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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 4: Electrotechnical components —
Rules for AC circuit-breakers

2019

FOREWORD

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

rnational co-operation on all questions concerning standardization in the electrical and/electronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

rising

national electrotechnical committees (IEC National Committees). The object of [EC"is to prpmote

fis. To
tions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (heredfter referred to as| “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates glosely

with the International Organization for Standardization (ISO) in accordance’ with conditions determined by

htional
bm all

htional
bf IEC

Pdblications is accurate, IEC cannot be held responsible for the way in which they are used or fgr any

4) In|order to promote international uniformity, IECNational Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in*their national and regional publications. Any diverngence
beftween any IEC Publication and the corresponiding national or regional publication shall be clearly indicated in

7) Ng
me
ot
ex
Py

8) At
in

essment services and, in some aréeas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent certification bodies.

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

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mbers of its technical.committees and IEC National Committees for any personal injury, property dam

blications.

ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
ispensabléfor the correct application of this publication.

9) At

entionSis“drawn to the possibility that some of the elements of this IEC Publication may be the sub

pallent rights. IEC shall not be held responsible for identifying any or all such patent rights.

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

br any

s and
hge or

er damage of any (hature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

bns is

ect of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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rnational Standard IEC 60077-4 has been prepared by IEC technical committee 9:

Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition, issued in 2003. It constitutes a
technical revision.

This edition includes the following main technical changes with regard to the previous edition:

a) standard values of transient recovery voltages and test procedure are reviewed,;

b) procedure of verification of temperature rise is changed;

c) a|r-tightness test as type test, insulation resistance measurement are added.

The

Full
the

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

This document should be read in conjunction with IEC.60077-1 and IEC 60077-2.

fext of this International Standard is based on the following documents:
FDIS Report on voting
9/2538/FDIS 9/2554/RVD

information on the voting for the approval of this International\Standard can be foupd in
report on voting indicated in the above table.

A ligt of all parts in the IEC 60077 seriespublished under the general title Rajlway

app

The

lications — Electric equipment for rolling stock, can be found on the IEC website.

tommittee has decided that the contents of this document will remain unchanged untjl the

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

the

specific document. At this date, the document will be

réconfirmed,

withdrawn,

—

T:Iaced by a revised\edition, or

amended.

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
unde andina of its contents sers should herefore prin his men 'ga

colour printer.
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1

In addition to the general requirements of IEC 60077-2, this part of IEC 60077 gives\rule
AC cjrcuit-breakers, the main contacts of which are-te-be connected to AC overhead co
lines| the nominal voltage of these circuits being in accordance with IEC 60850.

This document, together with IEC 60077-2, states specifically:

a)
b)

c)

d)

NOTE|1 Circuit-breakers which are dealt with in this.document-may can be provided with devices for aut
opening under pre-determined conditions other than those of overcurrent, for example, undervoltage and re
of poyer—eurrent flow direction. This documeft) does not deal with the verification of operation undef
predefermined conditions.

NOTE|2 The incorporation of electronijc_components or electronic sub-assemblies into electrotechnical c
nents s now common practice.

Althoygh this document is not applicable to electronic equipment, the presence of electronic components do
provide a reason to exclude such electrotechnical components from the scope.

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 4: Electrotechnical components —
Rules for AC circuit-breakers

Scope

the characteristics of the circuit-breakers;

the service conditions with which circuit-breakers-have-te comply-with reference to:
—| operation and behaviour in normal service;

—| operation and behaviour in short-circuit;

—| dielectric properties;

the tests for confirming the compliance of the components with the characteristics U
the service conditions and the methods to be adopted for these tests;

the information to be marked on, or given withthe circuit-breaker.

s for
ntact

nder

matic
versal
such

bmpo-

es not

Electrpnic sub-assemblies‘inCluded in the circuit-breakers-should comply with the relevant standard for elecfronics

(IEC §0571).

NOTE|3 Certain @f these rules-may, after agreement between the user and the manufacturer,—be are us
electrg¢technical\_components installed on vehicles other than rail rolling stock such as mine locom
trolleypuses,€te. In this case, particular additional requirements can be necessary.

This [document does not cover industrial circuit-breakers which—have—te comply with

ed for
tives,

HEC

60066 TET 62Z71-T00. For these, in order to ensure satisfactory operation, this docu
sheould-be is used to specify only the particular requirements for rolling stock. In such cases, a
specific document-should-state states the additional requirements with which the industrial
circuit-breakers-are-te comply, for example:

either to be adapted (e.g. for control voltage, environmental conditions, etc.);

ment

or to be installed and used so that they do not have to endure specific rolling stock

conditions;

or to be additionally tested to prove that these components can withstand satisfactorily the

rolling stock conditions.
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2 Normative references

2019

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

requ

50060-1:49892010, High-voltage test techniques — Part 1: General definitions-ang
rements

IEC 60077-1:49992017, Railway applications — Electric equipment for rolling stock. — P

Gend

IEC
Elec

IEC ¢

ral service conditions and general rules

0077-2:49992017, Railway applications — Electric equipment(for rolling stock. — P
otechnical components — General rules

0529, Degrees of protection provided by enclosures (kP €ode)

test

art 1:

art 2:

IEC ¢1373:4999, Railway applications = "Rolling stock equipment — Shock and Vibration te

IEC ¢
for a

IEC

Alter|
IEC ¢
IEC ¢

IEC ¢
discd

2271-1:2017, High-voltage\switchgear and controlgear — Part 1: Common specificd
ternating current switchgeat and controlgear

52271-100:20042008,. High-voltage switchgear and controlgear — Part 100:-High-v9
nating-current circuit-breakers

2271-100:2008/AMD1:2012

2271-100:2008/AMD2:2017

2271-0N02, High-voltage switchgear and controlgear — Part 102: Alternating cU
nneCtors and earthing switches

sts

tions

ftage

rrent

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in Clause
IEC 60077-1:2017 and Clause 3 of IEC 60077-2:2017, and the following apply.

3 of

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/

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

3.1.1

indoor circuit-breaker

circuit-breaker designed solely for protected installation against wind, rain, snow, abnormal
dirt deposits, abnormal conditions, ice and hoarfrost

HEV 04, fiod]

3.1.2
outdpor circuit-breaker
circult-breaker suitable for installation in open air, i.e. capable of withstanding)wind, |rain,
snow, dirt deposits, condensation, ice and hoarfrost

3.1.3
oil circuit-breaker
circult-breaker in which the contacts open and close in oil

Note {1 to entry: Typical examples of oil circuit-breakers are live tank minimum oil circuit-breakers and deaf tank
bulk ol circuit-breakers.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-28]

3.1.
vaculum circuit-breaker
circult-breaker in which the contacts open_and close within a highly evacuated envelope

[SOURCE: IEC 60050-441:1984/AMD1t:2000, 441-14-29]

3.1.5
air-bjast circuit-breaker, <foryolling stock>
circult-breaker in which the contacts open in a blast of air

[SOURCE: I|EC 60050-441:1984/AMD1:2000, 441-14-32, modified — “gas-blast” has [pbeen
deleted. “the gas wsed is air” has been replaced with “the contacts open in a blast of air”.]

3.1.6
air c|rcujt-hreaker
circult-breaker in which the contacts open and close in air

3.1.7

gas circuit-breaker

circuit-breaker in which the contacts open and close in a gas other than air at atmospheric or
higher pressure

Note 1 to entry: An example of a gas circuit-breaker is the sulphur hexafluoride circuit-breaker.

3.1.8

circuit-breaker designed to make and break the current in an electric circuit by means of the
controlled conductivity of a semiconductor
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Note 1 to entry: There can be mechanical contacts associated with these semiconductor devices.

[SOURCE: IEC 60050-811:2017, 811-29-42]

3.2 Component parts

3.2.1

release, <for a circuit breaker>

device which releases the holding means and permits the opening or closing of the circuit-
breaker

N t rS % A H b ) k. tH tad b l 1 bk H EH l d'
ote tHe-entry—A—eirenit-breaker———————be-aetivated-by-severalreteases—each-becomingoperationalaeeprding

to spegified conditions.

Note 3 to entry: These releases-may can be mechanically or electrically connected to the switching device.

[SOYRCE: IEC 60050-811:2017, 811-29-44]

3.2.2
overgurrent-{instantaneous) release

devide which causes a3 trinnina-oneration without anv_intentional time delav when the current
aevge—-wHen—-cadsesatippihg-operrton-WihRottahyHhteRdoha—tHResceay-whehthe—cyrrent
excepds-a-specified-value

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

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 44 1-16-33]

3.2.3
defirjite time-delay overcurrent release
overgurrent release which operates(with a definite time-delay which may be adjustable, but is
independent of the value of the eyercurrent

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-34]

3.2.4
direqt overcurrentelease
overgurrent release directly energised by the current in the main circuit of-the-circuit-breaker a
mechanical switching device

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-16-36,medified]

3.2.5
indirect overcurrent release, <for a circuit-breaker>
overcurrent release initiated by the current in the main circuit of a mechanical switching

device through a current sensor-{transformer-orcurrenttransducer)

[SOURCE: I[EC 60050-441:1984/AMD1:2000, 441-16-37, modified — “energized” and “a
current transformer or a shunt” have been replaced with "initiated” and “a current sensor”.]

3.2.6

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

Note 1 to entry: The opening operation may be either an opening command or a tripping operation.
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[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-48, modified — Note 1 to entry has been
added.]

3.2.7

enclosure, <of an assembly>

part of an assembly providing a specified degree of protection—for—the—circuit-breaker of
equipment against external-peHtution influences and a specified degree of protection against
aeceess approach to or contact with live parts and against contact with moving parts

Note 1 to entry: The enclosure may also provide a protection of adjacent parts against the influence of the circuit-
breaker (for example, arcing).

[SOURCE: IEC 60050-441:1984/AMD1:2000,441-13-01, modified — Note 1 to entry has [peen
addefd.]

3.2.8
intedral enclosure
enclgsure forming an integral part of the circuit-breaker

3.3 | Operational features

3.3.1
trip-free circuit-breaker
circult-breaker, the moving main contacts of which return to and remain in the open position
whern the opening (i.e. tripping) operation is initiated “after the initiation of the clpsing
operation even if the closing command is maintained

Note 1 to entry: To ensure-satisfactory proper breaking~of the current-after-initiation-of-a-closing-command|which

may hpve been established, it may be necessary that'the contacts momentarily reach the closed position.

Note 3 to entry: The trip free operation may reduire an anti-pumping device.

3.3.2
current setting, <of an overcurfent release>
h

valud -of current in-the main_sixkeuit towhie
V-aHdg—o+—cufrentHh—theMmMaiR=GHREcu—to—-WHrehH

relealse-arereferred-and-forwhich-the release-isset

the o
tHe—o

valug of the operatind current for which the release is adjusted and in accordance with which
its ogerating condjtiaps are defined

Note 1 to entry: A/release may have more than one current setting.

[SOYRCE;<tEC 60050-441:1984/AMD1:2000, 441-16-46, modified — Note 1 to entry has |peen
addefd.]

3.3.3

current setting range, <of an overcurrent release>

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-47]
3.34
tripping operation

opening operation of a circuit-breaker initiated by a release

3.4 Making and breaking characteristics

NOTE See Annex B.
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3.4.1

opening time, <of a mechanical switching device>

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

Note 1 to entry: The instant of initiation of the opening operation is specified by the manufacturer for all the
opening commands other than overcurrent.

Note 2 to entry: The opening time includes the operating time of any auxiliary equipment necessary to open the
circuit-breaker and forming an integral part of the circuit-breaker.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-36, modified — Note 1 to entry has been
modiffedandNote 2 to entry Tas beemn added ]

3.4.2
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-cireuit-breaker switchifig device gr the
fuse were replaced by a conductor of negligible impedance

Note {1 to entry: This term is commonly associated with fault conditions.

Note 4 to entry: The prospective current is composed of an RMS AC value plus @DC component (if any).

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modified — Notes to entry have peen
replajced.]

3.4.3
prospective peak current
peak|value of a prospective current during the transient period following initiation

[SOYRCE: IEC 60050-441:1984/AMD1:2000,441-17-02, modified — Note has been deletgd.]

3.4.

prospective symmetrical current, <of an AC circuit>
prospective current when it is initiated at such an instant that no transient phenomgnon
follows the initiation

Note {1 to entry: The prospective symmetrical current is expressed by its RMS value.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-03, modified — Note 1 has been delgted.]

3.4.5

HE\
e

T \4

3.4.5

breaking current, <of a switching device or a fuse >

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-07medified]

3.4.6

breaking capacity, <of a switching device or a fuse>

value of prospective current that a—cireuit-breaker switching device or a fuse is capable of
breaking at a stated voltage under prescribed conditions of use and behaviour
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[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-08, modified — Notes have been deleted.]

3.4.7

making capacity, <of a switching device or a fuse>

value of prospective making current that a—cireuit-breaker switching device is capable of
making at a stated voltage under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-09, modified — Note has been deleted.]

3.4.8

shorf-circuit making-capacity
making capacity for which the prescribed conditions include a short-circuit at the terminJ:Is of
the switching device

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-10,medified]

3.4.9
short-circuit breaking capacity
breaking capacity for which the prescribed conditions include a short:circuit at the terminals of
the switching device

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-11;-medified]

3.4.10
short-time withstand current
current that a circuit-breaker or a switching device in the closed position can carry dur|ng a
speclfied short time under specified conditions ef\use and behaviour

[SOYURCE: IEC 60050-441:1984/AMD1:2000,441-17-17medified]

3.4.1/1
peak| withstand current
valug of peak current that a circuit-breaker or a switching device in the closed position can
withgtand under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-44%:1984/AMD1:2000, 441-17-18,medified]

3.4.12
recoyery voltage
voltape which-appears across the terminals of a-circuit-breaker pole of a switching devicqg or a
fuse pfter the-breaking of the current

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-25, modified — Note has been deletgd.]

3.4.13
transient recovery voltage
recovery voltage during the time in which it has a significant transient character

Note 1 to entry: The transient recovery voltage may be oscillatory or non-oscillatory or a combination of these
depending on the characteristics of the circuit and the switching device.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-26, modified — The second sentence of
Note 1 to entry has been deleted. Note 2 to entry has been deleted.]
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3.4.14
prospective transient recovery voltage, <of a circuit>
transient recovery voltage following the breaking of the prospective symmetrical current by an

ideal

Note 1

switching device

to entry: The definition assumes that the switching device or the fuse, for which the prospective tra

2019

nsient

recovery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from zero
to infinite impedance at the very instant of zero current, i.e. at the "natural" zero. For circuits where the current can
follow several different paths, e.g. a polyphase circuit, the definition further assumes that the breaking of the

curren

t by the ideal switching device takes place only in the pole considered.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-29]

3.4.1

reco
[sou

3.5
AC
DC
EMC
RMS
RRR
TRV

5 ¢(

powlsr-frequency recovery voltage

ery voltage after the transient voltage phenomena have subsided
RCE: IEC 60050-441:1984/AMD1:2000, 441-17-27]

Abbreviated terms
Alternating Current
Direct Current
Electromagnetic Compatibility
Root Mean Square (value)
V  Rate of Rise of Recovery Voltage

Transient Recovery Voltage
Llassification

clause is intended to list the characteristics of a circuit-breaker on which informati
by the manufacturer and whichyshall be verified by testing where relevant.

ircuit-breakers are classified:

on is

5.1

ccording to their operational frequency C1, C2 or C3. The characteristics of these
berational frequencies are given in 5.4;
ccording to theltype of design, i.e. outdoor or indoor circuit-breaker;
ccording tosthe degree of protection provided by the enclosure (see IEC 60529).
Lharacteristics

S £ cl teristi

The characteristics of a circuit-breaker shall be stated in terms of the following, as applicable:

— type of circuit-breaker (5.2);

— rated values and limiting values for the main circuit (5.3);

— operational frequencies (5.4);

— electric and pneumatic control circuits (5.5);

— electric and pneumatic auxiliary circuits (5.6);

— overcurrent release (5.7);

— peak value of the recovery voltage (5.8).
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5.2

Type of circuit-breaker

It is necessary to state:

— the kind of device (e.g. air-blast circuit-breaker, air circuit-breaker, vacuum circuit-breaker,
gas circuit-breaker, oil circuit-breaker, semiconductor circuit-breaker, etc.);

— the type of design (see Clause 4);

— the degree of protection provided by the enclosure (see Clause 4);

— operational features (e.g. trip-free circuit-breaker direct or indirect overcurrent release,
time-delay overcurrent release).

5.3
5.3.1

Rate

Rated values and limiting values for the main circuit
General

] values are assigned by the manufacturer but it is not necessary to. establish a

ratings listed.

5.3.2
The

Rated voltages

for o cireuitt he followina:

A coimnponent is defined by the following rated voltages given wy'5.2 of IEC 60077-1:2017:

;

g

|
-

NOTE
opera

e

q

-

NOTE
consid

e

q

-

- P
5.3.3
Fhe

A co
5.3.3

- g

€

ted operational voltage (Y, U,)—~+see-5-420fEC60077-1);

1 A circuit-breaker—-may—have has more than one ratéd operational voltage or—may—have has a
ional voltage range.

ted insulation voltage (&, Uy, )—fsee-5-43oHHEC60077-1);

2 When no rated insulation voltage has been“assigned to a circuit-breaker, the rated insulation volf
ered to be equal to the highest value of thesrated operational voltage.

ted impulse-withstand voltage (u-mtHg Upnj)fsee-54-5-0HECB0047-1;

bwer-frequency test voltage (0).
Rated currents
£ o cheodi I ‘ in:

mponent is defined by the following rated currents given in 5.4 of IEC 60077-1:20171
of IEC 600%#42:2017:

ted operational current (4, /,){(see-53-4ofHEC60077-1) at the rated power fact
ee 5:3.9);

NOTE|

| the

rated

Bge is

and

br 72

INYA circuit-breaker—may can have more than one rated operational current or—may can have a

rated

operational current range.

— conventional free air thermal current (/y,)-{see-5-3-3-efHEC60077-2),

— conventional free air thermal current for DC (I, pc)s

NOTE

NOTE

2 The conventional free air thermal current for DC is the maximum value of the DC test current to be used
for temperature rise tests of equipment in free air at the maximum ambient air temperature.

3 AC circuit-breaker used for AC-DC dual system electric rolling stock can have a different thermal current
for DC. For DC system only conducing performance is relevant.

— conventional enclosed thermal current (/i,0);

— rated short-time withstand current (7, )-{see-5-3-2HHEC 600771,

— rated peak withstand current (/p).
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NOTE 4 Where the circuit-breaker is used to energize and protect a transformer or an inductor or a reactive filter

circuit,

5.3.4

the inrush of current on energization-may can contain a large and prolonged DC component.

Rated-frequencies Rated operational frequency

The rated operational frequency (f,) of a circuit-breaker is the frequency relevant to the rated
operational voltage (see 5.5 of IEC 60077-1:2017).

NOTE

5.3.5

The 1

(=]

- 0

The
sub-9

If ne
many

5.3.6)

5.3.6]

The

of the

closdg

The
time
cons

5.3.6

The
powe

The

maki
valug
shall
subs

A circuit-breaker may have more than one rated operational frequency.
Rated power factors
ated power factors are used to characteristize the performance as follows:
1 for short-circuit conditions (71);
8 for normal service conditions (72).
ated power factor for the short-circuit is dependent on the electrical characteristics aof the
tation, the supply lines to the vehicle and the load.
cessary, other power factor values may be defined byagreement between the
facturer and the user.
Short-circuit characteristics-{see-also-AnnexB)

1 Rated peak withstand current
ated peak withstand current (/p) is the peak\eurrent associated with the first major|loop

rated short-time withstand current that thé-8witchgear and controlgear can carry ip the
d position under its service conditions.
ated peak withstand current is obtained by multiplying the RMS value of the rated dhort-
withstand current with a peak -factor. This peak factor is a function of the DC|time
ant of the network and the rated frequency. The preferred value of the peak factor iy 2,5.
.2 Rated short-circuit'making capacity
manufacturer shall declare the rated short-circuit making current corresponding t¢ the
r factor T71.
rated shortscircuit making capacity of a circuit-breaker is the peak value (/p) of the
ng current«corresponding to the rated operatlonal voltage -lt-shall-be 2;5-times-the [RMS

- The circuit-brg¢aker

satisfy. the rated short-circuit making test specified in 9.3.4 and shall be capable of
bquent operation.

5.3.6.

3 Rated short-circuit breaking capacity

The manufacturer shall declare the rated short-circuit breaking current corresponding to the
power factor T1.

It is the highest short-circuit current which the circuit-breaker shall be capable of breaking
under the conditions of test specified in this document in a circuit having a power-frequency
recovery voltage corresponding to the rated operational voltage and having a transient
recovery voltage equal to the rated value specified in 5.3.6.4.

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

— the RMS value of its AC component, termed “rated short-circuit current”;
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— and the percentage DC component.

NOTE
by the

If the DC component does not exceed 20 %, the rated short-circuit breaking capacity is characterize
RMS value of its AC component. See also Annex B.

d only

The circuit-breaker shall be capable of breaking any short-circuit current up to its rated short-
circuit breaking current containing any AC component up to the rated value and associated
with it any percentage DC component up to that specified, under the conditions mentioned
above.

The circuit-breaker shall satisfy the rated short-circuit breaking test specified in 9.3.4 and

shall

be capable of subsequent operation.

At vo
circu

5.3.6
The
breal
limit
capa

NOTE]

Stan

Tabl
toge

The
breal

Whe

Tablg 1, these shall be identified’in the purchaser's specification.

Itages below the rated operational voltage, it shall be capable of breaking its rated S
t breaking current.

.4 Rated transient recovery voltage

rated transient recovery voltage for a short-circuit is related to,thé rated short-g
ing capacity in accordance with 5.3.6.3. It is the reference voltage which constitute

Hard values of transient recovery voltage (TRV) até given in Table 1.

1 also indicate values of rate of rise of recgvery voltage (RRRV), taken as ug/t3, V
her with TRV peak values u, may be useg-for purposes of specification of TRV.

alues given in Table 1 are prospective values. They apply to railway on board ci
ers in traction systems consisting\éf transformers, lines and cables.

e a circuit-breaker has to-gperate under more severe conditions of TRV than tho

hort-

ircuit
s the

bf the prospective transient recovery voltage of circuits which-the circuit-breaker shall be
ble of breaking in the event of a short-circuit.

vhich

rcuit-

5e in
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Representation by two parameters

IEC 60077-4:2019 RLV © IEC 2019

Nominal Maximum ([First- pole-| Amplitude | TRV Time |Time delay| Voltage Time RRRV
voltage permanent to-clear factor peak
voltage factor value
U k k ; s
Un max1 @ pp af uc t3 td u t uc/t3
kV kV p.u. p.u. kV us us kV us kV/us
12
N/AP 1 1,4 25 73 11 8 35 0,34
also 12,5
5 17,25 1 1,4 34 80 15 11 39 0,42
0 22,0 1 1,4 44 92 14 15 45 0,47
b5 27.5 1 1,4 54 95 14 18 46 0,57
5 30,0 1 1,4 62 103 15,5 21 50 0,60
where
/NS 2 x kpp X kafx Umax1;
ufF ug /3;
4 F 0,15 x ts.
NOTE] kpp =1 is used for a single phase system.
a See IEC 60850.
b N/A not applicable.
5.3.6/.5 Rated duration of short-circuit
The rated duration of short-circuit is the interval of time for which a circuit-breaker shall be
capaple of carrying, in the closed position, a current equal to its rated short-time withgtand
currgnt.
The $tandard value of rated duration of short-circuit-shall-be is 1 s.
If it i$ necessary, a valye lower or higher than 1 s may be chosen. The recommended values
are 0,5 s, 2 s and 3%s,
5.4 | Operational frequencies
The pperational frequencies are used to characterize the performance capability as given

in Taple 2.

The operational frequencies C1, C2 and C3 are defined as:

— C1: light operational frequency (e.g. the circuit-breaker opens only when a short-circuit is

detected);
- C2:

medium operational frequency (e.g. in addition to C1 the circuit-breaker opens by

a command produced by exceeding a predetermined limiting value, for example due

to overload conditions, etc.);

heavy operational frequency (e.g. in addition to C2, the circuit-breaker opens for

other reasons, for example at each gap section, each sectioning point, each end

of service, etc.).
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5.5

Electric and pneumatic control circuits

The characteristics of the electric and pneumatic control circuits are given in 5.6 and 5.7
of IEC 60077-2:2017.

5.6

Electric and pneumatic auxiliary circuits

The characteristics of the auxiliary circuits are the number and nature of the contacts
(“a” contact, “b” contact, etc.) of each of these circuits and their rated characteristics. T
characteristics are given in 5.9 and 5.10 of IEC 60077-2:2017.

hese

rrent

ed in
hd P/

5.7 [ Overcurrent release

The [following characteristics shall be declared by the manufacturer for each gyercy

release:

— type of overcurrent release (e.g. direct, indirect, time-delay, etc.);

NOTE| — an anti-pumping device may be included.

— current setting (or setting range);

— characteristics of the opening time as a function of the quantities which influencé the
release.

5.8 | Recovery voltages

The manufacturer shall specify the peak value of thelrecovery voltage when it is test

accofdance with the provisions of the making and breaking tests of sequences I; and Il-&{

of Table 3.

Unddr no circumstances shall this value exceéd that of the rated impulse withstand volta

the ¢

6.1
This
6.1 0

e

q

|
= 3

]

rcuit-breaker.

Product information

Component documentation

nformation shall be given in the manufacturer's catalogue or manual.

f IEC 60077-2:2017 applies supplemented by the following:
ted operational voltage of the control circuit of built-in releases and rated freqy
applicabte;

irrept ‘setting or current setting range of the relevant overcurrent releases (e.g. ¢
r indirect overcurrent release, definite time-delay overcurrent release, etc.);

ge of

ency

lirect

- 0

6.2

ening time:

Marking

The data or identification shall be marked in accordance with 6.2 of IEC 60077-2:2017.

7 Normal service conditions

Thes

e conditions are given in Clause 7 of IEC 60077-1:2017.
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8 Constructional and performance requirements

8.1

Constructional requirements

These requirements are given in 8.1 of IEC 60077-2:2017.

8.2

8.2.1

Performance requirements

Operating conditions

These requirements are given in 8.2.1 of IEC 60077-2:2017.

8.2.2

Thes|

8.2.3

Thes|

8.2.4

Thes|

8.2.5

Thes|

8.2.6

Thes|

8.2.7

Thes

8.2.8

Thes|

In ad
of se

8.2.9

e

e

e

e

e

e

e

Temperature-rise limits

requirements are given in 8.2.2 of IEC 60077-2:2017.

Operation following inactivity

requirements are given in 8.2.3 of IEC 60077-1:2017.

Electromagnetic compatibility (EMC)
requirements are given in 8.2.4 of IEC 60077-1:2017.

Acoustic noise emission

requirements are given in 8.2.5 of IEC 60077-1:2017.

Dielectric properties Clearances
requirements are given in 8.2.6 of JEC 60077-1:2017.

Creepage distances

requirements are given-in8.2.7 of IEC 60077-1:2017.

Switching overvoltages

requirements-are’ given in 8.2.8 of IEC 60077-1:2017.

dition the{manufacturer shall declare recovery voltages generated by the breaking
quences l)and, ll-ard-PV of Table 3.

Operational performance capability

tests

The circuit-breaker shall be capable of complying (as a function of the operational frequency)

with the provisions of Table 2 under the test conditions stated in 9.3.3.6.

Each operating cycle shall consist either of a closing operation followed by an opening
operation (cycle without current), or a making operation followed by a breaking operation
(cycle with current).

The total number of operating cycles shall consist of performing a number of operating cycles
without current, specified in Table 2, column 2, followed by a number of operating cycles with
current, specified in Table 2, column 3.
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The rate of operating cycles, selected by mutual agreement between the manufacturer and
the user, is chosen to keep all parts of the circuit-breaker within acceptable limits of
temperature rise and is to be mentioned in the test report.

Table 2 — Operational performance capability

Column 1 Column 2 Column 3

Total number of operating cycles

Operational frequency

Without current With current
C1 10 000 0
Cc2 100 000 200
C3 200 000 200

NOTE}3 During each operating cycle, the circuit-breaker remains in the closed position for a sufficient time to
ensurg¢ that the current is fully established, but not exceeding 2 s.

8.2.10 Ability to withstand vibration and shock

The rircuit-breaker shall be capable of withstanding the vibration and shock given byl test
requirements (see 9.3.5.2 and 9.3.5.3).

8.2.11 Ability to make and break under short-circuit conditions

The Eircuit-breaker shall be capable of satisfying the short-circuit tests under the follqwing
condjtions:

— current setting of the overcurrentirelease equal to the maximum value of the cuyrrent
setting range, if applicable;

— rated short-circuit breaking current at the rated operational voltage as stated in 5.3.6.3;

— rgcovery voltage equal to.the rated operational voltage;

— trpnsient recovery ~oltage equal to the rated transient recovery voltage as stated in
3.6.4;

5

a|sequence ofiwoperations: O — ¢4 — CO — ¢, — CO;
O representing a breaking operation;
G

O representing a making operation followed by a breaking operation afteq the
appropriate opening time;

t representing the time interval between the first opening and the first closing;

t,  representing the time interval between the second opening and the second closing.

Unless otherwise agreed between the manufacturer and the user, #; and ¢, are 180 s.

9 Tests

9.1 Kind of tests
9.1.1 General

9.1.1 of IEC 60077-1:2017 applies except that sampling tests are not permissible for circuit-
breakers.
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The tests to verify the characteristics of the circuit-breakers are:

9.1.

type tests (see 9.1.2);
routine tests (see 9.1.3);

investigatery investigation tests (see 9.1.4).
2 Type tests

The type tests comprise the following:

9.1.

The foutine tests comprise the following:

9.1

9.2
9.2

The |compliance of the circuit-breaker~with the constructional requirements given ir
appropriate parts of 8.1 of IEC 60077-1:2017 shall be proven prior to verification o
perfdrmance requirements as detailed in 9.3 and 9.4. The compliance of properties W
testing is not appropriate shall.be by visual examination, measurements, etc.

9.2

Verifjcation of compliance with the constructional requirements for the type test concerns

9.2

.4  Investigatory Investigation tests
Thes

1 General

.2 Type tests

verification of constructional requirements (see 9.2.2);

2019

verification of performance requirements (see 9.3).

3 Routine tests

<

prification of constructional requirements (see 9.2.3);

verification of performance requirements (see 9.4).

rfluence of harmonics on the temperature rise and-breaking characteristics;
tgmperature rise for temporary overload conditiofs.

Testsfor Verification of constructional requirements

physical properties; a check shall be made that the circuit-breaker conforms tg
dfawings(e'g. dimensions, materials, electrical risks, protective bonding, etc.);
c

earance and creepage distances (see 9.3.3.2.1 and 9.3.3.2.3 of IEC 60077-1:2017);
gritninals and connecting capacity (tested as part of performance requiremen

—

e are supplementary tests to the type tests for a spécial application. They form the
subjdct of a programme agreed between the manufacturer and the user, and may concern:

the
f the
here

the

s in

Q.9 0\

ol bl FaY
aCcordance with~9-9-9-07:

.3 Routine tests

Verification of compliance with the constructional requirements for the routine test concerns:

visual examination (compliance of the manufacture and assembly with the drawings);

measurements of resistances. The tests required in 9.2.3 of IEC 60077-1:2017 shall be
applied. The measured values for main and control circuits and the ambient temperature

shall be recorded in the routine test report.

NOTE For measurement of main circuit resistance see also 9.3.4.2.


https://iecnorm.com/api/?name=0a6e20fb458f18c8c7d397bbeb513e1c

IEC 60077-4:2019 RLV © IEC 2019 - 23 -

9.3 Type tests for verification of performance requirements
9.3.1 Test sequences

Type tests are grouped together in a number of test sequences as shown in Table 3.
For each sequence, the tests shall be carried out in the order listed in Table 3.

A new sample may be used for each sequence.

A routine test (see 9.1.3) shall be carried out on every sample before type test.
Table 3 — List of type test sequences for performance requirements
Test sequences Tests Subclause

| — Geperal performance Operating limits 9.3[3.2

charafteristics (9.3.3) Measurement of the resistance of circuits 9.3[3.3
Temperature rise 9.3[3.4
Dielectric properties 9.3[3.5
Operational performance capability 9.3{3.6
Verification of dielectric withstand 9.3[3.7
Verification of temperature rise 9.3[3.8
Verification of tripping operation 9.3[3.9

Il — Rqted-sepvice-short-circuit Measurement of the resistance of the main circuit 9.34.2

makinf and breaking capacities

(9.3.4 Short-time withstand gurrent and peak withstand current 9.34.4
Ability to make and break under short-circuit conditions 9.344.5
Verification of-dielectric withstand 9.3/4.6
Verificationof-the-resistance-of the-main-eircuit temperature rise 9.34.7
Verification of tripping operation 9.344.8

Il —Capability Ability to Vibtation 9.3/5.2

withstand vibration and shock

(9.3.5 Shock 9.3/5.3
Verification of mechanical operation 9.3/5.4
Verification of tripping operation 9.3/56.5
Verification of dielectric withstand 9.3[5.6

IV — Climatic_eonditions Environmental tests 9.3.6
(wet, dry heat, damp heat, cold, ice, etc.)

Vi — Othertestsifrequiredy Etectromagneticcompatibitity tEME) 93.7
Acoustic noise emission 9.3.7

9.3.2 General test conditions

The circuit-breakers to be tested shall comply in all details with the drawings of the type which
they represent.

During a test sequence no maintenance or repair is permissible.

Each of the sequences (described in Table 3) shall be made on a circuit-breaker in a clean
and new condition (or considered as such after a repair).
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The tests shall be performed at the rated operational values (current, voltage, frequency, air
pressure) for the circuits (main, control and auxiliary) and in accordance with the values
indicated in 5.3, 5.5 and 5.6.

The test values shall be within the tolerances indicated in Table 4.

Table 4 — Tolerances on test values

All tests Tests under normal Tests under short-circuit
load conditions conditions
Main cirtcuit Main circuit Main circuit
Voltage: +5 Current: +10 % Current: +10 %
0 0 0
F : +10 % P factor: +0,05
reqency o ower factor Power factor: _% o

Contrgl and auxiliary circuit

Currgnt: +5 %
Voltage: +5 %
Air pressure: +5 %

For all the tests, the ambient air temperature shall bé measured and recorded in thg test
repoft.

The ¢omplete circuit-breaker under test shall be.mounted together with its external associjated
over4voltage protection when appropriate:

in its integral enclosure if it has one;

— of in an enclosure representing the:conditions of installation when these are prescribgd by
the manufacturer;

— of under the conditions of installation envisaged on the rolling stock.
9.3.3 Test sequence I: General performance characteristics
9.3.31 General

This pequence shallhinclude the tests and verifications listed in Table 3.

9.3.3.2 Operating limits
The fests. required in 9.3.3.2 of IEC 60077-2:2017 shall be carried out.

Air-tightness tests for pneumatic equipment required in 9.3.4.2 of IEC 60077-1:2017 shall be
carried out. The test shall be done for all the temperature conditions, at least at the lowest
and the highest ambient temperatures. For low temperature different criteria may be used.

9.3.3.3 Measurement of the resistance of circuits

The tests required in 9.3.3.3 of IEC 60077-2:2017 shall be carried out.

NOTE The value before the test can be taken from the routine test result.
9.3.34 Temperature rise

The tests required in 9.3.3.4 of IEC 60077-2:2017 shall be carried out at the conventional free
air thermal current, and at the conventional free air thermal current for DC if applicable.
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9.3.3.5 Dielectric properties

The {

The
by t
valu
DC

betwgen open contacts.

9.3.36 Operational performance capability

The

The
the |
Anneg

At th
requi

NOTE
chara

9.3.3(

After

ests required in 9.3.3.5 of IEC 60077-2:2017 shall be carried oul.

nsulation resistance should be measured before starting,the) dielectric tests, if requsg
e end user. Unless agreed between the user and the wfahufacturer about the spe
, the insulation resistance shall be not less than 100-MQ by a megohmmeter apply
oltage of at least 1 000 V between the high voltage conductive parts and the earth

ests shall be performed to verify compliance with the requirements of 8.2.9.

bperations of making and breaking“shall be carried out at the rated operational cu
bted operational voltage and fer a power factor of 0,8. For details of a test circui
X A.

b end of the tests, no maintenance operation shall be carried out before the verifica
red in 9.3.3.7, 9.3.3.8'and 9.3.3.9.

The total number of operating cycles includes operations without and with current as appropriate f
teristics.

7 Verification of dielectric withstand

the\test described in 9.3.3.6, the circuit-breaker shall be capable of withstandin
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r'frequency test voltage reduced to 75 % of the value required in 9.4.5.

9.3.3

.8 Verification of temperature rise

After the verification described in 9.3.3.7, resistance measurement shall be carried out
according to 9.3.3.3 of IEC 60077-2:2017.



https://iecnorm.com/api/?name=0a6e20fb458f18c8c7d397bbeb513e1c

- 26 — IEC 60077-4:2019 RLV © IEC 2019

The verification of the temperature rise according to 9.3.3.4 is required only when the
resistance of the main circuit (without maintenance) has increased by more than 50 % of the
value before the test according to 9.3.3.3 of IEC 60077-2:2017. A small number of no-load
operations are allowed in an endeavour to bring the resistance down below this figure; if the
test has to be performed, then the temperature rise limits and temperature limits on the
contacts mentioned in Table 2 of IEC 60077-2:2017 are allowed to be exceeded by 10 K.

NOTE The number of no-load operations is 10 as a maximum.

For the measurement points, refer to 9.3.2.2 of IEC 60077-1:2017.

9.3.3[9 Verification of tripping operation

This test is only applicable when the circuit-breaker has built-in releases.

After| the verification described in 9.3.3.8, the current settings of the releases shall be
checked in accordance with 9.4.3.

Each| setting shall not differ by more than 10 % of its previous valde measured during the
routime test.

9.3.j Test sequence Il: Rated short-circuit making and breaking capacities
9.3.41 General

This sequence shall include the tests and verifications.listed in Table 3.

9.3.4.2 Measurement of the resistance of the main circuit

The fests required in 9:8¥3.3 of IEC 60077-2:2017 shall be carried out.

NOTE| The value befare the test can be taken from the routine test result.
9.3.43 Circuit for making and breaking capacity tests

For details/of a test circuit see Annex A.

9.34.4 Short-time withstand current and peak withstand current

This test shall be carried out according to 7.6 of HEC606694 IEC 62271-1:2017 using the
standard value of rated duration of short-circuit.

9.3.4.5 Ability to make and break under short-circuit conditions

This test shall be carried out according to 6.106 of IEC 62271-100:2008/AMD1:2012/AMD2:
2017 for-al-the test duties-stated T10, T30, T60, T100s and T100a, but using the sequence of
operation given in 8.2.11.
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For test duties T100s and T100a, the specified TRV values are given by the standard values
in Table 1.

For test duties T10, T30 and T60, the specified TRV values are given in Table 5.

Table 5 — Standard values of prospective transient recovery voltage —
Representation by two parameters

Nominal | Maximum | Test duty | TRV peak Time Time delay | Voltage Time RRRV
voltage |permanent value
voltage
Un Umax1 ? uc t3 td u’ v uc/t?)
kV kV kV us us kV us V/us
i T60 31 5 15 0,85
N/AP T30 27 9
and 12,5 16 2 8 1,69
T10
T60 35 5 17 1,03
15 17,25 T30 36 12
17 3 8 2,13
T10
T60 40 6 19 1,16
20 22,0 T30 47 16
20 ol 10 2,32
T10
T60 40 6 20 1,43
25 27,5 T30 58 19
20 3 10 2,87
T10
T60
25 30,0 T30 62 51 5 21 22 1,22
T10
Where:
uc=\/§>< 1,5 x 1,0x Upnaxts
u = 7R ! 3;
ty=tyx 0,15.
a See IEC 60850.
b N/A not applicable.
NOTE[1 For definitiong of test duties T10, T30, T60, T100s and T100a, refer to IEC 62271-100:2008/AMD1}2012/
AMD2}2017, 6.104.5.
The prospectivé transient recovery voltage wave of the test circuit shall at no time haye its
enve|ope helow the specified reference line.
For T™Mand T30, it may be difficult to meet the small values of time #3. The shortest timg that

can be met should be used.

The transient recovery voltage during the test shall be recorded.

NOTE 2 The test transient recovery voltage will differ from the prospective transient recovery voltage wave of the
test circuit upon which the performance requirements are based to a degree depending upon the characteristics of
the circuit-breaker.

9.3.4.6 Verification of dielectric withstand

After the test described in 9.3.4.5, the circuit-breaker shall be capable of withstanding the
power frequency test voltage reduced to 75 % of the value required in 9.4.5.
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9.3.4.7 Verification of-the resistance-of the-main-circuit temperature rise

The resistance measurement and the verification of temperature rise described in 9.3.3.8
shall be carried out.

9.3.48 \Verification of tripping operation

This fest is only applicable when the circuit-breaker has built-in releases.

After| the verification described in 9.3.4.7, the current settings of the releases shall be
checked in accordance with 9.4.3.

Each| setting shall not differ by more than 10 % of its previous valug 'measured during the
routine test.

9.3.5 Test sequence lll:-Capability Ability to withstand vibration and shock
9.3.51 General

This pequence shall include the tests and verifications-listed in Table 3.

9.3.5(2 Vibration

The yibration tests shall be carried out in accordance with the relevant method of IEC 61373.

The {est shall be carried out so that:

o

bth operational states are tested;

—

He distribution of these states shall be 50 % open and 50 % closed;

—

He circuit-breaker shall hot'change state during the functional vibration test.
9.3.5.3 Shock

After|the tests described in 9.3.5.2, the shock tests shall be carried out in accordance with the
relevpnt method«ef*IEC 61373. The test shall include both operational states and the cifcuit-
breaker shallngt'change state during the test.

9.3.5.4 Verification of mechanical operation

o . — I O 1 : 1 L T : M
Aftel Ure 1est UeSCTToeU 1T J.5.0.0 UTe Trecirdarmicdr Uperatiolr STidit U TITECREU TIT aCTUT ance

with the requirements of 9.4.2 of IEC 60077-2:2017.

9.3.5.5 Verification of tripping operation

This test is only applicable when the circuit-breaker has built-in releases.

After the test described in 9.3.5.4, the current settings of the releases shall be checked in
accordance with 9.4.3.

Each setting shall not differ by more than 10 % of its previous value measured during the
routine test.
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9.3.5

.6 Verification of dielectric withstand

After the test described in 9.3.5.5, the circuit-breaker shall be capable of withstanding the
power frequency test voltage reduced to 75 % of the value required in 9.4.5.

——ajeurrent-range-going-from-the-rated-operational-eurrent-to-0-A;

oo netor o T

Thicdoeehallboenrdodont o cocordonen i S OWL e oL LEC C00 0L A Bon clotodlab o o
NOTElL The test enables the manufacturer to sunnly curves of transient recovenhk voltgae as g function f tha
NOTE| Thetest-enables—the—manufacturer—to—supply—curves—oftransientrecoxée)s voltage—as—a—functios
current broken.

9.3.6 Test sequence IV: Climatic conditions

The [external surfaces of insulation of outdoor circuit¢breakers shall be subjected tq wet

withgtand tests under the standard test procedure givern'in 4.4 of IEC 60060-1:2010.

by

S

If by Jagreement between the user and_ghe manufacturer other tests are required, these [tests
shalllbe selected from 9.3.7 of IEC 600./7-2:2017.

The test under severe ice conditions is applicable only to outdoor circuit-breakers hfving
moving external parts and ferwhich a class of 10 mm or 20 mm of ice thickness is spedified.
The f{est shall be performed Under the conditions described in IEC 62271-102.

9.3.7 Test sequence VI Other tests

This pequence may'include supplementary tests such as:

— electromagnetic compatibility (EMC);

— afpousti¢ noise emission.

Thes ot T ettt t—=rnerficrator——oreet——bhetwveen—_the
B e e e e e e
manufacturer and the user.

When tests are required, 9.3.8 of IEC 60077-2:2017 shall be applied.

9.4
9.4.1

Routine tests for verification of performance requirements

General

The following routine tests shall be carried out on each circuit-breaker:

— mechanical operation (see 9.4.2);

— calibration of releases if applicable (see 9.4.3);

— a

ir tightness, if applicable (see 9.4.4);
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— dielectric withstand (see 9.4.5).

The measured values shall be recorded in the routine test report.

9.4.2 Mechanical-operation Functional test
The tests required in 9.4.2 of IEC 60077-2:2017 shall be applied.

9.4.3 Calibration of releases

This test is only applicable when the circuit-breaker has built-in releases.

A chlck shall be made that the current causing a tripping operation of the circuit-breaker is*yithin
a tolgrance of +10 % for any marked value of the current range using a steady state current.

NOTE|1 The £10 % tolerance includes a +5 % allowance for the calibration marking in addition to the getting
tolerance.

NOTE|2 Steady state current means an RMS current with a rise of less than 200 A/s,
9.4.4  Air-tightness (for pneumatic circuit-breaker)

The fests required in 9.4.4 of IEC 60077-2:2017 shall béapplied.
9.4.5 Dielectric withstand

The fests required in 9.4.5 of IEC 60077-2;2017 shall be applied.
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Annex A
(informative)

Test circuit to verify the making and breaking capacities

AU

E T
DP E1 X AE ?
L1 L2
“J)ac RE R
C= C
- — 1
vy
= IEC 321/03
Key
b= B e R C B e e
E1 Making breaker AU B T
A= s e R Lods e
AC R
AU
1 T T 1
DP E l jf AE jf
1 L2
(e o
o oL
- —
Voo
= IEC
Key
DP Master breaker R Resistor for transient recovery voltage control
E Making breaker C Capacitor for transient recovery voltage control
AE Breaker being tested 1, AU Measurement of currents and voltages
AC Test supply L1, L2 Inductance

Figure A.1 —Principle Diagram of the test circuit
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Annex B
(informative)

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

Current

Time
E
IEC
Key
AA’; BB’ Envelope of current-wave
cc’ Displacement of current-wave zero line at any.instant
DD’ RMS value of the AC component of current at any instant measured from CC’
EE’ Instant of contact separation (initiation of the arc)
Tyc Making current
Iy Peak current of AC compangént at instant EE’

IAC/\/E RMS value of the A€.component of current at instant EE’
be DC component'of/current at instant EE’

@xm Percentagé-value of the DC component

AC

Figure B.1 — Determination of short-circuit making and breaking currents,
and of percentage DC components
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 4: Electrotechnical components —
Rules for AC circuit-breakers

2019

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of |EC\ s to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter“referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in [the subject dealt with may participate in this preparatory work. International, governmental andg
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordanecé€)with conditions determin
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expressy.as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

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

Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publid
trgnsparently to the maximum extent possible «in, ‘their national and regional publications. Any diver
between any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation\of conformity. Independent certification bodies provide conf
aspessment services and, in some aregas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alljusers should ensure that they.have the latest edition of this publication.

Nd liability shall attach to IEC er its directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out ‘of)the publication, use of, or reliance upon, this IEC Publication or any othq
Publications.

At{ention is drawn-to the Normative references cited in this publication. Use of the referenced publicati
indispensable for-the correct application of this publication.

At{ention_is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

rising
pbmote
fis. To
tions,

“IEC
rested

non-
losely
ed by

tional
bm all

tional
bf IEC
r any

ations
lgence
ted in

prmity

br any

s and
hge or
) and
r IEC

bns is

ect of

Interpational Standard IEC 60077-4 has been prepared by IEC technical committe
Electrical equipment and systems for railways.

e 9:

This second edition cancels and replaces the first edition, issued in 2003. It constitutes a
technical revision.

This edition includes the following main technical changes with regard to the previous edition:

a) standard values of transient recovery voltages and test procedure are reviewed;

b) procedure of verification of temperature rise is changed,;

c) air-tightness test as type test, insulation resistance measurement are added.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
9/2538/FDIS 9/2554/RVD

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

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

This document should be read in conjunction with IEC 60077-1 and IEC 60077-2.

A ligt of all parts in the IEC 60077 series, published under the general ‘iitle Rajlway
applications — Electric equipment for rolling stock, can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain-inchanged until the
stability date indicated on the IEC website under "http://webstore.iec,ch" in the data related to
the specific document. At this date, the document will be
e re¢confirmed,

e Withdrawn,

—

t:laced by a revised edition, or

e amended.
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 4: Electrotechnical components —
Rules for AC circuit-breakers

1 Scope

In addition to the general requirements of IEC 60077-2, this part of IEC 60077 gives\rule

s for

AC cjrcuit-breakers, the main contacts of which are connected to AC overhead contact lines;

the nominal voltage of these circuits being in accordance with IEC 60850.

This document, together with IEC 60077-2, states specifically:

a) t
b) th

c) th
th

d) th

NOTE
openir
of poy
condit

NOTE
nents

Althod
provid

Electr
(IEC §

NOTE
electr
trolley

This

e characteristics of the circuit-breakers;

e service conditions with which circuit-breakers comply with reference to:
operation and behaviour in normal service;
operation and behaviour in short-circuit;
dielectric properties;

e tests for confirming the compliance of the components with the characteristics U
e service conditions and the methods to be adopted for these tests;

e information to be marked on, or given with'the circuit-breaker.

1 Circuit-breakers which are dealt with in this document can be provided with devices for aut
g under pre-determined conditions other than those of overcurrent, for example, undervoltage and re

S now common practice.

gh this document is not applicable to electronic equipment, the presence of electronic components do
e a reason to exclude sueh electrotechnical components from the scope.

bnic sub-assembljesincluded in the circuit-breakers comply with the relevant standard for elecf
0571).

3 Certainof" these rules, after agreement between the user and the manufacturer, are usg
technical\_components installed on vehicles other than rail rolling stock such as mine locom
puses,“ete. In this case, particular additional requirements can be necessary.

nder

matic
versal

er flow direction. This document does not/deal with the verification of operation under such predeteqmined
ons.
2 The incorporation of electronic_components or electronic sub-assemblies into electrotechnical c

bmpo-

es not

ronics

d for
tives,

+100.

document does not cover industrial circuit-breakers which comply with IEC 62271

For t

nese, In order to ensure satistactory operation, this document I1s used 1o specity onl

y the

particular requirements for rolling stock. In such cases, a specific document states the

addit

ional requirements with which the industrial circuit-breakers comply, for example:

— either to be adapted (e.g. for control voltage, environmental conditions, etc.);

— or to be installed and used so that they do not have to endure specific rolling stock
conditions;

— or to be additionally tested to prove that these components can withstand satisfactorily the
rolling stock conditions.
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2 Normative references

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

IEC 60060-1:2010, High-voltage test techniques — Part 1. General definitions and test

requirements

IEC go0+r—1204F—Raiway—appHeations ElectrHe—egtipmert—for—rolling—stoci 25
Genagral service conditions and general rules

IEC §0077-2:2017, Railway applications — Electric equipment for rolling stock, — Pa

Elec

otechnical components — General rules

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC §

IEC ¢
for a

circu

1373, Railway applications — Rolling stock equipment — Shock and Vibration tests
2271-1:2017, High-voltage switchgear and controlgear £,Part 1: Common specifica
ternating current switchgear and controlgear

IEC $2271-100:2008, High-voltage switchgear and codntrolgear — Part 100: Alternating cu
t-breakers
2271-100:2008/AMD1:2012

IEC

IEC 62271-100:2008/AMD2:2017

IEC
discd

3 1

For
IEC ¢

2271-102, High-voltage switchgear and controlgear — Part 102: Alternating cd
nnectors and earthing switches

'erms, definitions and abbreviated terms

the purposes of this( document, the terms and definitions given in Clause
0077-1:2017 and Clause 3 of IEC 60077-2:2017, and the following apply.

ISO Ind IEC maintain~terminological databases for use in standardization at the folld

addr

B

g
\

Sses:

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

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

rt 2:

tions

rent

rrent

3 of

wing

3.1
3.1.1

L Components

indoor circuit-breaker
circuit-breaker designed solely for protected installation against wind, rain, snow, abnormal

dirtd

3.1.2

eposits, abnormal conditions, ice and hoarfrost

outdoor circuit-breaker
circuit-breaker suitable for installation in open air, i.e. capable of withstanding wind, rain,
snow, dirt deposits, condensation, ice and hoarfrost
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3.1.3
oil circuit-breaker
circuit-breaker in which the contacts open and close in oil

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-28]

3.1.4
vacuum circuit-breaker
CirCUt bIUGII\UI ;II vvh;uh thU UUIItGUtO \JHUII alll‘.l‘l \J:UOU VV;th;II [« ] h;yh:y UVOUUGtUd UIIVU:U}JU

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-29]

3.1.5
air-bjast circuit-breaker, <for rolling stock>
circult-breaker in which the contacts open in a blast of air

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-14-32, modified = “gas-blast” has ppeen
deleted. “the gas used is air” has been replaced with “the contacts‘open in a blast of air”.]

3.1.6
air c|rcuit-breaker
circult-breaker in which the contacts open and close ip-air

3.1.7
gas ¢ircuit-breaker
circult-breaker in which the contacts open and“close in a gas other than air at atmosphefic or
higher pressure

Note 1 to entry: An example of a gas circuit-breaker is the sulphur hexafluoride circuit-breaker.

3.1.8
semilconductor circuit-breaker
circult-breaker designed to make and break the current in an electric circuit by means qf the
contrplled conductivity of.a semiconductor

Note 1 to entry: There €an-be mechanical contacts associated with these semiconductor devices.

[SOYRCE: IEC-60050-811:2017, 811-29-42]

3.2 | Component parts

3.2.1
release, <for a circuit breaker>

device which releases the holding means and permits the opening or closing of the circuit-
breaker

Note 1 to entry: A circuit-breaker can be activated by several releases each becoming operational according to
specified conditions.

Note 2 to entry: These releases can be mechanically or electrically connected to the switching device.

[SOURCE: IEC 60050-811:2017, 811-29-44]

3.2.2

overcurrent release

release which permits a mechanical switching device to open with or without time-delay when
the current in the release exceeds a predetermined value
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Note 1

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-33]

3.2.3

definite time-delay overcurrent release
overcurrent release which operates with a definite time-delay, which may be adjustable, but is
independent of the value of the overcurrent

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-34]

3.2.4
direg
overd
switd]

[SOU
3.2.5
indir

overq
devid

[sou

transfformer or a shunt” have been replaced with ”initiatéd” and “a current sensor”.]

3.2.6
anti-
devid
closi

Note

[SOU
adde|

3.2.7

enclosure, <of an assembly>

part
influg

and against contact with moving parts

t overcurrent release
urrent release directly energised by the current in the main circuit of a meeha
hing device

RCE: IEC 60050-441:1984/AMD1:2000,441-16-36]

pct overcurrent release, <for a circuit-breaker>
urrent release initiated by the current in the main circuit\©f a mechanical swit
e through a current sensor

RCE: IEC 60050-441:1984/AMD1:2000,441-16-37, modified — “energized” and “a cy

pumping device
e which prevents reclosing after a close“open operation as long as the device initi
g is maintained in the position for closing

to entry: The opening operation may be“either an opening command or a tripping operation.

RCE: IEC 60050-441:1984/AMD1:2000, 441-16-48, modified — Note 1 to entry has
4.1

bf an assembly-providing a specified degree of protection of equipment against ext
nces and a specified degree of protection against approach to or contact with live

nical

ching

rrent

ating

been

ernal
parts

ircuit-

Note 1 to enffy= The enclosure may also provide a protection of adjacent parts against the influence of the ¢
breakér (for_example, arcing).

Do Tl N aYaVaVulal A A4 400 4 IARMAIDA DOOO A.4.4 4.2 _0O.4 (L L Al b 4 b b L
[SOL NUL. TEU OUUOU=FS T. TIORTANIU T.2UUU 35 T=To=U'T, TTTUOUTIICU = TNUIT T 1U TIIYy T1as
added.]

3.2.8

integral enclosure
enclosure forming an integral part of the circuit-breaker

3.3
3.3.1

Operational features

trip-free circuit-breaker
circuit-breaker, the moving main contacts of which return to and remain in the open position
when the opening (i.e. tripping) operation is initiated after the initiation of the closing
operation even if the closing command is maintained

een
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Note 1 to entry: To ensure proper breaking of the current which may have been established, it may be necessary
that the contacts momentarily reach the closed position.

Note 2 to entry: The trip free operation may require an anti-pumping device.

3.3.2

current setting, <of an overcurrent release>

value of the operating current for which the release is adjusted and in accordance with which
its operating conditions are defined

Note 1 to entry: A release may have more than one current setting.

o AL <L pu | Ml N A4+ N la
oF o MmMoatitea—INOte— T to—entrynas been

[SOUH
addef.]

3.3.3
current setting range, <of an overcurrent release>
rang£ between the minimum and maximum values over which the current setting of the
release can be adjusted

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-16-47]

3.3.
trippiing operation
openjng operation of a circuit-breaker initiated by a release

3.4 | Making and breaking characteristics

NOTE| See Annex B.

3.41
operling time, <of a mechanical switching\déevice>
interyal of time between the specified gnstant of initiation of the opening operation angd the
instapt when the arcing contacts have-separated in all poles

Note 1 to entry: The instant of initiatign of the opening operation is specified by the manufacturer for all the
openinng commands other than overcurtent.

Note 4 to entry: The opening, time includes the operating time of any auxiliary equipment necessary to opgen the
circuitfbreaker and forming an.integral part of the circuit-breaker.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-36, modified — Note 1 to entry has peen
modified and Note\2 to entry has been added.]

3.4.2
prospective current, <of a circuit and with respect to a switching device or a fuse>
currgnt\that would flow in the circuit if each pole of the switching device or the fuse [were
replacedbyaconductorof megtigibteimpedance

Note 1 to entry: This term is commonly associated with fault conditions.

Note 2 to entry: The prospective current is composed of an RMS AC value plus a DC component (if any).

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modified — Notes to entry have been
replaced.]

3.4.3
prospective peak current
peak value of a prospective current during the transient period following initiation

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-02, modified — Note has been deleted.]
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3.4.4

prospective symmetrical current, <of an AC circuit>

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

Note 1 to entry: The prospective symmetrical current is expressed by its RMS value.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-03, modified — Note 1 has been deleted.]

3.4.5

breaking current, <of a switching device or a fuse >
currgntim a pole of a SWItChIng devIice or In a 1use at the mstant of mitfatfon of the arc auming a
breaking process

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-07]

3.4.6]
breaking capacity, <of a switching device or a fuse>
valug of prospective current that a switching device or a fuse is capable of breaking|at a
statefd voltage under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-08, modified — Notes have been deleted.]

3.4.7
making capacity, <of a switching device or a fuse>
valug of prospective making current that a switchingydevice is capable of making at a stated
voltage under prescribed conditions of use and behaviour

[SOYRCE: IEC 60050-441:1984/AMD1:2000,.441-17-09, modified — Note has been deletgd.]

3.4.8
short-circuit making capacity
makipg capacity for which the presChibed conditions include a short-circuit at the terminals of
the switching device

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-10]

3.4.9
short-circuit breaking capacity
breaking capacity-for which the prescribed conditions include a short-circuit at the terminals of
the switching-device

[SOURCEJIEC 60050-441:1984/AMD1:2000, 441-17-11]

3.4.10

short-time withstand current

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-17]

3.4.11

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/AMD1:2000, 441-17-18]
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12

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

2019

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-25, modified — Note has been deleted.]

3.4.

13

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

Note 1 to entry: The transient recovery voltage may be oscillatory or non-oscillatory or a combination_of
depending on the characteristics of the circuit and the switching device.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-26, modified — The second’senten
Note|1 to entry has been deleted. Note 2 to entry has been deleted.]

3.4.
prospective transient recovery voltage, <of a circuit>
ient recovery voltage following the breaking of the prospectiversymmetrical current by an
ideal|switching device

trans

14

these

ce of

Note 1 to entry: The definition assumes that the switching device or the*fus€, for which the prospective transient

recovgry voltage is sought, is replaced by an ideal switching device, i.e.“having instantaneous transition fron
to infipite impedance at the very instant of zero current, i.e. at the "natural" zero. For circuits where the curre
follow| several different paths, e.g. a polyphase circuit, the definition further assumes that the breaking
current by the ideal switching device takes place only in the pole~censidered.

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 44117-29]

3.4. 15
power-frequency recovery voltage
recoyery voltage after the transient voltage phenomena have subsided

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-27]

3.5
AC
DC

EMC Electromagnetic Compatibility
RMS RootMean Square (value)

RRR)V Rate of Rise of Recovery Voltage
TRV JIransient Recovery Voltage

4

1

Abbreviated terms
Alternating Current
Direct Current

h zero
ht can
of the

Classification

This clause is intended to list the characteristics of a circuit-breaker on which information is
given by the manufacturer and which shall be verified by testing where relevant.

The circuit-breakers are classified:

according to their operational frequency C1, C2 or C3. The characteristics of these

operational frequencies are given in 5.4;
according to the type of design, i.e. outdoor or indoor circuit-breaker;
according to the degree of protection provided by the enclosure (see IEC 60529).


https://iecnorm.com/api/?name=0a6e20fb458f18c8c7d397bbeb513e1c

IEC 60077-4:2019 © |IEC 2019 -13 -

5 Characteristics

5.1 Summary of characteristics
The characteristics of a circuit-breaker shall be stated in terms of the following, as applicable:

— type of circuit-breaker (5.2);

— rated values and limiting values for the main circuit (5.3);
— operational frequencies (5.4);

— electric and pneumatic control circuits (5.5);

— electric and pneumatic auxiliary circuits (5.6);
— oyercurrent release (5.7);
— peak value of the recovery voltage (5.8).

5.2 | Type of circuit-breaker
It is necessary to state:

— the kind of device (e.g. air-blast circuit-breaker, air circuit-breaker, vacuum circuit-brepker,
gps circuit-breaker, oil circuit-breaker, semiconductor circuit<breaker, etc.);

— the type of design (see Clause 4);
— the degree of protection provided by the enclosure (seé_Clause 4);

— operational features (e.g. trip-free circuit-breakef direct or indirect overcurrent rel¢ase,
time-delay overcurrent release).

5.3 | Rated values and limiting values for the.main circuit
5.3.1 General

Ratefl values are assigned by the manufacturer but it is not necessary to establish a|l the
ratings listed.

5.3.2 Rated voltages
A component is defined by‘the following rated voltages given in 5.2 of IEC 60077-1:2017:

— r3ated operational.voltage (U,);

NOTE|1 A circuit-breaker has more than one rated operational voltage or has a rated operational voltage range.

— rated insulation voltage (Uypm);

NOTE|2 When no rated insulation voltage has been assigned to a circuit-breaker, the rated insulation voltpge is
considergd to' be equal to the highest value of the rated operational voltage.

— r.-l- p= ] 14 (F7__\.
CU ImipuioT vuitayc \UNI’,

— power-frequency test voltage (U,).
5.3.3 Rated currents

A component is defined by the following rated currents given in 5.4 of IEC 60077-1:2017 and
5.3.3 of IEC 60077-2:2017:

— rated operational current (/,) at the rated power factor 72 (see 5.3.5);

NOTE 1 A circuit-breaker can have more than one rated operational current or can have a rated operational
current range.

— conventional free air thermal current (Iy,);
— conventional free air thermal current for DC (Ii, pc);
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NOTE 2 The conventional free air thermal current for DC is the maximum value of the DC test current to be used
for temperature rise tests of equipment in free air at the maximum ambient air temperature.

NOTE 3 AC circuit-breaker used for AC-DC dual system electric rolling stock can have a different thermal current
for DC. For DC system only conducing performance is relevant.

— conventional enclosed thermal current (/y,0);
— rated short-time withstand current (/,);
— rated peak withstand current (/p).

NOTE 4 Where the circuit-breaker is used to energize and protect a transformer or an inductor or a reactive filter
circuit, the inrush of current on energization can contain a large and prolonged DC component.

5.3.4 Rated operational frequency

The rated operational frequency (f;) of a circuit-breaker is the frequency relevant tethe fated
operational voltage (see 5.5 of IEC 60077-1:2017).

A cir¢uit-breaker may have more than one rated operational frequency.

5.3.5 Rated power factors
The fated power factors are used to characteristize the performance as follows:

— 01 for short-circuit conditions (7'1);

— 0]8 for normal service conditions (T72).

The tated power factor for the short-circuit is dependent on the electrical characteristics ¢f the
sub-gtation, the supply lines to the vehicle and thelload.

If ngcessary, other power factor values.~may be defined by agreement between the
manyfacturer and the user.

5.3.6 Short-circuit characteristics
5.3.6/.1 Rated peak withstand.current

The rated peak withstand current (/p) is the peak current associated with the first major|loop
of the¢ rated short-time withstand current that the switchgear and controlgear can carry ih the
closgd position under its:service conditions.

The fated peak withstand current is obtained by multiplying the RMS value of the rated ghort-
time [withstand_current with a peak factor. This peak factor is a function of the DC|time
constant of the)network and the rated frequency. The preferred value of the peak factor ig 2,5.

5.3.6.2 Rated short-circuit making capacity

The manufacturer shall declare the rated short-circuit making current corresponding to the
power factor T1.

The rated short-circuit making capacity of a circuit-breaker is the peak value (/p) of the
making current corresponding to the rated operational voltage. The circuit-breaker shall
satisfy the rated short-circuit making test specified in 9.3.4 and shall be capable of
subsequent operation.

5.3.6.3 Rated short-circuit breaking capacity

The manufacturer shall declare the rated short-circuit breaking current corresponding to the
power factor 7'1.
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It is the highest short-circuit current which the circuit-breaker shall be capable of breaking
under the conditions of test specified in this document in a circuit having a power-frequency
recovery voltage corresponding to the rated operational voltage and having a transient
recovery voltage equal to the rated value specified in 5.3.6.4.

The rated short-circuit breaking current is characterized by two values:
— the RMS value of its AC component, termed “rated short-circuit current”;
— and the percentage DC component.

NOTE If the DC component does not exceed 20 %, the rated short-circuit breaking capacity is characterized only
by th RIVIO Vdiue Ol il.b AL COMPOTIicelt. oce disU ANNeX B.

The gircuit-breaker shall be capable of breaking any short-circuit current up to its rated ghort-
circult breaking current containing any AC component up to the rated value and assodjiated
with it any percentage DC component up to that specified, under the conditions mentioned
abovg.

The fircuit-breaker shall satisfy the rated short-circuit breaking test specified in 9.3.4 and
shalllbe capable of subsequent operation.

At vgltages below the rated operational voltage, it shall be capdble of breaking its rated ghort-
circult breaking current.

5.3.6/.4 Rated transient recovery voltage

The frated transient recovery voltage for a short-Cifcuit is related to the rated short-gircuit
breaking capacity in accordance with 5.3.6.3. It is.the reference voltage which constitutes the
limit pf the prospective transient recovery voltage of circuits which the circuit-breaker shall be
capaple of breaking in the event of a short-circuit.

Stangard values of transient recovery véltage (TRV) are given in Table 1.

Tablﬁ 1 also indicate values of rate-of rise of recovery voltage (RRRV), taken as u_/t3, Which
together with TRV peak values ii;:may be used for purposes of specification of TRV.

The values given in Table 1 are prospective values. They apply to railway on board cifcuit-
breakers in traction systems consisting of transformers, lines and cables.

Whefe a circuit-breaker has to operate under more severe conditions of TRV than thoge in
Tablg 1, these<shall be identified in the purchaser's specification.
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Representation by two parameters
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Nominal Maximum [First- pole-| Amplitude | TRV Time |Time delay| Voltage Time RRRV
voltage permanent to-clear factor peak
voltage factor value
k k ’ ,
Un max1 2 PP af uc t3 td u t uc/t3
kV kV p.u. p.u. kV us us kV us kV/us
12
N/AP 1 1,4 25 73 11 8 35 0,34
also 12,5
5 17,25 1 1,4 34 80 15 11 39 0,42
0 22,0 1 1,4 44 92 14 15 45 0,47
P5 27.5 1 1,4 54 95 14 18 46 0,57
5 30,0 1 1,4 62 103 15,5 21 50 0,60
where|
= a7 .
U= Ve x kpp x kaf>< Umax1’
u | u, /13;
t4F 0,15 x 15.
NOTE| £k _ =1 is used for a single phase system.

pp
a See |[EC 60850.

N/A not applicable.

5.3.6.5 Rated duration of short-circuit

The fated duration of short-circuit is the interval of time for which a circuit-breaker shall be

capaple of carrying, in the closed position, a current equal to its rated short-time withgtand
current.

The s$tandard value of rated duration of short-circuit is 1 s.

If it i$ necessary, a value lower or higher than 1 s may be chosen. The recommended values
are 0,5s,2s and 3 s.

5.4 | Operational frequencies

The pperational frequencies are used to characterize the performance capability as given
in Taple 2.

The ¢pérational frequencies C1, C2 and C3 are defined as:

— C1: light operational frequency (e.g. the circuit-breaker opens only when a short-circuit is
detected);

— C2: medium operational frequency (e.g. in addition to C1 the circuit-breaker opens by
a command produced by exceeding a predetermined limiting value, for example due
to overload conditions, etc.);

— C3 heavy operational frequency (e.g. in addition to C2, the circuit-breaker opens for
other reasons, for example at each gap section, each sectioning point, each end
of service, etc.).

5.5 Electric and pneumatic control circuits

The characteristics of the electric and pneumatic control circuits are given in 5.6 and 5.7
of IEC 60077-2:2017.
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5.6 Electric and pneumatic auxiliary circuits

The characteristics of the auxiliary circuits are the number and nature of the contacts
(“a” contact, “b” contact, etc.) of each of these circuits and their rated characteristics. These
characteristics are given in 5.9 and 5.10 of IEC 60077-2:2017.

5.7 Overcurrent release

The following characteristics shall be declared by the manufacturer for each overcurrent
release:

—  type-ofovercurrentrelease (e-g—direct—indirect time-delav—etc):
g oY T 7 PAl 77

— ah anti-pumping device may be included.

|
[¢]

irrent setting (or setting range);

— characteristics of the opening time as a function of the quantities which “influence¢ the
release.

5.8 | Recovery voltages

The manufacturer shall specify the peak value of the recovery véltage when it is tested in
accofdance with the provisions of the making and breaking tests’ of sequences | and|Il of
Table¢ 3.

Unddr no circumstances shall this value exceed that of thé_rated impulse withstand voltage of
the cjrcuit-breaker.

6 Product information

6.1 Component documentation

This jnformation shall be given in the manufacturer's catalogue or manual.

6.1 of IEC 60077-2:2017 applies.supplemented by the following:

ated operational voltage jof the control circuit of built-in releases and rated freqyency
applicable;

|
= 3

irrent setting orgcurrent setting range of the relevant overcurrent releases (e.g. direct
- indirect overcurrent release, definite time-delay overcurrent release, etc.);

|
o O

(]

pening times

6.2 | Marking

The Tata of identification shall be marked in accordance with 6.2 of IEC 60077-2:2017.

7 Normal service conditions

These conditions are given in Clause 7 of IEC 60077-1:2017.

8 Constructional and performance requirements

8.1 Constructional requirements

These requirements are given in 8.1 of IEC 60077-2:2017.
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8.2 Performance requirements
8.2.1 Operating conditions
These requirements are given in 8.2.1 of IEC 60077-2:2017.

8.2.2 Temperature limits

These requirements are given in 8.2.2 of IEC 60077-2:2017.

8.2.3 Operation following inactivity

Thesg requirements are given in 8.2.3 of IEC 60077-1:2017.

8.2.4 Electromagnetic compatibility (EMC)
Thesg requirements are given in 8.2.4 of IEC 60077-1:2017.

8.2.5 Acoustic noise emission

Thesg requirements are given in 8.2.5 of IEC 60077-1:2017.

8.2.6 Clearances

Thesg requirements are given in 8.2.6 of IEC 60077-1:2017-

8.2.7 Creepage distances

Thesg requirements are given in 8.2.7 of IEC 60077-1:2017.

8.2.8 Switching overvoltages

Thesg requirements are given in 8.2.8-of IEC 60077-1:2017.

In addition the manufacturer shall declare recovery voltages generated by the breaking jtests
of sefjuences | and Il of Table 3.

8.2.9 Operational performance capability

The ¢ircuit-breaker shall be capable of complying (as a function of the operational frequg¢ncy)
with the provisions: of Table 2 under the test conditions stated in 9.3.3.6.

Each| operating cycle shall consist either of a closing operation followed by an opgning
operation._(cycle without current), or a making operation followed by a breaking operation
(cycle*with current).

The total number of operating cycles shall consist of performing a number of operating cycles
without current, specified in Table 2, column 2, followed by a number of operating cycles with
current, specified in Table 2, column 3.

The rate of operating cycles, selected by mutual agreement between the manufacturer and
the user, is chosen to keep all parts of the circuit-breaker within acceptable limits of
temperature rise and is to be mentioned in the test report.
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Table 2 — Operational performance capability

Column 1 Column 2 Column 3

Total number of operating cycles

Operational frequency
Without current With current
C1 10 000 0
C2 100 000 200
C3 200 000 200

NOTE

During each operating cycle, the circuit-breaker remains in the closed position for a sufficient time to

tlo-okblo 4 FARTI FIDRE G FOR TP B AT 4 H a
ensSuretatr e curren T TSTraTy CStaotSea outT ot exXeceeuamyg—=2-5=

8.2.10 Ability to withstand vibration and shock

The fircuit-breaker shall be capable of withstanding the vibration and shock given by
requirements (see 9.3.5.2 and 9.3.5.3).

8.2.11 Ability to make and break under short-circuit conditions

The Eircuit-breaker shall be capable of satisfying the short-circuit tests under the follg

condjtions:

— current setting of the overcurrent release equal to the maximum value of the cu
setting range, if applicable;

rated short-circuit breaking current at the rated operational voltage as stated in 5.3.6.
recovery voltage equal to the rated operationalvoltage;

5|3.6.4;

a[sequence of operations: O — 14 —.CO -, — CO;
O representing a breaking operation;
G

O representing a making~operation followed by a breaking operation aften
appropriate opening-tine;

1 representing the time interval between the first opening and the first closing;
t9 representing/the time interval between the second opening and the second closi

Unless otherwise agreed between the manufacturer and the user, ¢, and ¢, are 180 s.

9.1
9.1

Tests

test

wing

rrent

A

transient recovery voltage equal to the~rated transient recovery voltage as stated in

the

ng.

Kind of tests

| General

9.1.1 of IEC 60077-1:2017 applies except that sampling tests are not permissible for circuit-
breakers.

The tests to verify the characteristics of the circuit-breakers are:

type tests (see 9.1.2);
routine tests (see 9.1.3);
investigation tests (see 9.1.4).
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9.1.2 Type tests
The type tests comprise the following:

— verification of constructional requirements (see 9.2.2);
— verification of performance requirements (see 9.3).

9.1.3 Routine tests
The routine tests comprise the following:

— verification of constructional requirements (see 9.2 3):

brification of performance requirements (see 9.4).

<

9.1.4 Investigation tests

Thesg are supplementary tests to the type tests for a special application.\They form the
subjgct of a programme agreed between the manufacturer and the user, and may concern:

rifluence of harmonics on the temperature rise and breaking charactetristics;
— tgmperature rise for temporary overload conditions.

9.2 | Verification of constructional requirements
9.2.1 General

The [compliance of the circuit-breaker with the cadnstructional requirements given in the
appropriate parts of 8.1 of IEC 60077-1:2017 shall be proven prior to verification of the
perfarmance requirements as detailed in 9.3 and 9.4. The compliance of properties where
testing is not appropriate shall be by visual examination, measurements, etc.

9.2.2 Type tests
Verifjcation of compliance with the constructional requirements for the type test concerns

physical properties; a check-shall be made that the circuit-breaker conforms tq the
dfawings (e.g. dimensionsymaterials, electrical risks, protective bonding, etc.);
c

learance and creepage distances (see 9.3.3.2.1 and 9.3.3.2.3 of IEC 60077-1:2017);

grminals and confiecting capacity (tested as part of performance requiremenis in
agcordance with(9,3.3.8).

|
—

9.2.3 Routine tests
Veriflcation-of compliance with the constructional requirements for the routine test concerps:

— visualexamination (compliance of the manufacture and assembly with the drawings);

— measurements of resistances. The tests required in 9.2.3 of IEC 60077-1:2017 shall be
applied. The measured values for main and control circuits and the ambient temperature
shall be recorded in the routine test report.

NOTE For measurement of main circuit resistance see also 9.3.4.2.
9.3 Type tests for verification of performance requirements
9.3.1 Test sequences

Type tests are grouped together in a number of test sequences as shown in Table 3.

For each sequence, the tests shall be carried out in the order listed in Table 3.
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A new sample may be used for each sequence.
A routine test (see 9.1.3) shall be carried out on every sample before type test.

Table 3 — List of type test sequences for performance requirements

Test sequences Tests Subclause
| — General performance Operating limits 9.3.3.2
characteristics (9.3.3) - —

Measurement of the resistance of circuits 9.3.3.3
Temperature rise 9334
Dielectric properties 9:3{3.5
Operational performance capability 9.3{3.6
Verification of dielectric withstand 9.313.7
Verification of temperature rise 9.3[3.8
Verification of tripping operation 9.3[3.9
Il — Rated short-circuit making Measurement of the resistance of the main circuit 9.34.2
and bileaking capacities (9.3.4) - - -
Short-time withstand current and peak withstanpdcurrent 9.344.4
Ability to make and break under short-cireuit.conditions 9.34.5
Verification of dielectric withstand 9.34.6
Verification of temperature rise 9.34.7
Verification of tripping operation 9.344.8
Il — Apility to withstand vibration | Vibration 9.3/5.2
and shock (9.3.5)
Shock 9.3/5.3
Verification of mec¢hanical operation 9.3/5.4
Verification of-fripping operation 9.356.5
Verification-of dielectric withstand 9.3/5.6
IV — Climatic conditions Environmental tests 9.3.6
(wet;,dry heat, damp heat, cold, ice, etc.)
V — Ofher tests (if required) Electromagnetic compatibility (EMC) 9.3.7
Acoustic noise emission 9.3.7
9.3.2 Generalitest conditions
The ¢ircuit-breakers to be tested shall comply in all details with the drawings of the type which
they représent.
During a test sequence no mainienance or repair Is permissible.

Each of the sequences (described in Table 3) shall be made on a circuit-breaker in a clean
and new condition (or considered as such after a repair).

The tests shall be performed at the rated operational values (current, voltage, frequency, air
pressure) for the circuits (main, control and auxiliary) and in accordance with the values
indicated in 5.3, 5.5 and 5.6.

The test values shall be within the tolerances indicated in Table 4.
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All tests Tests under normal Tests under short-circuit
load conditions conditions
Main circuit Main circuit Main circuit
Voltage: +g Current: +1(§) % Current: +1é) %
Frequency: +10 % Power factor: +0,05
Power factor: ~005

Control and auxiliary circuit

Currgnt: 5 %
Voltage: +5 %
Air pressure: +5 %

For all the tests, the ambient air temperature shall be measured and\recorded in thg test
repoit.

The ¢omplete circuit-breaker under test shall be mounted together with its external assocjated
over-voltage protection when appropriate:

i its integral enclosure if it has one;

— of in an enclosure representing the conditions of iQstallation when these are prescribgd by
the manufacturer;

— of under the conditions of installation envisaged on the rolling stock.
9.3.3 Test sequence I: General performance characteristics

9.3.3.1 General

This pequence shall include the tests)and verifications listed in Table 3.

9.3.3(2 Operating limits

The fests required in 9.313.2 of IEC 60077-2:2017 shall be carried out.
Air-tightness tests for’ pneumatic equipment required in 9.3.4.2 of IEC 60077-1:2017 shall be

carrigd out. Thestest shall be done for all the temperature conditions, at least at the Iqwest
and the highestambient temperatures. For low temperature different criteria may be used.

9.3.3.3 Measurement of the resistance of circuits

H !
c Lalricu Uut.

g
g
I

Th 'y H o o219 0
e (ests reguinrcu nr J.0.0.00

NOTE The value before the test can be taken from the routine test result.

9.3.34 Temperature rise

The tests required in 9.3.3.4 of IEC 60077-2:2017 shall be carried out at the conventional free
air thermal current, and at the conventional free air thermal current for DC if applicable.

9.3.3.5 Dielectric properties

The tests required in 9.3.3.5 of IEC 60077-2:2017 shall be carried out.
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The insulation resistance should be measured before starting the dielectric tests, if requested
by the end user. Unless agreed between the user and the manufacturer about the specified
value, the insulation resistance shall be not less than 100 MQ by a megohmmeter applying a
DC voltage of at least 1 000 V between the high voltage conductive parts and the earth and
between open contacts.

9.3.3

.6 Operational performance capability

The tests shall be performed to verify compliance with the requirements of 8.2.9.

The operations of making and breaking shall be carried out at the rated operational current,

the |
Anneg

At th
requi

NOTE|
chara

9.3.3(

After
pows

9.3.3

After
acco

The
resis
value

operations are allowed in an endeavour to bring the resistance down below this figure;

test
contd

NOTE

For t

9.3.3
This

hted operational voltage and for a power factor of 0,8. For details of a test circui
X A.

red in 9.3.3.7, 9.3.3.8 and 9.3.3.9.

The total number of operating cycles includes operations without and with curfent as appropriate f
teristics.

7 Verification of dielectric withstand

the test described in 9.3.3.6, the circuit-breaker shall\be capable of withstandin
r frequency test voltage reduced to 75 % of the value(required in 9.4.5.

.8 Verification of temperature rise

the verification described in 9.3.3.7, résistance measurement shall be carried
ding to 9.3.3.3 of IEC 60077-2:2017.

verification of the temperature rise"according to 9.3.3.4 is required only wher
ance of the main circuit (without\maintenance) has increased by more than 50 % d
before the test according t0(9.3.3.3 of IEC 60077-2:2017. A small number of no

cts mentioned in Table(2)of IEC 60077-2:2017 are allowed to be exceeded by 10 K.

The number of no-Jead operations is 10 as a maximum.

he measurement’points, refer to 9.3.2.2 of IEC 60077-1:2017.

.9 Verification of tripping operation

festlis/only applicable when the circuit-breaker has built-in releases.

see

b end of the tests, no maintenance operation shall be carried out before theverifications

or the

y the

out

the
f the
Hload
f the

has to be performed, theh 'the temperature rise limits and temperature limits on the

After the verification described in 9.3.3.8, the current settings of the releases shall be
checked in accordance with 9.4.3.

Each setting shall not differ by more than 10 % of its previous value measured during the
routine test.

9.3.4
9.3.4

Test sequence Il: Rated short-circuit making and breaking capacities

| General

This sequence shall include the tests and verifications listed in Table 3.
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.2 Measurement of the resistance of the main circuit

The tests required in 9.3.3.3 of IEC 60077-2:2017 shall be carried out.

NOTE The value before the test can be taken from the routine test result.

9.3.4

3 Circuit for making and breaking capacity tests

For details of a test circuit see Annex A.

9.3.4

This [test shall be carried out according to 7.6 of IEC 62271-1:2017 using the standard

4 Short-time withstand current and peak withstand current

of raled duration of short-circuit.

9.3.
This

2017
giver

For t
in Ta

Fort

ble 1.

Representation by two parameters

.5 Ability to make and break under short-circuit conditions

st duties T100s and T100a, the specified TRV values are~given by the standard v

bst duties T10, T30 and T60, the specified TRV valdes are given in Table 5.

Table 5 — Standard values of prospective transient recovery voltage —

alue

test shall be carried out according to 6.106 of IEC 62271-100:2008/AMD1:2012/AMD2:
for test duties T10, T30, T60, T100s and T100a, but using the ,sequence of operation
in 8.2.11.

hlues

c

b

—
u =%2x 1,5x 1,0x U
u’=uC ! 3;

ty =tz x 0,15.

a See |IEC 60850.

max1’

N/A not applicable.

Nominal | Maximum | Test duty | TRV peak Time Time delay | Voltage Time RRRV
voltage |permanent value
voltage
U Y a u t t u’ t u /t
n max1 c 3 d c'"3
kV kV kV us us kV us V/us
12 T60 31 5 15 0,85
N/AP T,30 27 9
and 12,5 16 2 8 1,69
T10
T60 35 5 17 1,03
15 17,25 T30 36 12
17 3 8 2,13
T10
T60 40 6 19 1,16
20 22,0 T30 47 16
20 3 10 2,32
T10
T60 40 6 20 1,43
25 27,5 T30 58 19
20 3 10 2,87
T10
T60
25 30,0 T30 62 51 5 21 22 1,22
T10
Where:
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NOTE 1 For definitions of test duties T10, T30, T60, T100s and T100a, refer to IEC 62271-100:2008/AMD1:2012/
AMD2:2017, 6.104.5.

The prospective transient recovery voltage wave of the test circuit shall at no time have its
envelope below the specified reference line.

For T10 and T30, it may be difficult to meet the small values of time ¢3. The shortest time that
can be met should be used.

The transient recovery voltage during the test shall be recorded.

P Y g of the
test circuit upon which the performance requirements are based to a degree depending upon the characteristics of
the cifcuit-breaker.

9.3.4.6 Verification of dielectric withstand

After| the test described in 9.3.4.5, the circuit-breaker shall be capable of withstanding the
powdr frequency test voltage reduced to 75 % of the value required in 9.4.5’

9.3.47 Verification of temperature rise

The fesistance measurement and the verification of temperature rise described in 9.3.3.8
shall|be carried out.

9.3.4(8 Verification of tripping operation

This fest is only applicable when the circuit-breaker has built-in releases.

After| the verification described in 9.3.4.7, the current settings of the releases shall be
checked in accordance with 9.4.3.

Each| setting shall not differ by more\than 10 % of its previous value measured during the
routime test.

9.3.5 Test sequence lll: Ability to withstand vibration and shock
9.3.511 General

This pequence shall-include the tests and verifications listed in Table 3.

9.3.5.2 Vibration

The yibrationrtests shall be carried out in accordance with the relevant method of IEC 61373.

The fest’shall be carried out so that:

— both operational states are tested;
— the distribution of these states shall be 50 % open and 50 % closed;
— the circuit-breaker shall not change state during the functional vibration test.

9.3.5.3 Shock

After the tests described in 9.3.5.2, the shock tests shall be carried out in accordance with the
relevant method of IEC 61373. The test shall include both operational states and the circuit-
breaker shall not change state during the test.
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5.4 Verification of mechanical operation

After the test described in 9.3.5.3 the mechanical operation shall be checked in accordance
with the requirements of 9.4.2 of IEC 60077-2:2017.

9.3.

5.5 Verification of tripping operation

This test is only applicable when the circuit-breaker has built-in releases.

After the test described in 9.3.5.4, the current settings of the releases shall be checked in
accordance with 9.4.3.

Each| setting shall not differ by more than 10 % of its previous value measured during the

routime test.

9.3.

5.6 Verification of dielectric withstand

After| the test described in 9.3.5.5, the circuit-breaker shall be capable -0f withstanding the

powdr frequency test voltage reduced to 75 % of the value required in/.4.5.

9.3.

The
undef the standard test procedure given in 4.4 of IEC 60060~1:2010.

If by |agreement between the user and the manufacturer other tests are required, these
shall|be selected from 9.3.7 of IEC 60077-2:2017.

The
movipg external parts and for which a class*of 10 mm or 20 mm of ice thickness is speg
The fest shall be performed under the conditions described in IEC 62271-102.

9.3.

This pequence may include supplementary tests such as:

When tests are required, 9.3.8 of IEC 60077-2:2017 shall be applied.

9.4
9.4

1 General

6 Test sequence IV: Climatic conditions

pxternal surfaces of insulation of outdoor circuit-breakersvshall be subjected to wet

fest under severe ice conditions is applicable only to outdoor circuit-breakers h

7 Test sequence V: Other tests

electromagnetic compatibility (EMC);

afoustic noise emission.

Routine'tests for verification of performance requirements

tests

tests

hving
ified.

The following routine tests shall be carried out on each circuit-breaker:

mechanical operation (see 9.4.2);

calibration of releases if applicable (see 9.4.3);
air tightness, if applicable (see 9.4.4);
dielectric withstand (see 9.4.5).

The measured values shall be recorded in the routine test report.

9.4

.2 Functional test

The tests required in 9.4.2 of IEC 60077-2:2017 shall be applied.
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9.4.3 Calibration of releases

This test is only applicable when the circuit-breaker has built-in releases.

A check shall be made that the current causing a tripping operation of the circuit-breaker is within
a tolerance of +10 % for any marked value of the current range using a steady state current.

NOTE 1 The +10 % tolerance includes a 5 % allowance for the calibration marking in addition to the setting
tolerance.

NOTE 2 Steady state current means an RMS current with a rise of less than 200 A/s.

9.4.41 Air-tightness (for pneumatic circuit-breaker)

The fests required in 9.4.4 of IEC 60077-2:2017 shall be applied.

9.4.5 Dielectric withstand

The fests required in 9.4.5 of IEC 60077-2:2017 shall be applied.
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Annex A
(informative)

Test circuit to verify the making and breaking capacities

AU

1 H 1L

1 L2

= IEC
Key

DP Master breaker R Resistor for transient recovery voltage control
E Making breaker C Capacitor for transient recovery voltage dontrol
AE Breaker being tested I AU Measurement of currents and voltages

AC Test supply L1, L2 Inductance

Figure A.1 = Diagram of the test circuit
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Annex B
(informative)

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

5 A
5
© E
A
| - D
———— C’ o
Time
B
E
IEC
Key
AA’; BB’ Envelope of current-wave
cc’ Displacement of current-wave zero line at amyinstant
DD’ RMS value of the AC component of currént at any instant measured from CC’
EE’ Instant of contact separation (initiation of the arc)
Iyc Making current
Izc Peak current of AC component at instant EE’
IAC/x-'§ RMS value of the A€:¢omponent of current at instant EE’
Inc DC component of current at instant EE’

Ioc,oh  Percentage Value of the DC component
AC

Figure B.1 — Determination of short-circuit making and breaking currents,
and of percentage DC components
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] APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 4: Composants électrotechniques —
Reégles pour disjoncteurs a courant monophasé

2019

AVANT-PROPOS

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale )de’ normali
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de ("EC). L'IEC
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les don|
de|l'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des'Normes internati
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confié€'a des comités d'étude
aux desquels tout Comité national intéressé par le sujet traité peut.\participer. Les organis|
rnationales, gouvernementales et non gouvernementales, en liaison avec.FEC, participent égaleme
aux. L'IEC collabore étroitement avec I'Organisation Internationale~de~Normalisation (ISO), selo
ditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions,techniques représentent, dans la n
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
aressés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de fecommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les{efforts raisonnables sont entrepris afin que
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui em est faite par un quelconque utilisateur final.

Dgns le but d'encourager l'uniformité internationaleyes Comités nationaux de I'lEC s'engagent, dans td
megsure possible, a appliquer de fagon transparente*les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'lEC elle-méme ne fournit aucune attgstation de conformité. Des organismes de certification indéper
fournissent des services d'évaluationde conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

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

y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice ¢ausé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soif, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses décollant de la publication ou de l'utilisation de cette Publication de I'lEC ou de toute
Pdblication de"MEC, ou au crédit qui lui est accordé.

L'qttention ‘est” attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées est obligatoire pour une application correcte de la présente publication.

L'qttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
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de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60077-4 a été établie par le comité d'études 9 de I'lEC: Matériels
et systémes électriques ferroviaires.

Cette deuxiéme édition annule et remplace la premiére édition, parue en 2003. Elle constitue
une révision technique.

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

a) les valeurs normalisées des tensions transitoires de rétablissement et la procédure d'essai

sont revues;

b) modification de la procédure de vérification de I'échauffement;
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c) ajout de l'essai d'étanchéité comme essai de type et du mesurage de la résistance

dl

isolement.

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

FDIS Rapport de vote
9/2538/FDIS 9/2554/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

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

Il corn

Une

Applications ferroviaires — Equipements électriques du matériel roulant, peut étre con

sur |4

Le c
stabi
relati

e rg¢conduit,

o S

o a

. erplacé par une édition révisée, ou

vient qu'il soit lu conjointement avec I'lEC 60077-1 et I''EC 60077-2.

site web de I'lEC.

pbmité a décidé que le contenu de ce document ne sera pas modifié avant la daf

ves au document recherché. A cette date, le document.sera

Lpprime,

endé.

liste de toutes les parties de la série IEC 60077, publiées sous."e titre girwéral

ultée

e de

ité indiquée sur le site web de I'lEC sous "http://webStore.iec.ch" dans les données
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] APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 4: Composants électrotechniques —
Régles pour disjoncteurs a courant monophasé

1 Domaine d'application

En complément des exigences générales de I'lEC 60077-2, la présente partie de 'NEC 60077
donng les régles relatives aux disjoncteurs a courant monophasé dont les contacts“principaux
sont [destinés a étre raccordés a des lignes aériennes de contact a courant monophasg. La
tensipn nominale de ces circuits est conforme a I'lEC 60850.

En complément de I'EC 60077-2, le présent document précise particulierement:

a)
b)

¢s caractéristiques des disjoncteurs;

gs conditions de service que les disjoncteurs supportent du(point de vue:

du fonctionnement et du comportement en service normdl;

du fonctionnement et du comportement en cas de court-circuit;

des propriétés diélectriques;

c) lgs essais de conformité des composants avec\les caractéristiques dans les conditions de
service ainsi que les méthodes d'essai correspondantes a utiliser;

d)

gds informations a donner ou a marquer suf-le disjoncteur.

NOTE|1 Les disjoncteurs qui font I'objet du présent document peuvent étre équipés de dispositifs d'ouerture
automptique dans des conditions prédéterminées autres que celles de la surcharge, comme une t¢nsion
insuffisante ou l'inversion de la direction du flux de puissance, par exemple. Le présent document ne traite gas de
la vérification de tels fonctionnements dans'de telles conditions prédéterminées.

NOTE|2 L'incorporation de composants électroniques ou de sous-ensembles électroniques dans les compgsants
électrgtechniques est maintenant dne pratique courante.

Bien que le présent document\ne soit pas applicable aux matériels électroniques, la présence de compg@sants
électrgniques n'est pas gnes raison suffisante pour exclure ces composants électrotechniques du domaine
d'appl|cation du document.

Les sjpus-ensembles:~electroniques inclus dans les disjoncteurs sont conformes a la norme correspordante
applicpble a I'électronique (IEC 60571).

NOTE|3 Apres accord entre I'utilisateur et le constructeur, certaines de ces regles sont utilisées polr les
compg@sants-électriques installés dans des véhicules autres que ceux du matériel roulant ferroviaire, telles que les
locomptives pour les mines, les trolleybus, etc. Dans ces cas, des exigences supplémentaires peuvert étre
nécesSaAITES.

Le présent document ne couvre pas les disjoncteurs industriels conformes a I'lEC 62271-100.
Pour ces derniers, dans le but d'obtenir un fonctionnement satisfaisant, le présent document
est employé uniquement pour spécifier les exigences particuliéres relatives au matériel
roulant. Dans de tels cas, un document spécifique indique les exigences complémentaires
auxquelles les disjoncteurs industriels se conforment, par exemple:

— pour étre adaptés (par exemple tension de commande, conditions d'environnement, etc.);

— ou pour étre installés et utilisés de sorte qu'ils n'aient pas a subir les conditions
particulieres du matériel roulant;

— ou pour subir des essais complémentaires afin de montrer que ces composants peuvent
supporter de fagcon satisfaisante les conditions du matériel roulant.
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2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,

des

exigences du présent document. Pour les références datées, seule I'édition

citée

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

IEC 60060-1:2010, Technique des essais a haute tension — Partie 1: Définitions et exigences

générales

|EC go0+—1204F—Appliecationsterroviaires—Egquipements—electrigues—du—ratérielrotH
Partige 1: Conditions générales de service et régles générales

IEC 60077-2:2017, Applications ferroviaires — Equipements électriques du matériel roul
Partie 2: Composants électrotechniques — Régles générales

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)

IEC 61373, Applications ferroviaires — Matériel roulant — Essais de_Chocs et vibrations
IEC ©2271-1:2017, Appareillage a haute tension — Partie 17, Spécifications communes
appayeillage a courant alternatif

IEC 62271-100:2008, Appareillage a haute tension — Partie 100: Disjoncteurs a courant
alterpatif

IEC 62271-100:2008/AMD1:2012

IEC ¢

IEC ¢
terre

3 1

Pour
I'NEC

L'1Sd
en n(

B

[«

(v

2271-100:2008/AMD2:2017

2271-102, Appareillage a haute tension — Partie 102: Sectionneurs et sectionneu
a courant alternatif

'ermes, définitions et tenmes abrégés

les besoins du présent document, les termes et définitions donnés a ['Article
60077-1:2017 et a 'Article 3 de I'lEC 60077-2:2017, ainsi que les suivants s'appliqu

et I'lEC tiennent a jour des bases de données terminologiques destinées a étre util
rmalisations-consultables aux adresses suivantes:

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

6O Online browsing platform: disponible a I'adresse http://www.iso.org/obp

ant —

pour

s de

3.1
3.1.1

Composants

disjoncteur pour l'intérieur
disjoncteur qui n'est congu que pour étre protégé par son installation contre le vent, la pluie,

la ne

3.1.2

ige, les pollutions, les conditions anormales, la glace et le givre

disjoncteur pour I'extérieur
disjoncteur convenant pour l'installation en plein air, c'est-a-dire capable de supporter le vent,
la pluie, la neige, les pollutions, la condensation, la glace et le givre
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3.1.3
disjoncteur a huile
disjoncteur dont les contacts s'ouvrent et se ferment dans I'huile

Note 1 a l'article: Les disjoncteurs a faible volume d'huile a cuve sous tension et les disjoncteurs a huile a cuve
mise a la terre sont des exemples caractéristiques de disjoncteurs a huile.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-28]

3.1.4
disjoncteur a vide
diSjO I\JtUUI dUllt :UO uuntauto O'UUVIUIIt Ut o I‘UIIIIUIIt dallo urire CIIUC;IItC UL‘I IeyllU url Vide

pousgé

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-14-29]

3.1.5
disjgncteur a air comprimé, <pour matériel roulant>
disjopcteur dont les contacts s'ouvrent dans de I'air comprimé

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-14-32, modifié'= "a gaz comprimé" a été
suppfimé. "dans lequel le gaz utilisé est l'air" a été remplacépar "dont les contacts s'ouprent
dans|de I'air comprimé".]

3.1.6]
disjgncteur a air
disjopcteur dont les contacts s'ouvrent et se ferment dans de I'air

3.1.7
disjgncteur a gaz
disjopcteur dont les contacts s'ouvrent-et se ferment dans un gaz autre que l'air, |sous
presgion ou a la pression atmosphérique

Note 1 a l'article: Le disjoncteur a I'hexafluorure de soufre est un exemple de disjoncteur a gaz.

3.1.8
disjdncteur a semiconducteur
disjopcteur congu pour établir et interrompre le courant dans un circuit électrique au moyen
de la[conductivité contrdlée d'un semiconducteur

Note 1 a I'article: /Deés contacts mécaniques peuvent étre associés a ces appareils a semiconducteur.

[SOURCE:=IEC 60050-811:2017, 811-29-42]

3.2 Parties de composant

3.21

Déclencheur, <pour un disjoncteur>

dispositif qui libére les organes de retenue et qui permet l'ouverture ou la fermeture du
disjoncteur

Note 1 a l'article: Un disjoncteur peut étre activé par plusieurs déclencheurs, chacun d'eux fonctionnant dans des
conditions spécifiées.

Note 2 a I'article: Ces déclencheurs peuvent étre électriquement ou mécaniquement raccordés a un appareil de
connexion.

[SOURCE: IEC 60050-811:2017, 811-29-44]
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3.2.2

déclencheur a maximum de courant

déclencheur qui permet l'ouverture, avec ou sans retard, d'un appareil mécanique de
connexion, lorsque le courant dans le déclencheur dépasse une valeur prédéterminée

Note 1 a I'article: Cette valeur peut, dans certains cas, dépendre de la vitesse d'accroissement du courant.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-33]

3.2.3
déclencheur a maximum de courant a retard indépendant
décldgncheur maximum de ourar qu Of onne ave étre

réglapple, mais est indépendant de la valeur de la surintensité

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-16-34]

3.2.
décléncheur direct a maximum de courant
déclgncheur a maximum de courant alimenté directement par le-Courant dans le dircuit
princjpal d'un appareil mécanique de connexion

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-36]

3.2.5
décléncheur indirect 8 maximum de courant <pourcn-disjoncteur>
déclgncheur & maximum de courant amorcé par<le ‘courant dans le circuit principal|d'un
appareil mécanique de connexion par l'intermédiaire d'un capteur de courant

[SOYRCE: IEC 60050-441:1984/AMD1:2000,441-16-37, modifi¢ — "alimenté" et]| "un
translormateur de courant ou d'un shunt!\ont été remplacés par "amorcé" et "un captetr de
courant".]

3.2.6)
dispesitif d'antipompage
dispgsitif qui empéche une refermeture aprés une manceuvre de fermeture-ouverture pendant
toutefla durée du maintien de1'ordre de fermeture

Note 1 a I'article: L'ouverture peut étre une commande d'ouverture ou un déclenchement libre.

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-16-48, modifié — La NOTE 1 a I'article p été
ajoutge.]

3.2.7
Envdloppe, <d'un ensemble>
partib dumr—ensembte procurant—um dcglc' de plutcutiun apc'uific' dt—matériet—contre les

influences externes et un degré de protection spécifié contre I'approche des parties actives ou
le contact avec elles ou contre le contact avec des pieces en mouvement

Note 1 a l'article: L'enveloppe peut également fournir une protection des parties environnantes contre l'influence
du disjoncteur (par exemple I'arc).

[SOURCE: IEC 60050-441:1984/AMD1:2000,441-13-01, modifi¢ — La NOTE 1 a l'article a été
ajoutée.]

3.2.8
enveloppe intégrée
enveloppe faisant partie intégrante du disjoncteur
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3.3 Caractéristiques de fonctionnement

3.31

disjoncteur a déclenchement libre

disjoncteur dont les contacts mobiles principaux reviennent en position d'ouverture et y
demeurent quand la manceuvre (c'est-a-dire le déclenchement) d'ouverture est commandée
aprés le début de la manceuvre de fermeture, méme si I'ordre de fermeture est maintenu

Note 1 a l'article: Afin d'assurer une interruption correcte du courant qui peut avoir été établi, il peut étre
nécessaire que les contacts atteignent momentanément la position de fermeture.

Note 2 a I'article: L'exploitation du déclenchement libre peut nécessiter un dispositif d'antipompage.

3.3.2
courpnt de réglage <d'un déclencheur a maximum de courant>
valeyr du courant de fonctionnement pour laquelle le déclencheur est réglé et Qar rapport a
laguglle ses conditions de fonctionnement sont définies

Note 1 a I'article: Un déclencheur peut avoir plusieurs courants de réglage.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-46, modifié¢ — La"NOTE 1 a l'article p été
ajoutge.]

3.3.3
domaine du courant de réglage, <d'un déclencheur a maximum de courant>
domaine limité par les valeurs minimale et maximale entre*fesquelles on peut choisir la valeur
du cqurant de réglage du déclencheur

[SOURCE: IEC 60050-441:1984/AMD1:2000, 44116-47]

3.3.4
mangeuvre de déclenchement
mangeuvre d'ouverture d'un disjoncteuramorcée par un déclencheur

3.4 | Caractéristiques de fermeture et de coupure

NOTE} Voir Annexe B.

3.4.1
durép d'ouverture, <d'un appareil mécanique de connexion>
interyalle de temps entre l'instant spécifié de début de la manceuvre d'ouverture et l'instant de
la séparation des.contacts d'arc sur tous les pbles

Note 1 a I'article:/ Pour chacune des commandes d'ouverture autres que celle a maximum de courant, I'instant de
I'origije dedamanceuvre d'ouverture sera précisé par le constructeur.

Note 2 & l'article: La durée d'ouverture inclut le temps d'action de I'équipement auxiliaire nécessaire a I'ouverture
du disjoncteur quand celui-ci est Integre au disjonctedar.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-36, modifié — La NOTE 1 a l'article a été
modifiée et la NOTE 2 a l'article a été ajoutée.]

3.4.2

courant présumé, <d'un circuit et relatif a un appareil de connexion ou a un fusible>

courant qui circulerait dans le circuit si chaque pb6le de I'appareil de connexion ou le fusible
était remplacé par un conducteur d'impédance négligeable

Note 1 a I'article: Ce terme est communément associé aux conditions de défaut.

Note 2 a l'article: Le courant présumé est composé de la valeur efficace du courant alternatif plus une
composante continue (si elle existe).
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[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modifié — Les NOTES a l'article ont
été remplacées.]

3.4.3

valeur de créte du courant présumé
valeur de créte d'un courant présumeé pendant la période transitoire qui suit son établissement

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-02, modifié — La NOTE a été supprimée.]

3.44

COUW’ <d'un circuit 2 courant alternatif>

courant présumé lorsqu'il est établi a un instant tel qu'aucun phénomeéne transitoire ne

|'étal]
Note 1

[sou
supp

3.4.5

couTnt coupé, <d'un appareil de connexion ou d'un fusible>

cour
I'amd

[SOU

3.4.6
pouv
valel
d'intd
comg

[soy
supp

3.4.7
pouV
valeJ
tensi

[sou

3.4.8

lissement

a l'article: Le courant présumé symétrique est exprimé par sa valeur efficace.

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-03, modifié — La’' .NOTE 1 a
rimeée.]

nt dans un pbéle d'un appareil de connexion ou dans {n-fusible évalué a l'insta
rcage de l'arc au cours d'une coupure

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-07]

oir de coupure <d'un appareil de connexion ou d'un fusible>

Fimées.]

oir de fermeture <d'un appareil de connexion ou d'un fusible>
r du courant présumé établi qu'un appareil de connexion est capable d'établir sous
bn donnée et.dans des conditions prescrites d'emploi et de comportement

RCE: IEC,60050-441:1984/AMD1:2000, 441-17-09, modifié¢ — La NOTE a été suppri

suive

ete

nt de

bable

éte

r de courant présumé qu'un appareil” de connexion ou un fusible est caj
rrompre sous une tension fixée .dans des conditions prescrites d'emploi et de
ortement

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-08, modifié — Les NOTES ont

une

meée.]

pouv

oir'de fermeture en court-circuit

pouvoir de fermeture pour lequel les conditions prescrites comprennent un court-circuit aux
bornes de 'appareil de connexion

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-10]

3.4.9

pouvoir de coupure en court-circuit
pouvoir de coupure pour lequel les conditions prescrites comprennent un court-circuit aux
bornes de I'appareil de connexion

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-11]
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0

courant de courte durée admissible
courant qu'un circuit ou un appareil de connexion dans la position de fermeture peut
supporter pendant un court intervalle de temps spécifié et dans des conditions prescrites
d'emploi et de comportement

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-17]

3.4.1

1

valeur de créte du courant admissible
valeur de créte du courant gqu'un circuit ou un appareil de connexion dans la position de

2019

fermeture peut supporter dans des conditions prescrites d'emploi et de comportement

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-18]

3.4.12

tension de rétablissement

tensipn qui apparait entre les bornes d'un appareil de connexion,Ou d'un fusible 3
I'intefruption du courant

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-25, modifié -~ La NOTE a été suppri
3.4.1B3

tensjon transitoire de rétablissement

tensipn de rétablissement pendant le temps ou.-‘elle présente un caractére trans
appréciable

Note 1 a l'article: La tension transitoire de rétablissement peut étre oscillatoire ou non oscillatoire, ou ét
combipaison de celles-ci selon les caractéristiques du\Citcuit et de I'appareil de connexion.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-26, modifié — La seconde phrase
NOTE 1 a l'article a été supprimée. La\NOTE 2 a l'article a été supprimée.]

3.4.14

tensjon transitoire de rétablissement présumée <d'un circuit>

tensi
un af

Note 1
de rét
passe
"natur
hypoth

[sou

bn transitoire de rétablissement qui suit la coupure du courant présumé symétriqu
pareil de connexionvidéal

a l'article: La definition implique que I'appareil de connexion ou le fusible, pour lequel la tension tran|
instantanémrent"de la valeur zéro a la valeur infinie a l'instant du zéro de courant, c'est-a-dire a

ese queNa-coupure du courant par I'appareil de connexion idéal n'a lieu que sur le pbdle considéré.

RCEYIEC 60050-441:1984/AMD1:2000, 441-17-29]

pres

mée.]

toire

e une

He la

b par

sitoire

bblissement est\recherchée, est remplacé par un appareil de connexion idéal, c'est-a-dire dont I'impéfdance

zéro

b|". Pour (des. circuits ayant plusieurs voies, par exemple un circuit polyphasé, il est en outre admfis par

3.4.1

5

tension de rétablissement a fréquence industrielle
tension de rétablissement aprés la disparition des phénomeénes transitoires de tension

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-27]

3.5
CEM

Termes abrégés
Compatibilité électromagnétique

RRRV Vitesse d'accroissement de la tension de rétablissement

TRV

Tension transitoire de rétablissement
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