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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

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

FOREWORD

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

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

IEC Publications have ‘the form of’recommendations for‘internationaluse“and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC canné6t| be 'held ‘responsible for thélway in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, |IEC, National, Committees undertake to apply IEC Publications
transparently to the maximum extent possiblein—their-national and regional publications. Any divergence
between any IEC Publicationand the lcorresponding national’ or regional‘publication shall be clearly indicated in
the latter.

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

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

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

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

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

International 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) 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 list of all parts in the IEC 60077 series, published under the general title Railway
applications — Electric equipment for rolling stock, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged 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 reconfirmed,

e withdrawn,

e replaced by a revised editian;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 rules for
AC circuit-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) the characteristics of the circuit-breakers;

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

c) the tests for confirming the compliance of the components with the characteristics under
the service conditions and thesmgthods ta befadapted.forithese tests;

d) the information to be marked on, or given with the circuit-breaker.

NOTE 1 Circuit-breakers. which jare. dealt; with .in.this.,document,-can be, providedowith devices for automatic
opening under pre-determined conditions other than those of overcurrent, for example, undervoltage and reversal
of power flow direction. This document does ‘not-deal“with the ‘verification of operation under such predetermined
conditions.

NOTE 2 The incorporation of electronic components or electronic sub-assemblies into electrotechnical compo-
nents is now common practice.

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

Electronic sub-assemblies included in the circuit-breakers comply with the relevant standard for electronics
(IEC 60571).

NOTE 3 Certain of these rules, after agreement between the user and the manufacturer, are used for
electrotechnical components installed on vehicles other than rail rolling stock such as mine locomotives,
trolleybuses, etc. In this case, particular additional requirements can be necessary.

This document does not cover industrial circuit-breakers which comply with IEC 62271-100.
For these, in order to ensure satisfactory operation, this document is used to specify only the
particular requirements for rolling stock. In such cases, a specific document states the
additional 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 60077-1:2017, Railway applications — Electric equipment for rolling stock. — Part 1:
General service conditions and general rules

IEC 60077-2:2017, Railway applications — Electric equipment for rolling stock. — Part 2:
Electrotechnical components — General rules

IEC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 61373, Railway applications — Rolling stock equipment — Shock and Vibration tests

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

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

IEC 62271-100:2008/AMD1:2012

IEC 62271-100:2008/AMD2:2017

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

3 Terms, definitions and abbreviated terms

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

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

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

3.1 Components

3.11

indoor circuit-breaker

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

3.1.2

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

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

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

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

3.1.6
air circuit-breaker
circuit-breaker in which the€ contacts-open and close in air

3.1.7

gas circuit-breaker

circuit-breaker in which the contacts open and/closelin 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

semiconductor circuit-breaker

circuit-breaker designed to make and break the current in an electric circuit by means of the
controlled conductivity of a semiconductor

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

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]

3.24

direct overcurrent release

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

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

3.25

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

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

3.2.6

anti-pumping device

device which prevents reclosing after ajclose-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.

[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 of equipment against external
influences and a specified degree of protection against approach to or contact with live parts
and against contact with moving parts

Note 1 to entry: 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 been
added.]

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

3.3 Operational features

3.3.1

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
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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.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-46, modified — Note 1 to entry has been
added.]

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.

3.41

opening time, <of a'mechanical‘switching ‘device>

interval of time between the specified instantcoflinitiation“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
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>

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

Note 1 to entry: 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.]

3.45

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

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

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

3.4.6

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

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

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

3.4.7

making capacity, <ofja/switching device or a\fuse>

value of prospective making current that a switching device is capable of making at a stated
voltage under prescribed conditions ©ofiuse;and behaviour

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

3.4.8

short-circuit making capacity

making capacity for which the prescribed 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

[SOURCE: IEC 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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3.4.12

recovery voltage

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

[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 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.]

3.414

prospective transient recovery voltage, <of a circuit>

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

Note 1 to entry: The definition assumes that the switching device or the fuse, for which the prospective transient
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
current by the ideal switching device takes place only in the pole considered.

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

3.4.15
power-frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided

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

3.5 Abbreviated terms

AC Alternating Current

DC Direct Current

EMC Electromagnetic Compatibility
RMS Root Mean Square (value)

RRRV Rate of Rise of Recovery Voltage
TRV Transient Recovery Voltage

4 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).
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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);

— overcurrent 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-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 Rated values and limiting values for the main circuit

5.3.1 General

Rated values are assigned by the manufacturer but it is not necessary to establish all 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:

— rated 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 (Uym);

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

— rated impulse voltage (Uy;);
— 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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