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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

rising

alll national electrotechnical committees (IEC National Committees). The object of\[EC is to prpomote

infernational co-operation on all questions concerning standardization in the electrical and'€lectronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific

fis. To
tions,

Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| "IEC
Pyblication(s)"). Their preparation is entrusted to technical committees; any IEC(National Committee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-

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

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

agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical committee has representation fr

htional
bm all

htional
pf IEC

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

Inforder to promote international uniformity, IE€\National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possiblg\in their national and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

the latter.
IEL itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some.areds, access to IEC marks of conformity. IEC is not responsible fpr any

sefvices carried out by independent certification bodies.
All users should ensure that theyhave the latest edition of this publication.

Nq liability shall attach to 4EC or its directors, employees, servants or agents including individual exper
me¢mbers of its technical.€ommittees and IEC National Committees for any personal injury, property dam
otlher damage of any.'nature whatsoever, whether direct or indirect, or for costs (including legal fee

s and
hge or
) and

expenses arising out_of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

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

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

bns is

ect of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60077-3 has been prepared by IEC technical committe
Electrical equipment and systems for railways.

e 9:

This second edition cancels and replaces the first edition, issued in 2001. It constitutes a
technical revision.

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

a) procedure of verification of temperature rise is changed;

b) ai

r-tightness test as type test, insulation resistance measurement are added.

The II

Full i
ther

This

This

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

ext of this International Standard is based on the following documents:

FDIS Report on voting
9/2537/FDIS 9/2553/RVD

bport on voting indicated in the above table.
document has been drafted in accordance with the ISO/IEC Directives, Part 2.

document should be read in conjunction with IEC 6007/~1 and IEC 60077-2.

nformation on the voting for the approval of this International Standard can be foupd in

ilway

applications — Electric equipment for rolling stock;eah be found on the IEC website.

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

e rgconfirmed,

e withdrawn,

e rgplaced by a revised edition, or

e amended.

IMPORTANT, =<The 'colour inside’' logo on the cover page of this publication indicates
that | it contains colours which are considered to be useful for the correct
unddrstanding of its contents. Users should therefore print this document usirjg a
cololir‘printer.
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 3: Electrotechnical components —
Rules for DC circuit-breakers

Scope-and-object

In addition to the general requirements of IEC 60077-2, this part of IEC 60077 gives'the Jrules
for cjrcuit-breakers, the main contacts of which are-te—be connected to DC power apd/or
auxillary circuits. The nominal voltage of these circuits does not exceed 3 000 VWDC according

to IEC 60850.

This part of IEC 60077, together with IEC 60077-2, states specifically:

a)

b) the service conditions with which circuit-breakers-have-to-e&mply complies with refer
tq:

c)

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

NOTE|1 Circuit-breakers which are dealt withNn” this document-may can be provided with devices for aut

—| operation and behaviour in normal service;
—| operation and behaviour in the case of short circiit;

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

the characteristics of the circuit-breakers;

dielectric properties;

ence

nder

matic

opening under predetermined conditions other than those of overcurrent, for example, under-voltage and rejversal

of poyer—eurrent flow direction. This document does not deal with the verification of operation undef
predefermined conditions.

such

NOTE|2 The incorporation of electronic components or electronic sub-assemblies into electrotechnical components is

now cpmmon practice.

Although this document is(hot+applicable to electronic equipment, the presence of electronic components does not

provide a reason to excldde-such electrotechnical components from the scope.

Electrpnic sub-assemblies included in circuit-breakers-shoeuld comply with the relevant document for elect
(IEC g40571).

ronics

NOTE|3 Certain of these rules-may, after agreement between the user and the manufacturer,-be are used for

electrgtechnical components installed on vehicles other than rail rolling stock such as mine locom
trolleypuses, etc. In this case, particular additional requirements-may can be necessary.

This document does not cover:

a) multi-connection of electro-technical components to achieve a particular duty;
b) industrial circuit-breakers which-have-to-cemply complies with IEC 60947-2;
c) DC circuit-breakers for fixed installations which-have-te-comply complies with IEC 61992-2.

tives,

For b) and c), in order to ensure satisfactory operation, this document-should-be is used to
specify only the particular requirements for rolling stock. In such cases, a specific document
should-state states the additional requirements with which the industrial or fixed installations
circuits breakers-are-te comply, for example:

either to be adapted (for example, for control voltage, environmental conditions, etc.);
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— or to be installed and used in such a way that they do not have to endure specific rolling
stock conditions;

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

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 g IIIUIIUIIIIUIItb) appties:

IEC #40050(441)-108 Intarnational Flactrotechnical \/ocahiilary Switchaear codtrolacar
IEC-40050(441):1984 International Electrotechnical Mocabulary tehgoar—eontioleoa
aneirses

IEC 60077-1:49992017, Railway applications — Electric equipment for rolling’stock — Part 1:
Gengral service conditions and general rules

IEC §0077-2:49992017; Railway applications — Electric equipment for rolling stock — Part 2:
Electrotechnical components — General rules

IEC $0529:1989, Degrees of protection provided by enclosdres (IP Code)

IEC 4
=

EEN

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

3 of

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

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

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



https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

3.1
3.1.1

-8- IEC 60077-3:2019 RLV © IEC 2019

Components

polarized circuit-breaker
circuit-breaker for which the breaking characteristics are defined for only one prescribed
direction of current in the main circuit

3.1.2

bi-directional circuit-breaker
circuit-breaker for which the breaking characteristics are the same for both directions of

curre

nt in the main circuit

3.1.3
air c
circu

[sou

3.1.
vacu
circu

[soy

3.1.5

rcuit-breaker
t-breaker in which the contacts open and close in air at atmospheric pressufe

RCE: IEC 60050-441:1984/AMD1:2000, 441-14-27]

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

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

semilconductor circuit-breaker

circu
contn

Note

[soy

3.1.6
hybr
circu
switc

Note 1
3.2
3.21

devi

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

to entry: There can be mechanical contactg\associated with these semiconductor devices.

RCE: IEC 60050-811:2017, 811-29-42]

d circuit-breaker
t-breaker with mechanieal contacts for isolation associated with a semiconductd
hing

to entry: Semicenductor circuit-breakers without mechanical isolation are not used on rolling stock.

Component parts

relejse <for a circuit-breaker>

e—mechanically-connectedtoa-mechanical switehing-device: which releases the ho

means and permits the opening or closing of the circuit-breaker

HEV 5147 fiod]

Note 1

Note 2 to entry:

f the

r for

Iding

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

mechanically or electrically connected to the switching device.

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

A-release may include mechanical, electromechanical or electronic parts. These releases can be
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3.2.2
overcurrent-{instantaneous) release

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

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

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

3.2.3
diregt overcurrent release
overgurrent release directly energized by the current in the main circuit of-thessircuit-breaker a
mechanical switching device

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

3.2.4
indirpct overcurrent release, <for a circuit-breaker>
overgurrent release initiated by the current in the main-gcircuit of a mechanical swit¢hing

devide through a current sensor-{shunt-eorcurrenttransducer)

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 444-16-37, modified — "energized" and "a
currgnt transformer or a shunt" have been replacegtwith "initiated" and "a current sensor"|{]

3.2.5
anti-pumping device
devide which prevents reclosing after a‘close-open operation as long as the device initiating
closing is maintained in the position-for closing

Note 1 to entry: The opening operationymay be either an opening command or a tripping operation.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-48, modified — Note 1 to entry has |peen
addefd.]

3.2.6
enclosure, <of-an‘assembly>
part |of an @assembly providing a specified degree of protection of-—the—<circuit-bre¢aker
equigment.against external-petution influences and a specified degree of protection against
aceeps approach to or contact with live parts and against contact with moving parts

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

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

3.2.7
integral enclosure
enclosure forming an integral part of the circuit-breaker
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3.3 Operational features

3.31

current-limiting circuit-breaker

circuit-breaker with a break-time short enough to prevent the short-circuit current reaching its
otherwise attainable peak value

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-21]

3.3.2

trip-free circuit-breaker
circult-breaker in which the moving-main contacts—ef-which return to and remain in the jopen
positlon when the-epening-{i-e- tripping} operation is initiated after the initiation of the clpsing
operation, even if the closing command is maintained

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

[SOURCE: IEC 61992-1:2006/AMD1:2014, 3.4.11]

3.3.3
current setting, <of an overcurrent release>

valu of the current in-the main circuit to which tha o
V- g—o+—e—cdHenht—Hh—he—maHh—eHeuhit—6—WHeR—tHe—6

currant release-arereferred-andforwhich-the releasedsset

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

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

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

3.3.
current setting range, <of anjovercurrent release>
range between the minimum and maximum values over which the current setting of the-pver-
release can be-adjusted

[SOYURCE: IEC 60050-441:1984/AMD1:2000, 441-16-47modified]
3.3.

trippling operation
openjngroperation of a circuit-breaker initiated by a release

3.4.1

opening time, <of a mechanical switching device>
interval of time between the specified instant of initiation of the opening operation and the
instant when the arcing contacts have separated in all poles

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

Note 2 to entry: The opening time includes the operating time of any auxiliary equipment necessary to open the
circuit-breaker and forming an integral part of the circuit-breaker.
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[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-36, modified — Note 1 to entry has been
modified and Note 2 to entry has been added.]

3.4.2

overcurrent opening time

interval of time between the instant when the current in the main circuit reaches the current
setting value of the overcurrent release and the instant when the arcing contacts have
separated

3.4.3

prospective current, <of a circuit and with respect to a switching device or a fuse>
currgnt that would flow in the circuit if each pole of the-cireuit-breaker switching device\qr the
fuse were replaced by a conductor of negligible impedance

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modified — Note hasibeen replag¢ed.]

3.4.4
prospective peak current
peak|value of a prospective current during the transient period follewing initiation

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

3.4.5
prospective breaking current, <for a pole of a switchihg device or a fuse>
prospective current evaluated at a time corresponding to the instant of the initiation df the
breaking process

Note 1 to entry: The instant of initiation of the breaking process is usually defined as the beginning of the arf.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-06, modified — Note 1 to entry has |peen
replajced.]

3.4.6]
cut-off current
maxifnum instantaneous walue of current attained during the breaking operation of a swit¢hing
devide or a fuse

Note 1 to entry: This\eoncept is of particular importance when the switching device or the fuse operates in $uch a
manngr that the prospective peak current of the circuit is not reached.

[SOYRCE=IEC 60050-441:1984/AMD1:2000, 441-17-12, modified — In note 1 to entry "is| has
been|added between "concept" and "of particular".]

3.4.7

recovery voltage

voltage which appears across the terminals of-each a pole of a—cireuit-breaker switching
device or a fuse after the breaking of the current

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-25, modified — Note has been deleted.]
3.4.8

arcing time, <of a pole or a fuse>

interval of time between the instant of the initiation of the arc-between-the-arcing-contacts in a

pole or a fuse and the instant of final arc extinction in that pole or that fuse

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-37medified]
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break-time
interval of time between the beginning of the opening time of a-eireuit-breaker mechanical

switc

hing device (or the pre-arcing time of a fuse) and the end of the arcing time

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-39,medified]

3.4.1

0

joule integral, <for a circuit-breaker>

1%
integ

2019

breal

fo = |
t1 =
[SOU

durin
"the

3.4.1

g a breaking process," has been added. "a @iven time interval" has been replaced
break-time". Notes have been deleted, keys\for 75 and 7, have been added.]

1

1%t ¢

curr
the t

[SOU
curve
curre
been

3.4.1
brea
curvg
cond

infor{\ation (generally a curve) giving\the value of /2t as a function of the prospective

haracteristic, <for a circuit-breaker>

nt for specified conditions sueh’as the current setting of the release, the time consts
st circuit, etc.

ral of the square of the current in a circuit-breaker during a breaking process, over the
-time
/)
12z:j i2dt
#
L ‘ 1) . .
‘ . .
2 Y.
I :J' i“dt
i
eginning of the opening time
nd of the arcing time
RCE: |IEC 60050-441:1984/AMD1:2000, 441<18-23, modified — "in a circuit-brg¢aker

with

peak
nt of

ctive
has

RCE: IEC 60050-441:1984/AMD1:2000, 441-18-24, modified — "information (generally a
) giving" has been.added. "under prescribed conditions" has been deleted. "prospe

nt and/or voltagé"yhas been replaced with "the prospective peak current ...". Notq
deleted.]

2

K-time_>current characteristic

giving the break-time as a function of the prospective peak current for spe
tiofis such as the current setting of the release, the time constant of the test circuit,

cified
ptc.

3.4.1

3

cut-off current characteristic, <for a circuit-breaker>
curve giving the cut-off current as a function of the prospective peak current for specified
conditions such as the current setting of the release, the time constant of the test circuit, etc.

[SOURCE: IEC 60050-811:2017, 811-29-43, modified — "peak", "such" and ", etc." have been

adde

3.4.1

d.]

4

initial current rate of rise

dildt

rate of rise at the beginning of the current flow
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[SOURCE: IEC 61992-1:2006/AMD1:2014, 3.2.27, modified — "current" has been added in the
term and symbol has been added.]

3.5
DC

Abbreviated terms

Direct Current

EMC Electromagnetic Compatibility

4

Classification

This clause is intended to list the characteristics of a circuit-breaker on which informati

giver] by the manufacturer and which shall be verified by testing where relevant.

The ¢ircuit breakers are classified:

a)

b)

c)
5

5.1

o

perational frequencies are given in 5.4;

apcording to the type of design:

open construction;

construction with an integral enclosure;

agcording to the degree of protection provided by the enclosture (see IEC 60529).
Characteristics

List of characteristics

The gharacteristics of a circuit-breaker shall’be stated as applicable, among those o
following:

5.2

type of circuit-breaker (5.2);

rated values and limiting valuesf for the main circuit (5.3);
pberational frequencies (5.4);

ectric and pneumatic control circuits (5.5);

o}
e
electric and pneumatic. auxiliary circuits (5.6);
oyercurrent release (5.7);

p

pak arc voltages (5.8).

Type of\circuit-breaker

It is necessary to state:

5.3
5.3

ccording to their operational frequency C1, C2 or C3. The characteristics of fhese

f the

thekimd—ofdevice (for exampte, air tircuit-breaker, vacuunT circuit=breaker, rybrid i
breaker, bi-directional or polarized circuit-breaker);

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

operational features (for example, current-limiting circuit-breaker, trip-free circuit-brea

Rated values and limiting values for the main circuit

.1 General

cuit-

ker).

Rated values are assigned by the manufacturer but it is not necessary to establish all the
ratings listed.
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5.3.2 Rated voltages

T ‘ oyt he following:

A component is defined by the following rated voltages given in 5.2 of IEC 60077-1:2017:
— rated operational voltage (&e U,)+{see-5-4-2-6fECB60077-1);

NOTE 1 Certain types of circuit-breakers—may have several rated operational voltages or-may have a rated
operational voltage range.

— rated insulation voltage (&; Uy, )-{see-5-4-3-efHEC60077-1);

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

— rated impulse-withstand voltage (Himp Uyj){see-8-1-6-0fHECB0077-1);

— ppwer-frequency test voltage (U,).

5.3.3 Rated currents

A component is defined by the following rated currents given ip=5.4 of IEC 60077-1:201F and
5.3.3of IEC 60077-2:2017:

— rated operational current (4 /,)+{see53-4+ofHEC6E00E7-1) at the rated time constapt 72
(gee 5.3.4);

NOTE]| Certain types of circuit-breakers—may have several rated operational currents or—may have a|rated
operafional current range.

— cpnventional free air thermal current (/;,){see-5-3-3-0HHECB0077-2};

— cpnventional enclosed thermal curre@i (/i)
5.3.4 Rated time constants

The fime constants for the circuit-breaker are dependent on the electrical characteristics of
the spubstation, the line and the load.

The four time constarnts 'given in Table 1 shall be used by the manufacturer to determing the
short-circuit breaking and making capacities stated in 5.3.5.

If ngcessary~the time constant values may be defined by agreement between| the
manyfacturér-and the user.

Table 1 — Rated time constants

Rated operational voltage-¥, 900 1800 3600
u\v
Time constant 71 (minimum) ms 0 0 0
Time constant 72 ms 15 15 15
Time constant 73 ms 50 40 30
Time constant 74 ms 150 100 50
NOTE A time constant of 0 ms signifies that for the tests the load is made up of resistors without any
voluntary adding of inductance.
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5.3.5

Short-circuit-characteristics (see-also-annexB) Rated short-circuit making and

breaking capacity

The

valudg
volta
breal
capa

NOTE
5.4

The

— (O1: light operational frequency (for example, the circuit-breaker opens only when a
clrcuit is detected);

— (2: medium operational frequency (for exampley.in addition to C1, the circuit-br
opens by a command produced by exceeding.a predetermined limiting value for exa
dpe to over-voltage and overload conditionsg.etc.);

— (3: heavy operational frequency (for example, in addition to C2, the circuit-breaker o
fqr other reasons, for example, at each“gap section, each sectioning point, each ter
sfation etc.).

The pperational frequencies are used to characterize the performance capability as giv

Tablg 2.

5.5 | Electric and pneumati¢ control circuits

The fharacteristics of-the electric and pneumatic control circuits are given in 5.6 an

of IEC 60077-2:201F

5.6 | Electriciand pneumatic auxiliary circuits

The fharaecteristics of the auxiliary circuits are the number and nature of the contacts

conts

ated short-circuit making and breaking-eapacity capacities of a circuit-breaker-is.ar
s of the—breaking prospective peak current corresponding to the rated operat
pe for the rated time constants and-is are assigned by the manufacturer~, The ci
er shall satisfy the rated short-circuit test conditions specified in 9.3.4\and shg
ble of subsequent operation.

See also Annex B.
Operational frequencies

pperational frequencies C1, C2 and C3 are defined as:

cty “b" contact, etc.) of each of these circuits and their rated characteristics. T

chargcteristics are given in 5.9 and 5.10 of IEC 60077-2:2017.

e the
ional
rcuit-
Il be

short

aker
ple,

pens
minal

en in

i 5.7

(llall
hese

5.7

Overcurrent release

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

relea

Se:

— type of overcurrent release (for example, direct overcurrent release and/or indirect
overcurrent release, with or without an anti-pumping device);

— current setting (or setting range) for each direction of the current in the main circuit;

— characteristics of the opening time as a function of the quantities which influence the
release (for example, as a function of the rate of rise of current).
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Peak arc voltages

The manufacturer shall specify the maximum value of the peak arc voltages caused by
operation of the circuit-breaker when it is tested in accordance with the provisions of the
making and breaking tests of sequences |, Il and IV of Table 3.

6 Product information

6.1

This

Component documentation

nformation shall be aiven in the manufacturer's cataloaue or manual
~J J

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

—_ ]t

6.2

ted operational voltage of the control circuit of the indirect overcurrent release a
hder-voltage release (or no voltage release) and its rated frequency, if applicable;

irrent setting or current setting range of overcurrent releases;

u
c

— opening time, break-time — current characteristic;
c

It-off current characteristic;
t characteristic.

Marking

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

7 Normal service conditions

Thes|

8 (

8.1
Thes|

8.2
8.2.1

Thes

e conditions are given in Clause 7 of IE€ 60077-1:2017.

fonstructional and performance requirements

Constructional requirements

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

Performancé requirements
Operating conditions

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

8.2.2

| “"Temperature-rise limits

nd/or

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

8.2.3

Thes

8.2.4

Thes

8.2.5

Thes

Operation following inactivity

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

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

Acoustic noise emission

e requirements are given in 8.2.5 of IEC 60077-1:2017.
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8.2.6

Dielectric properties Clearances

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

8.2.7
Thes

8.2.8
8.2.8

Creepage distances

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

Switching overvoltages

of IEC 60077-1:2017 applies with the following additional requirement:

- N
b
Y
8.2.9

The
with

Each

e switching of DC circuit-breakers for which the rated insulation voltage (& -t
btween 660 V and 4 800 V shall not generate peak arc voltages higher than/3\tim

Nm*

Operational performance capability

he provisions of Table 2 under the test conditions stated in 9.3.36.

is
es—1;

Circuit-breaker shall be capable of complying (as a function of the operational frequé¢ncy)

operating cycle shall consist either of a closing operation followed by an op¢ning

operation (cycle without current), or a making operation followed by a breaking operation

(cycl
Each
spec

spec

Each

e with current).

sequence shall consist of performing a number“of operating cycles without cu
fied in Table 2 column 3, followed by a number of operating cycles with cu
fied in Table 2 column 4.

sequence shall be repeated a number-of times as specified in Table 2 column

obtaih the total number of operating cycles, stated in Table 2, columns 5 and 6.

The

rate of operating cycles, selected by mutual agreement between the manufacture

the Wiser, is chosen to keep alkparts of the circuit-breaker within acceptable limi

temp

A diff
-t
S

- N
c

erature rise and should be/entioned in the test report.

erent number of sequences may be adopted under the following conditions:

becified in Table2;

blumns 5 and 6 of Table 2.

e total number of operating cycles with and without current is equal to those specifi

rent,
rent,

2 to

and
Is of

e proportion of Qperating cycles with and without current in each cycle is equal tq that

ed in
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Table 2 — Operational performance capability

IEC 60077-3:2019 RLV © IEC 2019

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Number of operating cycles .
Operational Number of per sequence Total number of operating cycles
frequency sequences
Without current With current Without current With current
C1 1 20 000 100 20 000 100
C2 2 50 000 200 100 000 400
C3 4 50 000 200 200 000 800

-4 During each operating cycle, the circuit-breaker remains in the closed¢position for a sufficient time to

sure that the current is fully established;-but-not-exceeding-2-s.

NOTE] R egquencesmaybeadopteaunaertn io :
thd nronortionof opnerating eveles with and without current in each eveleSseaual to that snecified-inthis table-
B e R T A EEE s REeeT
e e e R e
The Joperating cycles with current are applicable at the end of each sequence and the

following rates are recommended:

— 3P cycles per hour for rated operatignal current less than or equal to 2 000 A with a
naximum of 2 s in the closed positigh,for each operating cycle;

— 1p cycles per hour for rated operational current greater than 2 000 A with a maximum of 2
s|in the closed position for eachvoperating cycle.

8.2.10 Ability to withstand vibration and shock

The tircuit-breaker shall\be capable of withstanding the vibration and shocks given by test

requirements (see 9.3.5,2 and 9.3.5.3).

8.2.11 Ability.toomake and break under short-circuit conditions

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

condj|tions:

—  clrent prfing of the overcurrent release equal to the maximum value of the current

setting range;

— rated—short-cireuit prospective peak currents at the rated operational voltage for the
corresponding rated-short-circuit time constant;

— recovery voltage equal to the rated operational voltage;

— four time constants in accordance with the values of 5.3.4;

— a
.

sequence of operations O — 1y — CO — ¢, — CO for each time constant;
O represents a breaking operation;

CO represents a making operation followed by a breaking operation after
appropriate opening time;

the

t1 is the time interval between the first opening and the first closing and is equal to 20

S;
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9

9.1

9.1.

9.1

e 1, is the time interval between the second opening and the second closing and is equal
to 60 s.

Tests

Kinds of tests

1 General

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

breakers.

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

The fype tests comprise the following:

The foutine tests comprise the following:

9.1

ivestigatery investigation tests (see 9.1.4).

.2 Type tests

.3 Routine tests

4 Investigatery Investigation tests

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

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

verification of constructional requirements. (see 9.2.3);

verification of performance requirements (see 9.4).

Thesg are supplementary tesis,to the type tests for a special application. They form the

subjdct of a programme agréed between the manufacturer and the user, and may concern:

the influence of harmanics on the temperature rise and breaking characteristics;

tgmperature rise-for'temporary overload conditions.

9.2 | Verification of constructional requirements

9.21 General

The [compliance of the circuit-breaker with the constructional requirements given in the
appropriate—parts—et34+—of HEC 6007471 2047——shall—be—proven—prior—to—verifieation of

performance requirements as detailed in 9.3 and 9.4. The compliance of properties where
testing is not appropriate shall be by visual examination, measurements, etc.

9.2

.2 Type tests

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

physical properties: a check shall be made that the circuit-breaker conforms to the
drawings (for example, dimensions, materials, electrical risks, protective bonding, etc.);

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

terminals and connecting capacity (tested as part of performance requirements in
accordance with 9.3.3.8).
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9.2.3 Routine tests

Verification of compliance with the constructional requirements for the routine test concerns
visual examination (compliance of the manufacture and assembly with the drawings).

9.3 Type tests for verification of performance requirements

9.3.1—TFest-sequences

Typel|tests are grouped together in a number of test sequences as shown in Table 3-

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

Table 3 — List of type test sequences for performance requirements

Test sequences Tests Subclayse
| — Ggneral performance Operating limits 9.3.3.p
charafteristics (9.3.3) 7 —

Measurement of the xesistance of circuits 9.3.3.B

Temperature rise 9.3.3.¢4

Dielectric properties 9.3.3.p

Operationah performance capability 9.3.3.p

Verification of dielectric withstand 9.3.3.f

\ferification of temperature rise 9.3.3.B

Verification of tripping operation 9.3.3.p
Il — Rpted short-circuit making Measurement of the resistance of circuits 9.3.4.p
and bfeaking capacities (9.3.4) — — . —

Ability to make and break under short-circuit conditions 9.3.4.4

at time constant 72

Ability to make and break under short-circuit conditions 9.3.4.p

at time constant 73

Ability to make and break under short-circuit conditions 9.3.4.p

at time constant 74

Ability to make and break under short-circuit conditions 9.3.4.y

at minimum time constant 71

Verification of dielectric withstand 9.3.4.8

Verification of temperature rise 9.3.4.9

Verification of tripping operation 9.3.4.10
Il —Capability Ability to withstand Vibration 9.3.5.2
vibration and shock (9.3.5)

Shock 9.3.5.3

Verification of mechanical operation 9.3.5.4

Verification of tripping operation 9.3.5.5

Verification of dielectric withstand 9.3.5.6
IV — Critical currents Searching for critical currents 9.3.6
V — Climatic conditions Environmental tests 9.3.7

(if required) (dry heat, damp heat, cold, etc.)
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Test sequences Tests Subclause

VI — Other tests Electromagnetic compatibility (EMC) 9.3.8
(if required)

Acoustic noise emission 9.3.8

9.3.2 General test conditions

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

Durirl]g a test sequence no maintenance or repair is permissible except for that specifigd for
operational performance capability (see 9.3.3.6).

Each| of the sequences (described in Table 3) shall be made on a circuit-breaker in a ¢lean
and new condition (or considered as such after a repair). For bi-directionalcircuit-breakers,
testing shall be carried out with both directions of current if necessary.

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

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

Table 4 — Tolerances onitest values

All tests Tests Tests
under normal load conditions under short-circuit conditions
Main|circuit Main circuit Main circuit
Voltage: +g% Current: +g% Current: +1% %
. 15 . 25
Time constant: 0% Time constant: 0%

Contiol and auxiliary circuit
Currgnt: +5 %

Voltage: +5 %

Air plessure: +5 %

NOTE 1 For T1 timme~constant refer to NOTE in Table 1.

NOTIE 2 For trippihg limits, the current tolerance is also 5 %.

For & ambi 3 Il L led i test
report.

The complete circuit-breaker under test shall be mounted:

— either in its integral enclosure if it has one;

— orin an enclosure representing the conditions of installation when these are prescribed by
the manufacturer;

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

A General

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

9.3.3

.2 Operating limits

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

2019

Air-tightness tests for pneumatic equipment required in 9.3.4.2 of IEC 60077-1:2017 shall be

carrifdm—mﬁmmm ;
and the highest ambient temperatures. For low temperature different criteria may be used.

9.3.3

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

NOTE
9.3.3

The
air t

9.3.3(

The fests required in 9.3.3.5 of IEC 60077-2:2017:shall be carried out.

3 Measurement of the resistance of circuits

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

ests required in 9.3.3.4 of IEC 60077-2:2017 shall be carried out at the conventiona
ermal current.

5 Dielectric properties

west

free

The insulation resistance should be measured-before starting the dielectric tests, if requ¢sted

by th
valudg
DC |
betw

9.3.3(

The
sequ

The
the 1
Anneg

Betw
acco

e end user. Unless agreed betweenthe user and the manufacturer about the spe
, the insulation resistance shall be>hot less than 100 MQ by a megohmmeter apply
oltage of at least 500 V between“the high voltage conductive parts and the earth
ben open contacts.

6 Operational performance capability

fests shall be performed to verify compliance with the requirements of 8.2.9, wit
ences corresponding to the operational frequency.

bperations ofumaking and breaking shall be carried out at the rated operational cu
ated operational voltage and for time constant 72 (15 ms) using a test circuit
X A.

cen'the sequences of Table 2, inspection and maintenance operations are permitt

cified
ng a
and

n the

rent,
BS in

ed in
DO77-

dance with instructions specified in the maintenance documents (see 6.3 of IEC 6

1:20

7). During these operations, the parts replaced shall be limited to the contacts

(and

other parts exposed to arcing) of the main circuit. The list of the replaced parts and the
maintenance operations carried out during this test shall be declared by the manufacturer.
The replaceable parts should be found in the maintenance manual.

NOTE

1 Maintenance manual describes conditions based on service conditions. The test cycles and mainte

intervals of this test are for test conditions.

NOTE

2 A single sequence of Table 2 includes operation both without and with current.

nance

At the end of the last sequence, no maintenance operation shall be carried out before the
verifications required in 9.3.3.7, 9.3.3.8 and 9.3.3.9.


https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

IEC 60077-3:2019 RLV © IEC 2019 - 23 -

9.3.3

7 Verification of dielectric withstand

After the test described in 9.3.3.6, the circuit-breaker shall be capable of withstanding the
dielectric test voltages reduced to 75 % of the values required in 9.3.3.5.

9.3.3

.8 Verification of temperature rise

The
resis
valud

operdgtions are allowed in an endeavour to bring the resistance down-below this figure;
has to be performed, then the temperature rise limits andtemperature limits on the

test
contd

NOTE

For t

9.3.3

This

After
chec

Each

routime test.

9.3.4

This

9.3.j Test sequence'll: Rated short-circuit making and breaking capacities
1

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

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

cts mentioned in Table 2 of IEC 60077-2:2017 are allowed\id be exceeded by 10 K.

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

he measurement points, refer to 9.3.2.2 of IEC 6007 7-1:2017.

.9 Verification of tripping operation

fest is only applicable when the circuitsbreaker has built-in releases.

ed in accordance with 9.4.4.

setting shall not differ_ by-“more than 10 % of its previous value measured durin

General

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

9.3.4|.2 Measurement of the resistance of circuits

the
f the
-load
f the

the verification described in 9:8:3.8, the current settings of the releases shall be

y the

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

NOTE
9.3.4
9.3.4

The value before the test can be taken from the routine test result.
3 General test conditions
3.1 General

The schematic diagram of the test circuit shall be as given in Annex A, Figure A.1.
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9.3.4.3.2 General rules for the calibration of the test circuit

The calibration of the test circuit shall be carried out by placing temporary connection C of
negligible impedance as close as reasonably possible to the terminals provided for connecting
the circuit-breaker under test.

The resistor R and inductor X shall be adjusted to obtain at the rated operational voltage the
values of the rated short-circuit making and breaking capacities defined in 5.3.5-4and-5-3-5-2
at the different rated short-circuit time constants defined in 5.3.4.

NOTE Saturation of the inductor-may can be avoided by the use of an air cored inductor.

A callibration test shall then be carried out to measure these values and to check that they are
withip the tolerances indicated in Table 4.

The ¢li/dt value of the test circuits calibration should be recorded in the test repagrt.

9.3.4.3.3 General rules for the making and breaking tests

The eleases shall be set to their highest value.

All parts of the circuit-breaker normally connected to the vehicle.body, including the enclgsure
or the¢ screens, shall be insulated from earth and connected te'a point as indicated in Annex A.

This connection shall comprise a fusible element F witha recommended value of 10 A fqr the
detegtion of the fault current.

The prospective fault current in the fusible elemént circuit may be limited by a resistor R|
NoTE| In addition, a measurement of the fault current may be made.

9.3.4.3.4 General evaluation of the tests

During the tests,

=]

b part of the circuit-breaker shall be broken;

—

Re fusible element £-shall be undamaged.

The [measurements. carried out during each of these tests shall demonstrate the cqrrect
operation of the eircuit-breaker and verify the making and the breaking characteristics:

— oyercurrenf' opening time;

— cut off current;

— afcing time;

— peak arc voltages.

For each breaking operation (as far as possible) a thermal stress calculation shall be made to
produce a /2t characteristic (Joule integral).

NOTE Examples of measuring records of calibration and waveforms of making and breaking currents can be
found in Annex B.

9.3.4.3.5 General rules of maintenance during the tests

A limited maintenance operation of cleaning and replacement of main contacts and other
parts exposed to arcing may only be carried out before the final sequence of operations
O -1ty —CO -1t, - CO at the minimum time constant 71. The list of the replaced parts and the
maintenance operations carried out during this test shall be declared by the manufacturer.
The replaceable parts should be found in the maintenance manual.
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NOTE Maintenance manual describes conditions based on service conditions. The test cycles and maintenance
intervals of this test are for test conditions.

9.3.4.4 Capability Ability to make and break under short-circuit conditions at time
constant 72

After the calibration of the test circuit, the short-circuit test sequence at time constant 72 shall
be carried out under the general conditions of 9.3.2 in accordance with the requirements
of 8.2.11.

9.3.4.5 Capability Ability to make and break under short-circuit conditions at time
constant 73

After|the calibration of the test circuit, the short-circuit test sequence at time constani 73|shall
be carried out under the general conditions of 9.3.2 in accordance with the requirements
of 8.2.11.

9.3.4.6 Capability Ability to make and break under short-circuit conditions at time
constant 74

After|the calibration of the test circuit, the short-circuit test sequenceyat time constant 74 |shall
be carried out under the general conditions of 9.3.2 in accordance with the requirements
of 8.2.11.

9.3.4.7 Capability Ability to make and break under short-circuit conditions at
minimum time constant 71

After| the calibration of the test circuit, the short-circuit test sequence at the minimum|time
constfant 71 shall be carried out under the generalrconditions of 9.3.2 in accordance with the
requirements of 8.2.11.

9.3.4.8 Verification of dielectric withstand

After| the test described in 9.3.4.7, the circuit-breaker shall be capable of withstanding the
dieleftric test voltages reduced to 75 % of the values required in 9.3.3.5.

9.3.4.9 Verification of témperature rise
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The Yerification~described in 9.3.3.8 shall be carried out.

9.3.4(10 ~Verification of tripping operation

After| the” verification described in 9.3.4.9, the current settings of the releases shall be
checked in accordance with 9.4 .4.

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

9.3.5 Test sequence lll:-capability Ability to withstand vibration and shock
9.3.5.1 General

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

9.3.5.2 Vibration

The vibration tests shall be carried out in accordance with the relevant method of IEC 61373.
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The test duration shall be distributed in such a way that:

— both operational states are tested;
— the distribution of these states represents the expected service.

The circuit breaker shall not change state during the functional vibration test.

9.3.5.3 Shock

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

9.3.5/4 Verification of mechanical operation

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

9.3.55 Verification of tripping operation

After| the verification described in 9.3.5.4, the current settingsHof the releases shall be
checked in accordance with 9.4 .4.

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

9.3.5.6 Verification of dielectric withstand

After| the test described in 9.3.5.5, the circuitsbreaker shall be capable of withstanding the
dieleftric test voltages reduced to 75 % of the ‘values required in 9.3.3.5.

9.3.6 Test sequence IV: Searching-for critical currents

This test shall be carried out only for'circuit-breakers of categories C2 and C3, according to 5.4.

This test shall be carried out.with:

a|test voltage equalite the rated operational voltage;
— alcurrent range going from the rated operational current to 0 A;
a

time constant 72 according to 5.3.4 using the circuit as in Annex A.

Minimum five-operations at each value of current shall be carried out. The exact valugs of
currgnt afenot important, provided that each current is approximately half of the preyious
currgnis

Lower time constants at 72 are accepted provided that the circuit load inductance has a
minimum value of 50 mH.

NOTE The test enables the manufacturer to supply curves of the arcing time as a function of the current broken.

9.3.7 Test sequence V: Climatic conditions

When tests are required, 9.3.7 of IEC 60077-2:2017 shall be applied.

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

— electromagnetic compatibility (EMC);
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— acoustic noise emission.

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

9.4 Routine tests for verification of performance requirements

9.4.1 General
The fottowingToutinetestsshattbecarried outomreach Tircuitbreaker—————

echanical operation (see 9.4.2);

easurement of resistance (see 9.4.3);

r tightness, if applicable (see 9.4.5);

m
m

— calibration of releases (see 9.4.4);
a
d

electric withstand (see 9.4.6).

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

9.4.2 Mechanical-operation Functional test
The fests required in 9.4.2 of IEC 60077-2:2017 shall beapplied.

9.4.3 Measurement of resistance

The fest required in 9.4.3 of IEC 60077-2:2Q47" shall be applied. The ambient temperpture
shall|be recorded in the routine test report.

9.4.4 Calibration of releases

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

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

NOTE|2 Steady-state’current means less than 200 A/s rise.
9.4.5  Air-tightness (for pneumatic circuit-breaker)

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

9.4.6 Dielectric withstand

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

Test circuit to verify the making
and breaking capacities

Supply Components
+ -
(@) (@) U voltage sensor
N | current sensor
{ V 1
U V voltage measuring device
R adjustable resistor
R F fuse element
X adjustable inductor
Ry fault current-limiting-resistor
X CB circuit-breaker under test
(including conhecting cables)
C temporary\connection for calibration
R
[ i
I F
CL__/|
I 4—<> Ry

- IEC

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

Verification of short-circuit making
and breaking capacities

This annex gives examples of oscillograms which are recorded during the calibration of the

circui

t, making and breaking of a circuit-breaker.

The key for Figure B.1, Figure B.2 and Figure B.3 is the following:

A4 Bpeaking current
A, Prospective peak current
A5 Prospective breaking current

T Tjme constant

Xy
W > O T

In Fi
curreg

urrent setting

ut-off current

ated operational voltage
ecovery voltage

eak arc voltage

pening time

Fcing time

reak-time

| . . I | ) | lied vol .
. . S 5 |

pure B.2 and Figure B.3yxthe short-circuit making and breaking capacity is equal t
nt 4, at the applied voltage V.

A

Current

D the

\ Time

Voltage

A
\i

IEC

Figure B.1 — Calibration of the circuit to obtain the prospective peak making current
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Current

Vdltage

IEC

Figure B.2 — Oscillogram corresponding to a break after the current
has passed its maximum value

Time

IEC

Figure B.3 — Oscillogram corresponding to a break before the current
has reached its maximum value (current-limiting circuit-breaker)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 3: Electrotechnical components —

2019

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

end and in addition to other activities, IEC publishes International Standards, Technical Specifics
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)"). Their preparation is entrusted to technical committees; any IEC(National Committee inte
in |[the subject dealt with may participate in this preparatory work. International, governmental and
gopernmental 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.

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

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

In|order to promote international uniformity, IE€\National Committees undertake to apply IEC Publig
tragnsparently to the maximum extent possiblg\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 of conformity. Independent certification bodies provide conf|
aspessment services and, in some.areds, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to 4EC: or its directors, employees, servants or agents including individual exper
mgmbers 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_bf the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

Atfentioh is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafentrights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60077-3 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition, issued in 2001. It constitutes a
technical revision.

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

a) procedure of verification of temperature rise is changed;

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

FDIS Report on voting
9/2537/FDIS 9/2553/RVD

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

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

This

A ligt of all parts in the IEC 60077 series, published under the general (itle Ra
appli
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€
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€

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

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

ilway

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

ity date indicated on the IEC website under "http://webstore.iec.ch"\in the data relat
pecific document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 3: Electrotechnical components —
Rules for DC circuit-breakers

1 Scope

In addition to the general requirements of IEC 60077-2, this part of IEC 60077 gives'the [rules
for clrcuit-breakers, the main contacts of which are connected to DC power and/or auxiliary
circults. The nominal voltage of these circuits does not exceed 3 000 V DG according to
IEC 60850.

This part of IEC 60077, together with IEC 60077-2, states specifically:

a) the characteristics of the circuit-breakers;
b) the service conditions with which circuit-breakers complies with reference to:

—| operation and behaviour in normal service;

operation and behaviour in the case of short circuit,

dielectric properties;

c) the tests for confirming the compliance of thelcomponents with the characteristics ynder
the service conditions and the methods to béadopted for these tests;

d) the information to be marked on, or given~With, the circuit breaker.

NOTE|1 Circuit-breakers which are dealt with_sin“this document can be provided with devices for aut¢matic
opening under predetermined conditions other th@n those of overcurrent, for example, under-voltage and rejversal
of power flow direction. This document does hot deal with the verification of operation under such predetefqmined
conditjons.

NOTE|2 The incorporation of electronic_components or electronic sub-assemblies into electrotechnical compongnts is
now cpmmon practice.

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

Electrpnic sub-assemblies included in circuit-breakers comply with the relevant document for elecfronics
(IEC g40571).

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

ThIS acrmmant doonc not cavne:
OCoOTm Tt GO T o TTOTCOVveT

e) multi-connection of electro-technical components to achieve a particular duty;

f) industrial circuit-breakers which complies with IEC 60947-2;

g) DC circuit-breakers for fixed installations which complies with IEC 61992-2.

For f) and g), in order to ensure satisfactory operation, this document is used to specify only
the particular requirements for rolling stock. In such cases, a specific document states the
additional requirements with which the industrial or fixed installations circuits breakers comply,
for example:

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

— or to be installed and used in such a way that they do not have to endure specific rolling
stock conditions;
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— or to be additionally tested to prove that these components can withstand satisfactorily the
rolling stock conditions.

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.

|EC AONZZ 1-201 DPAaibaav, Ann licatinng LCloctric anuinmant for rollins ocfnnl D—rt 1
Qo200 -—Raitway—appheations Electric—equiprment—for—roffing—stock / :
Genagral service conditions and general rules

IEC §0077-2:2017; Railway applications — Electric equipment for rolling stoCk — Pgrt 2:

Elec

otechnical components — General rules

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

IEC §

3 1

For
IEC ¢

1373, Railway applications — Rolling stock equipment — Shock and vibration tests

'erms, definitions and abbreviated terms

the purposes of this document, the terms and definitions given in Clause
0077-1:2017 and Clause 3 of IEC 60077-2:201%,~and the following apply.

ISO Ind IEC maintain terminological databases-for use in standardization at the folldg

addr

B

g
4

[ ]
3.1

3.1.1
pola
circu
direc

3.1.2
bi-di
circu
curre

SSses:

EC Electropedia: available at http://wiww.electropedia.org/
bO Online browsing platform: available at http://www.iso.org/obp

Components

ized circuit-breaker
t-breaker for whichithe breaking characteristics are defined for only one presc
fion of current jn'‘the main circuit

rectional circuit-breaker
t-breaker for which the breaking characteristics are the same for both directio
nt/inthe main circuit

3 of

wing

ribed

ns of

3.1.3

air circuit-breaker
circuit-breaker in which the contacts open and close in air at atmospheric pressure

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-27]

3.1.4
vacu

um circuit-breaker

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-29]
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3.1.5

semiconductor circuit-breaker

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

Note 1 to entry: There can be mechanical contacts associated with these semiconductor devices.

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

3.1.6

hybrid circuit-breaker
circuft-breaker with- mechanical_contacts for tsofation assoclated with a semiconauctgr for
switching

Note 1 to entry: Semiconductor circuit-breakers without mechanical isolation are not used on rolling’stock.
3.2 | Component parts

3.21
reledse, <for a circuit-breaker>
devide which releases the holding means and permits the opening)or closing of the cifcuit-
breaker

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

Note 7 to entry: These releases can be mechanically or electrically)connected to the switching device.

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

3.2.2
overgurrent release
relealse which permits a mechanical switching device to open with or without time-delay when
the current in the release exceeds a predetermined value

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

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

3.2.3
direqt overcurrent'release
overgurrent release’ directly energized by the current in the main circuit of a mechgnical
switching device

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

3.24

indirect overcurrent release, <for a circuit-breaker>

overcurrent release initiated by the current in the main circuit of a mechanical switching
device through a current sensor

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

3.25

anti-pumping device

device which prevents reclosing after a close-open operation as long as the device initiating
closing is maintained in the position for closing

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

3.2.6

enclosure, <of an assembly>

part of an assembly providing a specified degree of protection of equipment against external
influences and a specified degree of protection against approach to or contact with live parts
and against contact with moving parts

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

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

3.2.7
intedral enclosure
enclgsure forming an integral part of the circuit-breaker

3.3 | Operational features

3.3.1
current-limiting circuit-breaker
circult-breaker with a break-time short enough to prevent the short-circuit current reaching its
othenwise attainable peak value

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-14<21]

3.3.2
trip-free circuit-breaker
circu|t-breaker in which the moving contaets return to and remain in the open position when
the tlipping operation is initiated after th€ initiation of the closing operation, even if the clpsing
command is maintained

Note 1 to entry: To ensure proper bréaking of the current which may have been established, it may be nec¢ssary
that tHe contacts momentarily reach the closed position.

[SOYRCE: IEC 61992-1:2006/AMD1:2014, 3.4.11]

3.3.3
curréent setting,«<of an overcurrent release>
valug of the operating current for which the release is adjusted and in accordance with which
its ogerating.eenditions are defined

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

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

3.34

current setting range, <of an overcurrent release>

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

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-47]
3.3.5

tripping operation
opening operation of a circuit-breaker initiated by a release
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3.4 Breaking characteristics

3.41

opening time, <of a mechanical switching device>

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

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

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

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

3.4.2
overgurrent opening time
interyal of time between the instant when the current in the main circujt reaches the cyrrent
setting value of the overcurrent release and the instant when they arcing contacts have
sepafated

3.4.3
prospective current, <of a circuit and with respect to a switehing device or a fuse>
currgnt that would flow in the circuit if each pole of the switching device or the fuse |were
replaced by a conductor of negligible impedance

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

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modified — Note has been replaged.]

3.44
prospective peak current
peak|value of a prospective current during the transient period following initiation

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

3.4.5
prospective breaking-current, <for a pole of a switching device or a fuse>
prospective currentsevaluated at a time corresponding to the instant of the initiation df the
breaking process

Note 1 to entry:( The instant of initiation of the breaking process is usually defined as the beginning of the ar

Ty

[SOYRCEDIEC 60050-441:1984/AMD1:2000, 441-17-06, modified — Note 1 to entry has peen
repla|ced.]

3.4.6

cut-off current

maximum instantaneous value of current attained during the breaking operation of a switching
device or a fuse

Note 1 to entry: This concept is of particular importance when the switching device or the fuse operates in such a
manner that the prospective peak current of the circuit is not reached.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-12, modified — In note 1 to entry "is" has
been added between "concept" and "of particular".]
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3.4.7

recovery voltage

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

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

3.4.8

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

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-37]

3.4.9
break-time
interyal of time between the beginning of the opening time of a mechanical switching dgvice
(or tHe pre-arcing time of a fuse) and the end of the arcing time

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-39]

3.4.10
jould integral, <for a circuit-breaker>
1%t
integral of the square of the current in a circuit-breaker during a breaking process, over the
break-time

Izzzjt1i2dt

i

to = beginning of the opening time
t1 = end of the arcing time

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-23, modified — "in a circuit-br¢aker
durinlg a breaking process;" has been added. "a given time interval" has been replaced with
"the break-time". Notesshave been deleted, keys for 7, and ¢, have been added.]

3.4.11
I?%¢ characteristic, <for a circuit-breaker>
information (generally a curve) giving the value of 72 as a function of the prospective [peak
currgnt forsspécified conditions such as the current setting of the release, the time constgnt of
the tgst.cireuit, etc.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-24, modified — "information (generally a
curve) giving" has been added. "under prescribed conditions" has been deleted. "prospective
current and/or voltage" has been replaced with "the prospective peak current ...". Note has
been deleted.]

3.4.12

break-time — current characteristic

curve giving the break-time as a function of the prospective peak current for specified
conditions such as the current setting of the release, the time constant of the test circuit, etc.

3.4.13

cut-off current characteristic, <for a circuit-breaker>

curve giving the cut-off current as a function of the prospective peak current for specified
conditions such as the current setting of the release, the time constant of the test circuit, etc.
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[SOURCE: IEC 60050-811:2017, 811-29-43, modified — "peak", "such" and ", etc." have been
added.]

3.4.14

initial current rate of rise

di/d¢

rate of rise at the beginning of the current flow

[SOURCE: IEC 61992-1:2006/AMD1:2014, 3.2.27, modified — "current" has been added in the
term and symbol has been added.]

3.5 | Abbreviated terms
DC Direct Current
EMC| Electromagnetic Compatibility

4 (Classification

This [clause is intended to list the characteristics of a circuit-breaker 'oh which informatipn is
giver] by the manufacturer and which shall be verified by testing where relevant.

The ¢ircuit breakers are classified:

ccording to their operational frequency C1, C2/or~C3. The characteristics of fhese
perational frequencies are given in 5.4;

a)

o Q

b) afcording to the type of design:

open construction;

construction with an integral enclosure;
c) agcording to the degree of protection:provided by the enclosure (see IEC 60529).

5 (Characteristics

5.1 List of characteristics

The pharacteristics of a‘\circuit-breaker shall be stated as applicable, among those of the
following:

— type of circuit-breaker (5.2);
ated values{and limiting values for the main circuit (5.3);

|
-

— operational frequencies (5.4);
— electric’and pneumatic control circuits (5.5);

— eleciric and pneumatic auxiliary circuits (9.6);
— overcurrent release (5.7);

— peak arc voltages (5.8).
5.2 Type of circuit-breaker
It is necessary to state:

— the kind of device (for example, air circuit-breaker, vacuum circuit-breaker, hybrid circuit-
breaker, bi-directional or polarized circuit-breaker);

— the type of design (see Clause 4);

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

— operational features (for example, current-limiting circuit-breaker, trip-free circuit-breaker).
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5.3
5.3.1

Rated values and limiting values for the main circuit

General

Rated values are assigned by the manufacturer but it is not necessary to establish all the
ratings listed.

5.3.2

Rated voltages

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

- 13

NOTE|
voltag

|
-
Q3

NOTE
currern

- C

- C

5.3.4 Rated time constants

The
the s

The
short

If ngcessary~the time constant values may be defined by agreement between

manu

ted operational voltage ({/.);

1 Certain types of circuit-breakers have several rated operational voltages or have a rated«opers
e range.

ted insulation voltage (Uyn);

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

ted impulse voltage (Uy;);
bwer-frequency test voltage (U,).

Rated currents

mponent is defined by the following rated currents given in 5.4 of IEC 60077-1:20171
of IEC 60077-2:2017:

ted operational current (/) at the rated time constant 72 (see 5.3.4);

Certain types of circuit-breakers have several rated operational currents or have a rated oper3
t range.

bnventional free air thermal current (Iy,)s
pnventional enclosed thermal curreat (Iie)-

ime constants for the circuit-breaker are dependent on the electrical characteristi
ubstation, the line and thé load.

our time constants'given in Table 1 shall be used by the manufacturer to determin
-circuit breaking and making capacities stated in 5.3.5.

facturér-and the user.

tional

hge is

and

tional

cs of

e the

the

Table 1 — Rated time constants

Rated operational voltage U, V 900 1800 3600
Time constant 71 (minimum) ms 0 0 0
Time constant 72 ms 15 15 15
Time constant 73 ms 50 40 30
Time constant 74 ms 150 100 50

NOTE

A time constant of 0 ms signifies that for the tests the load is made up of resistors without any

voluntary adding of inductance.
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5.3.5 Rated short-circuit making and breaking capacity

The rated short-circuit making and breaking capacities of a circuit-breaker are the values of
the prospective peak current corresponding to the rated operational voltage for the rated time
constants and are assigned by the manufacturer. The circuit-breaker shall satisfy the rated
short-circuit test conditions specified in 9.3.4 and shall be capable of subsequent operation.

NOTE See also Annex B.
5.4 Operational frequencies

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

— (O1: light operational frequency (for example, the circuit-breaker opens only when a ghort
clrcuit is detected);

— (2: medium operational frequency (for example, in addition to C1, the 'eircuit-breaker
opens by a command produced by exceeding a predetermined limiting value for example,
dle to over-voltage and overload conditions, etc.);

— (3: heavy operational frequency (for example, in addition to C2, the ‘circuit-breaker gpens
fqr other reasons, for example, at each gap section, each sectioning point, each terminal
sfation etc.).

The pperational frequencies are used to characterize the peffarmance capability as given in
Tablg 2.

5.5 | Electric and pneumatic control circuits

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

5.6 | Electric and pneumatic auxiliary circuits

The pharacteristics of the auxiliary circuits are the number and nature of the contactd ("a"
contgct, "b" contact, etc.) of eachCof these circuits and their rated characteristics. Tlhese
characteristics are given in 5.9 and 5.10 of IEC 60077-2:2017.

5.7 Overcurrent release

The ffollowing characteristics shall be declared by the manufacturer for each overcyrrent
release:

— type of overcurrent release (for example, direct overcurrent release and/or indirect
oyercurrentyrelease, with or without an anti-pumping device);

— current setting (or setting range) for each direction of the current in the main circuit;

— characteristics of the opening time as a function of the quantities which influencqa the
release (for example, as a function of the rate of fise of current).

5.8 Peak arc voltages

The manufacturer shall specify the maximum value of the peak arc voltages caused by
operation of the circuit-breaker when it is tested in accordance with the provisions of the
making and breaking tests of sequences I, Il and IV of Table 3.

6 Product information

6.1 Component documentation

This information shall be given in the manufacturer’s catalogue or manual.
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6.1 of IEC 60077-2:2017 applies and is supplemented by the following:

— rated operational voltage of the control circuit of the indirect overcurrent release and/or
under-voltage release (or no voltage release) and its rated frequency, if applicable;

— current setting or current setting range of overcurrent releases;

— opening time, break-time — current characteristic;

— cut-off current characteristic;

— 12t characteristic.

6.2 Marking

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

7 Normal service conditions

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

8 Constructional and performance requirements

8.1 Constructional requirements

Thesg requirements are given in 8.1 of IEC 60077-2:20%7.

8.2 | Performance requirements
8.2.1 Operating conditions
Thesg requirements are given in 8.2.1 of IEC'60077-2:2017.

8.2.2 Temperature limits

Thesg requirements are given inn8.2.2 of IEC 60077-2:2017.

8.2.3 Operation following’inactivity

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

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

8.2.5 Acoustic noise emission

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

8.2.6 Clearances

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

8.2.7 Creepage distances

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

8.2.8 Switching overvoltages

8.2.8 of IEC 60077-1:2017 applies with the following additional requirement:
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— the switching of DC circuit-breakers for which the rated insulation voltage (Uy,) is
between 660 V and 4 800 V shall not generate peak arc voltages higher than 3 times Uyy,.

8.2.9 Operational performance capability

The circuit-breaker shall be capable of complying (as a function of the operational frequency)
with the provisions of Table 2 under the test conditions stated in 9.3.3.6.

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

Each[ sequence shall consist of performing a number of operating cycles without cufrent,
specffied in Table 2 column 3, followed by a number of operating cycles with-"Cufrent,
speclfied in Table 2 column 4.

Each| sequence shall be repeated a number of times as specified in Table’2 column|2 to
obtaih the total number of operating cycles stated in Table 2, columns 5,and 6.

The fate of operating cycles, selected by mutual agreement between the manufacturef and
the Wlser, is chosen to keep all parts of the circuit-breaker Within acceptable limits of
tempgrature rise and should be mentioned in the test report.

A different number of sequences may be adopted under the)following conditions:

— the proportion of operating cycles with and without current in each cycle is equal tq that
specified in Table 2;
— the total number of operating cycles with and.without current is equal to those specified in

cplumns 5 and 6 of Table 2.

Table 2 — Operational performance capability

Cqlumn 1 Column 2 Column 3 Column 4 Column 5 Column| 6
Number of operating cycles .
Opé¢rational Number of per sequence Total number of operating cycles
frgquency sequences
Without current With current Without current With curient
C1 1 20 000 100 20 000 100
Cc2 2 50 000 200 100 000 400
C3 4 50 000 200 200 000 800

NOTE| Duringseach operating cycle, the circuit-breaker remains in the closed position for a sufficient time to
ensure'that the current is fully established.

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

— 30 cycles per hour for rated operational current less than or equal to 2 000 A with a
maximum of 2 s in the closed position for each operating cycle;

— 15 cycles per hour for rated operational current greater than 2 000 A with a maximum of 2
s in the closed position for each operating cycle.

8.2.10 Ability to withstand vibration and shock

The circuit-breaker shall be capable of withstanding the vibration and shocks given by test
requirements (see 9.3.5.2 and 9.3.5.3).
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8.2.1

1 Ability to make and break under short-circuit conditions

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

condi

tions:

— current setting of the overcurrent release equal to the maximum value of the current
setting range;

— prospective peak currents at the rated operational voltage for the corresponding rated time
constant;

— recovery voltage equal to the rated operational voltage;

— fou

- a

9 1

9.1
9.1.1

9.1.1
breal

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

PIZEE TN natant HO— rdan. bbb Afi-it £ 0.2 4.
T OIS CUTTSTATICS 1T aoouTuUaro T witi aTo- vargosS Ul JoJ. T,

sequence of operations O — 1y — CO — ¢, — CO for each time constant;
O represents a breaking operation;

CO represents a making operation followed by a breaking operation after
appropriate opening time;

Sa
to 60 s.

[ests

Kinds of tests
General

of IEC 60077-1:2017 applies except that sampling tests are not permissible for ci
ers.

pe tests (see 9.1.2);
utine tests (see 9.1.3);
vestigation tests (sée 9.1.4).

Type tests
ype tests.comprise the following:

prification” of constructional requirements (see 9.2.2);

prification of performance requirements (see 9.3).

the

t1 is the time interval between the first opening and the first closing and is equal fo 20

t, is the time interval between the second opening and the@econd closing and is g¢qual

rcuit-

9.1.3

Routine tests

The routine tests comprise the following:

— verification of constructional requirements (see 9.2.3);

— verification of performance requirements (see 9.4).

9.1.4

Investigation tests

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

— the influence of harmonics on the temperature rise and breaking characteristics;

— temperature rise for temporary overload conditions.
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Verification of constructional requirements

General

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

9.2.2 Type tests

Verif cation of r\r\mplignr\n with the caonstructional rnqllirnmnnfe for the h]/rr_\a test concerns:

— physical properties: a check shall be made that the circuit-breaker conforms, tq the

dfawings (for example, dimensions, materials, electrical risks, protective bonding, etc));
— clearance and creepage distances (see 9.3.3.2.1 and 9.3.3.2.3 of IEC 60077-172017);
— tgrminals and connecting capacity (tested as part of performance requiremengs in
apcordance with 9.3.3.8).

9.2.3 Routine tests

Veriffcation of compliance with the constructional requirementsfor the routine test congerns

visugl examination (compliance of the manufacture and assembly with the drawings).

9.3 | Type tests for verification of performance requirements

9.31 Test sequences

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

For dach sequence, the tests shall be carried out in the order listed in Table 3.

A ney sample may be used for each Sequence.

A rodtine test (see 9.1.3) shall be carried out on every sample before the type test.

Table 3 — List of type test sequences for performance requirements
Test sequencCes Tests Subclaygse

| — Ggneral performance Operating limits 9.3.3.p

charafteristics (9¢3:3) - —
Measurement of the resistance of circuits 9.3.3.B
Temperature rise 9.3.3.¢
Dielectric properties 9.3.3.p
Operational performance capability 9.3.3.6
Verification of dielectric withstand 9.3.3.7
Verification of temperature rise 9.3.3.8
Verification of tripping operation 9.3.3.9

Il — Rated short-circuit making Measurement of the resistance of circuits 9.3.4.2

and breaking capacities (9.3.4) — — —
Ability to make and break under short-circuit conditions 9.3.4.4
at time constant 72
Ability to make and break under short-circuit conditions 9.3.4.5
at time constant 73
Ability to make and break under short-circuit conditions 9.3.4.6
at time constant 74
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Test sequences Tests Subclause
Ability to make and break under short-circuit conditions 9.3.4.7
at minimum time constant 71
Verification of dielectric withstand 9.3.4.8
Verification of temperature rise 9.3.4.9
Verification of tripping operation 9.3.4.10
Il — Ability to withstand vibration and | Vibration 9.3.5.2
shock (9.3.5)
Shock 9.3.5.3
Verification of mechanical operation 9.3.5.4
Verification of tripping operation 9.3.5.p
Verification of dielectric withstand 9:3.5.p
IV — Critical currents Searching for critical currents 9.3.6
V — Climatic conditions Environmental tests 9.3.7]
(if required) (dry heat, damp heat, cold, etc.)
VI — Qther tests Electromagnetic compatibility (EMC) 9.3.8
(if required) - - —
Acoustic noise emission 9.3.8

9.3.2 General test conditions

The ¢ircuit-breakers to be tested shall comply in all details with the drawings of the type which

they represent.

Durirlg a test sequence no maintenance or repadir' is permissible except for that specifidd for
operational performance capability (see 9.3,3.6).

Each| of the sequences (described in Table 3) shall be made on a circuit-breaker in a ¢lean
and pew condition (or considered as.such after a repair). For bi-directional circuit-breakers,

testing shall be carried out with both directions of current if necessary.

The fests shall be performed at the rated operational values (current, voltage, air prespgure)
for the circuits (main, controland auxiliary) and in accordance with the values indicated in 5.3,

5.5 and 5.6.

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

Table 4 — Tolerances on test values

All tests

Tests
under normal load conditions

Tests
under short-circuit conditiops

Main circuit

Voltage: +g%

Main circuit
5
Current: +0 %

. 15
Time constant: o %

Main circuit

10
Current: * 0%

. 25
Time constant: o %

Control and auxiliary circuit
Current: 56 %
Voltage: +5 %

Air pressure: +5 %

NOTE 1 For T1 time constant refer to NOTE in Table 1.

NOTE 2 For tripping limits, the current tolerance is also 5 %.
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For all the tests, the ambient air temperature shall be measured and recorded in the test
report.

The complete circuit-breaker under test shall be mounted:

— either in its integral enclosure if it has one;

— orin an enclosure representing the conditions of installation when these are prescribed by
the manufacturer;

— orunder the conditions of installation envisaged on the rolling stock

9.3.3 Test sequence I: General performance characteristics
9.3.3[1 General

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

9.3.3(2 Operating limits

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

Air-tightness tests for pneumatic equipment required in 9.3.4:27of IEC 60077-1:2017 shall be
carriI]d out. The test shall be done for all the temperatureconditions, at least at the Iqwest
and the highest ambient temperatures. For low temperature different criteria may be used.

9.3.3.3 Measurement of the resistance of circuits

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

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

The {ests required in 9.3.3.4 of IEC 60077-2:2017 shall be carried out at the conventiona| free
air thlermal current.

9.3.3l5 Dielectric properties

The fests required i 9.3.3.5 of IEC 60077-2:2017 shall be carried out.

The insulatiop-resistance should be measured before starting the dielectric tests, if requ¢sted
by the end user. Unless agreed between the user and the manufacturer about the specified
valug, the insulation resistance shall be not less than 100 MQ by a megohmmeter applyjng a
DC Joltage of at least 500 V between the high voltage conductive parts and the earth and

+ +
between-epen—centacts-

9.3.3.6 Operational performance capability

The tests shall be performed to verify compliance with the requirements of 8.2.9, with the
sequences corresponding to the operational frequency.

The operations of making and breaking shall be carried out at the rated operational current,
the rated operational voltage and for time constant 72 (15 ms) using a test circuit as in
Annex A.

Between the sequences of Table 2, inspection and maintenance operations are permitted in
accordance with instructions specified in the maintenance documents (see 6.3 of IEC 60077-
1:2017). During these operations, the parts replaced shall be limited to the contacts (and
other parts exposed to arcing) of the main circuit. The list of the replaced parts and the
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maintenance operations carried out during this test shall be declared by the manufacturer.
The replaceable parts should be found in the maintenance manual.

NOTE

1 Maintenance manual describes conditions based on service conditions. The test cycles and mainte

intervals of this test are for test conditions.

NOTE

2 A single sequence of Table 2 includes operation both without and with current.

nance

At the end of the last sequence, no maintenance operation shall be carried out before the
verifications required in 9.3.3.7, 9.3.3.8 and 9.3.3.9.

9.3.3

After
diele

9.3.3(

After
acco

The
resis
value

operations are allowed in an endeavour to bring the resistance down below this figure;
has to be performed, then the temperature riseMimits and temperature limits on the

test
contg

NOTE

For t

9.3.3

This

After
chec

Each

routime test.

7 Verificati f dielectric withstand

the test described in 9.3.3.6, the circuit-breaker shall be capable of withstandin
Ctric test voltages reduced to 75 % of the values required in 9.3.3.5.

8 Verification of temperature rise

the verification described in 9.3.3.7, resistance measurementsshall be carried
ding to 9.3.3.3 of IEC 60077-2:2017.

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

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

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

he measurement points, refer to 9.3.2.2°0f IEC 60077-1:2017.

.9 Verification of tripping operation

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

the verification descfibed in 9.3.3.8, the current settings of the releases sha
ed in accordance with.9.4.4.

setting shall not-differ by more than 10 % of its previous value measured durin

9.3.
9.3.

Test.sequence IlI: Rated short-circuit making and breaking capacities

.1 General

y the

out

the
f the
Hload
f the

Il be

j the

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

9.3.4

.2 Measurement of the resistance of circuits

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

NOTE
9.3.4
9.3.4

The value before the test can be taken from the routine test result.
3 General test conditions
3.1 General

The schematic diagram of the test circuit shall be as given in Annex A, Figure A.1.
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9.3.4.3.2 General rules for the calibration of the test circuit

The calibration of the test circuit shall be carried out by placing temporary connection C of
negligible impedance as close as reasonably possible to the terminals provided for connecting
the circuit-breaker under test.

The resistor R and inductor X shall be adjusted to obtain at the rated operational voltage the
values of the rated short-circuit making and breaking capacities defined in 5.3.5 at the
different rated short-circuit time constants defined in 5.3.4.

NOTE Saturation of the inductor can be avoided by the use of an air cored inductor.

A callibration test shall then be carried out to measure these values and to check that they are
withip the tolerances indicated in Table 4.

The dli/dz value of the test circuits calibration should be recorded in the test report.

9.3.4.3.3 General rules for the making and breaking tests

The feleases shall be set to their highest value.

All parts of the circuit-breaker normally connected to the vehicle.body, including the enclgsure
or the¢ screens, shall be insulated from earth and connected te'a point as indicated in Annex A.

This connection shall comprise a fusible element F witha recommended value of 10 A fqr the
detegtion of the fault current.

The prospective fault current in the fusible elemént circuit may be limited by a resistor R|
In addition, a measurement of the fault current may be made.

9.3.4.3.4 General evaluation of the tests

During the tests,

=

b part of the circuit-breaker shall be broken;

—

Re fusible element £-shall be undamaged.

The [measurements. carried out during each of these tests shall demonstrate the cqrrect
operation of the circuit-breaker and verify the making and the breaking characteristics:

— oyercurrenf' opening time;

— cut off current;

— afcing time;

— peak arc voltages.

For each breaking operation (as far as possible) a thermal stress calculation shall be made to
produce a /2t characteristic (Joule integral).

NOTE Examples of measuring records of calibration and waveforms of making and breaking currents can be
found in Annex B.

9.3.4.3.5 General rules of maintenance during the tests

A limited maintenance operation of cleaning and replacement of main contacts and other
parts exposed to arcing may only be carried out before the final sequence of operations
O -1t —CO -1, — CO at the minimum time constant 71. The list of the replaced parts and the
maintenance operations carried out during this test shall be declared by the manufacturer.
The replaceable parts should be found in the maintenance manual.
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NOTE Maintenance manual describes conditions based on service conditions. The test cycles and maintenance
intervals of this test are for test conditions.

9.3.4

4 Ability to make and break under short-circuit conditions at time constant

T2

After the calibration of the test circuit, the short-circuit test sequence at time constant 72 shall
be carried out under the general conditions of 9.3.2 in accordance with the requirements
of 8.2.11.

9.3.4

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

73

After the calibration of the test circuit, the short-circuit test sequence at time constant 73 shall

be ¢
of 8.1

9.3.4.6 Ability to make and break under short-circuit conditions at time iconstant

After
be c
of 8.1

9.3.47 Ability to make and break under short-circuit conditions at minimum time¢

After
cons
requi

9.3.4.8 Verification of dielectric withstand

After
diele

9.3.49 Verification of temperature rise

The

9.3.410 Verification of tripping operation

After
chec

Each

routipe tests-:

arried out under the general conditions of 9.3.2 in accordance with the requiren
. 11.

the calibration of the test circuit, the short-circuit test sequence at time ¢onstant 74
arried out under the general conditions of 9.3.2 in accordance with’the requiren
. 11.

constant 71

the calibration of the test circuit, the short-circuit test sequence at the minimum
ant 71 shall be carried out under the general conditions of 9.3.2 in accordance wit
rements of 8.2.11.

the test described in 9.3.4.7, the circuit-breaker shall be capable of withstandin
ctric test voltages reduced to 75 % ofthe values required in 9.3.3.5.

erification described in 9.3:3.8 shall be carried out.

the verification\.described in 9.3.4.9, the current settings of the releases sha
ed in accordanee with 9.4.4.

setting('shall not differ by more than 10 % of its previous value measured durin

nents

T4

shall
nents

time
h the

y the

Il be

y the

9.3.5

9.3.5

Test Ll Ability t ithst { vibrati { shock

| General

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

9.3.5

.2 Vibration

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

The test duration shall be distributed in such a way that:

— both operational states are tested;

— the distribution of these states represents the expected service.
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The circuit breaker shall not change state during the functional vibration test.

9.3.5.3 Shock

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

9.3.5.4 Verification of mechanical operation

After the test described in 9.3.5.3 the mechanical operation shall be checked in accordance
with fhe requirements of 9.4.Z of IEC 6007 7-2:20717.

9.3.55 Verification of tripping operation

After| the verification described in 9.3.5.4, the current settings of the releases shall be
checked in accordance with 9.4 .4.

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

9.3.5.6 Verification of dielectric withstand

After| the test described in 9.3.5.5, the circuit-breaker shall be capable of withstanding the
dieleftric test voltages reduced to 75 % of the values regquired in 9.3.3.5.

9.3.6 Test sequence IV: Searching for criticakcurrents

This fest shall be carried out only for circuit-breakers of categories C2 and C3, according to 5.4.

This test shall be carried out with:

a|test voltage equal to the rated eperational voltage;
— alcurrent range going from thé-rated operational current to 0 A;
a

time constant 72 according to 5.3.4 using the circuit as in Annex A.

Minimum five operations\at each value of current shall be carried out. The exact valugs of
currgnt are not important, provided that each current is approximately half of the preyious
current.

Lowdr time coenstants at 72 are accepted provided that the circuit load inductance Has a
minirhum value of 50 mH.

NOTE| “T'he test enables the manufacturer to supply curves of the arcing time as a function of the current broken.

9.3.7 Test sequence V: Climatic conditions

When tests are required, 9.3.7 of IEC 60077-2:2017 shall be applied.

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

— electromagnetic compatibility (EMC);
— acoustic noise emission.

When tests are required, 9.3.8 of IEC 60077-2:2017 shall be applied.
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9.4

9.4.

Routine tests for verification of performance requirements

1 General

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

mechanical operation (see 9.4.2);
measurement of resistance (see 9.4.3);
calibration of releases (see 9.4.4);

air tightness, if applicable (see 9.4.5);

d[eTectric withstand (See 9.4.5).

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

9.4.

2 Functional test

The fests required in 9.4.2 of IEC 60077-2:2017 shall be applied.

9.4.

3 Measurement of resistance

The [est required in 9.4.3 of IEC 60077-2:2017 shall be applied. The ambient temper
shall|be recorded in the routine test report.

9.4.

4 Calibration of releases

A check shall be made that the current causing a tipping operation of the circuit-break
within a tolerance of £+10 % for any marked value-of the current range using a steady-
current.

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

NOTE|2 Steady-state current means less than 200 A/s rise.

9.4.

5 Air-tightness (for phneumatic circuit-breaker)

The fests required in 9.4¢4 of IEC 60077-2:2017 shall be applied.

9.4.

6 Dielectric withstand

The fests requifed in 9.4.5 of IEC 60077-2:2017 shall be applied.

ature

eris
state

etting
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(normative)

Test circuit to verify the making
and breaking capacities

Supp|y Components
EI‘-) 6 U voltage sensor
I/V\‘ | current sensor
U V voltage measuring device
R adjustable resistor
R F fuse element
X adjustable inductor
Ry fault current-limiting-resistor
X CB circuit-breaker under test
(including conhecting cables)
C temporary\connection for calibration
ot -iCB

Figure A.1 — Diagram of the test circuit

IEC
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Annex B
(informative)

Verification of short-circuit making
and breaking capacities

This annex gives examples of oscillograms which are recorded during the calibration of the
circuit, making and breaking of a circuit-breaker.

The key for Figure B.1, Fiqure B.2 and Figure B.3 is the following:

A4

In Figure B.2 and Figure B.3, the short-circuit making and breaking capacity is equal t
curreint 4, at the applied voltage V

urrent setting

reaking current

rospective peak current
rospective breaking current
ut-off current

me constant

C

B

P

P

C

T

Rlated operational voltage
Rlecovery voltage
Peak arc voltage
Qpening time
Arcing time

B

reak-time

A

Current

\ Time

Voltage

A
Y

b the

IEC

Figure B.1 — Calibration of the circuit to obtain the prospective peak making current
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Vdltage

—

IEC

Figure B.2 — Oscillogram corresponding to a break after the current
has passed its maximum value

Time

IEC

Figure B.3 — Oscillogram corresponding to a break before the current
has reached its maximum value (current-limiting circuit-breaker)


https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

IEC 60077-3:2019 © |IEC 2019 - 29 -

Bibliography

IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

IEC 60571, Railway applications — Electronic equipment used on rolling stock

IEC 60850, Railway applications — Supply voltage of traction systems

IEC TR 60943, Guidance concerning the permissible temperature rise for parts of eledtrical
equipment, in particular for terminals

IEC §0947-2, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC $1992-1:2006, Railway applications — Fixed installations — DC switchgear — Part 1:
Gengral
IEC 61992-1:2006/AMD1:2014

IEC 61992-2, Railway applications — Fixed installations — DC_sWwitchgear — Part 2: Cifcuit-
breakers



https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

- 30 - IEC 60077-3:2019 © |IEC 2019

SOMMAIRE

AV ANT-PROP O S ... ettt e e e e e e e e e e e e e e et e e e e anns 32
1 Domaine d'application ... 34
2 REfEreNCES NOIMATIVES .oueiii e e ees 35
3  Termes, définitions et termes abrégeés ... 35
3.1 L@ 0T 41 o To 13- a1 £ 35
3.2 Parties de COMPOSANT ... e 36
3.8 Caracteristiquesdeforctiomememt .37
3.4 Caractéristiques A€ COUPUIE .....oiuiiiiii i e ee i ...38
3.p Termes abréges .. ..o ...40
1A SIfiCatioN ... N T ...40

5 D araCt i StIQUES .ot e e ...40
5.1 Liste des caractéristiques .........ccoviiiiiiiiiii AL ...40
5.p Type de diSJONCLEUr ..o O e ...40
5.8 Valeurs limites et valeurs assignées du circuit principal Gasdeovooiiiiiiiiiinieenn. .41
5.3.1 Géneéralités ......oooiiiii e L ... 41
b.3.2 TeNnSIiONS aSSIGNEES ...iviiiiiii e B e ... 41
b.3.3 Courants assignNes .......coovevivviiiiiiiiiiiee O .41
b.3.4 Constantes de temps asSigNées ......... S i .41
b.3.5 Pouvoirs de fermeture et coupure assignés en court-circuit ....................... ...42

54 Fréquences de fonctionnement ... ... 42
5pb Circuits de commande électriques ePpneumatiques............coeeviiiiiiiiiiiiienennss ... 42
5.p Circuits auxiliaires électriques et pheumatiques ... ...42
5 Déclencheur @ maximum de.COUrant ..........ouieiiiiiii e .42
5B Valeurs crétes de 1a tension~d'arc .........ooiviiiiiiiiie e ...43

6 nformations sur le produit ... .o e ...43
6./ Documentation surde-€omposant ... ...43
6.p = T LU =T ...43
Conditions NOrMaleS\de SEIVICE .....cuuuiiiiii e e ...43
Exigences relatives a la construction et au fonctionnement ... ...43

8.1 Exigences relatives a la construction ...........coooviiiiii i ...43
8.p Exigences relatives au fonctionnement .............coooiiiiiiii ...43
B.2.1 Conditions de fonctionnement....... ... ...43
B.2.,2 Tempeératures limMites ......o.oiiiiiii e ...43

B 23 Eonctionnement a la mise en service ... 43
8.2.4 Compatibilité électromagnétique (CEM) ..., 43
8.2.5 Emission de bruit acoustiQUe .........cooviiiiii i 44
8.2.6 Distances d'isolement dans 1'air ... 44
8.2.7 Lignes de fUITE .....ieiei e 44
8.2.8 SUrtensions de MaNOBUVIE ... 44
8.2.9 Aptitude au fonctionnement en ServiCe ........cocveeiiiiiiiiiiiii 44
8.2.10 Tenue aux vibrations et auX ChOCS ........c.iiuiiiiiii e 45
8.2.11 Aptitude a I'établissement et a la coupure en court-circuit.............................. 45

9 B S SIS ittt 45
9.1 TYPES S B8 SAIS 1. vttt 45

9.1.1 GBNBIAlI S .. et 45


https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

IEC 60077-3:2019 © |IEC 2019 -31-

9.1.2 ESSaiS 08 1Y Pt 46
9.1.3 Essais individuels de S&rie...... ..o 46
9.1.4 Essais d'investigation ... 46
9.2 Vérification des exigences relatives a la construction...............cocoiiiiiiinn, 46
9.2.1 7= a1 = 11 = PP 46
9.2.2 ESSaiS A8 1Y Pt 46
9.2.3 Essais individuels de Série...... ..o 46
9.3 Essais de type pour la vérification des exigences relatives au
fONCHONNEMENt L. 47
B-3+1 Ségquencesdessais————————— .47
D.3.2 Conditions générales d'@SSaiS .....c.iiuuiiiiiiii i ...48
D.3.3 Séquence d'essais |I: Caractéristiques générales de fonctionnement:{r.... ...48
D.3.4 Séquence d'essais Il: Pouvoirs de fermeture et de coupure assignés en
COUME=CIFCUIT .ot T N ...50
D.3.5 Séquence d'essais Ill: Tenue aux vibrations et aux chocs...(x5 i, ...52
D.3.6 Séquence d'essais IV: Recherche des courants critiques..\......cccoveveennini. ...53
D.3.7 Séquence d'essais V: Conditions climatiques .......... 8 ...53
D.3.8 Séquence d'essais VI: Autres €ssais ........cooeveee i ...53
9.4 Essais individuels de série pour la vérification des exigences relatives au
fonctionnement . ... ...53
D.4.1 GENEralites ... ...53
D.4.2 Essai fonctionnel ... ...54
D.4.3 Mesure de 1a résistancCe ... ... s S ...54
D.4.4 Etalonnage des déclenCheurs ... . e ...54
D.4.5 Etanchéité (pour les disjoncteurs a air comprime).........ccoooiviiiviiiiiiineenneenn. ...54
D.4.6 Tenue diGleCtriqQUEe .. ... e ...54
Annexe A (normative) Circuit d'essai pour la vérification des pouvoirs de fermeture et
Lo TR ot ¢ 18] oYU T PPN ...55
Annexe B (informative) Vérificationvdes pouvoirs de fermeture et de coupure en court-
G CU L. U ...56
BiDIIGrap e ..o e ...58

Tableau 1 — Constantes de temps asSSIgNEES . ...t 41

Tableau 2 — Aptitude au fonCtioNNEMENT ... ... 45

Tableau 3 — Liste des séquences d'essais de type pour les exigences relatives au
L{0YaTeqTeY T T=1 ¢ 411 o ) (PP 47

Tableau 4 — Tolérances des grandeurs d'@SSai «..c.ovuiuieiiii i 48


https://iecnorm.com/api/?name=d5604ba704aabea77241bad6cac56ff1

-32 - IEC 60077-3:2019 © |IEC 2019

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

] APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 3: Composants électrotechniques —

~
aYalla NO a aYa - a a aYa N

AVANT-PROPOS

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale- 'de” normalisation

2)

3)

4)

5)

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

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux dg\MEC). L'IEC &

objet de favoriser la coopération internationale pour toutes les questions de normalisation“dans les donmaines
dell'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internatipnales,

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)

Gdides (ci-aprées dénommés «Publication(s) de I'lEC»). Leur élaboration est confiée a des comités d'éfudes,
auik travaux desquels tout Comité national intéressé par le sujet traité peut\participer. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avee I'lEC, participent égalemept aux
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), seloh des

copditions fixées par accord entre les deux organisations.

du

int

Le[ décisions ou accords officiels de I''EC concernant les questions‘techniques représentent, dans la mesure

possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg I''EC
ressés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de{recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous-les ‘efforts raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de

I'é

entuelle mauvaise utilisation ou interprétation qui_en‘est faite par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale,*les Comités nationaux de I'lEC s'engagent, dans tdute la
mgsure possible, a appliquer de fagon transpargnte les Publications de I'lEC dans leurs publications natipnales

et
ré
L'l
fo
co

ingépendants.

7) Au

8)

9)

y

régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attéstation de conformité. Des organismes de certification indépendants
rnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marques de
hformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification

une responsabilité ne.doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandajaires,
ompris ses experts ‘particuliers et les membres de ses comités d'études et des Comités nationaux de|l'lEC,

popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de guelque
nafure que ce soit) directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) |et les
dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou de toute|autre

Pdblication de\NEC, ou au crédit qui lui est accordé.

L'dttentiofest attirée sur les références normatives citées dans cette publication. L'utilisation de publications

référencéés est obligatoire pour une application correcte de la présente publication.

L'dttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvenf faire

I'o

bjet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60077-3 a été établie par le comité d'études 9 de I'lEC: Matériels
et systémes électriques ferroviaires.

Cette deuxiéme édition annule et remplace la premiére édition, parue en 2001. Elle constitue
une révision technique.

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

a) modification de la procédure de vérification de I'échauffement;
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b) ajout de l'essai d'étanchéité comme essai de type et de la mesure de la résistance
d'isolement.

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

FDIS Rapport de vote
9/2537/FDIS 9/2553/RVD

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

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2.
Il convient qu'il soit lu conjointement avec I''EC 60077-1 et I'lEC 60077-2.

Une liste de toutes les partie de la série IEC 60077, publiées sous le titre général Applicgtions
ferroyiaires — Equipements électriques du matériel roulant, peut étre consultée sur le sitg web
de I'IEC.

Le cpmité a décidé que le contenu de ce document ne sera pas modifié avant la dale de
stabilité indiquée sur le site web de I'lEC sous «http://webstore.iec.ch» dans les données
relatives au document recherché. A cette date, le document.sera

°
-

g¢conduit,

e supprimé,

°
-

g¢mplacé par une édition révisée, ou

e amendé.
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] APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 3: Composants électrotechniques —
Régles pour disjoncteurs a courant continu

1 Domaine d'application

La présente partie de I''EC 60077 donne, en complément des régles générales de
I''EC(60077-2, les régles relatives aux disjoncteurs dont les contacts sont conriectég aux
circults a courant continu de traction et/ou aux circuits des auxiliaires. La tension continue
nomihale de ces circuits n'excéde pas 3 000 V CC, conformément a I'lEC 60850.

En complément de I'EC 60077-2, la présente partie de I'lEC 60077 précise particulieremegnt:

a) lgs caractéristiques des disjoncteurs;
b) Igs conditions de service que les disjoncteurs supportent du(point de vue:

—| du fonctionnement et du comportement en service normal;

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

—| des propriétés diélectriques;

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

c)

d) lgs informations a donner ou a marquer suf-le disjoncteur.

NOTE|1 Les disjoncteurs qui font I'objet du préseént document peuvent étre équipés de dispositifs d'ouyerture
automptique dans des conditions prédéterminées autres que celles de la surcharge, comme une tgnsion
insuffisante ou l'inversion de la direction du flux de puissance, par exemple. Le présent document ne traite gas de
la vérification de tels fonctionnements dans'de telles conditions prédéterminées.

NOTE|2 L'incorporation de composants’électroniques ou de sous-ensembles électroniques dans les comp¢sants
électr¢techniques est maintenant yune‘pratique courante.

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

Les spus-ensembles-€lectroniques inclus dans les disjoncteurs sont conformes au document correspgndant
applicpble a I'électronique (IEC 60571).

NOTE|3 Apress accord entre lI'utilisateur et le constructeur, certaines de ces regles sont utilisées popr les
compgsants électrotechniques installés dans des véhicules autres que ceux du matériel roulant ferroviaire tels que
les logomotives de mine, les trolleybus, etc. Dans ce cas particulier, des exigences complémentaires peuvent étre
néceskalires

Le présent document ne couvre pas:

e) l'assemblage de composants électrotechniques destinés a des fonctions particuliéres;

f) les disjoncteurs industriels conformes a I'lEC 60947-2;

g) les disjoncteurs a courant continu des installations fixes conformes a I'lEC 61992-2.

Pour f) et g), dans le but d'obtenir un fonctionnement satisfaisant, le présent document est
employé uniquement pour spécifier les exigences particuliéres relatives a I'application
ferroviaire. Dans de tels cas, un document spécifique indique les exigences complémentaires

auxquelles les disjoncteurs industriels ou les disjoncteurs pour installations fixes se
conforment, par exemple:

— pour étre adaptés (tension de commande, conditions d'environnement, etc.);
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du matériel roulant;

supporter de fagon satisfaisante les conditions du matériel roulant.

2 Reéférences normatives

pour étre installés et utilisés de sorte qu'ils n'aient pas a subir les conditions particuliéres

ou pour subir des essais complémentaires afin de montrer que ces composants peuvent

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'app

IEC ¢
Parti

IEC ¢
Parti

IEC §
IEC ¢

3 1

Pour
I'NEC

L'18d
en n(

B

g
4

[ ]
3.1

3.1.1
disjo
disjo
direc

3.1.2
disjo
disjo

1 L - Z 1 ! kN
myuc y CUITPIIS 1S5 UVUIItUCIb dIIIUIIUCIIIUIItD}.

0077-1:2017, Applications ferroviaires — Equipements électriques du matérié/~roul
b 1: Conditions générales de service et réegles générales

0077-2:2017; Applications ferroviaires — Equipements électriques du matériel roul
b 2: Composants électrotechniques — Regles générales

0529, Degrés de protection procurés par les enveloppes (codé IP)
1373, Applications ferroviaires — Matériel roulant — Essais\dé chocs et vibrations

'ermes, définitions et termes abrégés

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

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

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

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

hcteur pour lequel les caractéristiques de coupure ne sont définies que pour
tion du courant.dans le circuit principal

ncteur bidirectionnel
ncteur’ pour lequel les caractéristiques de coupure sont les mémes dans les deux

ant —

ant —

une

sens

de ci

fculation du courant dans le circuit principal

3.1.3

disjoncteur a air
disjoncteur dont les contacts s'ouvrent et se ferment dans I'air a la pression atmosphérique

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-27]

3.1.4

disjoncteur a vide
disjoncteur dont les contacts s'ouvrent et se ferment dans une enceinte ou régne un vide
poussé

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-14-29]
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3.1.5

disjoncteur a semiconducteur

disjoncteur congu pour établir et interrompre le courant dans un circuit électrique au moyen
de la conductivité contrélée d'un semiconducteur

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

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

3.1.6

disjoncteur hybride
disjofictetur munt de contacts mecaniques pour I'solement assoclies a un semiconductedr|pour
la colpure

Note 1 a I'article: Les disjoncteurs a semiconducteur sans contact mécanique pour l'isolement ne‘sont pas Utilisés
sur le matériel roulant.

3.2 | Parties de composant

3.21
Déclencheur, <pour un disjoncteur>
dispgsitif qui libére les organes de retenue et qui permet I'ouverture ou la fermetune du
disjopcteur

Note 1 a I'article: Un disjoncteur peut étre activé par plusieurs déclenCheurs, chacun d'eux fonctionnant dafs des
conditjons spécifiées.

Note 4 a I'article: Ces déclencheurs peuvent étre électriquement ou mécaniquement raccordés a un appafeil de
connekion.

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

3.2.2
décl¢ncheur a maximum de courant

déclgncheur qui permet l'ouverture, avec ou sans retard, d'un appareil mécaniqu
conngxion, lorsque le courant dans'te déclencheur dépasse une valeur prédéterminée

de

1%

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

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

3.2.3
décl¢ncheur direct a maximum de courant
déclgncheur (ay'maximum de courant alimenté directement par le courant dans le dircuit
princjpal d'un appareil de connexion

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

3.24

déclencheur indirect 8 maximum de courant, <pour un disjoncteur>

déclencheur a maximum de courant amorcé par le courant dans le circuit principal d'un
appareil mécanique de connexion par l'intermédiaire d'un capteur de courant

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-37, modifié — «alimenté» et «un
transformateur de courant ou d'un shunt» ont été remplacés par «amorcé» et «un capteur de
couranty».]

3.25

dispositif d'antipompage

dispositif qui empéche une refermeture aprés une manceuvre de fermeture-ouverture pendant
toute la durée du maintien de I'ordre de fermeture
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Note 1 a I'article: L'ouverture peut étre une commande d'ouverture ou un déclenchement libre.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-48, modifié¢ — La NOTE 1 a l'article a été
ajoutée.]

3.2.6

Enveloppe, <d'un ensemble>

partie d'un ensemble procurant un degré de protection spécifié du matériel contre les
influences externes et un degré de protection spécifié contre I'approche des parties actives ou
le contact avec elles ou contre le contact avec des pieces en mouvement

Note o tarticle—Cenveltoppe peut €gatenTernt ProCurTer Ume  Protection Jues  parties enviTonmarntes pontre
I'influgnce du disjoncteur (par exemple I'arc).

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-13-01, modifié¢ — La NOTE 1 a I'arficle p été
ajoutge.]

3.2.7
envefloppe intégrée
enveloppe faisant partie intégrante du disjoncteur

3.3 | Caractéristiques de fonctionnement

3.3.1
disjancteur limiteur de courant
disjopcteur dont la durée de coupure est particulieérement bréve en vue d'obtenir que le
courgnt de court-circuit ne puisse atteindre son amplitude maximale

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-14-21]

3.3.2
disjgncteur a déclenchement libre
disjopcteur dans lequel les contacts mobiles reviennent en position d'ouverture |et y
demeurent quand la manceuvre, de déclenchement est commandée aprés le début de la
mandgeuvre de fermeture, méme(si I'ordre de fermeture est maintenu

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

[SOYRCE: IEC 61992-1:2006/AMD1:2014, 3.4.11]

3.3.3
courpnt de-réglage, <d'un déclencheur a maximum de courant>

valeyr du~courant de fonctionnement pour laquelle le déclencheur est réglé et par rapport a
laquelle'ses conditions de fonctionnement sont définies

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

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

3.34

domaine du courant de réglage, <d'un déclencheur a maximum de courant>

domaine limité par les valeurs minimale et maximale entre lesquelles on peut choisir la valeur
du courant de réglage du déclencheur

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-16-47]
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manceuvre de déclenchement
manceuvre d'ouverture d'un disjoncteur amorcée par un déclencheur

3.4
3.4.1

Caractéristiques de coupure

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

2019

Note
I'origin]

Note 2
du dis

[SOU
modi

3.4.2
duré
inter
maxi

3.4.3

couTnt présumé, <d'un circuit et relatif a un appareihde connexion ou a un fusible>

cour
était

Note

[SOU

3.4.
vale
valel

[sou

3.4.5

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

cour

Note 1

a l'article:  Pour chacune des commandes d'ouverture autres que celle a maximum de courant, I'inst
e de la manceuvre d'ouverture sera précisé par le constructeur.

a l'article: La durée d'ouverture inclut le temps d'action de I'équipement auxiliaire nécessaire*a I'ou
oncteur quand celui-ci est intégré au disjoncteur.

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-36, modifi¢ — La NOTE . a I'article
fice et la NOTE 2 a I'article a été ajoutée.]

p d'ouverture par maximum de courant
alle de temps entre l'instant ou le courant atteint la valeur de réglage du déclench
mum de courant et I'instant ou les contacts de coupure soht séparés

nt qui circulerait dans le circuit si chaque péle de l'appareil de connexion ou le fU
remplacé par un conducteur d'impédance nggligeable

a l'article: Ce terme est communément associé aux conditions de défaut.

r de créte du courant présumé
r de créte d'un courant(présumé pendant la période transitoire qui suit son établisse

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-02, modifié — La NOTE a été suppri

nt présume évalué a l'instant correspondant au début du phénoméne de coupure

allrarticle: L'instant du début du phénomeéne de coupure est habituellement choisi comme le mom

début

Ant de

erture

A eté

Bur a

sible

RCE: IEC 60050-441:1984/AMD1:2000, 441-17-01, modifié¢ — La NOTE a été remplacée.]

ment

mée.]

bnt du

de\J'arc.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-06, modifié — La NOTE 1 a l'article a été

remp

3.4.6

lacée.]

courant coupé limité
valeur instantanée maximale du courant atteinte au cours de la coupure effectuée par un

appa

Note 1 a l'article:

reil de connexion ou un fusible

telle maniere que la valeur de créte du courant présumé du circuit n'est pas atteinte.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-12]

Cette notion est d'importance particuliére si I'appareil de connexion ou le fusible fonctionne de
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3.4.7

tension de rétablissement

tension qui apparait entre les bornes d'un appareil de connexion ou d'un fusible aprés
I'interruption du courant

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-25, modifié — La NOTE a été supprimée.]

3.4.8

durée d'arc, <d'un péle ou d'un fusible>

intervalle de temps entre l'instant de début de I'arc sur un pdle ou sur un fusible et l'instant de
I'extinction finale de I'arc sur ce pdle ou ce fusible

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-17-37]

3.4.9
durép de coupure
interyalle de temps entre le début de la durée d'ouverture d'un appareil mécanique de
conngxion, ou le début de la durée de préarc d'un fusible, et la fin de la’durée d'arc

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-17-39]

3.4.10
intédrale de Joule, <pour un disjoncteur>
I’t
intégrale du carré de la valeur du courant dans un disjoncteur dans l'intervalle de la durge de
couplre lors de la manceuvre d'ouverture

12t=r1i2dt

i

to = début de la durée d’ouverture
t1 = fin de la durée d’arc

[SOYRCE: IEC 60050-441:1984/AMD1:2000, 441-18-23, modifié¢ — «dans un disjoncteur |[dans
l'intefvalle de la durée de coupure» a été ajouté; «pour un intervalle de temps donné» p été
rempllacé par «lors de-la manceuvre d'ouverture». Les NOTES ont été supprimées| les
legendes pour ¢, et t,\ont été ajoutées.]

3.4.111
caragtéristique 72+ <pour un disjoncteur>
information—(généralement une courbe) donnant la valeur de /2t en fonction de la valelr de
crétel du'courant présumé dans des conditions spécifiées comme le courant de réglagde du
déclgncheur, la constante de temps du circuit d'essai, etc.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-24, modifié — «information
(généralement une courbe) donnant la» a été ajouté; «dans des conditions prescrites» a été
supprimé; «courant présumé ou de la tension ou des deux a la fois» a été remplacé par «la
valeur de créte du courant présumé...». La NOTE a été supprimée.]

3.4.12

caractéristique durée de coupure-courant

courbe donnant la durée de coupure en fonction de la valeur de créte du courant présumé
dans les conditions spécifiées comme le courant de réglage du déclencheur, la constante de
temps du circuit d'essai, etc.
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3

caractéristique de coupure courant, <pour un disjoncteur>
courbe donnant le courant coupé en fonction de la valeur de créte du courant présumé dans
les conditions spécifiées comme le réglage du déclencheur, la constante de temps du circuit

d'ess

ai, etc.

2019

[SOURCE: IEC 60050-811:2017, 811-29-43, modifié — "de la valeur de créte", "comme" et

", etc

3.41
vites

." ont été ajoutés.]

4
se de montée du courant initiale

di/dt
vites

[SOU

term¢ et le symbole a été ajouté.]

3.5
CEM

4 (

Cet
cons

Les ¢

a) s

b) s

c) s
5 (

5.1

Les
appr

fléquences de fonctionnement sont données en 5.4;

5e de montée au début du passage du courant
RCE: IEC 61992-1:2006/AMD1:2014, 3.2.27, modifié — "courant" a été_ajouté da
Termes abrégés
Compatibilité électromagnétique
Llassification

article est destiné a énumérer les caractéristigues d'un disjoncteur sur lequ

isjoncteurs sont classés:

elon leur fréquence de fonctionnement<C1, C2 ou C3. Les caractéristiques de

elon le type de conception:
construction ouverte;
construction sous enveloppe intégrée;
blon le degré de protection'fourni par I'enveloppe (voir I'EC 60529).

faractéristiques

Liste des.caractéristiques

aractéristiques d'un disjoncteur doivent étre celles de la liste suivante lorsqu'elles
DPriees:

ns le

el le

ructeur donne des informations, et qui doivent étre‘vérifiées par des essais si nécessaire.

ces

sont

— ty

pe‘de disjoncteur (5.2);

— valeurs limites et valeurs assignées pour le circuit principal (5.3);

- fr

- cCi

équences de fonctionnement (5.4);
rcuits de commande électriques et pneumatiques (5.5);

— circuits auxiliaires électriques et pneumatiques (5.6);

— déclencheur @ maximum de courant (5.7);

— valeurs crétes de la tension d'arc (5.8).

5.2

Il est

Type de disjoncteur

nécessaire d'indiquer:

— le type d'appareil (par exemple disjoncteur a air, disjoncteur a vide, disjoncteur hybride,
disjoncteur bidirectionnel ou polarisé);
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— le type de conception (voir Article 4);

— le degré de protection fourni par I'enveloppe (voir Article 4);

— caractéristiques de fonctionnement (par

exemple disjoncteur limiteur

disjoncteur a déclenchement libre).

5.3
5.3.1

Valeurs limites et valeurs assignées du circuit principal

Généralités

de courant,

Les valeurs assignées sont choisies par le constructeur; il n'est toutefois pas nécessaire
d'établir toutes les valeurs caractéristiques énumérées.

5.3.2

Un
I''EC

— 16

NOTE|
assigr

— 16

NOTE
assign

— 16
e G

5.3.3

Un
I'NEC
- C

NOTE
coura

- C

Y

5.3.4

Les ¢
sous

Tensions assignées

composant est défini définies~en 5.1

60077-1:2017:

par les tensions assignées suivantes,
nsion assignée d'emploi (U,);

1 Certains types de disjoncteurs ont plusieurs valeurs de tensions assighées d'emploi ou un do
é de tensions d'emploi.

nsion d'isolement assignée (Uy);

2 Lorsqu'aucune tension d'isolement assignée n'a été assignée avun disjoncteur, la tension d'isol
ée est considérée comme étant égale a la valeur de tension assighée d'emploi la plus élevée.

nsion assignée de choc Uy;);
nsion d'essai a la fréquence industrielle (Uy).

Courants assignés

composant est défini par les tensions assignées suivantes, définies en 5.4

60077-1:2017 et en 5.3.3 de I'lEC 80077-2:2017:

burant assigné d'emploi (/) a la~xconstante de temps assignée 72 (voir 5.3.4);

Certains types de disjoncteurs;\ont plusieurs valeurs de courants assignés d'emploi ou une pla
ts assignés d'emploi.

purant thermique conventionnel a I'air libre (y);
burant thermique conventionnel sous enveloppe (fie)-

Constantes'de temps assignées

onstantes‘de temps pour le disjoncteur dépendent des caractéristiques électriques
stationy.de la ligne et de la charge.

P de

maine

ement

I de

ge de

de la

Les

uatre constantes de temps données dans le Tableau 1 doivent étre utilisées p

ar le

constructeur pour déterminer les pouvoirs de coupure et de fermeture en court-circuit

ment

ionnés en 5.3.5.

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

Tableau 1 — Constantes de temps assignées

Tension assignée d'emploi U, V 900 1800 3 600
Constante de temps 71 (minimum) ms 0 0 0
Constante de temps 72 ms 15 15 15
Constante de temps 73 ms 50 40 30
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