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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 2: Electrotechnical components — General rules

FOREWORD

1) 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.

2) 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.

3) IEC Publications have the form of recommendations for international use 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 cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

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

5) 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.

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

7) 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.

8) 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.

9) 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.

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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International Standard IEC 60077-2 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition of IEC 60077-2, issued in 1999. It
constitutes a technical revision.

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

a) Short circuit breaking capacity;

b) Rated short-time withstand current;
c) Critical currents range;

d) Climatic conditions are specified.

This standard is to be read in conjunction with IEC 60077-1.

The text of this standard is based on the following documents:

FDIS Report on voting
9/2267/FDIS 9/2279/RVD

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

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.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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 understanding
of its contents. Users should therefore print this publication using a colour printer.
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 2: Electrotechnical components — General rules

1 Scope-and-object

In addition to the rules given in IEC 60077-1, this part of IEC 60077 provides general rules for
all electrotechnical components installed in power circuits, auxiliary circuits, control and
‘ indicating circuits, etc., on railway rolling stock.

The purpose of this document is to adapt the general rules given in IEC 60077-1 to all
electrotechnical components for rolling stock, in order to obtain uniformity of requirements
and tests for the corresponding range of components.

Electrotechnical components are mainly switchgear and controlgear, including also relays,
valves, resistors, fuses, etc., irrespective of the nature of their control.

NOoTE—+ The incorporation of electronic components or electronic subassemblies into
electrotechnical components is now common practice. Although this document is not
applicable to electronic equipment, the presence of electronic components does not give
grounds to exclude such electrotechnical components from the scope of this document.

Electronic subassemblies-sheuld comply with the relevant standard.

NOoTE2 Some of these rules-may, after agreement between the user and the manufacturer,-be
are used for electrotechnical components installed on vehicles other than railway rolling
stock, such as mine locomotives, trolleybuses, etc.

This document states:

a) the characteristics of the components;
b) the service conditions with which components have to comply;

c) the tests intended to confirm compliance of the components with these characteristics
under these service conditions, and the methods to be adopted for these tests;

d) the information to be marked on, or given with, the apparatus.

This document does not cover industrial electrotechnical components which comply with their

own product standard. In order to ensure satisfactory operation of these components for

rolling stock, this document-should-be is used to specify only the particular requirements for

railway application. In that case, a specific document-should would state the additional

requirements with which the industrial components are to comply, e.g.:

— to be adapted (for example for control voltage, environmental conditions, etc.); or

— to be installed and used so as not to have to endure specific railway conditions; or

— to be additionally tested to prove that these components can satisfactorily withstand
railway conditions.

In the event of there being a difference in requirements between this document and a railway
rolling stock relevant product standard, then the product standard requirements take
precedence.
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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 60050-811:4994 2017, International Electrotechnical Vocabulary (IEV) — Chapter 811:
Electric traction

IEC 60068-2-1:4990, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:4974, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h
+ 12 h cycle)

IEC 60068-2-52:1998, Environmental testing — Part 2-52: Test methods — Test Kb: Salt mist,
Cyclic (Sodium, chloride solution)

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60077-1:2017, Railway applications — Electric equipment for rolling stock — Part 1:
General service conditions and general rules

IEC 60417, Graphical symbols for use on equipment (available at http://www.graphical-
symbols.info/equipment)

IEC 60529:4989, Degrees of protection provided by enclosures (IP Code)

1)_To be published. Documqnts
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IEC TR 60943:14998, Guidance concerning the permissible temperature rise for parts of
electrical equipment, in particular for terminals

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC 60077-1 as well as
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

active electrical component

simple device or assembly of devices which, in response to a control signal, executes a
function or various inseparable functions of logical or analogical nature by changing their
state, for which the control or the function is electrical (e.g. contactor, relay, etc.)

Note 1 to entry: Passive electical component is defined as the antonym of this term.

3.1.2

passive electrical component

simple device or assembly of devices which are not included in the active electrical
components group and have at least one electrical function (e.g. mounting insulator,
permanent connection, resistor, capacitor, etc.)

3.1.3

switchgear and controlgear

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-11-01]

3.14

switchgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and
equipment with associated interconnections, accessories, enclosures and supporting
structures, intended in principle for use in connection with generation, transmission,
distribution and conversion of electric energy

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-11-02]

3.1.5

controlgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and
equipment with associated interconnections, accessories, enclosures and supporting
structures, intended in principle for the control of electric energy consuming equipment
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[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-11-03]

3.1.6
switching device
device designed to make or break the current in one or more electric circuits

Note 1 to entry: A switching device may perform one or both of these operations.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-14-01, modified — Note 1 to entry has
been added.]

3.1.7

fuse

device that, by the fusing of one or more of its specially designed and proportioned
components, opens the circuit in which it is inserted by breaking the current when this
exceeds a given value for a sufficient time

Note 1 to entry: The fuse comprises all the parts that form the complete device.

[SOURCE: IEC 60050-441:1984 /| AMD1:2007, 441-18-01, modified — The second sentence
has been changed to Note 1 to entry.]

3.1.8

<mechanical> switch

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

Note 1 to entry: A switch may be capable of making but not breaking short-circuit currents.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-14-10]

3.1.9

mechanical switching device

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

Note 1 to entry:  Any mechanical switching device may be designated according to the medium in which its
contacts open and close, e.g. air, SF6, oil.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-14-02]

3.1.10

circuit breaker

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-14-20] ‘

3.1.11
{mechanical) contactor |

mechanical switching device having only one position of rest, operated otherwise than by
hand, capable of making, carrying and breaking currents under normal circuit conditions

including operating overload conditions HEV-844-29-07} ‘

Note 1 to entry: Contactors may be designated according to the method by which the force for closing the main

contacts is provided. Documents
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Note 2 to entry: The definition is the same as’mechanical contactor”: IEC 60050-441:1984 / AMD1:2007, 441-14-

3.1.12
| disconnector-{isolator)

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements

Note 1 to entry: A disconnector is capable of opening and closing a circuit only when negligible current is broken
or made, or when no significant change in the voltage across the terminals of each of the poles of the disconnector
occurs. It is also capable of carrying currents under normal circuit conditions and carrying for a specified time
currents under abnormal conditions such as those of short circuit.

[SOURCE: IEC 60050-811:2017, 811-29-17]

3.2 Component parts

3.21

pole of a switching device

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

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-01]

3.2.2

main circuit, <of a switching device>

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

Note 1 to entry: This does not include parts that are included in the auxiliary circuit of the switching device
(see 3.2.4).

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-02, modified — Note 1 to entry has
been added.]

3.2.3

control circuit, <of a switching device>

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-03]

3.24

auxiliary circuit, <of a switching device>

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

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-04]
Documents
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3.2.5

contact, <of a mechanical switching device>

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-05] ‘

3.2.6

main contact

contact included in the main circuit of a mechanical switching device, intended to carry, in the
closed position, the current of the main circuit

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-07] ‘

3.2.7
auxiliary contact
contact included in an auxiliary circuit and mechanically operated by the switching device

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-10]

3.2.8
make contact
controlor—auxiliary contact which is closed when the main contacts of the mechanical

switching device are-closed—and-open—whentheyare—open in their operate condition and

which is open when they are in their release condition

Note 1 to entry: See complementary information in Annex A of this document.

Note 2 to entry:  “normally open contact” is a deprecated term.

[SOURCE: IEC 60050-811:2017, 811-31-03, modified — “relay” is replaced with “main contacts
of the mechanical switching device”. Note 1 to entry and Note 2 to entry have been added.]

3.2.9

break contact

control-orauxitiary contact which is open when the main contacts of the mechanical switching
device are-closed-and-closed—whentheyare—open in their operate condition and which is

closed when they are in their release condition

Note 1 to entry: See complementary information in Annex A of this document.

Note 2 to entry: “normally closed contact” is a deprecated term.

[SOURCE: IEC 60050-811:2017, 811-31-04, modified — “relay” is replaced with “main contacts
of the mechanical switching device”. Note 1 to entry and Note 2 to entry have been added.]

3.2.10

<electrical> relay

device designed to produce sudden predetermined changes in one or more electrical output
circuits, when certain conditions are fulfilled in the electrical input circuits controlling the
device

[EV-446-11-01}

Note 1 to entry: This definition may also be applied to relays for which the actuation is not electricat.

[SOURCE: IEC 60050-151:2001, 151-13-31, modified — Note 1 to entry has been added.]
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3.2.11

release, <of a mechanical switching device>

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-17]

3.3 Operational features

3.31
operation, <of a mechanical switching device>
transfer of the moving contact(s) from one position to an adjacent position

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

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-01]

3.3.2

operating cycle, <of a mechanical switching device>

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-02]

3.3.3
manual control
control of an operation by human intervention

‘ [SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-04]

3.3.4
closed position, <of a mechanical switching device>
position in which the predetermined continuity of the main circuit of the device is secured

‘ [SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-22]

3.3.5

open position, <of a mechanical switching device>

position in which the predetermined dielectric withstand voltage requirements are satisfied
between open contacts in the main circuit of the device

Note 1 to entry: This definition differs from IEV 441-16-23 to meet the requirements of dielectric properties.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-23, modified — “clearance...is secured”
is changed to “dielectric withstand voltage requirements are satisfied”. Note 1 to entry has
been added.]

3.3.6
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 Documents
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Note 1 to entry: For AC the current is expressed as the symmetrical RMS value of the AC component.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-07, modified. Note 1 to entry has been
added.]

3.3.7

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

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

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-01]

3.3.8
prospective making current, <for a pole of a switching device>
prospective current when initiated under specified conditions

Note 1 to entry: The specified conditions may relate to the method of initiation, e.g. by an ideal switching device,
or to the instant of initiation, e.g. leading to the maximum prospective peak current in an AC circuit, or to the
highest rate of rise. The specification of these conditions is given in the relevant publications.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-05]

3.3.9

prospective breaking current, <for a pole of a switching device or a fuse>

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

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-06]

3.3.10

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

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

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

Note 2 to entry: For AC, the current is expressed as the symmetrical RMS value of the AC component.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-08, modified — Note 2 to entry has
been changed.]

3.3.11

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 / AMD1:2007, 441-17-11]

3.3.12

critical current

critical currents range

value (or range of values) of-d-e- current at which the component is not capable of operating |

without risk of failure to break Documents
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‘ Note 1 to entry: For AC current only AC contactor is applicable.

3.3.13

| making capacity, <of a 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 of use and behaviour

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-09, modified — In Note 1 to entry
“specifications” is replaced with “publications”.]

3.3.14

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 / AMD1:2007, 441-17-10]

3.3.15

short-time withstand current

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-17]

3.3.16

recovery voltage

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

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

Note 2 to entry: This definition applies to a single-pole device. For a multipole device it is the phase-to-phase
voltage across the supply terminals of the device.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-25, modified — Note 2 to entry has
been added.]

3.3.17

peak arc voltage, <of a mechanical switching device>

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-30]

3.3.18

opening time, <of a mechanical switching device>

interval of time between the specified instant of initiation of the opening operatiﬁ and the
instant when the arcing contacts have separated in all poles ocuments
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Note 1 to entry: The instant of initiation of the opening operation, i.e. the application of the opening command

(e.g.

energising the release, etc.) is given in the relevant publications.

Note 2 to entry: Closing time is defined as the antonym of this term.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-36, modified — Note 2 to entry has
been added.]

3.3.

19

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-37] ‘

3.3.

20

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-39] ‘

3.3.

21

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-41]

3.4
AC
DC

EMC Electromagnetic Compatibility
RMS Root Mean Square value

4

Abbreviated terms
Alternating Current

Direct Current

Classification

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

The components are classified:

according to their operational frequency C1, C2 or C3;

The characteristics of these categories, applicable to active electrical components only,
are given in 5.4;

according to their component category A1, A2, A3, A4 or B;

The characteristics of these categories are given in 5.5;

according to the type of design:

e open construction;

e construction with an enclosure;

according to the degree of protection provided by the enclosure (see IEC 60529).
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5 Characteristics

5.1 List of characteristics

The characteristics of a component shall be stated, as applicable, among those of the
following list:

— type of component (5.2);

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

— component category (5.5);

— electric control circuits (5.6);

— pneumatic control circuit (5.7);

— manual control (5.8);

— electric auxiliary circuits (5.9);

— pneumatic auxiliary circuits (5.10);

— peak arc voltages (5.11).

5.2 Type of component
It is necessary to indicate the following, as applicable:

- type) of component (e.g., DC contactor, disconnector, master controller, braking controller,
etc.);

— number of poles;

— rated and limiting voltages of the main circuit (5.3);

— rated and limiting currents of the main circuit (5.3);

— interrupting medium;

— polarity;

— operating conditions (method of operation, method of control, etc.);

— type of design (Clause 4);

— degree of protection provided by the enclosure (Clause 4).
5.3 Rated and limiting values for the main circuit
5.3.1 General

Rated values are assigned by the manufacturer. They shall be stated in accordance with 5.3.2
to 5.3.5.

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 (&e U,);
— rated insulation voltage (&; Uym);
— rated impulse-withstand voltage (Uy; Himp);

— power-frequency test voltage (U,).
NOTE The limiting values of operating conditions are given in 8.2.10f IEC 60077-1:2017.

5.3.3 Rated currents
A component is defined by the following rated currents: Documents
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— rated operational current (4 ;) at the rated time constant 7, (see 5.3.4) or for the rated
power factor (see 5.3.5) where relevant (given in 5.4 of IEC 60077-1:2017);

— rated short time withstand current (1) (see 3.3.15);
— conventional free air thermal current (I;,);
— conventional enclosed thermal current (/). ‘

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

The conventional enclosed thermal current is the maximum value of the test current to be
used for temperature rise tests of equipment mounted in the specified enclosure at the
maximum ambient air temperature.

Free air is understood to be air under normal indoor conditions, reasonably free from draughts
and external radiation.

For a continuous duty, the maximum value of the rated operational current shall be less than
the value of the conventional free air thermal current if no forced cooling is used.

5.3.4 Rated time constants (for DC switchgear)

A component is characterised according to the applicable rated time constants 74, 7, and 73
given in Table 1. 7, is the rated time constant for operating conditions considered as normal; it
is used for the tests specified in 9.3.3.6. 4y and 73 are time constants corresponding to
extreme situations; they are used for the tests as specified in 9.3.6.

If necessary, the time constant values may be defined by agreement between the user and
the manufacturer.

Table 1 — Rated time constants

Rated operational voltage Rated time constants
\ ms
T1 ‘[2 ‘[3
U, U, < 900 0 15 50 ‘
900 < &, U, < 1 800 0 15 40 ‘
U, U, > 1800 0 15 30 ‘
NOTE A time constant of 0 ms signifies that the loads for the tests are made up of resistors without any
intentional addition of reactors.

5.3.5 Rated power factor (for AC switchgear)

The operational performance capability of a component is defined for a rated power factor of
0,8, whatever the rated operational voltage and current. If necessary the power factor for
short-circuit and overload tests will be as agreed between the user and the manufacturer.

5.4 Operational frequencies
The operational frequencies C1, C2 and C3 are defined below:

— C1: light operational frequency (e.g. component which is part of the protection and/or
isolation equipment which operates only when a failure is detected);

— C2: medium operational frequency (e.g. component which is part of equipment that
operates in any of the following cases: at each commencement of service, Wcmﬁents
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each stop, each neutral section (IEC 60050-811:2017, 811-36-16), each sectioning point
(IEC 60050-811:2017, 811-36-11), each end of service);

— C3: heavy operational frequency (e.g. component which is part of equipment that operates
during each traction sequence or braking sequence, or component such as a compressor
contactor).

‘ NOTE The references in brackets refer to definitions given in IEC 60050-811:2017.
5.5 Component categories
There are several component categories:

— A1: switching devices for auxiliary circuits (IEC 60050-811:2017, 811-25-05) or low-
voltage circuits (IEC 60050-811:2017, 811-25-02) (e.g. relays, auxiliary contactors and
their accessories, etc.) irrespective of the nature of their control, except components with
manual control;

| — A2: switching devices for power circuits (IEC 60050-811:2017, 811-25-03) (e.g. DC power
contactors), irrespective of the nature of their control, except components with manual
control.

NOTE 1 Main circuit-breakers are covered by their own product standard (see IEC 60077-3 and IEC 60077-4).

— AS3: manually-controlled switching devices (e.g. switches, push-buttons, etc., for control
equipment);

— A4: power switchgear which does not operate on load (e.g. disconnector, system changeover
‘ switch (IEC 60050-811:2017, 811-29-37), etc.);

— B: other components not covered by the above.

‘ NOTE 2 The references in brackets refer to definitions given in IEC 60050-811:2017.
5.6 Electric control circuits
The characteristics of electric control circuits are as follows:

— rated frequency, if AC;
— rated voltage of the control circuit and its limiting values;

— rated voltage of the control supply (if it differs from the rated voltage of control circuit due
to the presence of built-in transformers, rectifiers, resistors, etc.);

— power consumption of the control supply at its rated voltage.
The rated control circuit voltage and rated frequency, if any, are the values on which the
operating and temperature rise characteristics of the control circuit are based. The correct

operating conditions are based upon values of the control supply voltage as defined in 5.3 of
IEC 60077-1:2017.

5.7 Pneumatic control circuits

The characteristics of air supply control circuits (pneumatic or electro-pneumatic) are as
follows:
— rated air pressure of the control circuit and limiting values;

— rated air pressure of the control supply (if it differs from the rated air pressure of the
control circuit due to the presence of built-in regulators);

— volume of air, for each rated air pressure, required for each closing and each opening
operation.

The rated air pressure of a pneumatic or electro-pneumatic component is the air pressure on
which the operating characteristics of the pneumatic control system are based.
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The rated operating conditions are based upon a value of the rated air pressure as defined in
5.6 of IEC 60077-1:2017.

5.8 Manual control
If necessary, the following characteristics may be specified:

— form of the manual actuator (handle, knob, push-button, etc.);

— actuating force (or torque): the force (or torque) necessary to complete the intended
operation;

— restoring force (or torque): the force (or torque) provided to restore the actuator to its
initial position;
— travel: the displacement (linear or rotary) of the actuator.

5.9 Electric auxiliary circuits

The characteristics of the electric auxiliary circuits are the number and nature of the contacts
(make contact, break contact, etc.) of each of these circuits and their rated characteristics, as
follows:

— rated operational voltage(s) (U,);

— rated insulation voltage (Uyp,);

— rated operational current(s) (lr);

— conventional free air thermal current (/y,);

— minimum current associated with an operational voltage that the auxiliary circuit is capable
of making and carrying reliably;

— sequence of the auxiliary contacts in relation to the main contacts;
— rated short time withstand current (/).

5.10 Pneumatic auxiliary circuits

The characteristics of pneumatic auxiliary circuits are the number and nature of the valves of
each of these circuits and their rated characteristics, as follows:

— rated air pressure;
— rated air flow;

— sequence of the pneumatic auxiliary valves in relation to the main contacts.
5.11 Peak arc voltages
The manufacturer shall specify the maximum value of the peak arc voltages caused by

operating the component.

6 Product information

6.1 Nature of the information
6.1.1 General

The information shall be given in the manufacturer's catalogue or manual. It concerns the
identification and characteristics.

In addition, other information relative to the application may be especially required. This
information shall be the result of an agreement.
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.2 Component documentation

2.1 General

The information listed below shall be given in the manufacturer's catalogue or manual:

6.1

6.1

6.1

2.2 Identification

manufacturer's name or trademark;
type designation;
modification status (if applicable);

reference to the present document if the manufacturer declares compliance with it;

.2.3 Characteristics (as applicable)

each rated operational voltage (&g U,);
each rated operational current (¢ ;) at the relevant rated operational voltage;

conventional free air thermal current (f;,) or conventional enclosed thermal current (/i) if
this differs from the rated operational current; this shall be supplemented by the value of

the maximum ambient air temperature-at-which-the-component-was-calibrated;

each rated operational frequency (f,) if the manufacturer declares compliance with one or
several of them;

each component category if the manufacturer declares compliance with one or several of
them;

rated insulation voltage (&; Uyy);

rated impulse-withstand voltage (Yimp Uy;);
power-frequency test voltage (Uy,);

peak arc voltages, under relevant test conditions;

rated short-circuit making and breaking capacities at corresponding rated time constants
or rated power factor;

maximum current consumption or maximum power consumption;

IP code in the case of an enclosed component (according to IEC 60529);

pollution degree (according to 7.9 of IEC 60077-1:2017);

rated voltage and current (including frequency if applicable) of each control circuit;
rated air pressure and limiting values;

number and type of electric auxiliary circuits and their characteristics;

number and type of pneumatic auxiliary circuits and their characteristics;

overall dimensions;

minimum size of the enclosure and, if applicable, data concerning ventilation, to which the
rated characteristics apply;

minimum distance between the components and metal parts connected to earth for
components which are intended for use without an enclosure;

weight.

.3 Other information

When the application requires a special utilisation of the component, agreed by the
manufacturer, supplementary information shall be given on request.

This may concern, for example:

range of operational current under special operating conditions;

Documents

Document Sharing Hub

Full document details: IEC 60077-2 2017 RLV


http://avadocuments2026.com/doc/iec-60077-2-2017-rlv
http://avadocuments2026.com/doc/iec-60077-2-2017-rlv

IEC 60077-2:2017 RLV © IEC 2017 -21-

— overload duty at fault occurrence;
— overload duty without any breaking on load,;
— etc.

6.2 Marking
The following data or identification shall be marked:

— manufacturer's name or trade mark;

— type designation;

— reference to this document if the manufacturer declares compliance with it;

— serial number designation, or date or code of manufacture;

— rated operational voltage (¢ U,) and associated rated operational current (4 /,); ‘
— terminals and polarity, when necessary (this may be done in the form of a diagram);

— protective bonding terminal, where applicable, designated by the symbol @ IEC 60417-
5019 (2006-08).

The above information is preferably marked on the name plate, if any, or on the component
itself in order to permit the complete data to be obtained from the manufacturer (traceability).

The marking shall be indelible and easily legible before installation without removal of any
parts.

The type designation, serial number and terminal markings should be visible after installation
of the component.

6.3 Instructions for storage, installation, operation and maintenance
These instructions shall comply with 6.3 of IEC 60077-1:2017.
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
8.1.1 General

8.1 of IEC 60077-1:2017 applies, with the additions given hereinafter.

8.1.2 Terminals and connecting capacity

Terminals and their connecting capacity should be designed in accordance with
IEC TR 60943.

8.1.3 Protective bonding terminal

In order to comply with 8.1.1 of IEC 60077-1:2017, the component shall have a protective
bonding connection when there are exposed conductive parts which could become live in
case of insulation failure. This is generally achieved by a terminal provided solely for this
function, named commonly protective bonding terminal.
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‘ The protective bonding terminal shall be readily accessible and visible, and so placed that the
connection of the component to the vehicle structure or to the protective conductor is
maintained when the cover or any other removable part is removed.

‘ The protective bonding terminal shall be suitably protected against corrosion. Efficiency of
bonding provided by assembly shall be proved on a sample.

‘ NOTE For-4; Uy, < 120 V DC or 50 V AC, bonding may be achieved by the equipment or
component fixtures when the metallic parts are electrically connected to the fixtures, and
when the equipment or component is screwed to a metallic plate which is itself connected to
the vehicle structure.

If non conductive coatings are used, a spring washer capable of breaking through the
insulating layer may be inserted below screw or bolt heads.

8.2 Performance requirements
8.2.1 Operating conditions
8.2.1 of IEC 60077-1:2017 applies, with the additions given hereinafter:

a) All components:

After stabilisation of its temperature in an ambient air temperature of—25-°C minimum and
maximum temperature defined in IEC 60077-1:2017, the component shall be able to
operate-cerrectly satisfactorily within the limiting values of the equipment voltage.

b) Components supplied by a contact line, a transformer, generator, alternator, electronic
converter or a battery off charge system (see 5.3.3.2, 8.2.1.2, 8.2.1.3, 8.2.1.5 and 8.2.1.6
of IEC 60077-1:2017).

The component-desighed-foran-ambientairtemperatureT, (25-°C-or55-°C) shall be able
to operate-cerrectly satisfactorily within the limiting values of the equipment voltage after

stabilisation of its temperature under the permanent supply at the maximum equipment
voltage—ond-theambioptai-mitingtomoorabreconal o L1 = 16 " O

c) Components supplied—from by a float charge battery system (see 5.3.3.2, 8.2.1.4 of
IEC 60077-1:2017).

The component-designed-foran-ambientairtemperature T, {(25-°Cor 55-°C) shall be able

to operate-correctly satisfactorily at the maximum ambient air temperature:

1) within-arange-of 0;7t0-1.25 times the-nominal full equipment voltage range according
to IEC 60077-1:2017, Table 1 after stabilisation of its temperature under the
permanent supply at the nominal equipment voltage—and—the—ambientairtmiting
temperature-equalto (T, +15)°C,

2) and within a range of 0,8 to 1,25 times the nominal equipment voltage after
stabilisation of its temperature under the permanent supply at the rated operational

voltage,—and-the-ambientairlimiting-temperature-equalio{T, +15)°C.

d) Electropneumatic components:

The component shall be able to operate—cerrectly satisfactorily at the minimum air
pressure for the test at—25->C minimum temperature defined in IEC 60077-1:2017 and at
the maximum air pressure for the other tests. The operating conditions apply for all the
supply air pressures within the limiting values.

‘ 8.2.2 Temperature-rise limits

Temperatures shall not reach values likely to cause an irreversible change to the component.

‘ 8.2.2 of IEC 60077-1:2017 applies, along with Table 2 given below.
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Table 2 — Temperature rise limits and temperature limits

Example of temperature rise limits
for maximum air
ambient temperature of 2
Parts of Maximum 40 °C 70 °C
component temperatures (T, =25°C) (T, =55°C)
°C K K
Flexible connections in copper (braids) 90 60
Flexible contacts (in the form of a spring)
— in copper (not recommended) 35
—in brass or in bronze 65 35
Non-flexible contacts:
—in copper 75 45
— silver-plated or nickel-plated 75 45
—in solid silver 100 70
— tin-plated 105 2)
— other metals or sintered metals b)
Other conductive parts including non- b)
insulated coils and bars
Bolted connections other than terminals
—in copper 75 45
—in brass or in bronze 75 45
— silver-plated or nickel-plated 75 45
— tin-plated 105 a)
a) These values given for common materials, for which service is proven, are in accordance with the
recommendations of IEC TR 60943.
b)  Values to be determined by the characteristics of the metals used and limited by the obligation of
not causing damage to themselves and to adjacent parts, in particular for metal parts in contact
with insulating materials.

8.2.3 Operation following inactivity

8.2.3 of IEC 60077-1:2017 applies.

8.2.4 Electromagnetic compatibility (EMC)

8.2.4 of IEC 60077-1:2017 applies.

8.2.5 Acoustic noise emission

8.2.5 of IEC 60077-1:2017 applies.

8.2.6 Dielectric properties Clearances

8.2.6 of IEC 60077-1:2017 applies.

8.2.7 Creepage distances

8.2.7 of IEC 60077-1:2017 applies.

8.2.8 Switching overvoltages

8.2.8 of IEC 60077-1:2017 applies, with the additional requirements given below. Documents
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The manufacturer shall declare the peak arc voltage generated by switching of DC
components during the operational performance capability tests in accordance with the
provisions of sequence | and the critical current tests of sequence IV of Table 7.

The peak arc voltages shall exceed neither the rated impulse voltage of the equipment nor
three times the rated insulation voltage (Uyp)-

8.2.9 Operational performance capability

Category B components shall be capable of complying with the provisions stated by
agreement between the user and the manufacturer.

Unless specific requirements are given in a particular product standard, the category A
components shall be capable of complying (as a function of their operational frequency and
their component category) with the provisions of Table 3 to Table 6 under the test conditions
stated in 9.3.3.6.

Each switching cycle consists either of a closing operation followed by an opening operation
(cycle without current), or (as applicable) of a making operation followed by a breaking
operation (cycle with current).

Each sequence consists of performing a number of operating cycles without current as
specified in Table 3 to Table 6, column 3, followed (as applicable) by a number of operating
cycles with current, as specified in Table 3 to Table 6, column 4.

Each sequence is repeated the number of times specified in Table 3 to Table 6, column 2.

In total, the component performs the number of operating cycles without current as specified
in Table 3 to Table 6, column 5, and (as applicable) the number of operating cycles with
current specified in Table 3 to Table 6, column 6.

In the case where the electrical durability of the component without any maintenance
operation is specified equal to the number of operating cycles with current of only one
sequence as specified in Table 3 to Table 6, column 4, then it is only necessary to perform
one sequence of the cycle with current.

NoTE A different number of sequences may be adopted provided that the proportion of
operating cycles with and without current in each cycle is equal to that specified in Table 3 to
Table 6.

When the component has more than two positions the number of operating cycles shall be
distributed using the C1 to C3 categories so that:

— the distribution represents the expected service for the rolling stock;

— all positions are tested.

NOTE For example, a master controller-may-be is considered as being of category C3 as regards its traction and
braking handle, whereas its emergency braking position is considered of C1 usage. Then, the number of operations
can be distributed 70 % for traction positions and 30 % for braking positions, as estimated for the actual service
expected for the rolling stock (tram, locomotive, etc.).

The rate of operating cycles, selected by mutual agreement between the user and the
manufacturer, is chosen to keep all parts of the component within acceptable limits of
temperature rise and this value has to be mentioned in the test report.
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Table 3 — Operational performance capability for category A1 components

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Operational Number of Number of operating cycles per Total number of
frequency sequences sequence operating cycles
Without With Without With
current current current current
C1 1 100 000 10 000 100 000 10 000
C2 5 200 000 20 000 1 000 000 100 000
C3 10 1 000 000 100 000 10 000 000 1 000 000

NOTE The operating cycles with current are applicable at the end of each sequence.

Table 4 — Operational performance capability for category A2 components

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Operational Number of Number of operating cycles per Total number of
frequency sequences sequence operating cycles
Without With Without With
current current current current
C1 1 20 000 200 20 000 200
C2 5 40 000 400 200 000 2 000
C3 10 200 000 800 2 000 000 8 000

NOTE The operating cycles with current are applicable only at the end of each sequence and the following rates
are recommended:

— 30 cycles/hour for rated operational current less than or equal to 2 000 A;

— 15 cycles/hour for rated operational current greater than 2 000 A.

Table 5 — Operational performance capability for category A3 components

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Operational Number of Number of operating cycles Total number of
frequency sequences per sequence operating cycles
Without With Without With
current current current current
C1 1 200 000 20 000 200 000 20 000
Cc2 5 200 000 20 000 1 000 000 100 000
C3 10 200 000 20 000 2 000 000 200 000

NOTE The operating cycles with current are applicable at the end of each sequence.
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Table 6 — Operational performance capability for category A4 components

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Operational Number of Number of operating Total number of
frequency sequences cycles per sequence operating cycles
Without With Without With
current current current current
C1 1 20 000 0 20 000 0
Cc2 5 25 000 0 125 000 0
C3 10 25 000 0 250 000 0

8.2.10 Ability to withstand vibration and shock
8.2.10 of IEC 60077-1:2017 applies.

8.2.11 Ability to withstand short-time current

Components shall be capable of withstanding the rated short-time current (/oy)-with—testing
it 3. during a rated duration (z5,,)
according to 5.4.2 of IEC 60077-1:2017.

The recommended values of the rated duration (z,,) are 50 ms and 100 ms.

If it is necessary, a value lower or higher than the recommended values may be chosen under
agreement between the user and the manufacturer.

In addition, if other short-time withstand currents are required by the user, they shall be the
subject of investigation tests by agreement between the user and the manufacturer.

NOTE Examples of short-circuit duration for protection can be found in IEC 62313.

9 Tests

9.1 Kinds of tests

9.1 of IEC 60077-1:2017 applies.

In addition, when investigation tests or type tests in addition to those specified in this
document are required for a special application, they shall be the subject of an agreement
between the user and the manufacturer, and may include, for example:

— the influence of harmonics on the temperature rise and breaking characteristics;
— the temperature rise for temporary overload conditions.

9.2 Verification of constructional requirements

The compliance with the constructional requirements described in 8.1 shall be verified, in
accordance with 9.2 of IEC 60077-1:2017.
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9.3 Type tests
9.3.1 Test sequences

Type tests are grouped together in a number of sequences as shown in Table 7.

Table 7 — List of test sequences

Test sequences Tests Subclause ‘

| General performance characteristics Operating limits 9.3.3 ‘
Temperature rise

Dielectric properties

Operational performance capability
Verification of dielectric withstand
Verification of temperature rise

Il Rated service making and breaking Rated short-time withstand current 9.3.4
capacities (if appropriate) Short-circuit making capacity
Short-circuit breaking capacity
Il Ability to withstand vibrations and Vibrations 9.3.5
shocks Shocks

Verification of mechanical operation
Verification of dielectric withstand

IV Critical currents range (if appropriate) | Searching for critical currents range 9.3.6

V  Climatic conditions (if required) Environmental tests 9.3.7
(dry heat, damp heat, cold, etc.)

VI  Other tests (if required) Electromagnetic compatibility (EMC) 9.3.8
Acoustic noise emission
S . ”

For sequences | and Ill, the tests shall be carried out in the order listed.
A new sample may be used for each sequence.
A routine test (see 9.4) shall be carried out on every sample before the type test.

9.3.2 General test conditions

The components to be tested shall comply in all their details with the drawings of the type
which they represent.

Each sequence I, Ill and IV (described in Table 7) shall be made on a single specimen in a
clean and new condition (or considered as such after refurbishment).

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

The values recorded in the test report shall be within the tolerances given in Table 8, unless
otherwise specified in the relevant clauses. However, with the agreement of the manufacturer,
the tests may be made under more severe conditions than those specified.

For each test, the ambient air temperature shall be measured and recorded in the test report.

The component under test shall be mounted complete on its own support in an enclosure
representing the conditions of installation when these are prescribed by the manufacturer, or,
alternatively, under the conditions of installation envisaged on the rolling stock under
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Table 8 — Tolerances on test values

All tests Tests under no load, normal load, Tests under short-circuit
and overload conditions conditions

— Testing duration: £ 5 %

— Main circuit: — Power factor: + 0,05
— Power factor:

+5 ) 15
Current: 0% — Time constant: * 0%

— Time constant: +22 %

— Frequency: £ 5 %
Voltage: +5% a Y °
0 — Frequency: £ 5 %

(including power frequency recovery
voltage)

— Control and auxiliary circuit:

Voltage: + 5 %
Air pressure: £ 5 %

NOTE For ¢, time constant tolerance refer to the note of Table 1.

9.3.3 Test sequence I: General performance characteristics
‘ 9.3.31 General

This sequence includes the tests and verifications described in Table 7.

9.3.3.2 Operating limits

‘ In addition to the requirements given in 9.3.1 of IEC 60077-1:2017, the tests shall be carried
out according to the relevant case stated in 8.2.1.

During and after the tests the component shall operate satisfactorily and, if appropriate, shall
comply with the air-tightness tests according to 9.3.4.2 of IEC 60077-1:2017.

9.3.3.3 Measurement of the resistance of circuits

The measurement of the main circuit shall be made with a direct current by measuring the
voltage drop or resistance across the terminals of each pole. Alternatively for AC equipment
AC impedance may be measured at AC rated frequency.

The current during the measurement shall have any convenient value between 10 % and
100 % of the conventional thermal current.

NOTE Experience shows that an increase of the main circuit resistance cannot alone be considered as a reliable
evidence of bad contacts or connections. In such a case, the measurement is repeated with a higher current, as
close as possible to the conventional thermal current.

9.3.34 Temperature rise

The test shall be carried out according to 9.3.2 of IEC 60077-1:2017, with the following
additional requirements:

— temperature rise limits and temperature limits given in 8.2.2;

— where appropriate, the voltage drops along the main circuit shall be measured, especially
on terminals and main contacts. This shall be done at the beginning and the end of the
temperature rise test.
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9.3.3.5 Dielectric properties
The test shall be carried out according to 9.3.3.1 and 9.3.3.2 of IEC 60077-1:2017.

9.3.3.6 Operational performance capability

Taking into account the operating and component categories declared by the manufacturer,
the test shall be performed in accordance with requirements of 8.2.9.

For all components, the operations shall be carried out with all appropriate electric and
pneumatic circuits supplied at their rated values for each circuit. During each operating cycle,
the component shall remain in the closed position for a sufficient time to ensure that the
current is fully established, but without exceeding 2 s.

For DC components the peak arc voltage shall be measured.

Between each sequence, inspection and maintenance operations in accordance with
instructions previously given by the manufacturer are permitted.

During these operations, the replacement of parts, if any, shall be limited to the contacts (or
other parts subject to electric arc) of the main circuit of the component.

At the end of the last sequence, no maintenance operation is permitted before the
verifications required in 9.3.3.7 and 9.3.3.8.

9.3.3.7 Verification of dielectric withstand

After the test described in 9.3.3.6 the component shall be able to withstand the dielectric tests
required as a routine test in 9.3.3.3 of IEC 60077-1:2017, but with the test voltage values |
reduced to 75 %.

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.

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. 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 are allowed to be exceeded by 10 K.

For the measurement points, refer to 9.3.2.2 of IEC 60077-1:2017.
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9.34 Test sequence Il: Rated service making and breaking capacities (if appropriate)
9.3.4.1 General
This sequence specifies the following tests:

— rated short-time withstand current;

— short-circuit making capacity;

— short-circuit breaking capacity.

The tests shall be carried out according to the test specification agreed between the user and

the manufacturer. The short-circuit breaking or making capacity test shall be carried out in the
following conditions:

voltage equal to the rated operational voltage;

— break time being measured;

— current equal to the maximum breaking or making current of the contactor;

— specified time constant for DC contactor or specified power factor for AC contactor;
— three opening or closing operations should be performed.

9.3.4.2 Verification of the ability to carry the rated short-time withstand current
9.3.4.21 General

The test shall be made with the equipment in the closed position. The control mechanism
shall be operated at the minimum voltage or air pressure. The current shall be applied for the
specified time 1, and shall be at least equal to the specified value I, at the rated operational
voltage. In the case of the testing station having difficulty in making this test at the rated
operational voltage, it may be made at any convenient lower voltage, the actual test current
being, in this case, equal to the rated short-time withstand current (/). This shall be stated
in the test report. If, however, momentary contact separation occurs during the test, the test
shall be repeated at the rated operational voltage. For this test, over-current releases, if any,

likely to operate during the test, shall be rendered inoperative.

9.3.4.2.2 AC test

The value of the current during the calibration is the average of the RMS values of the AC
components in all phases. The average value shall be equal to the rated value. The current
shall be applied for the specified time ¢;,,. The highest peak value of the current during its first
cycle shall be not less than 1,42 times the rated short-time withstand current. When, however,
the characteristics of the testing station are such that the above requirements cannot be
obtained, the following alternatives are permitted provided that:

liest .o 2
IO Iadt 217 1oy

where
tiest 1S the duration of the test;
tew 1S the rated duration;

iest IS the calibration current if the AC component is not constant or > I,

I is the actual calibration current assumed to have a constant AC component. If the decrement
of the short-circuit current of the testing station is such that the rated short-time withstand
current cannot be obtained for the rated time without applying initially an excessively high
current, the RMS value of the current may be permitted to fall during the test below the
specified value, the duration being increased appropriately, provided that the value of the
highest peak current is not less than that specified. If, in order to obtain the recwg%&e&lients
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value, the RMS value of the current has to be increased above the specified current, the
duration of the test shall be reduced accordingly.

9.3.4.2.3 DC test

When the characteristics of the testing station are such that the above requirements cannot
be obtained for the rated time without applying initially an excessively high current, the value
of the current may be permitted to fall during the test below the specified value, the duration
being increased appropriately, provided that the maximum value of the current is not less than
that specified. If the testing station is unable to make these tests on DC, they may, if agreed
between the user and the manufacturer, be made on AC, provided suitable precautions are
taken: for instance, the peak value of current shall not exceed the permissible current.

9.3.4.24 Behaviour of the equipment during the test

All component shall be capable of carrying their rated short-time withstand current without
causing mechanical damage to any part or separation of the contacts.

It is recognized that, during the test, the temperature rise of current-carrying and adjacent
parts of the mechanical switching device may exceed the limits specified in 8.2.2. No
temperature rise limits are specified for the short-time current withstand tests but the
maximum temperature reached shall not cause significant damage to adjacent parts.

9.3.4.2.5 Behaviour of the equipment after the test

A no-load operation of the mechanical switching device shall be performed immediately after
the test, and the contacts shall be open at the first attempt.

After the test, the component shall not show significant deterioration.

As a minimum, visual inspection and verification of dielectric test according to 9.3.3.7 shall be
carried out.

9.3.5 Test sequence lll: Ability to withstand vibration and shock

9.3.5.1 General

This sequence includes the tests and checks given in Table 7.

9.3.5.2 Vibration

The vibration tests shall be carried out in accordance with the requirements given in 9.3.5 of
IEC 60077-1:2017.

When the component has several mechanical states, the test duration shall be distributed so
that:

— this distribution represents the expected service;
— all mechanical states are tested.

The tested object shall not change state during the functional random vibration test. ‘

9.3.5.3 Shock

The shock tests shall be carried out in accordance with the requirements given in 9.3.5 of
IEC 60077-1:2017.
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The test shall include both operational states and the apparatus shall not change state during
the test.

9.3.5.4 Verification of-mechanical functional operation

After the test described in 9.3.5.3, the-mechanical functional operation shall be checked in
accordance with the requirements given in 9.4.2.

9.3.5.5 Verification of dielectric withstand

After the verification described in 9.3.5.4, the component shall be able to withstand the
dielectric tests required in 9.3.3.7.

9.3.6 Test sequence IV: Critical currents range

This test concerns searching for critical currents range for DC and AC switchgears of
categories A1 and A2 according to the definitions given in 5.5. This test shall be carried out
for:

— atest voltage equal to the rated operational voltage;

— acurrent range from the rated operational current to zero;

— the two rated time constants 74, and 753 according to Table 1 for DC switchgear;

— the rated power factor according to 5.3.5 for AC switchgear;

— minimum five operations at each value of current.

The exact values of current are not important, provided that each current is approximately half
of the previous current.

Lower time constants at z3 or power factors are accepted provided that the circuit load
inductance has a minimum value of 50 mH.

For DC components the peak arc voltage shall be measured.

NOTE The test enables the manufacturer to supply curves of the arcing time and the peak arc voltage as a
function of the breaking current.

9.3.7 Test sequence V: Climatic conditions

This sequence includes the supplementary tests Iisted below which shall be carried out
according to the relevant method of

2-3—(damp—heat9—LEG—69968—2—52—és~ak—Fmet—eyeHeaJ—teei—) the standards at the recommended

test severity listed in Table 9 unless otherwise specified.

Documents

Document Sharing Hub

Full document details: IEC 60077-2 2017 RLV


http://avadocuments2026.com/doc/iec-60077-2-2017-rlv
http://avadocuments2026.com/doc/iec-60077-2-2017-rlv

IEC 60077-2:2017 RLV © IEC 2017 - 33 -

Table 9 — Test method and severity

Standard Test method Test severity

IEC 60068-2-1 (cold) Test Ab At the minimum ambient air temperature

Duration not less than 16 h

IEC 60068-2-2 (dry heat) Test Bd or Be At the maximum ambient air temperature
Duration not less than 16 h.

IEC 60068-2-78 (damp heat, steady state) Test Cab At 40 °C and 95 % of relative humidity

Duration not less than 2 days

or or or

IEC 60068-2-30 (damp heat, cyclic) Test Db Temperature between + 25 °C and + 55 °C
95 % of relative humidity

Minimum 2 cycles.

IEC 60068-2-52 (salt mist, cyclical test) Test Kb Test severity 3

In addition, other tests may be prescribed by the test document according to the specifically
defined environmental conditions.

The operating conditions during the tests and the test acceptance criteria shall be stated in
the test specification agreed between the user and the manufacturer. In the absence of any
specific acceptance criteria, the component shall be capable of performing the-mechanical
functional operation tests (see 9.4.2).

The particular parameters shall be recorded in the test report.

Where applicable, an air-tightness test shall be carried out during and after exposure at dry
heat and cold in accordance with 9.3.4.2 of IEC 60077-1:2017. ‘

A new sample should be used for each test. However, the same sample may be used again if
it is considered as new after refurbishment.

9.3.8 Test sequence VI: Other tests
9.3.8.1 General ‘
This sequence may include supplementary tests such as:

— electromagnetic compatibility;

— acoustic noise emission.

9.3.8.2 Electromagnetic compatibility (EMC)

EMC shall be carried out, if applicable, in accordance with the requirements given in 9.3.6 of
IEC 60077-1:2017.

9.3.8.3 Acoustic noise emission

Acoustic noise emission may be carried out, if requested, in accordance with the reﬂjirements
given in 9.3.7 of IEC 60077-1:2017. ocuments
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