applicable with the following addition.
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Values from the R 10 series are preferred values only. Manufacturers and users are free
to choose any other values.

NOTE The rated normal current can also be referred to as rated continuous current.

4.4.2 Temperature rise

Subclause 4.4.2 of IEC 62271-1:2007 is applicable with the following addition:

shall have a maximum temperature no greater than 50 °C.

.4.3 Particular points of Table 3 of IEC 62271-1:2007

(d)]

ubclause 4.4.3 of IEC 62271-1:2007 is applicable.

4.4.101 Emergency current ratings during loss of cooling

Tlhe operating considerations for generator circuit-breakers require that emergenc
ratings are established to enable the circuit-breaker to remain in 'service following loss @
ormally required cooling systems.

-
— <

—

he following provisions shall be observed:

=

d) It is possible to operate the generator circuit-breaker for limited time periods wit
circuit-breaker parts at a higher total temperature than the limits specified for th
normal current rating;

4%

b) The difference between the emergency témperature limits and the normal operatin
temperatures provide a definite allowable time period during which full load may b
carried before the reduction in load current shall be accomplished;

DO

d) The generator circuit-breaker may{remain in service at a reduced load current, thp
value of which will depend on thel\type of emergency condition prevailing;

—

d) Where the circuit-breaker normal current rating is affected by several independer
systems (e.g., interrupting~-medium, cooling medium, forced air cooling of isolate
phase bus, etc.), the effect of losing each system individually and in combinatiop
should be established;

[®N

€) In addition to a) threugh d), certain generating station designs (e.g., single generato
output connected by two generator circuit-breakers to two unit step-up transformerg
may also require special emergency operating conditions and ratings.

—

~

Hor each emergency condition the following parameters shall be given:

~

4 The time available at rated current before the load shall be reduced;

=

. TheTrate at which the load current shall be reduced in kKA/min;

~
=

L« The emergency current assigned to the generator circuit-breaker for operating unde
Udbil CITICTYCTIIUY bUIIUIiiiUII fUI dll ulliilllitcuI pCIiUUI Uf 1Lilllc.

Figure 9 illustrates typical emergency conditions in which the loss of two cooling systems, that
of the generator circuit-breaker and that of the bus, have been studied separately and
simultaneously.
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Yubclause 4.5 of IEC 62271-1:2007 is applicable.

.. 15, t; are the allowable times without a reduction\n rated continuous current and without exceeding @

Figure 9 — Effect of various.cooling failures and subsequent load

perature

y Io, 13 are the timesyavailable at rated current before the load shall be reduced.
1, Ry, Rz are the tates at which the load current shall be reduced in kA/min.

-
timé in hours
IEC

Key
| is the rated current with all cooling systems in operation
/) is the allowable load current if failure (A) of coolant in circuit-breaker occurs
/s is the allowable load current if failure (B) of isolated phase“bus cooling air occurs
/, is the allowable load current if failure (C) of isolated,bus-and circuit-breaker coolant flow occurs
Ornax is the allowable hottest spot total temperature in.°C
0 is the hottest spot total temperature at rated.¢ontinuous current

max

Tlhe following are the parameters that are required for correct operation under each type ¢
gmergency condition and for which values shall be determined by the manufacturer:

b, 13, 1, are_(the emergency currents assigned to the generator circuit-breaker fg
operating under each emergency condition for an unlimited period of time.

4 6—Ratedpeak-withstand-eurrents
- LAY lp

Subclause 4.6 of IEC 62271-1:2007 is applicable with the following modification:

—

—

A d.c. time constant of 133 ms covers the majority of cases and corresponds to a rated peak
withstand current equal to 2,74 times the rated short-time withstand current.

4.7 Rated duration of short circuit 7,

Subclause 4.7 of IEC 62271-1:2007 is applicable with the following change.

The minimum value of ¢, shall be 1 s.
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4.8 Rated supply voltage of closing and opening devices and of auxiliary
and control circuits U,

4.8.1 General
Subclause 4.8.1 of IEC 62271-1:2007 is applicable with the following addition:

In general the supply voltage is measured at the control power terminals of the operating
mechanism at the peak operating current.

4|.8.2 Rated supply voltage U,
Yubclause 4.8.2 of IEC 62271-1:2007 is not applicable and is replaced by the following:

Hreferred values of supply voltages are given in Table 2.

4.8.3 Tolerances

(d)]

ubclause 4.8.3 of IEC 62271-1:2007 is not applicable and is replaced by’the following:

Hreferred ranges of the supply voltages are given in Table 2.
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Table 2 — Preferred values of supply voltages and their
ranges for closing and opening devices and of auxiliary
and control circuits of generator circuit-breakers

— 49 —

Direct current voltage ranges &P ¢ d. g, h Alternating current voltage ranges 2 b ¢: 9
Closing and Tripping Preferred supply voltage Closing and auxiliary
Preferred o ! .
auxiliary functions functions
supply voltage functions
Ua Ua
\Y \Y \Y \Y \Y
Single-phase
48 © 36 — 56 28 — 56 120 104 — 127'f
110 - 125 90 — 140 70 — 140 240 208 254
220 - 250 180 — 280 140 - 280 Three-phase
208 Y/120 180 Y04 — 220 Y/127
240 208 — 254

Relays, motors, or other auxiliary equipment that function as part of the control for, a@’device shall be subject t
the voltage limits imposed by this standard, whether mounted at the device op“at a’remote location.

Mechanism devices in some applications may be exposed to supply voltageés’ exceeding those specified herg
due to abnormal conditions, such as abrupt changes in line loading. Such_ applications require study, and th¢
manufacturer should be consulted. Also, application of switchgear devices containing solid-state contro
exposed continuously to control voltages approaching the upper limits of ranges specified herein requirg
specific attention, and the manufacturer should be consulted beforevapplication is made.

Includes supply for pump or compressor motors. Note that'rated voltages for motors and their operatin
ranges are covered in the related standards.

It is recommended that the coils of closing, auxiliary{and tripping devices that are connected continually t
one d.c. potential should be connected to the negative control bus so as to minimize electrolytic deterioration.

48 V tripping, closing, and auxiliary functions are~fecommended only when the device is located near thq
battery or where special effort is made to ensdre the adequacy of conductors between battery and contro
terminals.

Includes heater circuits.

Extended voltage ranges apply to alkclosing and auxiliary devices when cold. Mechanisms utilizing standar
auxiliary relays for control functionSymay not comply at lower extremes of voltage ranges when relay coils arg
hot, as after repeated or continuous operation.

DC supply voltage sources,ssuch as those derived from rectified alternating current, may contain sufficien|
inherent ripple to modify(the operation of control devices to the extent that they may not function over thg
entire specified voltage ranges.

b

t

4.8

(d)]

.8,

4 Ripple voltage
ubclause-4.8.4 of IEC 62271-1:2007 is applicable.

5 Voltage drop and supply interruption

Subclause 4.6.0 of [EC ©2271-1:200/ 1s applicable.

4.9

Rated supply frequency of closing and opening devices and auxiliary circuits

Subclause 4.9 of IEC 62271-1:2007 is applicable.

4.10 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 4.10 of IEC 62271-1:2007 is applicable.

4.11 Rated filling levels for insulation, interruption and/or operation

Subclause 4.11 of IEC 62271-1:2007 is applicable.
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4.101 Rated short-circuit current
4.101.1 General

The rated short-circuit current of a generator circuit-breaker is the r.m.s. value of the three-
phase earthed short-circuit current to which all required short-circuit capabilities are related.
Procedures for determining the symmetrical short-circuit current duties that compare with
ratings and related required capabilities are found in Clause 8. It is to be noted that, if the
performance capability of a generator circuit-breaker design has been demonstrated for a
certain generator short-circuit current rating or transformer short-circuit current rating, then
f

Ipwer short-circuit current rating respectively.

.101.2 Rated system-source short-circuit breaking current
.101.2.1 General

he rated system-source short-circuit breaking current is the highest systém-source shor{-
cjrcuit current at contact separation, which the generator circuit-breaker ‘shall be capable gf
reaking under the conditions of use and behaviour prescribed infthis standard. Such p
current is found in a circuit having a power-frequency recovery voltage corresponding to the
rated voltage of the generator circuit-breaker and having a transienttrecovery voltage equal tp
the value specified in 4.105. For three-pole generator circujtcbréakers, the a.c. component
relates to a three-phase earthed short-circuit. The source of\the short-circuit current is from
the power system through at least one transformation.

—

he rated system-source short-circuit breaking current'is characterised by two values:

Q

) the r.m.s. value of its a.c. component Ig;

o

) the d.c. time constant of the rated system-source short-circuit breaking current which
results in a certain degree of asymmetry at contact separation.

bz

OTE 1 If the degree of asymmetry at contact separation does not exceed 20 %, the rated system-source short-
c|rcuit breaking current is characterised only by‘the r.m.s. value of its a.c. component.

OTE 2 The degree of asymmetry is a function of the d.c. time constant of the rated system-source short-circuit
Feaking current (see 4.101.2.3) and ef.the instant of initiation of the system-source short-circuit current.

o Z

=

OTE 3 In case of the rated system-source short-circuit breaking current the degree of asymmetry does n
kceed 100 %.

[©)

—

Hor determination of the a.c. component, the d.c. component and the degree of asymmetry 4
any time following current initiation, see Figures 10 and 11.
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A
BB’ is the envelope of current-wave
BX is the current zero line
CC' is the centre line of the envelope of current-wave
FE' is the instant of contact separation (initiation of the“arc)
tvc is the peak value of making current
l.ccs 18 the peak value of a.c. component of current at instant of contact separation, EE’
f4ccs 18 the d.c. component of current at instant'of contact separation, EE'
Figure 10 — Typical asymmetrical system-source short-circuit current
Taces . . . ,
\/E is the r.m.s. value of the a.c. component of current I, atinstant of contact separation, EE
sy s is the degree’of asymmetry at instant of contact separation, EE',
I ON -0OM 2xON
Asy 2100 % x~9€ =100 % x ————=100 % x| “=—=— -1
accs MN MN
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4.101.2.2 R.M.S. value of the\a.c. component of the rated system-source short-

any other values.
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Figure 11 — Degree of asymmetry as a function of time‘after fault initiation

he generator circuit-breaker shall be capable of breaking-any short-circuit current up to itE
hted system-source short-circuit breaking current contaihing any a.c. component up to th

bted value and, associated with it, any degree of asymmetry corresponding to the d.c. time
pnstant up to that specified, under the conditions mentioned above.

he following applies:

) at voltages below and equal to the rated’voltage, the generator circuit-breaker shall bg
capable of breaking its rated short-circuit breaking current;

) at voltages above the rated voltage, no short-circuit breaking current is guaranteed.

circuit breaking(current I

he standard r.m.s. valuelof the a.c. component of the rated system-source short-circujt
reaking current should(be'selected from the R10 series specified in IEC 60059 [33]4. Value
om the R 10 series, are preferred values only. Manufacturers and users are free to choos

[ORN72)

NOTE The R10'series comprises the numbers 1 - 1,25-1,6 -2 -2,5-3,15-4 -5 - 6,3 — 8 and their products

bl 10",

4.101.2:3 DC time constant of the rated system-source short-circuit breaking
current 7

The-standard-d-e—time-constantis433-ms-

4.101.3 Rated generator-source short-circuit breaking current

4

.101.3.1 General

The rated generator-source short-circuit breaking current is the highest generator-source

S

hort-circuit current at contact separation, which the generator circuit-breaker shall be

capable of breaking under the conditions of use and behaviour prescribed in this standard.
Such a current is found in a circuit having a power-frequency recovery voltage corresponding

4

Numbers in square brackets refer to the Bibliography.
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to the rated voltage of the generator circuit-breaker and having a transient recovery voltag

— B3 —

e

equal to the value specified in 4.105. For three-pole generator circuit-breakers, the a.c.

component relates to a three-phase earthed short-circuit. The source of the short-circu
current is entirely from a generator through no transformations.

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

a) ther.m.s. value of its a.c. component at contact separation Iscgs

b) the degree of asymmetry at contact separation 4sy .

it

I{ the degree of asymmetry exceeds 100 % then this leads to delayed current zero crossings)

OTE
c|rcuit breaking current is characterised only by the r.m.s. value of its a.c. component.

typical generator-source short-circuit current wave form including the a.c. €omponent, th
.c. component and the degree of asymmetry as a function of time after fault initiation i
epicted in Figure 12.

Current
Degree of asymmetry

Time after fault initiation

If the degree of asymmetry at contact separation does not exceed 20 %, the rated generator-sourcé short-

r.m.s, value of the a.c. component
——generator-source short-circuit current
—a—degree of asymmetry

-=-=--d.c. component
— -peak value of the a.c. component

IEC

Figure 12 — Typical asymmetrical generator-source short-circuit
current with a strong decrement of the a.c. component

Hor. determination of the a.c. component and the degree of asymmetry at any time followin

@ D

current initiation, see Annex E.

The following applies:

a) at voltages below and equal to the rated voltage, the generator circuit-breaker shall b
capable of breaking its rated generator-source short-circuit breaking current;

b) at voltages above the rated voltage, no short-circuit breaking current is guaranteed.

e

It should be noted that the a.c. component of this short-circuit current can decay rapidly,
depending on the subtransient and transient time constants of the generator while the d.c.
component decays with the armature time constant. The a.c. component and the degree of

asymmetry of the generator-source short-circuit current can vary depending if the generator i
unloaded or delivering power prior to fault.

S
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The capability of a generator circuit-breaker to interrupt short-circuit currents with delayed
current zero crossings occurring in actual service conditions, may be difficult to demonstrate
in high power testing stations. Therefore the capability of a generator circuit-breaker to
interrupt a short-circuit current with delayed current zero crossings shall be ascertained by
calculations (see 8.103.6.3.6.4) taking into account results derived from test-duties in
6.105.12.

4.101.3.2 R.M.S. value of the a.c. component of the rated generator-source short-
circuit breaking current /.4

his standard does not give preferred values for the a.c. component of the generator-source
short-circuit breaking current because its maximum value is usually less than the ‘a.¢.
mponent of the short-circuit breaking current from the power system. If a rating is dssigne
y the manufacturer, then the generator circuit-breaker shall be tested for the) ‘relate
pabilities (see 6.105).

[oNgoN

.101.3.3 Degree of asymmetry of the rated generator-source short-circuit breaking
current

[

or a generator circuit-breaker of class G1 the degree of asymmetry is 110 % with th
ssigned a.c. component of the rated generator-source short-circuit breaking current an
1130 % with a current having an a.c. component equal to 74 % of‘\the assigned a.c. componer
the rated generator-source short-circuit breaking current\irrespectively of the time tha
ntact separation occurs (see Annex H).

—. —~

or generator circuit-breaker of class G2 the degree of asymmetry is 130 % with the assigned
.c. component of the rated generator-source shoft<circuit breaking current irrespectively ¢
the time that contact separation occurs (see Annex.H).

—h

.101.4 Rated single-phase-to-earth fault breaking current

o specific rating is assigned to cover the single-phase-to-earth fault breaking currer
ecause generator circuit-breakers are designed for use on systems earthed through a high
pedance where the single-phaséxto-earth fault current will not exceed 50 A. In no case ar|
the capabilities for single-phase-to-earth faults required to exceed this value. Generatg
cjrcuit-breakers can easily break this current.

= D 1 —~+

.102 Rated peak short-circuit making current I'yyc

he rated short-ciredit making current (see Figure 10) of a generator circuit-breaker having
simultaneity of poles is based on a d.c. time constant of 133 ms. This is 2,74 times the r.m.g.
lue of the a.c.~.eomponent of its rated system-source short-circuit breaking current.

a generator-source short-circuit current rating is assigned and its making current is highe
than the-value above, then the rated making current shall be assigned by the manufacturer.

=

his*value is applicable both for 50 Hz and 60 Hz

NOTE The short-circuit making current can also be referred to as closing current.
4.103 Rated load making and breaking current

The rated load making and breaking current is the highest load current which the generator
circuit-breaker shall be capable of making and breaking under the conditions of use and
behaviour prescribed in this standard. Such a current is found in a circuit having a power-
frequency recovery voltage corresponding to the rated voltage of the circuit-breaker and
having a transient recovery voltage equal to the value specified in 4.105.

The capability of the generator circuit-breaker to interrupt the load current shall be
demonstrated by tests according to 6.104.
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4.104 Rated out-of-phase making and breaking current

The rated out-of-phase making and breaking current is the highest out-of-phase current which
the generator circuit-breaker shall be capable of making and breaking under the conditions of
use and behaviour prescribed in this standard. Such a current is found in a circuit having a
power-frequency recovery voltage corresponding to the rated voltage of the circuit-breaker
and having a transient recovery voltage equal to the value specified in 4.105.

The r.m.s. value of the assigned out-of-phase current switching rating 74 shall be 50 % of the

OTE The out-of-phase making and breaking current can also be referred to as out-of-phase switching current.

4.105 Rated transient recovery voltage (TRV) related to the breaking currents
.105.1 Representation of TRV waves

he waveform of transient recovery voltages approximates a damped\ single frequenc
dscillation. Two straight lines adequately represent the upper and lower, bounds of the risin
plart of the TRV waveform. The upper line begins at the origin, rises up/and to the right and i
tangent to the TRV curve, with a slope equal to the TRV rate of rise-’The lower line has th
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the time when the TRV waveform actually reaches)its peak. Methods of drawing TR
envelopes are given in 8.103.7.3.

—_

Tlhe influence of local capacitance produces a'slower rate of rise of the voltage during the firg
féew microseconds of the TRV. This is taken into account by introducing the time delay.

Tlhe two parameters used for the representation of TRV are u, and ¢3.

u), is the reference voltage (the TRV peak value), and is calculated as follows

U2
N

bl

c kap Xkan

Where
kbo is the first-pole-to-clear factor with a value of 1,5 (see 8.103.7.4) and
ks is théamplitude factor with a value of 1,5 (see 8.103.7.5)

~

is-the time to the intersection point of the upper line and the horizontal reference
line. The method for determining the value for the time ¢; for a given TRV waveform i
described in 8.103.7.3.

[

The preferred value of «' is chosen to be u/3 and ¢ is chosen to be ¢4 + 13/3.

The ratio of u/t5 is called the “Rate-of-Rise-of-Recovery-Voltage” [RRRV].
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Figure 13 — 2-parameter representation of prospective TRV waveform for
interrupting three-phase symmetrical faults

£

.105.2 Rated values of TRV

[enli— HONN?))

; is expressed in kV (r.m.s. value).

—

he values for the TRV parameters 75 and%i{ given in Tables 3 through 6 are expressed i
icroseconds and kV (peak value) respectively, and are calculated as functions of U,, whic
i$ expressed in units of kV (r.m.s. value).

he ratings given in Table 3 and\Table 4 are determined for the first-pole-to-clear and fg

symmetrical current interruption(in case of three-phase earthed faults. If the generator circui
reaker requires that the prespective TRV be modified by the addition of capacitors, then th
mount of equivalent capacitance required shall be given in the test report and on th
ameplate.

Table 3 — TRV parameters for system-source faults

tandard values for TRV parameters are listed in Table 3,"able 4, Table 5, and Table 6. The
quation and method for determining the time ¢; are' given in 8.103.7.3 and Figure 13.
able 3, Table 4, Table 5, and Table 6 provide the values of the prospective TRV parameterg.

jm e

M D

Prospective TRV
Transformer rating
Time 7, TRV peak value u_ RRRV
MVA us kV kV/us
10 — 50 0,58 U, 1,84 U, 3,2
51 -100 0,53 U, 1,84 U, 3,5
101 — 200 0,46 U, 1,84 U, 4,0
201 - 400 0,41 U, 1,84 U, 4,5
401 - 600 0,37 U, 1,84 U, 5,0
601 -1 000 0,34 U, 1,84 U, 5,5
1 001 or more 0,31 U, 1,84 U, 6,0
The time delay ¢, shall be equal to 1 ps.

—
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Table 4 — TRV parameters for generator-source faults

Prospective TRV
Generator rating

Time 7, TRV peak value u_ RRRV
MVA us kV kV/us

10 — 50 1,23 U, 1,84 U, 1,5

51 -100 1,15 U, 1,84 U, 1,6

101 - 400 1,02 U, 1,84 U, 1,8

401 - 800 0,92 U, 1,84 U, 2,0

801 or more 0,84 U, 1,84 U, 2,2

[The time delay ¢, shall be equal to 0,5 ps.

Table 5 — TRV parameters for load current switching

Prospective TRV
Generator rating

Time ¢, TRV peak value u RRRV
MVA us kV kV/us

10 — 50 1,03 U, 0,92 &, 0,9

51 -100 0,92 U, 0,92 U, 1,0

101 — 400 0,77 U, 0,92 U, 1,2

401- 800 0,66 U, 0,92 U, 1,4

801 or more 0,58 U, 0,92 U, 1,6

The time delay ¢, shall be equal tocl jrs.

Table 6 — TRV parameters for out-of-phase current switching

Prospective TRV
Generator rating

Time 7, TRV peak value u_ RRRV
MVA us kV kV/us

10 - 50 0,87 U, 2,6 U, 3,0

51 -100 0,79 U, 2,6 U, 3,3

101 — 400 0,64 U, 2,6 U, 4,1

401 - 800 0,56 U, 2,6 U, 4,7

801 or more 050 U 26 U 52

The time delay ¢, shall be equal to 1 ps.

4106 Standard operating sequence
4.106.1 General

The standard operating sequence of a generator circuit-breaker shall be CO — 30 min — CO
(without any intentional delay between C and O).
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4.106.2 Rated short-circuit current operating sequence

The rated short-circuit current operating sequence of a generator circuit-breaker shall be the
standard operating sequence.

NOTE The rated short-circuit current operating sequence can also be referred to as rated short-circuit duty cycle.

4.106.3 Rated load current operating sequence

The rated load current operating sequence of a generator circuit-breaker shall be the standard

.106.4 Rated out-of-phase current operating sequence

he rated out-of-phase current operating sequence of a generator circuit-breaker-shall be th
sfandard operating sequence unless the manufacturer assigns shorter time intervals betwee
perations.

=

.107 Rated time quantities

.107.1  General

wul

efer to Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5,

Rated values shall be assigned to the following time quantities:

- opening time (no-load);

- break-time;

- closing time (no-load);

— close-open time (no-load).
Rated time quantities are based on
- rated supply voltages of closing and opening devices and of auxiliary and control circuits
(see 4.8);

— rated supply frequengey-of closing and opening devices and of auxiliary circuits (see 4.9);

- rated pressures of compressed gas supply for operation, for insulation and/or interruptiorn
as applicable (see4.10 and 4.11);

- rated pressure of hydraulic supply for operation;

- an ambiehtiair temperature of 20 °C + 5 °C.

NOTE Usually, it is not necessary to assign a rated value of make-time since it is approximately the same as the
closing-time.

p ‘addition the minimum opening time shall be stated by the manufacturer.

4.107.2 Rated break-time

The rated break-time of a generator circuit-breaker is the maximum interval between the
energizing of the trip circuit and the interruption of the current in all poles in the main circuit
during test-duty 1 of Tables 16 or 17 (see 6.103.12) under the following conditions:

— rated auxiliary supply voltage and frequency;

— rated pressures for operation, insulation and interruption;

— an ambient air temperature of (20 £ 5) °C.
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According to 6.102.3.1, the breaking tests, shall be carried out at the minimum auxiliary
supply voltage, at the minimum pressure for operation and at the minimum pressure for

nterruption. In order to verify the rated break-time during these test-duties, the maximum

break-time should be amended to take account of the lower auxiliary supply voltage and
pressures as follows:

th max = 11 + T x 132°/360° — (¢, — t3)
where
tmax 15 the maximurm determined break-tme,
t is the minimum recorded break-time for symmetrical system-source short-circujt
breaking tests;
1 is one period of the power frequency (20 ms for 50 Hz, 16,7 ms for 60 Hz);

2

(2

NOTE 1 The rated break-time can also be referred to as rated interrupting time.

NOTE 2 Typical values are approximately 60 ms to 90 ms with the actual/time being dependent on the ratgd

NOTE 3 The rated break-time can slightly differ from the maximum de&termined break-time as the minimum breg
time can additionally be slightly influenced by the pressure for operation and the pressure for interruption. In ordg
tg show this influence, the test to show the minimum break time can be repeated at rated auxiliary supply voltagé,
rated pressure for operation and rated pressure for interruption.

o Z

three-phase case.

NOTE 5 For generator circuit-breakers equipped" with resistors, the time until final extinction of the resist
chirrent will be longer.

4.107.3 Rated minimum opening\time
Tlhe rated minimum opening time of a generator circuit-breaker is the shortest possible

cpntacts have separated in‘all poles.

bz

4108 Mechanical operation endurance capability classes M1 and M2

A generator circuit-breaker shall be able to perform the following number of operations taking

is the maximum recorded opening time on no-load, with auxiliary .supply voltagg
pressure for operation and pressure for interruption as used during"test-duties ip
6.103;

is the rated opening time.

stem-source short-circuit breaking current.

= X

o

OTE 4 For single-phase tests simulating a three-phase operation, the recorded break-time can exceed the rate
feak-time by 30 electrical degrees because in these ¢ases the current zeros occur less frequently than in th

[]

=

mterval between the instanf.of energizing the opening release and the instant when the arcin

©

OTE Typically the minimum opening time will occur when the opening release is energized at upper limit of the
ipply voltage and jf-applicable at maximum functional pressure for operation.

mto account the programme of maintenance specified by the manufacturer:

Bitaondard agnarator cironit hroalkaor (normal maochanical ondiiranca) 1000 onerating
9 \ 7 Lid J

cycles

class M1

Generator circuit-breaker for special service requirements (extended mechanical endurance) |3 000 operating

cycles
class M2

5 Design and construction

5.1 Requirements for liquids in generator circuit-breakers

Subclause 5.1 of IEC 62271-1:2007 is applicable.
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.2 Requirements for gases in generator circuit-breakers

Subclause 5.2 of IEC 62271-1:2007 is applicable.

5

.3 Earthing of generator circuit-breakers

Subclause 5.3 of IEC 62271-1:2007 is applicable with the following modification.

For non-enclosed or three-phase enclosed generator circuit-breakers subclause 5.3 of

|Ef‘ 82271.1-2007 is annlicahle
A= —S—apPHEaB+8-

=

o0

(0)]

Q

or single-phase enclosed generator circuit-breakers earthing connection is made b
pnnecting the enclosure of the generator circuit-breaker to the earthed enclosure lof th
usbar.

.4  Auxiliary and control equipment
ubclause 5.4 of IEC 62271-1:2007 is applicable with the following additions:

) where shunt opening and closing releases are used, appropriate‘measures shall be take
in order to avoid damage to the releases when a continuous” or sustained closing d
opening command signal is applied. For example, those measires may include the use ¢
series control contacts arranged so that:

— when the generator circuit-breaker is closed, thé{close release control contact ("b
contact or break contact) is open and the open‘release control contact ("a" contact g
make contact) is closed, and

— when the generator circuit-breaker is open,) the open release control contact (“a”) i
open and the close release control contact (“b”) is closed;

NOTE Systems other than contacts are possible and can be used.

) for shunt closing releases the protective measures for the shunt closing releases a
mentioned in the first indent abeve shall operate no sooner than the minimum clos

If the current of the shunt cloSing release is interrupted by the control contact, the closin
command shall be positively:tonger than the rated closing time.

for shunt opening reledses the protecting measures for the shunt opening releases g
mentioned in indent{ a) above shall operate no sooner than the minimum trip duratio
(3.7.134) required by the circuit-breaker and no later than 20 ms after separation of th
main contacts;

) for short close-open time requirements the protective measures for the shunt releases a
mentioned\itr indent a) above shall operate no sooner than when main contacts close an
no later than one half-cycle after main contacts close;

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

D <

duration (3.7.135) provided by:the circuit-breaker and no later than the rated closing time.

=S

—

[2]

D 0

35 O

[ONN /]

connections shall withstand the stresses imposed by the generator circuit-breakef

g

h

especially those due to mechanical forces during operations;

) in the case of outdoor generator circuit-breakers, all auxiliary equipment including th
wiring shall be adequately protected against rain and humidity;

e

) where special items of control equipment are used, they shall operate within the limits

specified for supply voltages of auxiliary and control circuits, interrupting and/or insulatin

g

and operating media, and be able to switch the loads which are stated by the generator

circuit-breaker manufacturer;

valves, filling and draining equipment, heating and interlock contacts shall operate withi
the limits specified for supply voltages of auxiliary and control circuits and/or within th
limits of use of interrupting and/or insulating and operating media;

special items of auxiliary equipment such as liquid indicators, pressure indicators, relief

n
e
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j) the power consumption of heaters at rated voltage shall be within the tolerance of £+ 10 %
of the value specified by the manufacturer;

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

5.5 Dependent power operation

Subclause 5.5 of IEC 62271-1:2007 is not applicable for generator circuit-breakers.

5r6——Stored-energy operation
Yubclause 5.6 of IEC 62271-1:2007 is applicable.

5.7 Independent manual or power operation (independent unlatched operation)

Yubclause 5.7 of IEC 62271-1:2007 is not applicable for generator circuit-breakers.

5.8 Operation of releases

(3, ]

.8.1 Shunt closing release

(0)]

ubclause 5.8.1 of IEC 62271-1:2007 is applicable.

5.8.2 Shunt opening release

(0)]

ubclause 5.8.2 of IEC 62271-1:2007 is applicable withothe following addition.

—

he operating mechanism shall be trip-free as<defined in 3.6.109 of this document. That is,
henever an opening command is given it shall\have priority over a closing command.

=

5.8.3 Capacitor operation of shunt releases

n

ubclause 5.8.3 of IEC 62271-1:200Q7;is applicable.

5.8.4 Under-voltage release

N

ubclause 5.8.4 of IEC 62271-1:2007 is not applicable.

5.8.101 Multiple releases

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

)

5.8.102 Operation limits of releases

The minimum supply voltage for operation of shunt releases shall not be less than 20 % of the
rated supply voltage.

5.8.103 Power consumption of releases

The power consumption of shunt closing or opening releases of a three-pole generator circuit-
breaker should not exceed 1 200 VA. For certain generator circuit-breaker designs higher
values may be required.
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5.9 Low- and high-pressure interlocking devices

Subclause 5.9 of IEC 62271-1:2007 is replaced by the following:

All generator circuit-breakers having an energy storage in gas receivers or hydraulic
accumulators (see 5.6.1 of IEC 62271-1:2007) and all generator circuit-breakers except
sealed pressure devices, using compressed gas for interruption (see 5.103) shall be fitted
with a low-pressure or low-density interlocking device, and can also be fitted with a high-
pressure or high-density interlocking device, set to operate at, or within, the appropriate limits
of pressure or density stated by the manufacturer

.10 Nameplates

ubclause 5.10 of IEC 62271-1:2007 is applicable with the following modifications: thﬁ
ameplates of a generator circuit-breaker and its operating devices shall beymarked i
ccordance with Table 7 below.

Tlhe nameplate shall be visible when the generator circuit-breaker is in the position of normal
service and installation.
(oils of operating devices and releases shall be marked with thevmanufacturer’'s name anf
plart number.
Table 7 — Nameplate information
Information to be Abbreviation Unit Generator Operating Condition:
listed on nameplates circuit- device Marking
breaker only
required if
1 (2) (3) (4) () (6)
Manufacturer X X
Type designation and serial
X X

humber

Rated voltage Y, kV X

Rated lightning impulse

withstand voltage Up kv X

Rated frequency 1, Hz X

external

Rated normal current 1 A Y forcgd .

r cooling is not
required
external

Rated nermal current with forced
b I A Y ST
external forced cooling r, efc cooling is
required
Rated short-time withstand
current Tk A ”
Rated duration of short-circuit t s X
Rated short-circuit peak
making current yve kA X
R.M.S. value of the a.c.
component of the rated
system-source short-circuit Isc kA X
breaking current
Degree of asymmetry at
contact separation of the o
Yo X
rated system-source short-
circuit breaking current
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Information to be Abbreviation Unit Generator Operating Condition:
listed on nameplates circuit- device Marking
breaker only
required if
1 (2) (3) (4) () (6)
R.M.S. value of the a.c.
component of the rated out- Iy kA (X)
of-phase breaking current
Rated filling pressure for 12
peration at 20 °C Prm MPa [psi] )
Kind and mass? of fluid for kg v sealed tank
nsulation and/or interruption [weight 1b]3 contains fluid
Rated filling pressure for
nsulation and/or interruption Pre MPa [psi] 3 (X)
at 20 °C
Rated voltage of closing v (X)
devices
Rated voltage of opening Vv (%)
devices
Rated frequency of closing Hz (X)
devices
Rated frequency of opening Hz (X)
devices
Rated current of closing A (X)
devices
Rated current of opening A (X)
devices
R_ateq voltage of auxiliary U N, (X)
circuits a
Rated frequency of auxiliary Hz (X)
circuits
Rated current of auxiliar
circuits Y A X)
Mass? (including fluids) M kg X X
[weight Ib]®
Standard operating sequence
Rated break-time ms
equipped
. with
Capacitance value‘per phase nF Y capacitor at
At the generator.side thepgenerator
side
equipped
with
Capacitance value per phase nF Y capacitor at
+the-transfermersid th
transformer
side
equipped
Resistance value per phase :\g;?s?freir:ng
in parallel to the interrupting Q Y parallel to the
chamber interrupting
chamber
Year of manufacture
Instruction book number
Relevant standard with date X X
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Key

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

(X) = if arating is assigned the marking of these values is mandatory.

Y = the marking of these values is mandatory if the conditions in column (6) are met.

NOTE 1 The abbreviation in column (2) can be used instead of the terms in column (1). When terms in column
(1) are used, the word “rated” need not appear.

NOTE 2 In column (3) in addition to the preferred Sl units listed:

maccaemav-aleo-bo-aivaen-aswaiahte Iwaiaht 1hl
J 9 9 L 9 J

and

- pressures may also be given as pounds per square inch [psi]

NOTE 3 When alternative units are given, the alternative amount and the unit are given [in brackets]-<in column|
3).

For example, a mass of 200 kg can be listed as “200 kg” or as “200 kg [weight 440 Ib]".

A pressure of 1,0 MPa can be listed as “1,0 MPa” or as “1,0 MPa [145 psi].

il

o Q

n n N T

n

.10.101 Accessories
ameplates of all accessories shall include the following:

) identification;

) pertinent operating characteristics.
.10.102 Modification of generator circuit-breakers

evised nameplates shall be furnished when modification is involved. IEEE Std C37.59™-
007 provides guidance regarding nameplates for modified generator circuit-breakers.

.11 Interlocking devices

ubclause 5.11 of IEC 62271-112007 is applicable.

.12 Position indication

ubclause 5.12 of IE€ 62271-1:2007 is applicable.

.13 Degrees 'of protection provided by enclosures

ubclause5:13 of IEC 62271-1:2007 is replaced by the following:

Degréees of protection provided by enclosures of generator circuit-breakers:
H 4 Ll H + + £ il £ b LD ~H AY H Al ~H 4
v GHGIIIOL (JIIUVVIIIH IJUIIUI.ICI[IUII LLAYARAI UULloiueT LAV A are \II UUUIIIH/ GDOIHIIUU G\JUUIUIIIH 19
IEC 60529,
and

S
C
a

against external mechanical impacts for the (IK coding) assigned according to IEC 62262,

hall be specified for all enclosures containing parts of the main circuit of the generator
ircuit-breaker, as well as for enclosures containing appropriate low-voltage control and/or
uxiliary circuits and for enclosures containing mechanical operating mechanisms.

The degrees of protection apply to the service conditions of the generator circuit-breaker.

N

OTE The degrees of protection can be different for other conditions such as maintenance, testing, etc.
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5.13.1 Protection of persons against access to hazardous parts and protection of the
equipment against ingress of solid foreign objects (IP coding)

Subclause 5.13.1 of IEC 62271-1:2007 is applicable.

5.13.2 Protection against ingress of water (IP coding)

Subclause 5.13.2 of IEC 62271-1:2007 is applicable.

conditions (IK coding)

o

ubclause 5.13.13 of IEC 62271-1:2007 is applicable.

5.14 Creepage distances for outdoor insulators

(0)]

ubclause 5.14 of IEC 62271-1:2007 is applicable.

5.15 Gas and vacuum tightness

(0)]

ubclause 5.15 of IEC 62271-1:2007 is applicable.

5.16 Liquid tightness

(0)]

ubclause 5.16 of IEC 62271-1:2007 is applicable.

5.17 Fire hazard (flammability)

o

ubclause 5.17 of IEC 62271-1:2007 is applicable.

518 Electromagnetic compatibility (EMC)

o

ubclause 5.18 of IEC 62271-1:2007;is applicable.

5.19 X-ray emission

o

ubclause 5.19 of IEC 62274-1:2007 is applicable

5.20 Corrosion

(0)]

ubclause 5.20(f1EC 62271-1:2007 is applicable.

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

than one interrupter unit connected in series, the maximum difference between the instants of
contacts touching within these series connected interrupter units shall not exceed a sixth of a
cycle of rated frequency.

When no special requirement with respect to simultaneous operation of poles is stated, the
maximum difference between the instants of contacts separation during opening shall not
exceed a sixth of a cycle of rated frequency. If one pole consists of more than one interrupter
unit connected in series, the maximum difference between the instants of contact separation
within these series connected interrupter units shall not exceed an eighth of a cycle of rated
frequency.
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5.102 General requirement for operation

A generator circuit-breaker, including its operating devices, shall be capable of completing its
rated short-circuit operating sequence (4.106.2) in accordance with the relevant provisions of
5.6 to 5.9 and 5.103 for the applicable range(s) of ambient temperatures as defined in
Clause 2 of IEC 62271-1:2007.

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.

enerator circuit-breakers provided with heaters shall be designed to permit an openin};
peration at the assigned minimum ambient temperature when the heaters are not operational
for a minimum time of 2 h.

.103  Pressure limits of fluids for operation

he manufacturer shall state the maximum and minimum pressures of the.fluid for operatio

which the generator circuit-breaker is capable of performing according ‘to its ratings and 2
which the appropriate low- and high-pressure interlocking devices shall be set (see 5.9). Th
manufacturer shall state the minimum functional pressure for operation and interruption (se
3.7.142 and 3.7.143).

— =

D

—

he manufacturer may specify pressure limits at which~the generator circuit-breaker i
apable of each of the following performances:

Q
[

QD

) breaking its rated short-circuit breaking current, i.e(_an "O" operation;

o

) making its rated short-circuit making current{mmediately followed by breaking its rated
short-circuit breaking current, i.e. a "CO" opérating cycle.

—

Tlhe generator circuit-breakers shall be provided with energy storage of sufficient capacity fd
sptisfactory performance of the appropfiate operations at the corresponding minimum
pressures stated.

5.104 Vent outlets

ent outlets are devices which allow a deliberate release of pressure in a generator circui
bireaker during operation,

OTE These are normally associated with air, air-blast and oil generator circuit-breakers.

ent outlets of generator circuit-breakers shall be situated such that a discharge of oil or ga
or both will net:-cause electrical breakdown and is directed away from any location wher|
persons are ‘likely to be present. The necessary safety distance shall be stated by th
anufacturer.

T O »

5.105 Warning labels

Markings and warning labels shall be provided to identify possible dangerous conditions
related to the generator circuit-breaker and its operating devices and to call special attention
to the appropriate precautions.

5.106 Instructions

Instructions essential for maintenance and the safe operation of the generator circuit-breaker
shall be provided.
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6 Type tests
Clause 6 of IEC 62271-1:2007 is applicable with the following additions:

Type tests are made to determine the adequacy of the design of a particular type, style, or
model generator circuit-breaker to meet its assigned ratings and to operate satisfactorily
under the specified service conditions. Type tests are made only on representative generator
circuit-breakers of basically the same design, i.e., the same interrupters operating at the
same contact speeds, and having at least the same dielectric strength. These tests are not

tests may also be used to evaluate modifications of a previous design and to assurenthgt
erformance has not been adversely affected. Test data from previous similar designs-may be
sed for current designs, where appropriate.

he type tests for generator circuit-breakers are listed in Table 8. The number,of-test sample
i$ given in 6.1.1 and in 6.102.2. For the type tests, the tolerances on test quantities are give
im Annex A. The individual type tests shall, in principle, be performed on, a.generator circui

reaker in a new and clean condition. In case of generator circuit-breakers using SFg fa
imsulation, interruption and/or operation, the quality of the gas shall-at least comply with th
cceptance levels of IEC 60480:2004.

D = 1 DO N

—

he responsibility of the manufacturer is limited to the declarédwrated values and not to thosge
alues achieved during the type tests.

<

he uncertainty of each measurement by oscillograph™or equivalent equipment (for exampIE
ansient recorder), including associated equipmeft, of the quantities which determine th
htings (for example short-circuit current, applied-voltage and recovery voltage) shall be withi
5 %.

[E i B~
=}
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Table 8 — Type tests

Mandatory type tests Subclauses
Dielectric tests 6.2
Measurement of the resistance of the main circuit 6.4
Temperature-rise tests 6.5
Short-time withstand current and peak withstand current tests 6.6
Additional tests on auxiliary and control circuits 6.10
Mechanical operation test at ambient temperature 6.101.2.1 to
6.101.2.3

Bound pressure level tests 6.101.4
Bystem-source short-circuit current making and breaking tests 6.103

L oad current switching tests 6104

Type tests dependent upon Condition requiring type test Subclauses
application, rating or design
erification of the degree of protection Assigned IP coding 6.7.1
Assigned IK coding 6.7.2

[ightness test Controlled, sealed or closed/préssure systems | 6.8

EMC tests Electronic equipment or,components are 6.9

included in the secondarysystem

Fxtended mechanical endurance tests on Assigned class M2 6.101.2.4
enerator circuit-breakers for special service

onditions

Low and high temperature tests In accordance’with 6.101.3.1 6.101.3
Senerator-source short-circuit current making | Assigned‘generator-source short-circuit 6.105

nd breaking tests current

Dut-of-phase making and breaking tests Assigned out-of-phase current 6.106

Mandatory type tests, shown in the upper part-of the table, are required for all generator circuit-breakers. Other
ype tests, shown in the lower part of the table, are required for all generator circuit-breakers where the
ssociated rating is specified.

.1 General

6
6.1.1 Grouping of\tests

o

ubclause 6.1.1 of TEC 62271-1:2007 is applicable.

6.1.2 Information for identification of specimens

o

ubclause 6.1.2 of IEC 62271-1:2007 is applicable.

6-13—informationtobe-inctuded-intype=testreports
Subclause 6.1.3 of IEC 62271-1:2007 is applicable with the following addition:

Further details relating to records and reports of type tests for making, breaking and short-
time current performance are given in Annex B.

6.2 Dielectric tests
6.2.1 Ambient air conditions during tests

Subclause 6.2.1 of IEC 62271-1:2007 is applicable.


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

IEC/IEEE 62271-37-013:2015 - 69 -
© IEC/IEEE 2015

6.2.2 Wet test procedure
Subclause 6.2.2 of IEC 62271-1:2007 is applicable.

6.2.3 Condition of the generator circuit-breaker during dielectric tests

Subclause 6.2.3 of IEC 62271-1:2007 is applicable with the following addition:

Additional power-frequency voltage tests shall be performed with the insulating gas at

imes the following voltages:

Q

) the phase opposition voltage across the open contacts;
b)) the phase-to-earth voltage between the conductor and earth;

c) the phase-to-phase voltage between phases, if applicable.

In case vacuum interrupters are used in enclosures filled with an insulating gas the additiona
plower-frequency voltage tests are performed with the insulating gas at atmospheric pressure

In case vacuum interrupters are not used in enclosures filled, 4vith an insulating gas th
additional power-frequency voltage tests are not required.

[0

=

Il may be difficult to carry out the dielectric tests on generator circuit-breakers equipped wit
resistors or capacitors. In such cases, they may be disconnécted or removed.

resistors or capacitors have been disconnected.or removed during dielectric tests thesg
omponents shall be tested separately in accordance to the values of Table 1.

1 the generator circuit-breaker is equipped ‘with additional components (e.g. surge arresters
vpltage transformers, etc.), then those components have to be disconnected or removed prid
o the dielectric test.

—

.2.4 Criteria to pass the test
ubclause 6.2.4 of IEC 62271=1:2007 is applicable with the following addition:

I disruptive discharges occur and evidence cannot be given during testing that the disruptiv
discharges were on_self-restoring insulation, the generator circuit-breaker shall be dismantle
and inspected affer*the completion of the dielectric test series. If damage (for exampl
tfacking, punctire, etc.) to non-self-restoring insulation is observed, the generator circui
breaker has failed the test.

i O O (D

If the atmoespheric correction factor K, is less than 1,00 but greater than 0,95, it is permissible
¢ test without applying the correction factor. Then, if one or two disruptive discharges out gf
15dmpulses occur involving the external insulation, the particular test series showing
fl 7&" S tS J o "' 1€ tate oC ecHor acCtC “7 v Te—1TTO1=S€ .-
restoring insulation is permitted.

6.2.5 Application of test voltage and test conditions

Subclause 6.2.5 of IEC 62271-1:2007 is applicable.

6.2.6 Tests of generator circuit-breakers of U, < 245 kV

The test voltages specified in Table 1 apply.
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6.2.6.1 Power-frequency withstand voltage tests

Subclause 6.2.6.1 of IEC 62271-1:2007 is applicable with the following addition.

Wet tests are required only for outdoor generator circuit-breakers having insulation exposed

to outdoor conditions.

6.2.6.2 Lightning impulse voltage test

Q belayse-6-26-2 Qf |E(\ 6822714.1-2007 is annlicahlg
A\ O O O =T T ™= T T Aol ol A T O

o]

.2.7  Tests of generator circuit-breakers of U, > 245 kV

—

hese are not applicable for generator circuit-breakers.

6.2.8 Artificial pollution tests for outdoor insulators

N

ubclause 6.2.8 of IEC 62271-1:2007 is applicable.

6.2.9 Partial discharge tests

N

ubclause 6.2.9 of IEC 62271-1:2007 is applicable with the following addition:

Hartial discharge tests are not normally required to be pefformed on the complete generatd
cjrcuit-breaker. However, in the case of generator circuit-breakers using components fg
which a relevant IEC standard exists, including partial discharge measurements (for examplg
blushings, see IEC 60137), evidence shall be ptoduced by the manufacturer showing tha3
those components have passed the partial discharge tests as laid down in the relevan
IEC standard.

6.2.10 Dielectric tests on auxiliary and control circuits

N

ubclause 6.2.10 of IEC 62271-1:2007 is applicable.

6.2.11 Voltage test as a condition check

N

ubclause 6.2.11 of IEC62271-1:2007 is not applicable; the tests specified there ar
bplaced with the following:

—

After mechanicallor environmental tests (see 6.101.1.4), if the insulating properties of
enerator circuit-breaker across open contacts, to earth or between adjacent poles cannot b
verified by visual inspection with sufficient reliability, a power-frequency withstand voltage teq
dry condition according to 6.2.11 of IEC 62271-1:2007 shall be applied as a conditio
check. The'test voltage shall be 80 % of the value in column (2) of Table 1.

= S

— —~

(9]

=5 —~ D D

ftet/making, breaking or switching tests a 1 min power-frequency withstand voltage test sha
beperformed as a condition check across the open contacts. ere are any other dielectr
gaps subject to the arcing medium (e.g. operating rod), they shall be evaluated either by thi

Cc
S

test or if that is not practical, then by a separate test. The test voltage shall be 80 % of the

value in column (2) of Table 1.

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

Subclause 6.3 of IEC 62271-1:2007 is not applicable.
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6.4
6.4

Measurement of the resistance of circuits

A Main circuit

Subclause 6.4.1 of IEC 62271-1:2007 is applicable with the following modification:

The current during the measurement shall be specified by the manufacturer, but shall not be
less than 100 A d.c.

ubclause 6.4.2 of IEC 62271-1:2007 is applicable.

.5

.5.
ubclause 6.5.1 of IEC 62271-1:2007 is applicable.

.5

ubclause 6.5.2 of IEC 62271-1:2007 is applicable with _fhe’ following additions angd
odifications according to a), b) or c).

a)

.2 Arrangement of the equipment

Temperature-rise tests

1 Conditions of the generator circuit-breaker to be tested

For non-enclosed or three-phase-enclosed generator«circuit-breakers the following apply.

Because of the thermal effects of the magnetic influence on the neighbouring poles of th
generator circuit-breaker, three-phase tests shallbe performed.

9]

Other apparatus incorporated in series and“¢losely associated with the generator circuif-
breaker, such as current transformers, voltage transformers, disconnectors, etc. shall b
mounted in their regular positions.

[

The inductive heating of adjacent supporting structures such as pole frames shall be takep
into account and shall be measured.

For single-phase-enclosed genérator circuit-breakers the following apply.
Single-phase tests are permissible for single-phase-enclosed generator circuit-breakers

— if the single-phase-gnclosed generator circuit-breaker will be connected to a single
phase enclosed (seolated phase bus (IPB) system whose enclosures carry the rate
current;

[®N

— if the tests—are made at the phase having the most unfavourable position, which ip
most cas€s-is the middle phase;

— if therelis' no possibility of magnetic influence;

—

— if therinfluence of the neighbouring phases can be simulated by means of heaters, hez
iAsulation or equivalent.

Single-phase-enclosed generator circuit-breakers which are not connected to single-phasg
enclosed IPBs or where the enclosure of the single-phase enclaosed IPB does not carry th

rated current shall be tested three-phase.

When single-phase enclosed generator circuit-breakers are single-phase tested, the
current in the enclosure of the generator circuit-breaker shall be the rated current.

Other apparatus incorporated in series and closely associated with the generator circuit-
breaker, such as current transformers, voltage transformers, disconnectors, etc. shall be
mounted in their regular positions.

As the continuous current-carrying capability of a generator circuit-breaker is influenced
by the temperature of the connected IPB, the tests shall be performed with an IPB
attached to the generator circuit-breaker. The minimum length of the IPB shall be its
enclosure’s outer diameter multiplied by 1,5 or 2 m, whichever of the two numbers is
larger.
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The temperature rise of the IPB — measured at a distance of 1 m from the terminals of the
generator circuit-breaker — shall be kept at the temperatures indicated in Table 9. The
temperature shall be measured at a minimum of 2 points for each of the 4 positions (see
positions number 8 and 9 in Figure 14). The measuring points shall be distributed equally
around the circumference of the IPB conductor and the IPB enclosure. There is no limit on
the difference between the temperature rise at the terminals of the generator circuit-
breaker or other apparatus incorporated in series and closely associated with the
generator circuit-breaker, such as disconnectors, and the IPB at a distance of 1 m from
the terminals as specified in IEC 62271-1.

la-paoca thao o rator—oiearit bheaolear 1o ottt b ad o tha 1DD by, oo f connactian
T CaSC e goTeTatoT O oUTtT OTCORCT 1o~ attatToU— O~ T It O Oy rmoartsS— U CUTITTo Tt

those connections shall not be considered part of the generator circuit-breaker.

Table 9 — Conditions during temperature rise test

Part Ranges of average temperature rise ‘of,the IPB at
ambient air temperature not exceeding 40 °C
K
Option 1 Option 2
PB conductor at position 8 on each side 50 65
PB enclosure at position 9 on each side 30 40

NOTE Position 8 and position 9 are shown in Figure 14.

is illustrated in Figure 14.

By agreement between user and manufacturer ongiof the 2 options of Table 9 shall b
selected and recorded in the temperature-rise test report.

NOTE Different values of rated normal current can be assigned for option 1 and option 2.

A typical temperature rise test setup for, single-phase-enclosed generator circuit-breaken
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- > 4 ------------------------------ »
>2m = >2m
2 1 2
IEC
Hey
1 Single-phase enclosed generator circuit- 6 Enclosure of the IPB
breaker
4 Single-phase enclosed IPB 7 Means.to)simulate the neighbouring phases of the generatof
circtit-breaker
3 Enclosure of the generator circuit-breaker 8 .Paosition at which the temperature of the conductor of the

PB shall be kept at the values indicated in Table 9

4 Interrupting chamber of the generator circuit; {9 Position at which the temperature of the enclosure of the
breaker IPB shall be kept at the values indicated in Table 9

(6]

Conductor of the IPB 10 Connections between the terminals of the generator circuit-
breaker and the terminals of the conductor of the IPB

Figure 14 — Typical temperature rise test setup for
single-phase:enclosed generator circuit-breakers (top view)

c)) For generator circuit-breakers with forced cooling the following apply.

When testinga~generator circuit-breaker with a forced-cooled rating, the continuous
current-carrying” capability shall be determined with the forced cooling system operating.
The temperatures in the current-carrying path shall be measured during these tests.

The entrance temperature and the quantity of the coolant (m3/s) (e.g. air, water, etc.) sha
be adjusted to the prevailing rated service conditions and recorded.

if\ah isolated phase bus is used and is forced cooled, the temperatures of the IPB — a
defined in Table 9 — are not applicable since the temperatures of the IPB are dependent
on quantity and temperature of the coolant.

6.5.3 Measurement of the temperature and the temperature rise

Subclause 6.5.3 of IEC 62271-1:2007 is applicable.

6.5.4 Ambient air temperature

Subclause 6.5.4 of IEC 62271-1:2007 is applicable.

6.5.5 Temperature-rise tests of the auxiliary and control equipment

Subclause 6.5.5 of IEC 62271-1:2007 is applicable.
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.5.6 Interpretation of the temperature-rise tests

The temperature rise of the various parts of the generator circuit-breaker shall not exceed the

\'

6

alues specified in Table 3 of IEC 62271-1:2007.

.5.101 Demonstrations of emergency conditions

Emergency conditions shall be demonstrated by tests. These tests shall include, if applicable,
the following conditions:

a

o

d
i
f

=

a
b

(@)

s do =z

[o]

(0)]

independent subsystems, individual failure of each cooling subsystem and, ‘simultaneou

temperature limits set by the manufacturer:

::Tfthe case of singte-phase testing the enclosure shall carry the full return current. In the cas

) failure of cooling (loss of cooling fluid, failure of cooling in the IPB, failure of fans, pumpsg,
air circulators, etc.);

) loss of insulating medium.

—

onditions a) and b) shall be tested individually. If the cooling system consists\of differer

[

ilure of all subsystems shall be tested.

or each type of test, the following data (refer to Figure 9) shall be determined based on thge

) maximum time the emergency condition can persist (¢4, 5, etel),
) a rate of decrease of the continuous current (R4, R,, etcs);

the lower value of current so that the temperature rise{in the generator circuit-breaker will
not exceed the values in 6.5.6 (14, I, etc.).

OTE If the forced-cooling systems of the isolated-phase bus,and the generator circuit-breaker use the same ai,
e phenomenon becomes complicated when the coolingzairvis lost. The temperature of the isolated-phase by
bes not remain constant but will also rise, and it is suggested that this rise is taken into account during testing.
he limit of total temperature of the isolated-phase bus‘is‘agreed upon by the user and the manufacturer, and the
Factical application in the power system are taken into.account as well in order to carry out realistic tests.

[

.6 Short-time withstand current and peak withstand current tests

ubclause 6.6 of IEC 62271-1:200%3s applicable.

.6.1 Arrangement of the generator circuit-breaker and of the test circuit

ubclause 6.6.1 of IEC 62271-1:2007 is applicable with the following addition.

ingle-phase enclosed generator circuit-breakers may be tested single-phase or three-phasg.

]

three-phasé.testing the return current in the three enclosures can be simulated by short-
rcuiting both-ends of the three enclosures.

.6.2 Test current and duration

n

ubclause 6.6.2 of IEC 62271-1:2007 is applicable.

6

.6.3 Behaviour of generator circuit-breaker during test

Subclause 6.6.3 of IEC 62271-1:2007 is applicable.

6

.6.4  Conditions of generator circuit-breaker after test

Subclause 6.6.4 of IEC 62271-1:2007 is applicable.
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6.7 Verification of the degree of protection
6.7.1 Verification of the IP coding
Subclause 6.7.1 of IEC 62271-1:2007 is applicable.

6.7.2  Verification of the IK coding
Subclause 6.7.2 of IEC 62271-1:2007 is applicable.

.8 Tightness tests
ubclause 6.8 of IEC 62271-1:2007 is applicable with the following addition.

=}

In the case of a vacuum generator circuit-breaker, the tightness verification of the vacuur
imsulation shall be carried out by means of a power frequency withstand voltage tes
cording to 6.2.11 or an equivalent test.

—

.9  Electromagnetic compatibility (EMC) tests
ubclause 6.9 of IEC 62271-1:2007 is applicable.

.10 Additional tests on auxiliary and control circuits
.10.1 General
ubclause 6.10.1 of IEC 62271-1:2007 is applicablé.

.10.2 Functional tests

ubclause 6.10.2 of IEC 62271-1:2007 is_applicable with the following addition:

the mechanical operation tests at;ambient air temperature in accordance with 6.101.2 ar
rformed on the complete circuit-breaker equipped with its entire control unit, then the intern
the functional tests accordingyto 6.10.2 of IEC 62271-1:2007 has been demonstrated an
ditional tests are not required. When testing of the complete circuit-breaker is ng
racticable, component tests)in accordance with 6.101.1.2 are acceptable.

— L~ D

.10.3 Electrical continuity of earthed metallic parts test

ubclause 6.10/3 of IEC 62271-1:2007 is applicable.

.10.4 Verification of the operational characteristics of auxiliary contacts

ubclause 6.10.4 of IEC 62271-1:2007 is applicable.

Subclause 6.10.5 of IEC 62271-1:2007 is applicable with the following addition:

If the mechanical operation tests at ambient air temperature in accordance with 6.101.2, the
low and high temperature tests in accordance with 6.101.3 are performed on the complete
circuit-breaker equipped with its entire control unit, then the intent of the environmental tests
according to 6.10.5 of IEC 62271-1:2007 has been demonstrated and additional tests are not
required. When testing of the complete circuit-breaker is not practicable, component tests in
accordance with 6.101.1.2 are acceptable.

NOTE Seismic tests are not covered. If a seismic test is requested, it is performed by agreement between
manufacturer and user.
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6.10.6 Dielectric tests

Subclause 6.10.6 of IEC 62271-1:2007 is not applicable and is replaced by the following.

Auxiliary and control circuits of switchgear and controlgear shall be subjected to short
duration power-frequency voltage withstand tests.

Each test shall be performed

) between-the—athdliarv—-and-controlcircuits—connected-togetheras—a—whole—and-the framao f

...................

the switching device;

o

) if practicable, between each part of the auxiliary and control circuits, which in normal us
may be insulated from the other parts, and the other parts connected together and’to the
frame.

]

—

he power frequency tests shall be performed according to IEC 61180-1. Afhe test voltag
hall be 2 kV with duration of 1 min.

0
[0}

Tlhe auxiliary and control circuits of switchgear and controlgear shall be considered to havge
plassed the tests if no disruptive discharge occurs during each test.

Tlhe test voltage of motors and other devices such as electronic equipment used in th
uxiliary and control circuits shall be the same as the test voltage of those circuits. If suc
pparatus has already been tested in accordance with thedappropriate specification, it may b
isconnected for these tests. If lower test voltages are-tsed, the values shall be stated in th
test document.

.11 X-radiation test procedure for vacuum interrupters

ubclause 6.11 of IEC 62271-1:2007 is applicable.

.101 Mechanical and environmental tests
.101.1 Miscellaneous provisions for mechanical and environmental tests
.101.1.1 Mechanical charaecteristics

t the beginning of the\type tests, the mechanical characteristics of the generator circuif-
reaker shall be established, for example, by recording no-load travel curves or by the use ¢
aracteristic parameters, such as the instantaneous speed at certain positions of the time
travel curve. This~may also be done by the use of characteristic parameters, for examplg
omentary speed at a certain stroke etc. The mechanical characteristics will serve as th
reference for the purpose of characterising the mechanical behaviour of the generator circuif-
reaker. (Furthermore, the mechanical characteristics shall be used to confirm that th
ifferent-test samples used during the mechanical, making, breaking and switching type tes
ehave’ mechanically in a similar way. The test in which this reference is gained is referred t
s\reference no-load test and the curves or other parameters resulting from it as referenc
mechanical characteristics. The reference no-load test may be taken from any appropriate no-
load test being part of an individual type test.

—h

[

The following operating characteristics shall be recorded:
— mechanical characteristics for opening and closing operation;
— closing time;

— opening time.

The mechanical characteristics shall be produced during a no-load test made with a single O
operation and a single C operation at rated supply voltage of operating devices and of
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auxiliary and control circuits, rated filling pressure for operation and, for convenience of
testing, at the minimum functional pressure for interruption.

The opening time and the closing time recorded in the reference no-load test shall be used as
reference closing and reference opening time. The allowable deviations from these reference
times correspond to the tolerances given by the manufacturer when performed under the
same conditions as wused for the procedure to produce the reference mechanical
characteristics.

.101.1.2 Component tests

hen testing of a complete generator circuit-breaker is not practicable, component.tests ma
e accepted as type tests. The manufacturer should determine the components which ar
sjuitable for testing.

<<

—

omponents are separate functional sub-assemblies which can be opefated independently ¢
the complete generator circuit-breaker (for example pole, breaking unit, operating
echanism).

hen component tests are made, the manufacturer shall \preve that the mechanical angd
nvironmental stresses on the component during the tests 'are not less than those applied tp
the same component when the complete generator circuitbteaker is tested. Component tests
shall cover all different types of components of the.complete generator circuit-breakef
rovided that the particular test is applicable to{thé component. The conditions for th
mponent type tests shall be the same as thosé which could be employed for the complet
enerator circuit-breaker.

M D -

=

Harts of auxiliary and control equipment shall comply with the relevant standards by whic
hey have been manufactured, as applicable. The proper function of such parts in connectiop
with the function of the other parts of the generator circuit-breaker shall be verified.

—

6.101.1.3 Characteristics and-settings of the generator circuit-breaker to be recorded
before and after . the tests

l9u]

efore and after the tests;and according the provisions of 6.101.2.5, the following operating
characteristics or settings shall be recorded and evaluated:
a) closing time;
b) opening time;

c) maximum-'difference between closing times and maximum difference between opening
times.for units of one pole;

d) maximum difference among closing times and maximum difference among opening timefs
for the poles of a three-pole operated generator circuit-breaker;

e) recharging time of the operating device;
f) power consumption of the control circuit;

g) power consumption of the tripping devices, possible recording of the current of the
releases;

h) duration of opening and closing command impulse;

i) tightness, if applicable;

j) gas densities or pressures, if applicable;

k) resistance of the main circuit;

[) time-travel chart;

m) other important characteristics or settings as specified by the manufacturer.
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6.101.1.4 Condition of the generator circuit-breaker during and after the tests
During and after the tests, the generator circuit-breaker shall be in such a condition that it is
capable of operating normally, carrying its rated normal current, making and breaking its rated

short-circuit current and withstanding the voltage values for 1 min at 80 % of the value in
column (2) of Table 1.

In general, these requirements are fulfilled if:

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

— the no-load closing operation and the no-load opening operation after the test Series
performed at rated supply voltage and at rated filling pressure for operation_ .shall b
compared with the corresponding operations before the test series. The requirements ¢
6.101.1.1 and of Annex D shall be fulfilled;

- after the tests, all parts do not show undue wear;

— D <

—

- the main contacts shall be in such a condition, in particular with regard to wear, contag
area, pressure and freedom of movement that they are capable, of carrying the rate
normal current without their temperature rise exceeding by mote ‘than 10 K the valug
specified in Table 3 of IEC 62271-1:2007.

[N ®N

oated contacts are such that a layer of coating material remains at the contact area. If this i
ot the case, the contacts shall be regarded as bare and(the test requirements are fulfille
nly if the temperature rise of the contacts during the temperature-rise test (according to 6.5
oes not exceed the value permitted for bare contacts.

[N 7))

Q0 35 0O
~

-

or other than sealed for life interrupter units;\ visual inspection is usually sufficient fqg
erification of the capability of the generator circuit-breaker to carry the rated normal current.

<
=

NOTE Experience shows that an increase of the yoltage drop across the generator circuit-breaker cannot alone
bk considered as reliable evidence of an increasgfin temperature rise.

Hor sealed for life generator circuit-breakers subclause 6.102.9.1 indent b) procedures A or B
apply.

- during and after the tests;_any distortion of mechanical parts is not such that it adversel
affects the operation of'the generator circuit-breaker or prevents the proper fitting of an
replacement part;

<<

- after the tests .the "insulating properties of the generator circuit-breaker in the opep
position shall beyin essentially the same condition as before the tests. Visual inspection gf
the generator)circuit-breaker after the tests is usually sufficient for verification of the
insulating.\properties. In the case of generator circuit-breakers with sealed-for-lif]
interrupter units, a voltage test as a condition check in accordance with 6.2.11 shall b
performed.

e
e

I ipterrupter units are placed in an insulating fluid with different characteristics, that alsp
nmight withstand the test voltages when replacing the original arc_extinguishing medium (fgr
example a vacuum interrupter unit in an enclosure filled with SFg) the voltage test as a
condition check, as requested in 6.2.11 may not be adequate to verify the integrity of the
device. In such cases the integrity of the device shall be demonstrated by the methods
according to 6.102.9.1 indent c) fourth paragraph.

6.101.1.5 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 5.4);
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— during and after the tests, the auxiliary and control equipment shall fulfil its functions,
including the trip-free and anti-pumping functions;

— during and after the tests, capability of the auxiliary circuits of the auxiliary switches and
of the control equipment shall not be impaired. In case of doubt, the tests according to
6.2.10 of IEC 62271-1:2007 shall be performed;

— during and after the tests, the contact resistance of the auxiliary switches shall not be
affected adversely. The temperature rise when carrying the rated current shall not exceed
the specified values (see Table 3 of IEC 62271-1:2007).

.101.2 NMechanical operation test at ambient alr temperature

.101.2.1 General

—_

he mechanical operation test shall be made at the ambient air temperature jofothe tes
Ipcation. The ambient air temperature should be recorded in the test report. Auxiliany
quipment forming part of the operating devices shall be included.

he application of voltage on or current in the main circuit is not requiregd; for this test.

OTE A generator circuit-breaker design can be fitted with several variants of auxiliary equipment (shunt releasg
ahd motors) in order to accommodate the various rated control voltages and fréquencies as stated in 4.8 and 4.
These variants do not need to be tested if they are of similar designs and,if/the resulting no-load mechanicg
characteristics are within the tolerance given in Annex D.

N7

.101.2.2 Condition of the generator circuit-breaker before the test

he generator circuit-breaker for test shall be mounted on its own support and its operatin
echanism shall be operated in the specified manner. It shall be tested according to its typ
s follows:

[CRLC®]

b~

multi-pole generator circuit-breaker actuated by a single operating device and/or with all
ploles mounted on a common frame shallcbe’ tested as a complete unit.

ests shall be conducted at the ratéd filling pressure for interruption and insulation according
b item j) of 6.101.1.3.

=

multi-pole generator circuit~-breaker in which each pole or even each column is actuated b
separate operating device should be tested preferably as a complete multi-pole generatd
rcuit-breaker. However, for convenience, or owing to limitations of the dimensions of the tes
ay, one single-polelunit of the generator circuit-breaker may be tested, provided that it i
quivalent to, or-hot in a more favourable condition than, the complete multi-pole generatg
rcuit-breaker over the range of tests, for example in respect of:

O P T O QO >
= 0+ =5 <

reference"mechanical travel characteristics;

power and strength of closing and opening mechanism;

rigidity of structure.

6.101.2.3 Description of the test on class M1 generator circuit-breakers

The mechanical operation test shall consist of 1 000 operating cycles.
The generator circuit-breaker shall be tested in accordance with Table 10.

6.101.2.4 Description of the test on class M2 generator circuit-breakers

The mechanical operation test shall consist of 3 000 operating cycles.

The generator circuit-breaker shall be tested in accordance with Table 10.
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Table 10 — Number of operating sequences

Number of operating sequences
at rated operating pressure

Operating sequence

Supply voltage

class M1 generator class M2 generator
circuit-breakers & P circuit-breakers ¢
C-#,-0-1¢, Minimum 250 750
Rated 250 750
Maximum 250 750
CO -1t Rated 250 750
Key
O opening;
C closing;
CO a closing operation followed immediately (i.e., without any intentional time-delay) by anfopening operation;

time between two operations which is necessary to restore the initial conditions andfor to prevent unduej
heating of parts of the generator circuit-breaker (this time can be different @ccording to the type off
operation);

No functional part shall have been replaced prior to completion of the specified'number of operations.

After 500 operating cycles cleaning,
manufacturer, is allowed.

tightening, adjusting, lubricating, as recommended by the

After each 1 000 operating cycles cleaning, tightening, adjusting,/lubricating, as recommended by the
manufacturer, is allowed.

6.101.2.5 Acceptance criteria for the mechanical operation tests

Tlhe criteria given below apply for mechanical operation tests on class M1 and class MP
denerator circuit-breakers.

Hefore and after the total test programme, the operations according Table 11 shall b
plerformed:

Table 11 — Operations to be performed before and after the test programme

Operating pressure
Minimum Rated Maximum
if applicable if applicable

1xC 1xC 1xC

Minimum 1x0 1x0 1x0
1xCO 1xCO 1xCO

1xC 1xC 1xC

Supply voltage Rated 1x0 1x0 1x0
1+ CO 1+« CO 1+ CO

1xC 1xC 1xC

Maximum 1x0 1x0 1x0
1x CO 1x CO 1x CO

Key
o)

Cc
CcO

opening operation;

closing operation;

a closing operation followed immediately (i.e., without any intentional time-delay) by an opening operation.
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During these operations, the operating characteristics (see 6.101.1.3) shall be recorded and
evaluated. After the total test program the condition of the generator circuit-breaker shall be in
accordance with 6.101.1.4.

6.101.3 Low and high temperature tests
6.101.3.1 General

The two tests need not be performed in succession, and the order in which they are made is
of no importance. For indoor generator circuit-breakers whose minimum ambient temperature
i$ —5 °C and for outdoor generator circuit-breakers whose minimum ambient temperature. s

10 °C, no low temperature test is required. For generator circuit-breakers whose maximum
ambient temperature is +40 °C, no high temperature test is required.

or generator circuit-breakers with a common operating device, three-phase tests shall b
ade. Generator circuit-breakers with independent poles, testing of only one camplete pole i
plermitted.

[N

Qwing to limitations of the test facilities, multi-enclosure type generator'circuit-breakers maly
he tested using one or more of the following alternatives provided that the generator circui
breaker in its testing arrangement is not in a more favourable condition than normal conditio
for mechanical operation (see 6.101.2.2):

=

) reduced length of phase-to-earth insulation;
b)) reduced pole spacing;
reduced number of modules.

I1 heat sources are required, they shall be in_operation with the exception of the conditionis
identified in item f) of 6.101.3.3.

iquid or gas supplies for generatoryCircuit-breaker operation are to be at the test a
temperature unless the generator circuit-breaker design requires a heat source for thesg
supplies.

-

o maintenance, replacement of parts, lubrication or readjustment of the generator circui
breaker is permissible during,the tests.

OTE 1 In order to deternine the material temperature characteristics, ageing, etc., tests of longer duration than
those specified in the following subclauses can apply.

he generator Circuit-breaker has passed the test if the conditions stated in 6.101.1.4 an
.101.1.5 are fulfilled. Furthermore, the conditions in 6.101.3.3 and 6.101.3.4 shall be fulfille
and the leakage rates recorded shall not exceed the limits given in Table 13 ¢

S SO O

representatwe oscillogram of every relevant type of operation under each speC|f|ed testmg
condition.

Vacuum generator circuit-breakers are excluded from the tightness verification tests during
the high and low temperature tests. The integrity of the vacuum will be verified by a power
frequency voltage (or equivalent) test after the high and low temperature tests. However, if
the vacuum generator circuit-breaker is used in an enclosure filled with an insulating gas, for
example SFg, the tightness verification tests during the high and low temperature tests shall
be performed on this enclosure.

NOTE 2 A generator 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 4.8
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and 4.9. These variants do not need to be tested if they are of similar designs and if the resulting no-load
mechanical characteristics are within the tolerance given in 6.101.1.1.

6

T
C

.101.3.2 Measurement of ambient air temperature

he ambient air temperature in three locations at the distance of 1 m from the generator
ircuit-breaker shall be measured and reported:

at the level of the top of the generator circuit-breaker;
at half the height of the generator circuit-breaker. This is the ambient temperature to be

O -

o -

It

C

a

D

témperature test can proceed after completion of item u) of thevhigh temperature test. In thi

TEPOTIET;

at the bottom of the generator circuit-breaker but not less than 0,25 m from the floor,

—_

he maximum temperature deviation over the height of the generator circuit-breaken-shall ng
xceed 5 K.

.101.3.3 Low temperature test

he diagram of the test sequences and identification of the application, points for the tests
pecified are given in Figure 15a.

the low temperature test is performed immediately after the high temperature test, the lo

n <

ase items a) and b) are omitted.

) The test generator circuit-breaker shall be adjusted-in accordance with the manufacturer!
instructions.

[

) Characteristics and settings of the genemator circuit-breaker shall be recorded iE
accordance with 6.101.1.3 and at an ambient air temperature T, of 20 °C = 5 °C. Th
tightness test (if applicable) shall be performed according to 6.8.

With the generator circuit-breaker inthe closed position, the air temperature shall b
decreased to the appropriate, minimum ambient air temperature 7|, according to the valu
chosen from 2.1.1, 2.1.2 or 2.2.3>0f IEC 62271-1:2007. The generator circuit-breaker shal
be kept in the closed position for 24 h after the ambient air temperature stabilises at 7| .

[0

—

) During the 24 h period with the generator circuit-breaker in the closed position 4
temperature T, a tightness test shall be performed if gases are used for operatior
interruption and/or insulation. An increased leakage rate is acceptable, provided that
returns to the original“value when the generator circuit-breaker is restored to the ambier
air temperature Jy.and is thermally stable. The increased temporary leakage rate shall ng
exceed the permissible temporary leakage rate of Table 13 of IEC 62271-1:2007. In cas
of vacuum denerator circuit-breakers no tightness test is required. However, if the vacuun
generator.circuit-breaker is used in an enclosure filled with an insulating gas, for exampl
SFg, the'tightness verification tests shall be performed on this enclosure.

> D =~ ~ ~ <

)

) Aftern24 h at temperature 7|, an opening and closing operation at rated supply voltag
and "at rated filling pressure for operation shall be performed and the results of thesg

D

Operations shall be compared with the results of the corresponding operations before thF

f) The low temperature behaviour of the generator circuit-breaker and its alarms and lock-

g

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 the alarm is acceptable but lock-out is not. At the end of the interval ¢,, an
opening order, at rated values of supply voltage and operating pressure, shall be given.
The generator circuit-breaker shall then open. The opening time shall be recorded (and
the mechanical travel characteristics measured, if feasible) to allow assessment of the
interrupting capability. The manufacturer shall state the value of ¢, (not less than 2 h) up
to which the generator circuit-breaker is still operable without auxiliary power to the
heaters.

) The generator circuit-breaker shall be left in the open position for 24 h.
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h)

During the 24 h period with the generator 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 original value when the generator circuit-
breaker is restored to the ambient air temperature 7, and is thermally stable. The
increased temporary leakage rate shall not exceed the permissible temporary leakage rate
of Table 13 of IEC 62271-1:2007.

At the end of the 24 h period, 50 closing and 50 opening operations shall be made at
rated values of supply voltage and filling pressure for operation with the generator circuit-
breaker at temperature 7. An interval of least a 3 min shall be allowed for each cycle or

£ fieat laciaa—and Ba-C ball kb . dad aon

n -

(@]

Tlhe accumulated leakage during the completélow temperature test sequence from item b) {
m j) shall not be such that lock-out (pressure is reached (reaching alarm pressure i
Ilowed).

6.101.3.4 High-temperature test

he diagram of the test sequence and identification of the application points for the tesfs
pecified are given in Figure 15b.

I{ the high temperature test is performed immediately after the low temperature test, the hig
témperature test caniproceed after completion of item j) of the low temperature test. In thi
ase, items |) and\m) below are omitted.

SUqUUnCU. ThU rcoults T are IIIS\. \JIUOIIIH artu UpUIIIIIu upcratiun SIIGIII > A IU\JUF\JUU art
compared with the results of the corresponding operation before the low temperature,tesi.
The requirements of 6.101.1.1 and of Annex D shall be fulfilled.

O

Following the first closing operation C and the first opening operation O cthree C
operating cycles (no intentional time delay between the C and O) shall be performed. Th
additional operations shall be made by performing C — 7, — O — 1, operating sequences (1,
is defined in Table 10).

After completing the 50 opening and 50 closing operations, the air temperature shall b
increased to ambient air temperature T, at a rate of change of approximately 10 K psg
hour. During the temperature transition period the generator(egircuit-breaker shall b
subjected to alternate C — ¢, — O - ¢, — C and O — ¢, — C — 1, <O operating sequences &
rated values of supply voltage and operating pressure. The aliernate operating sequence
should be made at 30 min intervals so that the generatar eircuit-breaker will be in ope
and closed positions for 30 min periods between the opérating sequences.

[

5 O ~ D = D

After the generator circuit-breaker has stabilised thermally at ambient air temperature T
a recheck shall be made of the generator) circuit-breaker settings, operating
characteristics and tightness as in items a))xand b) for comparison with the initia
characteristics.

(2N e)

[ =N

The testgenerator circuit-breaker shall be adjusted in accordance with the manufacturer'’s
instruetions.

aceordance with 6.101.1.3 and at an ambient air temperature 7, of 20 °C +5°C. Th

Characteristics and settings of the generator circuit-breaker shall be recorded i
tightness test (if applicable) shall be performed according to 6.8. F

With the generator circuit-breaker in the closed position, the air temperature shall be
increased to the appropriate, maximum ambient air temperature (7), according to the
upper limit of ambient air temperature chosen from 2.1.1, 2.1.2 or 2.2.3 of
IEC 62271-1:2007 at a rate of change of approximately 10 K per hour. The generator
circuit-breaker shall be kept in the closed position for 24 h after the ambient air
temperature stabilises at 7.

For applications where the generator circuit-breakers are installed outdoors, the effects of
solar radiation should be considered. Refer to IEEE C37.24™-2003 (Reaff 2008) [29].

During the 24 h period with the generator circuit-breaker in the closed position at the
temperature T}, a tightness test shall be performed if gases are used for operation,
interruption and/or insulation. An increased leakage rate is acceptable, provided that it
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returns to the original value when the generator 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 13 of IEC 62271-1:2007. In case
of vacuum generator circuit-breakers no tightness test is required. However, if the vacuum
generator circuit-breaker is used in an enclosure filled with an insulating gas, for example
SFg, the tightness verification tests shall be performed on this enclosure.

p) After 24 h at the temperature T}, an opening and closing operation at rated supply voltage
and at rated filling pressure for operation shall be performed and the results of these
operations shall be compared with the results of the corresponding operations before the

hich taonmanaoaratiea oot T ro-cr-Hranraantia £o 104 1 14 ol f Aoy D cball b fulfillad
YT TP CTataTC O ot T HC ToOqUITCTIICTItS UT U To - . arnd U 7oA o Stran oC o ToUs

[0

q) The generator circuit-breaker shall be opened and left open for 24 h at the temperatur
Ty

r) During the 24 h period with the generator circuit-breaker in the open posijtion at thE
temperature T}y, a tightness test shall be performed (if applicable). An increased leakag
rate is acceptable, provided that it returns to the original value when the génerator circuit-
breaker is restored to the ambient air temperature 7, and is thermally stable. The
increased temporary leakage rate shall not exceed the permissible temporary leakage rate

of Table 13 of IEC 62271-1:2007.

s|) At the end of the 24 h period, 50 closing and 50 opening operations shall be made 3
rated values of supply voltage and filling pressure for operation.with the generator circui
breaker at the temperature Ty. An interval of at least 3 mindshall be allowed for each cycl
or sequence. The results of the first closing and opening ‘Operation shall be recorded an
compared with the results of the corresponding operations before the high temperatur
test. The requirements of 6.101.1.1 and of Annex D¢shall be fulfilled.

O QO D Vv ~

O

Following the first closing operation C and the“first opening operation O three C
operation cycles (no intentional time delay between the C and O) shall be performed. Th
additional operations shall be made by performing C — ¢, — O — ¢, operating sequences (1,
is defined in Table 10).

t] After completing the 50 opening and 50 ‘closing operations, the air temperature shall b
decreased to ambient air temperature*T,, at a rate of change of approximately 10 K pe
hour.

[

= @

During the temperature transition period, the generator circuit-breaker shall be subjecte
to alternate C -7, - O — ¢ty C and O — ¢, — C — ¢, — O operating sequences at rate
values of supply voltage and operating pressure. The alternate operating sequence
should be made at 30 min‘intervals so that the generator circuit-breaker will be in the ope
and closed positions(for 30 min periods between the operating sequences.

S5 0 O Q

u) After the generator circuit-breaker has stabilised thermally at ambient air temperature T},
a recheck shall be made of the generator circuit-breaker settings, operating
characteristics "and tightness as in items |) and m) for comparison with the initial
characteristics.

—

he accumulated leakage during the complete high temperature test sequence from item 1) t
%em tycshall not be such that lock-out pressure is reached (reaching alarm pressure i
|

O

[

lowed).
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Temperature a b K
Ta

cchivbreaker closed

Circuit-breaker Operate

circuit-breaker

b) High temperature test

NOTE Letters a to uzdentify application points of tests specified in 6.101.3.3 and 6.101.3.4.

Rigure 15 — Test sequences for low and high temperature tests

6.101.4.Sound level tests

open
| 1 |
T 1 I |
L ——
fFrrrt
e f g h 4
i
Time
IEC
a) Low temperature test
A
Temperature
o Circuit-breaker open
P Y B
H f [} f
q [ s Operate
circuit-breaker
" \>
T, L
A /‘ f / Circuit-breakéc elosed
I m u
Tim97

IEC

Jound./level tests can either be performed under three-phase or single-phase no-loa
cphditions. The peak instantaneous sound pressure level at any location accessible t

:

personnel including above and below the generator circuit-breaker shall be measured and

reported.

A sufficient number of measurement locations shall be chosen to identify and monitor the
highest sound level locations. The test should be made at the site, if feasible, rather than in
the laboratory. The tests shall be made taking into account IEC/IEEE 62271-37-082:2012.

6.102 Miscellaneous provisions for making and breaking tests

6.102.1 General

The following subclauses are applicable to all making and breaking tests unless otherwise

specified in the relevant clauses.
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5
5

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 functional pressure for operation in case of
hydraulic operating mechanism);

a

— minimum conditions of the interrupting device guaranteeing the rated operating sequence
(for example the minimum functional pressure for interruption in case of a SFg generator

circuit-breaker).

Generator circuit-breakers shall be capable of making and breaking system-source shor
rcuit currents. This is demonstrated by the tests as described in 6.103.

(@)

Tlhis is demonstrated by the tests as described in 6.104.

Generator circuit-breakers with an assigned generator-source short-circuit current switchin
rating shall be capable of making and breaking generator-source short-gircuit currents. This i
demonstrated by the tests as described in 6.105.

Generator circuit-breakers with an assigned out-of-phase currént’switching rating shall b
cppable of making and breaking out-of-phase currents. This.is(demonstrated by the tests a
described in 6.106.

{ is preferred that three-phase making and breaking. capabilities be demonstrated on
pmplete three-pole generator circuit-breaker in a thtee-phase test circuit.

Q

{ the tests are carried out in a laboratory, the . applied voltage, current, transient and powe
equency recovery voltages may all be obtained from a single power source (direct tests) g
om several sources where all of the current, or a major portion of it, is obtained from on
purce, and the transient recovery voltage is obtained wholly or in part from one or mor
parate sources (synthetic tests).

N N —h —h

I1, due to limitations of the testing facilities, the short-circuit performance of the generatd

rcuit-breaker cannot be proyed in the above way, several methods employing either direct g
slynthetic test methods may" be used either singly or in combination, depending on th
enerator circuit-breakef type:

d) single-phase testing (see 6.102.4.1);
b)) unit testing (see 6.102.4.2).
6

.102.2 Number of test specimens

Yubclause’6.1.1 of IEC 62271-1:2007 is applicable with the following addition:

n addition, generator circuit-breakers shall be capable of making and breaking load-¢urrents.

[2B(®]

[0

D D =

D = =

Nonlimitation on the number of test specimens is set for making and breaking tests.

The expendable parts or parts subject to wear may be replaced or refitted between any test-

duty, but no parts can be replaced or refitted within each test duty.

6.102.3 Arrangement of generator circuit-breaker for tests
6.102.3.1 General

The generator circuit-breaker under test shall be mounted on its own support or on a

n

equivalent support. A generator circuit-breaker supplied as an integral part of an enclosed

unit shall be assembled on its own supporting structure and enclosure, complete with an

y

disconnecting features, with vent outlets forming part of the unit and, where practicable, with

main connections and busbars.
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Capacitors can be installed between the step-up transformer and the generator circuit-
breaker, or between the generator and the generator circuit-breaker, or at both sides, or
capacitors can be part of the generator circuit-breaker assembly. In these cases the tests
shall be carried out with the capacitors connected or if these capacitors are not installed
during these tests the influence of the capacitors on the prospective TRV shall be taken into
account and the modified TRV applied accordingly. Computer simulations may be necessary
to establish the TRV affected by these capacitors.

The interrupting capability demonstrated by these tests is valid only if capacitors of the same

onfiguration.

operation (refer to Table 2). To facilitate consistent control of the opening and closing
operation, the releases may be supplied at the maximum operating voltage Afor test-duties 2,
5, 6A, 6B and OP2. Operating devices having a minimum operating condition (i.e. pressure,
gnergy, etc.) shall be operated at the minimum condition for operatiomjat’'the commencement
of the rated operating sequence.

Interlocking devices associated with pressure interlocks shall.bé,made inoperative during the
tests, if they interfere with the intent of the test.

I{ shall be shown that the generator circuit-breaker willXoperate satisfactorily under the abov
cponditions at no-load as specified in 6.102.6. The “pressure of the compressed gas fg
terruption, if any, shall be set at its minimum functional value according to 3.7.143.

= @

Tlhe generator circuit-breaker shall be testedyaccording to its type as specified in 6.102.3.p
and 6.102.3.3.

.102.3.2 Common enclosure type

ommon enclosure shall be tested as a complete three-pole generator circuit-breaker in threg-

6

A three-pole generator circuit-breaker having all its arcing contacts supported within R
C

phase circuits, taking AnnexO of IEC 62271-100:2008 into account.

Tlhe reasons are as follows:

—h

- possibility of.disruptive discharge between poles or to earth due to the influence d
exhaust gases)

- possible) \differences in the conditions of the extinguishing medium (pressures
temperatures, pollution levels, etc.);

— greater influence between phases due to electrodynamic forces in the case of a thres
phase fault;

— posSsIble different siresses on the operating mechanism.
6.102.3.3 Multi-enclosure type

A three-pole generator circuit-breaker consisting of three independent single-pole switching
devices can be tested single-phase according to 6.102.4.1. The manufacturer shall give
testing evidence to show compliance with 5.101.

A three-pole generator circuit-breaker not having completely independent switching devices
should be tested as a complete three-pole generator circuit-breaker. However, owing to
limitation of available testing facilities, one single-pole of the generator circuit-breaker may be
tested, provided that mechanical and electrical conditions applied during the tests are
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equivalent to, or not more favourable than, the complete three-pole generator circuit-breaker
over the range of tests with respect to:

— mechanical travel characteristics in a making operation (for the evaluation method, see

6.102.4.1);

— mechanical travel characteristics in a breaking operation (for the evaluation method, see

6.102.4.1);

— availability of arc-extinguishing medium;

[« I -

I
S
t

»_ T

(w 0T T

wn -

—

Q

—__power and strength of closing and opening devices;

A
spme power-frequency voltage which would be impressed upon the most highly stressed pol
C

rigidity of structure.
.102.4 General considerations concerning testing methods

.102.4.1 Single-phase testing of one pole of a generator circuit-breaker with, a
common operating mechanism

ccording to this method, one pole of a generator circuit-breaker with .a 'common operatin
echanism is tested single-phase, applying to the pole the same current/and substantially th

VRO RO (O]

uring three-phase making and breaking by the complete genefator circuit-breaker with
ommon operating mechanism under corresponding conditions,

those cases where the generator circuit-breaker design/permits single-phase testing t
mulate three-phase conditions and the generator circdit-breaker is equipped with onE
perating mechanism for all poles a complete three-pole assembly shall be supplied for th
sts.

O

or short-circuit tests in order to establish<whether the generator circuit-breaker permits
ingle-phase tests to simulate three-phase tonditions, verification tests consisting of a threg
hase making operation and a three-phase symmetrical breaking operation shall bg
erformed. Furthermore, it shall be checked that the operating characteristics of the generatd
rcuit-breaker to be single-phase tested correspond to the provisions of 6.101.1.1.

-

uring the verification tests farymaking and breaking, the course of the contact travel i
pcorded. The sensor for picking up the course of the contact travel shall be mounted at
uitable location, in order.{g.optimally record the contact travel, either directly or indirectly.

J O

he making and breaking tests shall be performed as follows:

) The verification“test for making shall be performed in a three-phase test circuit which cap
provide a prospective value of the peak making current equal to at least /y¢.

Due toflimitations of test facilities it is not always possible to perform the verification tes
for making at rated voltage and rated short-circuit current. The making operation 3
reduced voltage with a minimum of not less than 50 % of the rated voltage is permissible

the” pre-arcing time during making at rated voltage in any phase is not more than 1/1
Pyrln of power frnqnnnpy with a tolerance of 20 %

O o —+ —+

The pre-arcing time at rated voltage shall be determined by performing making tests at
reduced current. The reduced current shall be low enough to avoid contact erosion.

The verification test for making consists of a three-phase making test at the rated short-
circuit current. Tests performed at 50 Hz are also valid for 60 Hz applications and tests
performed at 60 Hz are also valid for 50 Hz applications, as long as for both cases the test
circuit is such that a prospective value of the peak making current of at least I, can be
provided.

The three-phase verification test for making is valid independent from the actual closing
angle. As a result the peak current value will be at least 93 % of I, in one of the three
phases.
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The duration of the current shall be long enough for the generator circuit-breaker to reach
its fully closed position.

The verification test for breaking consists of a three-phase breaking test at the rated
short-circuit breaking current and with the maximum arcing time in the last-pole-to-clear.
The breaking operation may be performed at any convenient test voltage. Tests performed
at 50 Hz are also valid for 60 Hz applications and tests performed at 60 Hz are also valid
for 50 Hz applications, as long as for both cases the maximum arcing time in the last-pole-
to-clear of the respective application is covered. The course of the contact travel during
the three-phase breaking test shall be used as a reference for the following procedure:

— Two envelope curves shall be drawn from the instant of contact separation to the enrj
of the contact travel. The distance of the two envelopes from the original course Ishafl
be +5 % of the total travel or £2 mm whichever is larger evaluated from the)‘thresg
phase verification test (see Figure 17).

— During a single-phase test under the same conditions (breaking test at thé rated short-
circuit breaking current with the maximum arcing time) the contact/travel shall be
recorded. If the contact travel in the single-phase test is within the enavelopes of the
mechanical travel characteristics from the instant of contact separation to the end qf
the contact travel, single-phase testing to represent three-phase conditions s
permitted.

— The envelopes can be moved in the vertical direction untilyonhe of the curves covers the
reference curve. This gives maximum tolerances ovel the reference contact travel
curve of =0 %, +10 % or +4 mm and +0 %, —10 % or =4\mm respectively (see Figure 18
and Figure 19). 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
of 10 % or 4 mm.

To achieve the correct contact travel characteristics of the individual poles, depending o
the design (single-pole or three-pole operated), it may be necessary to make adjustmentg,
for example by using transfer functions.

-}

—

Special attention should be paid to the, emission of arc products. If it is considered tha
such emission would, for example,be" likely to impair the insulation distance to adjacen
poles, then this shall be checked, using earthed metallic screens (see 6.102.8).

—
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Figure 16 — Reference mechanical travel characteristics (idealised curve)
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Figure 17 — Reference mechanical travel characteristics (idealised curve)
with the prescribed envelopes centered over the reference curve (+5 %, -5 %),
contact separation in this example at time # =20 ms
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Figure 18 — Reference mechanical travel characteristics (idealised curve)
with the prescribed envelopes fully displaced upward from the reference curve

(+10 %, —0 %), contact separation in this example at time 7 = 20 ms
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Figure 19 — Reference mechanical travel characteristics (idealised curve)
with the prescribed envelopes fully displaced downward from the reference curve
(+0 %, —10 %), contact separation in,this example at time r = 20 ms
6.102.4.2 Unit testing
6.102.4.2.1 General
(ertain generator circuit-breakers aretconstructed by assembling identical breaking or making
nits in series, the voltage distribution between the units of each pole often being improved bl
the use of parallel impedances.
his type of design enables the breaking or making performance of a generator circuit-
reaker to be tested by €arrying out tests on one or more units.
he requirements—of 6.101.1.1, 6.102.3 and 6.102.4.1 also apply for unit testing. Since
therefore at least a‘complete pole assembly has to be made available for the verification tesfs
dn one or more units, the test results relate only to this specific pole design.
Tlhe follewing situations can be distinguished:
d) /The generator circuit-breaker pole consists of units (or assemblies of units) which arge
Separately operated and which have no mutual connections for the arc extinguishing

b

medium. In this case unit testing is acceptable. However, the mutual influence through the
electrodynamic forces of the current on the units and the arc in the units should be taken
into account (see Figure 20). This may be done by substitution of the second interrupter
unit by a conductor with equivalent shape.

) The generator circuit-breaker pole consists of units (or assemblies of 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 units not under test arc during the test
(e.g. used as auxiliary circuit-breaker in synthetic tests).

) The generator circuit-breaker pole consists of units (or assemblies of units) which are not
separately operated. In this case, unit testing is only acceptable if the mechanical travel
characteristics for single-unit testing and full-pole testing are the same. The procedure as
given in 6.102.4.1 for single-phase testing of a three-pole generator circuit-breaker shall
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be applied accordingly. Moreover, the influence of electrodynamic forces (see also item a)
above) shall be covered. However, if the units not under test arc during the test (for
example, used as auxiliary circuit-breaker in synthetic tests), the requirements related to
the mechanical travel characteristics are considered to be covered. In this case, the
requirement for generator circuit-breakers, which have mutual connections for the
extinguishing medium between units (see also item b) above) is covered at the same time.

The mechanical travel characteristics for single-unit testing and for full-pole testing shall be
the same. The procedure given in 6.102.4.1 for single-phase testing of a three-pole generator
circuit-breaker shall be applied accordingly.

When carrying out unit tests it is essential that the units are identical and that the-static
vpltage distribution for the type of test is known.

S —_—

Unit 2 Unit 1
Al g

Pole of a generator circuit-breaker with
wo separate interrupter units in series.

IEC
Conductor with equivalent shape
—_—— ——
Unit 1
Fquivalent testing set-up for unit testing; \
econd interrupter unit isysubstituted by a
onductor of equivalentishape.
g IEC

Figure 20 — Equivalent testing set-up for unit testing of generator
circuit-breakers with more than one separate interrupter units

6.102.4.2.2 Identical nature of the units

The units of the generator 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 units may be different. In particular, the following conditions shall be fulfilled.

a) Operation of contacts

In making tests the closing of the contacts of one pole shall be such that the time interval
between the closing of the contacts of the first unit to close and the closing of the contacts
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of the last unit to close is not more than one-sixth of a cycle of rated frequency. In
breaking tests the opening of the contacts of one pole shall be such that the time interval
between the opening of the contacts of the first unit to open and the opening of the
contacts of the last unit to open is not more than one-eighth of a cycle of rated frequency.
Rated operating pressures and voltages shall be used to determine this time interval.

b) Supply of the arc-extinguishing medium

For a generator circuit-breaker using a supply of arc-extinguishing medium from a source
external to the units, the supply to each unit shall, for all practical purposes, be
independent of the supply to the other units, and the arrangement of the supply pipes shall
be such as to ensure that all units are fed essentially together and in an identical manner.

.102.4.2.3 Voltage distribution

he test voltage is determined by analysing the voltage distribution between the units of the
ole.

he voltage distribution between units of a pole, as affected by the influence of earth, shall be
etermined for the relevant test conditions laid down for tests on one pofe.

Where the units are not symmetrically arranged, the voltage distribution shall be determinefd
also with reverse connections.

—

he voltage distribution is determined either by measurement or by calculation. Values usef
the calculations shall be supported by measurements/of the stray capacitances of thE

enerator circuit-breaker. Such calculations and supporting measurements verifying th

ssumptions used in the calculations are the responsibility of the manufacturer.

Q=

I{ the generator circuit-breaker is fitted with parallel resistors, the voltage distribution shall b
cplculated or measured statically at the frequency of the TRV.

{ only capacitors are used, the voltage distribution may be calculated or measured at powe
equency.

—h
=

Tlhe manufacturing tolerancesxfor resistors and capacitors shall be taken into account. The
anufacturer shall state the'value of these tolerances.

o

OTE 1 It can be taken into*atcount that the voltage distribution is more favourable during the out-of-phase an
Iqad current breaking tests than during the short-circuit fault tests.

=]

OTE 2 The influence/of pollution is not considered in determining voltage distribution. In some cases, pollutio
chn affect this voltage’distribution.

.102.4.2,4/~Requirements for unit testing

hen-testing a single unit, the test voltage shall be the voltage of the most highly stresse
nit’,0f the complete pole of the generator circuit-breaker, determined in accordance wit
.102.4.2.3.

- O

When testing a group of units, the voltage appearing at the terminals of the most highly
stressed unit of the group shall be equal to the voltage of the most highly stressed unit of the
pole, both determined in accordance with 6.102.4.2.3.

During unit testing, the insulation to earth is not stressed with the full voltage occurring during
a breaking operation of the complete generator circuit-breaker. It is therefore necessary to
prove that the insulation to earth is capable of withstanding this full voltage, after interruption
of the rated short-circuit current in all units with maximum arcing time. The influence of
exhaust gases should also be taken into account.

Additional guidance is given in Annex O of IEC 62271-100:2008 and in IEC 62271-101:2012.
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102.5 Synthetic tests

ynthetic testing methods can be applied for making, breaking and switching tests as required

in 6.103 to 6.106.

N

6.

B

OTE For synthetic testing techniques and methods IEC 62271-101:2012 can be used as a reference.

102.6 No-load operations before tests

efore commencing making, breaking and switching tests, C and O operations shall be made

S

S
r

H
W

F

energised at rated maximum and minimum supply voltages+as specified in Table 2.

6.

all be recorded. For these no-load operatlons conditions stated in 6.101.1.1 apply.
dditional no-load operations may be necessary.

addition, it shall be demonstrated that the mechanical behaviour of the circuit:breaker, ¢
mple under test, conforms to that of the reference mechanical travelAcharacteristic
quired in 6.101.1.1. After a change of contacts or any kind of maintenance, thes
echanical travel characteristics shall be reconfirmed by repeating these no-load tests.

D »n =

he pressure of the fluid for interruption shall be set at its minimum fGnetional value according
b 3.7.143. This does not apply to sealed for life generator circuit-breakers.

[

or electrically or spring-operated generator circuit-breakers,\the operations shall be mad
ith the closing solenoid or shunt-closing releases apd-with the shunt-opening releas

[0

102.7 Alternative operating mechanisms

=

O O =

-

[

—

:T the type tests under short-circuit, out-of-phase and load current conditions is ng
e

or a generator circuit-breaker equipped withian alternative operating mechanism, repetitio

—

cessary.

>

OTE 1 In this subclause it is considered.ithat one version of the generator circuit-breaker using a certa
berating mechanism, is completely type-tesited in accordance with this standard; this version is referred to as th
bmpletely tested generator circuit-breaker. The other versions, differing only in the operating mechanisms, are
ferred to as generator circuit-breakers with alternative operating mechanisms.

[

he tests to be performed.are limited to the following:

) On each of the generator circuit-breakers (the completely tested generator circuit-breakg
and the generator circuit-breaker with an alternative operating mechanism) the
mechanical characteristics shall be recorded and compared in accordance with 6.101.1.1

—

) On the generator circuit-breaker with an alternative operating mechanism a verification
test for_breaking and a verification test for making, both under short-circuit conditiong,
shall(be" performed. For three-pole operated generator circuit-breakers the verificatio
tests“shall be performed three-phase, for single-pole operated generator circuit-breaker
the’/verification tests can be performed single-phase.

[ =]

Ik the rifiaotl ‘ot f madapa—ahball b £, o Py~ H % 402 4 14 o
e tiToT pllaoU Yereator—test+or ranTTy STratt OT ycllullllcu auuululllu U U ToUZ " r. 1T o).

After this making operation a no-load opening operation shall be performed by normal
means and the mechanical characteristics shall be recorded and compared in accordance
with 6.101.1.1.

The single-phase verification test for making consists of a single-phase making test at the
rated short-circuit current. The peak current value shall be at least 2,74/,.. The duration of
the current shall be long enough for the generator circuit-breaker to reach its fully closed
position. After this making operation a no-load opening operation shall be performed by
normal means and the mechanical characteristics shall be recorded and compared in
accordance with 6.101.1.1.

Both the three-phase and the single-phase verification test for breaking consist of a
symmetrical breaking test at the rated short-circuit current with the maximum arcing time
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for the last-pole-to-clear. The breaking operation may be performed at any convenient test
voltage.

The course of the contact travel of the completely tested generator circuit-breaker during a
breaking test under the same conditions shall be used as a reference curve for the
following procedure:

e Two envelope curves shall be drawn from the instant of contact separation to the end
of the contact travel of the reference curve. The distance of the two envelopes from the
course of the contact travel shall be +5 % of the total travel or £2 mm whichever is
larger (see Figure 17).

I

= 0

o Z

(ww ]

T

=

e The course of the contact travel of the generator circuit-breaker with an alternativ,
operating mechanism during its verification test for breaking shall be recorded(if ‘th
course of the contact travel during the verification test for breaking is within th
envelope curves of the completely tested generator circuit-breaker, the verification test
is a valid operation.

e The envelopes can be moved in the vertical direction until one of the ¢urves covers thf
reference curve. This gives maximum tolerances over the reference contact trav
curve of -0 % or 0 mm, +10 % or +4 mm and +0 % or 0 mim, —-10 % or -4 mm
respectively (see Figure 18 and Figure 19). The displacement.of the envelope can b
done only once for the complete procedure in order to getra maximum total deviatiop
from the reference curve of 10 % or 4 mm.

In the particular case where the variation in opening times of the alternative operatin
mechanism causes the generator circuit-breaker to fall info a different category of earlies
possible interruption (see Tables 12, 13, 14 and 15),test-duty 2 of Table 16 or 17 shall b
performed on the generator circuit-breaker with an @alternative operating mechanism.

—_

(]

requirements a), b) and c) are met, the reference mechanical characteristics of th
ompletely tested generator circuit-breaker shall{apply also for the generator circuit-breaker
ith alternative operating mechanisms.

[

OTE 2 It is understood that the mechanicalNendurance tests are completely repeated with the alternative
berating mechanism.

.102.8 Behaviour of generator_circuit-breaker during tests
uring making and breaking.tests, the generator 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.

he generator circuit-breaker shall close and latch satisfactorily.

O

atmosphere during the making and breaking tests, the above requirements are considered t

or,generator circuit-breakers which are designed to have discharge of interrupting medium t

O

h

ave been met, provided

for oil generator circuit-breakers, there is no outward emission of flame, and the gases
produced, together with the oil carried with the gases, shall be conducted from the
generator circuit-breaker and directed away from all live conductors and locations where
persons may be present;

for other types of generator circuit-breakers, such as air blast or air break, there is an
outward emission of flame, gas and/or metallic particles. If such emissions are appreciable
it may be required that the tests shall be made with metallic screens placed in the vicinity
of the live parts and separated from them by a safety clearance distance which the
manufacturer shall specify. The screens shall be insulated from earth but connected
thereto by a suitable device to indicate any significant leakage current to earth. There
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shall be no indication of significant leakage currents to the generator circuit-breaker
earthed structure, or screens when fitted, during the tests.

OTE 1 If no other devices are available, the earthed parts, etc. can be connected to earth through a fuse

consisting of a copper wire of 0,1 mm diameter and 5 cm long. No significant leakage is assumed to have occurred

if

this fuse wire is intact after the test.

If faults occur which are neither persistent nor due to defect in design, but rather are due to

e

rrors in assembly or maintenance, the faults can be rectified and the test-duty repeated. In

those cases, the test report shall include reference to the invalid tests.

N
H
T

r

N
(

=

6
6
T

A

a

under test. They shall be reported in the test report in order to differentiate xthem fron

imsulators shall be in essentially the same condition as befere the test-duty.

SDDs may occur during the recovery voltage period following a breaking operation.
owever, their occurrence is not a sign of distress of the switching device under\tesi.
herefore, their number is of no significance to interpreting the performance of the |devic

>

bstrikes.

OTE 2 It is not the intent to require the installation of special measuring circuits to deteck NSDDs. They are only
ported when seen on an oscillogram.

.102.9 Condition of generator circuit-breaker after tests
.102.9.1 General

he generator circuit-breaker may be inspected after any test-duty. Its mechanical parts and

fter each test-duty the generator circuit-breaker shall be in the following condition:

) The generator circuit-breaker shall be capable of withstanding a voltage test as p
condition check according to 6.2.11.

—

) The main contacts shall be in such a gondition, in particular with regard to wear, contag
area, pressure and freedom of mevement that they are capable of carrying the rate
normal current without their temperature rise exceeding the values specified in Table 3 g
IEC 62271-1:2007 by more than@0 K.

Contacts shall be considered, as "silver-faced" only if there is still a layer of silver at the
contact points after any of the short-circuit test-duties; otherwise, they shall be treated ajs
"not silver-faced" (see 4(4:3, point 6 of IEC 62271-1:2007).

For other than sealed’ for life interrupter units, visual inspection is usually sufficient fg
verification of the capability of the generator circuit-breaker to carry the rated norma
current.

—uon

—_- =

NOTE Experiente shows that an increase of the voltage drop across the generator circuit-breaker cann¢t
alone be considered as reliable evidence of an increase in temperature rise.

For generator circuit-breakers with sealed for life interrupters either procedure A or B
belew-applies:

Procedure A

ThiS procedure 1S applicable, when a temperature-rise test has been carried out In
accordance with 6.5. and the manufacturer has provided the test results to the testing
laboratory.

1) The manufacturer shall make available the results of the appropriate temperature-rise
test together with drawings illustrating the circuit-breaker tested. The drawings shall
show the configuration and dimensions of the conductors and interrupter together with
details and dimensions of the enclosure, if any. The testing laboratory shall ensure that
the circuit-breaker submitted for short-circuit tests is identical in all significant details
likely to affect the normal current rating of the circuit-breaker on which the
temperature-rise test was carried out.

2) The resistance across the generator circuit-breaker shall be measured before the
making and breaking tests. Three measurements of resistance shall be made on each
interrupting unit with intervening no-load operations to establish an average value. The


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

IEC/IEEE 62271-37-013:2015 - 97 -
© IEC/IEEE 2015

measurements shall be made with d.c. at any convenient value of current between
100 A and the rated normal current.

3) Provided that the average value of the resistance for each interrupting unit is not
greater than 120 % of the highest resistance value recorded for the interrupting units
submitted to the temperature rise test then the making and breaking tests can proceed.
In the event of the resistance measurements exceeding the 120 %, then procedure B
shall be applied.

4) After the completion of the making and breaking tests the resistance across each
interrupting unit shall be measured again. The measurement procedure shall be
identical to that used for the resistance measurements made prior to the making angd
breaking tests.

5) The condition of the contacts after completion of the making and breaking/tests iis
considered to be satisfactory, if the average value of resistance for each jintefrupting
unit is not greater than 200 % of the maximum value recorded for the intetrupting units
submitted to the temperature-rise tests.

6) In the event of the average value of resistance for any interrupting unit exceeding
200 % of the maximum value recorded for the original temperature-rise test then the
testing laboratory shall request a temperature-rise test to ‘be performed (se
assessment for procedure B).

[0

Procedure B

This procedure is applicable either when a manufacturer has not carried out p
temperature-rise test on the type of generator circuit-breaker submitted for making angd
breaking tests, or alternatively, when the testing laboratory is not satisfied that there is p
satisfactory relationship between the generator circuit-breaker for test and the generatqr
circuit-breaker on which a temperature-rise test wWas performed.

1) A temperature-rise test shall be performed after the no-load operations completing th
making and breaking tests prior to the replacement of any interrupting units.

9]

[oN

2) The condition of the contacts after*the making and breaking tests is considere
acceptable if the maximum temperature rise recorded at the terminals of an
interrupting unit does not exceed by more than 10 K the values specified in Table 3 ¢
IEC 62271-1:2007.

c)) The generator circuit-breaker shall be capable of making and breaking load currents
according to 6.104, although its short-circuit making and breaking performance may bg
impaired.

—_ <

Hor other than sealed for life interrupter units, visual inspection is usually sufficient fqr
verification of the capability of the generator circuit-breaker to make and break load currents
according to 6.104.

or sealed forlife generator circuit-breakers verifications according to a) and b) are normall
fficient-for verification of the capability of the generator circuit-breaker to make and brea
ad currénts according to 6.104.

oS 0 T
A<

I intérrupter units are placed in an insulating fluid with different characteristics, that alsp
might withstand the test voltages when replacing the original arc extinguishing medium (for
example a vacuum interrupter unit in an enclosure filled with SFg) the voltage test as a
condition check, as requested in 6.2.11 may not be adequate to verify the integrity of the
device. In such cases the integrity of the device shall be demonstrated by one of the
following:

— appropriate methods as stated by the manufacturer (for example by removing the
interrupter and testing it in the interrupter factory with the same procedure as for a new
interrupter).

— short-circuit current breaking tests in a circuit which supplies at least 10 % of the rated
short-circuit breaking current and at least 50 % of the rated voltage irrespectively of the
TRV. One of the three following tests shall be performed:
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1) in a three-phase solidly earthed test circuit, one breaking operation.

2) in a three-phase isolated neutral test circuit, three breaking operations. Each pole shall
be the first to clear once.

3) in a single-phase test circuit, one breaking operation on each pole.

The requirements mentioned above also apply to synthetic tests.

A successful interruption in each pole demonstrates that the interrupter integrity is
maintained.

.102.9.2 No-load operations after a test-duty

fter a test-duty no-load operations shall be repeated under the same condition-as th

rresponding operations before the test-duty. The no-load operations after a test-duty sha

e compared with the corresponding operations made before the test-duty and, shall show n

sfgnificant change. If the test continues on the same test object without maintenance, then th
0-load operations are not required at this stage.

= O

O O

.102.9.3 No-load operations after a series of tests

t the completion of the entire test series of short-circuit or switching tests the mechanica
ehaviour of the generator circuit-breaker, or sample under test; shall be reconfirmed to thg
the reference mechanical characteristics required in 6.102.6.

—

Tlhe no-load operations after a series of tests shallCbe compared with the corresponding
dperations made before the series of tests and shallkshow no significant change.

6.102.10 Demonstration of the most severe switching conditions

6.102.10.1 General

—

Tlhe procedures described in this subclause are relevant for the system-source short-circu
current breaking tests and for thefout-of-phase current breaking tests. Each test-duty i
demonstrated with a minimum of.two tests on one test sample.

[]

—

Tlhe current to be interrupted by a generator circuit-breaker shall be determined at the instan
of contact separation inh accordance with Figure 10, and shall be stated in terms of the
bllowing two values:

—h

the r.m.s. value of the a.c. component averaged over all phases;

the degreerof asymmetry in each phase.

Tlhe r.m.s-wvalue of the a.c. component in any phase shall not vary from the average by morg
than 10-%:

Although the breaking current is measured at the instant corresponding to contact separation,
the breaking performance of the generator circuit-breaker is determined, among other factors,
by the current which is finally interrupted in the last loop of arcing. The decrement of the a.c.
component of the current is therefore very important, particularly when testing those
generator circuit-breakers which arc for several loops of current. To obviate an easement of
duty, the decrement of the a.c. component of the current should be such that at a time
corresponding to the final extinction of the main arc in the last-pole-to-clear, the a.c.
component of the prospective current is not less 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 the generator circuit-breaker are such that it reduces the current value
below the prospective breaking current, or if the oscillogram is such that the current wave
envelope cannot be drawn successfully, the average prospective breaking current in all
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phases shall be used as the breaking current and shall be measured from the oscillogram of

prospective 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 station 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

generator circuit-breaker at no-load.

6.102.10.2 Three-phase tests

.102.10.2.1 General

he procedures given below are for direct tests. Where synthetic tests are performed it i
ecessary to establish the minimum arcing time for the first-pole-to-clear before starting th
skequences. The method of establishing the minimum arcing time is given in 6.102.10.3.

6.102.10.2.2 Three-phase symmetrical breaking operations

Tlhe most severe switching condition is considered satisfactory if the following conditions ar
npet:

a) in one of the two opening operations, where in the first-pole-to+clear arc extinction occur
at minimum arcing time;

b) in one of the two opening operations, where in the firsi-pole-to-clear arc extinction occur
at maximum arcing time.

Tlhe recommended procedure to achieve these two-valid operations is as follows.

Hirst it is necessary to establish the minimumyarcing time 7,5, min- The minimum arcing tim
rmay be known from experience. However tests illustrated in Figure 21 are needed to confirn
tihe minimum and the longest arcing times: The minimum arcing time f,.; yin iS establishe
when any delay in the contact separation with respect to the current waveform results i
terruption at the next current zero.ifi*another phase, resulting in a valid test with maximurn
rcing time.

QL =

—

he minimum arcing time is\found by changing the setting of the tripping impulse by steps ¢
8° (da).

—

b~

graphical representation of the two valid breaking operations is given in Figure 21.

As an alternative’ to the above, three CO-operations could be applied where the trippin
mpulse shallbe advanced or delayed by 40 electrical degrees (40°) between the thre
opening epérations.

[CENY)

= = I © N )

[CRLC®]
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Figure 21 — Two valid three-phase symmetrical breaking operations
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6.102.10.2.3 Three-phase asymmetrical breaking operations

Since the severity of the tests under asymmetrical breaking conditions can vary widely
depending on the moment of contact separation, a procedure has been developed in order to

prove the most severe switching conditions.

The following asymmetry criteria shall be fulfilled by the prospective current waveform when

performing test-duty 2 and test-duty OP2:

— last current loop peak;

last current loop duration;

d.c. component at current zero (parameter controlling the di/d¢ and the resulting°TR
parameters).

Tlhe intention is to prove the most severe switching conditions as follows:

Q

) In one breaking operation arc extinction in the first-pole-to-clear shall oegcur at the end of
major current loop with the maximum arcing time and with the€ \required maximur
asymmetry criteria. This operation shall comply with the TRV requirements for the firs
pole-to-clear condition.

b) In one breaking operation arc extinction in one of the last-poles<to-clear shall occur at th

maximum asymmetry criteria. This operation shall comply: with the TRV requirements fqg
the last pole-to-clear condition.

bz

OTE 1 Some generator circuit-breakers will not clear at the end)of a major loop. Arcing then continues durin
he subsequent minor current loop and becomes a last pole-to-Gléar. However, this test is considered valid if durin
subsequent test it is proven that the maximum arcing time.Wwas achieved.

Q =~

=

OTE 2 A test where the circuit-breaker clears at the .end of a reduced major current loop or a minor loop in th
hase meeting the asymmetry criteria is invalid with thexexception of the situation described in NOTE 1.

el

etween the condition a) and the condition b) tests the initiation of the short-circuit should b
hanged by 60° in order to transfercthe required asymmetry criteria to another phase and
qualize the contact erosion of the“poles.

® O M -

—

denerator circuit-breake( without reconditioning is as follows:
Demonstration of-condition a)

wo breaking\'operations are required, one according to Figure 22 and one according t
igure 23.

-

- Figure 22 shows the contact separation to achieve the minimum arcing time #;.c iy 1 |
phase S with intermediate level of asymmetry after a major loop. Parameters for thi

e
end of a major extended current loop with the maximum arteing time and with the requirefd

he sequence is of no consequence as.long as the tests fulfil the conditions in a) and b).

he preferred procedure to_demonstrate the conditions a) and b) in four operations on ong

>

[ «Q Q@ -

(O3 ¢))

O

(=]

intermediate asymmetrical major loop are given in Table 12 for 50 Hz and in Table 13 fg

=

60 Hz.

— Figure 23 shows the contact separation delayed by da (18°) with respect to the current

waveform of Figure 22 resulting in a first-pole-to-clear interruption after a major loop i

n

phase R with the required maximum asymmetry criteria and the maximum arcing time

larc max 1 = Tarc min 1
loop and values for the time interval Az; are given in Table 12 for 50 Hz and in Table 1

for 60 Hz.

The minimum arcing time may be known from experience. However tests illustrated i
Figure 22 and Figure 23 are needed to confirm the minimum and the maximum arcing times.

— T'x da/360° + At,. Parameters for this maximum asymmetrical major

3

n
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Contact separation is set‘such as to achieve the minimum arcing time in phase
S with intermediate level of asymmetry after a major loop
IEC

Figure 22 — Three-phase asymmetrical breaking operation — Minimum

arcing time with intermediate asymmetry after major loop (#;,c min 1)
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ontact separation is delayed by da with respect to Figure 22 in order to achieve the maximum arcing time for
rst pole-to-clear (phase R) at maximum asymmetry criteria after a major loop

Key

tdc min 1 minimum arcing time dha phase with intermediate level of asymmetry after a major loop

d 18°

T one period of the power frequency

Ay, time intervalkas per Tables 12 and 13

e max 1 maximymrarcing time for a first-pole-to-clear at maximum asymmetry criteria after a major loop

Figure 23 — Three-phase asymmetrical breaking operation — Maximum

arcing time for the first-pole-to-clear after major loop (f,,c max 1)

Demonstration of condition b)

[

Two breaking operations are required, one according to Figure 24 and one according to

F

igure 25.

Figure 24 shows the contact separation such as to achieve the minimum arcing time
tarc min 2 IN phase S with intermediate level of asymmetry after a minor loop. Parameters
for this intermediate asymmetrical minor loop are given in Table 14 for 50 Hz and in

Table 15 for 60 Hz.

Figure 25 shows the contact separation delayed by da (18°) with respect to the current
waveform of Figure 24 resulting in a last-pole-to-clear interruption after a major loop in
phase T with the required maximum asymmetry criteria and the maximum arcing time

t t

arc max 2 ~ ‘arc min 2

— T x dal/360° + At,. Parameters for this maximum asymmetrical major

extended loop and values for the time interval Az, are given in Table 14 for 50 Hz and in

Table 15 for 60 Hz.
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The minimum arcing time may be known from experience. However tests illustrated in
Figure 24 and Figure 25 are needed to confirm the minimum and the maximum arcing times.

Contact separation —_ |
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E /-\ /\ I
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0 | | time
I I

' tarc min 2
Contact separation is set'such as to achieve the minimum arcing
time in phase S withintermediate level of asymmetry after a
minor loop
IEC

Figure 24 — Three-phase asymmetrical breaking operation — Minimum

arcing time with intermediate asymmetry after minor loop (7;,c min 2)
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Contact separation is delayed by da with respect to Figure 24 in order to achieve the maximum arcing time for
Igst pole-to-clear (phase T) at maximum asymmetry criteria after a major extended loop

[)

Key

tdcmin2 Minimum arcing time in(a‘phase with intermediate level of asymmetry after a minor loop

dix 18°

T one period of the power frequency

Ay, time interval as per Table 14 and Table 15

tdemax 2 Maximum.arcing time for a last-pole-to-clear at maximum asymmetry criteria after a major extended loop

Figure 25 — Three-phase asymmetrical breaking operation — Maximum
arcing time for the last-pole-to-clear after extended major loop (f,.. nax 2)

I{ if\is’ not possible to achieve the requirements a) and b) because of the characteristics of the
merator circuit-breaker; the mumberof breakimgoperations—shattbeextendedtoprovethat,
in this particular case, the most severe test conditions have been achieved. With the consent
of the manufacturer two options to perform additional breaking operations are suggested.

Option 1: Additional breaking operations shall be carried out without reconditioning on the
same generator circuit-breaker:

— If during the first 4 breaking operations according to the preferred procedure neither
condition a) nor condition b) were achieved, at least two more breaking operations shall
be carried out. The test duty is fulfilled, if among all the six breaking operations each of
the two conditions a) and b) are met at least once, while taking into account an enlarged
tolerance of +2 ms to the required arcing times.
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If during the first 4 breaking operations according the preferred procedure only one of the

conditions a) and b) was achieved, at least one more breaking operation shall be carried
out. If during this additional breaking operation the remaining condition is met, the test
duty is fulfilled. If a second additional breaking operation is necessary to prove the

remaining condition, then, if among all the 6 breaking operations the remaining conditio

n

was met at least once, while taking into account an enlarged tolerance of +2 ms to the

required arcing times, the test duty is fulfilled.

Option 2: The preferred procedure as described above shall be repeated with a reconditioned

or a new generator circuit-breaker:

During repetition of the preferred procedure the required conditions a) and b) shall be fulfille
aking into account an enlarged tolerance of +2 ms to the required arcing times.

—

6.102.10.3 Single-phase tests to substitute for three-phase conditions

N

.102.10.3.1 General

—

his procedure may be used instead of three-phase tests, except whete single-phase testin
$ not permitted according to 6.102.3.2 or 6.102.3.3.

Tlhe procedures given below are partly derived from synthetic ‘tést methods. Where direq
tests are performed the procedure for establishing a minimum“arcing time might result in
valid test with maximum arcing time or with an arcing time\in excess of the maximum arcin
time.

Tlhe aim of the following single-phase tests is to satisfy the conditions of the first-pole-to-cleg
and the last-pole-to-clear for each test-duty in ong test circuit.

the requirements of 5.101. If not, caution~shall be exercised when using the Tables 12, 13, 1
nd 15.

N

.102.10.3.2 Single-phase symmetrical breaking operations

he intention to achieve the nost severe switching conditions is considered satisfactory if th
bllowing conditions are met:

= -

Q

) In one of the twowopening operations, arc extinction shall occur with the maximum arcin
time and with ARV requirements for the first-pole-to-clear condition. The maximum arcin
time for the first-pole-to-clear condition is determined as follows:

t s + T x 42°/360°

Tlhe following procedures are applicable if alk'Operations of the rated operating sequence fulfj

L =

—

|

)

arc max A ~Yarc min

where

tafemin 1S the minimum arcing time obtained from one or more additional tests;
L is one period of the power frequency;

42° is the arcing window of the first-pole-to-clear — do. = 60° — 18°

b) In one of the two open operations, arc extinction shall occur with the maximum arcing tim
and with TRV requirements for the last-pole-to-clear condition. The maximum arcing tim
for the last-pole-to-clear condition is determined as follows:

t t + T x 132°/360°

arc max 2 ~ larc min
where
tare min 1S the minimum arcing time obtained from one or more additional tests;

T is one period of the power frequency;

132° is the arcing window of last-pole-to-clear — da. = (60°+90°) — 18°.

e
e
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It is necessary to establish the minimum arcing time ... i, before starting the above
sequence. The minimum arcing time may be known from previous testing by using an
additional test object clearly identified as the same type or may be found as part of the test.
The minimum arcing time is established when any extra delay in the contact separation with
respect to the current waveform results in interruption at the next current zero. This minimum
arcing time is found by changing the setting of the tripping impulse by steps of 18°. Visual
inspection shall show that re-ignition occurred between arcing contacts.

6.102.10.3.3 Single-phase asymmetrical breaking operations

Tlhe aim of the following single-phase tests is to satisfy the conditions of the first-pole-to-cleg
and the last pole-to-clear as per a) and b) in 6.102.10.2.3. The recommended test proecedur|
for single-phase testing is derived from the three-phase test procedure.

D =

—

he following asymmetry criteria shall be fulfilled by the prospective current waveform whep
erforming test-duty 2 and test-duty OP2:

o)

- last current loop peak;
— last current loop duration (for the first-pole-to-clear conditions only);

- d.c. component at current zero (parameter controlling the di/d:r and the resulting TRY
parameters).

efore the first valid opening operation it is necessary to, ésfablish the minimum arcing tim
re min 1 derived from a phase with intermediate asymmetry level after a major loop in a threg-
hase system (Figure 22). Parameters for this intermediate major loop are given in Table 1
br 50 Hz and in Table 13 for 60 Hz. This minimumrareing time may be known from previou
sting by using an additional test object clearly identified as the same type or may be foun
s part of the tests. The minimum arcing time #g." i, 1 is established when any delay in th
ntact separation with respect to the current waveform results in interruption at the ne
rrent zero. This minimum arcing time is.found by changing the setting of the trippin
pulse by steps of 18° (da) (Figure 26).A/i5ual inspection shall show that re-ignition occurre
etween arcing contacts.

o = =k el vs)
[oN (o pman

Conhtact separation \ I
|

A A

0,0

t[ms]

| Tarc min 1 |
' ' IEC

Contact separation is set to achieve the minimum arcing time after a major loop with intermediate asymmetry level

Figure 26 — Single-phase asymmetrical breaking operation — Minimum

arcing time with intermediate asymmetry after major loop (t,,c min 1)

For the first valid opening operation, the initiation of short-circuit and the setting of the control
of the tripping impulse shall be such that:

— the required asymmetry criteria for the appropriate major loop are obtained (Figure 27);
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— arc extinction occurs with the required asymmetry criteria after a major loop with the
maximum arcing time ,,; max 1 = farc min 1 — I X da/360° + Az, with the time interval Az, as
given in Table 12 for 50 Hz and in Table 13 for 60 Hz, and with the required maximum
asymmetry criteria in order to comply with the TRV requirements for the first-pole-to-clear
condition;

— loop parameters of the prospective current as given in Table 12, columns 6, 7 and 9, for
50 Hz and in Table 13, columns 6, 7 and 9, for 60 Hz are fulfilled;

— interruption occurs after a subsequent minor loop if the generator circuit-breaker failed to
interrupt after the required major loop.

0,0 N

Contact separation

t [ms]

| L3rc max 1 :

IEC

(@]

ontact separation is set to achieve the longest possible arc duration for a first-pole-to-clear at maximum
sEymmetry criteria after a major loop

[V

Figure 27 — Single-phase. asymmetrical breaking operation —
Maximum arcing time for the first-pole-to-clear after major loop (,;c max 1)

Hefore the second valid opening operation it is necessary to establish the minimum arcin
time 75,c min 2 derived from aphase with intermediate asymmetry level after a minor loop in

three-phase system (Figur&,28). Parameters for this intermediate minor loop are given i
able 14 for 50 Hz and (inyTable 15 for 60 Hz. This minimum arcing time may be known fro
revious testing by using an additional test object clearly identified as the same type or ma
e found as part_of.the tests. The minimum arcing time 7, i, 2 is established when an
elay in the contact separation with respect to the current waveform results in interruption at
the next current-zero. This minimum arcing time is found by changing the setting of th

tripping impulse by steps of 18° (da) (Figure 28). Visual inspection shall show that re-ignitio

ccurreddetween arcing contacts.

D Q

or/the second valid opening operation, the initiation of short-circuit and the setting of th
nirol of the tripping impulse shall be such that:

— the required asymmetry criteria for the appropriate major loop are obtained (Figure 29);

— arc extinction occurs with the required asymmetry criteria after a major loop with the
maximum arcing time ,.; max 2 = farc min 2 — I X da/360° + At,, with the time interval Az, as
given in Table 14 for 50 Hz and in Table 15 for 60 Hz, and with the required maximum
asymmetry criteria in order to comply with the TRV requirements for the last-pole-to-clear
condition;

— loop parameters of the prospective current as given in Table 14, columns 6 and 9, for
50 Hz and in Table 15, columns 6 and 9, for 60 Hz are fulfilled;

— interruption occurs after a subsequent minor loop if the generator circuit-breaker failed to
interrupt after the required major loop.
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NOTE It is recognized that single-phase testing in a direct test circuit to prove the last-poles-to-clear conditions is

more severe than in three-phase test circuit because the arcing time of the last-pole-to-clear is used together with
the current of the first-pole-to-clear.

If it is not possible to achieve the requirements a) and b) in 6.102.10.2.3 because of the
characteristics of the generator circuit-breaker, the number of breaking operations shall be
extended to prove that, in this particular case, the most severe test conditions have been
achieved. There are two options to perform additional breaking operations.

Option 1: With the consent of the manufacturer additional breaking operations shall be

(&

o0

O

—

arrred-outwithout reconditiommg o the—same generator circuit-breaker:

ption 2: The preferred procedure as described above¢shall be repeated with a reconditionefd
r a new generator circuit-breaker:

uring repetition of the preferred procedure the‘required conditions a) and b) shall be fulfilled
aking into account an enlarged tolerance of -2 ms to the required arcing times.

—

If during the first two breaking operations according to the preferred procedure neithg
condition a) nor condition b) were achieved, at least two more breaking operations shal
be carried out. The test duty is fulfilled, if among all the four breaking operations each ¢
the two conditions a) and b) are met at least once, while taking into account.an enlarge
tolerance of + 2 ms to the required arcing times.

T = =

—

If during the first two breaking operations according to the preferred proeédure only one ¢
the conditions a) and b) was achieved, at least one more breaking‘operation shall b
carried out. If during this additional breaking operation the remaining”condition is met, th
test duty is fulfilled. If a second additional breaking operationjs-necessary to prove th
remaining condition, then, if among all the four breaking ‘operations the remainin
condition was met at least once, while taking into account.an,enlarged tolerance of £ 2 m
to the required arcing times, the test duty is fulfilled.

? ©Q O M D

V%

" \\/
Contact separation /

t [ms]

| Tarc min 2 |
' IEC

Contact separation is set to achieve the minimum arcing time after a minor loop with intermediate asymmetry level.

Figure 28 — Single-phase asymmetrical breaking operation — Minimum

arcing time with intermediate asymmetry after a minor loop (t,,¢ min 2)
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Contact separation

.

0,0

(@]

t [ms]

tarc max 2

IEC

ontact separation is set to achieve the maximum arcing time for a last-pole-to-clear”at maximum asymmetfy
iteria after a major loop.

Figure 29 — Single-phase asymmetrical breaking operation — Maximum
arcing time for the last-pole-to-clear extended major loop (t,,c max 2)
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6

.102.11  Methods of determining prospective transient recovery voltage waves

Assessing the prospective transient recovery voltage characteristics of the circuit shall be

d

6
6

one as described in Annex F of IEC 62271-100:2008.
.103 System-source short-circuit making and breaking tests
.103.1 Power factor of test circuit

N

<

.103.2 Frequency of test circuit

ystem-source short-circuit breaking tests shall be performed at rated frequency.

ystem-source short-circuit making tests performed at 60 Hz are valid for?80 Hz and vice
ersa.

.103.3 Earthing of test circuit

he connections to earth of the test circuit for system-sourcevshort-circuit making ang
reaking tests shall be in accordance with the following require€ments and shall, in all caseg,
e indicated in the diagram of the test circuit included in thetest report.

) Three-phase tests:

[®N

The generator circuit-breaker (with its structurecearthed as in service) shall be connecte
in a test circuit having the neutral point of th€ ‘supply isolated and the short-circuit poirn
earthed as shown in Figure 30a, or vice versa as shown in Figure 30Db, if the test can only
be made in the latter way.

—

In accordance with Figure 30a, the neutral of the supply source may be earthed through
resistor, the resistance of which is as\high as possible and, expressed in ohms, in no cas
less than U/10, where U is the numerical value in volts of the voltage between lines of th
test circuit.

O O D

When a test circuit according to Figure 30b is used, it is recognised that in case of ap
earth fault at one terminal_of the test generator circuit-breaker, the resulting earth currer
could be dangerous. It.is consequently permitted to connect the supply neutral to eart
through appropriate impedance.

J R

) Single-phase tests:

The test circuit.and the generator circuit-breaker structure shall be connected as in Figurge
31a, so that the voltage conditions between live parts and the structure after arc extinctio
are the same as those which would exist in the first-pole-to-clear of a three-pole generatg
circuit-breaker if tested in the test circuit shown in Figure 30a.

=

—

Thé preferred test circuit is shown in Figure 31a. Where there are limitations on tes
station equipment, the circuit shown in Figure 31b may be used if the insulation betweeh

phases and/or to earth is not critical. When this insulation is critical, appropriate testing

methods are presented in Annex O of IEC 62271-100:2008 and in IEC 62271-101:2012.
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a) Preferred circuit

A

Uy =1,5U13

IEC

c) Voltage diagram for preferred circuit

Figure 30 — Earthing of test circuits for three-phase
short-circuit tests, first-pole-to-clear factor 1,5

15U /43
VYY)

b) Alternative circuit

Uy=1,5xU13

d) Voltage diagram for alternative circuit

10U/43 05U/4/3

I
IEC

a) Preferred circuit

IEC

b) Alternative circuit not applicable for generator
circuit-breakers where the insulation between

phases and/or to earth is critical

Figure 31 — Earthing of test circuits for single-phase
short-circuit tests, first-pole-to-clear factor 1,5
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6

.103.4 Connection of test circuit to generator circuit-breaker

Where the physical arrangement of one side of the generator circuit-breaker differs from that

(o]

f the other side, the live side of the test circuit shall be connected for testing to that side of

the generator circuit-breaker which gives the more severe conditions with respect to voltage
to earth, unless the generator circuit-breaker is especially designed for feeding from one side

(o]

nly.

Where it cannot be demonstrated satisfactorily which connection gives the more severe

C

nditions, either of the following is possible:

—

O _Z

= = QO

-

—

6

g) test-duties 1 and 2 according to 6.103.12 shall be made with opposite connections;

b) if a generator-source short-circuit current rating is assigned, the associated test-duties 3,

e¢sts at rated voltage and rated short-circuit current. Making operations at reduced voltag

:t each polarity, at reduced current. The reduced current shall be low enough to avoid contad
"

4, 5, 6A and 6B according to 6.105.12 shall be made with the opposite )connection
compared to the connection used during test-duties 1 and 2 according to 6.103)12.

.103.5 Applied voltage for system-source short-circuit making tests
he applied voltage, listed in Tables 16 and 17, shall be as follows:

) for three-phase tests on a three-pole generator circuit-breaker, the average value of the
applied phase-to-phase voltages shall not be less than the rated voltage U, and shall ngt
exceed this value by more than 10 % without the consent of the manufacturer. The
differences between the average value and the applied ,voltages of each pole shall ngt
exceed 5 %.

) for single-phase tests on a three-pole generator circuit-breaker, the applied voltage shal
be not less than the phase-to-earth value U,/Y3sand shall not exceed this value by mor
than 10 % without the consent of the manufacturer.

4]

OTE With the manufacturer’s consent, for convenience.of testing, a voltage equal to the product of the phase-t
brth voltage and the first-pole-to-clear factor (1,5) of ‘the generator circuit-breaker can be applied.

ue to limitations of test facilities it is not ‘always possible to perform the short circuit makin

T QO

ith a minimum of not less than 50% of the rated voltage are permissible if the pre-arcin
me during making at rated voltage in any phase is not more than 1/10 cycle of the pows
equency with a tolerance of 20-%.

=@

he pre-arcing time at rated voltage shall be determined by performing two making tests, ong

—

osion.

.103.6 System-source short-circuit making current

he test quantities are listed in Tables 16 and 17.

.103,7 System-source short-circuit breaking current

Breaking tests are required with both symmetrical and asymmetrical currents.

The test quantities are listed in Tables 16 and 17 with the following additions:

The short-circuit current to be interrupted by a generator circuit-breaker shall be determined

a

t the instant of contact separation and shall be stated in terms of the following two values:

the r.m.s. value of the a.c. component averaged over all phases;

the degree of asymmetry in each phase.

The r.m.s. value of the a.c. component in any phase shall not vary from the average by more
than 10 %.
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a) Symmetrical breaking current

Any breaking test in which the degree of asymmetry of the current in all phases at contact
separation is less than 20 % is considered a symmetfrical test.

b) Asymmetrical breaking current

The degree of asymmetry during test duty 2 at contact separation is determined by the
following equation:

~(topmin+1r)

A OO

o Z

o]

ASycs = 100%xE 7

Asy.s is the degree of asymmetry at contact separation;
is the minimum opening time declared by the manufacturer;
is the relay time (0,5 cycle; 10 ms for 50 Hz and 8,3 ms for 60 Hz);

T is the standard d.c. time constant (133 ms, see Figure 11).
he short-circuit current during arcing interval is valid if the following ‘€onditions are met:

the peak of the prospective short-circuit current during the/last loop prior to the intendefd
interruption is between 100 % and 110 % of the required,value, and

=

the duration of the prospective short-circuit current lgop prior to the intended interruptio
is between 90 % and 110 % of the required value.

r if the above tolerances cannot be fulfilled:
the product of the peak and the duration of\the prospective short-circuit current during th

last loop prior to the intended interruption'is between 100 % and 110 % of the require
value.

O

uring synthetic tests the following additional requirements shall be met:
the peak of the short-circuit current during the last loop prior to the interruption is between
90 % and 110 % of the required value, and

the duration of the short-circuit current loop prior to the interruption is between 90 % and
110 % of the required value.

the product of the _peak and the duration of the short-circuit current during the last loop
prior to the interruption is between 90 % and 110 % of the required value.

OTE 1 These conhditions apply only provided that the instant of current initiation is within 10° during both th
fospective curfent calibration and breaking tests.

[

o

OTE 2 .For/generator circuit-breakers having relatively high arc-voltages, the procedure to obtain the peak an
Lration*of*current loop during synthetic tests is explained in Annex A of IEC 62271-101:2010.

.103.8 Transient recovery voltage (TRV) for system-source short-circuit breaking

tests

The prospective circuit TRV (unmodified by the generator circuit-breaker) shall meet the

\"

alues as listed in Table 3.

For direct testing asymmetrical current-interrupting capabilities shall be demonstrated using
test circuits capable of producing the rated TRV envelopes unmodified by the generator

Cc

ircuit-breaker when a symmetrical current is interrupted.

For synthetic testing refer to IEC 62271-101:2012.
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.103.9 Measurement of transient recovery voltage during test

The actual TRV measured during the test may differ from the prospective TRV of the test
circuit measured before the test without the generator circuit-breaker present. This is because
the generator circuit-breaker itself can influence the TRV due to its resistors and/or
capacitors, or other reasons.

T

6
1

n -

i |

B

6
1

B
r
f
t

6
T

of the power frequency and thereafter may be reduced to U,/3,

of the standard operating sequence of the generator_circuit-breaker, given in 4.106.

and 17.

he transient recovery voltage during the test shall be recorded.

103-10—Power-frequencyrecovery-voltage

he test quantities listed in Tables 16 and 17 are the phase-to-earth values.

pecified value and shall be maintained for at least 0,3 s.

FC 62271-101:2012.

uring the single-phase tests, the specified value of 1,5Ur/\/3 shall-be maintained for 1 cycl

.103.11 System-source short-circuit test operating sequence

he time intervals between individual operations of a test sequence shall be the time interval

ue to test plant limitations, it may not be possible to achieve the 30 min time interval of th
hted operating sequence. In such cases thejtime interval may be extended and the reaso

b faulty operation of the generator circuit-breaker.

.103.12 System-source short-circuit test-duties

he basic short-circuit test series shall consist of test-duties 1 and 2 as specified in Tables 1

he power frequency recovery voltage of the test circuit shall not be less than_95-% of the

or synthetic test circuits, guidance about details and tolerances is given ip

)

br such a delay shall be recorded in the test report. Prolonged time intervals shall not be duge

> D



https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

- 120 -

IEC/IEEE 62271-37-013:2015
© IEC/IEEE 2015

Table 16 — Test duties to demonstrate the system-source short-circuit making
and breaking current capability for three-phase tests

System-source short-circuit
breaking current at contact Power
ab.c Operating Applied Making separation frequency
Test duty 2-°-
sequence voltage current recovery
1
Magnitude Degree of voltage
Asymmetry
C_0’25s_03ym 18t C: 2 741
14detg 30 min U, ond G- s¢ Iy, <20 % U /N3
COSym
1-A ¢ C+0,25s U, 2,741, - - -
Cno-loadosym
1-B ' 30 min U, - Igo <20 % U/N3
COSym
Cno-loadoasym
h ] )
2 30 min - - I, Usy., U /N3
Cno—loadoasym
Key
g, rated voltage of the generator circuit-breaker
1L r.m.s. value of the a.c. component of the rated system-source short-circuit current of the generator circuif-
breaker
A4sy., degree of asymmetry of the short-circuit current at contaet separation, see Figure 11.

The test duty sequence is only a suggested sequence/ The test duties can be performed in any sequencp
desired.

No refitting or replacement of parts to the generator circuit-breaker is permitted during each test duty.

[

If the generator circuit-breaker has an auxiliary resistor chamber and an auxiliary switch, tests should b
performed with the auxiliary resistor and\switch in the circuit, or, for convenience of testing, the tests maly
be performed on both interrupters sepatately by using equivalent TRVs.

The operating sequence can also bereversed to COSym —-30min-C-0,25s — Osym'

Test duty 1 can be replaced by.test duties 1-A and 1-B.

w

The making operation shall\occur within £20° of the peak value of the applied voltage in one of the thre
phases.

Higher values can be tested if agreed by the manufacturer.

To facilitate censistent control of the opening operation, the releases may be supplied at the maximum
operating voeltage.

This value _applies after current interruption in the last pole.

The_degree of asymmetry at contact separation is for reference only. The parameters to be met are 1pea ,
At'and di/dt. The required values for these parameters are given in Tables 12 through 15.
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Table 17 — Test duties to demonstrate the system-source short-circuit making

-121 -

and breaking current capability for single-phase tests

System-source short-circuit
breaking current at contact Power
Test duty P:¢ | Operating sequence Applied Making separation frequency
voltage current recovery
1
Magnitude Degree of voltage
Asymmetry
Casym_0‘25's_osym 1st -2 7471
14detg 30 min Ur/\/3 ond G- s¢ Iy, <20 % (1,5)Ur/w/3
Csymosym
1-A ¢ Casym +0,25s Ur/\/B 2,741, - - -
Cno-loadosym
1-Bf 30 min Ur/\/B - Iy, <20 % (1,5)Ur/\/3
Csymosym
Cno—loadoasym .
2h 30 min - - I, Asy ] (1,5)U/N3
Cno—loadoasym

Key

g, rated voltage of the generator circuit-breaker

1L r.m.s. value of the a.c. component of the rated system-source‘short-circuit current of the generator circuif-
breaker

AsY s degree of asymmetry of the short-circuit current at contact separation, see Figure 11.

a The test duty sequence is only a suggested sequence/ The test duties can be performed in any sequencg
desired.

b No refitting or replacement of parts to the generator circuit-breaker is permitted during each test duty.

N If the generator circuit-breaker has an auxiliary resistor chamber and an auxiliary switch, tests should b
performed with the auxiliary resistor and\switch in the circuit, or, for convenience of testing, the tests maly
be performed on both interrupters separately by using equivalent TRVs.

d The operating sequence can also\b€& reversed to CsymOsym — 30 min — Casym -0,25s - Osym_

N Test duty 1 can be replacedby._test duties 1-A and 1-B.

f The making operation shallsoccur within £20° of the peak value of the applied voltage.

9 Higher values can be tested if agreed by the manufacturer.

h To facilitate con$sistent control of the opening operation, the releases may be supplied at the maximum
operating voltage®

i For first-pole-to-clear conditions the recovery voltage is 1,5Ur/\/3. For last-pole-to-clear conditions the
recovery\voltage is Ur/\/3.

i The'degree of asymmetry at contact separation is for reference only. The parameters to be met are 1pea ,
Afand di/ds. The required values for these parameters are given in Tables 12 through 15.

6104 Ltoad current breaking tests

6.104.1 General

Tests are made to determine the ability of the generator circuit-breaker to switch load currents
up to the rated continuous current of the generator, such as load currents that may be
encountered in normal service.

When switching the generator from the system, both generator circuit-breaker terminals
remain energized. The power frequency recovery voltage appearing across the generator
circuit-breaker is equal to the sum of voltage drops on the reactances of the generator and
transformer and the corresponding short-circuit reactance of the high-voltage system. Since
the voltage drops are caused by the load current, the recovery voltage will always have a
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phase displacement of 90° to the load current and will be independent of the load phase angle
of the generator. When switching the rated load current, the voltage drops of a generator-
transformer bank generally do not reach 50 % of rated voltage. Therefore, the load switching
capability of a generator circuit-breaker could be tested using an inductive short-circuit test
circuit as recommended. The test results are valid for any lagging or leading power factors.

6.104.2 Conditions of test severity

Load current switching tests shall be made under the following conditions:

a) The test current shall be the rated continuous current /..
b) The test circuit shall be similar to the usual short-circuit test arrangement.

c) Power frequency and transient recovery test voltages shall be based on the rated,voltage,
U,.

o |f three-phase tests are made, they shall be made with phase-to-phase, voltage equal
to 0,5U,.

e |If single-phase tests are made, the test voltage shall be equal tp
0,5x1,5xU, [/3 =0,44U, .

d) The TRV rate of the first-pole-to-clear in three-phase tests_ and for the case of single
phase test circuits shall be as specified in Table 5.

€¢) The normally earthed parts of the generator circuit-breaker shall be earthed.
f] Either three-phase or single-phase tests can be made:

—

If three-phase tests are made, either the neutral of the supply or the short-circuit poin
shall be earthed, but not both. If single-phase)tests are made, the test circuit shall be
earthed.

g) The degree of asymmetry at contact separation shall be < 20 %.
h)) Tests made at 60 Hz are also valid for50 Hz and vice versa.

i] Tests shall be made at the minimum interrupting and operating medium pressure anfd
minimum control voltage specifiéd by the manufacturer.

6.104.3 Number of tests

{ three-phase tests are-made, the test duty shall comprise 3 breaking tests with randor
:I:ncontrolled times. For single-phase tests, the test duty shall comprise 6 breaking tests wher

=}

c
[

O

e tripping times are.controlled and distributed in steps of approximately 30° with respect t
e current wave.

— —.

Tlhe time interval between two tests shall take into account thermal limitations of parts such
resistors¢

.105 )" Generator-source short-circuit current making and breaking tests

There is no requirement for the power factor of test circuit.

6.105.2 Frequency of test circuit

Generator-source short-circuit breaking tests shall be performed at rated frequency. However
for test-duties 5, 6A and 6B, tests made at 50 Hz are also valid for 60 Hz but not vice versa.

Generator-source short-circuit making tests performed at 60 Hz are valid for 50 Hz and vice
versa.
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.105.3 Earthing of test circuit

The connections to earth of the test circuit for generator-source short-circuit making and

b
b

a

reaking tests shall be in accordance with the following requirements and shall, in all cases,
e indicated in the diagram of the test circuit included in the test report.

) Three-phase tests:

The generator 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 30a, or vice versa as shown in Figure 30b, if the test can only

O -

be made in the latter way.

[\Y)

In accordance with Figure 30a, the neutral of the supply source may be earthed through
resistor, the resistance of which is as high as possible and, expressed in ohms, in-no cas
less than U/10, where U is the numerical value in volts of the voltage betweenHines of th
test circuit.

o D

When a test circuit according to Figure 30b is used, it is recognised that'in case of ap
earth fault at one terminal of the test generator circuit-breaker, the resulting earth currer
could be dangerous. It is consequently permitted to connect the supply neutral to earth
through appropriate impedance.

—

) Single-phase tests:

Figure 31a, so that the voltage conditions between live~parts and the structure after a
extinction are the same as those which would exist in{hefirst-pole-to-clear of a three-pol
generator circuit-breaker if tested in the test circuit shown in Figure 30a.

The test circuit and the generator circuit-breaker structufe” shall be connected as :E

he preferred test circuit is shown in Figure 31a,-Where there are limitations on test statio

[23=]

t

—

Q<

quipment, the circuit shown in Figure 31b may“be used if the insulation between phase
nd/or to earth is not critical. When this insulation is critical, appropriate testing methods ar
resented in Annex O of IEC 62271-100:2008.and in IEC 62271-101:2012.

]

.105.4 Connection of the test circuit to the generator circuit-breaker

here the physical arrangement ofione side of the generator circuit-breaker differs from that
the other side, the live side of the test circuit shall be connected for testing to that side qf
e generator circuit-breaker which gives the more severe conditions with respect to voltage
b earth, unless the generator circuit-breaker is especially designed for feeding from one side

nly.

Vhere it cannot /be:*demonstrated satisfactorily which connection gives the more severg
pnditions, either of the following possibilities shall be performed:

) in case-ytest-duties 1 and 2 according to 6.103.12 have been made with opposit
connections, any side can be connected to perform the test-duties 3, 4, 5, 6A and 6
according to 6.105.12;

W

6

according to 6.103.12.

.105.5 Applied voltage for generator-source short-circuit making tests

The applied voltage listed in Tables 18 and 19 shall be as follows:

a

) For three-phase tests on a three-pole generator circuit-breaker, the average value of the
applied phase-to-phase voltages shall not be less than the rated voltage U, and shall not
exceed this value by more than 10 % without the consent of the manufacturer. The
differences between the average value and the applied voltages of each pole shall not
exceed 5 %.
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b) For single-phase tests on a three-pole generator circuit-breaker, the applied voltage shall
be not less than the phase-to-earth value U,/Y3 and shall not exceed this value by more
than 10 % without the consent of the manufacturer.

NOTE With the manufacturer’s consent, for convenience of testing, a voltage equal to the product of the phase-to-
earth voltage and the first-pole-to-clear factor (1,5) of the generator circuit-breaker can be applied.

Due to limitations of test facilities it is not always possible to perform the short circuit making

tests at rated voltage and rated short-circuit current. Making operations at reduced voltage

with a minimum of not less than 50 % of the rated voltage are permissible if the pre-arcing
. . ; . 5 )

—~ ®

.105.6 Generator-source short-circuit making current

he test quantities are listed in Tables 18 and 19.

I{ is recognized that the peak value of the generator-source short-circuit making current i
sually considerably lower than the peak value of the systetm-source short-circuit making

[2]

.105.7 Generator-source short-circuit breaking current
.105.7.1 General

he test quantities are listed in Tables\18 and 19.

—

he generator-source short-circuit' current to be interrupted by a generator circuit-breake
shall be determined at the instant of contact separation and shall be stated in terms of the
following two values:

the r.m.s. value of the-a.c. component averaged over all phases;
the percentage value of the maximum degree of asymmetry in any phase.

.105.7.2 AC component of generator-source short-circuit breaking current

he r.m.s.2value of the a.c. component in any phase shall not vary from the average by morg

.105.7.3 Degree of asymmetry of generator-source short-circuit breaking current

Breaking tests are required with both symmetrical and asymmetrical currents. Any breaking
test in which the degree of asymmetry of the current in all phases at contact separation is less
than 20 % is considered a symmetrical test.

It is generally accepted that the generator circuit-breaker will be required, during its life, to
interrupt short-circuit currents from the generator-source with delayed current zeros. The
capability of the generator circuit-breaker to interrupt the current with delayed zero crossings
shall be verified by computations that consider the effect of the arc-voltage on the prospective
short-circuit current. The arc-voltage model is derived from these tests with comparable
magnitudes of current (see 8.103.6.3.6.3).
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6.105.8 Transient recovery voltage (TRV) for generator-source short-circuit
breaking tests

The prospective circuit TRV (unmodified by the generator circuit-breaker) shall meet the

values as listed in Table 4.

6.105.9 Measurement of transient recovery voltage during test

The actual TRV measured during the test may differ from the prospective TRV of the test
circuit measured before the test without the generator circuit-breaker present. This is because

the generator circuit-breaker itself can influence the TRV due to its resistors andid
capacitors, or other reasons.

Tlhe transient recovery voltage during the test shall be recorded.

6.105.10 Power frequency recovery voltage

—

he test quantities are listed in Tables 18 and 19.

n -

pecified value and shall be maintained for at least 0,3 s.

—_—Tl

FC 62271-101:2012.

DOuring the single-phase tests, the specified values shall be maintained for 1 cycle of th
power frequency and thereafter may be reduced to the equivalent single-phase-to-eart
vpltage.

6.105.11 Generator-source short-circuit test operating sequence

Tlhe time intervals between individual ©perations of a test sequence shall be the time interval
of the standard operating sequence ©f the generator circuit-breaker, given in 4.106.

Due to test plant limitations, jt may not be possible to achieve the 30 min time interval of th
rated operating sequence: (h*such cases the time interval may be extended and the reaso
for such a delay shall be recorded in the test report. Prolonged time intervals shall not be du
to faulty operation of the generator circuit-breaker.

6.105.12 Generator-source short-circuit breaking test-duties
6.105.12.1 General
The test\series shall include test-duties as specified in Tables 18 and 19.

he power frequency recovery voltage of the test circuit shall not be less than 95 % of the

or synthetic test circuits, guidance about details( and tolerances is given in

> O

r

[2]

>

6.105.12.2 Making test-duty

The making test shall be performed according to test duty 3. Tests made at 60 Hz are also

valid for 50 Hz and vice versa.

6.105.12.3 Symmetrical current breaking test-duty

The symmetrical current breaking tests shall be performed according to test-duty 4.

6.105.12.4 Asymmetrical current breaking test-duties

The asymmetrical current breaking tests shall be performed according to test-duties 5 and 6A
for class G1 generator circuit-breakers or according to test-duty 6B for G2 class generator

circuit-breakers.
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For test-duty 5 the test procedure shall include a prospective test current waveform where the
r.m.s. value of the a.c. component of this current is Ig,, and current peaks and relative
minimums until the first current zero crossing shall be recorded. The prospective test current
waveform shall have a minimum of three full cycles before the first current zero occurs in
order to show two relative minimums without zero crossing (see Figure 32).

IFAVAVAY,

current

time
IEC

Figure 32 — Example of a valid prospective test current for test-duty 5

Tlhe contact separation shall occur not later than 1,5 cycles before the first current zero of the
prospective current. This setting shall resultiin the required degree of asymmetry at contac
separation and in an arcing time of at least one full cycle. Figure 33 shows an example of
vilid test and Figure 34 shows an example of an invalid test.
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Figure 33 — Example of a valid test for test-duty 5
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Figure 34 — Example of an invalid test for test-duty 5

—
o<

0 electrical degrees. The resulting arcing time shallkbe at least one full cycle. Figure 3

Lthe case of an invalid test as per Figure 34, contag¢t separation shall be advanced b
8
ows an example of a valid test in this case.
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Figure 35 — Second example of a valid test for test-duty 5

For test-duties 6A and 6B the test procedure shall include a prospective test current waveform
where the r.m.s. value of the a.c. component of this current is 0,74 I, for test-duty 6 A and
Iscq for test-duty 6B respectively and current peaks and relative minimums until the first
current zero crossing shall be recorded. The prospective test current waveform shall have
three full cycles before the first current zero occurs in order to show two relative minimums
without zero crossing (see Figure 36).

NOTE With the manufacturer’'s consent the number of full cycles before the first current zero occurs can be
increased.
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The contact separation shall occur not later than 2,6 cycles before the first current zero of the
prospective current. This setting shall result in the required degree of asymmetry at contact

separation and in an arcing time of at least 1,5 cycles. Figure 37 and Figure 38 show
examples of valid tests.

ANVA
IWARVEAVEV/

current

0 time
IEC

Figure 36 — Example of a valid prospective test,current for test-duties 6A and 6B

current

0,0

ta rc

Contact separation

0 time
IEC

[ i =z [ = H H A LR
Fgure37=Exampileof-a—valid-test-for-test-duties 6A—and-6B
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Figure 38 — Example of a valid test for test-duties-6A and 6B

he degree of asymmetry at contact separation shall be recorded.
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Table 18 — Test duties to demonstrate the generator-source
short-circuit making and breaking current capability for three-phase tests

Generator-source short-
circuit breaking current Power
Test duty @b Operating Applied voltage | Making current at contact separation frequency
sequence recovery
n
Magnitude Degree of | voltage
asymmetry
3d C+0,25s U, Iue - - -
Cno—loadosym
4 and - - Lyeg <20 % U3
Cnc:-loados;ym
f, h,j,
5fhjm Cro-0adOasym - - Iyeq >110 %@ U3 e
f, i, k,
BA T I km Cro-10adCasym - - 0,74l ,q | >130:% 9 U3 e
f, h, 1,
6B m Cno_loadoasym - - Iseq >130 % 9 Ur/\/3 e
Hey
g, rated voltage of the generator circuit-breaker
1Cg r.m.s. value of the a.c. component of the rated generator-source <shoft-circuit breaking current of the

generator circuit-breaker

The test duty sequence is only a suggested sequence. The test/duties can be performed in any sequencg
desired.

No refitting or replacement of parts to the generator circuit-breaker is permitted during each test duty.

If the generator circuit-breaker has an auxiliary resistor) chamber and an auxiliary switch, tests should bg
performed with the auxiliary resistor and switch in the circuit, or, for convenience of testing, the tests maly
be performed on both interrupters separately by using equivalent TRVs.

Test duty 3 is not required if /- has already been proven in test-duty 1 or 1-A.

Due to limitations of test facilities it is not*always possible to perform the breaking operations at ratef
voltage and rated short-circuit current. Breaking operation at reduced recovery voltage with a minimum gf
not less than 50 % of the rated voltage is permissible.

For practical reasons this test is normally performed as a single-phase test.
This value is determined from the prospective current.

A prospective test is required at 100 % of Iscg.

A prospective test is required at 74 % of lscg.

Test-duty 5 is mandatory for class G1 generator circuit-breakers but not mandatory for class G2 generatdr
circuit-breakers as'it is covered by test-duty 6B.

Test-duty 6Atis’'mandatory only for class G1 generator circuit-breakers.

Test-duty'6B is mandatory only for class G2 generator circuit-breakers.

=)

To.facilitate consistent control of the opening operation, the releases may be supplied at the maximu
operating voltage.

This value applies after current interruption in the last pole.
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Table 19 — Test duties to demonstrate the generator-source
short-circuit making and breaking current capability for single-phase tests

Generator-source short-
Test circuit breaking current Power
es ;
Operating duty | Applied voltage | Making current at contact separation | frequency
duty 2:b:c recovery
Magnitude Degree of voltage
asymmetry
3 C+0,25s U3 Ive - - -
Cno—loadosym
4 and U3 - scg <20% |[(1,5)UYN3 T
Cnc:-loados;ym
il f
591 Cro-t0adQasym - - Lyeg >110,% U3 ®
h,j, I f
BA Ml Cro-0adQasym - - 0,741,y | 2130°% U3 e
Lkl f
6B 9 Cno—loadoasym - - [scg 2130 % Ur/\/3 €

Hey

g, rated voltage of the generator circuit-breaker

1 cg -M.S. value of the a.c. component of the rated generator-source’short-circuit current of the generatqr
circuit-breaker

a The test duty sequence is only a suggested sequence. The tést.duties can be performed in any sequencg
desired.

b No refitting or replacement of parts to the generator circuit-breaker is permitted during each test duty.

¢ If the generator circuit-breaker has an auxiliary registor chamber and an auxiliary switch, tests should bp
performed with the auxiliary resistor and switch in_the circuit, or, for convenience of testing, the tests majy
be performed on both interrupters separately by, 0sing equivalent TRVs.

d Test duty 3 is not required if /,,- has already(been proven in test-duty 1 or 1-A.

e Due to limitations of test facilities it is, net always possible to perform the breaking operations at ratefl
voltage and rated short-circuit current.\Breaking operation at reduced recovery voltage with a minimum df
not less than 50 % of the rated voltage' is permissible.

f This value is determined from the, prospective current.

9 A prospective test is requiréd-at 100 % of Iscg.

h A prospective test is required at 74 % of Iscg.

i Test-duty 5 is mandatory for class G1 generator circuit-breakers but not mandatory for class G2 generatqr
circuit-breakers aslitis covered by test-duty 6B.

i Test-duty 6A-issmandatory only for class G1 generator circuit-breakers.

k Test-duty 6B-is mandatory only for class G2 generator circuit-breakers.

! To facilitate consistent control of the opening operation, the releases may be supplied at the maximum
operating voltage.

m For first-pole-to-clear conditions the recovery voltage is 1,5Ur/\/3. For last-pole-to-clear conditions the
recovery voltage Ur/\/3.

6.106 Out-of-phase making and breaking tests

6.106.1 General

The out-of-phase conditions are abnormal circuit conditions due to loss or lack of synchronism
between generator and power system at the instant of operation of the generator circuit-
breaker. The phase angle difference between rotating phasors representing the generated
voltages on each side of the generator circuit-breaker may exceed the normal value and may
be as much as 180°. The out-of-phase current resulting from this condition is dependent on
this phase angle and attains its maximum value at 180° (phase opposition). If the sum of the
short-circuit reactances of transformer and network on the transformer side of the circuit-
breaker is less than the generator short-circuit reactance, the out-of-phase current at full
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phase opposition would exceed the generator substransient short-circuit current 1"y resulting
from a terminal short-circuit. The resulting electrodynamic overstress for the generator
windings shall be prevented from occurring by adequate measures such as preventing
incorrect synchronization.

The majority of generator circuit-breakers are expected to close but not to interrupt under full
phase opposition conditions. Only generator circuit-breakers having full interrupting capability
(to clear short-circuit currents on either side of the circuit-breaker) could have an assigned

out-of-phase current switching rating. The rating is limited as outlined in Tables 20 and 21
nd as described in 6 106 2 and 61068 3

[

hen out-of-phase current switching is a matter of special importance and the user spegifie
the generator circuit-breaker for full-phase opposition capability, a special generator circuif-

reaker may be required with an interrupting rating often exceeding rated short-cireuit currer
imterrupting capability, especially with the following:

—

a) power frequency recovery voltage of U, and with transient recovery-voltage to bg
computed for the first-pole-to-clear;

—

b)) phase opposition current having a magnitude between the system-source short-circuj
current and generator-source short-circuit current. The value shall be computed for eac
individual installation.

=

6.106.2 Out-of-phase current switching capability

&)

ut-of-phase current switching capability is specified in.tetms of the following:

g) The maximum value of the out-of-phase recovery voltage for the first-pole-to-clear. Thi
value implicitly defines the maximum out-of-phase angle at which the generator circui
breaker shall be capable of switching under<certain prescribed conditions. If a generatg
circuit-breaker has an assigned out-of-phase current switching rating, it is based on a
out-of-phase angle of 90° at rated voltage.

D = 1 D

—h

b) The maximum out-of-phase current‘that the generator circuit-breaker shall be capable g
switching at the maximum out-ef*phase recovery voltage specified. The value of thge
assigned out-of-phase current\switching rating shall be 50 % of the symmetrical system
source short-circuit current.

6.106.3 Conditions of test'severity

—
—h

he out-of-phase current-switching tests shall be carried out under the following conditions ¢
everity:

n

a)) opening and closing operations carried out in conformity with the instructions given by the
manufacturer for the operation and proper use of the generator circuit-breaker and its
auxiliary’equipment;

b)) earthing condition of generator neutral: not effectively earthed, thus, the recovery voltage
far the first-pole-to-clear will be V2 x 1,5 x Ur/\/3 = 1,22 U, corresponding to an out-of
phase angle of 90°;

c) absence of a fault on either side of the generator circuit-breaker;

d) tests performed at 60 Hz are acceptable for 50 Hz, provided the arcing window for 50 Hz
is covered.

e) synthetic tests performed at 50 Hz, but where the injection current of the synthetic circuit
represents 60 Hz, are acceptable for 50 Hz and for 60 Hz applications;

f) tests and further conditions of severity are outlined in Tables 20 and 21.
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Table 20 — Test duties to demonstrate the out-of-phase current
switching capability for three-phase tests

Out-of-phase breaking current
. Power
at contact separation frequenc
Test duty 2b:¢ Operating duty Applied voltage q y
recovery
Magnitude Degree of voltage "
Asymmetry
op1df COgyy — 30 min - CO N2U, 1 <20 % V2U, N3
OP2 e 9 bno-loaduasym —sSUmin-— - I 75 %! \/2Ur/\/3
no-load “asym
Key
i, rated voltage of the generator circuit-breaker
I, r.m.s. value of the a.c. component of the rated out-of-phase breaking current of the generator, circuit-breaker

The test duty sequence is only a suggested sequence. The test duties can be performed in any sequenc
desired.

No refitting or replacement of parts to the generator circuit-breaker is permitted during,each test duty. Refittin
or replacement of parts to the generator circuit-breaker is permitted between test-duties 1 and 2.

If the generator circuit-breaker has an auxiliary resistor chamber and an <@uxiliary switch, tests should b
performed with the auxiliary resistor and switch in the circuit, or, for conyénience of testing, the tests may b
performed on both interrupters separately by using equivalent TRVs.

procedure is given in 6.102.10.2.2
procedure is given in 6.102.10.2.3

In one of the two operations making shall occur within +20° ef'the peak value of the applied voltage in on
phase of the three-phase tests.

To facilitate consistent control of the opening operation, the releases may be supplied at the maximu
operating voltage.

This value applies after current interruption in the Tast pole.

75 % is for reference only. The parameters tosbe met are Ipeak, At and di/d¢. The required values for thes

parameters are given in the second rows of\Tables 12 through 15.

[o}

-

w

4
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Table 21 — Test duties to demonstrate the out-of-phase
current switching capability for single-phase tests

Out-of-phase breaking Power
current at contact separation frequenc
Test duty :0:¢ Operating duty Applied voltage regover y
Magnitude Degree of voltage)"i
Asymmetry
OP1°©9 CO,,,, — 30 min — COy V20U, N3 Iy <20% | (1,5Y2U,/N3
op2fh Y no-loggPasym — OY MiN = - 1y 75 % | (1,5)\/2(]/\/:
no-load ~asym '

Key
i, rated voltage of the generator circuit-breaker

I, r.m.s. value of the a.c. component of the rated out-of-phase breaking current of the generator, circuit-breaker

8 The test duty sequence is only a suggested sequence. The test duties can be performed in any sequenc
desired.

bl No refitting or replacement of parts to the generator circuit-breaker is permitted during,each test duty. Refittin
or replacement of parts to the generator circuit-breaker is permitted between test-duties 1 and 2.

¢l If the generator circuit-breaker has an auxiliary resistor chamber and an <@uxiliary switch, tests should b
performed with the auxiliary resistor and switch in the circuit, or, for conyénience of testing, the tests may b
performed on both interrupters separately by using equivalent TRVs.

4 For first-pole-to-clear conditions the recovery voltage is 1,5\/2Ur/\/3. For last-pole-to-clear conditions th
recovery voltage V2U /\3.

€l procedure is given in 6.102.10.3.2
procedure is given in 6.102.10.3.3
9 In one of the two operations making shall occur within €20 of the peak value of the applied voltage.

hl To facilitate consistent control of the opening operation, the releases may be supplied at the maximun
operating voltage.

il 75 % is for reference only. The parameters.fo~be met are Ipeak, At and di/d¢. The required values for thes

parameters are given in the second rows of\Tables 12 through 15.

W D [o}

w

4

6.106.4 Test circuit

—

he following condition shall be satisfied:

Hor single-phase tests, the test circuit shall be arranged so that approximately one-half of th
dpplied voltage and'the recovery voltage is on each side of the generator circuit-breaker (se
Higure 39).

I{ it is not feasible to use this circuit in the testing station, it is permissible to use either of th
bllowingcircuits shown in Figure 40 and Figure 41 at the option of the manufacturer:

— =h

)\Two identical voltages separated in phase by 120° instead of 180° may be used provide

D

d

that the total voltage across the generator circult-breaker 1s as stated in laple 271 (se
Figure 40).

e

2) Tests with one terminal of the generator circuit-breaker earthed may be used (see Figure

41).
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The squares represent combinations of capacitances and resistances.

Figure 39 — Test circuit for single-phase out-of-phase tests

IEC

-

The squares represent combinations eficapacitances and resistances.

Figure 40 — Test circuit for out-of-phase tests using two voltages
separated by 120 electrical degrees

X
— .

© 0 OF
X —]

IEC

") The square represents combinations of capacitances and resistances.

Figure 41 — Test circuit for out-of-phase tests with one terminal of the generator
circuit-breaker earthed (subject to agreement of the manufacturer)
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6.106.5 Applied voltage before out-of-phase making tests

The test quantities are listed in Tables 20 and 21 where the applied voltage shall be as
follows:

a) For three-phase tests on a three-pole generator circuit-breaker, the average value of the
applied voltages phase-to-phase shall not be less than V2 U, and shall not exceed this
value by more than 10 % without the consent of the manufacturer.

b) For smgle phase tests on a three pole generator circuit-breaker, the applied voltage shaII

more than 10 % without the consent of the manufacturer.

OTE For convenience of testing the applied voltage can be increased with the agreement of the manufactdrer
115 U~N2/V3.
r

o

Due to limitations of test facilities it is not always possible to perform the making joperations gt
dppropriate voltage and rated out-of-phase current. Making operations atcreduced applied
vpltage with a minimum of not less than 50 % of the appropriate voltage are permissible if the
pre-arcing time during making at appropriate voltage in any phase is notsmore than 1/10 cycle

power frequency with a tolerance of 20 %. The pre-arcing time at appropriate voltage shalll
be determined by performing two making tests, one at each polarity,{at reduced current. ThL
reduced current shall be low enough to avoid contact erosion.

.106.6 Transient recovery voltage (TRV) for out-of-phase \breaking tests

he prospective circuit TRV (unmodified by the generator circuit-breaker) shall meet the
lues as listed in Table 6.

.106.7 Demonstration of the most severe switching conditions during test-duty OP1

he procedure given in 6.102.10.2.2 (threesphase tests) and in 6.102.10.3.2 (single-phasg
tests) is applicable.

6.106.8 Demonstration of the most severe switching conditions during test-duty OP2

-

or testing purpose asymmetriCal current switching capability test-duty OP2 is based on g
time constant of 133 ms.

Tlhe procedure given in“~6.102.10.2.3 (three-phase tests) and in 6.102.10.3.3 (single-phas
@sts) is applicable with the following addition:

—
D

- the earliest possible interruption is independent from the relay time and the opening time;

- the degree\of asymmetry at contact separation is independent from the relay time and the
openingdime;

—

— fordesting purpose the earliest possible interruption in a phase with intermediate level g
asymmetry after a major loop is considered as 52,6 ms for 50 Hz and as 43,9 ms fg
60 Hz. The applicable loop parameters are specified in the second row of Table 12 fg
00 Hz and Iin the second row of [able 13 for 60 Hz,

=

=

— for testing purpose the earliest possible interruption in a phase with intermediate level of
asymmetry after a minor loop is considered as 47,1 ms for 50 Hz and as 39,2 ms for
60 Hz. The applicable loop parameters are specified in the second row of Table 14 for
50 Hz and in the second row of Table 15 for 60 Hz.

7 Routine tests

Clause 7 of IEC 62271-1:2007 is applicable with the following modification:
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Routine tests shall be made on the complete generator circuit-breaker. However, when

generator circuit-breakers are assembled and shipped as separate units, the routine test
shall be performed on site.

71 Dielectric test on the main circuit

Subclause 7.1 of IEC 62271-1:2007 is applicable with the following modifications:

The test voltage shall be the one specified in column (2) of Table 1 of this document.

S

Hor generator circuit-breakers having interrupters with one interrupting medium, enclosed\in
different insulating fluid, the power frequency withstand voltage test alone may be insufficien
tp show whether or not either interrupting medium or the insulating medium, has” bee
cpompromised by a leak that may have developed in the enclosure of the interrupter:

Hor example, suppose a generator circuit-breaker has vacuum interrupters that are enclose
an SFg filled enclosure. If a leak were to develop allowing SFg gas to“enter the vacuur
imterrupter chamber, it could be possible for the interrupters to withstand‘*a power frequenc

ithstand voltage test, but still be unable to clear the rated short-cireuit.current. In this casg
the manufacturer shall advise the user what would be an appropriate way to verify thg
tegrity of the vacuum chamber has not been compromised.

I{ the generator circuit-breaker is equipped with additional ‘components (e.g. surge arresters
jurge capacitors, voltage transformers, etc.), then thosescomponents can be disconnected ¢
bmoved prior to the dielectric test.

- n

7.2 Tests on auxiliary and control circuits

~J

circuit diagrams and wiring diagrams

Yubclause 7.2.1 of IEC 62271-1:2007.is applicable with the following addition.

All resistors and heaters shall be_checked either by operation or resistance measurements. A
cJosing, tripping, control valve; and relay coils shall be checked either by resistanc
measurement or turn counters-and shall be within prescribed manufacturing limits.

7.2.2 Functional tests

(0)]

ubclause 7.2.2.0f JIEC 62271-1:2007 is applicable with the following addition.

—

he tests shall be performed with the maximum, minimum and rated values of the suppl
pltage defined in Table 2.

<

7243 Verification of protection against electrical shock

.2.1 Inspection of auxiliary and control'circuits, and verification of conformity to the

= —~+

—_,——. < 3 QO

=

<

Subclause 7.2.3 of IEC 62271-1:2007 is applicable.

7.2.4 Dielectric tests

Subclause 7.2.4 of IEC 62271-1:2007 is not applicable and is replaced with the following:

All control wiring associated with current transformer secondaries and voltage devic

e

secondaries shall receive a power frequency withstand voltage test of 2 500 V for 1 min. All
other control wiring shall receive a power frequency withstand voltage test of 1 500 V for

1 min.
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If the generator circuit-breaker control circuit includes a motor, the motor may be
disconnected during dielectric tests on the control circuit and subsequently tested, in place, at
its specified dielectric withstand voltage, but at not less than 900 V.

7.3 Measurement of the resistance of the main circuit

Subclause 7.3 of IEC 62271-1:2007 is not applicable.

D

—_——+

n

elxceed the limit set for the rating of the generator circuit-breaker by the manufacturer.

7.4 Tightness test

Yubclause 7.4 of IEC 62271-1:2007 is not applicable and is replaced with the fgllowing:

Routine tightness tests shall be performed at normal ambient temperature®with the assembly

7.4.1 Controlled pressure systems for gas

(0)]

7.4.2 Closed pressure systems for gas

o

—

kol Mo N |

&)

The routin€ test report should include such information as:

— an.indication of the calibration of the meters used to detect leakage rates;

- . 4he results of the measurements;

The d.c. resistance of the current-carrying circuit from terminal to terminal of each pole unit in

illed at the pressure (or density) corresponding to the manufacturer's test practice.

ubclause 7.4.1 of IEC 62271-1:2007 is applicable.

ubclause 7.4.2 of IEC 62271-1:2007 is not applicable and is replaced with the following:

he purpose of tightness tests is to demonstrate that the absolute leakage rate F does nqgt
xceed the specified value of the permissible.leakage rate F,.

ightness test shall be performed withithe same fluid or with helium and under the sam
onditions as used in service. Wheretpossible, the tests should be performed on a complet
ystem at the rated pressure (orirated density). If this is not practical, the tests may b
erformed on parts, components or subassemblies. In such cases, the leakage rate of th
btal system shall be determined by summation of the component leakage rates using th
ightness coordination chart* TC (refer to Annex E of IEC 62271-1:2007). The possibl
g¢akages between subassemblies of different pressures shall also be taken into account.

[0

nly cumulative leakage measurements allow calculation of leakage rates. For this reason,
hiffing is not acceptable because it is not cumulative.

— the test gas.

n general, for the application of an adequate test method, reference is made to
EC 60068-2-17 [30].

7.4.3 Sealed pressure systems

Subclause 7.4.3 of IEC 62271-1:2007 is applicable.

7.4.4 Liquid tightness tests

Subclause 7.4.4 of IEC 62271-1:2007 is applicable.
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7.5 Design and visual checks

Subclause 7.5 of IEC 62271-1:2007 is not applicable and is replaced with the following:

The generator circuit-breaker shall be checked to verify its compliance with the order
specification.

For example the following items shall be checked if applicable:

tho lanauana and data an tha namanlatac:
e TETTIMEI bkl ahbs TEOREE TTRATTTE T ’

- the values of the resistors and capacitors connected to the main circuit;
- identification of any auxiliary equipment;

- the colour and quality of paint and corrosion protection of metallic surfaces.
7.101  Mechanical operating tests

Mechanical operating tests shall be performed at rated pressure for interrQption and insulatio
and shall include the following:

=}

a) at maximum supply voltage of operating devices and of auxiliary and control circuits angd
maximum functional pressure for operation of the mechanism(if ‘applicable):

— five closing operations;
— five opening operations.

b) at minimum supply voltage of operating devices and of auxiliary and control circuits ang
minimum functional pressure for operation of the/mechanism (if applicable):

— five closing operations;

— five opening operations.

[®N

c) at rated supply voltage of operating devices and of auxiliary and control circuits and rate
filling pressure for operation of the mechanism (if applicable):

— five close-open operating cyeles with the opening mechanism energised by the closing
of the main contacts; during these tests, the close control switch shall be held tp
maintain the close signal to demonstrate that both the anti-pumping and the
(electrically) trip-freesfunctions of the control circuit of the generator circuit-breaker arg
working properly.

lechanical operating tests shall be made on the complete generator circuit-breakef.
owever, when generator circuit-breakers are assembled and shipped as separate units
butine tests may-be performed on components according to 6.101.1.2. In such cases, th
butine mechanical operating tests shall be performed on site to confirm the compatibility ¢
uch separate' units and components when assembled as a complete generator circui
reaker.

[

own - 3 T =
T —h

-

or/all-required operating sequences the following shall be performed and records made:

— measurement of opening and closing times;

— where applicable, measurement of fluid consumption during opening and closing
operations, for example pressure difference.

Proof shall be given that the mechanical behaviour conforms to that of the test specimen used
for type testing. For example, a no-load operating cycle, as described in 6.101.1.1, 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 prescribed envelope of the reference mechanical
characteristic, as defined in 6.101.1.1, from the instant of contact separation to the end of the
contact travel.

The mechanical characteristics can be recorded directly, using a travel transducer or similar
device on the generator circuit-breaker contact system or at other convenient locations on the
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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 16. Where the measurements are taken on site, other
methods may be applied which record points of travel during the operating period.

In these circumstances, the number of points recorded 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
sfrattbeperformedifappticabte):

- connections shall be checked;

- the control and/or auxiliary switches shall correctly indicate the open and closed)position
of the generator circuit-breaker;

[2]

— 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:

Hurthermore the following tests and inspections shall be made (if applicable):

- measurement of the resistance of heaters (if fitted) and of the control coils;

- inspections of the wiring of the control, heater and auxiliaty equipment circuits angd
checking of the number of auxiliary contacts, in accordance\with the order specification;

- inspection of control cubicle (electrical, mechanical, paeumatic and hydraulic systems);
— recharging duration(s);

- functional performance of pressure relief valve;

NOTE A valve is not a rupture disc, but is resettable, So this is not a destructive test.

— operation of electrical, mechanical, pheumatic or hydraulic interlocks and signalling
devices;

- where applicable, on rising pressure-for insulation and interruption: disappearance of the
low-pressure or low-density alarm;

- where applicable, on dropping pressure for insulation and interruption: appearance of low
pressure or low-density alaran;

— operation of anti-pumping device;
- general performance of equipment within the required tolerance of the supply voltage;
- inspection of eafthing terminals of the generator circuit-breaker.

I{ adjustments, are’ required during the mechanical operating tests, the complete test sequenc
hall be repgated following the adjustments.

n
[0

8 Guide to the selection of generator circuit-breakers

Ctause 8 of tEC 6227 t=172007 s ot dpPplicable.

8.101 General

This clause is intended for general use as a guide in the application of a.c. high-voltage
generator circuit-breakers. Familiarity with other standards applying to generator circuit-
breakers is assumed, and provisions of those standards are indicated herein only when
necessary for clarity in describing application requirements. A typical application example is
presented in Annex E.

The complete list of rated characteristics is given in Clause 4. The following individual ratings
are dealt with in this clause.
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Type of rating and characteristic Subclause
Rated voltage 8.103.2
Rated insulation level 8.103.3
Rated frequency 8.103.4
Rated normal current 8.103.5
Short-circuit current rating 8.103.6
TRV rating for system-source and generator-source short-circuits 8.103.7
Rated load making and breaking current 8.103.8
Rated out-of-phase making and breaking current 8103.p
Bxcitation switching current 8.103.1D
Gapacitive switching current 8.103.1(1

Hor rated characteristics not dealt with in Clause 8, reference should, if applicable, be madg
b Clause 4.

—

=

Vhen selecting a generator circuit-breaker, due allowance shouldCbe made for the likel
wture development of the system as a whole, so that the generator circuit-breaker may b
uitable not merely for immediate needs but also for the requirements of the future.

»n =h
<<

8.102 General application conditions
8.102.1 Normal service conditions
8.102.1.1 General

Normal service conditions for generator circuit-breakers are defined in 2.1.

8.102.1.2 Provisions for system growth

Hower system facilities can be incrgased from time to time to serve larger loads. Although th
enerator is unlikely to be replaced with a larger generator, system growth usually results i
igher values of short-circuit *current. Therefore, liberal allowance in the generator circuit-
reaker rating for possible future increases in system-source short-circuit current is advisablg.

[

=

.102.1.3 System design

ethods for limiting)the magnitude of short-circuit currents or reducing the probability of high-
rrent short-circuits by system design are outside the scope of this standard. Such method
should be censidered where short-circuit currents approach the maximum capability of th
enerator-Circuit-breaker.

[CENY)

.102.2 " Special service conditions

1
rnerdil

Special service conditions are listed in 2.2. Special specification, installation, operation, and
maintenance provisions should be considered where these conditions are encountered, and
should be called to the attention of the manufacturer as necessary.

8.102.2.2 Application at abnormal temperatures

The use of apparatus in ambient temperatures outside the limits of those specified in 2.1 is
considered special. In most applications, the generator circuit-breaker is installed as an
integral part of the isolated phase bus. Under these conditions, the isolated phase bus cooling
directly affects the temperature inside of the enclosed generator circuit-breaker. The ambient
temperature and generator circuit-breaker thermal time-constant govern the normal current
application described in 4.4.1.
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8.102.2.3 Application at altitudes above 1 000 m

The normal service conditions specified in Clause 2 of IEC 62271-1:2007 provide for

generator circuit-breakers intended for use at altitudes not exceeding 1 000 m.

For installation at altitudes above 1 000 m, 2.2.1 of IEC 62271-1:2007 is applicable.

The rated short-circuit breaking current at rated voltage, related required capabilities and the
rated break-time are not affected by altitude. The rated normal current may have to be

ol At £ 4 L [PYN Lol
ITCUITU Altu tarc 11imarnurdoiur el olffuuiu Vo UUTTOUTIT U,

8.102.2.4 Exposure to damaging fumes or vapors, steam, salt spray, oil spray,
excessive moisture, dripping water, and other similar conditions

m

quipment subject to such conditions may require the following special construction d
protective features:

b) bushings with extra creepage distance;

c) special maintenance, including insulator cleaning in cases,Where particulate exposur|
represents a hazard to insulation integrity;

d) the use of materials resistant to fungus growth.

8.102.2.5 Exposure to excessive or abrasive, magnetic; or metallic dust

m

quipment subject to such conditions may require the following special construction d
protective features:

Q

) totally enclosed equipment or compartments and provision for conditioned ventilating air;

o

) derating where current-carrying equipment designed for ventilated operation is enclose
in a non-ventilated compartment.

8.102.2.6 Exposure to explosive.mixtures of dust or gases

Generator circuit-breakers are*noet designed for use in explosive atmospheres. For this type g
service, special consideration:should be given so that acceptable equipment is selected.

.102.2.7 Exposure to abnormal vibration, shock, or tilting

om excessive\vibration, shock or tilting. Where any of these abnormal conditions exis

8
Generator circuitbreakers are designed for mounting on substantially level structures fre
f
recommendations for the particular application should be obtained from the manufacturer.

8.102.2.8 Seasonal or infrequent use

d) provisions to avoid condensation on all electrical insulation and cuftent-carrying parts|;

[0

—h

(]

ty

Hqlipment stored or de-energized for long periods, such as during generator maintenance

Lol | 4 P | + 4 l taal oot + FH Raof H £ H
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operating performance and insulation integrity should be checked.

8.102.2.9 Application of unusual forces

During normal operation, the generator circuit-breaker may be subjected to abnormal thermal

and seismic forces, in addition to normal short-circuit current and thermal forces.

Abnormal thermal forces are due to the thermal cycling of connections to the generator

circuit-breaker. The application of a generator circuit-breaker, as part of a long rigid bu

S

system, may produce severe compression and tensile forces on generator circuit-breaker

connections. Consult the manufacturer for this application.
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Applications where seismic forces exceed 0,5 g should be checked with the manufacturer.

8.102.2.10 Application effects of magnetic fields

Occasionally, the busbars in power plants are not enclosed and in general, effects of
magnetic fields for generator normal (continuous) current below 6 300 A is usually of no
concern. However, the magnetic field in the vicinity of the bus between generator and
transformer may have adverse effects on equipment and building steel if the bus current
exceeds 6 300A For such a case, the manufacturer should be consulted for values of

and currents could produce undeswed heating effects For this reason, and to avond
dlectromagnetic forces between the current-carrying busbars, isolated-phase bus is usually
used.

Hrecautions need to be observed for the following conditions:

Q

) The difference in the return current through the generator circuit-breaker’ enclosure angd
the current flow in the busbar is above 6 300 A.

[oN

b) The generator circuit-breaker enclosure external magnetic field.plus the magnetic fiel
caused by the difference in current flowing through the enclosure and active part of th
generator circuit-breaker is higher than the magnetic field of a,6.300 A current.

()

—

hese precautions include avoidance of metal connections\and/or the placement of mets
upport structures adjacent to and between generator circuit-breaker poles and bus phases.

n

o]

.103 Application consideration

8.103.1 General

usual applications, the principal function'of the generator circuit-breaker is to carny
enerator rated load current and provide @@means for interruption of short-circuit current from
the generator as well as from the power. system. However, the generator circuit-breaker cap
e used for load, transformer excitation, or out-of-phase current switching. In some cases
ese switching requirements may.be the determining factor in the selection of a generatd
rcuit-breaker rather than short-circuit current interruption requirements.

—
-

.103.2 Rated voltage

he maximum operating voltage of the generator cannot exceed the rated voltage of th
enerator circuit-breaker since this is the generator circuit-breaker’s upper limit for operation

]

OTE The operating voltages of generators with ratings of 200 MVA to 1 500 MVA vary widely, fro
approximately_10.kV to 27 kV. Consequently, when defining short-circuit duties, the rated voltage is the maximu
operating voltage of the generator to which the generator circuit-breaker is connected.

EE]

.103.3Rated insulation level

he‘preferred withstand voltage levels are specified for generator circuit-breakers in Table 1.
The dielectric performance is required down to the minimum functional pressure for insulation.

In the event of pressure loss of the insulating medium, the loss of dielectric withstand is
progressive. If the insulating medium is a gas other than compressed air, the inner parts of
the generator circuit-breaker may remain filled with the gas at atmospheric pressure that has
higher dielectric properties than the ambient atmospheric air. For a certain time under this
circumstance, the generator circuit-breaker is able to withstand more than the operating
voltage, even in phase opposition conditions. This time should be used to remove the
generator circuit-breaker from service by complete electrical isolation, preferably by automatic
means, before any ingress of humidity, dust, or both, has taken place. This electrical isolation
should be completed within 1 h of the loss of insulation medium pressure.


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

- 144 — IEC/IEEE 62271-37-013:2015
© IEC/IEEE 2015

Unusual circumstances may exist where, due to operational conditions, a time longer than 1 h
is desirable before the generator circuit-breaker is isolated from the source. If such a situation
exists, the generator circuit-breaker should be prevented from operating. To provide for this
unusual circumstance, the following data should be requested from the manufacturer:

a) withstand voltage-to-earth and across contacts with the insulating medium at atmospheric
pressure;

b) the current-carrying capability of the generator circuit-breaker with the insulating medium
at atmospheric pressure.

.103.4 Rated frequency

he rated frequency for generator circuit-breakers is 50 Hz or 60 Hz, dependingron thge
slystem power frequency in which the generator circuit-breaker is installed.

.103.5 Rated normal current
.103.5.1 Application considerations for normal operation

enerator circuit-breakers are usually designed as an integral part;of-the bus between th
enerator and transformer. The generator circuit-breaker shall be able to carry the rate
ormal current of the generator. The metal enclosed bus is usdally phase-isolated. In many
ses, the generator circuit-breaker is equipped with a cooling.system using air or water.

[oNN())

—

urrent-carrying capabilities of generator circuit-breakers.tnder various conditions of ambier
temperature and load vary from other high-voltage circuit-breakers. Generator circuit-breaker
ave two current-carrying parts that have to be <«onsidered, i.e. the active part with th
imterrupting device, and the metal enclosure.

T »

—

\larious parts of the generator circuit-breaker and the connected bus have differern
temperature limits that are detailed in 4.4.2:

8.103.5.2 Continuous load current-carrying capability based on actual ambient and
connected bus temperature

Hor determining the value of‘\Continuous current-carrying capability based on the actual
mbient and the connected bus temperature, consult the manufacturer.

I1 the bus connected o the generator circuit-breaker has a temperature limit at the connectiop
qual to the maximum authorized by IEEE Std €37.23™-2003, it will heat up the generatdr
rcuit-breaker jn‘\the majority of cases. As a consequence, the generator circuit-breakgr
ntinuous cufrent-carrying capability would have to be reduced. An economical compromise

shall be found*to adapt the current-carrying capability of the bus and the generator circuif-
reaker.

.103:5.3 Emergency conditions

Following the loss of normally required auxiliary forced-cooling systems, the temperature of
the generator circuit-breaker parts will increase. For generator circuit-breakers, 4.4.101
establishes the parameters involved. In 6.5.101, the tests for such emergency conditions are
explained.

8.103.6 Short-circuit current rating
8.103.6.1 Background of short-circuit current rating
The short-circuit current, which a generator circuit-breaker can experience, is explained by

Figure 42, a general diagram of a power station, with a short-circuit shown in the following
different locations:


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

IEC/IEEE 62271-37-013:2015 - 145 —
© IEC/IEEE 2015

a) the system-source short-circuit current (location a, Figure 42);
b) the generator-source short-circuit current (locations b and c, Figure 42);

(Location b has a higher short-circuit current than location c; therefore location ¢ can be
disregarded for the following considerations.)

Generator Generator Step-up High voltage
Circuit Breaker transformer Circuit Breaker

d 0] 5 % C
@ [ ] 3 E ] To power system

IEC

Figure 42 — General circuit diagram of a power station

—

most applications, the a.c. component of the system-source short;circuit current is highg
an that of the generator-source case because the sum of the shoft=circuit reactance of thE
ansformer and the system is lower than the subtransient and,transient reactances of th
enerator.

— —~

.103.6.2 Short-circuit current rating

he definition for short-circuit current rating given in 43101.1 states that it is the r.m.s. valuge
the a.c. component of the three-phase short-circuit current to which all required shor
rcuit capabilities are related.

is to be noted that, if the short-circuit peffermance capability of a generator circuit-breakgr
esign has been demonstrated for a cerfain generator-source fault rating, or for a certaip
slystem-source fault rating, then that proven short-circuit performance capability also serves tp
emonstrate the capability for less seVere generator-source faults, or for less severe systemn
spurce faults. However, it is important to remember that parameters for generator circuit faulfs
imclude short-time current withstand, transient recovery voltage (TRV), making current, degrepe
asymmetry and most severe-switching conditions, as well as the symmetrical current, fg
oth system-source faults_@and generator-source faults. Proven capabilities for all of thes
arameters shall be demonstrated to meet or exceed the respective requirements for th
imtended application.

D D =

.103.6.3 Related-capabilities
.103.6.3.1"General
he following are related capabilities concerned with the short-circuit current:

).<System-source short-circuit currents:

— symmetrical interrupting capabillity,
— asymmetrical interrupting capability;
— short-time current-carrying capability.
b) Generator-source short-circuit currents:
— symmetrical interrupting capability;
— asymmetrical interrupting capability;
— asymmetrical interrupting capability for maximum degree of asymmetry.

c) Generator-source or system-source: making capability.
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8.103.6.3.2 Symmetrical interrupting capability for three-phase system-source faults

This capability is based on the r.m.s. value of the a.c. component of the rated system-source

short-circuit breaking current.

8.103.6.3.3 Asymmetrical interrupting capability for three-phase system-source faults

This capability is based on the rated system-source short-circuit breaking current. Its d.c.
component decays with a time constant of 133 ms and depends on the instant contact
separation occurs, which is the sum of 1/2 cycle tripping delay plus the minimum opening time

of the generator circuit-breaker. It is calculated with the equation below and illustrated’ b
Higure 10. The numerical values are shown in Figure 11.

Tlhe degree of asymmetry Asy at the time ¢ is determined by the following equatjon:

I
4syes =100 % x —CS. — degree of asymmetry at contact separation
aces

here

=

HCCS
breaking current at contact separation;

is the d.c. component of the system-source short-Circuit breaking current at contac
separation and can be calculated as follows:

ficcs

AlealT
[dccs = Iaccs cs

where

71 is 133 ms.

Tlhe asymmetrical interrupting capability is calculated as follows:

2 2 2 —tog ! 2 2
fasymes = V/sc + dces = \/[sc + (]accs xe 'S T)z = \/Isc + (]sc>< Asycs X‘/E)Z = Isc\1+24sycs

rcuit current, provided that the making current does not exceed the rated making currer
apability, any combination of a.c. and d.c. components is permissible provided that th
bllowing conditions are met at the instant of contact separation:

a0 O

Q

) the a.c ecomponent does not exceed the a.c. component of the rated system-source shor
circuit breaking current;

b)) the asymmetrical short-circuit current does not exceed the asymmetrical interruptin
capability;

is the peak value of the a.c. component of the rated, system-source short-circujt

n order to assess the capability of the generator circuit-breaker to interrupt a given short-

y

—_

D —~

c) the degree of asymmetry does not exceed 100 %.

8.103.6.3.4 Symmetrical interrupting capability for three-phase generator-source faults

The a.c. component of the generator-source short-circuit breaking current can be significantl

y

lower than the system-source short-circuit breaking current. Its value is measured from the
envelope of the current excursion at the moment of contact separation when the source of the
current is entirely from a generator without transformation. This envelope has to be calculated

from a full-load rated power factor condition taking the generator constants into account.

It

shall be recognized that the a.c. component of this short-circuit current decays with the

subtransient and transient time constants of the generator and is illustrated by Figure 43.
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Key

/", Subtransient component of the generator-source short-circuit

/' . Transient component of the generator-source ‘short-circuit

sc Steady state component of the generator=§oUrce short-circuit

[ Subtransient time constant of the generator

7. Transient time constant of the generator

Figure 43 = Generator-source short-circuit current
8.103.6.3.5 Asymmetrical interrupting capability for three-phase generator-source
faults
Tlhe a.c. component of the short-circuit current, when the source is from a generator withoyt
transformation, ‘may decay faster than the d.c. component. The decay of the a.c. component
i governed.by the subtransient and transient time constants 74, 'y, 74, 'y of the generatqr
3]

nd the decay of the d.c. component by the short-circuit time constant, z, = X"j/wR,, wher

("4 is the-direct axis subtransient reactance and R, represents the armature d.c. resistancg.

factor the degree of asymmetry could be even higher than 110 % This value varies very little
within a practical range of contact separation times.

In order to assess the capability of the generator circuit-breaker to interrupt a given short-
circuit current, provided that the making current does not exceed the rated making current
capability, any combination of a.c. and d.c. components is permissible provided that the
following conditions are met at the instant of contact separation:

a) the a.c. component does not exceed the a.c. component of the rated generator-source
short-circuit breaking current;

b) the asymmetrical short-circuit current does not exceed the asymmetrical interrupting
capability;
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c) the degree of asymmetry from the generator-source might exceed 100 % provided that it
is shown with calculations that the generator circuit-breaker by means of its arc voltage is
capable of forcing the current to zero within its maximum permissible arcing time.

The capability of the generator circuit-breaker to force current to zero shall be ascertained by
calculations in accordance with 8.103.6.3.6.3.

8.103.6.3.6 Generator-source asymmetrical interrupting capability for maximum
degree of asymmetry

.103.6.3.6.1 General

he highest value of asymmetry occurs when, prior to the fault, the generator is operating i
the underexcited mode with a leading power factor. Under this condition, the d.c. componer
ay be higher than the peak value of the a.c. component of the short-circuit current'and ma
ad to delayed current zeros. This principle is illustrated in Figure 44 and. eXxplained i
8.103.6.3.6.2 t0 8.103.6.3.6.4.

-

D <

Current,
Voltage

Time

—— Current - leading power factor ---- Current - lagging power factor

«++++ Generator terminal voltage
IEC

Figure 44 — Generator-source short-circuit current in case of generator delivering
power with lagging or leading power factor prior to fault initiation

When a short-circuit occurs, but prior to the fault the generator is carrying load with lagging
power factor, the short-circuit current excursion is similar to the dashed curve, whereas for a
leading power factor its excursion follows the solid curve in Figure 44.

The analysis of a large number of generators resulted in a degree of asymmetry in the order
of 130 %. The a.c. component of the short-circuit current for this case is only 74 % of the
assigned a.c. component of the rated generator-source short-circuit breaking current. It is
recognized that the degree of asymmetry in some cases can reach very high values and
exceed 130 %.
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8.103.6.3.6.2 Origin of high asymmetries with delayed current zeros

A short-circuit current will flow if the generator circuit-breaker is closed into a short-circuit or
as a consequence of a flashover in at least two phases to earth or between phases. If a short-
circuit is initiated at voltage zero in one phase, this implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry.

The a.c. component of the short-circuit current will decrease exponentially in time with the
short-circuit subtransient and transient time constants 7y, 7'y, 7y, 7'q of the generator,

" z’q, 7', can be calculated using relatively simple equations). The d.c. component(of ‘the
hort-circuit current decays exponentially in time, with the short-circuit time_constant
L=X"4/(2nf%R,). Depending on the value of these time constants, which may\ vary in g
blatively wide range for different sizes and designs of generators, the a.c. component of the
hort-circuit current may decrease faster than the d.c. component, leading to,delayed current
eros for a certain period of time.

N 0O =5 o 0O 0

—

ypical values for time constants mentioned in the preceeding -paragraph are 7"y and
'y =25msto4dms, 73 =0,8sto15s, 7 =250 ms to 400 ms, 7, =150 ms to 400 ms.

~

Higure 45 shows an example of a calculation of short-circuit\€urrent for a generator-source
fault.
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Figure 45 — Short-circuit current for generator-source fault

As described in 8.103.6.3.6, the highest value of asymmetry occurs when, prior to the fault,
the generator is operating in the underexcited mode with a leading power factor. Under such a
condition, the a.c. component of short-circuit current is lower than the assigned a.c.
component of the rated generator-source short-circuit breaking current. In the case where the
generator is carrying load with a lagging power factor prior to the fault, the asymmetry will be
lower but the a.c. component will be higher.
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8.103.6.3.6.3 Interruption of short-circuit currents with delayed current zeros

Additional resistance in series with the armature resistance, R, = X"4/(2nf z,), forces the d.c.
component of the short-circuit current to decay faster. If R,,q is the additional resistance, the
d.c. component decreases more quickly with the time constant 7z, = X"/[2nf*(R,+R444)]. Such
additional resistance may be the connection from the generator to the fault location, but
especially the arc resistance of the fault and the circuit-breaker arc resistance after contact
separation. If there is an arc at the fault location, this arc resistance further reduces the time
constant of the d.c. component from the beginning of the fault and the generator circuit-
breaker arc resistance after contact separation. The values of these additional series
resistances are normally high enough to force a fast decay of the d.c. component of the shor
rcuit current so that current zeros are produced.

igure 46 shows the effect of the arc-voltage on the current from the example' Shown i
igure 45, in the phase with the highest asymmetry. At the moment of contact separation, th
cay of the d.c. component changes suddenly due to the influence of the arC\voltage of th
nerator circuit-breaker. The d.c. component of the current does not decrease exponentiall
cause arc resistance due to arc voltage is not constant. Arc resistance\at the fault locatio
as not taken into account in this example. However, within ope|,cycle after contag
separation, current zeros occur.

T o
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8.103.6.3.6.4 Proof of the capability of the generator circuit-breaker

The capability of a generator circuit-breaker to interrupt short-circuit currents with delayed
current zero crossings occurring in actual service conditions, may be difficult to demonstrate
in high power testing stations.

If, in some cases, three-phase tests in power testing stations are possible, the conditions
described in 6.105 shall be observed.
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When the current exhibits delayed current zeros (i.e. degree of asymmetry > 100 %) the
capability of the generator circuit-breaker to force current zeros shall be demonstrated by
means of a calculation considering the effect of the arc voltage of the generator circuit-
breaker on the prospective current. The arc voltage versus current characteristic of one break
of the generator circuit-breaker can be derived from short-circuit current interrupting tests.
The arc voltage versus current characteristic can be used as described in [4] to model the
generator circuit-breaker. To be able to investigate the behaviour of the circuit-breaker during
the interruption of currents with delayed current zeros the arc voltage characteristic has to be
transferred into a mathematlcal model. From the arc voltage u,(i,) and the current i(z) the
| the beh

he following two typical situations shall be considered for a particular generator-source
short-circuit current for a three-phase fault:

1) Fault initiation at voltage zero in one phase which implies thatAthe current in thge
corresponding phase exhibits the maximum degree of asymmetry.
2) Fault initiation at voltage maximum in one phase which impliesothat the current in the
corresponding phase is symmetrical.

Hor each of the situations 1 and 2 the following two cases shallkbe investigated:

a) Generator at no-load with the generator circuit-breakef.Closing into a three-phase fault. |
the computation, the arc voltage of the generator €ircuit-breaker after contact separatio
shall be taken into account.

> D

b) Generator in service with leading power factorAn arcing fault is assumed in at least twp
phases. For the computation, arc voltage-at'the fault location starting at the initiation ¢
the fault, and the arc voltage of the genérator circuit-breaker starting at contact separatio
shall be taken into account.

- =

—

he technical data of the actual generator shall be used for these computations.

he capability of a generator circuit-breaker to interrupt a given current which shows delayef
urrent zeros can be considered as being demonstrated if the generator circuit-breaker i
apable of forcing the current to zero within the time interval in which it is able to interrupt
urrent (i.e. within the maximum permissible arcing time).

[

O 0O O
[

o]

.103.6.3.7 Guide for the selection of the class of the generator circuit-breaker

(o]

.103.6.3.7.1 « General

[¢)

order to‘select the class of the generator circuit-breaker which is required for a specifi
pplication” the following steps shall be followed and the requirements laid down i
.103.6.3.7.2, 8.103.6.3.7.3 and 8.103.6.3.7.4 shall be met simultaneously.

=}

8.103.6.3.7.2 Case of generator delivering power with lagging power factor prior to
fault

Calculate the r.m.s. value of the a.c. component of the prospective generator-source short-
circuit current Igq 1594 @nd the asymmetrical current in case of three-phase fault occurring
between the generator-circuit-breaker and the associated step-up transformer with the
generator delivering power with lagging power factor prior to fault. Fault initiation shall be
assumed at voltage zero in one phase which implies that the current in the corresponding
phase exhibits the maximum degree of asymmetry. These two values shall be calculated at
the instant of intended contact separation in the phase exhibiting the maximum degree of
asymmetry.

One of the following conditions shall be met:
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Select a generator circuit-breaker class G1 with the r.m.s. value of the a.c. component of
the rated generator-source short-circuit breaking current I ., not less than /g
provided that the asymmetrical short-circuit current calculated at the instant of mtendeg
contact separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker;

Select a generator circuit-breaker class G2 with the r.m.s. value of the a.c. component of
the rated generator-source short-circuit breaking current I, not less than I

provided that the asymmetrical short-circuit current calculated at the instant of mtendeg
contact separat|on does not exceed the asymmetrical interrupting capability of the

| 2
he asymmetrical interrupting capability is equal to lsegV1+2 (11" 5ng Isegy1+2:(1,3)% fd
enerator circuit-breakers class G1 and class G2 respectively.

.103.6.3.7.3 Case of generator unloaded prior to fault

alculate the r.m.s. value of the a.c. component /., ,, and the degree of asymmetry of th

0 ator-olear al
tpullulalul CHetHtbrearKet

—

rospective generator-source short-circuit current in case of threéiphase fault occurrin
etween the generator-circuit-breaker and the associated step-up’ transformer with th
enerator unloaded prior to fault. No fault arc voltage shall be taken/into consideration for th

Iculations. Fault initiation shall be assumed at voltage zero.ify ohe phase which implies that

the current in the corresponding phase exhibits the maximum degree of asymmetry. Th
rim.s. value of the a.c. component and the degree of asymimetry of this prospective generator-
spource short-circuit current shall be calculated at the instant of intended contact separation i

t

e phase exhibiting the maximum degree of asymmetry:

If the calculated degree of asymmetry does not’exceed 110 % a generator circuit-breakg
having I.., not less than Iy, ,, Wwith either class G1 or class G2 is adequate for th
application provided that it is shown with-calculations that the generator circuit-breaker b
means of its arc voltage is capable of forcing the current to zero within its maximur
permissible arcing time. The followinig' two situations shall be considered for a particulg
generator-source short-circuit current for a three-phase fault:

= < D =

— fault initiation at voltage .zefo in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

— fault initiation at voltage maximum in one phase which implies that the current in the
corresponding phase’is symmetrical.

—

In the computation, the arc voltage of the generator circuit-breaker after contad
separation shall‘be' taken into account. No fault arc voltage shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current which
shows-delayed current zeros can be considered as being demonstrated if the generatg
circuit-breaker is capable of forcing the current to zero within the time interval in which it i
ablerto interrupt a current (i.e. within the maximum permissible arcing time).

(2

[¥"the calculated degree of asymmetry is between 110 % and 130 % one of the followin

conditions shall be met:

1) select a generator circuit-breaker class G1 with the r.m.s. value of the a.c. component
of the rated generator-source short-circuit breaking current Iscg not less than [

scg_unl
provided that the following conditions are met:

i) The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

i) It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
arcing time. The following two typical situations shall be considered for a particular
generator-source short-circuit current for a three-phase fault:
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— fault initiation at voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

— fault initiation at voltage maximum in one phase which implies that the current
in the corresponding phase is symmetrical.

In the computation, the arc voltage of the generator circuit-breaker after contact
separation shall be taken into account. No fault arc voltage shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current
m

generator circuit-breaker is capable of forcing the current to zero within the Mim
interval in which it is able to interrupt a current (i.e. within the maximum permissibl
arcing time).

9]

2) select a generator circuit-breaker class G1 with 0,74 |5.4 not less than s 4~y provide
that it is shown with calculations that the generator circuit-breaker by means of its ar
voltage is capable of forcing the current to zero within its maximum permissible arcin
time. The following two typical situations shall be considered for aparticular generato
source short-circuit current for a three-phase fault:

1 Q O O

— fault initiation at voltage zero in one phase which implies)that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

— fault initiation at voltage maximum in one phase which implies that the current ip
the corresponding phase is symmetrical.

—

In the computation, the arc voltage of the genérator circuit-breaker after contac
separation shall be taken into account. No faultarc voltage shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current
which shows delayed current zeros,can be considered as being demonstrated if the
generator circuit-breaker is capable™of forcing the current to zero within the time
interval in which it is able to interfupt a current (i.e. within the maximum permissible
arcing time).

3) select a generator circuit-breaker with class G2 and /4 not less than /gy, provide
that it is shown with calculations that the generator circuit-breaker by means of its ar
voltage is capable of forcing the current to zero within its maximum permissible arcin
time. The following.two typical situations shall be considered for a particular generato
source short-circuit current for a three-phase fault:

1 Q O O

— fault initiation at voltage zero in one phase which implies that the current in the
correspending phase exhibits the maximum degree of asymmetry;

— fault injtiation at voltage maximum in one phase which implies that the current in
the corresponding phase is symmetrical.

—_

In~the computation, the arc voltage of the generator circuit-breaker after contag
separation shall be taken into account. No fault arc voltage shall be taken into account.

The technical data of the actual generator shall be used for these computations.

ThU va Gbl:lt Uf d UIIUIG{UI b;lbu;t blcalr\cl tU ;Iltcllu t [=] ;VCII thut b;lbu;t \JUIIUIt
P Y 9 P 9

which shows delayed current zeros can be considered as being demonstrated if the
generator circuit-breaker is capable of forcing the current to zero within the time
interval in which it is able to interrupt a current (i.e. within the maximum permissible
arcing time).

o |f the calculated degree of asymmetry exceeds 130 % one of the following conditions shall
be met:

1) select a generator circuit-breaker class G1 with the r.m.s. value of the a.c. component
of the rated generator-source short-circuit breaking current /5.4 higher than /g,
provided that the following conditions are met: B
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The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
arcing time. The following two typical situations shall be considered for a particular
generator-source short-circuit current for a three-phase fault:

— fault initiation at voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

2) select a generator circuit-breaker class G1 with 0,74 [.4 higher than /.
that the following conditions are met:

i)

i)

—

— fault initiation at voltage maximum in one phase which implies that the curfer
in the corresponding phase is symmetrical.

—

In the computation, the arc voltage of the generator circuit-breaker after contac
separation shall be taken into account. No fault arc voltage shall be“taken int
account.

O

The technical data of the actual generator shall be used for these computations.

—

The capability of a generator circuit-breaker to interrupt a given\short-circuit currer
which shows delayed current zeros can be considered as being demonstrated if thE
generator circuit-breaker is capable of forcing the currentCto zero within the tim
interval in which it is able to interrupt a current \(ie. within the maximur
permissible arcing time).

=)

scg_unl Provided

—

The asymmetrical short-circuit current calcutated at the instant of intended contac
separation does not exceed 0,74><1$lcg\/1+2(1,:’,)2 )

It is shown with calculations that the generator circuit-breaker by means of its ar
voltage is capable of forcing the.current to zero within its maximum permissibl
arcing time. The following two typical situations shall be considered for a particulg
generator-source short-circuit‘current for a three-phase fault:

= D O

— fault initiation at voltagerzero in one phase which implies that the current in the
corresponding phase éxhibits the maximum degree of asymmetry;

—

— fault initiation at<woltage maximum in one phase which implies that the currer
in the corresponding phase is symmetrical.

—_

In the computation, the arc voltage of the generator circuit-breaker after contac
separation shall be taken into account. No fault arc voltage shall be taken int
account.

O

The technical data of the actual generator shall be used for these computations.

—

The\eapability of a generator circuit-breaker to interrupt a given short-circuit currer
which shows delayed current zeros can be considered as being demonstrated if thE
generator circuit-breaker is capable of forcing the current to zero within the tim

interval in which it is able to interrupt a current (i.e. within the maximum
permissible arcing time).

o) select a generator circuit-breaker with class GZ and /

sog MMGNeT than Igoo o S0 that the

following conditions are met:

i)

i)

The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
arcing time. The following two typical situations shall be considered for a particular
generator-source short-circuit current for a three-phase fault:

— fault initiation at voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;
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— fault initiation at voltage maximum in one phase which implies that the current
in the corresponding phase is symmetrical.

In the computation, the arc voltage of the generator circuit-breaker after contact
separation shall be taken into account. No fault arc voltage shall be taken into
account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current
which shows delayed current zeros can be considered as being demonstrated if the

Q

aenerator circuit-breaker is canable of forcina the current to zero within the tim
3 g )

interval in which it is able to interrupt a current (i.e. within the maximumn
permissible arcing time).

.103.6.3.7.4 Case of generator delivering power with leading power factor prior to
fault

alculate the r.m.s. value of the a.c. component Is;4 o5 @nd the degree of asymmetry of th
rospective generator-source short-circuit current in case of a three-phase fault occurrin

o0

the maximum degree of asymmetry. The r.m.s. value of the a.c,Component and the degree gf

imstant of intended contact separation in the phase exhibiting the maximum degree ¢f

M O

etween the generator-circuit-breaker and the associated step-up_(transformer with th
enerator loaded with leading power factor prior to fault. Fault initiation shall be assumed at
ltage zero in one phase which implies that the current in the cofresponding phase exhibits

symmetry of this prospective generator-source short-circuit current shall be calculated at the
symmetry.

If the calculated degree of asymmetry does not exceed 110 % a generator circuit-breake
having /5., not less than Iy, o459 With either—<¢lass G1 or class G2 is adequate for th
application provided that it is shown with calCulations that the generator circuit-breaker b
means of its arc voltage is capable of forcing the current to zero within its maximur
permissible arcing time. The following twe" situations shall be considered for a particulg
generator-source short-circuit current far a three-phase fault:

D =

= D <

— fault initiation at voltage zero\in one phase which implies that the current in the
corresponding phase exhibits’the maximum degree of asymmetry;

— fault initiation at voltagemaximum in one phase which implies that the current in the
corresponding phase_is symmetrical.

In the computations-an arcing fault is assumed in at least two phases. For th
computation, arc\vobltage at the fault location starting at the initiation of the fault, an
the arc voltage of the generator circuit-breaker starting at contact separation shall b
taken into account.

[oRN())

[0

The techhical data of the actual generator shall be used for these computations.

—_

The capability of a generator circuit-breaker to interrupt a given short-circuit currer
which shows delayed current zeros can be considered as being demonstrated if th
generator circuit-breaker is capable of forcing the current to zero within the tim
interval in which it is able to interrupt a current (i.e. within the maximum permissibl

arcing time).

If the calculated degree of asymmetry is between 110 % and 130 % one of the following
conditions shall be met:

1) select a generator circuit-breaker class G1 with the r.m.s. value of the a.c. component
of the rated generator-source short-circuit breaking current /5.4 not less than /5.y jeaq
provided that the following conditions are met: B

i) The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

i) It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
arcing time. The following two typical situations shall be considered for a particular
generator-source short-circuit current for a three-phase fault:


https://iecnorm.com/api/?name=8a50f79dc03bb2845dd100436d5c01ba

- 156 — IEC/IEEE 62271-37-013:2015
© IEC/IEEE 2015

— fault initiation at voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

— fault initiation at voltage maximum in one phase which implies that the current
in the corresponding phase is symmetrical.

In the computation an arcing fault is assumed in at least two phases. For the
computation, arc voltage at the fault location starting at the initiation of the
fault, and the arc voltage of the generator circuit-breaker starting at contact
separation shall be taken into account.

The capability of a generator circuit-breaker to interrupt a given short-ciccujt
current which shows delayed current zeros can be considered as\being
demonstrated if the generator circuit-breaker is capable of forcing the-curfent tp
zero within the time interval in which it is able to interrupt a current\(ie. withip
the maximum permissible arcing time).

2) select a generator circuit-breaker class G1 with 0,74 I, not less than .y jeq
provided that it is shown with calculations that the generator circuit-breaker by mean
of its arc voltage is capable of forcing the current to zerd |within its maximur
permissible arcing time. The following two typical situations shall be considered for

particular generator-source short-circuit current for a three-phase fault:

U S5 ha

— fault initiation at voltage zero in one phase whichdnmplies that the current in the
corresponding phase exhibits the maximum degree\of’asymmetry;

=

— fault initiation at voltage maximum in one phase which implies that the current i
the corresponding phase is symmetrical.

In the computation an arcing fault is assumed in at least two phases. For the
computation, arc voltage at the fault location starting at the initiation of the faulf,
and the arc voltage of the generator'Circuit-breaker starting at contact separation
shall be taken into account.

The technical data of the actual(generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current
which shows delayed current zeros can be considered as being demonstrated if thE
generator circuit-breaker*is capable of forcing the current to zero within the tim

interval in which it(is able to interrupt a current (i.e. within the maximum
permissible arcingftime).

3) select a generatorcircuit-breaker with class G2 and /5.4 not less than Iy odq
provided that it-is"shown with calculations that the generator circuit-breaker by méan
of its arc voltage is capable of forcing the current to zero within its maximu
permissiblé arcing time. The following two typical situations shall be considered for
particular.generator-source short-circuit current for a three-phase fault:

— fault initiation at voltage zero in one phase which implies that the current in th
corresponding phase exhibits the maximum degree of asymmetry;

= fault initiation at voltage maximum in one phase which implies that the current i
the corresponding phase is symmetrical.

computation, arc voltage at the fault location starting at the initiation of the fault,
and the arc voltage of the generator circuit-breaker starting at contact separation
shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circuit current
which shows delayed current zeros can be considered as being demonstrated if the
generator circuit-breaker is capable of forcing the current to zero within the time
interval in which it is able to interrupt a current (i.e. within the maximum
permissible arcing time).

e |If the calculated degree of asymmetry exceeds 130 % one of the following conditions shall
be met:
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1) select a generator circuit-breaker class G1 with the r.m.s. value of the a.c. component

of the rated generator-source short-circuit breaking current Iscq higher than [

scg_lead

provided that the following conditions are met:

i)

i)

The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
arcing time. The following two typical situations shall be considered for a particular

i)

i)

2) select a generator circuit-breaker class Gl\with 0,74 7.4 higher than /5., 554 Providegd
that the following conditions are met: -

generator-source short-circuit current for a three-phase fault:

— fault initiation at voltage zero in one phase which implies that the current-in:the
corresponding phase exhibits the maximum degree of asymmetry;

—

— fault initiation at voltage maximum in one phase which implies that'the currer
in the corresponding phase is symmetrical.

In the computation an arcing fault is assumed in at least two phases. For the
computation, arc voltage at the fault location starting atsthe initiation of the
fault, and the arc voltage of the generator circuit-breaker'starting at contagt
separation shall be taken into account.

The technical data of the actual generator shall be used for these computationg.

The capability of a generator circuit-breaker tointerrupt a given short-circujt
current which shows delayed current zergs,.can be considered as beinpg
demonstrated if the generator circuit-breakér’is capable of forcing the current tp
zero within the time interval in which it iscable to interrupt a current (i.e. withip
the maximum permissible arcing time):

The asymmetrical short-circuit current calculated at the instant of intended contagt
separation does not exceed 0,74% /,41+2(1,3)? -

It is shown with calculations that the generator circuit-breaker by means of its ar
voltage is capable of forcing the current to zero within its maximum permissibl
arcing time. The following two typical situations shall be considered for a particulg
generator-source short-circuit current for a three-phase fault:

= D O

— fault initiationrat voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry.

—

— fault initiation at voltage maximum in one phase which implies that the currer
in_the)corresponding phase is symmetrical.

ln.the computation an arcing fault is assumed in at least two phases. For the
computation, arc voltage at the fault location starting at the initiation of the
fault, and the arc voltage of the generator circuit-breaker starting at contagt
separation shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuli-breaker to Inierrupt a given short-circuit
current which shows delayed current zeros can be considered as being
demonstrated if the generator circuit-breaker is capable of forcing the current to
zero within the time interval in which it is able to interrupt a current (i.e. within
the maximum permissible arcing time).

3) select a generator circuit-breaker with class G2 and /.4 higher than g, 554 SO that
the following conditions are met: B

i)

i)

The asymmetrical short-circuit current calculated at the instant of intended contact
separation does not exceed the asymmetrical interrupting capability of the
generator circuit-breaker.

It is shown with calculations that the generator circuit-breaker by means of its arc
voltage is capable of forcing the current to zero within its maximum permissible
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arcing time. The following two typical situations shall be considered for a particular
generator-source short-circuit current for a three-phase fault:

— fault initiation at voltage zero in one phase which implies that the current in the
corresponding phase exhibits the maximum degree of asymmetry;

— fault initiation at voltage maximum in one phase which implies that the current
in the corresponding phase is symmetrical.

In the computation an arcing fault is assumed in at least two phases. For the
computation, arc voltage at the fault location starting at the initiation of the

fﬂll“" and the arc \/nlfngn of the gnnnrnfnr circuit-breaker efgrfing at-contact

separation shall be taken into account.

The technical data of the actual generator shall be used for these computations.

The capability of a generator circuit-breaker to interrupt a given short-circujt
current which shows delayed current zeros can be considered *as bein
demonstrated if the generator circuit-breaker is capable of forcing the current {
zero within the time interval in which it is able to interrupt a_current (i.e. withi
the maximum permissible arcing time).

[O2N (O]

=}

.103.6.3.8 Making current capability

8
Tlhe short-circuit current into which the generator circuit-breaker’shall close is determined b
’:F higher value of either the system-source short-circuit ctrrent or the generator-sourc
S

T <<

ort-circuit current. In the majority of applications the system-source short-circuit current i
igher than the generator-source short-circuit current.

[2]

—

he ratio of the peak value of the short-circuit/current to the r.m.s. value of the a.g.
pmponent of the rated system-source short-circditybreaking current of the generator circui
reaker is determined by the following equation:

o0

t
Jmo_ 51 133 11|=2,74

ISC

<

ith t approximately 1/2 cycleiin ms.

cases where the generator-source short-circuit current might be higher than the systeni
spurce short-circuit current special considerations are necessary. The required generatof-
spurce symmetricalsinterrupting capability at contact separation depends on the decay of the

.c. current with-the generator time constants 7y, "y, 74, and 7", varies from one applicatioh
top another. The ‘required making current has to be established by calculation. The equation ip
4.2 could.beiused for an estimation.

.103.6:3.9 Faults in case of three-winding step-up transformers

hem two generators are connected to the high-voltage system by means of a three-winding
step-u ; i i ] i y -Sou -circuit
current. In case of three-phase earthed fault occurring at location F in Figure 47, both the a.c.
component and the degree of asymmetry of the system-source short-circuit current which
should be interrupted by the Generator circuit-breaker #1 can attain very high values because
of the additional contribution to the current of the Generator #2.

Because the a.c. component of the fault current fed by the Generator #2 is not constant, the
ratio of the peak value of the short-circuit current seen by Generator circuit-breaker #1 to the
r.m.s. value of the a.c. component of the short-circuit breaking current (at contact separation
of Generator circuit-breaker #1) could exceed the standard value of 2,74 (refer to Annex ).
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H.V. System

)

H.V. Circuit-breaker

Step-up transformer

Generator
circuit-breaker #1
X Generator
F circuit-breaker #2

O

Generator #1 Generator#2

IEC

Kigure 47 — Single-line diagram of a power station’with two generators connected to
the high-voltage system by means of athree-winding step-up transformer

addition the fault current fed by Generator #2 in case of fault occurring at location
enerally features a relatively small magnitude and a very high degree of asymmetry and
ten exhibits several cycles without natural zero crossing (refer to Annex I). These delaye
rrent zeros have totally different causes and are extremely dissimilar in comparison with th
rrents associated with generatar, terminal faults and out-of-phase synchronising. Th
aveform of this current is obtained as the superposition of two contributions, i.e. on
scillating at power frequencyland a transient one whose course is dictated by the tim
nstants of the circuit. The transient component consists of two decaying exponential
functions: this waveform\is" over-damped as the damping contribution prevails over th
scillating one. If the Generator circuit-breaker #2 has to interrupt this current the capability ¢
the generator circuit-breaker to force current zeros shall be demonstrated by means ¢
Iculations considering the effect of the arc voltage of the generator circuit-breaker on th
rospective short-Circuit current.

Q ~ T

9]

D = =

he capability of a generator circuit-breaker to interrupt a given short-circuit current which
shows_delayed current zeros can be considered as being demonstrated if the generatg
rcuit-breaker is capable of forcing the current to zero within the time interval in which it i
ble/to interrupt a current (i.e. within the maximum permissible arcing time).

[

8.103.7 TRV rating for system-source and generator-source short-circuits
8.103.7.1 Background

The principles in IEEE Std C37.011™-2011 are applicable when TRV problems are
considered during the interruption process of short-circuit currents by a generator circuit-
breaker. An exception is that the short-line fault rating does not apply.

The generator circuit-breaker is a special application because it is installed between a
generator and step-up transformer, the characteristics of which largely dictate the waveshape
of the prospective TRV for various duties. Therefore, the TRV ratings are defined for the
generator-source and the system-source faults, depending on the generator or transformer
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ratings (see Tables 3 and 4). These ratings are determined for the first-pole-to-clear and for
symmetrical current interruption in case of three-phase earthed faults. Rated TRVs are
prospective values assuming an ideal generator circuit-breaker. These values may be
modified by the generator circuit-breaker characteristics or by the asymmetry of the current.

A system with a TRV that exceeds the rated values shall be modified in such a way as to
mitigate the TRV. This is achieved by placing a low ohmic resistor in parallel with the main
interrupting device of the generator circuit-breaker or by connecting capacitors to its
termlnals Capamtors can be installed between the step-up transformer and the generator

or capacrtors can be part of the generator CII’CUIt breaker assembly The mterruptmg capabrlrt
demonstrated by relevant type tests is valid only if capacitors of the same capacitance~valu
as taken into account during the tests are installed according to the tested configuration. A
imterrupting capability different than that tested cannot be confirmed for the generator’ circui
breaker with a different capacitance value of the capacitors used to mitigate the TRV.

|3CD“<-'

8.103.7.2 Basis of standardized TRV parameters for the interrupting of short-circuit
currents

8.103.7.2.1 General
everal cases should be considered based on the following:

) system-source faults where the short-circuit is locatédy*on the generator side of thg
generator circuit-breaker;

b)) generator-source faults where the short-circuit is docated on the transformer side of the
generator circuit-breaker.

—_

he neutral of the generator is not-effectively éarthed, thus the single-phase to earth fau
rrent is not significant. A three-phase fault.is'the most severe case and gives the maximur
short-circuit current and the maximum TR\, rate.

>

8.103.7.2.2 Influence of the station-configuration
8.103.7.2.2.1 General

he most commonly used station one-line configuration is shown in Figure 48, where thtE

denerator and the step-up-transformer have essentially the same rating. Other arrangemen
aving the same total rating as in Figure 48 are shown in Figure 49 and Figure 50. In each

cpse, the auxiliary transformer is a minor source of short-circuit current and can be neglected.
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Figure 49 — Single-line diagram of half-sized transformer unit system
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Figure 50 — Single-line diagram of system with half-sized generators

(o]

.103.7.2.2.2 System-source faults

-

or a system-source fault at A1 in Figure 48, the short-circuit current is determined by th
um of the transformer short-circuit reactance, X7 and the high-voltage (HV) syster
pactance, Xg. The maximum value of shast-Circuit current is obtained for a given transforme
hen Xg is minimum or assumed to be zéro.

0

< =

he natural frequency of the transfermer is much higher than the natural frequency of the H

vailable symmetrical short<circuit current.

Tlhe voltage drop in the transformer is equal to the total normal frequency recovery voltage fdg
Xg = 0. Therefore,the TRV rate is maximum when the short-circuit current is maximum. Thi

circuit currentidecreases.

Hractically, the maximum observed TRV rate is 75 % to 90 % of the theoretical valu

pacitance of the low-voltage side, including the auxiliary transformer.

)

1
slystem. Therefore, the TRV first oscillates at the value of voltage drop in the transformef
1§, x X7\2 to the prospective value of 1,5y, x XtV2, where I, is the r.m.s. value of the
a

i$ contrary to what-is observed in HV systems, where the TRV rate increases when the shor{-

[

=

=

[0

qaetermined from the natural frequency of the step-up transformer, taking into account th

A larger reduction in TRV rate is observed if capacitors are installed on the low voltage side of
the step-up transformer. The TRV rate is reduced from 6 kV/us to a value of 4 kV/us with the
addition of 0,1 uF to 0,2 uF of capacitance per phase. The standardized values of TRV rate

do not take into account this capacitance.

For a system-source fault at A2 in Figure 49, the situation is the same as for a fault at A1 in
Figure 48, except that the short-circuit current and the TRV parameters seen by the individual

circuit-breakers are related to a step-up transformer of lower rating.

For a system-source fault at A3 in Figure 50, the short-circuit current is higher because the
fault is also fed by the generator, G2. However, the TRV rate is lower because of the
capacitance of the G2 generator windings. If the generator G2 is out of service, the situation
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is the same as for a fault at A1 in Figure 48, except that the generator G1 is approximately
half the rating.

In the special case where generator circuit-breaker is connected to the step-up transformer by
shielded cables, the additional capacitance of the cables modifies the prospective TRV, as
illustrated in Annex F.

8.103.7.2.2.3 Generator-source faults

for the system-source fault at A1 in Figure 48, because of the higher reactance of ‘the
generator windings.

=

Although the short-circuit current and TRV rate are lower for generator-source faults than fqg
slystem-source faults, generator-source faults cannot be ignored because of the+high degre
of asymmetry of the short-circuit current (see 8.103.6.3.5), thus the corresponding TR
parameters shall be specified.

<D

Hor a generator-source fault at C1 in Figure 48, on the HV side of the transformer, the shor
rcuit current is lower when compared to a fault at B1 in Figure/42- This fault location ca
ually be ignored because the resulting stresses on the generatofr circuit-breaker are muc

Ipwer than for faults at A1 and B1 in Figure 48.

Ju pipen §

he TRV results from transformer and generator voltage.6scillations. The magnitude of each
dscillation is approximately proportional to the trafisformer and generator reactanceg,
respectively.

Hor a generator-source fault at B2 in Figure 49, if the transformer TR2 is out of service, th
dscillation is the same as for a fault at B1 innFigure 48 with the short-circuit current and TR
parameters determined by the rating of thergenerator. If the transformer TR2 is in service an
the generator circuit-breaker GCB1 is thefirst to open, the short-circuit current is higher tha
for a fault at B1 in Figure 48, and TRV parameters are intermediate in value, between TR
parameters for the full-sized generator and TRV parameters for the half-sized transformef.

his case needs special consideration to determine the required TRV parameters.

L= I © N ()]

8.103.7.2.2.4 Faults in the'presence of current limiting reactors

Due to the very small inherent capacitance of a number of current limiting reactors, th
atural frequency of.transients involving these reactors can be very high. A generator circui
breaker installed.immediately in series with such type of reactor will face a high frequenc
RV when clearing a terminal fault (reactor at supply side of generator circuit-breaker) g
earing a fault behind the reactor (reactor at load side of generator circuit-breaker). Th
resulting RV frequency can exceed the standardised TRV values.

= << 1 D

[

—

In these cases, it is necessary to take mitigation measures, such as the application d

apacitors in parallel to the reactors or connected to earth. The available mitigation measurefs
are very efiective and cost efficient. 1T IS strongly recommended 1o use them, unliess it can be
demonstrated by tests that a generator circuit-breaker can successfully clear faults with the
required high frequency TRV.

The mitigation 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, depending
on the generator circuit-breaker ratings.

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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8.103.7.3 Rated prospective transient recovery voltage

The rated voltages of generators and associated step-up transformers are not standardized.
The short-circuit currents therefore will vary widely.

After reviewing available equipment data, TRV parameters were standardized based on the
power rating of the step-up transformer and generator, respectively.

Table 3 gives the parameters of the rated TRV applicable when the fault is located on the

O ato G O v atOT—C t v, & atG Ot O

I¢ss severe due to the asymmetry. At the instant of current interruption at gurrent zero, thg
ormal frequency recovery voltage is shifted in phase due to the d.c.,cemponent of thg

rrent and the TRV oscillates around a lower instantaneous normal’\frequency recovery
vpltage value than for the symmetrical case.

()

able 4 gives the parameters of the rated TRV applicable whenthe fault is located on th
ttansformer side of the generator circuit-breaker and the source ,of the short-circuit current i
the generator. The values are applicable to the interrupting eperation of the a.c. component ¢
rated generator-source short-circuit breaking current according to 4.101.3 and generato
spurce symmetrical interrupting capability for three-phase-faults according to 8.103.6.3.4. Fg
the generator-source asymmetrical interrupting capability for three-phase faults according t
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e moment of short-circuit current interruption, the normal frequency voltage value may b
very small or zero.

TRV parameters listed in Tables 3 and 4 apply to the first-pole-to-clear for a three-phas
elarthed fault, with a first-pale-to-clear factor equal to 1,5. The TRV oscillates as shown i
Rigure 13.

- O

=)

I1 the generator circuit-breaker requires that the prospective TRV be modified by the additio
of capacitors, then~the amount of equivalent capacitance required shall be given in the tes
report and on th€ ;mameplate. It is recognized that connecting a shielded cable or a cable bujs
between the generator and the circuit-breaker may provide this capacitance.

—

—

he curve. rises to the crest value, u. equal to 1,84U, where U, is the r.m.s. value of the rated
pltagenin kV and the value 1,84 is equal to

<

A
\/E x1,5 (= first-pole-to-clear factor) x 1,5 (= amplitude factor)

The rising part of the TRV curve is bounded by two lines. One line goes through the origin and
tangent to the TRV curve with a slope equal to the rate-of-rise of the TRV (RRRV). The other
line has the same slope and goes through the point ¢4, time delay.

Near the crest, the TRV curve has approximately a 1—-cos wave-shape with a time-to-crest,
T2, equal to
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T2 Bt
0,85 0,85xRRRV

The reference lines for the prospective transient recovery voltage wave of the test circuit shall
at no time be below the specified reference lines required for the application.

The manufacturer shall approve the extent by which the TRV envelope of the test circuit
exceeds the specified reference line.

.103.7.4 First-pole-to-clear factor

he first-pole-to-clear factor is 1,5 and corresponds to the worst condition of a three-phas
arthed fault on a non-effectively earthed system.

1]

.103.7.5 Amplitude factor

nalysis of the available data gives 1,5 as a realistic value, with no capagitance connected tp
the terminals of the generator circuit-breaker.

.103.8 Rated load making and breaking current
.103.8.1 General

uring normal service of the generator, the load currentisireduced to zero before an openin
peration of the generator circuit-breaker is initiated ~However, the interruption of full loa
rrent may be required occasionally for emergeficy circumstances. Prospective transiern
recovery voltages are shown in Table 5 for this situation.

—

.103.8.2 Power frequency recovery voltage

he single-line diagram, Figure 51, and(the equivalent circuit, Figure 52, show a generatg
supplying a load having an impedance,Z through a transformer T with a reactance, X; and
transmission line with a reactance(X|,. The generator is synchronized with the rest of the
system symbolized by a single generator E",, a single transformer X;,, and a single load, Z,.

D =

comparison with the suni;of reactances from the generator G1 to the load Z, the shor}-

rcuit reactance of the HV network is small and can be neglected. Thus, when I, i
terrupted and the network only serves the load Z , there is no voltage drop in the H
etwork.

RS

S s o=

—h

Tlhe magnitude of the load current I, determines voltage drops through the reactances g
denerator Gi~and transformer T.

—

hesg-Voltage drops have a phase shift of 90° leading, to the current 7, irrespective of the
ad,phase angle ¢, as shown on vectorial diagrams Figure 53 and Figure 54, the latte
rresponding to an almost pure resistive load

—

After the interruption of /|, these voltage drops are zero. The voltage on the transformer side
of the generator circuit-breaker decreases from V, to V,,, with the natural frequency of the
transformer side circuit. The voltage on the generator side of the generator circuit-breaker
increases from ¥V, to E"g4 with the natural frequency of the generator side circuit. The
amplitude of the voltage across the transformer, which was V21, X; before interruption of 1,
drops to zero.

For rapid changes in load conditions of the generator, the subtransient reactance X", has to
be taken into account and the amplitude of the voltage drop Vg is equal to V27, X".
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The power frequency recovery voltage appearing across the generator circuit-breaker

5
5

terminals (see Figure 55) consists of the sum of the voltage variations on each side of the

generator circuit-breaker, following load interruption, i.e., 7, (X"q + X;), in KV r.m.s., and for th

e

first-pole-to-clear in a three-phase system the voltage is equal to 1,5/ (X"4 + X;). The power
frequency recovery voltage across the generator circuit-breaker terminals expressed in p.u.

(per unit) of the rated voltage is equal to

1,5 Ur ><(x"d+xt)

73

where

u, is the rated voltage in p.u.;

=

'4 is the per unit reactance value of the generator;

=

is the per unit reactance value of the transformer.

m practice, even for the larger units, the sum of x"y + x; does not exceed 0,5 p.u., therefor
e recovery voltage across the generator circuit-breaker during a full lgad interruption will ng
xceed 50 % of the recovery voltage value which appears after a shaert-eircuit interruption an
pnsequently is standardized at

Q Q@ - —

1,5-2%0,5=0,43 u,

NE)

O =

for interruption of the rated normal current of the geherator.
Ve
Tn
Gn
X|_=O XL,-, g g X"dn
L
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IEC
Figure 51 — Single-line diagram of power system
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Figure 52 — Equivalent circuit of power system
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Key to Figures 51, 52, 53, 54 and 55
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Co Capacitance on.generator side X, HV system short-circuit reactance = X"+
th + XLn
C ot Capacitance on transformer side X, Transformer reactance
E" 5 (€"gy) G_ene_rator voltage a_t the genergtor Z Load impedance
circuitsbreaker terminals after time ¢,
V(i) Load current G1 Generator (load current 7, )
Vo System voltage (at the load terminals) GCB Generator circuit-breaker
Vo (%) Operating voltage at the circuit-breaker T Transformer
terminals before time ¢,
P \yrp‘, Reecovery-vrottage-aecross-the-switeh 7 :"hc.o_v angle-at-the-generatoreireuit-breaiet
location
X'y Subtransient generator reactance Load phase angle
X, Line reactance (from transformer to load) w Angular system frequency

8.103.8.3 Prospective transient recovery voltage

The TRV across the first-pole-to-clear for load current switching is normally a dual frequency
oscillatory curve, as shown in Figure 56; the natural frequency of the transformer being higher
than the natural frequency of the generator. Also, the first peak of the transformer side
voltage is smaller than the first peak of the generator side voltage because X; is always

smaller than X".
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Figure 56 — TRV curve forthe first-pole-to-clear

=

Tlheoretical calculations prove to be difficult and yield pessimistic results. Measurements §
the site by injecting current at low voltage with the high-voltage side of the transformer shor
cjrcuited (representing a fault on .the high-voltage side by neglecting the HV syster
reactances) are preferable.

]

—

Jtandardized TRV rate values have been selected by reviewing available results ¢
measurements. Standardized values do not consider the use of capacitors, which woul
reduce the TRV rate.

[oN

Tlhe interrupting eapability of the generator circuit-breaker demonstrated by relevant typ
tests is valid only-if capacitors of the same capacitance value as used during the tests ar
imstalled according to the tested configuration. An interrupting capability different than tha
tested canfnot be confirmed for the generator circuit-breaker equipped with a differen
pacitance'value of the capacitors used to mitigate the TRV.

—~ —~+ (O D

.103;8.4 Endurance capability

The endurance capability gives the user some guidance for the servicing and maintenance of
generator circuit-breakers. Several subclauses in this standard deal with service and
endurance capability (see 4.108, 6.101.2.3 and 6.101.2.4).

The endurance capability consists of the following two types of requirements:

a) Electrical endurance that essentially is a measure of contact wear and gives guidance as
to when to replace arcing contacts or other parts of the generator circuit-breaker, which
are exposed to the arc or stressed electrically during switching.

b) Mechanical endurance, to ensure that the minimum number of operations can be
performed without the need for servicing or overhaul. The number of operations is
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specified in 4.108. If a greater number is desired, it is subject to agreement between the
user and the manufacturer.

8.103.9 Rated out-of-phase making and breaking current
8.103.9.1 Out-of-phase current

During out-of-phase conditions, the current through the generator, the generator circuit-
breaker, the transformer, and the HV system at ¢ = 0, i.e., at the moment of initiation of the
out-of-phase condition, can be calculated using the following equation, provided that the

’ k) A

blasis and the single-line diagram of the station is as shown in Figure 48 and Figure 49.

o x Iy

loph=—,
X gtxt + Xg
where
Iyon  is the maximum out-of-phase current;
4 out - of - phase voltage
rated voltage

9 is V2 for a 90° out-of-phase angle, and 2 for a 180° qut-of-phase angle;
I is the generator rated current;
'y is the p.u. generator subtransient reactance;
X is the p.u. transformer reactance based on-génerator rating;
x}; is the p.u. system reactance based on generator rating.
Tlhe ultimate out-of-phase current is lower“than the initial out-of-phase current at ¢ =
blecause it decreases based on the time~gonstants of the generator, the transformer and th
slystem. The calculation of the current excursion shall be performed by computer program

slynchronizing might show delayed\current zeros whose causes are totally different compare
to generator terminal faults [1Q]y The rapid movement of the rotor from initial out-of-phas
ngle ¢g to ¢ = 0 results in-a_very small a.c. component of the fault current and a dominan
.c. component when the.eondition of ¢ = 0 is reached. The current resulting from out-of-
hase synchronizing has)to be assessed by the aid of computer simulations which alloyw
odelling power station. equipment with a high level of accuracy, especially the synchronous
achine. The moment of inertia of the turbine, the rotor and excitation equipment of the
enerator is of special importance. This is because the instant when the ¢ = 0 condition is
reached is determined by the angular velocity of the rotor.

D
e
S
that simulate the generator behaviour correctly. The current resulting from out-of-phasg
d
e
t

In case.the fault current shows delayed current zeros the capability of the generator circui
reaker to force current zeros shall be demonstrated by means of a calculation considerin
theseffect of arc voltage. The procedure described in 8.103.6.3.6.3 applies.

©

The following two typical situations shall be considered for a particular out-of-phase current
for a three-phase fault:

a) initiation of the out-of-phase condition at voltage zero across the open contacts of the
generator circuit-breaker in one phase which implies that the current in the corresponding
phase exhibits the maximum degree of asymmetry;

b) initiation of the out-of-phase condition at voltage maximum across the open contacts of
the generator circuit-breaker in one phase which implies that the current in the
corresponding phase is symmetrical.

For each of the above situations a) and b) the following two cases shall be investigated:
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1) Generator at no-load with the generator circuit-breaker closing with the phase angle
difference between phasors representing the voltages on each side of the generator
circuit-breaker. The case of generator voltage leading the system voltage referred to the
LV-side of the step-up transformer shall be investigated. In the computation, the arc
voltage of the generator circuit-breaker after contact separation shall be taken into
account. Contact separation occurs at the minimum opening time of the generator circuit-
breaker after initiation of the out-of-phase condition plus tripping delay of the protection
system. The tripping delay is generally equal to 0,5 cycles at power frequency.

2) Generator at no-load with the generator circuit-breaker closing with the phase angle

circuit-breaker. The case of generator voltage lagging the system voltage referred to‘the
LV-side of the step-up transformer shall be investigated. In the computation, the “arc
voltage of the generator circuit-breaker after contact separation shall be taken intp
account. Contact separation occurs at the minimum opening time of the genenator circuif-
breaker after initiation of the out-of-phase condition plus tripping delay of the protection
system. The tripping delay is generally equal to 0,5 cycles at power frequency.

Tlhe technical data of the actual generator shall be used for these computations.

—

he capability of a generator circuit-breaker to interrupt a given short-circuit current which
hows delayed current zeros can be considered as being demonstrated if the generatg
rcuit-breaker is capable of forcing the current to zero within/the” time interval in which it i
ble to interrupt a current (i.e. within the maximum permissible arcing time).

(]
=

Q
[2]

I{ the generator is connected to the system in full phase opposition, 6= 2, I ,,, will in general
ceed the generator terminal short-circuit current,,which is not acceptable for the safety ¢
the generator. Therefore, precautions should bewtaken to avoid this situation (automatic
slynchronization).

—

generator circuit-breaker is not required_to-interrupt the full phase opposition current with
recovery voltage twice the maximum.operating voltage, thus the assigned out-of-phas
rrent switching rating will not exceed 50 % of the rated short-circuit current of the generatd
rcuit-breaker, which corresponds, to;a maximum out-of-phase angle of 90°.

= O D

.103.9.2 TRV parameters

[oN

ircuits involved in out-of:phase current switching have the same configuration as for loa
rrent switching. Therefore, the TRV is standardized in the same manner according t
.103.8.2 taking into.account a normal frequency recovery voltage equal to V2 times th
aximum operatingyvoltage of the generator. The TRV parameters are given in Table 6.

O O

he interrupting capability of the generator circuit-breaker demonstrated by relevant typge
tests is valid-only if capacitors of the same capacitance value as used during the tests arg
installed.'according to the tested configuration. An interrupting capability different than that
tested .cannot be confirmed for the generator circuit-breaker equipped with a different
pacitance value of the capacitors used to mitigate the TRV.

8.103.10 Excitation switching current

During routine operation, a generator step-up transformer is seldom switched in an unloaded
condition. However, consideration should be given to switching of transformer excitation
current. The excitation current is 10 A to 50 A, depending on the rating and no-load
characteristics of the transformer. Excitation current switching is not so much a matter of the
generator circuit-breaker capability, but a question of whether overvoltages are produced due
to current chopping.

The value of chopped current, and consequently the overvoltages produced, are dependent
on the generator circuit-breaker, system configuration, and also the various system
parameters. Modern transformers have a low no-load current value compared to older
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designs, and their magnetic characteristics are such that a relatively low amount of energy is
released when current chopping occurs during switching, leading to moderate chopping
overvoltages. Furthermore, the transformer LV side is usually protected by additional
capacitance and by surge arresters.

Chopping overvoltages are produced only on the transformer side of the generator circuit-
breaker. No overvoltages occur on the generator side because the inductance of the
generator is much lower than the magnetizing impedance of the transformer, and the energy
content is low and not of sufficient magnitude to produce overvoltages.

ir-blast generator circuit-breakers are usually shunted by low-ohmic damping resistors iL
series with an auxiliary interrupter. This auxiliary interrupter interrupts these small inductive
rrents, thus, current chopping levels are in the order of those of air-blast distributjon leircui
reakers. Some air-blast generator circuit-breakers may be equipped with voltage~depender
resistors connected across the magnetizing current interrupter.

—

xperience indicates that the current chopping level of SFg self-blagthgenerator circui
reakers is low and should not produce overvoltages of concern.

In general, no difficulties should be expected due to switching of{excitation currents. If tests
nd/or calculations are to be carried out for a specific application, they should be performefd
blased on agreement between the user and the manufacturer.

herefore a detailed test procedure for switching unhleaded transformers, i.e. breakin
ansformer excitation currents, is not considered in this'standard. The reasons for this are a
bllows:

—h —+
» QO

Q
[¢)

) due to the non-linearity of the transformer core, it is not possible to correctly model th
switching of the transformer excitation current by using linear components in a tes
laboratory. Tests conducted using an_available transformer, such as a test transformef
will only be valid for the transformer tested and cannot be representative for oths
transformers;

—

—

b) as detailed in IEC 62271-306, the characteristics of this duty are usually less severe tha
any other inductive current.switching duty. It should be noted that such a duty ma
produce severe overvoltages within the transformer winding(s) depending on the circui
breaker re-ignition behayvioeur and transformer winding resonance frequencies.

< o

.103.11  Capacitive switching current

8

Tlhe generator circuit-breaker normally is not called on to switch capacitive currentg.
Tlherefore capacitive switching is considered a special application and is not addressed in thi
S
S

[

—_

andard. And\if the generator circuit-breaker is required to have a capacitive currer
itching capability, the manufacturer should be consulted.

OTE/~Ih.case a surge capacitor is connected to the circuit, its capacitance value is usually in the order of 200 nf
The/resulting current is less than 4 A and generator circuit-breakers are capable of switching such capacitiy
cprrents.

o .

9 Information to be given with enquiries, tenders and orders
Clause 9 of IEC 62271-1:2007 is not applicable.

When enquiring for or ordering a generator circuit-breaker, the following particulars should be
supplied by the enquirer and responded to by the manufacturer:
a) Particulars of systems:

1) single-line diagram of the power station;

2) rated, minimum and maximum operating voltages;
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3) rated frequency;

4) generator data (ratings, decrement curve, reactances, time constants, armature
resistance, moment of inertia and operating capability curve showing MW and MVAr
limits);

5) earthing method of the generator;

6) power transformers’ data (ratings, reactances, resistances or time constant);

7) power transformers’ tap changer steps, if any, and change of impedance with tap-
changer operation;

8) maximum system short-circuit current on high-voltage side of main transforthgr
(including future requirements);

9) high-voltage system time constant;

10) value of surge capacitors, if any.

Application:

1) type of power station (e.g. fossil, hydro, nuclear, base-load, 'ef peaking powgr
station);

2) service conditions including minimum and maximum ambient air temperatures,
altitude if over 1 000 m and any special conditions likely tGsexist or arise, for example
unusual exposure to water vapour, moisture, fumes, explosive gases, excessive dusgt
or salt air (see 8.102.2);

3) indoor or outdoor installation of the generator circuit<breaker;

4) limiting dimensions at generator circuit-breakeriocation;

5)  minimum and maximum phase spacings;

6) interlocks and key coordination systems

7) type of bus between generator and:generator step-up transformer (e.g. isolatefd
phase bus, segregated phase bus, cable bus, cables, etc). Note that if cables arpe
used, the type of cable construction should be given.

8) bus conductor and enclosureitemperatures at generator circuit-breaker terminals;

9) cooling of bus (if forced-~air cooling, air flow rate and inlet air temperature at each
pole of the generator circuit-breaker);

10) overpressure of airfor enclosed buses;

11) expected frequency of operations.

Required characteristics of generator circuit-breaker:

1) operating.voltage;

2) insulation level;

3) pewer frequency;

4).<-nhormal current;

5)~ short-time withstand current;

6) peak withstand current;

7) duration of short-circuit;

8) short-circuit making current;

9) system-source short-circuit breaking current (r.m.s. value of the a.c. component and
time constant);

10) if applicable, generator-source short-circuit breaking current (r.m.s. value of the a.c.
component and degree of asymmetry);

11) load making and breaking current;

12)

if applicable, out-of-phase switching conditions;
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13) transient recovery voltages (TRV) for the switching conditions according to indents
9), 10), 11) and 12) above;

14) mechanical operation endurance capability.

d) Characteristics of the operating mechanism of generator circuit-breaker and
associated equipment, in particular:

1) number and type of spare auxiliary switches;
2) rated supply voltage and rated supply frequency;

3) number of releases for tripping, if more than one;

4) number of releases for closing, if more than one.

d) Requirements or restrictions concerning the use of compressed gas and requirement
for design and tests of pressure vessels.

[

f] Information of any special conditions not included above, that might influence the tendgq
or order (see also Clause 8).

—

10 Rules for transport, storage, installation, operation and maintenance
Glause 10 of IEC 62271-1:2007 is not applicable and is replaced with the following:

I{ is essential that the transport, storage and installation of generator circuit-breakers, as well
s their operation and maintenance in service, be performed in accordance with instructionjs
jiven by the manufacturer.

O

n addition commissioning tests shall be performed as part of the installation according t
110.2.101 taking into consideration the routine tests\to be performed after final assembly.

Q

onsequently, the manufacturer should provide the appropriate version of the instructio
anual for the transport, storage, installation including any routine tests to be performe
uring commissioning as well as for the-operation and maintenance of the generator circui
reaker. The instructions for the trapsport and storage should be given at a convenient tim
efore delivery, and the instructions for the installation, commissioning, operation an
aintenance should be given_by the time of delivery at the latest. It is preferable that th
peration manual be a sgparate document from the installation, commissioning an
aintenance manual.

[© N O I © NI O AN © Moo

I{ is impossible, herey.to cover in detail the complete rules for the installation, commissioning
peration and mainteénance of each one of the different types of generator circuit-breakers
anufactured; however, the following information is given relative to the most importar
oints to be considered for the instructions provided by the manufacturer.

—

OTE Referalso to IEEE C37.12.1™-2007 [28].

10.1 \.Conditions during transport, storage and installation

Subclause 10.1 of IEC 622/1-1:2007 Is not applicable and Is replaced with the following:

A special agreement should be made between manufacturer and user if the service conditions
of temperature and humidity defined in the order cannot be guaranteed during transport,
storage and installation.

Special precautions may be essential for the protection of insulation during transport, storage
and installation, and prior to energizing, to prevent moisture absorption due, for instance, to
rain, snow or condensation.
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Vibrations during transport shall be considered. Shock recorders with the appropriate
measuring characteristics should be installed during the shipment. Appropriate instructions

should be given.

10.2 Installation
10.2.1 Unpacking and lifting
Subclause 10.2.1 of IEC 62271-1:2007 is not applicable and is replaced with the following:

pxternally) to show the correct method of lifting. The equipment shall be labelled (externally
b indicate its shipping mass in kg or in “kg and [weight Ib]”, when fully equipped. SpeciI
ting devices shall be capable of lifting the mass of each transport unit and ‘speci
recautions shall be detailed in the installation manual (for example lifting brackets/bolts th3
re not intended to be used only temporarily shall be removed at site).

—+ —~ ]

wul

equired information for unpacking should be given.

10.2.2 Assembly

Yubclause 10.2.2 of IEC 62271-1:2007 is not applicable and is&¢eplaced with the following:

When the generator circuit-breaker is not fully assembled for transport, all transport units
should be clearly marked. Drawings showing assembly‘of these parts should be provided with

the generator circuit-breaker.

10.2.3 Mounting

Jubclause 10.2.3 of IEC 62271-1:2007 is not-applicable and is replaced with the following:

structions for the mounting of the_generator circuit-breaker, the operating device and th
uxiliary equipment should include(sufficient details of locations and foundations to enabl
te preparation to be completed.

®Q =

Tlhese instructions should_atso indicate

- the total mass of the apparatus inclusive of extinguishing or insulating fluids;
— the mass of extinguishing or insulating fluids;

[weighs more than 220 Ib].

10.2.4 . Connections

N

ubclause 10.2.4 of IEC 62271-1:2007 is not applicable and is replaced with the following:

Instructions should include information on

ach complete equipment shall be provided with adequate lifting facilities and labglled

® O

- the mass of(the heaviest part of the apparatus to be lifted separately if it exceeds 100 kg

—_—~—

I
t

a) connection of conductors, comprising the necessary advice to prevent overheating and
unnecessary strain on the generator circuit-breaker and to provide adequate clearance

distances;
b) connection of auxiliary circuits;
c) connection of liquid or gas systems, if any, including size and arrangement of piping;
d) connection for earthing.

10.2.5 Final installation inspection

Subclause 10.2.5 of IEC 62271-1:2007 is not applicable and is replaced with the following:
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Instructions should be provided for inspection and tests which should be made after the
generator circuit-breaker has been installed and all connections have been completed.

These instructions should include

— a schedule of recommended site tests to establish correct operation;

— procedures for carrying out any adjustment that may be necessary to obtain correct
operation;

— _recommendations for any relevant measurements that should be made and recorded to
help with future maintenance decisions;

— instructions for final inspection and putting into service.

10.2.6 Basic input data by the user

(d)]

ubclause 10.2.6 of IEC 62271-1:2007 is not applicable and is replaced with th'e following:

Q

) Specific pressure vessel rules and procedures that may apply dusing installation and
commissioning tests.

b)) Interface requirements for high-voltage cables and transformers.
In-service conditions or operating restrictions that shall be respected;
d) Safety regulations that shall be adhered to.

NOTE The following information is rarely provided in the instructiens relating to the generator circuit-breaker;
however, it is usually given as part of the work plan for the site.

€]) Access limitations to the local site.

f] Local working conditions and any restrictions that may apply (for example, safef
equipment, normal working hours, union requirements for supervisor, manufacturer's an
local installation crew, etc.).

o<

d) Availability and capacity of lifting andandling equipment.

h) Availability, number and experiencg, of local personnel.
10.2.7 Basic input data by the-manufacturer
Jubclause 10.2.7 of IEC 62271-1:2007 is not applicable and is replaced with the following:

d) Space necessary forinstallation and assembly.
b)) Size and mass [weight] of components and testing equipment.

c) Site conditijens’ regarding cleanliness and temperature for clean installation anf
preparation area.

d) Numbef/and experience of local personnel required for installation.
€]) Time.and activity schedules for installation and commissioning.
f] _Electric power, lighting, water and other needs for installation and commissioning.

=

robhose rainina of inctallatinn and carvica nersonne
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h) In case of extension to existing generator circuit-breaker
e out-of-service requirements of existing components related to the installation schedule;

o safety precautions.
10.2.101 Commissioning tests

After a generator circuit-breaker has been installed and all connections have been completed,
commissioning tests shall be performed.

The purpose of commissioning tests is for confirmation of
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— absence of damage, due to transport and storage;

— compatibility of separate units;

— correct assembly;

— correct performance of the assembled generator circuit-breaker.

The manufacturer shall produce a programme of site commissioning checks and tests.

When generator circuit-breakers are shipped as complete units the commissioning tests shall
‘-G‘G- afré—+o “‘i O BA~AN YARYA® ;““““‘ 0 0 € EStrtS—0 1€ "“‘;

be recorded in a test report. Repetition of the full programme of routine tests, already
performed in the factory, shall be avoided.

When generator circuit-breakers are assembled and shipped as separate “units, thE
commissioning tests shall additionally also include the full set of routine tests-as given i
Glause 7.

10.2.102 Commissioning checks and test programme
10.2.102.1 General checks
Tlhe following general checks shall be performed:

- 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;
-1 paint and other corrosion protection are sound;

- operating devices, especially operating releases, are free from contamination;

- adequacy and integrity of the earth cannection up to and including the interface with the
substation earthing system;

and, where applicable:

record the number on the operations counter(s) at delivery;

record the number on th& operations counter(s) at completion of all site testing;

record the number on-the operations counter(s) at first energisation.

10.2.102.2 Checks of electrical circuits

—

he following electrical circuits checks shall be performed:

conformity to the wiring diagram;

correct operation of signalling (position, alarms, lockouts, etc.);

correct operation of heating and lighting.

10.2.102.3 Checks of the insulation and/or extinguishing fluid(s)
The following checks shall be performed as applicable:

— oil type;

— oil dielectric strength (IEC 60296:2012);

— oil level.

— gas/compressed air filling pressure/density;
— gas/compressed air quality checks, to confirm the manufacturer's acceptance levels.
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The quality checks are not required on sealed generator circuit-breakers or if generator

circuit-breakers are filled on site by using new gas from sealed bottles.

10.2.102.4 Checks on operating fluid(s), where filled or added on site
The following checks shall be performed as applicable:

— Hydraulic oil level;
— Unless otherwise agreed, confirmation that the moisture content of the hydraulic oil i

S
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— Nitrogen/compressed air filling pressure;

— Nitrogen/compressed air purity (for example oxygen free or 1 % tracer gas).

10.2.102.5 Mechanical tests and measurements

10.2.102.5.1 Measurements of the characteristic insulating and/or internupting fluid
pressures (where applicable)

10.2.102.5.1.1 General

Tlhe following measurements shall be taken in order to comparé ‘them with the values bot
recorded during the routine tests and guaranteed by the manufacturer. These values serve g
the reference for future maintenance and other checks and-will enable any drift in operatin
characteristics to be detected.

hese measurements involve a check of the operation of the alarm and lockout device
bressure switches, relays, transducers, etc.) whereyapplicable.

—~

10.2.102.5.1.2 Verifications of alarm function

alarm.

10.2.102.5.2 Measurements of‘characteristic operating fluid pressures (if applicable)
10.2.102.5.2.1 General

Tlhe following measurements (list to be adapted as necessary) shall be taken, in order t
compare them with the values both recorded during routine tests and guaranteed by th
manufacturer. These:values may serve as a reference during later checks (maintenance) an
will enable any driftin operating characteristics to be detected.

—

he measurements involve a check of the operation of the lockout or alarm devices (pressur,
witchesj.relays, etc.).

n

1(0.2.102.5.2.2 Verifications

Where applicable, on rising pressure:xcdisappearance of the low-pressure or low-density

[/

O

o

[$]

The following verifications shall be made as applicable:

a) On arise in pressure with the pumping device (pump, compressor, controlled valve, etc.)

in service:
— disappearance of the low-pressure alarm;
— cut-off of the pumping device;

— opening of the safety valve (if applicable).

NOTE The measurements can be combined with the measurements of the recharging time of the operating

mechanism (see 10.2.102.5.4.2).
b) On a drop in pressure with the pumping device switched off:
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— losing of the safety valve (if applicable);
— starting of the pumping device;
— appearance of the low-pressure alarm.

10.2.102.5.3  Verification of the standard operating sequence

The ability of the generator circuit-breaker to perform its specified standard operating
sequence mechanically should be verified under de-energized conditions. The tests should be
performed with the recharging device in service, with site supply voltage.

>

ijhe site supply voltage is the on-load voltage available at the generator circuit-breakerfron
the normal site supply and should be compatible with the rated supply voltage of auxiliary an
cpntrol circuits.

[oN

10.2.102.5.4  Verification of time quantities
10.2.102.5.4.1 Characteristic time quantities of the generator circuit-breaker

Tlhe following time quantities shall be verified:

Q

) Closing and opening times, time spread

The following measurements shall be made at maximum<pressure (cut-off of pumpin
device) and at the supply voltage of the auxiliary and(control circuits, measured at th
terminals of the equipment and under typical load conditions of the supply voltage source

[ORL®]

— closing time of each pole, the time spread of the) poles and when possible time spreafd
of the breaking units or groups of units of eagh pole;

—

— opening time of each pole, time spread 6f' the poles and when possible time spread ¢
the breaking units or groups of units ofieach pole.

These measurements shall be carried put'for separate opening and closing operations angd
for the opening and closing operations of a CO operating cycle.

NOTE The simultaneity of poles during>the opening operation of a CO operating cycle can be different from
the simultaneity of poles during a separate opening operation.

In the case of multiple trip egils, all shall be tested and the times recorded for each.

The supply voltage before and during the operations should be recorded. Furthermore the
instant at which the three-pole control relay, if any, is energised should also be recordefd
to enable calculation of the total time in three-pole operation (relay time plus closing @
opening time).

-

When the circuit-breaker is provided with resistor closing or opening units, the resistg
insertion times should be recorded.

=

b)) Operatien-of control and auxiliary contacts

The-timing of the operation of one of each kind (make and break) of control and auxiliany
contacts should be determined in relation to the operation of the main contacts, on closing
and on opening of the generator circuit-breaker.

10.2.102.5.4.2 Recharging time of the operating mechanism
The following recharging time shall be verified as applicable:

a) Fluid-operated mechanism

The operation time of the pumping device (pump, compressor, control valve, etc.) should
be measured:

— between minimum and maximum pressure (cut-in and cut-off of the pumping device);

— during the following operations or operating sequence, starting each time with
minimum pressure (cut-in of the pumping device):

— C three-pole;
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