IEC 60077-2:2017-07 RLV(en)

IEC IEC 60077-2

o
®

Edition 2.0 2017-07
REDLINE VERSION

INTERNATIONAL
STANDARD

N
A\
,\Q~
N
2 .
,\ﬂ/’ @
S
bQ
O
%
S\
Railway applications — Electric equipment for-folling stock —

Part 2: Electrotechnical components — Ge@ rules



https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

Switzerland

your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch

About|the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and, publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you hgve the
latest gdition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue Electropedia - www.electropedia.org

The s$tand-alone application for consulting the entre  The world's leading online, \dictionary of electronic and
bibliogfaphical information on IEC International Standards, electrical terms containing\21 000 terms and definitjons in
Technical Specifications, Technical Reports and other  English and French, with equivalent terms in 16 adflitional
documents. Available for PC, Mac OS, Android Tablets and languages. Also knoéwn as the International Electrotefhnical
iPad. Vocabulary (IEV)online.

IEC pyblications search - webstore.iec.ch/advsearchform IEC Glossary-=std.iec.ch/glossary

The adlvanced search enables to find IEC publications by a 67 000 electrotechnical terminology entries in English and
variety] of criteria (reference number, text, technical  French-extracted from the Terms and Definitions clgquse of
commiftee,...). It also gives information on projects, replaced  IEC publications issued since 2002. Some entries have been
and wifhdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and
IEC Jyst Published - webstore.iec.ch/justpublished PR

Stay t}a to date on all new IEC publications. Just Published¢>, IEC Customer Service Centre - webstore.iec.ch/csc
details| all new publications released. Available online and\~ If you wish to give us your feedback on this publication or
also orce a month by email. need further assistance, please contact the Customer $ervice

Centre: sales@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

INTERNATIONAL
STANDARD

IEC 60077-2

Edition 2.0 2017-07
REDLINE VERSION

“ colour
inside

Rai
Par

way applications — Electric equipment for-tolling stock —
[ 2: Electrotechnical components — General rules

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 45.060.01

ISBN 978-2-8322-4678-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

-2- IEC 60077-2:2017 RLV © IEC 2017

CONTENTS
FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 4
‘ 1 SCOPE-BRAG-OBIEEE ... it 6
2 NOrMatiVe refErENCES ..o 7
‘ 3  Terms, definitions and abbreviated terms ... ... 8
3.1 107010 0] oToT 0 1= o1 £ P 8
3.2 COMPONENT PAMS i e 10
3.p Operatiomatfeatores .12
3.4 Abbreviated termM S .. ... i .. 15
1A SIfICAtioON . .uu e e ...15
5 O g E= T = ot (T o 15 oD s ...16
51 List of characteristics ..o M ...16
5P Type of component ... AL ...16
5.8 Rated and limiting values for the main circuit .................... b ...16
5.3.1 General ... e ...16
b.3.2 Rated voltages .....cocooviiiiiiie e ...16
b.3.3 Rated currents ... ...16
b.3.4 Rated time constants (for DC switchgear),.. o0 i A7
5.3.5 Rated power factor (for AC switchgear) s ..o, A7
54 Operational freqUEeNCIES ... ..c.iiiiiie e e A7
5.pb (0%e]0 0] oToTaL=Y gk fe2=) (=T o] 1= 1= T PR ...18
5p Electric control CirCUItS ... ... e ...18
5 Pneumatic control CIrCUits ... ... 8 e .18
5B Manual CONrOl ... . G e ...19
5P Electric auxiliary CirCUITS ... o e .19
5,00 Pneumatic auxiliary CirCUIS ........couiiiiiiii e .19
511 Peak arc VOIAges .ol e .19
6 Product iNformation ... 0 .19
6./ Nature of thednformation ... ...19
5.1.1 G ENEFAL .o .19
5.1.2 Component documentation ... ...20
5.1.3 Other information ... ... ...20
6.p = ] T PPN .21
6.B Instructions for storage, installation, operation and maintenance ...................... .21
NormMal SErvice CONAItIONS ... ..cuiu e .21
Constructional and performance reqUIremMeNntS ..........ccouiiiiiiiiii i, 21
8.1 Constructional reqUIremMeNnts .. ... 21
8.1.1 (=Y 1Y = | PP 21
8.1.2 Terminals and connecting capacity .........cooveuiiiiii i 21
8.1.3 Protective bonding terminal ... ... 21
8.2 Performance requirements ... ... 22
8.2.1 Operating CoNAitioNS ......couuiii 22
8.2.2 Temperature-se [IMits ..o e eas 22
8.2.3 Operation following iN@cCtivity ... 23
8.2.4 Electromagnetic compatibility (EMC) .....cooiiiiii e, 23

8.2.5 ACOUSEIC NOISE BMISSION ...t et e e 23


https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

IEC 60077-2:2017 RLV © IEC 2017 -3-

8.2.6 Dielectricproperties ClearanCes ......ooo i 23
8.2.7 Creepage diSTANCeS ... ciui i 23
8.2.8 SWItChING OVEIVOIAGES «.ueiiiii e 23
8.2.9 Operational performance capability...........ooooo 24
8.2.10 Ability to withstand vibration and shock ... 26
8.2.11 Ability to withstand short-time current ..., 26
S B I = 1= (PSPPI 26
9.1 KiNAs Of 1888 oo e 26
9.2 Verification of constructional requirements............ccocoiiiiiiiiiiii 26
9.8 T WP LSS it .27
D.3.1 TESt SEUUENCES ..oiieiii e e e e .27
D.3.2 General test conditions ........c.oovviiiiiii A .27
D.3.3 Test sequence |: General performance characteristics............. &~ ...28
D.3.4 Test sequence |l: Rated service making and breaking capacities (if
=Y o] o] o] oY = 1= ) PP Z ORI .30
D.3.5 Test sequence llI: Ability to withstand vibration and shack......................... ... 31
D.3.6 Test sequence |V: Critical currents range ...........o.. 80 i ...32
D.3.7 Test sequence V: Climatic conditions ...........ccoo i ...32
D.3.8 Test sequence VI: Other tests......coooiii s ...33
9.f ROUIING 1SS .t e .. 34
D.4.1 GENEIAl .o ...34
D.4.2 Mechanical-operation Functional test).Y . .o .34
D.4.3 Measurement of resistance or impedance............ccoooeiiiii i ...34
D.4.4 Air-tightness (for pneumatic components) .........ccooviiiiiiiiii .34
D.4.5 Dielectric withstand ... 8 .. 34
D.4.6 Check on the setting and eperation of protective equipment and relays
(CaAlIBratioN) ... N T .34
Annex A (normative) Correspondence between auxiliary contacts and steady states of
SWILCNG AT .. e s ...35
BB I GraP Y e T e .37
Figune A.1 — Relationghip between auxiliary contacts and steady states of switchgear...... ...36
Tablg 1 — Rated ime Constants . ... ... e L7
Table 2 — Temperature rise limits and temperature limits ... ...23
Tabl¢ 3-~0Operational performance capability for category A1 components....................... ...25
i ili ..25
Table 5 — Operational performance capability for category A3 components...............cccoeeuen. 25
Table 6 — Operational performance capability for category A4 components...............cccceneenee. 26
Table 7 — List Of t€St SEQUENCES ...cvviiiiii e 27
Table 8 — Tolerances on teSt ValUES..... ... 28

Table 9 — Test method and SEVETITY ... 33


https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

1)

-4 - IEC 60077-2:2017 RLV © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 2: Electrotechnical components — General rules

2017

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comj
alll national electrotechnical committees (IEC National Committees). The object of IEC \is to pr
infernational co-operation on all questions concerning standardization in the electrical and eleetronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter‘referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National’Committee inte
in|the subject dealt with may participate in this preparatory work. Internatiopal}, governmental and
golvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agreement between the two organizations.

Thee formal decisions or agreements of IEC on technical matters express; as/hearly as possible, an intern
copsensus of opinion on the relevant subjects since each technicalkéommittee has representation fr
inferested IEC National Committees.

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

Pyblications is accurate, IEC cannot be held responsibl€_for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation.@fsconformity. Independent certification bodies provide conf
aspessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

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

Atiention is drawnyto-the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

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

const

itutes 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) C
d) G

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

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

Full i

voting indicated in the above table.

A lig

applications — Electric equipment for rolling stock,xcan be found on the IEC website.

This

The
the s

—

q

tability date indicated on the~IEC website under "http://webstore.iec.ch" in the
relat¢d to the specific publication; At this date, the publication will be

confirmed,

ithdrawn,

e W

—

q

o a

ritical currents range;
limatic conditions are specified.

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

nformation on the voting for the approval of this standard can be found in the repg

t of all parts in the IEC 60077 series, published under the general title Ra

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

committee has decided that the contents of this publication will remain unchanged

placed by a reyised edition, or

mended.
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)IRTANT — The “colour inside” logo on the cover page of this publication indig
t\contains colours which are considered to be useful for the correct understan

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 rule
all electrotechnical components installed in power circuits, auxiliary circuits, control
indicgting circuits, etc., on railway rolling stock.

The [purpose of this document is to adapt the general rules given in IEC.60077-1 f{

s for
and

o all

electrotechnical components for rolling stock, in order to obtain uniformity."of requirements

and fests for the corresponding range of components.

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

NOoTEl 4+ The incorporation of electronic components 0Or ‘electronic subassemblies
electfotechnical components is now common practice™” Although this document is
applicable to electronic equipment, the presence of ‘electronic components does not
groumds to exclude such electrotechnical components from the scope of this document.

Elecfronic subassemblies-sheuld comply with the‘relevant standard.

NOTEl2 Some of these rules-may, after agreement between the user and the manufacture
are Wised for electrotechnical compongnts installed on vehicles other than railway r
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 character
uhder 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
own [preduct standard. In order to ensure satisfactory operation of these component

lays,

into
not
give

r,-be
blling

stics

their
s for

roIIing STOCK, this documeni-shotia—>be IS Used 10 specClly only the particular requiremen

s 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 ra
rolling stock relevant product standard, then the product standard requirements
precedence.

ilway
take
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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

50050-811:4994 2017, International Electrotechnical Vocabulary (IEV) — Chapter

Electric traction

IEC 6$0068-2-1:4990, Environmental testing — Part 2-1: Tests — TeSPA: Cold

IEC $0068-2-2:1974, Environmental testing — Part 2-2: Tests ~"Test B: Dry heat

811:

IEC B0068-2-3:-1060  EFnvironmental testing Dort 2 acte aest Ca- Damn eat cleady
IEC-B0068-2-3:1969, Environmental-testing—Part-2:Tests Test-Ca:—Damp-heat—sleady
shate

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

IEC $0068-2-52:1998, Environmental testing — Part 2-52: Test methods — Test Kb: Salt|mist,
Cyclic (Sodium, chloride solution)

IEC $0068-2-78, Environmental_testing — Part 2-78: Tests — Test Cab: Damp heat, sleady
State

IEC B60077-1:2017, Railway applications — Electric equipment for rolling stock — Part 1:

Gens

ral 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)

H—To be published.
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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 tnd IEC maintain terminological databases for use in standardization at the faollgwing

addré¢sses:

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

$0 Online browsing platform: available at http://www.iso.org/obp
3.1 | Components

3.11
activle electrical component
simple device or assembly of devices which, in response to“a control signal, execufes a
functjon or various inseparable functions of logical or analegical 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@ntégnym of this term.

3.1.2
passlive electrical component
simple device or assembly of devices which are not included in the active eledgtrical
components group and have at leasttone electrical function (e.g. mounting insuator,
permfanent connection, resistor, capaciter, etc.)

3.1.3
swit¢hgear and controlgear
general term covering swifching devices and their combination with associated coptrol,
meaguring, protective and, regulating equipment, also assemblies of such devices| and
equipment with assoeciated interconnections, accessories, enclosures and supparting
structures

[SOURCE: IEC60050-441:1984 / AMD1:2007, 441-11-01]

3.1.
swit¢hgear
general‘term verin witchin Vi nd their mbination with iat ntrol,

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
devide 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
excegds 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 senfence
has bheen changed to Note 1 to entry.]

3.1.8
<meghanical> switch
mechanical switching device capable of making, carrying and breaking currents under ngrmal
circult conditions which may include specified operating overload conditions and also carfying
for al specified time currents under specified abnoftmal circuit conditions such as those of
shortrcircuit

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

[SOURCE: IEC 60050-441:1984 / AMD1z2007, 441-14-10]

3.1.9
mechanical switching device
switching device designed (toxclose and open one or more electric circuits by means of
sepalable contacts

Note 1 to entry: ~ Any mechanical switching device may be designated according to the medium in whjch its
conta¢ts open and close,_el.g. air, SF6, oil.

[SOURCE: IEC80050-441:1984 / AMD1:2007, 441-14-02]

3.1.1j0
circditbreaker

mechanical-s euni-r-hlnn Aa\nnc\ capable n'F making—carrving-and-breakingcurrents—undernormal
el el I P ALERS ) 9

ooV

circuit conditions and also makmg 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.
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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-{iselator)
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 magle, or when no significant change in the voltage across the terminals of each of the poles of the\disconhector
occurg. It is also capable of carrying currents under normal circuit conditions and carrying for "a\specifieql time
currerlts under abnormal conditions such as those of short circuit.

[SOYRCE: 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
operafe together.

[SOURCE: IEC 60050-441:1984 / AMD1:2Q007, 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
closq or open

Note 1 to entry: This doestnot include parts that are included in the auxiliary circuit of the switching {levice
(see 3.2.4).

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

3.2.3
contfolcircuit, <of a switching device>
a” th conductiva narte (Athar than thAa

COTTO O Tty T parto (ot orar oo

in a circuit used for the closing operation

f o cvitohin
oottt

peration, or

daovicea vy
A ASA AR~ A p)

g i Arefuded
both, of the device

Fay o
oo

r opening

o
[e]

[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]
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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
closdd 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]

make contact

contact which is closed when the main contacts of the mechgnical

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

is open when they are in their release conditiof

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

Note 4 to entry:  “normally open contact” is a deprecated term.

[SOYRCE: IEC 60050-811:2017, 811-39=03, modified — “relay” is replaced with “main conftacts
of th¢ mechanical switching device’~Note 1 to entry and Note 2 to entry have been addedq.]

3.2.9
break contact
contpl-orauxitiary contaet which is open when the main contacts of the mechanical swit¢hing

devide are-closed-ane~¢closed—when—theyare—open in their operate condition and whigh is

closdd when they arg ' their release condition

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

Note 7 to entey “normally closed contact” is a deprecated term.

[SOYREE: IEC 60050-811:2017, 811-31-04, modified — “relay” is replaced with “main conftacts

: i o ST . Py o et : y
of themmechanicatswitchingdevice* Note—ttoentry anmdNote 2toentry have beemadded ]

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>
transffer 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 3 to entry: If distinction is necessary, an operation in the electrical sense, e.g. make or break, is refefred to
as a pwitching operation, and an operation in the mechanical sense, e.g. close or open;)is’referred td as a
mechgnical operation.

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

3.3.2
operpting cycle, <of a mechanical switching device>
succession of operations from one position to another and back'to the first position through all
othel positions, if any

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-46-02]
: X 19 FI ” ( . ” e Ig' . ) HEV 441-16-03]

3.3.3
mantal control
contrpl of an operation by humaniintervention

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

3.3.
closed position, <ofa mechanical switching device>
positlon in which'the predetermined continuity of the main circuit of the device is secured

[SOURCESIEC 60050-441:1984 / AMD1:2007, 441-16-22]

3.3.
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
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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 re avant pllhlindﬁr\no.

[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 fhe instant of initiation, e.g. leading to the maximum prospective peak cutrent in an AC circuit, or ffo the
highegt 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 switeching 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 fopnd in
the rglevant publications. For mechanical switching devices or fuses, it is usually defined as the momgnt of
initiatipn of the arc during the breaking process.

[SOURCE: IEC 60050-441:1984 / AMB1:2007, 441-17-06]

3.3.10
breaking capacity, <of a switching device or a fuse>
valug 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 woltage to be stated and the conditions to be prescribed are dealt with in the rejevant
publicptions.

Note 4 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

beenlehanrged-

[

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
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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
currgnt that a circuit or a switching device in the closed position can carry during a spegtified
shorf time under prescribed conditions of use and behaviouk

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-17]
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3.3.16
recoyery voltage
voltape which appears across the terminals of a pole of a switching device or a fuse aftgr the
breaking of the current

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

Note 3 to entry: This definition applies to a single-pole device. For a multipole device it is the phase-toJphase
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 operation and the
instant when the arcing contacts have separated in all poles
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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
interyal of time between the beginning of the opening time of a mechanical-switching d
(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
interyal of time between the initiation of the closing/operation and the instant wher
contgcts touch in all poles

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

3.4
AC
DC

Abbreviated terms
Alternating Current

Direct Current

EMC Electromagnetic Compatibility

RMS Root Mean Square xalve

Classification

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

The ¢omponents are classified:

Bvice

the

piven

agcording to their operational frequency C1, C2 or C3;

The characteristics of these categories, applicable to active electrical components
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).

only,
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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);

c
e
p
-
e
p
p
5.2

It is 1f

|
=

|
i)

|
—
=

[}

5.3
5.3.1

Rate
to 5.

bmponent category (5.5);
ectric control circuits (5.6);
neumatic control circuit (5.7);
anual control (5.8);
ectric auxiliary circuits (5.9);
neumatic auxiliary circuits (5.10);
pak arc voltages (5.11).
Type of component
ecessary to indicate the following, as applicable:
pe of component (e.g., DC contactor, disconnecfor,” master controller, braking contr
c.);
Limber of poles;
ted and limiting voltages of the main cireuit (5.3);
ted and limiting currents of the main.gircuit (5.3);
terrupting medium;
Dlarity;
berating conditions (method,of operation, method of control, etc.);
pe of design (Clause 4);

bgree of protection.provided by the enclosure (Clause 4).
Rated and limiting values for the main circuit
General

l values-are assigned by the manufacturer. They shall be stated in accordance with
S

oller,

6.3.2

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

5.3.3

The limiting values of operating conditions are given in 8.2.10f IEC 60077-1:2017.

Rated currents

A component is defined by the following rated currents:
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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
maxi

Free

mum ambient air temperature.

and external radiation.

for temperature rise tests of equipment mounted in the specified enclosure \af the

air is understood to be air under normal indoor conditions, reasonably freexfrom dralyights

For 4 continuous duty, the maximum value of the rated operational curfent shall be less|than
the vplue 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, apd 73
giver] in Table 1. 7, is the rated time constant for operating.conditions considered as nornrl:al; it
is uged for the tests specified in 9.3.3.6. 4 and g~ are time constants corresponding to
extreme situations; they are used for the tests as spgcified in 9.3.6.
If negessary, the time constant values may be“defined by agreement between the usef and
the npanufacturer.
Table 1. <Rated time constants
Rated operational voltage Rated time constants
\Y ms
T1 ‘[2 ‘[3
U, U, <900 0 15 50
900 < U, U, = 1800 0 15 40
Uy Up 301800 0 15 30
NOTE A time~constant of 0 ms signifies that the loads for the tests are made up of resistors withouf 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

is

olation 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, each start,
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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:

NOTE[1 Main circuit-breakers are covered by their own product standard (see IEC60077-3 and IEC 60077-4).

NOTE|2 The references in brackets refer to definitions giyven,in IEC 60050-811:2017.

The ¢haracteristics of electric control circuits are as follows:

A[1: switching devices for auxiliary circuits (IEC 60050-811:2017, 811-25-05) _or | low-
vpltage circuits (IEC 60050-811:2017, 811-25-02) (e.g. relays, auxiliary contagtors| and
eir accessories, etc.) irrespective of the nature of their control, except componenty with
anual control;

th
m
AR: switching devices for power circuits (IEC 60050-811:2017, 811-25-08) (e.g. DC power
cpntactors), irrespective of the nature of their control, except components with manual
control.

3: manually-controlled switching devices (e.g. switches, push-buttons, etc., for cgntrol
uipment);

vitch (IEC 60050-811:2017, 811-29-37), etc.);

A

e

Al power switchgear which does not operate on load (e,g. disconnector, system changeover
S

Bl other components not covered by the above.

Electric control circuits

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

rated voltage of the controhsupply (if it differs from the rated voltage of control circuif due
tq the presence of built-in‘transformers, rectifiers, resistors, etc.);

ppwer consumption-of the control supply at its rated voltage.

The fated control.circuit voltage and rated frequency, if any, are the values on which the

oper
IEC

5.7

operiting and gtemperature rise characteristics of the control circuit are based. The cdqrrect

ting condjtions are based upon values of the control supply voltage as defined in §.3 of
0077<1:2017.

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;

- r
r

— 1n
5.9

The
(mak
folloV

5.11

The

opething the component.

storina force (or toraua)- the force (or toraues) nrovided to restore the actuator
N I A = 7" A < 7T

itial position;

avel: the displacement (linear or rotary) of the actuator.

Electric auxiliary circuits

e contact, break contact, etc.) of each of these circuits and their rated characteristic
VS:

ted operational voltage(s) (Uy;

ted insulation voltage (Uyy,);

ted operational current(s) (/;

bnventional free air thermal current (/;,);

inimum current associated with an operational“voltage that the auxiliary circuit is caf
making and carrying reliably;

pquence of the auxiliary contacts in relation to the main contacts;
ted short time withstand current (/).

Pneumatic auxiliary circuits

Characteristics of pneumatic auxiliary circuits are the number and nature of the valv
of these circuits and their fated characteristics, as follows:

ted air pressure;
ted air flow;

pquence of thelpneumatic auxiliary valves in relation to the main contacts.

Peak ar¢/voltages

manufacturer shall specify the maximum value of the peak arc voltages cause

o its

characteristics of the electric auxiliary circuits are the number and nature of the contacts

S, as

pable

es of

d by

6 Product information

6.1
6.1.1

Nature of the information

General

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

ident

ification 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);

2017

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

.2L3 Characteristics (as applicable)

D

bch rated operational voltage (Y U,);
epch rated operational current (4 ;) at the relevant rated operational voltage;

cpnventional free air thermal current (f;,) or conventional enclosed thermal current (7
this differs from the rated operational current; this shall be supplemented by the val

the maximum ambient air temperature-at-which-the-componentwas-calibrated,;

epch rated operational frequency (f,) if the manufacturer declares compliance with o
several of them;

epch component category if the manufacturer declares~compliance with one or seve
them;

rated insulation voltage (&; Uyy);
rated impulse-withstand voltage (Yimp Uy);
bwer-frequency test voltage (U,);

p
pgak arc voltages, under relevant test conditions;

of rated power factor;

nmaximum current consumption or maximum power consumption;

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

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

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

Limber and-type of electric auxiliary circuits and their characteristics;

Lmber and type of pneumatic auxiliary circuits and their characteristics;

n
n
oyerall dimensions;
n

inimum size of the enclosure and, if applicable, data concerning ventilation, to whic

he) if
e of

ne or

al of

rated short-circuit making and breaking capacities at corresponding rated time consftants

h 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;
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— 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;

— regference 1o this document IT the manutacturer declares compliance with It;

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

|
-

ated operational voltage (e U,) and associated rated operational current ({4,);

|
—_

grminals and polarity, when necessary (this may be done in the form of a.diagram);

fotective bonding terminal, where applicable, designated by the symbol @ IEC 6(0417-
D19 (2006-08).

01T

The pbove information is preferably marked on the name plate, if~ahy, or on the compagnent
itself|in order to permit the complete data to be obtained from the manufacturer (traceablflity).
The marking shall be indelible and easily legible before installation without removal of any
parts|.

The {ype designation, serial number and terminal markings should be visible after installation
of th¢ component.

6.3 | Instructions for storage, installation, operation and maintenance
Thesk instructions shall comply with 6.3 of\IEC 60077-1:2017.
7 Normal service conditions

Thesg conditions are given in €lause 7 of IEC 60077-1:2017.

8 Constructional@and performance requirements

8.1 Constructional requirements

8.1.1 General

8.1 olf 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

ehicle structure.

a) All components:

n conductive coatings are used, a spring washer capable of breaking through
bting layer may be inserted below screw or bolt heads.

Performance requirements
Operating conditions

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

fter stabilisation of its temperature in an ambient air temperature of—25-°C minimun
aximum temperature defined in IEC 60077-1:2017{Jthe component shall be ab
berate-correctly satisfactorily within the limiting values of the equipment voltage.

bnverter 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.
f IEC 60077-1:2017).

he component-designed-foran-ambientairtemperature T, (25-°C-or55-°C) shall be
operate-coerrectly satisfactorily within the limiting values of the equipment voltage

abilisation of its temperature under the permanent supply at the maximum equip
pltage—nctho—ormmblontollimitngtomeoratro conal e L1 2 B0 200

omponents supplied—frem«by a float charge battery system (see 5.3.3.2, 8.2.1
FC 60077-1:2017).

he component-designed=foranambientairtemperature- T, {(25-°Cor 55-°C) shall be

operate-correctly satisfactorily at the maximum ambient air temperature:

within-arange-ef 0;7-to-1.25 times the-nominal full equipment voltage range acco
to IEC 60Q771:2017, Table 1 after stabilisation of its temperature under

R I e

and<within a range of 0,8 to 1,25 times the nominal equipment voltage

the

and
e to

omponents supplied by a contact line, a transformer, generator, alternator, elecfronic

2.1.6

able
after
ment

4 of

able

rding
the

permanent supply at the nominal equipment voltage—and—the—ambientairtnpiting

after

Voltage—and the ambient air imiting temperature equalto (T, + 15} °C.

stabilisation of its temperature under the permanent supply at the rated operatllonal

the v
If no
insul
8.2
8.2.1
8.2.1
Al
11
o)
b) O
c
0
T
tq
S
v
c) G
IH
T
tq
1
2
d) E

lectropneumatic 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)

— I cCOpper (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 ®)

Other conductive parts including non-
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 1,05 a)

a) These values given for common materials, fer which service is proven, are in accordance with the
recommendations of IEC TR 60943.

b)  Values to be determined by the charatteristics 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

8.2.3of IEC 60077-4:2017 applies.

8.2.4 Electromagnetic compatibility (EMC)

8.2.4) of IEE-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.
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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
agre¢ment between the user and the manufacturer.

Unless specific requirements are given in a particular product standard;)the categdry 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
statefd 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).

Eachl sequence consists of performing a number_«©f)operating cycles without current as
specffied in Table 3 to Table 6, column 3, followed\(as applicable) by a number of operating
cyclgs 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 tofal, the component performs the number of operating cycles without current as spegified
in Tgble 3 to Table 6, column 5, and (as applicable) the number of operating cycles| with
currgnt specified in Table 3 to Table 6, column 6.

In tHe case where the electrical durability of the component without any maintenance
opergtion is specified equal to the number of operating cycles with current of only] one
sequence as specified<jt* Table 3 to Table 6, column 4, then it is only necessary to pefform
one gequence of the~CycCle with current.

NOTE| A differentnumber of sequences may be adopted provided that the proportign of
operating cycles with and without current in each cycle is equal to that specified in Tablg 3 to
Tabl¢ 6.

W henh-the—component-has—more—than-two positions—the—number of oneratina ecveles shall be
—Re—-GcompohRehit+—has—Rore—tHah—W poestHohs—the—hRtHRBe FRHRg—6EY6+8s—She

—or
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
Cc2 5 200 000 20 000 1 000 000 100 000
C3 10 1 000 000 100 000 10 000 000 1 000 000
NOTE 1 The rate of oneratina cveles is chosen to keepn all narts of the comnonaent within accantahla limlits of
NOTE 1 The rate of operating cycles is chosen to keep all parts of the component within-a ptable limjitsof
B aaal L
NOTE 2 The rate of oneratinag ecveles selected by mutual sareement hetwean tha manufaecturae and tha lusar
NOTE 2 — The rate of operating cycles selected by mutual agreement between the manufacturer and the fuser,

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

Table 4 — Operational performance capability for category:A2 components

Cplumn 1 Column 2 Column 3 Column 4 Column 5 Column|6
Oplerational Number of Number of operating cycles per Total number of
frequency sequences sequence operating cycles
Without With Without With
current current current currenf
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 1 The rate of oneratina cveles is chosenito keepn all narts of the component within acecantabhle limlites of
NOTHE 1 The rate-of operating-cycles-is—chosento keep-all partsof th mponent-within-acceptable limlits—of
B aaal L
NOTHE 2 The rate of oneratinga ecveles célected by mutual sareement between the manufacturer and the lusaer
e T e e o B e it BT
NOTE The operating cycles with.eurrent are applicable only at the end of each sequence and the following Jrates
are rgcommended:
— 3P cycles/hour for ratedeoperational current less than or equal to 2 000 A;
— 1P 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 B
Operationat Numberof Number-ofoperating—cyctes Fotatmumberof——
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
C2 5 25 000 0 125 000 0
C3 10 25 000 0 250 000 0
NOTE H Tha rate of oneratina evelaes is chosen to kean all narte of the comnonent within accantabhlel imits of
NOTE I — The rate—of operating—cycles—is—chosentokeep-allparts—of the_component-within—acceptable\ Hmits—of
s B
NOTE The rate of oneratina cveles selected by mutual sareement betwean the manufacturer and the userl has to
NOTE The rate-of operating-cycles;-selected-by-mutual-agreement between-the-manufacturer-angd tHe-user|-has-to
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—tasting
condjti 3. during a rated duration|(zs,,)
accofding to 5.4.2 of IEC 60077-1:2017.
The fecommended values of the rated duration (3w are 50 ms and 100 ms.
If it i$ necessary, a value lower or higher thai*the recommended values may be chosen ynder
agre¢ment between the user and the manufacturer.
In addition, if other short-time withstand currents are required by the user, they shall bg the
subjgct of investigation tests by agreement between the user and the manufacturer.
NOTE| Examples of short-circuit durgtion for protection can be found in IEC 62313.
9 Tests
9.1 Kinds of tests
9.1 of IEC 60077-1:2017 applies.
In agdition, when investigation tests or type tests in addition to those specified in| this
dOCU T € ‘i-‘i O ;‘i“; ;ii‘;i‘ 1€ ST € 1€ ‘-i“ O at "T'Ient

between the user

9.2

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.

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

DiU;Ebilib }JIU})UI“US

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
apacities (if appropriate) Short-circuit making capacity
Short-circuit breaking capacity
Il Ability to withstand vibrations and Vibrations 9.3.4
ghocks Shocks

Verification of mechanical operation
Verification of dielectric withstand

IV Critical currents range (if appropriate) [ Searching for critical currents range 9.3.4

\% Climatic conditions (if required) Environmental tests 9.3.1
(dry heat, damp heat, colds'etc.)

VI Qther tests (if required) Electromagnetic compatibility (EMC) 9.3.
Acoustic noise emissjon
S . ”

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

9.3.2 General test conditions

The fomponents to be/tested shall comply in all their details with the drawings of the|type
which they represent:

Each| sequernice*l, 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).

Unlesshatherwise indicated the tests shall be performed at the rated aperational 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
consideration.
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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:
— Frequency: £ 5 %
Voltage: +5% d Y )

+25

Y — Frequency: + 5 %

(inclfiding 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 pequence includes the tests and verifications deseribed in Table 7.

9.3.3[2 Operating limits

In addition to the requirements given in 9.3.4 of IEC 60077-1:2017, the tests shall be cg

out alccording to the relevant case stated-in 8.2.1.

Durirlg and after the tests the component shall operate satisfactorily and, if appropriate,

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 AR€* main circuit shall be made with a direct current by measurin
voltape drop or resjStance across the terminals of each pole. Alternatively for AC equip

AC impedance may be measured at AC rated frequency.

The purrent'during the measurement shall have any convenient value between 10 %

100 % ofAhe conventional thermal current.

NOTELE r\nnnnna shows—that-an-tncrease—of-the-matn—ciouiresistance—cannotalone-be—considered—as—a—r

rried

shall

j the
ment

and

liable

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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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 d
curre

For [

Betw
instry

Durir
other

At the end of the last sequence,

verifi

9.3.3(

After

omponent shall remain In the closed posItion for a suifficient iime 1o ensure iha
nt is fully established, but without exceeding 2 s.

C components the peak arc voltage shall be measured.

een each sequence, inspection and maintenance operations im accordance

ctions previously given by the manufacturer are permitted.

g these operations, the replacement of parts, if any, shall beilimited to the contact
parts subject to electric arc) of the main circuit of the component.

no maintenance operation
cations required in 9.3.3.7 and 9.3.3.8.

is permitted beforg

7 Verification of dielectric withstand

the test described in 9.3.3.6 the component-shall be able to withstand the dielectric

It the

with

s (or

the

tests

required as a routine test in 9.3.3.3 of IEC 60077-1:2017, but with the test voltage values
redug¢ed to 75 %.
9.3.3.8 Verification of temperature rise
Sdtoptho e sfieation docedbod 00 2 7 o tocneseabies pies toet oball beocoloc ol of 0o
o e peratdre+Hsetest-snat—obecarrea—odtopthe
Froipelrenib o o ereendt ot dane e secondanen st the conditone cnfinod b 00 o b
At-the beaginning-of-thedest the voltage-drops—alona-the main-circuit should-be-compared-wit
= gHhhRg-otthedestthe-voragearopsatongtemai-cHetHt-Shothabe-compareg-wWhh
thosd measured-as-specified-in-93.3 2 |f the differences—are-not-significantthe-temperpture
SpectHeaHh—voos~—Htne-aierencesarehotSsighiHcant—thetempergtdre
riseYerificationma\rbe discontinued—in—which-case-thevalues—shall be recorded-in-thd-test
y=poe-aisconthdea—H—-wheh-casetheyatdes—Sshaht—befrecoraeaHh—ingtest
e

After
according to 9.3.3.3.

the verification described

in 9.3.3.7, resistance measurement shall be carried out

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 Ta

ble 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 nfianufaciurer. The Shori-Circuit breaking or making capacity test shall be carried out In the
following conditions:

bltage equal to the rated operational voltage; (\

P

v
— break time being measured;
cpirrent equal to the maximum breaking or making current of the contacﬁy"o,

/
S

becified time constant for DC contactor or specified power factor R\f\AC contactor;

S

9.3.j.2 Verification of the ability to carry the rated shortitime withstand current

— three opening or closing operations should be performed.

9.3.4(2.1 General c‘)\\

The fest shall be made with the equipment in the @ed position. The control mechgnism
shalllbe operated at the minimum voltage or air pre@ re. The current shall be applied fdr the
specffied time ¢, and shall be at least equal to t \specified value [, at the rated operafional
voltape. In the case of the testing station ha difficulty in making this test at the fated
operational voltage, it may be made at an Shvenient lower voltage, the actual test cyrrent
being, in this case, equal to the rated short~time withstand current (/). This shall be sfated
in the test report. If, however, moment@contact separation occurs during the test, thg test
shalllbe repeated at the rated operat@w | voltage. For this test, over-current releases, iflany,
likely| to operate during the test, sh@be rendered inoperative.

&

The palue of the curren during the calibration is the average of the RMS values of thg AC
components in all ph . The average value shall be equal to the rated value. The cyrrent
shalllbe applied for pecified time ¢,,. The highest peak value of the current during itg first
cyclg shall be %)gess than 1,42 times the rated short-time withstand current. When, howgver,

9.3.42.2 AC test

the gharacterigtics' of the testing station are such that the above requirements cann¢t be
obtaiped, th@ owing alternatives are permitted provided that:

@)
\<</ (=2 g5 y2.,

JO Test CW

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 required peak
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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
takeng—forimstance; the peak vatue of currentsitattmotexceedthe permissibieTurTrent:

9.3.4.2.4 Behaviour of the equipment during the test

All cpmponent shall be capable of carrying their rated short-time withstand~¢urrent wifhout
caus|ng mechanical damage to any part or separation of the contacts.

It is fecognized that, during the test, the temperature rise of currenticarrying and adjacent
parts| of the mechanical switching device may exceed the limiteJspecified in 8.2.2. No
tempgrature rise limits are specified for the short-time currefity-withstand tests buf the
maxifjnum temperature reached shall not cause significant damadge to adjacent parts.

9.3.42.5 Behaviour of the equipment after the test

A notload operation of the mechanical switching deyjce 'shall be performed immediately|after
the t¢st, 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
carri¢d out.

9.3.5 Test sequence lll: Ability to withstand vibration and shock

9.3.5.1 General

This pequence includestthe tests and checks given in Table 7.

9.3.5.2 Vibration

The YVibration"tests shall be carried out in accordance with the requirements given in 9.3.5 of
IEC ¢0077=1:2017.

When_theé component has several mechanical states, the test duration shall be distributeéd 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.

After

5 Verification of dielectric withstand

the verification described in 9.3.5.4, the component shall be able to withstand the

diele

9.3.6

This
categ
for:

- a
- a
- th
- th

- m

Ciric tests required In 9.35.3.7.

Test sequence IV: Critical currents range

test concerns searching for critical currents range for DC and AC(Cswitchgea
ories A1 and A2 according to the definitions given in 5.5. This test shall be carrie

test voltage equal to the rated operational voltage;

current range from the rated operational current to zero;

e two rated time constants 7, and 73 according to Table 4 for DC switchgear;
e rated power factor according to 5.3.5 for AC switchgéar;

inimum five operations at each value of current.

The Ixact values of current are not important, proyided that each current is approximately

of th

Lowsd
indud

For [

NOTE
functi

9.3.7

This
acco

2-3

test 9

previous current.

r time constants at 73 or power factors are accepted provided that the circuit
tance has a minimum value of 50 mis:

C components the peak arc valtage shall be measured.

The test enables the manufacturer to supply curves of the arcing time and the peak arc voltagsg
n of the breaking current.

Test sequence-V: Climatic conditions

sequence includes the supplementary tests listed below which shall be carrieg

ding to thesrelevant method of 1EC-60068-2-1{cold), 1 EC-60068-2-2(dry-heat); HEC B4
Hamp-heal),—1EC-680068-2-52 (salt-mistecyclical-test) the standards at the recomme]

everitylisted in Table 9 unless otherwise specified.

rs of
d out

half

load

as a

out

nded



https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

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 $0068-2-30 (damp heat, cyclic) Test Db Temperature between + 25 °C and +,5§_C
95 % of relative humidity

Minimum 2 cycles.

IEC $0068-2-52 (salt mist, cyclical test) Test Kb Test severity 3

In addition, other tests may be prescribed by the test document according to the specif|cally
definpd environmental conditions.

The pperating conditions during the tests and the test acéeptance criteria shall be stated in
the test specification agreed between the user and ther manufacturer. In the absence of any
specf|fic acceptance criteria, the component shall be~capable of performing the-mechgnical
functjonal 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 4t dry
heat fand cold in accordance with 9.3.4.220f IEC 60077-1:2017. ‘

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

9.3.8 Test sequenceVI:-Other tests
9.3.8].1 General ‘
This pequence may include supplementary tests such as:

— el|ectromagnetic compatibility;

— afoustic noise emission.

shobkt-circuit makina canacity:
y

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 requirements
given in 9.3.7 of IEC 60077-1:2017.
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Routine tests

General

Engineering and statistical analyses may show that routine tests on each component are not
always necessary; in this case sampling tests shall be made.

9.4.2

Mechanical-operation Functional test

The test shall be carried out according to 9.3.1.2 of IEC 60077-1:2017.

In t
succ
unde

9.4.3

I " i . — ; . R oot
pssion that the component operates-cerrectlyunder-the following-conditions satisfag

' no current in the main circuit.

Measurement of resistance or impedance

The fest shall be carried out according to 9.2.3 of IEC 60077-1:2017.

9.4.4  Air-tightness (for pneumatic components)

The fest shall be carried out according to 9.3.4.2 of.JEC 60077-1:2017.

9.4.5

Dielectric withstand

The fest shall be carried out according t0-9.3.3.3 of IEC 60077-1:2017.

9.4.6

Check on the setting and(operation of protective equipment and
relays (calibration)

The fest shall be carried outiaccording to 9.3.4.5 of IEC 60077-1:2017.

BS in
torily
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Annex A
(normative)

Correspondence between auxiliary contacts
and steady states of switchgear

Auxiliary contacts shall indicate the position of the main circuit of the switchgear. To this
purpose, two types of auxiliary contacts are generally defined by the terminology of
IEC 60050-441 [SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-12 and 441-15-13]:

Z

- a

A sw
for W
fulfill

In th
move

e Tmake comtact(“acomntact),amd

e break contact ("b" contact).
e definitions are related to a given steady state, taken as reference, which s

e position maintained by the switchgear when it is not activated, if|it'thas a b
psition in such conditions;

not activated;
position to be defined if neither of the above definitions is applicable.
tchgear may be considered to be-well fully closed for all\stable positions of its move

hich compliance with temperature rise requirements)can be proved. If this cann
bd, it shall be considered as not-well fully closed.

b same way, a switchgear may be considered.as sufficiently open for all positions
ment for which the dielectric voltage reguired between its main contacts ca

withgtood. If this cannot be fulfilled, it shall be(Considered as not sufficiently open.

ased

e position where the main circuit is open if the switchgear has ngbiased position when it

ment
bt be

of its
n be

Auxiljary contacts shall therefore be desjgned so as to be capable of indicating whether the

switc

|
(2]

A mdg
closdg

A brd
close

hgear is:

el fully closed, or

Lifficiently open, or

an intermediate position, if neither of the previous indications can be obtained.

ke contact "a" should be named "a," if its closing indicates that the main contact ig
d, and "ap" if its-opening indicates that the main contact is sufficiently open.

ak contact"b" should be named "b," if its opening indicates that the main contact is
d, and-b," if its closing indicates that the main contact is sufficiently open.

well

well

Figune*A1 shows the different types of auxiliary contacts.
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Withstanding of dielectric voltage Compliance to temperature rise
Make contact "ap"
1
0
1
0 Make contact "a;"
1
Break contact "by" 0
1 Break contact "by"
0
Displacement of the ‘moving parts
Pogition «open» Position «closg¢d»
IEC
Figure A.1 — Relationship between auxiliary contacts and steady states of switchgear
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 2: Electrotechnical components — General rules

2017

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization~ecom
national electrotechnical committees (IEC National Committees). The object of IEC \is to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafterreferred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National’'Committee inte
in |[the subject dealt with may participate in this preparatory work. Internatiopal) governmental and
gojernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters expresss as-nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technicah€ommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC Natioral Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation.ofs/conformity. Independent certification bodies provide conf]
aspessment services and, in some areas;~access to |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to IEC/or\ts directors, employees, servants or agents including individual exper
members of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out ofSthe publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawnyto~the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights:<fEC shall not be held responsible for identifying any or all such patent rights.
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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.
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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 gommittee has decided that the contents of this publication will remain unchanged
the gtability date indicated on the IEC website under "http://webstore.iecich" in the
relate¢d to the specific publication. At this date, the publication will be

¢confirmed,

-

e withdrawn,

—

gplaced by a revised edition, or

e amended.

until
data
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 2: Electrotechnical components — General rules

1 Scope

2017

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

The [purpose of this document is to adapt the general rules given in IEC.60077-1 f{

s for
and

o all

electrotechnical components for rolling stock, in order to obtain uniformity."of requirements

and fests for the corresponding range of components.

Electrotechnical components are mainly switchgear and controlgear, including also re
valvgs, resistors, fuses, etc., irrespective of the nature of their gcontrol.

The |ncorporation of electronic components or electronic subassemblies into electrotech

lays,

nical

components is now common practice. Although this document is not applicable to elecfronic

equigment, the presence of electronic components does not give grounds to exclude
electfotechnical components from the scope of this document.

Elecfronic subassemblies comply with the relevant standard.

Some¢ of these rules, after agreement between the user and the manufacturer, are usg
electrotechnical components installed~gn vehicles other than railway rolling stock, sug
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 character
uhder 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
own [preduct standard. In order to ensure satisfactory operation of these component

such

d for
h as

stics

their
s for

rolling—stock, thisS document IS Used {0 Specily only the particular requirements jor ra
application. In that case, a specific document would state the additional requirements
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

Iway
with

— 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 ra
rolling stock relevant product standard, then the product standard requirements
precedence.

ilway
take
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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 60050-811:2017, International Electrotechnical Vocabulary (IEV) — Chapter 811: Electric

traction
IEC 6006682 4—FEnvrormentaltesting—Part2—1—Tests—TestA—Gold
IEC $0068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC ¢

+ 121}h cycle)

IEC §

(sodium, chloride solution)

0068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heéat, cyclic

0068-2-52, Environmental testing — Part 2-52: Test methods — Test Kb: Salt mist, (

12 h

yclic

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

state

IEC ¢
Gene

IEC 60417, Graphical symbols for use on ,equipment (available at http://www.grap

symb

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

IEC
equip

3 1

For t

the following apply.

0077-1:2017, Railway applications — Electric ¢equipment for rolling stock — Pg
ral service conditions and general rules

ols.info/equipment)

'R 60943, Guidance concerning the permissible temperature rise for parts of eleg

ment, in particular for terminals

'erms, definitions'and abbreviated terms

he purposes ©f this document, the terms and definitions given in IEC 60077-1 as w4

addr

ISO ¥nd IEC* maintain terminological databases for use in standardization at the folld

SS8es:

nical-

trical

bll as

wing

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

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

3.1

3.1.1
activ

Components

e 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

Note 1

, for which the control or the function is electrical (e.g. contactor, relay, etc.)

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

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

3.1.4
swit¢hgear
genefal term covering switching devices and their combination with “associated coptrol,
meaguring, protective and regulating equipment, also assemblies_ ‘of such devices| and
equipment with associated interconnections, accessories, enclosures and supparting
strucfures, intended in principle for use in connection with‘Cgeneration, transmigsion,
distripution and conversion of electric energy

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

3.1.5
contfolgear
genefal term covering switching devices and\‘their combination with associated coptrol,
meaguring, protective and regulating equipment, also assemblies of such devices| and
equigment with associated interconnections, accessories, enclosures and supparting
strucfures, intended in principle for the control of electric energy consuming equipment

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-11-03]

3.1.6
swit¢hing device
devide designed to make\er break the current in one or more electric circuits

Note 1 to entry: A switchihg 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
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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
contag¢ts open and close, e.g. air, SF6, oil.

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

3.1.10
circyit breaker
mechanical switching device, capable of making, carrying and breakitig ‘currents under ngrmal
circult conditions and also making, carrying for a specified time and’ breaking currents ynder
spec|fied abnormal circuit conditions such as those of short-circuit

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

3.1.111
contactor
mechanical switching device having only one (position of rest, operated otherwise thgn by
hand|, capable of making, carrying and breaking currents under normal circuit conditions
inclugling operating overload conditions

Note 1 to entry: Contactors may be designatéddaccording to the method by which the force for closing thg main
contagts is provided.

Note 4 to entry: The definition is the same as’mechanical contactor”: IEC 60050-441:1984 / AMD1:2007, 441-14-
33.

3.1.12
disconnector
mechanical switching( device which provides, in the open position, an isolating distange in
accofdance with specified requirements

Note 1 to entry:~A.disconnector is capable of opening and closing a circuit only when negligible current is Broken
or magle, or when.no significant change in the voltage across the terminals of each of the poles of the disconhector
occurg. 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.

[SOURTCETTECT 60050-81TT:20717, 8TT-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]
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3.2.2
main circuit, <of a switching device>

2017

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
contfol circuit, <of a switching device>

all the conductive parts (other than the main circuit) of a switching device which are‘included

in a gircuit used for the closing operation or opening operation, or both, of the devjce

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

e conductive parts of a switching device which are intended"tfo be included in a ¢
othell than the main circuit and the control circuits of the device

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-45-04]

3.2.5
contact, <of a mechanical switching device>

condyctive parts designed to establish circuit continuity when they touch and which, d
their [relative motion during an operation,“open or close a circuit or, in the case of hing
sliding contacts, maintain circuit continuity

[SOYRCE: IEC 60050-441:1984-/F/AMD1:2007, 441-15-05]

3.2.6]
main contact

contgct included in the_main circuit of a mechanical switching device, intended to carry, i
closgd position, the‘eurrent of the main circuit

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

3.2.7

ircuit

hd, as

e to
ed or

n the

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

contact which is closed when the main contacts of the mechanical switching device a
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.

re in
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[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

contact which is open when the main contacts of the mechanical switching device are 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 eontacts
of th¢ mechanical switching device”. Note 1 to entry and Note 2 to entry have been_ added.]

3.2.10
<elegtric> relay
devide designed to produce sudden predetermined changes in one or more electric output
circults, when certain conditions are fulfilled in the electric input circuits’controlling the dejvice

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

[SOYRCE: IEC 60050-151:2001, 151-13-31, modified — Note 4 to’entry has been added.]

3.2.111
relegse, <of a mechanical switching device>
devide, mechanically connected to a mechanical switching device, which releases the hqglding
mearns and permits the opening or the closing of the switching device

[SOYRCE: IEC 60050-441:1984 / AMD1:2007{441-15-17]

3.3 | Operational features

3.3.1
operption, <of a mechanical switching device>
transfer of the moving contaget(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 4 to entry: If distinction is necessary, an operation in the electrical sense, e.g. make or break, is refefred to
as a pwitching operation; and an operation in the mechanical sense, e.g. close or open, is referred tg as a
mechgnical operatign;

[SOYRCE: 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]
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3.34
closed position, <of a mechanical switching device>

posit

ion 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

betw

Note

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-23, modified — “clearance..fis"sec

is chianged to “dielectric withstand voltage requirements are satisfied”. Note 1 to entry
been|added.]

3.3.6]

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

currgnt in a pole of a switching device or in a fuse at the instant of ifitiation of the arc dun
breaking process

Note

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

adde|

3.3.7
pros

current that would flow in the circuit if each*pole of the switching device or the fuse

repla

Note
the re

[SOYRCE: IEC 60050-441:1984"7 AMD1:2007, 441-17-01]

3.3.8
pros

prospective current'when initiated under specified conditions

Note
or to

highegt rate-of.rise. The specification of these conditions is given in the relevant publications.

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

3.3.9
pros

een open contacts in the main circuit of the device

2017

to entry: This definition differs from IEV 441-16-23 to meet the requirements of dielectric propertiges,

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

4.1

pective current, <of a circuit and with respect to a switching device or a fuse>
Iced by a conductor of negligible impedance

to entry: The method to be used tp-evaluate and to express the prospective current is to be speci
evant publications.

pective making current, <for a pole of a switching device>

to entry:;»~The specified conditions may relate to the method of initiation, e.g. by an ideal switching d
he instant.of initiation, e.g. leading to the maximum prospective peak current in an AC circuit, or

ired”
has

ing a

been

were

ied in

evice,
to the

pective 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

initiati

on of the arc during the breaking process.

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

3.3.111
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
critigal current

criticpl currents range
valug (or range of values) of current at which the comp@nent is not capable of operating
withqut risk of failure to break

Note 1 to entry: For AC current only AC contactor is applicablé,

3.3.13
makiing capacity, <of a switching device or_a fuse>
valug of prospective making current that a*switching device is capable of making at a sfated
voltape under prescribed conditions of us&‘and behaviour

Note 1 to entry: The voltage to be statedyand the conditions to be prescribed are dealt with in the refevant
publicptions.

[SOYRCE: IEC 60050-441:4984 / AMD1:2007, 441-17-09, modified — In Note 1 to fentry
“spegifications” is replaced. with “publications”.]

3.3.14
short circuit making/capacity
making capacityfor which the prescribed conditions include a short circuit at the terminals of
the switching-device

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

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

2017

nsient
oltage

phase

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

been added.]

3.3.17

¢rminals of a pole of a switching device during the arcing time

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

3.3.18
opening time, <of a mechanical switching device>

interyal of time between the specified instant of initiation of the opehing operation an
instapt when the arcing contacts have separated in all poles

Note 1 to entry: The instant of initiation of the opening operation, i.e. the \application of the opening con
(e.g. gnergising the release, etc.) is given in the relevant publications.

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

[SOYRCE: IEC 60050-441:1984 / AMD1:2007, 441517-36, modified — Note 2 to entry
been|added.]

3.3.19
arcirnlg time, <of a pole or a fuse>

interyal of time between the instant of the initiation of the arc in a pole or a fuse an
instapt 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

interyal of time between*the beginning of the opening time of a mechanical switching d
(or tHe pre-arcing time of a fuse) and the end of the arcing time

[SOYRCE: IEC60050-441:1984 / AMD1:2007, 441-17-39]

3.3.211

1l the

mand

has

i the

Bvice

clos1ng time

interval of time between the Initiation of the closing operation and the Instant wher
contacts touch in all poles

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

3.4 Abbreviated terms

AC Alternating Current

DC Direct Current

EMC Electromagnetic Compatibility
RMS Root Mean Square value

the
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4 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;

- a
T

— a

5 (

5.1

The
folloV

5.2

It is 1

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

he characteristics of these categories are given in 5.5;

ccording to the type of design:

open construction;

construction with an enclosure;

ccording to the degree of protection provided by the enclosure (s€e [EC 60529).

Characteristics

List of characteristics

characteristics of a component shall be stated;<as applicable, among those o
ving list:

pe of component (5.2);

ted and limiting values of the main circuit(5.3);
pberational frequencies (5.4);

bmponent category (5.5);

ectric control circuits (5.6);

neumatic control circuit (5.7);

anual control (5.8);

ectric auxiliary cireuits (5.9);

heumatic auxiliary-Circuits (5.10);

pak arc voltages (5.11).

Type.of component

ecessary to indicate the following, as applicable:

f the

— 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).
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Rated and limiting values for the main circuit

General

2017

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:

— T3

- 13
- 13
- P
NOTE

5.3.3

ted aperational voltage (I/.);
ted insulation voltage (Uyy);
ted impulse voltage (Uy;);

bwer-frequency test voltage (U,).

The limiting values of operating conditions are given in 8.2.10of IEC 60077-1:2017.

Rated currents

A component is defined by the following rated currents:

-

p

4

g

—

- C
Cc

The
for ted

The
used
maxi

Free

ted operational current (/) at the rated time constant(z, (see 5.3.4) or for the

bwer factor (see 5.3.5) where relevant (given in 5.4 of {EC 60077-1:2017);

ted short time withstand current (/,,) (see 3.3.15);
bnventional free air thermal current (1,,);
bnventional enclosed thermal current (/).

conventional free air thermal current is.the maximum value of the test current to be
mperature rise tests of equipment in free air at the maximum ambient air temperatur

for temperature rise tests ‘ofequipment mounted in the specified enclosure a
mum ambient air temperature-:

and external radiation.

For 4
the v,

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

5.3.4 Rated time constants (for DC switchgear)

A co

rated

used

conventional enclosed thermal current is the maximum value of the test current {o be

t the

air is understood to be air under normal indoor conditions, reasonably free from draudghts

than

mponent is characterised according to the applicable rated time constants ¢4, 7, a

’]d ‘L'3

givenin Table T. 7, is the rated time constant for operating conditions considered as normal; it
is used for the tests specified in 9.3.3.6. 4 and 73 are time constants corresponding to

extre

me 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.
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Table 1 — Rated time constants

Rated operational voltage Rated time constants
\ ms
T1 T2 T3
U, <900 0 15 50
900 < U, <1 800 0 15 40
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 pperational performance capability of a component is defined for a rated”power facfor of

0,8

shorf-circuit and overload tests will be as agreed between the user and'the manufacturer.

5.4

The ¢perational frequencies C1, C2 and C3 are defined below:

NOTE| The references in brackets refento definitions given in IEC 60050-811:2017.

5.5

Ther¢ are several component categories:

Whatever the rated operational voltage and current. If necessary\thé power factqr for

Operational frequencies

1: light operational frequency (e.g. component which is part of the protection ahd/or
igolation equipment which operates only when a failure is detected);

2: medium operational frequency (e.g. component which is part of equipment| that
operates in any of the following cases: ateach commencement of service, each ptart,
efch 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);

G3: heavy operational frequency (e.g, component which is part of equipment that operates
dbring each traction sequence or-braking sequence, or component such as a comprgssor
cpntactor).

Component categories

A[1: switching\\devices for auxiliary circuits (IEC 60050-811:2017, 811-25-05) or |low-
vpltage cir€uits (IEC 60050-811:2017, 811-25-02) (e.g. relays, auxiliary contactors| and
their acecessories, etc.) irrespective of the nature of their control, except componentg with
manual control;

AR switching devices for power circuits (IEC 60050-811:2017, 811-25-03) (e.g. DC power
comtactors),frrespective of themature—of their comtrot,excepttomponents—wittrmanual
control.

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

A3: 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:
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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) ane as

follows:

rated air pressure of the control circuit and limiting values;

—

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

c
vblume of air, for each rated air pressure, required for each“closing and each opg¢ning
operation.

The fated air pressure of a pneumatic or electro-pneumatic'component is the air pressufe on

which the operating characteristics of the pneumatic control system are based.

The fated operating conditions are based upon a-walue of the rated air pressure as defined in

5.6

5.8

If neg¢essary, the following characteristics may be specified:

5.9

(make.contact, break contact, etc.) of each of these circuits and their rated characteristi

The ¢haracteristics of the electric auxiliary circuits are the number and nature of the coqtsacts

of IEC 60077-1:2017.

Manual control

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

aptuating force (or torque):’the force (or torque) necessary to complete the intepded
operation;

rgstoring force (or torque): the force (or torque) provided to restore the actuator {o its
irffitial position;
travel: the displacement (linear or rotary) of the actuator.

Electric\auxiliary circuits

, as

follows*

rated operational voltage(s) (U,);

rated insulation voltage (Uy.,);

rated operational current(s) (/,);
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 (7).
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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 [manufaciurer shall specify the maximum value of the peak arc voltages caus€d by

operating the component.

6

6.1
6.1

.1 General

Product information

Nature of the information

The |nformation shall be given in the manufacturer's catalogue, or manual. It concerns the

identffication and characteristics.

In addition, other information relative to the application~may be especially required.| This

information shall be the result of an agreement.

6.1
6.1

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

6.1

6.1

.2 Component documentation

.21 General

2.2 Identification

.23 Characteristics (as applicable)

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

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

ench rateld operational voltage (U,);
epch rafed operational current (Z,) at the relevant rated operational voltage;

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

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 (Uy.,);

rated impulse voltage (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;
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— 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;

2017

- m
g
m
C

- W

6.1.3

inimum size of the enclosure and, if applicable, data concerning ventilation, to whic
ted characteristics apply;
inimum distance between the components and metal parts connected to* eart
bmponents which are intended for use without an enclosure;
eight.

Other information

When the application requires a special utilisation of the component, agreed by

many

This

- 3

(]

o

D

6.2

facturer, supplementary information shall be given on request:

may concern, for example:

nge of operational current under special operating.€onditions;
verload duty at fault occurrence;
verload duty without any breaking on load;

C.

Marking

The following data or identification shall be marked:

- m

— ty
— €

|
-
@

0N T

anufacturer's name or trade mark;

pe designation;

ference to this document if the manufacturer declares compliance with it;

erial number designation, or date or code of manufacture;

ted operational voltage (U,) and associated rated operational current (/,);

rminals and polarity, when necessary (this may be done in the form of a diagram);

roteCtive bonding terminal, where applicable, designated by the symbol @ IEC 6(
D19 (2006-08).

h the

h for

the

417-

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.
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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 TEC ©0077-1-20717 applies, with the additions given hereinatter. . | |
8.1.2 Terminals and connecting capacity

Termlinals and their connecting capacity should be designed in accordance, with IEC TR
6094p.

8.1.3 Protective bonding terminal

In order to comply with 8.1.1 of IEC 60077-1:2017, the component shall have a protdctive
bondjng connection when there are exposed conductive parts which could become liye in
case|of insulation failure. This is generally achieved by a-t€rminal provided solely for this

functjon, named commonly protective bonding terminal.

The protective bonding terminal shall be readily accessible and visible, and so placed that the
conngction of the component to the vehicle structure or to the protective conductpr is

mainfained when the cover or any other removable“part is removed.

The protective bonding terminal shall be suitably protected against corrosion. Efficiengy of

bondjng provided by assembly shall be proved on a sample.

For ¥/ym < 120 V DC or 50 V AC, bonding may be achieved by the equipment or component
fixtunes when the metallic parts_are electrically connected to the fixtures, and when the
equipment or component is seréewed to a metallic plate which is itself connected to the vghicle

structure.

If ngn conductive coatings are used, a spring washer capable of breaking through the

insul@ting layer may bé inserted below screw or bolt heads.

8.2
8.2
8.2

a)

b)

A1 Operating conditions

1Lof YEC 60077-1:2017 applies. with the additions given hereinafter:

Performance requirements

All components:

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

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 shall be able to operate satisfactorily within the limiting values of the
equipment voltage after stabilisation of its temperature under the permanent supply at the
maximum equipment voltage.

Components supplied by a float charge battery system (see 5.3.3.2, 8.2.1.4 of
IEC 60077-1:2017).
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The component shall be able to operate satisfactorily at the maximum ambient air

temperature:

1) within the 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,

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,

Electropneumatic components:

The component shall be able to operate satisfactorily at the minimum air pressure fi

r the

the limiting values.

8.2.2 Temperature limits

Temperatures shall not reach values likely to cause an irreversible change, te the compon

8.2.2

of IEC 60077-1:2017 applies, along with Table 2 given below.

Table 2 — Temperature rise limits and temperature limits

tgst at minimum temperature defined in IEC 60077-1:2017 and at the maximum air pregsure
fqr the other tests. The operating conditions apply for all the supply air pressures within

lent.

Example of temperature rise limits
for maximum air
ambient temperature of 2

Parts of Maxintum 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 @)

— other metals or sintered metals b)

Other.€onductive 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)
recommendations of IEC TR 60943.
b)

with insulating materials.

These values given for common materials, for which service is proven, are in accordance with the

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
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8.2.3

8.2.3

8.24

8.2.4

8.2.5

8.2.5

Operation following inactivity

of IEC 60077-1:2017 applies.

Electromagnetic compatibility (EMC)
of IEC 60077-1:2017 applies.

Acoustic noise emission

of IEC 60077-1:2017 applies.

8.2.6

8.2.6

8.2.7

8.2.7

8.2.8

8.2.8

The
comg
provi

The
threé

8.2.9

Cate

agre¢ment between the user and the manufacturer.

Unle
comg
their
state

Each

Clearances

of IEC 60077-1:2017 applies.

Creepage distances

of [IEC 60077-1:2017 applies.

Switching overvoltages

of [IEC 60077-1:2017 applies, with the additional requirements given below.

manufacturer shall declare the peak arc voltage generated by switching of
onents during the operational performance ,capability tests in accordance with
sions of sequence | and the critical current tests of sequence IV of Table 7.

DC
the

beak arc voltages shall exceed neither the rated impulse voltage of the equipmenjt nor

times the rated insulation voltage (Uypy)-

Operational performance capability

jory B components shall,(b& capable of complying with the provisions state

5s specific requirements are given in a particular product standard, the categd
onents shall be capable of complying (as a function of their operational frequency

d in 9.3.3.6,

switching cycle consists either of a closing operation followed by an opening oper

(cycl

opethion (cycle with current).

0 by

ry A
and

component category) with the provisions of Table 3 to Table 6 under the test conditions

ation

b witheut current), or (as applicable) of a making operation followed by a breaking

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

curre

nt 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
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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.

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;

— af pneifinnc are-tested-

NOTE| For example, a master controller is considered as being of category C3 as regards its traction_and bfaking
handlg, whereas its emergency braking position is considered of C1 usage. Then, the number of operatiohs ¢an be
distributed 70 % for traction positions and 30 % for braking positions, as estimated for the actual service expected
for thq rolling stock (tram, locomotive, etc.).

The [rate of operating cycles, selected by mutual agreement between~thé user and the
manufacturer, is chosen to keep all parts of the component withini acceptable limits of
tempgrature rise and this value has to be mentioned in the test report.

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 curren
C1 1 100 000 10 000 100 000 10 000
C2 5 200 000 20 000 1 000 000 100 00
C3 10 1 000-000 100 000 10 000 000 1 000 040

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

Table 4 — Operational performance capability for category A2 components

Cplumn 1 Column 2 Column 3 Column 4 Column 5 Column|6
Opjerational Number of Number of operating cycles per Total number of
frequency sequences sequence operating cycles
Without With Without With
current current current currenf
(0% 1 20 000 200 20 000 200
€2 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.
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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
C2 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.

Table 6 — Operational performance capability for category A4 components

Column 1 Column 2 Column 3 Column 4 Column 5 Column|6
Opgerational Number of Number of operating Total number of
frequency sequences cycles per sequence operating cycles
Without With Without With
current current current curren
C1 1 20 000 0 20 000 0
C2 5 25 000 0, 125 000 0
C3 10 25 000 (0] 250 000 0

8.2.10 Ability to withstand vibration and shock

8.2.1|0 of IEC 60077-1:2017 applies.

8.2.1/1

Ability to withstand short<time current

Components shall be capable.of withstanding the rated short-time current (/) during a rated
durafion (¢.,,) according to 5(4,2 of IEC 60077-1:2017).

The fecommended valugs of the rated duration (¢,,) are 50 ms and 100 ms.

If it i$ necessary, a.value lower or higher than the recommended values may be chosen ynder
agre¢ment between the user and the manufacturer.

In additionNif other short-time withstand currents are required by the user, they shall bge the

subjdctof 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;
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— 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.

9.3 Type tests
9.31 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 Subclapse

beneral performance characteristics Operating limits 9.3.
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
apacities (if appropriate) Short-circuit making capacity.
Short-circuit breaking capacity
Il Ability to withstand vibrations and Vibrations 9.3.1
ghocks Shocks

Verification of méchanical operation
Verification of dielectric withstand

IV Critical currents range (if appropriate) [ Searching forcritical currents range 9.3.4

\% Climatic conditions (if required) Environmental tests 9.3.1
(dry heat, damp heat, cold, etc.)

VI Other tests (if required) Electromagnetic compatibility (EMC) 9.3.
Acoustic noise emission

For dequences | and Ill, the (tests shall be carried out in the order listed.
A ney sample may be-used for each sequence.
A rodtine test (see9.4) shall be carried out on every sample before the type test.

9.3.2 General test conditions

The fompoOnents to be tested shall comply in all their details with the drawings of the|type

which-theyrepresent

Each sequence |, 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.
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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
consideration.

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 %

— Mat H H n £ ot —OL
gHf-eHetts T oweTrTattior—T— U709

— Power factor: v
0,05

5 il
Current: +O % — Time constant: +12 %
— Time constant: +22 %
— Frequency: + 5 %
Voltgge: +g % a Y °

— Frequencyy+t 5 %

(inclyding power frequency recovery
voltage)

— Control and auxiliary circuit:

Voltage: + 5 %
Air pressure: + 5 %

NOTE For 2 time constant tolerance refer to the note of Table 1.

9.3.3 Test sequence I: General performance characteristics
9.3.31 General

This pequence 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 cgrried
out according to the relevant case stated in 8.2.1.

Durirlg 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 measurément of the main circuit shall be made with a direct current by measuring the
voltape-sdrop 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;
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— 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.

9.3.3

The t

9.3.3

5 Dielectric properties

est shall be carried out according to 9.3.3.1 and 9.3.3.2 of IEC 60077-1:2017.

.6 Operational performance capability

Taking into account the operating and component categories declared by the manufacturer,

the t

For all components, the operations shall be carried out with all appropriate efectric

pneu
the d
curre

For [

Betw
instry

Durir
other

At the end of the last sequence, no maintenance operation is permitted before

verifi

9.3.3

After
requi
redu

9.3.3{

After
acco

The
resis
valudg

—2-0-

matic circuits supplied at their rated values for each circuit. During each opérating d

nt is fully established, but without exceeding 2 s.
C components the peak arc voltage shall be measured.

een each sequence, inspection and maintenance operations in accordance
ctions previously given by the manufacturer are permitted!

g these operations, the replacement of parts, if any,(shall be limited to the contact
parts subject to electric arc) of the main circuit of-tie component.

cations required in 9.3.3.7 and 9.3.3.8.

.7 Verification of dielectric withstand

the test described in 9.3
red as a routine test in 9.
ed to 75 %.

6 the.component shall be able to withstand the dielectric
3.30©f IEC 60077-1:2017, but with the test voltage values

3
3.
8 Verification of temperature rise

the verification~described in 9.3.3.7, resistance measurement shall be carried
ding to 9.3.3.%

verification~of the temperature rise according to 9.3.3.4 is required only wher
ance of\.the main circuit (without maintenance) has increased by more than 50 % g

in a

perf rmed_then the temperature rise limits and temperature limits on the cantacts menti

before the test according to 9.3.3.3. A small number of no-load operations are all
endeavour to bring the resistance down below this figure; if the test has t

and
ycle,

omponent shall remain in the closed position for a sufficient time to ensure that the

with

s (or

the

fests

out

the
f the
bwed
0D be

ned

in Ta

ble 2 are allowed to be exceeded by 10 K.

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

9.3.4
9.3.4

This

Test sequence Il: Rated service making and breaking capacities (if appropriate)

| General

sequence specifies the following tests:

— rated short-time withstand current;

— short-circuit making capacity;

— short-circuit breaking capacity.
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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.:[2 Verification of the ability to carry the rated short-time withstand current

9.3.4.2.1 General

The fest shall be made with the equipment in the closed position. The control mechgnism
shall|be operated at the minimum voltage or air pressure. The current shall be-applied fgr the
specffied time ., and shall be at least equal to the specified value I, at the rated operafional
voltape. In the case of the testing station having difficulty in making”this test at the frated
operational voltage, it may be made at any convenient lower voltage; the actual test cyrrent
being, in this case, equal to the rated short-time withstand current\(J.,,). This shall be sfated
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,-0Over-current releases, iflany,
likely| to operate during the test, shall be rendered inoperatiye:

9.3.4(2.2 AC test

The yalue 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 cyrrent
shall[be applied for the specified time ¢;,,. Thehighest peak value of the current during itg first
cycle shall be not less than 1,42 times the rated short-time withstand current. When, howgver,
the gharacteristics of the testing stationiare such that the above requirements canng¢t be
obtaihed, the following alternatives are*permitted provided that:

ttest .2 2
J-O logdt 2 17 1oy

=
>
]
=
4%

tiest | is the durationof-the test;
tew |is the rated.duration;

iiest | is the calibration current if the AC component is not constant or > I,,,.

e actual calibration current assumed to have a constant AC component. If the decrement
short-circuit current of the testing station is such that the rated short-time withgtand
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 required peak
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
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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 notload operation of the mechanical switching device shall be performed imamediately|after
the tg¢st, 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
carrigd out.

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

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

9.3.5.2 Vibration

The yibration tests shall be carried out\in accordance with the requirements given in 9.3.5 of
IEC §0077-1:2017.

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

—

Ris distribution represents the expected service;
— a|l mechanical states are tested.

The fested objéctshall not change state during the functional random vibration test.

9.3.53 Shock

The bBhock tests shall be carried out in accordance with the rnqnirnmnnfe gi\/nn in 935 of

IEC 60077-1:2017.

The test shall include both operational states and the apparatus shall not change state during
the test.

9.3.54 Verification of functional operation

After the test described in 9.3.5.3, the 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.
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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:

— a

- a

test voltage equal to the rated operational voltage;
current range from the rated operational current to zero;

— the two rated time constants 7, and 75 according to Table 1 for DC switchgear;

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

- m

The Ixact values of current are not important, provided that each current is approximately

of th

Lowsg
indud

For [

NOTE|
functi

9.3.7

This
acco

Tabl¢ 9 unless otherwise specified.

inimum five operations at each value of current.

previous current.

r time constants at 73 or power factors are accepted provided thatithe circuit
tance has a minimum value of 50 mH.

C components the peak arc voltage shall be measured.

The test enables the manufacturer to supply curves of the arcing,time and the peak arc voltags
n of the breaking current.

Test sequence V: Climatic conditions

sequence includes the supplementary tests“listed below which shall be carrieg
ding to the relevant method of the standards.at the recommended test severity list

Table 9 — Test method and severity

half

load

as a

out
ed in

Standard Test method Test severity

IEC $0068-2-1 (cold) Test Ab At the minimum ambient air temperature
Duration not less than 16 h

IEC $0068-2-2 (dry heat) Test Bd or Be At the maximum ambient air temperature
Duration not less than 16 h.

IEC $0068-2-78 (damprheat, steady state) Test Cab At 40 °C and 95 % of relative humidity
Duration not less than 2 days

or or or

IEC $0068-2-30 (damp heat, cyclic) Test Db Temperature between + 25 °C and + 55 °C
95 % of relative humidity
Mirtmum2-cyetes:

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 functional
operation tests (see 9.4.2).

The particular parameters shall be recorded in the test report.
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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:

— el|ectromagnetic compatibility;

— afoustic 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

Acoufstic noise emission may be carried out, if requested, in deCordance with the requirements
giver] in 9.3.7 of IEC 60077-1:2017.

9.4 Routine tests
9.4.1 General

Engineering and statistical analyses may shoW that routine tests on each component arg not
always necessary; in this case sampling tests shall be made.

9.4.2 Functional test

The fest shall be carried out accerding to 9.3.1.2 of IEC 60077-1:2017.

In thie absence of specific fequirements, the test shall consist of checking 20 timgs in
succession that the compoenent operates satisfactorily under no current in the main circuit).

9.4.3 Measurement of resistance or impedance

The fest shall-bécarried out according to 9.2.3 of IEC 60077-1:2017.

9.4. Air-tightness (for pneumatic components)

The

9.4.5 Dielectric withstand

The test shall be carried out according to 9.3.3.3 of IEC 60077-1:2017.

9.4.6 Check on the setting and operation of protective equipment and
relays (calibration)

The test shall be carried out according to 9.3.4.5 of IEC 60077-1:2017.
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Annex A
(normative)

Correspondence between auxiliary contacts
and steady states of switchgear

Auxiliary contacts shall indicate the position of the main circuit of the switchgear. To this
purpose, two types of auxiliary contacts are generally defined by the terminology of
IEC 60050-441 [SOURCE: |IEC 60050-441:1984 / AMD1:2007, 441-15-12 and 441-15-13]:

— the break contact ("b" contact).

— the position maintained by the switchgear when it is not activated, if /it has a b

— the position where the main circuit is open if the switchgear has ng biased position wk

- a

A sw

T

e Tmake comtact(“acomntact),amd

e definitions are related to a given steady state, taken as reference, which s

bsition in such conditions;

not activated;

position to be defined if neither of the above definitions is applicable.

tchgear may be considered to be fully closed for all stablé positions of its moveme

ased

en it

nt for

whiclh compliance with temperature rise requirements can be proved. If this cannot be fulfilled,

it shgll be considered as not fully closed.

In th

movgment for which the dielectric voltage regquired between its main contacts ca
withgtood. If this cannot be fulfilled, it shall be{Considered as not sufficiently open.

Auxil

switchgear is:

— fylly closed, or

- S

— in an intermediate position, if neither of the previous indications can be obtained.

A mgke contact "a" should be named "a;" if its closing indicates that the main contact is

closdg

A brd
close

Figune*A1 shows the different types of auxiliary contacts.

b same way, a switchgear may be considered.as sufficiently open for all positions

jary contacts shall therefore be desjgned so as to be capable of indicating whethe

ifficiently open, or

d, and "ap" if its-opening indicates that the main contact is sufficiently open.

ak contact"b" should be named "b," if its opening indicates that the main contact is
d, and-b," if its closing indicates that the main contact is sufficiently open.

of its
h be

r the

well

well
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Withstanding of dielectric voltage Compliance to temperature rise
Make contact "ap"
4
0
1
0 Make contact "a;"
1
Break contact "by" 0
1 Break contact "b4"
0
Displacement of the moving parts
Pogition «open» Position «closg¢d»
IEC
Figure A.1 — Relationship between auxiliary contacts and steady states of switchgear
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AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de ‘pormali
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC
et de favoriser la coopération internationale pour toutes les questions de normalisation.dans les don|

I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités —publie des N
ernationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibl
blic (PAS) et des Guides (ci-aprés dénommés «Publication(s) de I'l|EC»). Leur élabaration est confiée
Mmités d'études, aux travaux desquels tout Comité national intéressé par le sujet \traité peut participe
anisations internationales, gouvernementales et non gouvernementales, encliaison avec I'lEC, parti
plement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation
on des conditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la nj
possible, un accord international sur les sujets étudiés, étant donné{gue les Comités nationaux inté
ht représentés dans chaque comité d'études.

5 Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les €&fforts raisonnables sont entrepris afin que
ssure de I'exactitude du contenu technique de ses publicafions; I'l[EC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les*Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente I€s Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesy Rublications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
rnissent des services d'évaluation de-conformité et, dans certains secteurs, accédent aux marqu
hformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit” étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
ndataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
ionaux de I'lEC, pouriteut préjudice causé en cas de dommages corporels et matériels, ou de tou]
Immage de quelque. hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
te autre Publication de 'lEC, ou au crédit qui lui est accordé.

érencées'est obligatoire pour une application correcte de la présente publication.

ttention\est attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuven|
bjet de“droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels

de|

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.
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ttention est\attirée sur les Références normatives citées dans cette publication. L'utilisation de publications

t faire
droits

brevet et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60077-2 a été établie par le comité d'études 9 d’IEC: Matériels et
systemes électriques ferroviaires.

Cette seconde édition annule et remplace la premiere édition de I'lEC 60077-2, publiée
en 1999. Elle constitue une révision technique.

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

a) Pouvoir de coupure en court-circuit;

b) Courant assigné de courte durée admissible;

c) Plage de courants critiques;
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d) Spécification des conditions climatiques.

Cette

norme doit étre lue conjointement avec I'lEC 60077-1.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
9/2267/FDIS 9/2279/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

aboufia Tapprobation de cetie norme.

Une |liste de toutes les parties de la série IEC 60077, publiées sous le titre~ gepéral
Applications ferroviaires — Equipements électriques du matériel roulant, peut €tre conslultée
sur l¢ site web de I'lEC.

Cettg publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la daje de
stabilité indiquée sur le site web de I'l[EC sous «http://websteresiec.ch» dans les données
relatives a la publication recherchée. A cette date, la publication-sera

e rgconduite,

e supprimée,

®
-

€

e amendée.

mplacée par une édition révisée, ou
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] APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 2: Composants électrotechniques — Régles générales

Domaine d'application

grésente partie de I'I[EC 60077 donne, en complément des régles énoncées

dans
ques

installés dans les circuits de puissance, circuits auxiliaires, circuits de commande ¢t de

contrple, etc., installés sur le matériel roulant ferroviaire.

Le présent document a pour but d'adapter les régles générales."données [dans

I'IEC|60077-1 aux composants électrotechniques du matériel roulant-afin d'harmonisefr les

exiggnces et les essais a la gamme de composants correspondante.

Les ¢omposants électrotechniques sont principalement les appareillages de connexion ¢t de

comrpande, comprenant les relais, les électrovalves, les résistances, les fusibles, etc., quelle

que goit la nature de leur commande.

L'incprporation de composants électroniques ou de Sous-ensembles électroniques danpg les

composants électrotechniques est maintenant une/pratique courante. Bien que le pré¢sent

document ne soit pas applicable aux matériels <€lectroniques, la présence de composants

électfoniques n'est pas une raison suffisante pour exclure ces composants électrotechniques

du chhamp d'application du présent document:

Ces $ous-ensembles électroniques sonticonformes a la norme appropriée.

Apreg accord entre utilisateur et fabricant, certaines régles sont utilisées pour les composants

électrotechniques installés sur des véhicules autres que ceux du matériel roulant ferrovjaire,

tels que les locomotives de mine, les trolleybus, etc.

Le présent document éhonce:

a) lgs caractéristigues des composants;

b) Igs conditiofs de service auxquelles les composants doivent satisfaire;

c) lgs essais-destinés a confirmer que les composants satisfont a ces caractéristiques [dans
ces conditions de service et les méthodes correspondantes;

d) lgsninformations qu'il faut marquer ou fournir avec I'appareil.

Le présent document ne couvre pas les composants électrotechniques industriels qui
répondent aux exigences de leurs propres normes de produit(s). Dans le but d'obtenir un
fonctionnement satisfaisant de ceux-ci sur le matériel roulant, le présent document est
employé uniquement pour spécifier les exigences particuliéres relatives a I'application
ferroviaire. Dans ce cas, un document spécifique indiquerait les exigences complémentaires
auxquelles il faut que les composants industriels satisfassent, par exemple:

pour étre adaptés (tension de commande, conditions d'environnement, etc.), ou

pour étre installés et utilisés de sorte qu'ils n'aient pas a subir les conditions particul
du milieu ferroviaire, ou

ieres

pour subir des essais additionnels afin de prouver que ces composants peuvent supporter

de maniére satisfaisante les conditions ferroviaires.
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Dans I'éventualité ou une différence existerait entre les exigences du présent document et
une norme de produit ferroviaire de matériel roulant pertinente, les exigences de la norme de
produit prévaudraient.

2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 610050-811:2017, Vocabulaire Electrotechnique International — Chapitre 811:_Trdction
électrique

IEC 60068-2-1, Essais d'environnement — Partie 2-1: Essais — Essais A: froid
IEC 60068-2-2, Essais d'environnement — Partie 2-2: Essais — Essais B7\chaleur seche

IEC §0068-2-30, Essais d'environnement — Partie 2-30: Essais — Essai Db: essai cycliqye de
chalgur humide (cycle de 12 h + 12 h)

IEC $0068-2-52, Essais d'environnement — Partie 2-52: ESsais — Essai Kb: brouillard $alin,
essal cyclique (solution de chlorure de sodium)

IEC $60068-2-78, Essais d'environnement — Partie 2-78: Essais — Essais Cab: chaleur humide,
essal continu

IEC §0077-1:2017, Applications ferroviaires. = Equipements électriques du matériel roulant —
Partie 1: Conditions générales de servicelet regles générales

IEC 60417, Symboles graphiques utilisables sur le matériel (disponiblg a
http://www.graphical-symbols.info/equipment)

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

IEC |[TR 60943, Guide concernant I’échauffement admissible des parties des matériels
électriques, en particulier les bornes de raccordement

3 Termes| définitions et termes abrégés

Pour|les besoins du présent document, les termes et définitions donnés dans I'lEC 60077-1

ainsi gte les—sttvants elapp“qucllt.

L'ISO et I'IEC entretiennent des bases de données terminologiques pour l'usage de la
normalisation aux adresses suivantes:
e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Composants

3.1.1

composant électrique actif

organe simple ou assemblage d'organes qui, en réponse a une commande, exécute une
fonction ou diverses fonctions indissociables de nature logique ou analogique par


http://www.graphical-symbols.info/equipment
https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

-42 - IEC 60077-2:2017 © IEC 2017

changement d'état, et pour lequel la commande ou la fonction est électrique (par ex.

contacteur, relais, etc.)

Note 1 a I'article: Le terme «composant électrique passif» est défini comme I'antonyme de ce terme.

3.1.2
composant électrique passif

organe simple, ou assemblage d'organes, qui n'appartient pas aux composants électriques
actifs et a au moins une fonction électrique (par ex. isolateur, connexion permanente,

résistance, condensateur, etc.)

3.1.3
appareillage

term¢ général applicable aux appareils de connexion et a leur combinaison{avec
appareils de commande, de mesure, de protection et de réglage qui leur sont associés,

des
ainsi

qu'ayx ensembles de tels appareils avec les connexions, les accessoires, les.énveloppges et

les spipports correspondants
[SOYRCE: IEC 60050-441:1984 / AMD1:2007,441-11-01]

3.1.

appdreillage de connexion

termé¢ général applicable aux appareils de connexion et\@ leur combinaison avec
appareils de commande, de mesure, de protection et de réglage qui leur sont associés,

des
ainsi

qu'ayx ensembles de tels appareils avec les connexions, les accessoires, les enveloppes et
les qupports correspondants, destinés en principe-a)étre utilisés dans le domaine de la

proddiction, du transport, de la distribution et de la.transformation de I'énergie électrique

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

3.1.5

appdreillage de commande

term} général applicable aux appareils de connexion et a leur combinaison avec
appareils de commande, de mesure, de protection et de réglage qui leur sont associés,

des
ainsi

qu'ayx ensembles de tels appareils avec les connexions, les accessoires, les enveloppgs et
les supports correspondants, )destinés en principe a la commande des appareils utilisateurs

d'éngrgie électrique
[SOYRCE: IEC 60050-441:1984 / AMD1:2007, 441-11-03]

3.1.6
appdreil de.connexion

appareil destiné a établir ou a interrompre le courant dans un ou plusieurs circuits électriques

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-14-01, modifié — La Note 1 & I'article a été

ajoutée.]

3.1.7
fusible

appareil qui, par la fusion d’'un ou de plusieurs de ses éléments congus et calibrés a cet effet,

ouvre le circuit dans lequel il est inséré en coupant le courant lorsque celui-ci dép
pendant un temps suffisant une valeur donnée

Note 1 a I'article: Le fusible comprend toutes les parties qui constituent I'appareil complet.

asse

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-18-01, modifié — La deuxiéme phrase a

été changée en Note 1 a l'article]
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3.1.8

interrupteur, <mécanique>

appareil mécanique de connexion capable d'établir, de supporter et d'interrompre des
courants dans les conditions normales du circuit, y compris éventuellement les conditions
spécifiées de surcharge en service, ainsi que de supporter pendant une durée spécifiée des
courants dans des conditions anormales spécifiées du circuit telles que celles du court-circuit

Note 1 a I'article: Un interrupteur peut étre capable d'établir des courants de court-circuit mais n'est pas capable
de les couper.

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

3.1.9

appareil mécanique de connexion
appareil de connexion destiné a fermer et a ouvrir un ou plusieurs circuits électriqugs au
moygn de contacts séparables

Note 1 a I'article: Tout appareil mécanique de connexion peut étre désigné en fonction du|milieu dans lequel ses
contagts s'ouvrent et se ferment, par exemple: air, SF6, huile.

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

3.1.10
disjgncteur
appaé[eil mécanique de connexion capable d'établir,, de supporter et d'interrompre| des
courants dans les conditions normales du circuit, ainsi{ que d'établir, de supporter pendant
une durée spécifiée et d'interrompre des courants dans les conditions anormales spécifiées
du cifcuit telles que celles du court-circuit

[SOYRCE: IEC 60050-441:1984 / AMD1:200%{<441-14-20]

3.1.11
contEcteur
appareil mécanique de connexion.ayant une seule position de repos, commandé autrement

qu'a Ja main, capable d'établir, dé-supporter et d'interrompre des courants dans les conditions
normjales du circuit, y compris.les conditions de surcharge en service

Note 1 a l'article: Les contacteurs peuvent étre désignés suivant la fagon dont est fourni I'effort nécessaire a la
ferme{ure des contacts pripcipaux.

Note 4 a l'article: La,définition est la méme que «contacteur mécanique»: IEC 60050-441:1984/AMD1:2007, 441-
14-33

3.1.12

sectionneur

appal')eil mécanique de connexion qui assure, en position d'ouverture, une distancg de
sectibnnement satisfaisant 4 des conditions spécifiées

Note 1 a l'article: Un sectionneur est capable d'ouvrir et de fermer un circuit seulement lorsqu'un courant
d'intensité négligeable est interrompu ou établi, ou bien lorsqu'il ne se produit aucun changement notable de la
tension aux bornes de chacun des péles du sectionneur. Il est aussi capable de supporter des courants dans les
conditions normales du circuit et de supporter des courants pendant une durée spécifiée dans des conditions
anormales telles que celles du court-circuit.

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

3.2 Parties de composant

3.21

pole d'un appareil de connexion

élément constituant d'un appareil de connexion associé exclusivement a un chemin
conducteur électriquement séparé appartenant a son circuit principal, cet élément ne
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comprenant pas les éléments constituants assurant la fixation et le fonctionnement
d'ensemble de tous les pbles

Note 1 a l'article: Un appareil de connexion est appelé unipolaire s'il n'a qu'un pbéle. S'il a plus d'un pble, il peut
étre appelé multipolaire (bipolaire, tripolaire, etc.) a condition que les pdles soient ou puissent étre liés entre eux
de fagon qu'ils fonctionnent ensemble.

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

3.2.2
circuit principal, <d'un appareil de connexion>

ensemble des pieces conductrices d'un-appareil de connexion-insérées dans le circuit-gu'il a
L rr

pour [fonction de fermer ou d'ouvrir

Note 1 a I'article: Cela ne comprend pas les parties du circuit auxiliaire d'un appareil de connexion|(voir 3.24).

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-02, modifié — La Note~h.a l'article p été
ajoutge.]

3.2.3
circyit de commande, <d'un appareil de connexion>
ensemble des piéces conductrices d'un appareil de connexion; autres que celles du dgircuit
princ|pal, insérées dans un circuit utilisé pour commander la’,manceuvre de fermeture pu la
mangeuvre d'ouverture ou les deux manceuvres de l'appareil

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

3.2.4
circyit auxiliaire, <d'un appareil de connexion>
ensemble des piéces conductrices d'un appareil de connexion destinées a étre insérées |[dans
un cifcuit autre que le circuit principal et les Circuits de commande de I'appareil

Note a l'article: Certains circuits auxiliaires remplissent des fonctions supplémentaires, telles que la
signallsation, le verrouillage, etc., et, a ce.litre, ils peuvent faire partie du circuit de commande d'un autre appareil
de comnexion.

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

3.2.5
contact, <d'un appareimécanique de connexion>
piecgs conductrices,destinées a établir la continuité d'un circuit lorsqu'elles se touchgnt et
qui, par leur mouvement relatif pendant une manceuvre, ouvrent ou ferment un circuit ou,
dans|le cas deé\contacts pivotants ou glissants, maintiennent la continuité du circuit

[SOYRCE+IEC 60050-441:1984 / AMD1:2007, 441-15-05]

3.2.6

contact principal

contact inséré dans le circuit principal d'un appareil mécanique de connexion, prévu pour
supporter, dans la position de fermeture, le courant du circuit principal

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

3.2.7

contact auxiliaire

contact inséré dans un circuit auxiliaire et manceuvré mécaniquement par l'appareil de
connexion

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-15-10]
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3.2.8

contact de travail

contact fermé lorsque le contact principal d'un appareil mécanique de connexion est a I'état
de travail et ouvert lorsque le contact principal d'un appareil mécanique de connexion est a
I'état de repos

Note 1 a I'article: Voir les informations complémentaires a I'Annexe A du présent document.

Note 2 a l'article: «contact a fermeture» est un terme déconseillé.

[SOURCE: IEC 60050-811:2017, 811-31-03, modifié — «relais» est remplacé par «le contact

principal d'un appareil mécanique de connexion». La Note 1 a l'article et |la Note 2 a l'article
ont été ajoutées.]

3.2.9
contact de repos
contgct ouvert lorsque le contact principal d'un appareil mécanique de connexion est a ['état
de trpvail et fermé lorsque le contact principal d'un appareil mécanique de.'Connexion pst a
I'état|de repos

Note 1 a l'article: Voir les informations complémentaires a I'Annexe A du présent document.

Note 3 a l'article: «contact a ouverture» est un terme déconseillé.

[SOURCE: IEC 60050-811:2017, 811-31-04, modifié — «relais» est remplacé par «contact
princjpal d'un appareil mécanique de connexion». La Note”1 a l'article et la Note 2 a I'afrticle
ont été ajoutées.]

3.2.10
relaig, <électrique>
dispgsitif destiné a produire des modifications soudaines prédéterminées, dans up ou
plusigurs circuits électriques de sortie, lorsque certaines conditions sont remplies dang les
circults électriques d'entrée dont il subitdiaction

Note 1 a l'article: La présente définition ‘peut également étre appliquée a des relais dont la commande n'ept pas
électrique.

[SOYURCE: IEC 60050-151:2001, 151-13-31, modifié — La Note 1 a I'article a été ajoutée |

3.2.111
décléncheur, <d'un appareil mécanique de connexion>
dispgsitif raccordéxmécaniquement a un appareil mécanique de connexion dont il libére les
orgames de reténue et qui permet I'ouverture ou la fermeture de I'appareil

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

3.3 Caracteristiques de fonctionnement

3.3.1
manceuvre, <d'un appareil mécanique de connexion>
passage d'un ou de plusieurs contacts mobiles d'une position a une position adjacente

Note 1 a l'article: Par exemple, pour un disjoncteur, ce pourra étre une manceuvre de fermeture ou une
manceuvre d'ouverture.

Note 2 a l'article: Si une distinction est nécessaire, on emploiera les mots manceuvre électrique (par exemple:
établissement ou coupure) et manceuvre mécanique (par exemple: fermeture ou ouverture).

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-16-01]
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3.3.2

cycle de manceuvres, <d'un appareil mécanique de connexion>

suite de manceuvres d'une position a une autre avec retour a la premiére position en passant
par toutes les autres positions, s'il en existe

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

3.3.3
commande manuelle
commande d’'une manceuvre, effectuée par intervention humaine

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

3.3.4
position de fermeture, <d'un appareil mécanique de connexion>
positlon dans laquelle la continuité prédéterminée du circuit principal de I'appareil est asslurée

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

3.3.5
position d'ouverture, <d'un appareil mécanique de connexion>
positlon dans laquelle les exigences déterminées de tension de tenue diélectrique gentre
contgcts ouverts sont assurées dans le circuit principal de Fappareil

Note 1 a l'article: Cette définition differe de celle du VEI 441-16-23 pour satisfaire aux exigences relativgs aux
proprigtés diélectriques.

[SOYRCE: IEC 60050-441:1984 / AMD1:2007, 441-16-23, modifié — «la distance d’isolement»
est remplacé par «les exigences de tension. de’tenue diélectrique». La Note 1 a I'article p été
ajoutge. ]

3.3.6
couTnt coupé, <d'un appareil de*connexion ou d'un fusible>
courant dans un péle d'un appareil de connexion ou dans un fusible évalué a l'instapt de
I'amdrcage de I'arc au cours,d'tine coupure

Note 1 a l'article: En courant ‘alternatif, ce courant est exprimé par la valeur efficace symétrique de la compgsante
alternative.

[SOURCE: IEC 60050-441:1984 /| AMD1:2007, 441-17-07, modifié — La Note 1 a l'article p été
ajoutge.]

3.3.7

courpnt présumé, <d'un circuit et relatif a un appareil de connexion ou a un fusible>
courant. qui circulerait dans le circuit si ch ol [ reil nnexion le fusible

était remplacé par un conducteur d'impédance négligeable

Note 1 a l'article: La méthode a employer pour évaluer et pour exprimer le courant présumé doit étre spécifiée
dans la publication correspondante.

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

3.3.8
courant établi présumé, <pour un péle d'un appareil de connexion>
courant présumé lorsqu’il est établi dans des conditions spécifiées

Note 1 a l'article: Les conditions spécifiées peuvent se rapporter a la méthode d'établissement, par exemple par
un appareil de connexion idéal, ou a l'instant d'établissement, par exemple conduisant a la valeur maximale de
créte ou a la vitesse maximale d'accroissement. La spécification de ces conditions est donnée dans la publication
correspondante.
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[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-05]

3.3.9
courant coupé présumé, <pour un pdle d'un appareil de connexion ou un fusible>
courant présumé évalué a l'instant correspondant au début du phénoméne de coupure

Note 1 a l'article: Des spécifications concernant I'instant du début du phénoméne de coupure sont disponibles
dans la publication correspondante. Pour les appareils mécaniques de connexion ou les fusibles, cet instant est
habituellement choisi comme l'instant du début d'un arc au cours d'une coupure.

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

3.3.10
pouVoir de coupure, <d'un appareil de connexion ou d'un fusible>
valeyr de courant présumé qu'un appareil de connexion ou un fusible /est capable
d'intgrrompre sous une tension donnée et dans des conditions prescrites~d'‘emploi ¢t de
comportement

Note 1 a l'article: La tension a fixer et les conditions a prescrire sont préecisées dans la publication
corregpondante.

Note 7 a l'article: En courant alternatif, ce courant est exprimé par la valeur efficace symétrique de la compgsante
alternative.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-08, modifié — La Note 2 a l'article p été
modifiée]

3.3.111
pouVoir de coupure en court-circuit
pouvpir de coupure pour lequel les conditions prescrites comprennent un court-circuif aux
borngs de I'appareil de connexion

[SOURCE: IEC 60050-441:1984 / AMDJ1:2007, 441-17-11]

3.3.112
courpnt critique

plage de courants critiques
valeyr de courant ou plage de valeurs pour lesquelles le composant n'est pas capable de
fonctjonner sans risquesde défaut de coupure

Note 1 a I'article: Enywcourant alternatif, seul le contacteur a courant alternatif est applicable.

3.3.13
pouMvoir de‘fermeture, <d'un appareil de connexion>
valedr du courant présumé établi qu'un appareil de connexion est capable d'établir soug une
tensipaidonnée et dans des conditions prescrites d'emploi et de comportement

Note 1 a l'article: La tension a fixer et les conditions a prescrire sont précisées dans les publications
correspondantes.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-09, modifié¢ — Dans la Note 1 a I'article,
«spécifications individuelles» est remplacé par «publications»]

3.3.14

pouvoir de fermeture en court-circuit

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

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-10]
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3.3.15

courant de courte durée admissible

courant qu'un circuit ou un appareil de connexion dans la position de fermeture peut
supporter pendant un court intervalle de temps spécifié et dans des conditions prescrites
d'emploi et de comportement

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

3.3.16

tension de rétablissement
tension _qui_apparait entre les bornes d'un appareil de connexion ou d'un fusible aprés
I'intefruption du courant

Note 1 a l'article: Cette tension peut étre considérée durant deux intervalles de temps consécutifs, I'un gurant
lequel| existe une tension transitoire, suivi par un second intervalle durant lequel la tension de,retablissement a
fréequgnce industrielle ou en régime établi existe seule.

Note 3 a l'article: Cette définition s'applique a un appareil unipolaire. Pour un apparéeil multipolaire, clest la
tensiop entre phases entre les bornes d'alimentation de I'appareil.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-25, modifié —bLa Note 2 a l'article p été
ajoutge.]

3.3.1f7
tensjon d'arc, <d'un appareil mécanique de connexion> (en‘valeur de créte)
valedr maximale instantanée de tension, qui dans des conditions prescrites, apparait entne les
borngs d'un pble d'un appareil de connexion pendantla/durée d'arc

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

3.3.18
durép d'ouverture, <d'un appareil mécanique de connexion>
interyalle de temps entre l'instant spécifié de début de la manceuvre d'ouverture et l'instant de
la séparation des contacts d'arc surctous les péles

Note 1 a l'article: L'instant de début'de la manceuvre d'ouverture, c'est-a-dire I'émission de |'ordre d'ouverture
(par ekemple, I'alimentation d'un déclencheur, etc.) est donné dans la publication correspondante.

Note 4 a l'article: Le terme«durée de fermeture» est défini comme I'antonyme de ce terme.

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-36, modifié — La Note 2 a l'article p été
ajoutge.]

3.3.19
durép d'arc, <d'un péle ou d'un fusible>
interyalle . de temps entre l'instant de début de I'arc sur un pdle ou sur un fusible et l'instapt de

|| t'-. i 11 A [P e Al .. friaibhl
eX I LU Thialc utc 1 arv our Lo puit Uu Lo TUSTVUITT

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

3.3.20

durée de coupure

intervalle de temps entre le début de la durée d'ouverture d'un appareil mécanique de
connexion, ou le début de la durée de préarc d'un fusible, et la fin de la durée d'arc

[SOURCE: IEC 60050-441:1984 / AMD1:2007, 441-17-39]
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3.3.21
durée de fermeture
intervalle de temps entre le début de la manceuvre de fermeture et l'instant ou les contacts se

touch
[SOU

3.4
CA
CC

ent dans tous les pbles
RCE: IEC 60050-441:1984 /| AMD1:2007, 441-17-41]

Termes abrégés
Courant alternatif

Courant continu

CEM
RMS

4 (Classification

Cet article est destiné a énumérer les caractéristiques d'un compasant sur lesquell
icant donne des informations, et qui doivent étre vérifiées par des-essais si nécessairg.

— selon le degré de protection procuré par I'enveloppe (voir I'lEC 60529).

5 Caractéristiques

5.1

Les

— valeurs, assignées et valeurs limites du circuit principal (5.3);

- fn

blon leur fréquence de fonctionnement C1, C2 ou C3;
bs caractéristiqgues de ces catégories, applicables uniquement aux compo

Blon leur classe de composant A1, A2, A3, A4.ou B;
bs caractéristiques de ces catégories sont données en 5.5;
blon le type de conception:

Compatibilité électromagnétique
Valeur efficace (Root Mean Square value)

omposants sont classés:

ectriques actifs, sont données en 5.4;

construction ouverte;

construction sous enveloppe;

Liste des caractéristiques
aractéristigues d'un composant doivent étre celles de la liste suivante selon le cas:

pe de composant (5.2);

bs le

bants

gglences de fonctionnement (5.4);

- cl
- ci

— ci

asses de composants (5.5);
rcuits de commande électriques (5.6);
rcuits de commande pneumatiques (5.7);

— commande manuelle (5.8);

- ci

- ci

rcuits auxiliaires électriques (5.9);

rcuits auxiliaires pneumatiques (5.10);

— valeurs crétes de la tension d'arc (5.11).

5.2

Il est

Type de composant

nécessaire d'indiquer selon le cas:
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— le type de composant (par ex. contacteur a courant continu, sectionneur, manipulateur de
conduite, manipulateur de freinage, etc.);

— le nombre de péles;

— les tensions assignées et les valeurs limites de tension du circuit principal (5.3);
— les courants assignés et les valeurs limites de courant du circuit principal (5.3);
— le moyen de coupure;

— la polarité;

— les conditions de fonctionnement (méthode de fonctionnement, méthode de commande,
etc.);

— |Ig type de conception (Article 4);

g degré de protection procuré par I'enveloppe (Article 4).
5.3 | Valeurs assignées et valeurs limites du circuit principal
5.3.1 Généralités

Les valeurs assignées sont fixées par le fabricant. Elles doivent étre conformémen{ aux
5.3.214 5.3.5.

5.3.2 Tensions assignées

Un ¢omposant est défini par les tensions assignées) suivantes définies en 5.2 de
I'IEC|60077-1:2017:

— tgnsion assignée d'emploi (U,);

— tgnsion assignée d'isolement (Uypm);

— tgnsion assignée de choc (Uy;);

— tgnsion d’essai a fréquence industrielle®(U,).

NOTE| Les valeurs limites de fonctionnement sont données en 8.2.1 de I'l|EC 60077-1:2017.
5.3.3 Courants assignés

Un copmposant est défini pariles courants assignés suivants:

|
o

burant assigné d'emploi (/,) a la constante de temps assignée 7, (voir 5.3.4) ou pqur le
cteur de puissance assigné (voir 5.3.5), selon le cas (donné en5.4| de
EC 60077-1:2017);

— =
Q)

cpurant assigné de courte durée admissible (1) (voir 3.3.15);
— cpurantthermique conventionnel a I'air libre (/y,);
c

burant thermique conventionnel sous enveloppe (/).

Le courant thermique conventionnel a l'air libre est la valeur maximale du courant d'essai a
utiliser pour les essais d'échauffement du matériel, a l'air libre a la température ambiante
maximale.

Le courant thermique conventionnel sous enveloppe est la valeur maximale du courant
d'essai a utiliser pour les essais d'échauffement du matériel installé dans I'enveloppe
spécifiée a la température ambiante maximale.

On entend par air libre l'air qui existe dans les conditions normales a lintérieur,
raisonnablement exempt de courants d'air et de radiations externes.

En fonctionnement continu, la valeur maximale du courant assigné d'emploi doit étre
inférieure a la valeur du courant thermique conventionnel a l'air libre en l'absence de
ventilation forcée.


https://iecnorm.com/api/?name=ce79c5a07beead20e79330f9731a683b

IEC 60077-2:2017 © IEC 2017 -51 -

5.3.4 Constantes de temps assignées (pour les appareillages de connexion a courant
continu)

Un composant est caractérisé par les constantes de temps assignées appropriées 74, 7, et 73
données dans le Tableau 1. 7, est la constante de temps assignée pour un fonctionnement
considéré comme normal; elle est utilisée pour les essais spécifiés en 9.3.3.6. Les constantes
de temps 74 et 73 correspondent aux situations extrémes; elles sont utilisées pour les essais
spécifiés en 9.3.6.

Si nécessaire, les valeurs des constantes de temps peuvent étre définies par accord entre
l'utilisateur et le fabricant.

Tableau 1 — Constantes de temps assignées

Tensions assignées d'emploi Constantes de temps assignées
\% ms

T1 1'2 T3

U, <900 0 15 50

900 < U, <1800 0 15 40

U, > 1800 0 16 30
NOTE Une constante de temps nulle signifie que pour les essais, les\charges sont faites de résistanceq,

spns aucune volonté d'ajouter de l'inductance.

5.3.5 Facteurs de puissance assignés (pour.les appareillages de connexion a courant
alternatif)

L'aptjtude au fonctionnement en service .\dlun composant est définie pour un facteyr de
puisgance assigné de 0,8 quels que soient les courants et tensions d'emploi assignés. Si

nécepsaire, le facteur de puissance -pour les essais de court-circuit et de surcharge| fera
I'objdt d'un accord entre I'utilisateur et-le fabricant.

5.4 | Fréquences de fonctionnement
Les fréquences de fonctionnement C1, C2 et C3 sont définies ci-aprés:

1: faible fréquence*de fonctionnement (par ex. composant appartenant a la protection
/ou a I'équipement d'isolement, fonctionnant seulement en cas de défauts);

sfuipementifonctionnant dans l'un des cas suivants: chaque mise en service, chaque
Emarrage; chaque arrét, chaque section neutre (IEC 60050-811:2017, 811-3§-16),
naque)section de séparation (IEC 60050-811:2017," 811-36-11), chaque fin de servicp);

— (C3:\fréquence élevée de fonctionnement (par ex. composant appartenant a un équipement
fonctionnant a chaque séquence de traction, ou a chaque freinage, ou composant tel
qu'un contacteur de compresseur).

C
e
— (C2: fréquence' moyenne de fonctionnement (par ex. composant appartenant un
é
d
c

NOTE Les références données entre parenthéses renvoient a des définitions données dans I'lEC 60050-
811:2017.

5.5 Classes de composants
On distingue plusieurs classes de composants:

— A1: appareils de connexion des circuits auxiliaires (IEC 60050-811:2017, 811-25-05) ou
circuits basse tension (IEC 60050-811:2017, 811-25-02) (par ex. relais, contacteurs
auxiliaires et leurs accessoires, etc.), quelle que soit la nature de leur commande, a
I'exception des composants a commande manuelle;
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