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onal-Standard IEC 60947-2 has been prepared by subcommittee 121A: Low

switchgearand cantrolgear of IEC technical commitiee 121: Switchgear and controlgear and

their assemblies for low-voltage.

This fifth edition cancels and replaces the fourth edition published in 2006, Amendment 1:2009
and Amendment 2:2013. This edition constitutes a technical revision.

This edition includes the following significant additions with respect to the previous edition:

o tests for verification of selectivity in Annex A (see A.5.3);

e critical load current tests for d.c. circuit-breakers (see 8.3.9);

e new

Annex P for circuit-breakers for use in photovoltaic applications;

e new Annex R for residual-current circuit-breakers with automatic reclosing functions.
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The text of this standard is based on the following documents:

FDIS Report on voting
121A/71/FDIS 121A/83/RVD

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

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

A list of all parts in the IEC 60947 series, published under the general title Low-voltage

switchgear and controlgear, can be found on the IEC website.

This Infernational Standard is to be used in conjunction with IEC 60947-1:2007 |and its

Amendment 1:2010 and Amendment 2:2014.

The projisions of the general rules dealt with in IEC 60947-1 are applicable to this sfandard,

where gpecifically called for. Clauses and subclauses, tables, figures and annexeg of the

general(rules thus applicable are identified by reference to IEC 60947-1 and its amendments
when applicable, for example, 1.2.3 of IEC 60947-1:2007, Tabldg 4 of

IEC 60947-1:2007/AMD1:2010, or Annex A of IEC 60947-1:2007/AMD1:2010/AMD2:2014.

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

stability[date indicated on the IEC website under "http:#webstore.iec.ch" in the data rglated to

the spegific publication. At this date, the publication will*be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amepded.

The corltents of the corrigendum of November 2016 have been included in this copy.
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 d¢orrect
understanding of.its contents. Users should therefore print this publication ujsing a

colour

printer,
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 2: Circuit-breakers

1 General

1.1  Scope and object

This paft of TEC 60947 series applies o circuit-breakers, the main confacts of which are
intended to be connected to circuits, the rated voltage of which does not exceed 1 000V a.c. or
1 500 V|d.c.; it also contains additional requirements for integrally fused circuit-breakers.

Circuit-hreakers rated above 1 000 V a.c. but not exceeding 1 500 V a.c. may also be tested to
this standard.

It appliels whatever the rated currents, the method of construction or the proposed applications
of the cifcuit-breakers may be.

The requirements for circuit-breakers which are also intended to provide earth [leakage
protection are contained in Annex B.

The additional requirements for circuit-breakers with electronic over-current protection are
contained in Annex F.

The additional requirements for circuit-breakérs for IT systems are contained in Annex H.

The requirements and test methods for electromagnetic compatibility of circuit-breakers are
containgd in Annex J.

The requirements for circuit-breakers not fulfilling the requirements for over-current protection
are confained in Annex L.

The requirements forimodular residual current devices (without integral current breaking
device) pre contained\in Annex M.

The requirements and test methods for electromagnetic compatibility of circuitibreaker
auxiliaries arejcontained in Annex N.

The requirements and test methods for d.c. circuit-breakers for use in photovoltaic (PV)
applications are contained in Annex P.

The requirements and test methods for circuit-breakers incorporating residual current
protection with automatic reclosing functions are contained in Annex R.

Supplementary requirements for circuit-breakers used as direct-on-line starters are given in
IEC 60947-4-1, applicable to low-voltage contactors and starters.

The requirements for circuit-breakers for the protection of wiring installations in buildings and
similar applications, and designed for use by uninstructed persons, are contained in
IEC 60898.

The requirements for circuit-breakers for equipment (for example electrical appliances) are
contained in IEC 60934.
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For certain specific applications (for example traction, rolling mills, marine service) particular or
additional requirements may be necessary.

NOTE Circuit-breakers which are dealt with in this standard can be provided with devices for automatic opening
under predetermined conditions other than those of over-current and undervoltage as, for example, reversal of
power or current. This standard does not deal with the verification of operation under such pre-determined
conditions.

The object of this standard is to state:

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

1) rpnrafinn and behaviour in normal service;

2) qgperation and behaviour in case of overload and operation and behaviour i’|case of
ghort-circuit, including co-ordination in service (selectivity and back-up protection);

3) dielectric properties;

c) testg intended for confirming that these conditions have been met and,.the methodls to be
adopted for these tests;

d) inforimation to be marked on or given with the apparatus.
1.2 Normative references

The follpwing documents, in whole or in part, are normativély referenced in this document and
are indispensable for its application. For dated references) only the edition cited applies. For

undated references, the latest edition of the referenced*document (including any amengments)
applies.

IEC 60068-2-14, Environmental testing — Part 2514: Tests — Test N: Change of temperature

IEC 60068-2-30, Environmental testing —_Part 2-30: Tests — Test Db: Damp heat, cycliq (12 h +
12 h cygle)

IEC 60269-1:2006, Low-voltage fuses — Part 1: General requirements

IEC 60364 (all parts), Low=voltage electrical installations

IEC 606/64-1:2007, Insulation coordination for equipment within low-voltage systems 4 Part 1:
Principlés, requirentents and tests

IEC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1. General rules
IEC 60947-1.2007/AMD1:2010
IEC 60947<1:2007/AMD2:2014

IEC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-
starters — Electromechanical contactors and motor-starters

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
current emissions (equipment input current < 16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject to conditional connection

IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test
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IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
IEC 61000-4-3:2006/AMD1:2007
IEC 61000-4-3:2006/AMD2:2010

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques — Surge immunity test

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measur¢ment techniques — Immunity to conducted disturbances, induced by radiosfrequency
fields

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing, and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61140, Protection against electric shock — Common aspects for installation and eqyipment

IEC 624{75:2010, High-current test techniques — Definitions and“requirements for test purrents
and measuring systems

CISPR |11, Industrial, scientific and medical equipinent — Radio-frequency disturbance
characteristics — Limits and methods of measurement

CISPR 22, Information technology equipment —¢Radio disturbance characteristics — Lifnits and
methods of measurement

2 Terms and definitions

For the |purposes of this documenit;”the terms and definitions given in IEC 60947-1, ag well as
the following apply.

NOTE Where these definitions)are taken unchanged from the International Electrotechnical Vocabulary (IEV),
IEC 60050-441, the reference {6 this publication is given in brackets.

21
circuit-breaker
a mechjanical-switching device, capable of making, carrying and breaking currents under
normal gireuit’conditions and also making, carrying for a specified time and breaking furrents
under spécified abnormal circuit conditions such as those of short-circuit

[SOURCE: IEC 60050-441:1984, 441-14-20]

211

frame size

a term designating a group of circuit-breakers, the external physical dimensions of which are
common to a range of current ratings.

Note 1 to entry: Frame size is expressed in amperes corresponding to the highest current rating of the group.
Note 2 to entry: Within a frame size, the width may vary according to the number of poles.

Note 3 to entry: This definition does not imply dimensional standardization.
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21.2

construction break
a significant difference in construction between circuit-breakers of a given frame size, requiring

addition

2.2

al type testing

integrally fused circuit-breaker
a combination, in a single device, of a circuit-breaker and fuses, one fuse being placed in
series with each pole of the circuit-breaker intended to be connected to a phase conductor

[SOURCE: IEC 60050-441:1984, 441-14-22]

2.3
current

Hlimiting circuit-breaker

circuit-bfeaker that, within a specified range of current, prevents the let-through
reaching the prospective peak value and which limits the let-through energy (/2f).to a va
than the let-through energy of a half-cycle wave of the symmetrical prospective current

Note 1 to
through c

Note 2 to
12).

Note 3 to
energy c

entry: Reference may be made to either the symmetrical or asymmetrical prespective peak va
irrent.

entry: The let-through current is also referred to as the cut-off current(see IEC 60050-441:1984

entry: Templates for the graphical representation of the cut=off current characteristic and the |
aracteristic are given from Figure K.2 to Figure K.5 @nd/examples of the use of the ten

Figure K.$ and in Figure K.7.

2.4
plug-in
a circui

circuit-breaker

enable the circuit-breaker to be removed

Note 1 to

entry: Some circuit-breakers may ‘be“of the plug-in type on the line side only, the load termin

usually syitable for wiring connection.

25

withdrawable circuit-breaker
circuit-breaker which, in-addition to its interrupting contacts, has a set of isolating

which e
position

2.6

moulde
a circuit
part of t

nable the circuit-breaker to be withdrawn from the main circuit, and, in the disco
to achieve an isolating distance in accordance with specified requirements

d-case.circuit-breaker
tbreaker having a supporting housing of moulded insulating material forming an

current
lue less

lue of let-

b, 441-17-

pt-through
plates in

-breaker which, in addition to its interfupting contacts, has a set of contacfs which

als being

contacts
nnected

integral

he Circuit-breaker

[SOURCE: IEC 60050-441:1984, 441-14-24]

2.7

air circuit-breaker

a circuit

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

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

2.8

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

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

gas circuit-breaker

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

210

making-current release

a release which permits a circuit-breaker to open, without any intentional time-delay, during a
closing operation, if the making current exceeds a predetermined value, and which is rendered
inoperative when the circuit-breaker is in the closed position

2.1
short-circuit release
an over{current release intended for protection against short circuits

212
short-time delay short-circuit release
an over{current release intended to operate at the end of the short-time _delay

213
alarm switch
an auxiljary switch which operates only upon the tripping of the. circuit-breaker with which it is
associated

2.14
circuit-breaker with lock-out device preventing closing
a circuittbreaker in which each of the moving contacts is prevented from closing suffigiently to
be capgble of passing current if the closing e¢emmand is initiated while specified cgnditions
remain ¢stablished

2.15
short-circuit breaking (or making) capacity

a breaking (or making) capacity farxtwhich the prescribed conditions include a short circyit

2.15.1
ultimat¢ short-circuit breaking capacity
a breaking capacity for'which the prescribed conditions according to a specified test sgquence
do not ipclude the capability of the circuit-breaker to carry its rated current continuously

2.15.2
service[short=circuit breaking capacity

a breaking.capacity for which the prescribed conditions according to a specified test sgquence
include Mwwmue&um&mww@ ircuit- i i

2.16

opening time

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:

— in the case of a directly operated circuit-breaker, the instant of initiation of the opening time is the instant of
initiation of a current large enough to cause the circuit-breaker to operate;

— in the case of a circuit-breaker operated by any form of auxiliary power, the instant of initiation of the opening
time is the instant of application or removal of the auxiliary power to the opening release.

Note 2 to entry: For circuit-breakers "opening time" is commonly referred to as "tripping time", although, strictly
speaking, tripping time applies to the time between the instant of initiation of the opening time and the instant when
the opening command becomes irreversible.
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[SOURCE: IEC 60947-1:2007, 2.5.39, modified — addition of Notes to entry.]

217
over-cu

2171
over-cu

rrent protective co-ordination

rrent selectivity

co-ordination of the operating characteristics of two or more over-current protective devices
such that, on the incidence of over-currents within stated limits, the device intended to operate
within these limits does so, while the other(s) does (do) not

2.17.2

total se
over-cu
the prot
device t

2.17.3
partial {
over-cu
the prot
without

2.17.4

selectiVity limit current

Is
current
protecti
breaker

Note 1 to

— below which, in the presence of two over:cUrrent protective devices in series, the protective device o

side

(i.e. delectivity is ensured);

— above which, in the presence of twojover-current protective devices in series, the protective device o

side

operdtion (i.e. selectivity is not\ensured).

2.17.5

take-over current

Ig
current
of two o

Note 1 to

I_enﬂui-l-u
Gty

rent selectivity where, in the presence of two over-current protective devicescif
bctive device on the load side effects the protection without causing the other pi
D operate

selectivity

rent selectivity where, in the presence of two over-current profective devices i
bctive device on the load side effects the protection up to,a given level of over-
causing the other protective device to operate

co-ordinate of the intersection between the'total time-current characteristic
e device on the load side and the presarcing (for fuses), or tripping (for
5) time-current characteristic of the other protective device

entry: The selectivity limit current (see Figure A.1) is a limiting value of current:

Completes its breaking operation jin time to prevent the other protective device from starting its

may not complete its breaking operation in time to prevent the other protective device from s

co-ordinate’ of the intersection between the maximum break time current charad
ver-current protective devices in series

series,
otective

series,
current,

of the
circuit-

h the load
operation

h the load
tarting its

teristics

entry- This applies to two over-current protective devices in series for operating times > 0

05s. For

operating times < 0,05 s, the two over-current devices in series are considered as an association (see Annex A).

2.18

12t characteristic of a circuit-breaker
information (usually a curve) giving the maximum values of /2t related to break time as a
function of prospective current (r.m.s. symmetrical for a.c.) up to the maximum prospective
current corresponding to the rated short-circuit breaking capacity and associated voltage

2.19

resetting time
time elapsed between a circuit-breaker tripping due to an overcurrent and subsequently
reaching a condition where it can be reclosed
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rated instantaneous short-circuit current setting

I.

1
rated value of the current causing the operation of a release without any intentional time-delay

2.21
overloa
]

d current setting

r
current setting of an adjustable overload release

Note 1 to

2.22

entry: In case of a non-adjustable overload release, this value is equal to the rated current / .

programmable logic controller

PLC
digitally

operating electronic system, designed for use in an industrial environment, wh

a progrgmmable memory for the internal storage of user-oriented instructions.for imple|

specific
through

functions such as logic, sequencing, timing, counting and arithmetic, to
digital or analogue inputs and outputs, various types of machings or processs

the PL{ and its associated peripherals are designed so that they cancbe easily integra
an indugtrial control system and easily used in all their intended functions

[SOURCE: IEC 61131-1:2003, 3.5, modified — deletion of the note.]

3 Cla

issification

Circuit-hreakers may be classified:

3.1 According to their selectivity category;-A or B (see 4.4)

3.2  According to the interrupting medium, for example:

— air-break;

— vacyum break;

break.

3.3 According to the'design, for example:

— open construetion;

— mou

ded case.

ch uses
menting
control,
es. Both
ted into

3.4  According to the method of controlling the operating mechanism, viz:

— dependent manual operation;

— inde

pendent manual operation;

— dependent power operation;

— inde

pendent power operation;

— stored energy operation.

3.5 According to the suitability for isolation:

— suitable for isolation;

— not suitable for isolation.

3.6  According to the provision for maintenance:

— maintainable;
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— non-maintainable.
3.7 According to the method of installation, for example:

— fixed;
—  plug-in;
— withdrawable.

3.8 According to the degree of protection provided by the enclosure (see 7.1.12 of
IEC 60947-1:2007)

4 Ch teristi fciretitd I

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

— type|of circuit-breaker (4.2);

— rated and limiting values of the main circuit (4.3);

— selegtivity categories (4.4);

— control circuits (4.5);

— auxiliary circuits (4.6);

— relegses (4.7);

— integral fuses (integrally fused circuit-breakers) 4.8).

4.2 Tlype of circuit-breaker
The follpwing shall be stated:

— numbper of poles;

— kind|of current (a.c. or d.c.) and;in the case of a.c., number of phases and rated freguency.
4.3 Rated and limiting values of the main circuit
4.3.1 General

The rated values established for a circuit-breaker shall be stated in accordance with 4.3.2
to 4.4, fut it is not necessary to establish all the rated values listed.

4.3.2 Rated voltages

4.3.2.1 L—~Rated-operational-voltage{U)
Subclause 4.3.1.1 of IEC 60947-1:2007 applies with the following amplification:

— Circuit-breakers covered by item a) of Note 2 (of IEC 60947-1:2007)

Ue is generally stated as the voltage between phases.

NOTE 1 In Canada and the USA, the rated operational voltage U, is stated as

a) the voltage between phases and earth, together with the voltage between phases (for example 277 V/480 V) for
three-phase four-wire neutral earthed systems;

b) the voltage between phases (for example 480 V) for three-phase three-wire unearthed or impedance earthed
systems.

Circuit-breakers for unearthed or impedance earthed systems (IT) require additional tests
according to Annex H.
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— Circuit-breakers covered by item b) of Note 2:

These ¢

Ue shall

ircuit-breakers require additional tests according to Annex C.

be stated as the voltage between phases preceded by the letter C.

NOTE 2 According to present practice in Canada and the USA, circuit-breakers covered by item b) of Note 2 (of
IEC 60947-1:2007) are identified by the voltage between phases only.

4.3.2.2

Subclau

Rated insulation voltage (U;)

se 4.3.1.2 of IEC 60947-1:2007 applies.

4.3.2.3

Subclauy

4.3.3
4.3.3.1

Subclauy

4.3.3.2

Subclauy

4.3.3.3

For cird
IEC 609

4.3.3.4

Subclau

43.4

Subclauy

4.3.5

The rate

Rated impulse withstand voltage (Uimp)

se 4.3.1.3 of IEC 60947-1:2007 applies.

Currents
Conventional free-air thermal current (/i)

se 4.3.2.1 of IEC 60947-1:2007 applies.

Conventional enclosed thermal current (/ihe)

se 4.3.2.2 of IEC 60947-1:2007 applies.

Rated current (/)

uit-breakers, the rated current is the, rated uninterrupted current (/) (see 4.
47-1:2007) and is equal to the conventional free-air thermal current (/).

Current rating for four-pole circuit-breakers

se 7.1.9 of IEC 60947-1:2007 applies.

Rated frequency

se 4.3.3 of IEC\60947-1:2007 applies.

Rated duty

d duties considered as normal are:

3.2.4 of

— the

vy
— the uninterrupted duty (see 4.3.4.2 of IEC 60947-1:2007).

4.3.6

4.3.6.1

iabht oty A, (o 4-2 4 1 £l 047 . 414-20007
greTmoaT—od \(OCC U . T U TS OO0 ITT— . ZO0U7

A}
VA

Short-circuit characteristics

Rated short-circuit making capacity (/)

The rated short-circuit making capacity of a circuit-breaker is the value of short-circuit making
capacity assigned to that circuit-breaker by the manufacturer for the rated operational voltage
at rated frequency and at a specified power factor for a.c., or time constant for d.c. It is
expressed as the maximum prospective peak current.

For a.c. the rated short-circuit making capacity of a circuit-breaker shall be not less than its
rated ultimate short-circuit breaking capacity, multiplied by the factor n of Table 2 (see 4.3.6.3).
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For d.c., the rated short-circuit making capacity of a circuit-breaker shall be not less than its
rated ultimate short-circuit breaking capacity.

A rated short-circuit making capacity implies that the circuit-breaker shall be able to make the
current corresponding to that rated capacity at the appropriate applied voltage related to the
rated operational voltage.

4.3.6.2 Rated short-circuit breaking capacities
4.3.6.2.1 General

The rated short-circuit breaking capacities of a circuit-breaker are the values of short-circuit
breaking—capacity assigned-tothatcircuit-breaker by themanufacturer for theratedopgrational
voltage,|under specified conditions.

A rated|short-circuit breaking capacity requires that the circuit-breaker shallbe.'able {o break
any vallie of short-circuit current up to and including the value correspending to the rated
capacity at a power-frequency recovery voltage corresponding to the prescribed test|voltage
values gnd:

— for g.c., at any power factor not less than that of Table 11 (see 8.3.2.2.4);
— for d.c., with any time constant not greater than that of Table 11 (see 8.3.2.2.5).

For poyer-frequency recovery voltages in excess of the prescribed test voltagel values
(see 8.3.2.2.6), no short-circuit breaking capacity is guaranteed.

For a.c.| the circuit-breaker shall be capable of breaking a prospective current corresponding to
its rateq short-circuit breaking capacity and _thée related power factor given in Tgble 11,
irrespective of the value of the inherent d.ci. component, on the assumption that the a.c.
compongnt is constant.

The ratgd short-circuit breaking capacities are stated as:

- ratex ultimate short-circuit breaking capacity;

— rated service short-circuit breaking capacity.

4.3.6.2.2 Rated ultimate short-circuit breaking capacity (/cy)

The rateéd ultimate short-circuit breaking capacity of a circuit-breaker is the value of jultimate
short-cifcuit breaking-capacity (see 2.15.1) assigned to that circuit-breaker by the mandyfacturer
for the porresponding rated operational voltage, under the conditions specified in 8.3.5. It is
expressed as<the value of the prospective breaking current, in kA (r.m.s. value of the a.c.
componrnt in_the case of a.c.).

4.3.6.2.3 Rated service short-circuit breaking capacity (/¢cs)

The rated service short-circuit breaking capacity of a circuit-breaker is the value of service
short-circuit breaking capacity (see 2.15.2) assigned to that circuit-breaker by the manufacturer
for the corresponding rated operational voltage, under the conditions specified in 8.3.4. It is
expressed as a value of prospective breaking current, in kA, or as a % of I, (for example
les =25 % 1g,).

l.s shall be at least equal to 25 % of /.
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Table 1 (void)

4.3.6.3 Standard relationship between short-circuit making and breaking capacities
and related power factor, for a.c. circuit-breakers

The standard relationship between short-circuit breaking capacity and short-circuit making
capacity is given in Table 2.

Table 2 — Ratio n between short-circuit making capacity and short-circuit
breaking capacity and related power factor (for a.c. circuit-breakers)

Short-circuit breaking capacity Power factor Minimum value required for n

kAr.m.s. __short - circuit making chacity

- short - circuit breaking ¢apacity
/<15 0,95 1,41
1,5</ <3 0,9 1,42
3</<45 0,8 1,47
45<1< 6 0,7 1,53
6</<10 0,5 1,7
10</<20 0,3 2,0
20< /<50 0,25 2,1
50 </ 0,2 2,2

The ratid short-circuit making and breaking capacities are only valid when the circuitibreaker
is operatted in accordance with the requirements of 7.2.1.1 and 7.2.1.2.

For spegial requirements, the manufaCturer may assign a value of rated short-circuit| making
capacity higher than that required by Table 2. Tests to verify these rated values shall be the
subject pf agreement between manufacturer and user.

4.3.6.4 Rated short-time withstand current (/)

The rated short-time withstand current of a circuit-breaker is the value of short-time withstand
current pssigned to_that circuit-breaker by the manufacturer under the test conditions gpecified
in 8.3.63.

For a.c.| the~value of this current is the r.m.s. value of the a.c. component of the progpective
short-cifcyit cUrrent, assumed constant during the short-time delay.

The short-time delay associated with the rated short-time withstand current shall be at least
0,05 s, preferred values being as follows:

0,05s-0,1s-0,25s-0,5s-1s

The rated short-time withstand current shall be not less than the appropriate values shown in
Table 3.
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Table 3 — Minimum values of rated short-time withstand current

Rated current I, Rated short-time withstand current I, -
Minimum values
A kA
In <2500 12 I or 5 kA, whichever is the greater
In > 2500 30 kA

4.4

C' H ) 1 I - lorr - (] (] I ] b ' - 1 i . n -
ircuit-preakers daCLLUTUITY 10 Us stdliudiu dare Uivideu 11ty two SCICULVILYy CalcyuUriIcs.

— Selectivity category B comprises circuit-breakers providing selectivity by having
time|withstand current rating and an associated short-time delay according to 4.3.6.

Selectivity of circuit-breakers of selectivity category B is not necessarily, ensured u

Selectivity categories

a short-
.

p to the

ultimate short-circuit breaking capacity (e.g. in the case of operation \of an instantaneous

release) but at least up to the value specified in Table 3.
— Seldctivity category A comprises all other circuit-breakers.

These circuit-breakers may provide selectivity under shoct-Circuit conditions H
means.

y other

A cifcuit-breaker of selectivity category A may have atlintentional short-time delay with a

short-time withstand current less than that according’to 4.3.6.4. In that case, t
inclyde test sequence IV (see 8.3.6) at the assigned short-time withstand current.

he tests

Attentiop is drawn to the differences of the tests applying to the two selectivity categorjes (see
Table 9fand 8.3.4, 8.3.5, 8.3.6 and 8.3.8).
Table 4 (void)
4.5 Control circuits
451 Electrical control circuits
Subclause 4.5.1 of IEC80947-1:2007/AMD1:2010/AMD2:2014 applies, with the fpllowing
addition
If the rated contrelisupply voltage is different from that of the main circuit, it is recommended

that its yalue be(chosen from Table 5.

Table 5 — Preferred values of the rated control supply voltage,

if different from-that of the main circuit

Direct current Single-phase alternating current
\ \
24 — 48 — 110 — 125 — 220 — 250 24 — 48 - 110 — 127 — 220 — 230

4.5.2

Air-supply control circuits (pneumatic or electro-pneumatic)

Subclause 4.5.2 of IEC 60947-1:2007 applies.

4.6

Auxiliary circuits

Subclause 4.6 of IEC 60947-1:2007 applies.
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4.7 Releases

4.7.1

Types

For the purpose of this standard, the following types of releases are considered:

1) shunt release;

2) over-current release:

a) instantaneous;

b) definite time delay;

c) inverse time delay:

NOTH

overl
relea

NOTH

independent of previous load;

dependent on previous load (for example thermal type release).
1 The term "overload release" is used to identify over-current releases intended for protectiq
ads (see 2.4.30 of IEC 60947-1:2007). The term "short-circuit release" is used’to”identify oy
bes intended for protection against short circuits (see 2.11).

2 The term "adjustable release" used in this standard also includes interchangeable releases.

3) undervoltage release (for opening);

4) othg
4.7.2

The foll
1) shug

2) ovel
- T
- K
- T

- G

—

The raf
corresp
test con

r releases.
Characteristics
bwing characteristics shall be considered:

t release and undervoltage release (for opening):
ated control circuit voltage (U,);

ind of current;

pted frequency, if a.c.

-current release:

ated current (/,);

ind of current;

ated frequency, ifa.c.;

urrent setting (or range of settings);

me setting)(or range of settings) if applicable.

ed current of an over-current release is the value of current (r.m.s.
bnding to the maximum current setting which it shall be capable of carrying u

n against
er-current

if a.c.)
nder the

ditfons specified in 8.3.2.5, without the temperature-rise exceeding the values gpecified

in Table

4.7.3

7.

Current setting of over-current releases

For circuit-breakers fitted with adjustable releases (see Note 2 to 4.7.1, item 2)), the current
setting (or range of current-settings, as applicable) shall be marked or displayed on the release
or on its scale. The marking or display may be either directly in amperes or as a multiple of the
current value. Means shall be available from the manufacturer to read the display regardless of
the status of the circuit-breaker.

For circuit-breakers fitted with non-adjustable releases, the marking may be on the circuit-
breaker. If the operating characteristics of the overload release comply with the requirements
of Table 6, it will be sufficient to mark the circuit-breaker with its rated current (/).
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In the case of indirect releases operated by current transformers, the marking may refer either
to the primary current of the current transformer through which they are supplied, or to the
current setting of the overload release. In either case, the ratio of the current transformer shall
be stated.

Unless otherwise specified

— the operating value of overload releases other than those of the thermal type is
independent of the ambient air temperature within the limits of -5 °C to +40 °C;

— for releases of the thermal type, the values stated are for a reference temperature of
+30 °C + 2 °C. The manufacturer shall be prepared to state the influence of variations in
the ambient air temperature (see 7.2.1.2.4, item b)).

4.7.4 Tripping time setting of over-current releases
The tripping time shall be stated as follows, depending on the type of over-current.release:

1) Defipite time-delay over-current releases

The|time-delay of such releases is independent of the over-curfent. The tripping time
setting shall be stated as the duration in seconds of the opening_tirne of the circuit-breaker,
if the time-delay is not adjustable, or the extreme values of the Jopening time, if the time-
delay is adjustable.

2) Invefse time-delay over-current releases
The ftime-delay of such releases is dependent on the ever-current.

The|time/current characteristics shall be givenyintthe form of curves supplied| by the
manpfacturer. These shall indicate how the apening time, starting from the cold state,
varigs with current within the range of operatjon of the release. The manufactufer shall
indigate, by suitable means, the tolerances‘applicable to these curves.

These curves shall be given for each_extreme value of the current setting and, if the time
setting for a given current setting is_adjustable, it is recommended that they be piven in
addifion for each extreme value of the time setting.

It is [recommended that the current be plotted as abscissa and the time as ordinate, using
logafithmic scales. Furthermore; in order to facilitate the study of co-ordination of ifferent
typeg of over-current protection, it is recommended that the current be plotted as multiples
of the setting current and the time in seconds on the standard graph sheets detailed in
5.6.1 of IEC 60269-1,2006.

4.8

ntegral fuses\(integrally fused circuit-breakers)

Subclause 4.8 of lEC 60947-1:2007/AMD1:2010 applies.

The manufacturer shall provide the necessary information.

5 Product information

5.1 Nature of the information

Subclause 5.1 of IEC 60947-1:2007 applies, as far as appropriate for a particular design.

In addition the manufacturer shall make available, upon request, information concerning typical
power losses for the various frame sizes (see 2.1.1). See Annex G.

5.2 Marking

Each circuit-breaker shall be marked in a durable manner.
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The following data shall be marked on the circuit-breaker itself or on a nameplate or name-
plates attached to the circuit-breaker, and located in a place such that they are visible and
legible when the circuit-breaker is installed;

— rated current (/,);

—

— suitability for isolation, if applicable, with the symbol

— indication of the open and closed positions, with O and | respectively, if symbols are
used (see 7.1.6.1 of IEC 60947-1:2007).

The following data shall also be marked externally on the circuit-breaker, as specified in
item a), except that they need not be visible when the circuit-breaker is installed;

- nanuracturers name or trade mark,

—

ype designation or serial number;

— IEC 60947-2 if the manufacturer claims compliance with this standard;

— delectivity category;

— rpted operational voltage(s) Ue (see 4.3.2.1 and, where applicablé,Annex H);
— rpted impulse withstand voltage (Uimp);

alue (or range) of the rated frequency (for example 50 Hz),"and/or the indicatipn "d.c."
pr the symbol ———);

V
(
rated service short-circuit breaking capacity (/o) @t the corresponding rated|voltage
(Ue);

rated ultimate short-circuit breaking capacity-(/c;;) at the corresponding rated|voltage
(Ue);
.
d

ated short-time withstand current (/. ),~@nd associated short-time delay, for selectivity
ategory B;

— line and load terminals, unless their/connection is immaterial;

— rjeutral pole terminals, if applicable, by the letter N;

— Mrotective earth terminakswhere applicable, by the symbol @ (see 7.1(10.3 of
IEC 60947-1:2007);
— reference temperatlire for non-compensated thermal releases, if different from 30 °C;
— rpnge of the current setting (/,) of adjustable overload release;
— rpnge of therated instantaneous short-circuit current setting (/;), for ajustable releases.

Whdre applicable, I, and I, ranges may be displayed instead of being marked on thg circuit-
breaker.

The|following data shall either be marked on the circuit-breaker as specified in item b), or

shalt-be-made-available-inthe-manufacturerspublished-infermation:

— rated short-circuit making capacity (I.;m), if higher than that specified in 4.3.6.1;
— rated insulation voltage (U;), if higher than the maximum rated operational voltage;
— pollution degree if other than 3;

— conventional enclosed thermal current (/ie) if different from the rated current;

— IP Code, where applicable (see Annex C of IEC 60947-1:2007/AMD1:2010);

— minimum enclosure size and ventilation data (if any) to which marked ratings apply;

— details of minimum distance between circuit-breaker and earthed metal parts for circuit-
breakers intended for use without enclosures;

— suitability for environment A or environment B, as applicable;

— r.m.s. sensing, if applicable, according to F.4.1.1;
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d)

e)

Subclause 7.1.8.4 of IEC 60947-1:2007 applies (see also item b) above).
5.3
Subclause 5.3 of IEC 60947-1:2007/AMD2:2014 applies.

6 Normal service, mounting and transport.conditions

Clause ¢ of IEC 60947-1:2007/AMD2:2014 applies with the following addition:

Pollution degree (see 6.1.3.2 of IEC 60947-1:2007).

minimum cable cross-section, if different from Table 9 of IEC 60947-1:2007, for ratings
< 20 A according to rated ultimate short-circuit breaking capacity /,;

values of tightening torque for the circuit-breaker terminals.

The following data concerning the opening and closing devices of the circuit-breaker shall
be placed either on their own nameplates or on the nameplate of the circuit-breaker;
alternatively, if space available is insufficient, they shall be made available in the
manufacturer's published information:

Terminal marking

rated control circuit voltage of the closing device (see 7.2.1.2 of
IEC 60947-1:2007/AMD1:2010/AMD2:2014) and rated frequency for a.c.;

rated control circuit voltage of the shunt release (see 7.2.1.4 of
IEC 60947-1:2007/AMD2:2014) and/or of the under-voltage release (or of the no-voltage
release) (see 7.2.1.3 of IEC 60947-1:2007), and rated frequency for a.c.;

rated current of indirect over-current releases;

number and type of auxiliary contacts and kind of current, rated frequency (if 4.c.) and
rated voltages of the auxiliary switches, if different from those of the main circuit

nstructions for installation, operation and maintenance

Unless otherwise stated by the mapufacturer, a circuit-breaker is intended for installatign under

environmental conditions of pollutioh degree 3.

7

71

Constructional and performance requirements

711

Constructional requirements

General

Subclause’, 71 of IEC 60947-1:2007/AMD1:2010/AMD2:2014 applies. Where, in 7.[1.2.2 of
IEC 6094 7-1:2007/AMD1:2010/AMD2:2014, the test temperature is to be specified, lthe test
temperature required by this standard is 960 °C.

7.1.2

Withdrawable circuit-breakers

In the disconnected position, the isolating contacts of the main circuit and, where applicable,
auxiliary circuits of withdrawable circuit-breakers shall have isolating distances which comply
with the requirements specified for the isolating function, taking account of manufacturing
tolerances and changes in dimensions due to wear.

The withdrawable mechanism shall be fitted with a reliable indicating device which indicates
unambiguously the positions of the isolating contacts.

The withdrawable mechanism shall be fitted with interlocks which only permit the isolating
contacts to be separated or reclosed when the main contacts of the circuit-breaker are open.
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In addition, the withdrawable mechanism shall be fitted with interlocks which only permit the

main contacts to be closed

— when the isolating contacts are fully closed, or

— when the specified isolating distance is achieved between the fixed and moving parts of the
isolating contacts (disconnected position).

When the circuit-breaker is in the disconnected position, means shall be provided to ensure
that the specified isolating distances between the isolating contacts cannot be inadvertently
reduced.

71.3 Additional requirements for circuit-breakers suitable for isolation

For additional requirements concerning performance, see 7.2.7.
Subclause 7.1.7 of IEC 60947-1:2007/AMD1:2010 applies with the following addition:
If the tripped position is not the indicated open position, it should be clearlyvidentified.

71.4 Clearances and creepage distances

Minimum values are given in Table 13 of I|EC 6094741:2007 and in Tabl¢ 15 of
IEC 60947-1:2007/AMD1:2010.

For Uinp values exceeding the values given in Table 13/0f IEC 60947-1:2007, clearandes shall
be obtained from Table F.2 of IEC 60664-1:2007.

7.1.5 Requirements for the safety of the operator

There shall be no path or opening which.allows incandescent particles to be discharged from
the ared of the manual operating means.

Complignce is checked by the pravisions of 8.3.2.6.1, item b).

7.1.6 List of construction breaks

Circuit-breakers of a given/frame size are considered to have a construction break (sde 2.1.2)
if any one of the following features are not the same:

— matgrial, finish¢and dimensions of internal current-carrying parts, admitting, howegver, the
varigtions listed in a), b), c), f) and g) below;

— size| material, configuration and method of attachment of the main contacts;

— any Integral manual operating mechanism, its materials and physical characteristics

— moulding and insulating materials;

— the principle of operation, materials and construction of the arc extinction device;

— the basic design of the over-current tripping devices, admitting, however, the variations
detailed in a), b) and ¢) below.

Variations in the following do not constitute a construction break:

a) dimensions of terminals, provided that creepage and clearance distances are not reduced;

b) in the case of thermal and magnetic releases those dimensions and materials of the
release components, including flexible connections, which determine the current rating;

c) secondary windings of current transformer operated releases;
d) external operating means, additional to the integral operating means;
e) type designation and/or purely aesthetic features (e.g. labels);
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f) in the case of the 2-pole and 4-pole variants, replacement of the trip unit in one pole by a
link, to provide an unprotected neutral;

g) creating a 2-pole breaker from a 3-pole breaker by removing the centre current path;

h) difference in embedded software (firmware) in electronic trip units, which has no impact on
the required performance, in particular the tripping function;

i) electronic trip unit hardware, due to omitted components on identical printed circuit board
layout (e.g. rotary knobs, display, etc.).

71.7 Additional requirements for circuit-breakers provided with a neutral pole

Subclause 7.1.9 of IEC 60947-1:2007 applies with the following addition:

If a polg¢ with an appropriate making and breaking capacity is used as a neutral pol€)|then all
poles, including the neutral pole, may operate substantially together.

7.1.8 Digital inputs and outputs for use with programmable logic controllers (PILCs)

Annex § of IEC 60947-1:2007 applies. For the purposes of this standard; this requiremegnt does
not apply to digital inputs and outputs dedicated to devices other than'PLCs.

7.2 Performance requirements
7.21 Operating conditions
7211 Closing

7.21.1. General

For a circuit-breaker to be closed safely on_to“the making current corresponding to its rated

short-cifcuit making capacity, it is essential-that it should be operated with the same spged and
the samfe firmness as during the type testfor proving the short-circuit making capacity.

7.211.2 Dependent manual closing

For a dircuit-breaker having .a-dependent manual closing mechanism, it is not pogsible to
assign p short-circuit making* capacity rating irrespective of the conditions of meghanical
operatidn.

Such a gircuit-breaker should not be used in circuits having a prospective peak making current
exceedipg 10 kA.

However, this)'does not apply in the case of a circuit-breaker having a dependent|manual

closing mechanism and incorporating an integral fast-acting opening release which cadises the
circuit-bmmmmmmmmmm%sed on

to prospective peak currents exceeding 10 kA; in this case, a rated short-circuit making
capacity can be assigned.

7.211.3 Independent manual closing

A circuit-breaker having an independent manual closing mechanism can be assigned a short-
circuit making capacity rating irrespective of the conditions of mechanical operation.

7.21.1.4 Dependent power closing

The power-operated closing mechanism, including intermediate control relays where
necessary, shall be capable of securing the closing of the circuit-breaker in any condition
between no-load and its rated making capacity, when the supply voltage, measured during the
closing operation, remains between the limits of 110 % and 85 % of the rated control supply
voltage, and, when a.c., at the rated frequency.
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At 110 % of the rated control supply voltage, the closing operation performed on no-load shall
not cause any damage to the circuit-breaker.

At 85 % of the rated control supply voltage, the closing operation shall be performed when the
current established by the circuit-breaker is equal to its rated making capacity within the limits
allowed by the operation of its relays or releases and, if a maximum time limit is stated for the
closing operation, in a time not exceeding this maximum time limit.

7.21.1.5 Independent power closing

A circuit-breaker having an independent power closing operation can be assigned a rated
short-circuit making capacity irrespective of the conditions of power closing.

Means {(y)r charging the operating mechanism, as well as the closing control componerjts, shall
be capaple of operating in accordance with the manufacturer's specification.

7.21.1.6 Stored energy closing

This type of closing mechanism shall be capable of ensuring closing.'of the circuit-bregaker in
any congition between no-load and its rated making capacity.

When the stored energy is retained within the circuit-breaker, a device shall be providgd which
indicatep when the storing mechanism is fully charged.

MeansJor charging the operating mechanism, as well as the closing control componenits, shall
be capgble of operating when the auxiliary supply,veltage is between 85 % and 110 % of the
rated cqgntrol supply voltage.

It shall [not be possible for the moving contacts to move from the open position un|ess the
charge is sufficient for satisfactory completion of the closing operation.

When the energy storing mechanism is manually operated, the direction of operation jshall be
indicatefl.

This lagt requirement doesnot apply to circuit-breakers with an independent manual| closing
operatign.

7.21.2 Opening

7.2.1.2. General

Circuit-breakers which open automatically shall be trip-free (see 2.4.23 of IEC 6094711:2007)
and, unless/otherwise agreed between manufacturer and user, circuit-breakers shall have their
energy for the tripping operation stored automatically prior to the completion of the closing
operation.

7.21.2.2 Opening by undervoltage releases

Subclause 7.2.1.3 of IEC 60947-1:2007 applies.

7.21.2.3 Opening by shunt releases

Subclause 7.2.1.4 of IEC 60947-1:2007/AMD2:2014 applies.

7.21.2.4 Opening by over-current releases
a) Opening under short-circuit conditions
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The short-circuit release shall cause tripping of the circuit-breaker with an accuracy of
+20 % of the tripping current value of the current setting for all values of the current setting
of the short-circuit current release.

Where necessary for over-current co-ordination (see 2.17), the manufacturer shall provide
information (usually curves) showing:

— maximum cut-off (let-through) peak current (see 2.5.19 of IEC 60947-1:2007) as a
function of prospective current (r.m.s. symmetrical);

— 12t characteristics (see 2.18) for circuit-breakers of selectivity category A and, if
applicable, category B for circuit-breakers with instantaneous override (see note to
8.3.5.1).

Conformity with this information may be checked during the relevant type tests in test

seqyences Il and Il (see 8.3.4 and 8.3.5).
NOTE 1 It is possible to provide other forms of data to verify co-ordination characteristics of 'circuitibreakers,
for eample, tests on combinations of short-circuit protective devices.
b) Opehning under overload conditions
1) Ipstantaneous or definite time-delay operation
The release shall cause tripping of the circuit-breaker with an‘accuracy of £10 Y of the
tfipping current value of the current setting for all values jof current setting of the
gqverload release.
2) lpverse time-delay operation
Conventional values for inverse time-delay operation are given in Table 6.
At the reference temperature (see 4.7.3) and_at 1,05 times the current setting (see
4.4.37 of IEC 60947-1:2007), i.e. with the conyentional non-tripping current (seg 2.5.30
qf IEC 60947-1:2007), the opening release>being energized on all phase poles,|tripping
ghall not occur in less than the conventiohal time (see 2.5.30 of IEC 60947-1:2007) from
the cold state, i.e. with the circuit-breaker at the reference temperature.
Moreover, when at the end of the ¢onventional time the value of current is immediately
raised to 1,30 times the current-setting, i.e. with the conventional tripping currgnt (see
4.5.31 of IEC 60947-1:2007),tripping shall then occur in less than the conventignal time
later.
NOTE 2 The reference -temperature is the ambient air temperature on which the tinmpe-current
gharacteristic of the circuit<breaker is based.
Table 6 — Characteristics of the opening operation of inverse time-delay
overscurrent opening releases at the reference temperature
All poles loaded Conventional time
Conyentional non-tripping current Conventional tripping current h
1508 times current setting 1,30 times current setting 24

a 1 hwhen/ <63A

If a release is declared by the manufacturer as substantially independent of ambient
temperature, the current values of Table 6 shall apply within the temperature band declared by
the manufacturer, within a tolerance of 0,3 %/K.

The width of the temperature band shall be at least 10 K on either side of the reference
temperature.
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7.2.2 Temperature-rise

7.2.2.1 Temperature-rise limits

The temperature-rises of the several parts of a circuit-breaker, measured under the conditions
specified in 8.3.2.5, shall not exceed the limiting values stated in Table 7 during the tests made

in accordance with 8.3.3.7. The temperature-rises of the terminals shall not exceed the limiting
values stated in Table 7 during the tests made in accordance with 8.3.4.5 and 8.3.6.4.

7.2.2.2 Ambient air temperature

The temperature-rise limits given in Table 7 are applicable only if the ambient air temperature
remains_within the limits given in 6. 1.1 of IEC 60947-1:2007/AMD2:2014

7.2.2.3 Main circuit

The mgin circuit of a circuit-breaker, including the over-current releases | which may be
associaled with it, shall be capable of carrying its rated current /,, unden the cond|tions of
Clause 8, without the temperature-rises exceeding the limits specified in.Dable 7.

7.2.2.4 Control circuits

The coptrol circuits, including control circuit devices, used\ for the closing and [ppening
operatigns of a circuit-breaker, shall permit the rated dutyy,as’specified in 4.3.5, and plso the
temperdture-rise tests under the test conditions specifiedyin 8.3.2.5, to be made without the
temperdture rises exceeding the limits specified in Table/7.

The requirements of this subclause shall be verified on a new circuit-breaker. Alternafively, at
the disdretion of the manufacturer, the verification may be made during the temperafure-rise
test of §.3.3.7.

7.2.2.5 Auxiliary circuits
Auxiliary circuits, including auxiliarycdevices, shall be capable of carrying their conventional

thermal|current without the temperature-rises exceeding the limits specified in Table|7 when
tested i accordance with 8.3.2.5°

Table 7 — Temperature-rise limits for terminals and accessible parts

Description of part 2 Temperature-rise limits b
K
— Terminals_forexternal connections 80

—  Marnual eperating means:
Metallic 25
non-metallic 35

— Parts intended to be touched but not hand-held:
Metallic 40
non-metallic 50

—  Parts which need not be touched for normal operation:
Metallic 50
non-metallic 60

No value is specified for parts other than those listed but no damage should be caused to adjacent parts of
insulating materials.

The temperature-rise limits specified are not intended to apply to a new sample, but are those applicable to
the temperature-rise verifications during the appropriate test sequences specified in Clause 8.
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7.2.3 Dielectric properties
7.2.3.1 General
Subclauses 7.2.3 a) and 7.2.3 b) of IEC 60947-1:2007 apply.

Type tests shall be made in accordance with 8.3.3.3.

The verification of dielectric withstand during all test sequences shall be made in accordance
with 8.3.3.6.

Routine tests shall be made in accordance with 8.4.6.

7.2.3.2 Impulse withstand voltage

Subclause 7.2.3.1 of IEC 60947-1:2007 applies.

For circpit-breakers rated above 1 000 V a.c., the impulse withstand véltage shall be agreed
betweer the manufacturer and the user but shall not be less than the(eorresponding values for
1 000 Vja.c.

7.2.3.3 Power-frequency withstand voltage of the main,-auxiliary and control cjrcuits
Power-ffequency tests are used in the following cases:

— dielgctric tests as type tests for the verification of salid insulation;

— dielgctric withstand verification, as a criterion of failure, after switching or short-cirg¢uit type
tests;

— routine tests.
7.2.3.4 Clearances

Subclause 7.2.3.3 of IEC 60947-1:2007/AMD2:2014 applies.

7.2.3.5 Creepage distances

Subclause 7.2.3.4 of IEC.60947-1:2007 applies.

7.2.3.6 Solid insulation

Solid insulationxshall be verified by either power-frequency tests, in accordance with 8{3.3.4.1,
item 3) pf IEC)60947-1:2007/AMD1:2010/AMD2:2014, or d.c. tests (test voltages for d|c. tests
are under.consideration).

For the purposes of this standard, circuits incorporating solid-state devices shall be
disconnected for the tests.

7.2.3.7 Spacing between separate circuits

Subclause 7.2.3.6 of IEC 60947-1:2007 applies.

7.2.4 Ability to make and break under no load, normal load and overload conditions
7.2.4.1 Overload performance

This requirement applies to circuit-breakers of rated current up to and including 630 A.
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The circuit-breaker shall be capable of carrying out the number of operating cycles with current
in the main circuit exceeding its rated current, under the test conditions according to 8.3.3.5.

Each operating cycle consists of a making operation followed by a breaking operation.

7.2.4.2 Operational performance capability

Subclause 7.2.4.2 of IEC 60947-1:2007 applies with the following additions:

The circuit-breaker shall be capable of meeting the requirements of Table 8:

— for the test of operational performance without current in the main circuit under the test
conc]mons specitied In 8.3.3.4.3;

— for fhe test of operational performance with current in the main circuit under the test
conditions specified in 8.3.3.4.4.

Each operating cycle consists of, either a closing operation followed by an\opening operation

(test of pperational performance without current), or a making operation felfowed by a breaking
operatign (test of operational performance with current).

Table 8 — Number of operating cycles

1 2 3 | 4 5
Rated|current 2 Number of Number of operating cycles
operating cycles

A per hour b Without current With current © Total
Inl< 100 120 8 500 1 500 10 040
100 4 /n < 315 120 7000 1 000 8 00D
315 41, <630 60 4 000 1 000 5 00p
630 < <2500 20 2 500 500 300D
2500 < I 10 1 500 500 2 00D

a This means the maximum rated,current for a given frame size.

b Cojumn 2 gives the minimum™operating rate. This rate may be increased with the consent|of the
manufacturer; in this case the rate used shall be stated in the test report.

¢ During each operating ¢ycle, the circuit-breaker shall remain closed for a sufficient time to ensure that the
full current is established, but not exceeding 2 s.

7.2.5 Ability'to make and break under short-circuit conditions

Subclause’7:2.5 of IEC 60947-1:2007 applies with the following amplifications:

The rated short-circuit making capacity shall be in accordance with 4.3.6.1 and 4.3.6.3.
The rated short-circuit breaking capacity shall be in accordance with 4.3.6.2.

The rated short-time withstand current shall be in accordance with 4.3.6.4.

NOTE It is the manufacturer's responsibility to ensure that the tripping characteristic of the circuit-breaker is
compatible with the capability of the circuit-breaker to withstand the inherent thermal and electrodynamic stresses.

7.2.6 Vacant
7.2.7 Additional requirements for circuit-breakers suitable for isolation

Subclause 7.2.7 of IEC 60947-1:2007 applies and tests shall be made in accordance with
8.3.3.3, 8.3.3.6, 8.3.3.10, 8.3.4.4, 8.3.5.4 and 8.3.7.8, as applicable.
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Specific requirements for integrally fused circuit-breakers

NOTE For the co-ordination between circuit-breakers and separate fuses associated in the same circuit, see 7.2.9.

An integrally fused circuit-breaker shall comply with this standard in all respects up to the rated
ultimate short-circuit breaking capacity. In particular, it shall meet the requirements of test
sequence V (see 8.3.7).

The circuit-breaker shall function, without causing the fuses to operate, at the occurrence of
over-currents not exceeding the selectivity limit current /5 declared by the manufacturer.

For all over-currents up to and including the rated ultimate short-circuit breaking capacity

operate

assigned-to-the composite unitthe circuit-breaker shall cpen-when one or more fuses

(in order to prevent single-phasing). If the circuit-breaker is stated by the manufactur

with lock-out device preventing closing (see 2.14), it shall not be possible to reclose thg

breaker|until either the melted fuse-links or any missing fuse-links have been feplace

lock-outlmeans has been reset.

7.2.9 Co-ordination between a circuit-breaker and another short-circuit
protective device

For the [co-ordination between a circuit-breaker and another shoct<circuit protective dev

Annex A.

7.3 Electromagnetic compatibility (EMC)

Requirements and test methods are given in Annex, J:

8 Tegts

8.1  Klind of tests

8.1.1 General

Subclause 8.1 of IEC 60947-1:2007 applies, with the following additions:

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

— typeltests (see 8.3);

— routine tests (s€€ 8.4);

— spegial tests*(see 8.5).

8.1.2 Type tests

er to be
circuit-
d or the

ice, see

Type tests include the following tests:
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Test Subclause
Temperature-rise 8.3.2.5
Tripping limits and characteristics 8.3.3.2
Dielectric properties 8.3.3.3
Operational performance capability 8.3.3.4
Overload performance (where applicable) 8.3.3.5
Short-circuit breaking capacities 8.3.4 and 8.3.5
Short-time withstand current (where applicable) 8.3.6
Performance of integrally fused circuit-breakers 8.3.7
Critical g~e—ead-eurrent &3-5
Type tests shall be carried out by the manufacturer, in his workshop orat“any |suitable
laboratgry of his choice.
8.1.3 Routine tests
Routine|tests comprise the tests listed in 8.4.
8.2 Clompliance with constructional requirements
Subclause 8.2 of IEC 60947-1:2007/AMD1:2010/AMD2:2044 applies.
8.3 Tlpe tests
In ordef to avoid repetition of identical tests™“applicable to the various test sequencges, the
general [test conditions have been grouped:together at the beginning of this subclause under
three hgadings:
— test ponditions applicable to all sequéences (8.3.3 to 8.3.8);
— test conditions applicable to temperature-rise tests (8.3.2.5);
— test ponditions applicable to short-circuit tests (8.3.2.6).
Wherever appropriate, these general test conditions refer back to, or are based on, the|general
rules of [EC 60947-1.
Each test sequencérefers back to the general test conditions applicable. This requires|the use
of crosg-references, but enables each test sequence to be presented in a much simplified
form.
Throughout this clause the term 'test has been used for every test to be made, 'veritication"

should be interpreted as "test for the verification" and has been used where it is intended to
verify the condition of the circuit-breaker following an earlier test in a test sequence whereby it
may have been adversely affected.

In order to facilitate locating a particular test condition or test, an alphabetical index is given
in 8.3.1.3, using the terms most likely to be used (not necessarily the exact terms appearing in
the relevant subclause heading).

8.3.1

8.3.1.1

Test sequences

General

Type tests are grouped together in a number of sequences, as shown in Table 9.
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For each sequence, tests shall be made in the order listed unless otherwise specified in this
standard.

8.3.1.2

Tests omitted from sequence | and made separately

With reference to 8.1.1 of IEC 60947-1:2007, the following tests of test sequence | (see 8.3.3)
may be omitted from the sequence and made on separate samples:

8.3.1.3

The apj
given in

tripping limits and characteristics (8.3.3.2); in which case the sample(s) tested in the
sequence shall be subjected to the tests of 8.3.3.2.3 only on the phase poles at the
maximum setting, at room temperature and without the additional test of item b) to verify

the t

ime-current characteristic;

test

test
7.2.1
(see

test
IEC

8.3.2

addi
circy

fdietectric properties (8:37373); nL
ents of

of under-voltage releases of 8.3.3.4.2.3 and 8.3.3.4.3 to verify the require
.3 of IEC 60947-1:2007, and tests of under-voltage releases at alternative-freq
8.3.2.1);

of shunt releases of 8.3.3.4.2.4 and 8.3.3.4.3 to verify the requirements of 7
£50947-1:2007/AMD2:2014, and tests of shunt releases at alternative frequenc

)

ional tests for operational performance capability without’current for withd
it-breakers (8.3.3.4.5).

Applicability of sequences according to the relationship between short
ratings
licability of test sequences according to thexrelationship between /.., |/
Table 9a.

an

Cs’ 'Cu

uencies

2.1.4 of
es (see

rawable

tcircuit

d/

cw IS
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General test conditions Subclause

Arrangement of circuit-breakers, general 8.3.2.1

Arrangement of circuit-breakers for short-circuit tests 8.3.2.6.1

Frequency 8.3.2.2.3

Power factor 8.3.2.2.4

Records (interpretation of) 8.3.2.6.6

Recovery voltage 8.3.2.2.6

Short-circuit test circuits 8.3.2.6.2

Short-cifcuit test procedure 8.3.2.6.4

Temperature-rise test 8.3.2.5

Time copstant 8.3.2.2.5

Toleranges 8.3.2.2.2

(for ovgrall schema of t;ZtsLsequences, see Table 9) Subatayiee

Critical q.c. load current 8.3.9

Dielectrig properties 8.3.3.3

Dielectric withstand (verification) 8.3.3.6 - 8.3.4.428.3.5.4-8.3.6.6 -8.3.7.4 8.3.7.8
-8.3.8.6

Individual pole short-circuit test (for phase-earthed Annex G

systems

Individual pole short-circuit test (for IT systems) Annex H — see H.2

Indicatign of main contact position 8.3.3.10

Integrally fused circuit-breakers (short-circuit tests) 8.3.7.2 -8.3.7.6 — 8.3.7.7

Operatignal performance capability 8.3.3.4-8.3.4.3-8.3.45

Overload performance 8.3.3.5

Overload releases (verification) 8.3.3.8-8.345-8.3.52-8.355-8.3.6.28.3.6.7

Service ghort-circuit breaking capacity

Short-cifcuit breaking capacity.test at maximum short-
time withstand current

Short-time withstand current
Temperature-rise (vérification)
Tripping|limits and“eharacteristics

Ultimate| shert-circuit breaking capacity

Withdrawable circuit-breakers (additional tests)

-8.3.75-8.3.79-8.3.8.2-8.3.8.8
8.3.42-8.38.4
8.3.6.5

8.3.6.3 -8.3.8.3
8.3.3.7-8.345-8.3.64-8.3.7.3-8.3.8.7
8.3.3.2

8.3.5.3

8.3.3.4.5
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Table 9 — Overall schema of test sequences?

Test sequence

Applicable to

Tests

General performance
characteristics (8.3.3)

All circuit-breakers

Tripping limits and characteristics

Dielectric properties

Mechanical operation and operational performance
capability

Overload performance (where applicable)
Verification of dielectric withstand

Verification of temperature-rise

Verification of overload releases

Verification of undervoltage and shunt releases (where
applicable)

able)

Yerificatiomof Tmamrcomtactpositiomtwirereappti

Rated s¢rvice short-circuit

breakind capacity (8.3.4)

All circuit-breakers b

Rated service short-circuit breaking capacity.
Verification of operational performance capability
Verification of dielectric withstand

Verification of temperature-rise

Verification of overload releases

"
Rated ultimate short-

circuit bfeaking capacity
(8.3.5)

All circuit-breakers ¢ of
selectivity category A
and circuit-breakers of
selectivity category B
with instantaneous
overrided

Verification of overload releases

Rated ultimate short-circuit(breaking capacity
Verification of dielectric withstand
Verification of overload/releases

v

Rated short-time
withstand current (8.3.6)

Circuit-breakers of
selectivity category B b
and circuit-breakers of
selectivity category A
with a rated short-time
withstand current (see
4.4)

Verification of gyertoad releases
Rated short«time withstand current
Verification/of temperature-rise

Short-circuit breaking capacity at maximum shor{-time
withstand current

Vefification of dielectric withstand
Verification of overload releases

\
Performénce of integrally

fused cifcuit-breakers
(8.3.7)

Stage 1 {

Integrally fused
circuit-breakers

Stage 2 b

t

Short-circuit at the selectivity limit current
Verification of temperature-rise

Verification of dielectric withstand

Verification of overload releases

Short-circuit at 1,1 times the take-over current
Short-circuit at rated ultimate short-circuit breakipg
capacity

Verification of dielectric withstand
Verification of overload releases

\

Combingd test sequenee
(8.3.8)

Circuit-breakers of
selectivity category B:

when loy = les

(replaces test
sequences Il and 1V)

when low = les = oy
(replaces test

Verification of overload releases

Rated short-time withstand current
Rated service short-circuit breaking capacity
Operational performance capability
Verification of dielectric withstand
Verification of temperature-rise
Verification of overload releases

sequences 11, T dand 1v)
Critical d.c. load current Circuit-breakers with Critical d.c. load current tests
(8.3.9) d.c. ratings

Individual pole short-
circuit test sequence
(Annex C)

Circuit-breakers for use
on phase-earthed
systems

Individual pole short-circuit breaking capacity (/)
Verification of dielectric withstand
Verification of overload releases

Test sequence for circuit-
breakers for IT systems
(Annex H)

Circuit-breakers for use
in IT systems

Individual pole short-circuit breaking capacity (/1)
Verification of dielectric withstand
Verification of overload releases

a For the selection of circuit-breakers for tests and the applicability of the various test sequences according to
the relationship between /.5 , Iy and I.y, see Table 9a.
Except where Sequence VI is applied.

Except

— where I¢g = Iy (but see 8.3.5),
— where sequence VI is applied,
— for integrally fused circuit-breakers.

d See note to 8.3.5.1
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Table 9a — Applicability of test sequences according to the relationship

between |

cs’

I.,and [, 2

Selectivity category

l.g, I, and I, relationship Test sequence A A B B
Integrally Integrally
fused fused
CASE 1 I X X
I X X X
los # Iy for selectivity category A 1" Xb
los # loy Ptowfor—selestivity 1\/ x d X
category|B \% X
CASE 2 I
Ios = low £ oy for selectivity I X X
category|B 11 Xb
\% X X
\Y
VI (combined) Xe¢ Xe¢
CASE 3 |
1 X
Ics = gy for selectivity category A I
Ios = loy e low for selectivity v X d X
category|B \Y X
CASE 4 |
1
I = Iy E Iow for selectivity I
category|B v X
\Y
VI (combined) Xe¢

a2 This|table-applies to any one value of Ug. For multiple Ug ratings, the table applies to each Ug rating. The
applicability/of a test sequence is indicated by X in the relevant space.

b Test Qpplnr\ahln r\nly i ,b /

u CW*

¢ At the discretion of, or in agreement with the manufacturer, this sequence may be applied to circuit-breakers
of selectivity category B, in which case it replaces test sequences Il and IV.

d Test sequence IV applies only to circuit-breakers with a rated short-time withstand current (see 4.4).

8.3.1.4
number of poles

Alternative test programmes for a.c. circuit-breakers having a different

These alternative test programmes may only be applied to a.c. ratings and when all the ratings
are the same or lower than the variant submitted to the full programme of Table 9, and
construction breaks are the same for all variants. In the case of 1-pole circuit-breakers the
voltage ratings shall be equal to or lower than the line-to neutral voltage of the variant tested to
Table 9. A 2-pole circuit-breaker produced by removing the centre current path from a 3-pole
circuit-breaker tested to programme 1 or programme 2 of this subclause need not be tested as
it is considered to be covered by the tests on the 3-pole variant.
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Compliance with the test requirements is met by carrying out one of the alternative
programmes 1 or 2 below.

— Programme 1: The applicable test sequences according to Table 9 shall be carried out on
the three-pole variant. In addition, where applicable, the tests or test sequences listed in
Table 9b shall be carried out on the other variants.

— Programme 2: The applicable test sequences according to Table 9 shall be carried out on
the four-pole variant. In addition, where applicable, the tests or test sequences listed in
Table 9c shall be carried out on the other variants.

The principle for the application of the alternative test programmes is illustrated below:

Drngrammn 1 Drngrammn 2
1-pole 2-poles 3-poles 4-poles 1-pole 2-poles 3-poles 4-poles
Construction 12 | O | O @) @) O
Construction 2 - - [ ] O - - - [}
Construction 3 - - [ ] O - - — [}
_ — ] O - - - | ]
Construcfion n - - | O - - - |

Key fully tested per Table 9

tested per Table 9b

[ORmEiy |

tested per Table 9c

— no test required

a8 Construction 1 is the construction which covers the max(rating.
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Table 9b — Applicability of tests or test sequences to 1, 2 and 4-pole
circuit-breakers according to the alternative programme 1 of 8.3.1.4

Test

Applicability to

Test Applicability to
Sequenc | Jubclause Test 4-pole variant® b 1-pole or 2-pole
e variants9
8.3.3.2 Test of tripping limits and characteristics
8.3.3.2.1 General X X
8.3.3.2.2 Short-circuit releases xa Xe
Overload releases:
8.3.3.2.3 a)k |- instantaneous/definite time-delay X
— inverse fimn_r{nlny
or 8.3.3.2.3
b)k
X X®
(as
applicable)
8.3.3.24 Add|t|ona.1l test for definite time-delay
releases:
8.3.3.3 Dielectric properties X X
8.3.3.4 Mechanical operation and operational performance capability
8.3.3.4.1 General X X
8.3.3.4.2 Construction and mechanical operation x4 X9- €
8.3.3.43 Operational performance capability without X X
current
8.3.3.4.4 Operational performance capability with X X
current
8.3.3.4.5 Withdrawable circuit-breakers X
8.3.3.5 Overload performance X X
8.3.3.6 Verification of dielectric, withstand X X
8.3.3.7 Verification of temperature-rise X X
8.3.3.8 Verification of overload releases
8.3.3.9 Verification of dndervoltage and shunt X
releases
8.3.3.10 Verification of the main contact position X X
I 8.3.4 Ratediservice short-circuit breaking capacity
Il 8.3.50 ¢ Rated ultimate short-circuit breaking capacity X X
X
th
v 8.3.6 Rated short-time withstand current .4 pole and
adjacent pole only
(see 8.3.2.6.4)
v 8's ¥ Performance of integrally fused circuit- X X
breakers
VI 8.3.8 Combined test sequence
Annex C Individual pole short-circuit test sequence
Test sequence for circuit-breakers for IT
Annex H

systems

NOTE The applicability of a test or test sequence is indicated by X in the relevant space.
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One test on one pair of phase poles chosen at random. In the case of an electronic trip unit, this test may
be made on one pole chosen at random.

This test sequence also applies when, for the 3-pole testing, Sequence Ill on the 3-poles variant is
replaced by Sequence Il or Sequence VI (see Table 9).

One sample of maximum current rating only, tested at max kVA rating (/,, x corresponding U,).

cu
Without verification tests of undervoltage releases (8.3.3.4.2.3) and shunt releases (8.3.3.4.2.4).
Applicable only to 1-pole variant; not required for 2-poles variants.

In case of 4-poles devices with different levels of neutral protection (e.g. 60 % or 100 %), only the variant
with the highest level has to be tested according to Table 9b.

One sample of maximum current rating only, for each test sequence.

One sample of maximum current rating for each test sequence; in the case of one or more construction
breaks (see 2.1.2 and 7.1.6) within the frame size, a further sample is tested at the maximum rated current

o + N 4 &
corresponamgroeatn tonsStructorn:

Vadant.
Vadant.

This test is not required for electronic trip units.

Table 9c — Applicability of tests or test sequences to 1-2.and 3-pole
circuit-breakers according to the alternative programme 2 of 8.3.1.4

Applicability to

Test Test Applicability to
sequenice subclause Test 3-pole variant® 1 p(\)rl:rijntzsgme
8.3.3.2 Test of tripping limits and characteristics
8.3.3.2.1 General
8.3.3.2.2 Short-circuit releases X|®

Overload releases:
8.3.3.2.3 a)k |- instantaneous/definite fime-delay X
— inverse time-delay

or 8.3.3.2.3

b)k

(as

applicable)

8.3.3.2.4 Additional test for definite time-delay releases

8.3.3.3 Dielectric properties X

8.3.3.4 Mechanical operation and operational performance capability

8.3.3.4.1 General X

8.3.3.4.2 Construction and mechanical operation X9 e

8:3.34.3 Operational performance capability without X

current

83344 COupr?;ittional performance capability with X

8.3.3.4.5 Withdrawable circuit-breakers

8.3.3.5 Overload performance X X

8.3.3.6 Verification of dielectric withstand X X

8.3.3.7 Verification of temperature-rise X X

8.3.3.8 Verification of overload releases

8.3.3.9 Verification of undervoltage and shunt X X

releases

8.3.3.10 Verification of the main contact position X X
1 8.3.4 Rated service short-circuit breaking capacity
11 8.3.5b. ¢ Rated ultimate short-circuit breaking capacity X X
\Y 8.3.6 Rated short-time withstand current
v 837 Esar;cl)(:anr]:nce of integrally fused circuit- X X
VI 8.3.8 Combined test sequence
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Test Test Applicability to Applicability to
Test . 1-pole or 2-pole
sequence subclause 3-pole variant? .
variants9
Annex C Individual pole short-circuit test sequence
Test sequence for circuit-breaker for IT
Annex H
systems

NOTE The applicability of a test or test sequence is indicated by X in the relevant space.

2  Vacant.

b
by Se

This test sequence also applies when, for the 4-poles testing, Sequence Il on the 4-poles variant is replaced

quence |l or Sequence VI (see Table 9).

¢ One sample of maximum current rating only, tested at max kVA rating (1, x corresponding U,).

4 Without verification tests of undervoltage releases (8.3.3.4.2.3) and shunt releases (8.3.3.4.2.4).

¢ Appligable only to 1-pole variant; not required for 2-poles variants.

9 One

' Vacaft.
I Vacaft.

K This

Vacapt.

Vacapt.

ample of maximum current rating only, for each test sequence.

est is not required for electronic trip units.

8.3.2

NOTE Tgsts according to the requirements of this standard do,“not preclude the need for additid

concernin|
8.3.21

Unless
circuit-b)

The number of samples to be tested-for each test sequence and the test conditi

examplg
paramet
Table 9

Where 711

Unless
rated cd
size.

General test conditions

g circuit-breakers incorporated in assemblies, for example tests in accordance with IEC 61439 sg
General requirements

btherwise agreed by the manufacturer, each test sequence shall be made on a
reaker (or set of samples) in a cleap and new condition.

setting of overload releases, terminal connections), according to the circuit
ers, are given in Table 40-or, where applicable, for the alternative test prograr
b and Table 9c (see 8.3:4/4).

ecessary, additional information is given in the relevant subclauses.

btherwise specified, tests are to be performed on a circuit-breaker having the m

nal tests
tries.

sample

bns (for
breaker
nmes in

aximum

rrent for-a\given frame size and are deemed to cover all rated currents of that frame

In the d

ase”’of one or more construction breaks (see 2.1.2 and 7.1.6) within the frar

he size,

further samples shall be tested in accordance with Table 9b and/or Table 10 as applicable.

Unless otherwise stated, short-circuit releases shall be set at maximum (time and current) for
all tests.

The circuit-breakers to be tested shall, in all their essential details, correspond to the design of

the type

which they represent.

Unless otherwise stated, the tests shall be made with the same kind of current and, in the case
of a.c., at the same rated frequency and with the same number of phases as in the intended
service. Tests performed at 50 Hz cover 60 Hz applications and vice-versa, except for the
performance of under-voltage and shunt releases (see 7.2.2 of IEC 60947-1:2007/AMD2:2010

and 7.2.

2.6 of IEC 60947-1:2007).
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If the mechanism is electrically controlled, it shall be supplied at the minimum voltage as
specified in 7.2.1.1.4. In addition, electrically controlled mechanisms shall be energized via the
appropriate circuit-breaker control circuits complete with switching devices. It shall be verified
that the circuit-breaker operates correctly on no-load when it is operated under the above
conditions.

In case of circuit-breakers with dependent manual operation (see 2.4.12 of 60947-1:2007), the
circuit-breaker shall be operated with an operating speed, during actuation, of 0,1 m/s + 25 %,
this speed being measured where the operating means of the test apparatus touches the
actuating means of the circuit-breaker under test. For rotary handles the angular velocity shall
correspond substantially to the above conditions, referred to the speed of the operating means
(at its extremities) of the circuit-breaker under test.

The cirquit-breaker under test shall be mounted complete on its own support or an equivalent
support

Circuit-hreakers shall be tested in free air.

If a circuit-breaker may be used in specified individual enclosures and-has been tested in free
air, it shlfall be additionally tested in the smallest of such enclosures stated by the manufacturer,
using a hew sample, for each of the following:

a) A short-circuit test according to 8.3.5, at U, max, and(gorresponding /,,, with|release
settings at maximum (see Footnote  of Table 10).

b) A temperature rise test according to the general conditions of 8.3.2.5 on a circuitibreaker
having a maximum /,, at the conventional enclosed thermal rating /o (see 4.3.3/2). The
temperature rises shall meet the requirements ©f 7.2.2 except that the temperaturg¢ rise of
the ferminals shall not exceed 70 K.

Details pf these tests, including the dimensions of the enclosure, shall be stated in [the test
report.

NOTE Ap individual enclosure is an enclosure designed and dimensioned to contain one circuit-breaker gnly.

Howevef, if a circuit-breaker may be used in specified individual enclosures and i$ tested
throughout in the smallest of such enclosures stated by the manufacturer, the tests in|free air
need nqt be made provided 'that such enclosure is bare metallic, without insulation. |Details,
including the dimensions'of the enclosure, shall be stated in the test report.

For the| tests in free" air, for tests concerning overload performance (8.3.3.5), shoft-circuit
(8.3.4.2| 8.3.5.3;8.3.6.5, 8.3.7.2, 8.3.7.6, 8.3.7.7 and 8.3.8.4), and short-time withstand current
(8.3.6.3]and_8-3.8.3) where applicable, a metallic screen shall be placed on all sidep of the
circuit-breaker in accordance with the manufacturer’s instructions. Details, including distances
of the mletallic screen from the circuit-breaker, shall be stated in the test report.

The characteristics of the metallic screen shall be as follows:

e structure: woven wire mesh; or
perforated metal; or
expanded metal;

¢ ratio hole area/total area: 0,45 to 0,65;

e size of hole: not exceeding 30 mm?;

o finish: bare or conductive plating;

e resistance: shall be included in the calculation for the prospective fault current in the fusible
element circuit (see 8.3.4.1.2, item d) of IEC 60947-1:2007) when measured from the
furthest point on the metallic screen likely to be reached by arc emissions.
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The tightening torques to be applied to the terminal screws shall be in accordance with the
manufacturer's instructions (see 5.2 e)).

Maintenance or replacements of parts is not permitted.

If, for convenience of testing, it appears useful to increase the severity of a test (for example to
adopt a higher frequency of operation in order to reduce the duration of the test), this shall not

be done without the consent of the manufacturer.

For single-phase tests on individual poles of multipole circuit-breakers intended for use on
phase-earthed systems, see Annex C.

For additional tests for circuit-breakers for unearthed or impedance earth systems~|T), see
Annex H.
Table 10 — Number of samples for test (1 of 2)
. Tempef-
N:Inber of | Terminals | Number Sample Current Test ature.
Test arked marked of No setting 2 voltage Test.current rise Footnotes
sequence | Uelratings line/load |[samples verificatlon
1 |[2 |Mul.|[ Yes | No Min. | Max. Corr. | Max.
X IX | X X X 1 1 X U max See 8.3.3 X 9
1 X U X X h
X X 2 © b
2 X U, X
1 X U, X X h
X X 3 2 X U, X b
3 X U, X X ]
(/) 1 X |U, max corr. X X h
and VI b
(combined) X X X 3 2 X U, max corr. X
3 X U, max X X K
1 X |U, max corr. X X h
2 X U, max corr. X b
X X X 4
3 X |U, intermed. X X e
4 X U, max X X K
1 X U, X 9
X X 2 b
2 X U, X
1 X U, X 9
X X 3 2 X U, X b
3 X U, X ¢
m 1 X |U, max corr. X 9
(leu) X X X 3 2 X U, max corr. X b
3 X U, max X d
1 X |U, max corr. X g
2 X U, max corr. X b
X X X 4
3 X |U, intermed. X e
4 X U, max X d
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Table 10 (2 of 2)

Tem
Number of [Terminals| Number Samole | Current perature- Foot-
Test marked marked of P . Test voltage|Test current| Time delay rise
. . No. setting @ ... .| notes
sequence| Ue ratings | line/load | samples verificati
on
1 [ 2 |Mul.|Yes [ No Min. |Max. Corr. [ Max. | Corr. | Max.
1 X U, max X X X K
X X X 2 m
2 X U, max X X X
(,lv) ! 1 X |U, max corr. X X X K
o X X X 3 2 X |U, max corr.| X X X '
3 X | U,max | X X X nd
1 X U, max X X fo
V Integral x Ix | x X X ) e X
fused (/,,) 2 X U, max X
Individual 1 X U, max I, 9
pole
X (X[ X X X 2
(Annex C) 2 X U, max Isy _
(sy)
Individual
pole max g
(Annex H) X (X[ X X X 1 1 X U, Ify
(h)
Key
Mul. = multipld; Corr. = corresponding; Intermed. = intermediate
NOTE 1 Table 10 applies to the test programmes of Table 9. In the\case of the alternative test programmesqd (see 8.3.1.4),

Table 9b and 1

NOTE 2 The

able 9c are applicable.

applicability of a test or test sequence is indicated by X in the relevant space.

2  Min means
setting of t
This sampl|
—a circui
—a circui

—a circui
electronid

Connectior
Connectior
To be agre
If terminald

In the casq
the maxim

the minimum |/ of a given frame size;.ig’the case of adjustable overload releases, it meang
ne minimum /. Max means the maximum)/;; of a given frame size.

e is omitted in the following cases:

-breaker having a single non-adjustable current setting for a given frame size;

-breaker provided only with ashunt release (i.e. without an integral overcurrent release);
-breaker with electronic overcurrent protection, of a given frame size, having an adjustable cur

means only (i.e. without,change of current sensors).
s reversed.
s reversed, if terminals unmarked.

ed between teststation and manufacturer.
unmarked, an additional sample shall be tested with connections reversed.
of oné.or more construction breaks (see 2.1.2 and 7.1.6) within the frame size, a further samj

m rated current corresponding to each construction, under the conditions applicable to sample 1.

The requirg

ment of footnote g applies to sequence VI (combined) and also to sequence Il where | _=1_ .

the minimum

ent rating by

le is tested at

i This sample is selected based on the highest value of thermal energy (lcwzt; where “t" is the corresponding short-time

delay, see 4.3.6.4). This sample is omitted if the highest thermal energy condition is met by sample 1 or 3.
I This sample, with connections reversed, is only required when sequence lll is replaced by sequence Il (I,,= 1o
see 8.3.5).

connected.

Connections reversed, if terminals unmarked, when sequence Il is replaced by sequence Il (/,, =/
sequence VI replaces sequences Il, Il and IV (I, = I,

cs’

/

S cw’

Applies only to circuit breakers with a rated short-time withstand current (see 4.4).

see 8.3.5) or when
see 8.3.8), otherwise this sample is tested forward

M This sample, with connections reversed, is only required when terminals unmarked and sequence lll is replaced by
sequence IV (I, =/, see 8.3.5).
" This sample is only required when sequence Il is replaced by sequence IV Iy, = oy S€€ 8.3.5).
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8.3.2.2

8.3.2.2.1

Test quantities

Values of test quantities

52—

Subclause 8.3.2.2.1 of IEC 60947-1:2007 applies.

8.3.2.2.2

Tolerances on test quantities

Subclause 8.3.2.2.2 of IEC 60947-1:2007 applies.

8.3.2.2.3

Frequency of the test circuit for a.c.

IEC 60947-2:2016 © IEC 2016

All tests%—m—mﬁﬁmm—aw#eﬁwe%m%e&keﬁ%ﬂ—ﬁm%ﬁtests, if
the rategd breaking capacity is essentially dependent on the value of the frequency, the

tolerance shall not exceed 5 %.

If the mlanufacturer declares the rated breaking capacity to be substantially uraffecte
value of|{the frequency, the tolerance shall not exceed £25 %.

8.3.2.2.4

Power factor of the test circuit

Subclause 8.3.4.1.3 of IEC 60947-1:2007 applies with the following’modification:

Table 16 of IEC 60947-1:2007 is replaced by Table 11 of this standard.

Table 11 — Values of power factors and

time constants corresponding to test currents

1 by the

Power factor

Time constant

Test cufrent ms
! Operational Operational
kA Short-circuit | performance Overload Short-circuit | performance Overload
capability capability
<3 0,9 5
3<1<|4,5 0,8 5
4,5<1[<6 0,7 5
6 <1410 0,5 0,8 0,5 5 2 P,5
10 < /1§20 053 10
20 </ £ 50 0,25 15
50 4/ 0,2 15
8.3.2.2.5 Time constant of the test circuit

Subclause 8.3.4.1.4 of IEC 60947-1:2007 applies with the following modification:

Table 16 of IEC 60947-1:2007 is replaced by Table 11 of this standard.

8.3.2.2.6

Power-frequency recovery voltage

Subclause 8.3.2.2.3, item a) of IEC 60947-1:2007/AMD2:2014 applies.

8.3.2.2.7

Ripple of the test current for d.c.

The test current shall comply with the requirements of 6.3.1 of IEC 62475:2010.
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Evaluation of test results

The condition of the circuit-breaker after tests shall be checked by the verifications applicable

to each

sequence.

A circuit-breaker is deemed to have met the requirements of this standard if it meets the
requirements of each sequence as applicable.

The cas

e shall not be broken but hairline cracks are acceptable.

NOTE Hairline cracks are a consequence of high gas pressure or thermal stresses due to arcing when interrupting
very high fault currents and are of a superficial nature. Consequently, they do not develop through the entire

£ Ll ldad £ib o ol H
ot e M oOthGeG—CasSt—or et —GeViter

thickness
8.3.24

Subclauy

8.3.2.5

The cirgc

Subclauy
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During 1
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at randag
outside

For four
over-cul
an addi
adjacen
separats

8.3.2.6
8.3.2.6.

Subclau

Test reports

se 8.3.2.4 of IEC 60947-1:2007 applies.

Test conditions for temperature-rise test

uit-breaker shall meet the requirements of 7.2.2.

se 8.3.3.3 of IEC 60947-1:2007/AMD1:2010/AMD2:2014. applies, except 8.3.3.
wing addition:

uit-breaker shall be mounted in accordance with*8.3.2.1.

he temperature rise test of sequence | (See 8.3.3.7) coils of under-voltage r
pplicable, shall be supplied at one rated-frequency and corresponding voltage,
m. Additional tests to verify coils at other rated frequencies and voltages shall |
the sequence.

-pole circuit-breakers, a test _shall first be made on the three poles which inc
rent releases. For a circuit<breaker having a value of rated current not exceedi
ional test shall be made by passing the test current through the fourth pole
I pole. For higher rated current values, the method of testing shall be the subj
b agreement between ‘manufacturer and user.

Test conditions for short-circuit tests
Geéneral requirements

se,8.3.4.1.1 of IEC 60947-1:2007 is amplified as follows:

8.6, with

bleases,
chosen
e made

brporate
ng 63 A,
and its
ect of a

a) The

ciTcuit-breaker shattbe mountedimaccordance withr 8737271

b) Unless it can be shown that, with the manual operating means in any position, there is no
opening around the manual operating means through which a music wire of 0,26 mm
diameter can be inserted so as to reach the arc chamber area, the following test
arrangement shall apply:

For opening operations only, a clear, low density polyethylene sheet, 0,05 mm = 0,01 mm
thick, of a size 100 mm x 100 mm, positioned as shown in Figure 1, fixed and reasonably

stret

ched in a frame, is placed at a distance of 10 mm from:

— either the maximum projection of the manual closing means of a circuit-breaker without

r

ecess for this closing means;

— or the rim of the recess for the manual closing means of a circuit-breaker with recess
for this closing means.

The

polyethylene sheet shall have the following physical properties:

— densityat 23 °C: 0,92 g/cm3 + 0,05 g/cm?3;
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— melting point: 110 °C to 120 °C.

On the side remote from the circuit-breaker there shall be an appropriate backing to obviate
tearing of the polyethylene sheet due to the pressure wave which may occur during the

shor

t-circuit test (see Figure 1).

For tests other than those in an individual enclosure, a shield which may be of insulating
material or of metal is placed between the metallic screen and the polyethylene sheet

(see

Figure 1).

NOTE This test arrangement applies to O operations only, since it is difficult to arrange for CO operations and

itis a

ccepted that O operations are no less severe than CO operations (see 8.3.2.6.4).

c) The circuit-breaker shall be operated during tests to simulate service conditions as closely

asp

ossible

A ci
cont

A ci
the ¢

A ci
oper

d) If a

releases shall be as specified for each test sequence.

For
reled

sup(
of th

e) For
term
mar

8.3.2.6.]

Subclauy

8.3.2.6.

Subclauy

8.3.2.6.4
8.3.2.6.4

Subclau

cuit-breaker having a dependent power operation shall be closed during tests
Fol supply (voltage or pressure) at 85 % of its rated value.

cuit-breaker having an independent power operation shall be closedduring te
perating mechanism charged to its maximum value stated by the manufacturer

rcuit-breaker having a stored energy operation shall be closed during tests
ating means charged at 85 % of the rated voltage of the auxiliary)supply.

circuit-breaker is fitted with adjustable over-current reléases, the setting (

circuit-breakers without over-current releases but fitted with a shunt relea
se shall be energized by the application of a voltage equal to 70 % of the rateg
ly voltage of the release (see 7.2.1.2.3), at a time/not earlier than that of the
e short-circuit nor later than 10 ms after the initiation of the short-circuit.

all these tests, the line side of the test circuit shall be connected to the corres
inals of the circuit-breaker as marked by the manufacturer. In the absence
ings, the test connections shall be as _specified in Table 10.

P Test circuit

se 8.3.4.1.2 of IEC 60947-1:2007/AMD1:2010 applies.

J Calibration of the test circuit

se 8.3.4.1.5 of IEC:60947-1:2007 applies.

L Test procedure
1.1 General

se,8.314.1.6 of IEC 60947-1:2007 applies, with the following addition.

with the

sts with

with the

f these

se, this
control
nitiation

ponding
of such

8.3.2.6.4.2 Tests on one-, two- and three-pole circuit-breakers

After calibration of the test circuit in accordance with 8.3.2.6.3, the temporary connections are
replaced by the circuit-breaker under test and its connecting cables if applicable.

Tests for the performance under short-circuit conditions shall be made according to the
sequences in Table 9 (see 8.3.1).

For circuit-breakers having a rated current up to and including 630 A, a cable of maximum
length 75 cm, having a cross-section corresponding to the conventional thermal current (see
8.3.3.3.4, Tables 9 and 10 of IEC 60947-1:2007) shall be included as follows:

— appr
— appr

oximately 50 cm on the supply side;
oximately 25 cm on the load side.
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For ratings <20 A, the manufacturer may specify a larger cross-section, in which case this
cross-section shall be used for all relevant short-circuit tests, and stated in the test report. In
addition, a verification of inverse-time delay releases according to 8.3.3.2.3 b) shall be made
with this cross-section.

The sequence of operations shall be that which is applicable to each test sequence, as
specified in 8.3.4.2, 8.3.5.3, 8.3.6.5 and 8.3.7.7.

Alternative test programmes for circuit-breakers having three-pole and four-pole variants are
given in 8.3.1.4.

8.3.2.6.4.3 Tests on four-pole circuit-breakers
The reqhirements of 8.3.2.6.4.2 apply.

Additionjal sequences of operations on one or more new samples, in accordance ‘with Table 10,
shall bg made on the fourth pole and its adjacent pole, according to sequences Ill ¢r V, as
applicaljle, and sequence |V if applicable. This requirement applies evefbwhen sequerce Il is
replaced by sequence Il (I, = I;5) or sequence |V is replaced by sequence VI (I, = /5)

Alternat|vely, at the request of the manufacturer, these tests maybe combined with the three-
pole tegts of 8.3.2.6.4.2 and made on the same samples, .ih which case the test |in each
relevant test sequence shall comprise

— the Est on three adjacent poles,

— the fest on the fourth pole and the adjacent pole,

The tests on the fourth pole and the adjacent pole’are made at an applied voltage of ( e/\/3, in
the circiit shown in Figure 12 of IEC 60947-1:2007/AMD1:2010 with the connections|C1 and
C2 removed. The test current shall be agreed between manufacturer and user but shall be not
less thap 60 % of I, or I, as applicable.

Alternat|ve test programmes for circuit-breakers having three-pole and four-pole variants are
given in[8.3.1.4.

8.3.2.6.4.4 Test operations
The follpwing symbols arée used for defining the sequence of operations:

0] fepresents.a-breaking operation;

(610) fepresents a making operation followed, after the appropriate opening time, by a
breaking operation:

t représents the time interval between two successive short-circuit operations which shall
be as short as possible, allowing for the resetting time of the circuit-breaker (see 2.19),
but not less than 3 min. The actual value of t shall be stated in the test report.

The maximum resetting time shall be 15 min or such longer time as may be stated by the
manufacturer, but not exceeding 1 h, during which time the circuit-breaker shall not be
displaced. Attempts to reclose the circuit-breaker during the resetting time shall be spaced by
at least 1 min.

The maximum value of /2t (see 2.5.18 of IEC 60947-1:2007) during these tests may be
recorded in the test report (see 7.2.1.2.4, item a)).

8.3.2.6.5 Behaviour of the circuit-breaker during short-circuit making and breaking
tests

Subclause 8.3.4.1.7 of IEC 60947-1:2007 applies.
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8.3.2.6.6 Interpretation of records

Subclause 8.3.4.1.8 of IEC 60947-1:2007 applies.

8.3.2.6.7 Verification after short-circuit tests

After the opening operations of the short-circuit making and breaking capacity tests of 8.3.4.2,
8.3.5.3, 8.3.6.5, 8.3.7.2, 8.3.7.7, 8.3.8.4, as applicable, the following conditions shall be met:

— there shall be no damage to the insulation on conductors used to wire the device;

— the polyethylene sheet, where applicable, shall show no holes visible with normal or
corrected vision without additional magnification. Minuscule holes of less than 0,26 mm
drametercanbeignored;

— the case shall not be broken but hairline cracks are acceptable.

NOTHE Hairline cracks are a consequence of high gas pressure or thermal stresses dueto arding when
interrppting very high fault currents and are of superficial nature. Consequently, they do,not develop through
the eptire thickness of the moulded case of the device.

Additionjally, after the short-circuit tests, the circuit-breaker shall comply with the verifications
specifiel for each test sequence, as applicable.

8.3.3 Test sequence I: General performance characteristics
8.3.3.1 General

This test sequence applies to all circuit-breakers and-comprises the following tests:

Test Subclause
Tripping|limits and characteristics 8/3.3.2
Dielectrig properties 8/3.3.3
Mechanical operation and operational performance capability 8/3.3.4
Overload performance (where applicable) 8/3.3.5
Verificatjon of dielectric withstand 8.3.3.6
Verificatjon of temperature-rise 83.3.7
Verificatjon of overload releases 83.3.8
Verificatjon of undervoltage and shunt releases (if applicable) 8/3.3.9
Verificatjon of main contact position (for circuit-breakers suitable for isolation) 8.3.3.10

The number_of samples to be tested and the setting of adjustable releases shdll be in
accordanee/with Table 10. al

See 8.3.1 for tests that may be omitted from the sequence and made on separate samples.

8.3.3.2 Test of tripping limits and characteristics
8.3.3.2.1 General

Subclause 8.3.3.2 of IEC 60947-1:2007/AMD1:2010/AMD2:2014 is amplified as follows:
The ambient air temperature shall be measured as for the temperature-rise tests (see 8.3.2.5).

When the over-current opening release is normally a built-in part of the circuit-breaker, it shall
be verified inside the corresponding circuit-breaker.
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Any separate release shall be mounted approximately as under normal service conditions. The
complete circuit-breaker shall be mounted in accordance with 8.3.2.1. The equipment under
test shall be protected against undue external heating or cooling.

The connections of the separate release, if appropriate, or of the complete circuit-breaker shall
be made as for normal service, with conductors of cross-section corresponding to the rated
current (/) (see Tables 9 and 10 of 8.3.3.3.4 of IEC 60947-1:2007) and of length according to
8.3.3.3.4 of IEC 60947-1:2007/AMD1:2010/AMD2:2014.

For circuit-breakers with adjustable over-current releases, tests shall be made at:

a) minimum current setting and minimum time-delay setting, as applicable; and

b) maximum current setting and maximum time-delay setting, as applicable,

in each case with conductors corresponding to the rated current /| (see 4.7.2).

For testp for which the tripping characteristic is independent of the temperature of the tegrminals
(e.g. electronic overload releases, magnetic releases), connection data)(type, cross{section,
length) may be different from those required in 8.3.3.344 of
IEC 60947-1:2007/AMD1:2010/AMD2:2014. The connections should “be compatible with the
test curfent and induced thermal stresses.

For circlit-breakers having a neutral pole provided with an,overload release, the verifigation of
this ovefload release shall be made on the neutral pole alone.

The tes{s may be made at any convenient voltage.

8.3.3.2.2 Short-circuit releases

The opgration of short-circuit releases (se€)4.7.1) shall be verified at 80 % and 120 % of the
short-cifcuit current setting of the release. For a.c. tests, the test currents shall have no
asymmaetry. For d.c. tests, the current-shall exhibit no overshoot at switch-on, and the time
constan} shall be less than 10 ms.

At a test current having a value equal to 80 % of the short-circuit current setting, the|release
shall not operate, the current'being maintained:

— for 0,2 s in the case of instantaneous releases (see 2.20);

— for gn interval of\time equal to twice the time-delay stated by the manufacturer, in the case
of ds[finite time=delay releases.

At a tes|t cufrent having a value equal to 120 % of the short-circuit current setting, the|release
shall opgrate:

— within 0,2 s in the case of instantaneous releases (see 2.20);

— within an interval of time equal to twice the time-delay stated by the manufacturer, in the
case of definite time-delay releases.

For circuit-breakers with an electronic overcurrent release, the operation of the short-circuit
releases shall be verified by one test only on each pole individually.

For circuit-breakers with electromagnetic overcurrent releases, the operation of multipole
short-circuit releases shall be verified by one test only on each combination of two phase poles
in series. For circuit-breakers having an identified neutral pole provided with a short-circuit
release, the neutral pole shall be tested in series with one phase pole chosen at random. In
addition, the operation of the short-circuit releases shall be verified once on each pole
individually, at 120 % of either the value declared by the manufacturer for individual poles, or
the short-circuit current setting (if no value is declared for indivudal poles), at which value they
shall operate:
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within 0,2 s in the case of instantaneous releases (see 2.20);

within an interval of time equal to twice the time-delay stated by the manufacturer, in the
case of definite time-delay releases.

Definite time-delay releases shall, in addition, comply with the requirements of 8.3.3.2.4.

8.3.3.2.3 Overload releases

a)

b)

Instantaneous or definite time-delay releases

The operation of instantaneous or definite time-delay overload releases (see Note 1 of
4.7.1) shall be verified at 90 % and 110 % of the overload setting of the release. For a.c.
tests, the test currents shall have no asymmetry. For d.c. tests, the current shall exhibit no
overghootatswitch-omn, and the time constant shatt be tess thmam t0ms. T he opefation of
multjpole overload releases shall be verified with all phase poles loaded simuligneously
with the test current.

Defipite time-delay releases shall, in addition, comply with the requirements§)of 8.3.3|2.4.

At aftest current having a value equal to 90 % of the current setting, the release ghall not
operjate, the current being maintained

— fpr 0,2 s in the case of instantaneous releases (see 2.20),

— fpr an interval of time equal to twice the time-delay stated by the manufacturef, in the
dase of definite time-delay releases.

At a| test current having a value equal to 110 % of the current setting, the release shall
operate

— Within 0,2 s in the case of instantaneous releases*(see 2.20),

— Within an interval of time equal to twice the time-delay stated by the manufacturgr, in the
dgase of definite time-delay releases.

For [circuit-breakers having an identifiedi\neutral pole provided with an overload|release
(see[ 8.3.3.2.3), the test current for this release shall have a value equal to 1,2 timep 110 %
of thie current setting.

Invefse time-delay releases

The |operating characteristics\of inverse time-delay overload releases shall be vgrified in
accqrdance with the performance requirements of 7.2.1.2.4, item b), 2).

For [circuit-breakers having an identified neutral pole provided with an overload|release
(see|8.3.3.2.4), the test currents for this release shall be those given in Table 6 exgept that
the flest current at the conventional tripping current shall be multiplied by the factor 1,2.

For releases dependent on ambient air temperature, the operating characteristic shall be
veriffed at _the“reference temperature (see 4.7.3 and 5.2 item b)), the releasg being
energized-won all phase poles.

If this<est is made at a different ambient air temperature, a correction shall be made in

accdrdance with the manufacturer's fnmpnrafnrn/r\nrrnnf datag

For thermal-magnetic releases declared by the manufacturer to be independent of ambient
air temperature, the operating characteristic shall be verified by two measurements, one at
30 °C £ 2 °C, the other at 20 °C £ 2 °C or at 40 °C + 2 °C, the release being energized on
all phase poles.

For electronic releases, the operating characteristic shall be verified at the ambient
temperature of the test room (see 6.1.1 of IEC 60947-1:2007/AMD2:2014), the release
being energised on all phase poles.

An additional test, at a current value to be agreed between manufacturer and user, shall be
made to verify that the time/current characteristics of the release conform (within the stated
tolerances) to the curves provided by the manufacturer.

NOTE In addition to the tests in this subclause, the releases of circuit-breakers are also verified on each pole
singly, during test sequences Ill, IV, V and VI (see 8.3.5.2, 8.3.5.5, 8.3.6.2, 8.3.6.7, 8.3.7.5, 8.3.7.9, 8.3.8.2
and 8.3.8.8).
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8.3.3.2.4 Additional tests for definite time-delay releases

Definite time-delay releases shall be tested to verify the values of the time-delay and the non-
tripping duration

a) Time-delay

b)

8.3.3.3

Subclause 8.3.3.4.1 of IEC 60947-1:2007/AMD1:2010/AMD2:2014 applies, except for
with the|following additions:

(i)
(i)

(iif)

(iv)

(v)

(vi)

This test is made at a current equal to 1,5 times the current setting:

The [time-delay measured, shall be between the limits stated by the manufacturer.

in the case of overload releases, with all phase poles loaded;
for circuit-breakers having an identified neutral pole provided with an overload

release

(see 8.3.3.2.1), the test current for this release shall be 1,5 times the current setting;

in the case of electromagnetic short-circuit releases, with two poles in series carrying

thetestcurrent, USiNg sUCCcessively aftt possibte combinations of phase potes
ghort-circuit release.

in the case of electronic short-circuit releases, on one pole chosen at random.

having a

If the test current overlaps with another tripping characteristic (e.g* an instanlaneous

tripping characteristic), the trip setting (e.g. /54, see Figure K.1) and-the test curr
be reduced as necessary to prevent premature tripping. Both values shall be rec
the test report.

Nonttripping duration

This| test is made under the same conditions as for 4¢he test of item a) above
overjoad and short-circuit releases:

Firstly, the test current equal to 1,5 times the «current setting is maintained for
interval equal to the non-tripping duration stated.by the manufacturer; then, the ¢
reduced to the value corresponding to the overload current setting (/;) and maint
this
trip.

with reference to 8.3.3.4.1; item 2) c¢) i) and ii), of IEC 60947-1:2007: the normal ¢
of gperation include thetripped position, if any;

with reference to 8.3.3.4.1, item 3 c¢), of IEC 60947-1:2007/AMD1:2010/AMD2:2014
purposes of this-standard circuits incorporating solid-state devices connected to t
cirduit shall be{disconnected for the test;

cirduit-breakers not declared as suitable for isolation shall be tested with the test
applied\across the poles of the main circuit, the line terminals being connected
and the’load terminals being connected together. The test voltage shall be in acc

value for twice the time-delay stated by.the manufacturer. The circuit-breaker

Test of dielectric properties

nt shall
brded in
for both

a time
irrent is
hined at
thall not

item 5),

ositions

: for the
he main

voltage
ogether

prdance

with Table 12 of TEC 60947-1:2007;

for circuit-breakers suitable for isolation (see 3.5) and having an operational voltage
greater than 50 V, the leakage current, measured through each pole with the contacts in
the open position, at a test voltage of 1,1 Ug, shall not exceed 0,5 mA;

circuit-breakers having a rated insulation voltage greater than 1 000 V a.c. shall be tested
at a voltage of U; + 1 200 V a.c. r.m.s. or 2 U; whichever is the greater;

withdrawable circuit-breakers (see 7.1.2) shall be subject to verification of impulse
withstand voltage, as per 8.3.3.4.1, item 2) b) of IEC 60947-1:2007. The test voltage shall
be selected from Table 14 of IEC 60947-1:2007, and shall be applied between the
withdrawable unit's main contacts and their associated fixed contacts, in the disconnected
position. Acceptance criteria are as per 8.3.3.4.1, item 2) d) of IEC 60947-1:2007.
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8.3.34 Tests of mechanical operation and of operational performance capability
8.3.3.4.1 General test conditions
The circuit-breaker shall be mounted in accordance with 8.3.2.1 except that, for the purpose of

these tests, the circuit-breaker may be mounted on a metal frame. The circuit-breaker shall be
protected against undue external heating or cooling.

The tests shall be made at the ambient temperature of the test room.

The control supply voltage of each control circuit shall be measured at its terminals at the rated
current.

All residtors or impedances forming part of the control device shall be in circuit, Howgever, no
supplementary impedances shall be inserted between the current source and the.terminals of
the devige.

The tesfs of 8.3.3.4.2, 8.3.3.4.3 and 8.3.3.4.4 shall be made on the same" circuit-bregker but
the ordgr in which these tests are carried out is optional. However, forthe tests of undervoltage
and shunt releases the tests of 8.3.3.4.2 and 8.3.3.4.3 may, alternatively, be made op a new
sample.

In the cgse of maintainable circuit-breakers, if it is desired to‘earry out a number of opgrations
greater [than that specified in Table 8, these additionalcsoperations shall be carried qut first,
followed by maintenance in accordance with the manufacturer's instructions, and then by the
number| of operations in accordance with Table 8, without any further maintenance being
permittgd during the remainder of this test sequence.

For conjvenience of testing it is permissible_tovsubdivide each of the tests into two pr more
periods|No such period should, however,.be less than 3 h.

8.3.3.4.2 Construction and mechanical operation
8.3.3.4.2.1 Construction

A withdrjawable circuit-breaker shall be checked for the requirements stated in 7.1.2.

A circuit-breaker with stored energy operation shall be checked for compliance with 7}2.1.1.6,
regarding the charge.indicator and the direction of operation of manual energy storing.

8.3.3.4.2.2 Mechanical operation

Tests shalllbe made as specified in 8.3.3.4.1 for the following purposes:

— to prove satisfactory tripping of the circuit-breaker with the closing device energized;

— to prove satisfactory behaviour of the circuit-breaker when the closing operation is initiated
with the tripping device actuated;

— to prove that the operation of a power-operated device, when the circuit-breaker is already
closed, shall neither cause damage to the circuit-breaker nor endanger the operator.

The mechanical operation of a circuit-breaker may be checked under no-load conditions.

A circuit-breaker with dependent power operation shall comply with the requirements stated
in7.2.1.1.4.

A circuit-breaker with dependent power operation shall operate with the operating mechanism
charged to the minimum and maximum limits stated by the manufacturer.
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A circuit-breaker with stored energy operation shall comply with the requirements stated
in 7.2.1.1.6 with the auxiliary supply voltage at 85 % and 110 % of the rated control supply
voltage. It shall also be verified that the moving contacts cannot be moved from the open
position when the operating mechanism is charged to slightly below the full charge as
evidenced by the indicating device.

For a trip-free circuit-breaker it shall not be possible to maintain the contacts in the touching or
closed position when the tripping release is in the position to trip the circuit-breaker.

If the closing and opening times of a circuit-breaker are stated by the manufacturer, such times
shall comply with the stated values.

8.3.3.4.2.3 Undervoltage releases

Undervqltage releases shall comply with the requirements of 7.2.1.3 of IEC 60947-1:2007. For
this purpose, the release shall be fitted to a circuit-breaker having the maximgm."current rating
for which the release is suitable.

i) Drop-out voltage

It shpll be verified that the release operates to open the circuit-breaker between thel voltage
limits specified.

The|voltage shall be reduced from rated control supply yoltage at a rate to reach O V in
apprnoximately 30 s.

The |test for the lower limit is made without current in“the main circuit and without previous
heatjng of the release coil.

In thle case of a release with a range of rated control supply voltage, this test appligs to the
max|mum voltage of the range.

The |test for the upper limit is made starting from a constant temperature corresponding to
the application of rated control supply voltage to the release and rated current in the main
poleg of the circuit-breaker. This testtmay be combined with the temperature-rise test of
8.3.3.7.

In tHe case of a release with-a range of rated control supply voltage, this test is made at
both|the minimum and maximum rated control supply voltages.

i) Test for limits of operation

Starting with the circuit-breaker open, at the temperature of the test room, and with the
supply voltage at 30 % rated maximum control supply voltage, it shall be verified |that the
circyit-breaker cannot be closed by the operation of the actuator. When the supply| voltage
is raised to 855 of the minimum control supply voltage, it shall be verified that the circuit-
breaker can'be closed by the operation of the actuator.

iii) Perfprmance under overvoltage conditions

With_the circuit-breaker closed and without current in the main circuit, it shall bel verified
that the undervoltage release will withstand the application of 110 % rated control supply
voltage for 4 h without impairing its functions.

8.3.3.4.2.4 Shunt releases

Shunt releases shall comply with the requirements of 7.2.1.4 of IEC 60947-1:2007/AMD2:2014.
For this purpose, the release shall be fitted to a circuit-breaker having the maximum rated
current for which the release is suitable.

It shall be verified that the release will operate to open the circuit-breaker at 70 % rated control
supply voltage when tested at an ambient temperature of +55 °C + 2 °C without current in the
main poles of the circuit-breaker. In the case of a release having a range of rated control
supply voltages, the test voltage shall be 70 % of the minimum rated control supply voltage.
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8.3.3.4.3 Operational performance capability without current

These tests shall be made under the conditions specified in 8.3.2.1. The number of operating
cycles to be carried out on the circuit-breaker is given in column 3 of Table 8; the number of
operating cycles per hour is given in column 2 of this table.

The tests shall be carried out without current in the main circuit of the circuit-breaker.

For circuit-breakers which can be fitted with shunt releases, 10 % of the total number of
operating cycles shall be closing/tripping operations, with the shunt release energized at
maximum rated control supply voltage.

For circyit-breakers which can be fitted with undervoltage releases, 10 % of the total aymber of
operating cycles shall be closing/tripping operations at the minimum rated contro| supply
voltage,| this voltage to the release being removed after each closing operation, to|trip the
circuit-breaker.

In each|case, half the relevant number of operating cycles shall be madérat the beginning and
the othdr half at the end of the tests.

For circyit-breakers fitted with undervoltage releases, prior to the‘gperational performarnce test,
without fthe undervoltage release being energized, it shall be*verified that the circuitibreaker
cannot be closed by attempting 10 times to effect a closing.operation of the circuit-breaker.

The tests shall be made on a circuit-breaker with its own closing mechanism. In the|case of
circuit-bfeakers fitted with electrical or pneumatic closing devices, these devices shall|be sup-
plied at|their rated control supply voltage or at their'rated pressure. Precautions shall he taken
to ensure that the temperature-rises of the electrical components do not exceed the limits
indicatef in Table 7.

In the c@se of manually operated circuit-breakers, they shall be operated as in normal use.

8.3.3.4.4 Operational performance capability with current

The cirduit-breaker condition and method of installation shall be as specified in 8.3.2.1,|the test
circuit being in accordancexwith 8.3.3.5.2 of IEC 60947-1:2007.

The opdrating rate and the number of operating cycles to be carried out are given in columns 2
and 4 of Table 8.

The cirduit-bréaker shall be operated so as to make and break its rated current at its maximum
rated operational voltage, assigned by the manufacturer, at a power factor or time constant as
applicaljlexin accordance with Table 11, the tolerance being in accordance with 8.3.2.2.2.

Tests on a.c. rated circuit-breakers shall be made at a frequency between 45 Hz and 62 Hz.

For circuit-breakers fitted with adjustable releases, the tests shall be made with the overload
setting at maximum and the short-circuit setting at minimum.

The tests shall be made on a circuit-breaker with its own closing mechanism. In the case of
circuit-breakers fitted with electrical or pneumatic closing devices, these devices shall be
supplied at their rated control supply voltage or at their rated pressure. Precautions shall be
taken to ensure that the temperature rises of the electrical components do not exceed the
values indicated in Table 7.

Manually operated circuit-breakers shall be operated as in normal use.
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8.3.3.4.5 Additional test of operational performance capability without current
for withdrawable circuit-breakers

A test of operational performance capability without current shall be carried out on the
withdrawal mechanism and associated interlocks of withdrawable circuit-breakers.

The number of operating cycles shall be 100.

After this test, the isolating contacts, withdrawal mechanism and interlocks shall be suitable for
further service. This shall be verified by inspection.

8.3.3.5 Overload performance

This tesft applies to circuit-breakers of rated current up to and including 630 A.

NOTE 1 |At the request of the manufacturer, the test can also be made on circuit-breakers of rated currgnt higher
than 630 A.

The cirduit-breaker condition and method of installation shall be as specified in 8.3.2.1,]and the
test circpit in accordance with 8.3.3.5.2 of IEC 60947-1:2007.

The test shall be made at a voltage corresponding to the maximum operational voltage U, ,ax
assigned by the manufacturer to the circuit-breaker, taking into account the requirement for
recovery voltage of Table 12 (see also 8.3.2.2.3 a) of IEC 60947-1:2007/AMD2:2014).

For circpit-breakers fitted with adjustable releases, the test shall be made with its releases set
at maximum.

The cirquit-breaker shall be opened nine times-manually and three times automatically by the
action df an overload release, except for girCuit-breakers having a short-circuit relegse of a
maximum setting less than the test current;-in which case all 12 operations shall be autpmatic.

If the tgsting means do not withstand the let-through energy occurring during the aditomatic
operatign, the test may be performied as follows, with the agreement of the manufacturgr:

— 12 manual operations;

— thre¢ additional operatiohs with automatic opening, made at any convenient voltage

r atime

8. If the
ently so

If test conditions at the testing station do not permit testing at the operating rate given in
Table 8, a slower rate may be used, but details shall be stated in the test report.

The values of the test current and of the recovery voltage shall be in accordance with Table 12,
at the power factor or time constant, as applicable, in accordance with Table 11, the tolerances
being in accordance with 8.3.2.2.2.

NOTE 2 With the agreement of the manufacturer the test can be made under more severe conditions than
specified.
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Table 12 — Test circuit characteristics for overload performance

Alternating current Direct current
Current 61/, 2,51,
Recovery voltage 1,05 Uy ax 1,05 Uy ax

Ue max = maximum operational voltage of the circuit-breaker.

Tests on a.c. rated circuit-breakers shall be made at a frequency between 45 Hz and 62 Hz.

The prospective current at the supply terminals of the circuit-breaker shall be at least 10 times
the test|current, or at least 50 kA, whichever of the two values is the lower.

8.3.3.6 Verification of dielectric withstand
8.3.3.6. General

The test shall be performed on the circuit-breaker whilst it remains mounted for the preceding
test. If [this is not practicable it may be disconnected and removed from the tesf circuit,
although measures shall be taken to ensure that this does not influentce the result of thg test.

8.3.3.6.2 Test voltage

Subclause 8.3.3.4.1, item 3) b), of IEC 60947-1:2007/ANID1:2010 applies.

The valjie of the test voltage shall be 2 U, with a_ minimum of 1 000 V r.m.s., or 1 415|V d.c. if
an a.c. voltage cannot be applied. The value of\U, referred to is that at which the preceding
switchinlg and/or short-circuit tests have been performed.

8.3.3.6.3 Application of the test voltage

The test voltage shall be applied for:d s in accordance with 8.3.3.4.1, items 2) c) i), ii)|and iii),
of IEC §0947-1:2007 and, in addition, between the incoming and outgoing terminals |of each
pole with the circuit-breaker open. The use of the metal foil as specified in 8.3.3.4.1, itgm 1), of
IEC 60947-1:2007/AMD1:2090/AMD2:2014 is not required. For the purposes of this sfandard,
circuits fincorporating solidsstate devices connected to the main circuit shall be disconnected
for the tpsts. The normalpositions of operation include the tripped position, if any.

For circlit-breakers-suitable for isolation the leakage current shall be measured in accprdance
with 8.3]3.3, item-(iv), except that the leakage current shall not exceed 2 mA.

8.3.3.6.4 Acceptance criteria

Subclause 8.3.3.4.1, item 3) d), of IEC 60947-1:2007 applies.

8.3.3.7 Verification of temperature-rise

Following the test according to 8.3.3.6, a temperature-rise test shall be made at the
conventional thermal current according to 8.3.2.5. At the end of the test, the values of
temperature-rise shall not exceed those specified in Table 7.

8.3.3.8 Verification of overload releases

Immediately following the test according to 8.3.3.7, the operation of overload releases shall be
verified at 1,45 times the value of their current setting at the reference temperature (see
7.2.1.2.4, item b), 2)).
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For this test, all poles shall be connected in series. Alternatively, this test may be made using a

3-phase

supply.

This test may be made at any convenient voltage.

The ope

rating time shall not exceed the conventional tripping time.

With the manufacturer's consent, a time interval between the tests of 8.3.3.7 and 8.3.3.8 may

occur.

The test may, alternatively, be made at the ambient air temperature at a test current corrected

in acco

dance with the manufacturer's fnmpnrghlrn/r\llr’rnnf data  for releases ann
gah wWin—he—aAtHacture! e _AuHecUH e Rt Gata—o0Fr+6+64 G f

ent on

ambient

8.3.3.9

Circuit-h
except {

temperature.

Verification of undervoltage and shunt releases

reakers fitted with undervoltage releases shall be subjected to theitest of 8.3.3
hat the tests for upper and lower limits shall be made at the temperature of

4.2.31),
the test

room without current in the main circuit. The release shall not operaté-at 70 % of the minimum

control {

Circuit-H
that the
70 % of

8.3.3.10

For circ
shall be

accordance with 8.2.5 of IEC 60947-1:2007/AMD1:2010.

supply voltage and shall operate at 35 % of the maximum rated control supply v

reakers fitted with shunt releases shall be subjectedto the test of 8.3.3.4.2.4
test may be made at the temperature of the test&oom. The release shall op
the minimum rated control supply voltage.

Verification of the main contact position

made to verify the effectiveness of the indication of the main contact po

bltage.

except
erate at

Lit-breakers suitable for isolation (seex3.5), following the verification of 8.3.3.8, a test

Sition in

8.3.4 Test sequence lI: Rated service short-circuit breaking capacity
8.3.4.1 General
Except \hen the test sequence VI (combined) applies (see 8.3.8), this test sequence applies to
all circult-breakers and comprises the following tests:

Test Subclause
Rated service short-gircuit breaking capacity 8.3.4.2
Verificatipn of opérational performance capability 8.3.4.3
Verificatipntoef dielectric withstand 8.3.4.4
Verification of temperature-rise 8.3.45
Verification of overload releases 8.3.4.6
For the case where I = I, see 8.3.5.

The number of samples to be tested and the setting of adjustable releases shall be in

accorda

8.3.4.2

nce with Table 10.

Test of rated service short-circuit breaking capacity

A short-circuit test is made under the general conditions of 8.3.2, with a value of prospective

current /

cs» as declared by the manufacturer, in accordance with 4.3.6.2.3.

The power factor for this test shall be according to Table 11, for the appropriate test current.
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The sequence of operations shall be:
O-t-CO-t-CO

In the case of integrally fused circuit-breakers, any blown fuse shall be replaced after each
operation. The time interval t may need to be extended for this purpose.

8.3.4.3 Verification of operational performance capability

Following the test according to 8.3.4.2, the operational performance capability shall be verified
in accordance with 8.3.3.4.4 except that this verification shall be made at the same rated
operational voltage as used for the test of 8.3.4.2, and that the number of operations shall be
5 % of the number given in column 4 of Table 8.

This vellification need not be made where, for a given frame size, the test of 8,3.4.2 hps been
made on a circuit-breaker of minimum /, or at the minimum overload release sefting as
specifiefd in Table 10.

8.3.4.4 Verification of dielectric withstand

Following the test according to 8.3.4.3, the dielectric withstand‘shall be verified accgrding to
8.3.3.6.

For circlyit-breakers suitable for isolation, the leakage cufrent shall be measured in accprdance
with 8.3|3.6.

8.3.4.5 Verification of temperature-rise
Following the test according to 8.3.4.4, the.temperature-rise at the main terminals ghall be

verified [in accordance with 8.3.2.5. The temperature-rise shall not exceed the values |given in
Table 7

This verification need not be made where, for a given frame size, the test of 8.3.4.2 hps been
made on a circuit-breaker of minimum /,, or at the minimum overload release setting.

8.3.4.6 Verification of.overload releases

Immediately following, the test according to 8.3.4.5, the operation of overload releases [shall be
verified jn accordance with 8.3.3.8.

With the manufacturer's consent, a time interval between the tests of 8.3.4.5 and 8.3.4.6 may
occur.

8.3.5 Test sequence lll: Rated ultimate short-circuit breaking capacity
8.3.5.1 General

Except where the test sequence VI (combined) applies (see 8.3.8), this test sequence applies
to circuit-breakers of selectivity category A and to circuit-breakers of selectivity category B
having a rated ultimate short-circuit breaking capacity higher than the rated short-time
withstand current.

NOTE For this type of selectivity category B circuit-breaker, the instantaneous release operates at values of
current in excess of those stated in column 2 of Table 3 (4.3.6.4); this type of release can be referred to as
"instantaneous override".

For circuit-breakers of selectivity category B having a rated short-time withstand current equal
to their rated ultimate short-circuit breaking capacity, this test sequence need not be made,


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 - 67 —

since, in this case, the ultimate short-circuit breaking capacity is verified when carrying out test
sequence V.

For integrally fused circuit-breakers, test sequence V applies in place of this sequence.

Where I = I, this test sequence need not be made, in which case construction bre
are required in Sequence |l (see Table 10) and the following verifications shall additionally be

made in

test sequence II:

— the verification of 8.3.5.2, at the beginning of the test sequence;

— the verification of 8.3.5.5, at the end of the test sequence.

ak tests

This test sequence comprises the following tests:

Test Subclause
Verificatjon of overload releases 8/3.5.2
Rated ultimate short-circuit breaking capacity 8.3.5.3
Verificatjon of dielectric withstand 8.3.5.4
Verificatjon of overload releases 8.3.5.5

The nu

accordance with Table 10.

8.3.5.2

The ops

Verification of overload releases

each pole separately. This test may be made.at any convenient voltage.

If the a

correcte

mbient temperature differs from the reference temperature, the test current

dependent on ambient temperature:

For test

(e.g. elgctronic overload rfeleases, magnetic releases), connection data (type, cross-

length)

may be different from those required in 8.3.3.3.

IEC 60947-1:2007/AMD%:2010/AMD2:2014. The connections should be compatible
test curfent and induiced thermal stresses.

The opd
the curr

8.3.5.3

bnt setting at the reference temperature, on a pole singly.

ration of overload releases shall be verified at twice the value of their current sq

d in accordance with the, manufacturer's temperature/current data, for I

mber of samples to be tested and the setting ©f adjustable releases shall be in

ptting on

shall be
eleases

5 for which the tripping characteristic is independent of the temperature of the t¢grminals

section,
4 of
with the

ratingstime shall not exceed the maximum value stated by the manufacturer for twice

Test of rated ultimate short-circuit breaking capacity

Following the test according to 8.3.5.2, a short-circuit breaking capacity test is made with a
value of prospective current equal to the ultimate rated short-circuit breaking capacity as
declared by the manufacturer, under the general conditions according to 8.3.2.

The sequence of operations shall be:

8.3.5.4

O0-t-CO

Verification of dielectric withstand

Following the test according to 8.3.5.3 the dielectric withstand shall be verified according to
8.3.3.6. For circuit breakers suitable for isolation, the leakage current shall not exceed 6 mA.
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8.3.5.5 Verification of overload releases
Following the test according to 8.3.5.4, the operation of overload releases shall be verified in

accordance with 8.3.5.2, except that the test current shall be 2,5 times the value of their
current setting.

The operating time shall not exceed the maximum value stated by the manufacturer for twice
the value of the current setting, at the reference temperature, on a pole singly.

8.3.6 Test sequence IV: Rated short-time withstand current

8.3.6.1 General

Except where the test sequence VI (combined) applies (see 8.3.8), this test sequence| applies
to circdit-breakers with a rated short-time withstand current (see 4.4); it cOmprises the
following tests:

Test Subclause
Verificatjon of overload releases 8.3.6.2
Rated short-time withstand current 8.3.6.3
Verificatjon of temperature-rise 8.3.6.4
Short-cifcuit breaking capacity at maximum short-time withstand current 8.3.6.5
Verificatjon of dielectric withstand 8.3.6.6
Verificatjon of overload releases 8.3.6.7

Where jntegrally fused circuit-breakers are of “selectivity category B, they shall meet the
requirements of this sequence.

The number of samples to be tested, and the setting of adjustable releases sha]l be in
accordance with Table 10.

8.3.6.2 Verification of overload releases

The opdration of overload.feleases shall be verified in accordance with 8.3.5.2.

8.3.6.3 Test of rated short-time withstand current

Subclause 8.3.4:3yof IEC 60947-1:2007 applies with the following addition:

For the| purpose of this test only, any over-current release, including the instanraneous
override, if-any, likely to operate during the test, shall be rendered inoperative.

8.3.6.4 Verification of temperature-rise

Following the test according to 8.3.6.3, the temperature-rise at the main terminals shall be
verified according to 8.3.2.5. The temperature-rise shall not exceed the value given in Table 7.

With the manufacturer's agreement the verification of the temperature-rise may be made after
the verification of the dielectric withstand (8.3.6.6). This verification need not be made where,
for a given frame size, the test of 8.3.7.3 has been made on a circuit-breaker of minimum /, or
at the minimum overload release setting.
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8.3.6.5

Test of short-circuit breaking capacity at the maximum short-time withstand

current

Following the test according to 8.3.6.4, a short-circuit test shall be made with the following
sequence of operations:

O-t-CO

under the general conditions of 8.3.2, with a value of prospective current equal to that of the
short-time withstand current test (see 8.3.6.3) and at the highest voltage applicable to the rated

short-ti

me withstand current.

The cirguit-breaker shall remain closed for the short-time corresponding to the n'ilaximum

availab

overridg, if any, shall not operate. If the circuit-breaker has a making current)'relea
2.10), this requirement does not apply to the CO operation, if the prospective cufrent

the pre

8.3.6.6

Followi

according to 8.3.3.6.

8.3.6.7

Followi

accordanpce with 8.3.5.2, except that the test current shall be 2,5 times the value

current

The op

8.3.7

8.3.71

This test sequence applies,to integrally fused circuit-breakers. It replaces test sequenc
comprisgs the followingtests:

le time setting of the short-time delay short-circuit release, and the instan

-fetermined value, since it will then operate.

Verification of dielectric withstand

ng the test carried out according to 8.3.6.5, the dielectric ‘withstand shall be

Verification of overload releases
rlg the test according to 8.3.6.6, the operation.of overload releases shall be vg

setting.

Test sequence V: Performance of integrally fused circuit-breakers

General

aneous
se (see
bxceeds

verified

rified in
of their

grating time shall not exceed the maximum value stated by the manufacturer for twice
the valug of the current setting, at the reference temperature, on a pole singly.

e |1l and

Test Subclayse
Short-circuit at the selectivity limit current 8.3.7.2
Stage\l Verification of temperature-rise 8.3.7.
Verification of dielectric withstand 8374
Verification of overload releases 8.3.7.5
Short-circuit at 1,1 times take-over current 8.3.7.6
Stage 2 Short-circuit at ultimate short-circuit breaking capacity 8.3.7.7
Verification of dielectric withstand 8.3.7.8
Verification of overload releases 8.3.7.9

This test sequence is divided into two stages:

— Stage 1 comprises the tests according to 8.3.7.2 to 8.3.7.4;

— Stage 2 comprises the tests according to 8.3.7.5 to 8.3.7.9.

The two stages may be carried out:
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— on two separate circuit-breakers, or

— on the same circuit-breaker, with maintenance between them, or

— on the same circuit-breaker, without any maintenance, in which case the test according
to 8.3.7.4 may be omitted.

The test according to 8.3.7.3 need only be made if /¢ > /5.

Tests according to 8.3.7.2, 8.3.7.6 and 8.3.7.7 shall be made at the maximum operational
voltage of the circuit-breaker.

The number of samples to be tested and the setting of adjustable releases shall be in
accordancewith—Tabte—10-

8.3.7.2 Short-circuit at the selectivity limit current

A short{circuit test is made under the general conditions of 8.3.2, with a valu€ of prospective
current equal to the selectivity limit current, as declared by the manufacturer (see 2.17.4).

For the purpose of this test the fuses shall be fitted.

The test shall consist of one O operation at the conclusion @f which the fuses shall still be
intact.

8.3.7.3 Verification of temperature-rise

NOTE This verification of temperature-rise is made since the‘fuses can have blown during the short-cirquit test of
test sequé¢nce Il, 8.3.4.2, in which case the test of 8.3.7.2 is(more severe.

Following the test according to 8.3.7.2 thestemperature-rise at the main terminals shall be
verified,[in accordance with 8.3.2.5.

The tenmperature-rise shall not exceed the value given in Table 7.

8.3.7.4 Verification of dielectric withstand

Following the test according to 8.3.7.3 the dielectric withstand shall be verified accarding to
8.3.3.6.

8.3.7.5 Verification of overload releases

The opdration=of overload releases shall be verified in accordance with 8.3.5.2.

8.3.7.6 L >Shart-circuit at 1.1 times the take-over current

Following the test according to 8.3.7.5 a short-circuit test is made under the same general
conditions as in 8.3.7.2, with a value of prospective current equal to 1,1 times the take-over
current declared by the manufacturer (see 2.17.5).

For the purpose of this test the fuses shall be fitted.

The test shall consist of one "O" operation at the conclusion of which at least two of the fuses
shall have blown.

8.3.7.7 Short-circuit at rated ultimate short-circuit breaking capacity

Following the test according to 8.3.7.6, a short-circuit test is made under the same general
conditions as in 8.3.7.2, with a value of prospective current equal to the ultimate short-circuit
breaking capacity /I, as declared by the manufacturer.
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For the

purpose of this test, a new set of fuses shall be fitted.

The sequence of operations shall be:

O0-t-CO

a further new set of fuses being fitted during the time interval t, which may need to be extended

for that

8.3.7.8

Followi

purpose.

Verification of dielectric withstand

g the test nr‘r‘nrr'ling to 8377 and with a new set of fuses fii‘i‘nr‘l, the

ielectric

withstand shall be verified according to 8.3.5.4.

8.3.7.9

Verification of overload releases

Following the test according to 8.3.7.8, the operation of overload releases,_shall be ve

rified in

accordance with 8.3.5.2 except that the test current shall be 2,5 times the’value of theif current
setting.

The ope€rating time shall not exceed the maximum value stated\by the manufacturer for twice
the valug of the current setting, at the reference temperature, pira pole singly.

8.3.8 Test sequence VI: combined test sequence

8.3.8.1 General

At the dfiscretion of, or in agreement with the manufacturer, this test sequence may be| applied
to circuif-breakers of selectivity category B:

a) whep the rated short-time withstand-current and the rated service short-circuit hreaking

capacity have the same value (/.,=J;s); in this case it replaces test sequences Il a

nd 1V;

b) wheh the rated short-time withstand current, the rated service short-circuit breaking
capacity and the rated ultintate short-circuit breaking capacity have the same valde (/,, =
l.s 9 Io,); in this case it replaces test sequences I, Il and IV.

This test sequence comprises the following tests:

Test Subclauses

Verification of overload releases 8.3.8.2

Rated short-timewithstand current 8.3.8.3

Rated service short-circuit breaking capacity” 8.3.8.4

Verification of operational performance capability 8.3.8.0

Verification of dielectric withstand 8.3.8.6

Verification of temperature-rise 8.3.8.7

Verification of overload releases 8.3.8.8

*

For circuit-breakers falling into the case of 8.3.8.1b) above, this is also the rated ultimate short-circuit
breaking capacity.

The number of samples to be tested and the setting of adjustable releases shall be in

accorda

8.3.8.2

nce with Table 10.

Verification of overload releases

The operation of overload releases shall be verified in accordance with 8.3.5.2.
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8.3.8.3 Test of rated short-time withstand current

Following the test according to 8.3.8.2, a test shall be made at the rated short-time withstand
current according to 8.3.6.3.

This test does not need to be made on the sample of minimum /, specified in Table 10.

8.3.8.4 Test of rated service short-circuit breaking capacity

Following the test according to 8.3.8.3, a test shall be made at the rated service short-circuit
breaking capacity according to 8.3.4.2, at the highest voltage applicable to the rated short-time
withstand current. The circuit-breaker shall remain closed for the short-time corresponding to
the maxmumavaitabtetime—settingof the—short=timedetay short=circuit retease:

During fhis test the instantaneous override (if any) shall not operate, and the making| current
release |(if any) shall operate.

8.3.8.5 Verification of operational performance capability

Following the test according to 8.3.8.4, the operational performance capability shall be| verified
in accordance with 8.3.4.3.

8.3.8.6 Verification of dielectric withstand

Following the test according to 8.3.8.5, the dielectric withstand shall be verified accgrding to
8.3.3.6.

For circlit-breakers suitable for isolation, the leakage current shall be measured accdrding to
8.3.3.6.

8.3.8.7 Verification of temperature-rise

Following the test according to 8.3.8.6, the temperature-rise at the main terminals ghall be
verified jin accordance with 8.3.4.5:

The temperature-rise shall.not exceed the value given in Table 7.

This vetrification need not be made where, for a given frame size, the test of 8.3.8.4 hps been
made on a circuit-breaker of minimum /,, or at the minimum overload release setting.

8.3.8.8 Verification of overload releases

After cooling down following the test according to 8.3.8.7, the operation of overload feleases
shall be verified in accordance with 8.3.3.8.

Thereafter, the operation of the overload releases shall be verified on each pole individually in
accordance with 8.3.5.2, except that the test current shall be 2,5 times the value of their
current setting.

The operating time shall not exceed the maximum value stated by the manufacturer for twice
the value of the current setting, at the reference temperature, on a pole singly.

8.3.9 Critical d.c. load current test

This test applies only to circuit-breakers with d.c. ratings.
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The circuit-breaker condition and method of installation shall be as specified in 8.3.2.1, and the
test circuit in accordance with 8.3.3.5.2 of IEC 60947-1:2007 except that the metallic screen
and the fusible element shall not be used.

Samples to be tested shall be selected according to Table 10 — sequence |, except that for
application of footnote g, construction breaks relative to the over-current tripping devices shall
not be considered.

The test shall be made at the maximum operational d.c. voltage (U, max) assigned by the
manufacturer to the circuit-breaker.

For circuit-breakers fitted with adjustable releases, the test shall be made with the releases set
at the maximum.

The cirquit-breaker shall be closed and opened 5 times on to each of the test' currenfs listed
below. If the direction of current flow is specified by the manufacturer, the test-shall he made
with thg current flowing in the specified direction, as indicated by the polarity and line/load
marking} if not, 5 operations shall be made in the forward direction,(@and 5 in the |reverse
direction.

During ¢ach CO cycle, the circuit-breaker shall remain closed fetra time sufficient tq ensure
that the|full current is established, but not exceeding 2 s.

The time constant shall be in accordance with Table 11-as)for operational performance; at the
discretign of the manufacturer, a higher value may be Used, in which case this value |shall be
stated in the test report.

The number of operating cycles per hour shall be in accordance with Table 8.
The arc|ng time during the test shall be recorded and shall not exceed 1 s.

The tes{ current values shall be: 4 A.-8 A, 16 A, 32 A and 63 A d.c., with £ 10 % toleranpce, but
not exc¢eding the rated current;\the critical value is determined by taking the maximum mean
arcing tme, for each direction‘of current if applicable. The highest and lowest values of test
current shall demonstrate shorter mean arcing times than the critical value; if necesgary, the
range of test currents shall\be extended upwards or downwards by applying a 2 times|ratio as
many times as necessary; up to, but not exceeding, the rated current to find the critical yalue. If
no criti¢al value of ‘surrent is found within these criteria, no further test according to this
subclauge is required.

The toldrances.on test quantities other than the current shall be in accordance with 8.3.p.2.2.

Followi O this—test—the—same Dalllp:c shalt—be aubjubtcd to—an upclatiunai pclf rmance
verification of 50 operations, under the same conditions, at the current and in the direction
corresponding to the critical value. After this test, the dielectric withstand shall be verified
according to 8.3.3.6 with a d.c. test voltage.

8.4 Routine tests
8.4.1 General

For the definition of routine tests, see 2.6.2 and 8.1.3 of IEC 60947-1:2007.

The following tests apply:

— mechanical operation (8.4.2);
— verification of the calibration of overcurrent releases (8.4.3);


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

- 74 - IEC 60947-2:2016 © IEC 2016

— verification of the operation of undervoltage and shunt releases (8.4.4);
— additional tests for CBRs to Annex B (8.4.5);

— dielectric tests (see note) (8.4.6);

— verification of clearances (8.4.7).

NOTE If by the control of materials and manufacturing processes, the integrity of the dielectric properties has
been proven, these tests can be replaced by sampling tests according to a recognized sampling plan (see

IEC 60410).1

However, operation of the circuit-breaker during manufacture and/or other routine test may
take the place of the tests listed above provided the same conditions apply and the number of
operations is not less than that specified.

The tesis of 8.4.3, 8.4.4 and 8.4.5 shall be made with the releases fitted to the circuitibreaker
or to an|appropriate test equipment simulating the behaviour of the circuit-breaketr.

In the dontext of the tests of 8.4.2, 8.4.3, 8.4.4, 8.4.6 and 8.4.7, the term\ "circuit-byeakers"
covers CBRs, where applicable.

8.4.2 Mechanical operation tests

The follpwing tests shall be carried out without current in the main circuit, except when fequired
for the gperation of releases. During the tests, no adjustments-shall be made and the operation
shall be[satisfactory.

The follpwing tests shall be made on manually-operated circuit-breakers:

— two tlose-open operations;
— two frip-free operations.

NOTE Fpr the definition of a trip-free mechanical~switching device, see 2.4.23 of IEC 60947-1:2007.

The following tests shall be made on power-operated circuit-breakers at 110 %| of the
maximum rated control supply veltage and/or of the rated supply pressure, and at 85 % of the
minimum rated control supply veltage and/or of the rated supply pressure:

— two tlose-open operations;
— two trip-free operations;
— for gqutomatic reglesing circuit-breakers, two automatic reclosing operations.

8.4.3 Verification of the calibration of overcurrent releases

8.4.3.1 Inverse time-delay releases

The verification of the calibration of inverse time-delay releases shall be made at a multiple of
the current setting to check that the tripping time conforms (within tolerances) to the curve
provided by the manufacturer.

This verification may be made at any convenient temperature, correction being made for any
difference from the reference temperature (see 4.7.3).

8.4.3.2 Instantaneous and definite time-delay releases
The verification of the calibration of instantaneous and definite time-delay releases shall check

the non-operation and operation of the releases at the values of current given in 8.3.3.2.2 or
8.3.3.2.3, item a), as applicable, without measurement of break time being required.

1 This publication was withdrawn.
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The tests may be made by loading two poles in series with the test current, using all possible
combinations of poles having releases, or by loading each pole having a release individually
with the test current.

One method of determining the tripping level consists in applying a slowly rising test current,
starting from a value below the lower limit until tripping of the circuit-breaker occurs. Tripping
shall occur between the lower and upper limits of test current.

8.4.4 Verification of the operation of undervoltage and shunt releases

8.4.4.1 Undervoltage releases

Tests spattbemmade—to vwify that—theretease—wittoperate—m—accordance—witth—72.1.3 of

IEC 60947-1:2007 as follows:

a) Hold-in voltage

The [release shall close on to a voltage corresponding to 85 % of the minimum rated control
supply voltage.

b) Drop-out voltage

The | release shall open when the voltage is reduced to (a) value within th¢ range
corrgsponding to the limits of 70 % and 35 % of the rated control supply voltage, adjusted
to take account of the need to operate under the conditions-specified in 8.3.3.4.2.3 {). In the
casq of releases having a range of rated control supply voltages, the upper limit shall
corrgspond to the minimum of the range and the lowef limit to the maximum of the range.

8.4.4.2 Shunt releases (for opening)

A test ghall be made to verify that the releaséowill operate in accordance with 7.p.1.4 of
IEC 60947-1:2007/AMD2:2014. The test may be'made at any convenient temperature provided
the test|voltage is reduced to take account-of the need for the release to operate upder the
conditiops specified in 8.3.3.4.2.4. In the\case of a release having a range of rated control
supply Joltages, the test voltage shall be related to 70 % of the minimum rated contrdl supply
voltage.

8.4.5 Additional tests for CBRs
The follpwing additional tests shall be made on CBRs or r.c. units.

a) Opefation of the test‘device

The |CBR shall_be subjected to two close-trip operations or, in the case of r.c. unitg, to two
reset-trip operations, tripping by the manual operation of the test device with the CBR
supplied atithe lowest rated operational voltage.

b) Verification of the calibration of the residual current tripping device of the CBR

Using an alternating sinusoidal residual current, it shall be verified that

— the CBR does not trip with a residual current of 0,5 times /5, in each pole separately, at
the minimum setting of /,,, if adjustable;

— the CBR trips with a residual current of /5, in each pole separately, at the minimum
setting of /,,, if adjustable.
8.4.6 Dielectric tests

The test conditions shall be in accordance with 8.3.3.4.1, item1), of
IEC 60947-1:2007/AMD1:2010/AMD2:2014, except that the use of metal foil is not required.
The test voltage shall be applied as follows:

— with the circuit-breaker in the open position, between each pair of terminals which are
electrically connected together when the circuit-breaker is closed;
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— for circuit-breakers not incorporating electronic circuits connected to the main poles, with
the circuit-breaker in the closed position, between each pole and the adjacent pole(s), and
between each pole and the frame, if applicable;

— for circuit-breakers incorporating electronic circuits connected to the main poles, with the
circuit-breaker in the open position, between each pole and the adjacent pole(s), and
between each pole and the frame, if applicable, either on the incoming side or on the
outgoing side, depending on the position of the electronic components.

Alternatively, disconnection of electronic circuits connected to the main poles is permitted,
in which case the test voltage shall be applied with the circuit-breaker in the closed
position, between each pole and the adjacent pole(s), and between each pole and the
frame, if applicable.

The method of test shall be as in a) or b) or c) below at the manufacturer’s discretion;

a) Twoltests shall be made:
1) Impulse withstand voltage

he test voltage shall not be less than 30 % of the rated impulse ‘withstand| voltage
without altitude correction factor) or the peak value corresponding to 2 U; whichever is
he greater, and

1
(
t
2) Rower frequency withstand voltage
The test apparatus shall be as stated in * 8.3.3.4.1, item 3)|b), of
IEC 60947-1:2007/AMD1:2010, except that the overcurrent trip shall be set to| 25 mA.
However, at the discretion of the manufacturer, for\safety reasons, test apparatus of a
lower power or trip setting may be used, byl the short-circuit current of1he test
gpparatus shall be at least eight times the rip setting of the overcurrent rglay; for
gxample, for a transformer with a short-cirtcuit current of 40 mA, the maximum trip
S

etting of the overcurrent relay shall be 5.mA + 1 mA.

The value of the test voltage shall be 2 Us max, with a minimum of 1 000\ r.m.s.,
gpplied for not less than 1 s. The ovércurrent relay shall not trip.

b) A single power frequency test in aecordance with item a) 2) above at a test voltage such
that|the peak value of the sinuspidal wave corresponds to the highest of the peak vialues of
the following: 30 % of U, 2.Uiy2 Ug max or 1 000 V r.m.s.

imp>
c) An ipsulation resistance test.at 500 V d.c. The insulation resistance shall be not Igss than
1 MQ2 at any point.

If dielegtric propertiesare’ tested according to a sampling plan in accordance with the note
to 8.4.1] a power frequency withstand test shall be made according to 8.4.6, item a) 2) of this
subclauge, but~“with a test voltage in accordance with Table 1RA  of
IEC 60947-1:2007/AMD2:2010. Circuit-breakers having a rated insulation voltage greater than
1000 V|a.c. shall be tested at a voltage of U; + 1200V a.c. rrm.s. or 2 U; whichevgr is the
greater.

8.4.7 Test for the verification of clearances less than those corresponding to case A
of Table 13 of IEC 60947-1:2007

Subclause 8.3.3.4.3 of IEC 60947-1:2007 applies, except that for the purposes of this standard
this test shall be a routine test.

NOTE The case of clearances greater than or equal to case A of Table 13 of IEC 60947-1:2007 is covered by the
tests of 8.4.6.

8.5 Special tests — Damp heat, salt mist, vibration and shock

The following special tests shall be made either at the discretion of the manufacturer or
according to agreement between the manufacturer and user (see 2.6.4 of IEC 60947-1:2007).
As special tests, unless specifically called for, these additional tests are not mandatory, and it
is not necessary for a circuit-breaker to satisfy any of these tests to conform to this standard.
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Annex Q of IEC 60947-1:2007/AMD1:2010/AMD2:2014 applies.

During the test sequences according to Table Q.1 of
IEC 60947-1:2007/AMD1:2010/AMD2:2014, only the final verification of operational
performance capability is required. It shall be made by carrying out the routine tests of 8.4 of
this standard, except for the dielectric tests of 8.4.6, which are covered by the tests of
Table Q.1 of IEC 60947-1:2007/AMD1:2010/AMD2:2014.

With reference to footnote e) of Table Q.1 of IEC 60947-1:2007, for dry heat test, the circuit-
breaker shall not carry current. Where an under-voltage release is fitted, it shall be energised
with rated voltage. The circuit-breaker shall be operated according to 8.4.2 during the last hour
of the test.

With reference to footnote g) of Table Q.1 of IEC 60947-1:2007, during damp heat iest, the
functionpl test shall consist of the mechanical operations of 8.4.2 of this standard? When only
manual |operating means are available, this test can be done during the ®Begdinning of the
following cold period.
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Operating means R
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in individual enclosures 3))

Metal plate

rcuit-breaker with closing push-button Case of circuit-breaker with a closing
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berating means includes any extension which is normally fitted for the closing operation.

irpose of therigid shield is to prevent emissions from areas other than those of the handle or py
baching thevpolyethylene sheet (not required for tests in individual enclosures).

pid shi€ld“and the front of the metallic screen may be combined into one single conductive metal

of @ny suitable rigid material to obviate tearing of the polyethylene sheet.

IEC

handle

sh-button

plate.

Figure 1 — Test arrangement (connecting cables not shown)
for short-circuit tests
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Annex A
(normative)

Co-ordination between a circuit-breaker and another
short-circuit protective device associated in the same circuit

A.1 General

To ensure co-ordination between a circuit-breaker (C1) and another short-circuit protective
device (SCPD) associated with it in the same circuit, it is necessary to consider the
characteristiesofeachof-the-tw vices—as-wet-as-theirdynamicbehaviotrasanassgciation.

NOTE Ap SCPD can incorporate additional protective means, for example, overload releases.

The SCPD may consist of a fuse (or a set of fuses) — see Figure A.1 — or, ofLanother circuit-
breaker|(C») (see Figure A.2 and Figure A.3).

The comparison of the individual operating characteristics of eachD)of the two associated
devices|may not be sufficient, when reference has to be made tolthe behaviour of these two
devices|operating in series, since the impedance of the devicesis not always negligible. It is
recommlended that this should be taken into account. Fer short-circuit currenfs it is
recommlended that reference be made to /2t instead of/time. Preferred templates| for the
representation of cut-off current and let-through ener@y "(/2t) characteristics are given in
Annex K.

C1 is frequently connected in series with another, SCPD for reasons such as the m¢thod of
power distribution adopted for the installation ef.because the short-circuit breaking capacity of
C1 along may be insufficient for the proposediapplication. In such instances the SCPD|[may be
mounted in locations remote from C41. The&CPD may be protecting a main feeder supplying a
number|of circuit-breakers C1 or just an_individual circuit-breaker.

For such applications, the user or @pecifier may have to decide, on the basis of a desk study,
how the| optimum level of co-ordination may best be achieved. This annex is intended to give
guidancg for this decision, and also on the type of information which the circuitibreaker
manufagturer should makesavailable.

Guidange is also given on test requirements, where such tests are deemed necessary for the
proposed application.

IEC 60947<1:2007/AMD2:2014 and also 2.17.2 and 2.17.3 as well as consideration of pack-up
protectipn\(see 2.5.24 of IEC 60947-1:2007).

The t%Pm ‘co-ordination" includes consideration of selectivity (see 2.523 of

Consideration of selectivity can either be carried out by desk study or by test (see A.5),
whereas the verification of back-up protection normally requires the use of tests (see A.6).

When considering short-circuit breaking capacity, reference may be made to the rated ultimate
short-circuit breaking capacity (/cy), or to the rated service short-circuit breaking capacity (/cg),
according to the desired criterion.

A.2 Scope and object

This annex gives guidance on and requirements for the co-ordination of circuit-breakers with
other SCPDs associated in the same circuit, as regards selectivity as well as back-up
protection.
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The object of this annex is to state:

— the general requirements for the co-ordination of a circuit-breaker with another SCPD;

— the methods and the tests (if deemed necessary) intended to verify that the conditions for
co-ordination have been met.

A.3 General requirements for the co-ordination of a circuit-breaker
with another SCPD
A.31 General considerations

|dea||y, the co-ordination should be such that a circuit-breaker ((‘1) alone will operate at all
values df over-current up to the limit of its rated short-circuit breaking capacity /.

NOTE 1 [If the value of the prospective fault current at the point of installation is less than the rated ultimjate short-
circuit brdaking capacity of C4, it can be assumed that the SCPD is only in the circuit for considerations ¢ther than
those of Qack-up protection.

In practice, the following considerations apply:

a) If the value of the selectivity limit current I (see 2.17.4) is(too low, there is g risk of
unng¢cessary loss of selectivity.

b) If the value of the prospective fault current at the point ©f installation exceeds the rated
ultimate short-circuit breaking capacity of C4, the SCPD shall be so selected that the
behaviour of C4 is in accordance with A.3.3 and the\take-over current Ig (see 217.5), if
any,|complies with the requirements of A.3.2.

WheneVer possible, the SCPD shall be located on>the supply side of C4. If the SCPD is| located
on the Ipad side, it is essential that the connection between C4 and the SCPD be so grranged
as to minimize any risk of short circuit.

NOTE 2 |In the case of interchangeable releases, these considerations apply to each relevant release.
A.3.2 Take-over current

For the|purpose of back-up pretection the take-over current /g shall not exceed the rated
ultimate| short-circuit breaking capacity /I, of C1 alone (see Figure A.3a)).

A.3.3 Behaviour of.C, in association with another SCPD

For all palues offever-current up to and including the short-circuit breaking capacity of the
association, Cq\shall comply with the requirements of 7.2.5 of IEC 60947-1:2007, jand the
association shall comply with the requirements of 7.2.1.2.4, item a).

A.4 Type and characteristics of the associated SCPD

On request, the manufacturer of the circuit-breaker shall provide information on the type and
the characteristics of the SCPD to be used with C4, and on the maximum prospective short-
circuit current for which the association is suitable at the stated operational voltage.

Details of the SCPD used for any tests made in accordance with this annex, i.e. manufacturer's
name, type designation, rated voltage, rated current and short-circuit breaking capacity, shall
be given in the test report.

The maximum conditional short-circuit current (see 2.5.29 of IEC 60947-1:2007) shall not
exceed the rated ultimate short-circuit breaking capacity of the SCPD.

If the associated SCPD is a circuit-breaker, it shall meet the requirements of this standard, or
any other relevant standard.
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If the associated SCPD is a fuse, it shall be in accordance with the appropriate fuse standard.

A.5

A.51

Verification of selectivity

General

Selectivity can normally be considered by the manufacturer by desk study alone, i.e. by a
comparison of the operating characteristics of C1 and the associated SCPD (see A.5.2).
Selectivity can also be determined by tests (see A.5.3).

In certain cases, tests on the association will show a higher level of I than obtained by a desk
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Consideration of selectivity by desk study
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A.5.2.2

ired by the product standards.

Determination of selectivity in the fault current (short-circuit) zone

Determination from time/current characteristics, of selectivity between two circuit-breakers in
the fault current (short-circuit) zone (see Figure A.2a)), is limited to the case where C, has a
short-circuit release time-delay function provided by an electronic release.

a) Circuit-breakers in series (C; and C,) — selectivity determination by consideration of peak
let-through current

In the case where the instantaneous tripping of C, depends on an electromagnetic effect
(i.e. thermal/magnetic or magnetic-only circuit-breaker) or in the case of an electronic trip
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unit with an instantaneous release, the minimum level of selectivity between two circuit-

brea

kers in the fault current zone may be determined as follows:

Selectivity is assured up to the fault current level at which the peak current let-through
of C, is less than the peak value corresponding to the instantaneous short-circuit current
setting (/;) of C,, taking into account the tolerance.

NOTE 1 Example of selectivity calculation

C, =800 A MCCB; /; =8 kA r.m.s. — 12 kA r.m.s. (10 kA setting + 20 %); C, = 125 A MCCB.

Minimum tripping level of C, is 8 x 1,414 = 11,3 kA peak.

Let-through current of C, at 15 kA r.m.s. prospective, due to the current limitation of C,, is 11 kA peak,

from test data
Thergfore the system is selective to at least 15 kA r.m.s. prospective.
NOTH 2 The selectivity limit obtained by this method will be on the low side and the actuallimit dgtermined
by test will be significantly higher in most cases.

b) Circpit-breaker (C1) with fuse as SCPD
Sel€ctivity in the fault-current (short-circuit) zone (see Figure A.1).is determined from the
I?t gharacteristics. The selectivity limit current /g is the maximum value at which let-
throligh /2t of the circuit-breaker is lower than the pre-arcing /2t of the fuse. In the absence

of am actual curve the manufacturer’s quoted /2t pre-arc value for the fuse is taken.
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e (C4) with circuit-breaker as SCPD

ctivity in the instantaneous tripping short-circuit.zone is determined from the let
ent of the fuse.

selectivity limit current /g is the maximum value at which the peak let-through ¢
use is lower than the peak value corresponhding to the instantaneous tripping
rcuit-breaker taking into account the tolerance.

Determination of selectivity limit current for specific installation condi

selectivity limits may be supplied in tabulated form, graphically or as softwarsg
tained from either a desk, study or tests, to this standard, will be based
tive fault current level at,the incoming device (C,) and assumes that the coo
are in close proximity. In practice the selectivity limit will be influenced
ce between the twe.devices. Therefore, in the practical situation taking the pro
rent at the downstream circuit-breaker will give a more precise value for the s¢g

Selectivity determined by test

plelof the circuit diagram for the tests is shown in Figure A.5, where:
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in accordance with the appropriate IEC standard;

rd or a

— settings of C, and C, are adjusted to the maximum instantaneous setting, if applicable.

Tests at other release settings may be made at the discretion of the manufacturer, in which
case the settings of the releases shall be recorded in the test report.

The connecting cables shall be included as specified in 8.3.2.6.4 except the total length of the
cables may be distributed between the supply side and the load side of C; and C, as
convenient.

The test shall consist of an O — t — CO operation, the CO operation being made by closing the
downstream device C,. If the downstream device is a fuse, the operation shall be made by
closing C,.
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The test is made at the level of prospective current for which the association of C,4 and C, is
declared by the manufacturer to be selective.

Results to be obtained:

— Subclause 8.3.4.1.7 of IEC 60947-1:2007 applies;

— During each operation, C1 shall operate and C2 shall not trip. If the contacts of C2 separate
momentarily during the operations, the time between the beginning of short-circuit and the
end of C2 contact separation shall be less than or equal to 30 ms. The actual value shall be
stated in the test report;

— In addition, it shall be verified that the contacts of C2 are able to be opened by the normal
operating means

A.6 Verification of back-up protection

A.6.1 Determination of the take-over current

Complignce with the requirements of A.3.2 can be checked by comiparing the operating
characteristics of C4 and the associated SCPD for all settings of Cq\@nd, if applicable, for all
settings|of C».

A.6.2 Verification of back-up protection

Back-ug protection can be verified either by tests, or by eomparison of characteristics.

a) Verification by tests

Compliance with the requirements of A.3.3 s normally verified by tests in accordanpce with
A.6.8. In this case, all the conditions for the tests shall be as specified in 8.3.2.6 |with the
adjuptable resistors and inductors forgthe short-circuit tests on the supply sid¢ of the
assqciation.

b) Verification by comparison of characteristics

In spme practical cases and.where the SCPD is a circuit-breaker (see Figure AJ3a) and
Figure A.3b)), it may be\_possible for the manufacturer to compare the operating
charpcteristics of C1 and -of the associated SCPD, special attention being paiq to the
folloying:

— the Joule integralvalue of Cq at its Iy and that of the SCPD at the prospective current
f association;

d
— the effects\on C4 (e.g. by arc energy, by maximum peak current, cut-off current) at the
peak operating current of the SCPD.

The | suitability of the association may be evaluated by considering the maximym total
operating /%t characteristic of the SCPD. over the range from the rated shoft-circuit
breaking capacity /o, of C1 up to the prospective short-circuit current of the application, but
not exceeding the maximum let-through /2t of Cq at its rated short-circuit breaking capacity
or other lower limiting value stated by the manufacturer.

NOTE Where the associated SCPD is a fuse, the validity of the desk study is limited up to /_, of C,.
A.6.3 Tests for verification of back-up protection

If C, is fitted with adjustable over-current opening releases, the operating characteristics shall
be those corresponding to the minimum time and current settings.

If C; can be fitted with instantaneous over-current opening releases, the operating
characteristics to be used shall be those corresponding to C, fitted with such releases.
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If the associated SCPD is a circuit-breaker (C,) fitted with adjustable over-current opening
releases, the operating characteristics to be used shall be those corresponding to the
maximum time and current settings.

If the associated SCPD consists of a set of fuses, each test shall be made using a new set of
fuses, even if some of the fuses used during a previous test have not blown.

Where applicable, the connecting cables shall be included as specified in 8.3.2.6.4 except that,
if the associated SCPD is a circuit-breaker (C,), the full length of cable (75 cm) associated with
this circuit-breaker may be on the supply side (see Figure A.4).

Each test shall consist of a O —t — CO sequence of operations made in accordance with 8.3.5,
the CO pperation being made on C1.

A test i$ made with the maximum prospective current for the proposed application. This shall
not exceed the rated conditional short-circuit (see 4.3.6.4 of IEC 60947-1:2007/AMD2:2D14).

A furthgr test shall be made at a value of prospective current equal te:the rated shoft-circuit
breaking capacity /, (or I;5) of C4, for which test a new sample C, may be used, and also, if
the assqciated SCPD is a circuit-breaker, a new sample C,.

During g@ach operation

a) If the associated SCPD is a circuit-breaker (C»):

gither both C4 and C, shall trip at both test currents, no further tests thejn being
required.
1

his is the general case and provides baek~up protection only.

r C4 shall trip and C» shall be in the\closed position at the end of each operation, at
oth test currents, no further tests then being required.

he contacts of C, are allowedcto separate momentarily during each operation. In this
ase restoration of the supply is provided, in addition to back-up protection (se¢ Note 1
o Figure A.3a)). The duration of contact separation of Cy, if any, shall be recorded
during these tests.

o=l o0

— qr Cq shall trip at thenlower test current, and both C41 and C; shall trip at the higher test
qurrent.

he contacts, ofC, are allowed to separate momentarily at the lower test |current.
\dditional tests shall be made at intermediate currents to determine the lowes{ current
at which bath C4 and Cy trip, up to which current restoration of supply is provided. The
duration.ef contact separation of Co, if any, shall be recorded during these tests

b) If the associated SCPD is a fuse (or a set of fuses):

— in the case of a multi-phase circuit either two or more fuses shall blow, or one fuse shall
blow and C4 shall trip.

A.6.4 Results to be obtained

Subclause 8.3.4.1.7 of IEC 60947-1:2007 and 8.3.2.6.7 first paragraph of this standard apply,
with the following addition:

Following the tests, if Cq is a circuit-breaker, it shall comply with 8.3.5.4 and 8.3.5.5; if C1 is a
fuse, it shall comply with the applicable requirements of IEC 60269-1.

In addition, if the associated SPCD is a circuit-breaker (C»), it shall be verified, by manual
operation or other appropriate means, that the contacts of C, have not welded.
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I = Prospective short-circuit current
) l., = Rated ultimate short-circuit breaking
3
t capacity (4.3.6.2.2)
I, = Selectivity limit current (2.17.4)
lg = Take-over current (2.17.5)
A = Pre-arcing characteristic of the fuse
B = Operating characteristic of the fuse
N C = Operating characteristic of the circuit-
breaker, non-current-limiting (N)
(break-time/current and [t /current)
NOTE 1 A is deemed to be the_loyer limit;
B and C are deemed to be the upper|limits.
NOTE 2 Non-adiabatic zone, for /ft shown
chain-dotted.
121 A

IEC

Figure A.1 — Over-current co-ordination between a circuit-breaker
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Co\N (sec)
C,

Selectivity in this area
may be determined by
desk study or by test

(sec)

AN\
\J
v

IEC IEC

C, = Curfent-limiting circuit-breaker (L) C, = Non-current-limiting Circuit-breaker (N)
(brgak-time characteristic) (break-time characteristic)

C, = Circuit-breaker with intentional short-time

C, = Curfent-limiting circuit breaker or non current-
delay (STD) (tripping characteristic)

limifing circuit-breaker (N)
(trigping characteristic)
Values of|/ are not shown.

Figur¢ A.2a) — Current-limiting CB downstream Figure'A.2b) — Non current-limiting CB downstream

Figure A.2 — Total selectivity between two circuit-breakers
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C, = Non current-limiting circuit-breaker (N) C,, C, = Non current-limiting circuit-breaker (N

C, = Current-limiting circuit-breaker (L)

NOTE 1

NOTE 2

NOTE 3 For values of / > I, the curve is that of the association (shown in bold) for which data are obtained by

tests.

Figure A.3a) — Current-limiting CB upstream

IB = Take-over current

Where applicable, restoration of supply by C, occurs.

Icu (C1 + CZ) s Icu (CZ)

Figure A.3b) — Non current-limiting CB upstream

Figure A.3 — Back-up protection by a circuit-breaker — Operating characteristics
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ce

istor
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t only
)
.2, item b)

SCPD

C1

C1

t of 3 fuses
5t

s S = Supply
y 1 - Ur1, Ur2, Ur3 = Voltage sensors
I I ON Ur4, Ur5, Ur6
v T \% = Voltage measuring devi
N’ A = Closing device
R, R, R, R1 = Adjustable resistor
1) 1) 1) = Neutral of supply (or artificial neutral)
F = Fusible element (8.3.4.1.2, item d)
of IEC 60947-1:2007)
L = Adjustable reactors
g d ";‘: I}%‘: 4 '} o 3; M F—RD — et rmrenttmiting e
l__, B = Temporary connections
11,12, 13 = Current sensing-device
w4 P[] et R
2) 2) 2) r = Shunting resistor (8.3.4.
A of IEC60947-1:2007)
SCPD W1 = 75'%cm of cable rated fo
i -} H W, Wo £,50 cm of cable rated fo
= \ ! X' } %} =" 25 cm of cable rated fo
: : T} SCPD = Circuit-breaker Co or s¢q
: : : W, C1 = Circuit-breaker under te
! - LN
"_i : Jk l X } |
r4 I X) : Urs \? : Uré : |
i 1 | N
b T T B
! - D B - B J e
T On =
- 11 12 13

-

IEC

Adjustable loads L and Ry\may be located either on the high voltage side or on the low voltage side of
circuit, the closing deyice A being located on the low voltage side.

Ur1, Ur2, |Ur3 mayjalternatively, be connected between phase and neutral.

In the capecof“devices intended for use in a phase-earthed network, F shall be connected to one phg

supply.

he supply

se of the

In the USA and Canada (see notes to 4.3.2.1), F shall be connected:

- to one phase of the supply for equipment marked with a single value of Ug;

- to the neutral for equipment marked with a twin voltage.

Figure A.4 — Example of test circuit for conditional short-circuit breaking
capacity tests showing cable connections for a 3-pole circuit-breaker (C,)
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s S = Supply
. L " Ur1, Ur2, Ur3 = Voltage sensors
ON Urd, Ur5, Ur6
Ur7, Ur8, Ur9
\Y = Voltage measuring device
A = Closing device
R, R, sing .
1) R4 = Adjustable resistor
N = Neutral of supply
(or artificial neutral)
F = Fusible element
r L r L 3 (8.3.4.1.2, item d) of
1) F .
4 IEC 60947-1:2007)
L = Adjustable reactors
RL = Fault current limitinp resistor
Ur1 Urz Urs ._J :IRL Rp = Optional polarising fesistors
B = Temporary'connect|ons for
calibration
11,12, 13 = Currént sensing deyices
r 1 T = Eanth: one earthing|point only
04ad side or supply side
I load sid Iy sid
C2 |ua I r = “Shunting resistor
| (8.3.4.1.2, item b) df
| IEC 60947-1:2007)
__L“ Wy = 75 cm of cable ratef for Co
! : Wy +Ws = 75 cm of cable ratefi for C4
C1 | urd]l: x I lu (see A.5.2)
: Cq Co = Circuit-breakers ungler test
_.=__
1B
b
: "
——
IEC
Adjustablg loads L and Rq may b&\located either on the high voltage side or on the low voltage side of the supply
circuit, thg closing device A bejng\located on the low voltage side.
Ur1, Ur2, Ur3 may, alternatively, be connected between phase and neutral.
In the casg of devicesfintended for use in a phase-earthed network, F shall be connected to one phase of the supply.
NOTE 1 |n the USA and Canada (see notes to 4.3.2.1), F is connected:
- to ong phase’of the supply for equipment marked with a single value of Ug;
— to thelneutral for aquipment marked with atwin voltage-

NOTE 2 Polarizing resistors allow determination of contact opening time for the two devices in series, the value

being high

enough not to influence the devices under test.

Figure A.5 — Example of test circuit for the verification of selectivity
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Annex B
(normative)

Circuit-breakers incorporating residual current protection

B.1 General

B.1.1

Preamble

To provide protection against the effects of electric shock hazards, devices reacting to residual

differen

ial currents are used as protective systems. Such devices are frequently

used in

conjunc

-  prov
-  prov

Residu
which m
the over

ding protection of installations against overloads and short-circuit currentss;
ding protection of persons against indirect contact, i.e. hazardous increases of

potj‘rtial due to defective insulation.
I

current devices may also provide additional protection against-fire and other

-current protective device.

Residugl current devices having a rated residual current not exceeding 30 mA are also

a mean
protecti

The reg

s for additional protection against direct contactyin case of failure of the
e means.

uirements for the installation of such devices are specified in various sec

IEC 60364 series.

IEC 610

B.1.2

This angex is essentially based upon the televant requirements of IEC 60755, IEC 610(
09-1.
Scope and object
nex applies to circujt-breakers providing residual current protection (CBRs). |

This an
the requ

irements for units which concurrently perform residual current detection, comp4

measur¢ments with a preset value and cause the protected circuit to be switched off w

value is

exceeded.

This anpex applies‘to:

— cirey
as a

it-breakers according to this standard which incorporate the residual current
h.ntegrated feature (hereinafter called integral CBRs);

ion with or as an integral part of a circuit-breaker to achieve a two-fold goal, i;e}:

ground

hazards

ay develop as a result of an earth fault of a lasting nature which cannot be det¢cted by

used as
relevant

tions of

8-1 and

covers
re such
hen this

function

— CBRs consisting of a combination of a residual current device (hereinafter referred to as
units) and a circuit-breaker according to this standard; their combination both
mechanically and electrically, may be carried out either at the factory or in the field by the

r.c.

user

according to the manufacturer's instructions.

This annex also covers requirements for CBRs concerning electromagnetic compatibility

(EMC).

NOTE The neutral current sensing means, if any, can be external to the circuit-breaker or the combination, as the

case may

be.

This annex applies only to CBRs intended for use in a.c. circuits.

The residual current function of CBRs covered by this annex may or may not be functionally
dependent on line voltage. CBRs depending on an alternative supply source are not covered by
this annex.
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This annex does not apply to equipment where the current sensing means (except the neutral
current sensing means) or the processing device are mounted separately from the circuit-
breaker.

The requirements for such devices are given in Annex M.

The object of this annex is to state:

a) the specific features of the residual current function;
b) the specific requirements which shall be complied with by the CBR
— under normal circuit conditions;

— ynder abnormal circuit conditions, whether of a residual current nature or not;

c) the tests which shall be performed to verify compliance with the requirements~in b} above,
together with the appropriate test procedures;

d) the relevant product information.
B.2 Terms and definitions
As a complement to Clause 2 of this standard, the following definitions apply:

B.2.1 Terms and definitions relating to currents flowing from live parts to earth

B.2.1.1
earth fault current
current flowing to earth due to an insulation fault

[SOURGCE: IEC 60050-442:1998, 442-01-23]

B.2.1.2
earth lefakage current
current [flowing from the live parts-of the installation to earth in the absence of an insulation
fault

[SOURQE: IEC 60050-442;1998, 442-01-24]

B.2.2 Terms and definitions relating to the energization of a CBR

B.2.2.1
energizjng quantity
electricgl energizing quantity which, alone or in combination with other such quantities, |shall be
applied foé@ CBR to enable it to accomplish its function under specified conditions

B.2.2.2
energizing input-quantity
energizing quantity by which the CBR is activated when it is applied under specified conditions

Note 1 to entry: These conditions can involve, e.g., the energizing of certain auxiliary elements.

[SOURCE: IEC 60050-442:1998, 442-05-58, modified — adapted to CBRs]

B.2.2.3
residual current

I
vectorial sum of the currents flowing in the main circuit of the CBR, expressed as an r.m.s.
value

[SOURCE: IEC 60050-442:1998, 442-05-19, modified — adapted to CBRs]
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B.2.2.4
residual operating current

IAn
value of the residual current which causes the CBR to operate under specified conditions

[SOURCE: IEC 60050-442:1998, 442-05-20, modified — adapted to CBRs]

B.2.2.5
residual non-operating current

’Ano
value of the residual current at which (and below which) the CBR does not operate under

specified conditions

[SOURCE: IEC 60050-442:1998, 442-05-21, modified — symbol introduced and. adapted to
CBRs]

B.2.3 Terms and definitions relating to the operation and the functions of a CBR

B.2.3.1
circuit-breaker incorporating residual current protection
CBR
circuit-bfreaker (see 2.1) designed to cause the opening of the contacts when the [residual
current attains a given value under specified conditions

B.2.3.2
CBR functionally independent of line voltage
CBR for which the functions of detection and evaluation, and the actuating means of
interruption (see B.2.3.6) do not depend on the line voltage

B.2.3.3
CBR functionally dependent on line yoltage
CBR for which the functions of detection and/or evaluation, and/or the actuating means of
interruption (see B.2.3.6) depend.on,the line voltage

Note 1 tolentry: It is understood that,the line voltage for detection, evaluation or interruption is applied to|the CBR.

B.2.3.4
detection (of a residual-current)
function| consisting.in\sensing the presence of a residual current

Note 1 to|entry: .This function can be performed, for example, by a transformer integrating the vector sjum of the
currents.

[SOURCEXIEC 60050-442-1998 442-05-24]

B.2.3.5

evaluation

function consisting in giving to the CBR the possibility to operate when the detected residual
current exceeds a specified reference value

[SOURCE: IEC 60050-442:1998, 442-05-25, modified — without “(for a residual current)” and
adapted to CBRs]

B.2.3.6

interruption

function consisting in bringing automatically the main contacts of the CBR from the closed
position into the open position, thereby interrupting the current(s) flowing through them
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[SOURCE: IEC 60050-442:1998, 442-05-26, modified — without “(for a residual current device)”
and adapted to CBRs]

B.2.3.7

limiting non-actuating time

maximum delay during which a residual current higher than the rated residual non-operating
current can be applied to the CBR without bringing it actually to operate

[SOURCE: IEC 60050-442:1998, 442-05-23, modified — addition of “rated” and adapted to
CBRs]

B.2.3.8
time-deiay CBR
CBR specially designed to attain a predetermined value of limiting non-actuatirl]g time,
corresponding to a given value of residual current

Note 1 to| entry: The residual current time-delay characteristic may or may not be ofian inverse time/current
nature.

[SOURCE: IEC 60050-442:1998, 442-05-05, modified — adapted to,.CBRs and addition|of Note
1 to entyy]

B.2.3.9
reset-CBR
CBR with an r.c. unit which must be intentionally reset 4y 'a means different from the operating
means ¢f the CBR, following the occurrence of a residual current, before it can be reclosed

[SOURCE: IEC 60050-442:1998, 442-05-10, medified — adapted to CBRs]

B.2.3.1(
test deyice
device dimulating a residual current for.ehecking that the CBR operates

B.2.4 Terms and definitions relating to values and ranges of energizing quantities

B.2.4.1
limiting| value of the noh-operating over-current in the case of a single-phase load
maximum value of a single-phase over-current which, in the absence of a residual currgnt, can
flow through a CBR«whatever the number of poles) without causing it to operate

Note 1 tolentry: . See’B.7.2.7.

B.2.4.2
limiting-vatue-of-then : ctrrentin-the-case-of s reed-toad
maximum value of the current which, in the absence of any fault to frame or earth or of any
earth leakage current, can flow in the circuit monitored by the CBR with a balanced load
(whatever the number of poles) without causing it to operate

B.2.4.3

residual short-circuit making and breaking capacity

a value of the a.c. component of a residual prospective short-circuit current which a CBR can
make, carry for its opening time and break under specified conditions of use and behaviour
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B.3 Classification

B.3.1 Classification according to the method of operation of the residual current
function

B.3.1.1 CBR functionally independent of line voltage (see B.2.3.2)

B.3.1.2 CBR functionally dependent on line voltage (see B.2.3.3 and B.7.2.11)

B.3.1.2.1 Opening automatically in the case of failure of the line voltage with or
without delay.

B.3.1.2.

Not opgning automatically in the case of failure of the line voltage, but able to“trip under
specifief conditions in the case of an earth fault arising on failure of the line voltage.

NOTE Cjassification under this subclause includes CBRs unable to open automatically, when no hazardous
situation ¢xists.

B.3.2 Classification according to the possibility of adjusting-the'residual opergting
current

B.3.2.1 CBR with single rated residual operating current
B.3.2.2 CBR with multiple settings of residual operating current (see note to B.#.1.1)

A CBR |may have multiple settings of residual operating current, either by fixed steps or by
continugus variation.

B.3.3 Classification according to time-delay of the residual current function
B.3.3.1 CBR without time-delay: non-time-delayed type

B.3.3.2 CBR with time-delay: time-delayed type (see B.2.3.8)

B.3.3.2(1 CBR with non-adjustable time-delay

B.3.3.2.2 CBR with adjustable time-delay

A CBR may have an adjustable time-delay, either by fixed steps or by continuous variation.

B.3.4 Classification according to behaviour in presence of a d.c. component

B.3.4.1 CBRs of type AC (see B.4.4.1)

B.3.4.2 CBRs of type A (see B.4.4.2)
B.4 Characteristics of CBRs concerning their residual current function

B.4.1 Rated values
B.4.1.1 Rated residual operating current (/5,)

The r.m.s. value of a sinusoidal residual operating current (see B.2.2.4) assigned to the CBR
by the manufacturer, at which the CBR shall operate under specified conditions.

NOTE For a CBR with multiple settings of residual operating current, the highest setting is used to designate its
rating. See, however, Clause B.5 concerning marking.
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Rated residual non-operating current (/xno)

The r.m.s. value of sinusoidal residual non-operating current (see B.2.2.5) assigned to the CBR
by the manufacturer at which the CBR does not operate under specified conditions.

B.4.1.3

Rated residual short-circuit making and breaking capacity (/am)

The r.m.s. value of the a.c. component of the prospective residual short-circuit current (see
B.2.4.3) assigned to the CBR by the manufacturer, which the CBR can make, carry and break
under specified conditions.

B.4.2 Preferred and limiting values
B.4.2.1 Preferred values of rated residual operating current (/,,)
Preferrgd values of rated residual operating current are
0,006 A-0,01A-003A-0,1A-0,3A-05A-1A-3A-10.A-30A
Higher Jalues may be required.
Ian may|be expressed as a percentage of the rated current.
B.4.2.2 Minimum value of rated residual non-operating current (/xn0)
The minimum value of rated residual non-operating cutrent is 0,5 /5.
B.4.2.3 Limiting value of non-operating over-current in the case of a single-ph
load
The IimEng value of non-operating over-current in the case of a single-phase load sh
accordance with B.7.2.7.
B.4.2.4 Operating characteristics
B.4.2.41( Non-time-delay type

The ope

rating charactefristic for a non-time-delay type is given in Table B.1.

Tabte B.1 — Operating characteristic for non-time-delay type

ase

all be in

Residual

currént Lin 21, 51,2 10

AN

Maximun

break times s 0,3 0,15 0,04 0,

a

b 0,5A

For CBRs having /,, < 30 mA, 0,25 A may be used as an alternative to 5 /.

if 0,25 A is used according to footnote a.

CBRs having /5, < 30 mA shall be of the non-time-delay type.

B.4.2.4.2 Time-delay type

B.4.2.4.2.1 Limiting non-actuating time (see B.2.3.7)

For a time-delay type, the limiting non-actuating time is defined at 2 /,, and shall be declared
by the manufacturer.

The min

imum limiting non-actuating time at 2 /5, is 0,06 s.
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Preferred values of limiting non-actuating time at 2 /, are

0,06s-0,1s-0,2s-0,3s-0,4s-0,5s—-1s.

B.4.2.4.2.2 Operating characteristic

For CBR's having a limiting non-actuating time higher than 0,06 s, the manufacturer shall
declare the maximum break time at /an, 2 Ian, 5 Ian, and 10 /4.

For CBR's having limiting non-actuating time of 0,06 s the operating characteristic is given in
Table B.2.

TableB-2—G irerel istiefortime-del

having a limiting non-actuating time of 0,06 s

Residual

current IAn 2 Ian 5 IAn 10 /An

Maximun

break time in s 0,5 0,2 0,15 0,15

In case pf a CBR having an inverse current/time characteristic, the manufacturer shall g

residual

B.4.3

The minimum value of Iz is 25 % of Ig.

Higher

B.4.4

B.4.4.1

A CBR 1
of a d.c|

B.4.4.2

A CBR 1

of specified residual pulsating direct currents with or without a specified level of superi
d.c., whether suddenly applied or slowly rising.

B.5 Marking

current/break time characteristic.

Value of the rated residual short-circuit making.and breaking capacity (/)

alues may be tested and declared by the manufacturer.

Operating characteristics in casetof an earth fault current in the presenc
or absence of a d.c. component

CBR of type AC

W

tate the

m)

or which tripping is ensured for residual sinusoidal alternating currents, in the absence

component whether suddenly applied or slowly rising.

CBR of type'A

or which tripping is ensured for residual sinusoidal alternating currents in the presence

Each CBR shall be marked in a durable manner:

mposed

a) The following data shall be marked on integral CBRs (see B.1.1), in addition to the marking
specified in 5.2, and be clearly visible in the installed position:

— rated residual operating current /5p;

— settings of residual operating current, when applicable;

— limiting non-actuating time at 2 /5, for time-delay type, by the symbol At followed by the
limiting non-actuating time in ms; alternatively, where the limiting non-actuating time is

0,06 s, the symbol may be (S in a square);
— the operating means of the test device by the letter T (see also B.7.2.6);
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— operating characteristic in case of residual currents in the presence or absence of a d.c.

component:
for CBRs of type AC with the symbol
for CBRs of type A with the symbol

b) The following data shall be marked on r.c. units and be clearly visible in the installed

posi

tion:

— rated voltage(s) if different from the rated voltage(s) of the circuit-breaker;

— value (or range) of the rated frequency if different from that of the circuit-breaker;

— the indication I, < ...A (I, being the maximum current rating of the circuit-breaker with
which the r.c. unit may be combined);

-

— dettings of residual operating current, when applicable;

- |
-t

— (dperating characteristic in case of residual currents in the presence or absence
gqomponent:
for GBRs of type A with the symbol

for BRs of type AC with the symbol

c) The

circliit-breaker:

— 1

—

d) The

ilable in the mahufacturer's literature:

ated residual operating current /zp;

miting non-actuating time, as specified in item a);

he operating means of the test device, as specified in item a);

following data shall be marked on r.c. units and be visible after assembly

nanufacturer's name or trade mark;
ype designation or serial number;

Hentification of the circuit-breaker(s) with" which the r.c. unit may be assembled
ncorrect assembly (such as to renderthe protection ineffective) is made impog
he design;

EC 60947-2;

uitability for use with a 3-phase supply only, with the symbol @

following data shallbe marked on integral CBRs or r.c. units, as applicable,

ated residualishort-circuit making and breaking capacity /o if higher than 25
see B.4.3);

iagram-of connections, including those of the test circuit and, if applicable, thog
ne; for CBRs dependent on the line voltage;

fa— \

bf a d.c.

with the

, unless
sible by

br made
% of Iy

e to the

e) The

aliie of rated residual non-oneratina current |/ if areaterthan 0 5 |/
P &) ANO 9 AUl

following data shall be made available in the manufacturer’s literature:

— suitability for use on:

three-phase systems only, or

three-phase and single phase systems.

B.6 Normal service, mounting and transport conditions

Clause 6 applies.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

- 98 - IEC 60947-2:2016 © IEC 2016

B.7 Design and operating requirements

B.7.1

Design requirements

It shall not be possible to modify the operating characteristic of a CBR except by means which
are specifically provided for setting the rated residual operating current or the definite time-

delay.

CBRs combining a r.c. unit device and a circuit-breaker shall be so designed and built that:

— the coupling system of the r.c. unit and the associated circuit-breaker does not require any
mechanical and/or electrical connection that may adversely affect the installation or result

in infuryto the user;

ort

— the
test

B.7.2
B.7.2.1
The CB

current
actuatin

The op¢
B.4.2.4.

B.7.2.2

CBRs s

B.7.2.3

CBRs s

B.7.2.4

CBRs s

Complig

- the}ddition of the r.c. unit does not adversely affect in any way either the normal ©

e performance capabilities of the circuit-breaker;

.C. unit does not sustain any permanent damage due to the short-circuitcurrent
sequences.

Operating requirements
Operation in case of a residual current
R shall open automatically in response to any earth) leakage current or ea

bqual to or exceeding the rated residual operating-cdrrent for a time exceeding
g time.

bration of the CBR shall be in compliance~with the time requirements spe
Compliance shall be checked by the testscof B.8.1.1.

Rated residual current short-circuit making and breaking capacity Iy

nall meet the test requirements(©f B.8.10.

Operational performance capability

hall comply with the tests of B.8.1.1.1.

Effects of ernvironmental conditions

nall operate-satisfactorily, taking into account the effects of environmental condi

nce(isychecked by the test of B.8.11.

peration

s during

rth fault
he non-

cified in

fions.

B.7.2.5

Dielectric properties

CBRs shall withstand the tests of B.8.3.

B.7.2.6

Test device

CBRs shall be provided with a test device causing the passing through the detecting device of
a current simulating a residual current, in order to allow periodic testing of the ability of the
CBRs to operate.

The test device shall satisfy the tests of B.8.4.

The protective conductor, if any, shall not become live when the test device is operated.
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It shall not be possible to energize the protected circuit by operating the test device when the
CBRis in the open position.

The test device shall not be the sole means of performing the opening operation and is not
intended to be used for this function.

The operating means of the test device shall be designated by the letter T, and its colour shall
not be red or green; a light colour should preferably be used.

NOTE The test device is only intended to check the tripping function, not the value at which the function is
effective with respect to the rated residual operating current and to the break time.

B.7.2.7 = i = i i = pad
CBRs shall withstand the smaller of the following two over-current values without tripping:

- 61y

— 80 % of the maximum short-circuit release current setting.

Complignce is checked by the test of B.8.5.

Howevef this test is not necessary in the case of CBRs of selectivity category B s|nce the
requirements of this subclause are verified during test sequence IV (or the test sequence VI
(combinjed)).

NOTE Tgsts for polyphase balanced loads are not necessary.’since they are considered to be covergd by the
requiremgnts of this subclause.

B.7.2.8 Resistance of CBRs to unwanted- tripping due to surge currents resulting
from impulse voltages

B.7.2.8(1 Resistance to unwanted tripping in case of loading of the network
capacitance

CBRs shall withstand the test of B.8:6.2.

B.7.2.8.2 Resistance to.unwanted tripping in case of flashover without follow{on
current

CBRs shall withstand\the test of B.8.6.3.

B.7.2.9 Behaviour of CBRs of type A in case of an earth fault comprising a d.c
component

The beHawiour of CBRs in case of an earth fault current comprising a d ¢ _companent Ishall be
such that the maximum break times stated in Table B.1 and Table B.2, as applicable, shall also
be valid, the test current values specified being, however, increased:

— by the factor 1,4 for CBRs having /5, > 0,015 A;
— by the factor 2 for CBRs having /x, < 0,015 A (or 0,03 A, whichever is the higher).

Compliance is checked by the tests of B.8.7.
B.7.2.10 Conditions of operation for reset-CBRs

It shall not be possible to reclose reset-CBRs (see B.2.3.9) after tripping due to a residual
current, if they have not been reset.

Compliance is checked during the test of 8.3.3.4.4 in accordance with B.8.1.1.1.
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B.7.2.11 Additional requirements for CBRs functionally dependent on line voltage

CBRs functionally dependent on line voltage shall operate correctly at any value of the line
voltage between 0,85 and 1,1 times its rated value.

Compliance is checked by the tests of B.8.2.3.

Where a CBR has more than one rated frequency or a range of rated frequencies, the CBR
shall be capable of operating in accordance with this subclause at all frequencies.

Compliance is verified by carrying out the tests of B.8.2 and B.8.4.

Accordi||1g to their classification CBRs functionally dependent on line voltage shall con|ply with
the reqyirements given in Table B.3.

Table B.3 — Requirements for CBRs functionally dependent on line woltage|

Clasgification of the device according to B.3.1 Behaviour in case of failure of line voltage

CBRs opening automatically in the case | Without delay | Opening without delay according to item a) of B.8.8.3
of failure|of the line voltage (B.3.1.2.1)

With delay Opening with delay.aetording to item b) of B.8.8.3

CBRs nott opening automatically in the case of failure of | Operating according to B.8.9
the line \oltage but able to open in the case of a
hazardoys situation arising (B.3.1.2.2)

B.7.3 Electromagnetic compatibility

The reqlirements of Annex J apply.
Additionjal test specifications are given in"B.8.12.

Immunify to voltage variations is covered by the requirements of B.7.2.11.

B.8 Tests

B.8.1 General

This clduse speeifies tests for CBRs having a rated residual operating current /4, up to and
including 30 A.

The applicability of the tests specified in this clause when /5, > 30 A is subject to agfeement
between manufacturer and user.

The instruments for the measurement of the residual current shall be at least class 0,5
(see IEC 60051) and shall show (or permit to determine) the true r.m.s. value.

The instruments for the measurement of time shall have a relative error not greater than 10 %
of the measured value.

Tests specified in this annex are supplementary to the tests of Clause 8.

a) Type tests

CBRs shall be submitted to all relevant test sequences of Clause 8. For the dielectric
withstand verifications during these test sequences (see 8.3.3.6), the control circuit of
residual current devices functionally dependent on line voltage shall be disconnected from
the main circuit.
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The tests shall be made with substantially sinusoidal currents.

For CBRs comprising a separate r.c. unit and a circuit-breaker, the assembly shall be
performed in compliance with the manufacturer's instructions.

In the case of CBRs with multiple settings of residual operating current, the tests shall be
made at the lowest setting, unless otherwise stated.

In the case of CBRs with adjustable time-delay (see B.3.3.2.2) the time-delay shall be set at
maximum, unless otherwise stated.

In the case of CBRs with adjustable instantaneous tripping, the instantaneous trip shall be
set at maximum, unless otherwise stated.

b) Routine tests

Sub¢lause 8.4.5 applies.
B.8.1.1 Tests to be made during the test sequences of Clause 8
B.8.1.1./1 Operational performance capability
During the operating cycles with current (see 8.3.3.4.4) specified in Tabje 8 (see 7.2.4.2), a
third of the breaking operations shall be performed by actuating the test device, and a further

third by|applying a residual current of value I, (or, if applicable, ©f the lowest setting of the
residualloperating current) to any one pole.

In the cpse of a reset-CBR, it shall be verified that it is net possible to reclose the CBR after
tripping [ without the intentional resetting action. Thisverification shall take placeg at the
beginning and at the end of the operational performance{capability test with current (8.3.3.4.4).

No failufe to trip shall be admitted.

B.8.1.1.2 Verification of the withstand.capability to short-circuit currents
B.8.1.1.2.1 Rated service short-circuit breaking capacity (test sequence Il)

Following the tests of 8.3.4, verification of the correct operation of the CBR in case of [residual
current shall be performed in agcotdance with B.8.2.4.2.

B.8.1.1.2.2 Rated ultimate short-circuit breaking capacity (test sequence lll)

For the purpose of verifying the correct operation of the overload releases, the single pole tests
specified in 8.3.52\and 8.3.5.5 shall be replaced by two-pole tests, on all possible
combinations of-phase poles in turn, the test conditions being as specified in| 8.3.5.2
and 8.3/5.5 but\applicable to two poles.

Following.the tests of 8.3.5, verification of the correct operation of the CBR shall be pgrformed
in accordance with B.8.2.4.4.

B.8.1.1.2.3 Rated short-time withstand current (test sequence IV or test sequence VI
(combined))

The following requirements apply:

a) Behaviour during rated short-time withstand current test

No tripping shall occur during the test of 8.3.6.3 or 8.3.8.3, as applicable.
b) Verification of overload releases

— For test sequence IV

For the purpose of verifying the correct operation of the overload releases in
accordance with 8.3.6.2 and 8.3.6.7, the single pole tests specified in 8.3.5.2 shall be
replaced by two-pole tests, made on all possible combinations of phase poles in turn.
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— For the combined test sequence

For the purpose of verifying the correct operation of the overload releases in
accordance with 8.3.8.2, the single pole test specified in 8.3.5.2 shall be replaced by
two-pole tests made on all possible combinations of phase poles in turn.

For the purpose of verifying the correct operation of overload releases in accordance
with 8.3.8.7, the test specified in 8.3.3.8 shall be made using a three-phase supply.

c) Verification of the residual current tripping device

Following the tests of 8.3.6 or 8.3.8, as applicable, verification of the residual current

tripping device shall be performed in accordance with B.8.2.4.4.
B.8.1.1.2.4 Integrally fused circuit-breakers (test sequence V)
For the purpose of verifying the correct operation of the overload releases, the single¥pole tests
specified in 8.3.7.5 and 8.3.7.9 shall be replaced by two-pole tests, onfall possible
combinations of phase poles in turn, the test conditions being as specified in| 8.3.7.5
and 8.3)7.9 but applicable to two poles.

Followin
in accor

B.8.1.1.

Followin
in accor

B.8.1.2

Additionjal test sequences shall be performed on>CBRs in accordance with Table B.4.

dance with B.8.2.4.4.

2.5 Test sequence VI (combined)

g the tests of 8.3.8, verification of the correct operation of the CBR shall be psg
dance with B.8.2.4.4.

Additional test sequences

Table B.4 — Additional test sequences

g the tests of 8.3.7, verification of the correct operation of the. CBR shall be performed

rformed

Sequgnces Test Sub¢lause
Operating charactgristic B}8.2
Dielectric properties B}8.3
Operation(©fithe test device at the limits of rated voltage B|8.4
Limiting'value of the non-operating current under over-current conditions B}8.5
Resistance against unwanted tripping due to surge currents resulting from B|8.6
B|l impulse voltages
Behaviour in the case of an earth fault current comprising a d.c. component B}8.7
Behaviour in the case of failure of line voltage for CBRs classified under B|8.8
B3121
Behaviour in the case of failure of line voltage for CBRs classified under B.8.9
B.3.1.2.2.
B Il Residual short-circuit making and breaking capacity (/,,) B.8.10
B I Effects of environmental conditions B.8.11
Immunity tests B.8.12.1
B IV
Emission tests B.8.12.2

For CBRs having variants with different number of poles, tests shall be made on the variant
with the greatest number of poles. For a variant where there is no construction break from the
tested variant, no additional tests are required. If the variants construction is not identical to the

variant t

ested then those variants shall also be tested.
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One sample shall be tested for each of test sequences B I, B Il and B IlI.

For test sequence B IV, a new sample may be used for each test, or one sample may be used
for several tests, at the manufacturer's discretion.

Test sequence B |

B.8.2 Verification of the operating characteristic
B.8.2.1 Test circuit

The CBR is installed as in normal use.

The tes{ circuit shall be in accordance with Figure B.1.

B.8.2.2 Test voltage for CBRs functionally independent of line voltage

Tests mlay be made at any convenient voltage.

B.8.2.3 Test voltage for CBRs functionally dependent on line voltage
Tests shall be made at the following values of voltage applied to.the relevant terminals:

— 0,85|times the minimum rated voltage for the tests specified in B.8.2.4 and B.8.2.5.2;
— 1,1 fimes the maximum rated voltage for the tests_specified in B.8.2.5.3.
CBRs with more than one rated frequency or a range of rated frequencies shall be tested in

each case at the highest and lowest rated frequoency. However, for CBRs rated at 50 Hz and
60 Hz, tests at 50 Hz or 60 Hz are considered\to’cover the requirements.

B.8.2.4 Off-load test at 20 °C + 5 °C
B.8.2.41 General

The connections being as in Figure B.1, the CBR shall perform the tests of B.8.2.4.2, §.8.2.4.3
and B.8.2.4.4 and also, wheré applicable, B.8.2.4.5, all made on one pole only chosen at
random] Each test shall ¢comprise three measurements or verifications, as applicable.

Unless |otherwise specified, for CBR’s with setting of the residual operating cufrent by
continugus variatien  or by discrete values, the tests shall be carried out at the lowest and
highest pettings;.and at one intermediate setting.

B.8.2.4.p Verification of the correct operation in the case of a steady increase|of the
residual current

For CBR’s with adjustable time-delay, the tests shall be performed at the lowest setting. The
switches S; and S, and the CBR being in the closed position, the residual current is steadily
increased, starting from a value not higher than 0,2 /5, so as to attain the value [, in
approximately 30 s, the tripping current being measured each time. The three measured values
shall be greater than /5, and less than or equal to /5p.

B.8.2.4.3 Verification of the correct operation in the case of closing on residual
current

The test circuit being calibrated at the rated value of the residual operating current /5, (or the
specific settings of the residual operating current if applicable, see B.8.2.4), and the switches
S, and S, being closed, the CBR is closed onto the circuit so as to simulate service conditions
as closely as possible. The break time is measured three times.
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No measurement shall exceed the limiting value specified for /5, in B.4.2.4.1 or B.4.2.4.2.2, as
applicable.

B.8.2.4.4 Verification of the correct operation in the case of sudden appearance of
residual current

The test circuit being calibrated at each of the values of the residual operating current /4

specified in B.4.2.4.1 or B.4.2.4.2.2, as applicable, and the switch S; and the CBR being in the
closed position, the residual current is suddenly established by closing switch S,.

The CBR shall trip during each test.

Three measurements of the break time are made at each value of /4. No value shall ex¢eed the
relevant limiting value.

B.8.2.4.p Verification of the limiting non-actuating time of CBRs of the time-de¢layed
type

The test circuit being calibrated at the value of 2 /5, the test switch SyJand the CBR peing in
the closed position, the residual current is established by closing the switch S, and applied for
a time ¢qual to the limiting non-actuating time declared by the{manufacturer, in accprdance
with B.4/2.4.2.1.

During each of the three verifications the CBR shall notytrip. If the CBR has an adjustable
residual| operating current setting and/or an adjustable” time-delay, the test is mpde, as
applicahle, at the lowest setting of residual operating:current and at the maximum setting of
time delgy.

B.8.2.5 Tests at the temperature limits
B.8.2.5(1 General
NOTE The upper temperature limit can be the reference temperature.

The tenperature limits of this sGbclause may be extended by agreement between manuyfacturer
and usef, in which case tests shall be performed at the agreed temperature limits.

B.8.2.5.p Off-loadrtest at -5 °C

The CBR is placedin a chamber having a stabilized ambient temperature within the |imits of
—7 °C apd -5 °CxAfter reaching thermal steady-state conditions, the CBR is submitteld to the
tests of B.8.2.424and, if applicable, B.8.2.4.5.

B.8.2.5.8 On-load test at the reference temperature or at +40 °C

The CBR, connected in accordance with Figure B.1, is placed in a chamber having a stabilized
ambient temperature equal to the reference temperature (see 4.7.3) or, in the absence of a
reference temperature, equal to 40 °C + 2 °C. A load current equal to /, (not indicated on
Figure B.1) is applied on all phase poles.

After reaching thermal steady-state conditions, the CBR is submitted to the tests of B.8.2.4.4
and, where applicable, B.8.2.4.5.

B.8.3 Verification of dielectric properties

CBRs shall comply with 8.3.3.3.
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B.8.4

Verification of the operation of the test device at the limits of rated voltage

The verification consists of the following tests:

a) The CBR being supplied with a voltage equal to 1,1 times the highest rated voltage, the test
device is momentarily actuated 25 times at intervals of 5 s, the CBR being closed again
before each operation.

b) Test a) is then repeated at 0,85 times the lowest rated voltage, the device being actuated
three times.

c) Test a) is then repeated, but only once, the operating means of the test device being held

in th

e closed position for 5 s.

For thegetests:

— in th

in agcordance with the marking;
— in thf case of CBRs with unidentified line and load terminals, the supply’shall be co

toe

At each

For CBRs having an adjustable residual operating current:

— thel

— the highest setting shall be used for test b).

For CBRs having an adjustable time-delay the testhis made at the maximum setting

delay.

NOTE T

B.8.5

The tes|

Figure B.2.

The impedance Z is adjusted so as to let a current equal to the lower of the follow

values f
- 8079

NOTE 1

e case of CBRs with identified line and load terminals, the supply connections

ch set of terminals in turn, or alternatively to both sets of terminals/simultaneod

test the CBR shall operate.

pwest setting shall be used for tests a) and c);

current conditions

t shall be made with a“single phase load, the connections being made acco

ow in the circuit:

of the-maximum short-circuit release current setting.

Verification of the limiting value of the non-operating current under overt

shall be

nnected
sly.

of time-

he verification of the endurance of the test device is considered to be covered by the tests of B.8.1.1.1.

rding to

ing two

Faor the purpose of this current adjustment, the CBR D (see Figure B.2) can be replaced by conn

ections of

negligible

H o
Hpeaance:

For CBRs with an adjustable residual current setting the test is made at the lowest setting.

CBRs functionally independent of line voltage are tested at any convenient voltage.

CBRs functionally dependent on line voltage are supplied on the line side with their rated
voltage (or, if relevant, with a voltage having any value within the range of rated voltages).

The test is made at a power factor of 0,5.

The switch S4, being open, is closed and reopened after 2 s. The test is repeated three times
for each possible combination of the current paths, the interval between successive closing
operations being at least 1 min.
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The CBR shall not trip.

NOTE 2 The time of 2 s can be reduced (but to not less than the minimum break time) to avoid the risk of tripping
by action of the overload release(s) of the CBR.

B.8.6 Verification of the resistance against unwanted tripping due to surge currents
resulting from impulse voltages

B.8.6.1 General

For CBRs with adjustable time delay (see B.3.3.2.2) the time-delay shall be set at minimum.

B.8.6.2 ___ Verification of resistance to unwanted tripping in case of loading of the

network capacitance

The CBR is tested using a surge current generator capable of delivering a damped ogcillatory
current gs shown in Figure B.4.

An example of the circuit diagram for the connection of the CBR is shown’in Figure B.5,

One pole of the CBR chosen at random shall be subjected to 110 japplications of the surge
current.| The polarity of the surge current wave shall be inverted<after every two applications.
The interval between two consecutive applications shall be approximately 30 s. The| current
impulse| shall be measured by appropriate means and adjusted, using an additional| sample
CBR of the same type (see B.3.4), to meet the following réquirements:

— peak value: 200 A *1 %;

— virtugl front time: 0,5 pus + 30 %;
— period of the following oscillatory wave: 10\us + 20 %;
— each successive peak: about 60 % of.the preceding peak.

During the tests the CBR shall not trip.

B.8.6.3 Verification of resistance to unwanted tripping in case of flashover without
follow-on current

The CBR is tested using=a surge current generator capable of delivering an 8/20 ys surge
current Wave, withoutireverse polarity, as shown in Figure B.6.

An example of the circuit diagram for the connection of the CBR is shown in Figure B.7,

One po
current. H d AFEY b v FeEY
The interval between two consecutive operations shall be approximately 30 s.

e‘of,the CBR, chosen at random, shall be submitted to 10 applications of the surge
i he en e HRve every—twe—app cations.

The current impulse shall be measured by appropriate means and adjusted, using an additional
sample CBR of the same type (see B.3.4), to meet the following requirements:

- peak value: 250 A §'° %;

— virtual front time (T¢): 8 us + 10 %;

— virtual time to half value (T2): 20 pus + 10 %.

During the tests the CBR shall not trip.
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B.8.7 Verification of the behaviour of CBRs of type A in the case of an earth fault
current comprising a d.c. component

B.8.7.1 Test conditions

The test conditions of B.8 and B.8.2.1, B.8.2.2 and B.8.2.3 apply, except that the test circuits
shall be those shown in Figure B.8 and Figure B.9, as applicable.

B.8.7.2 Verifications

B.8.7.2.1 Verification of the correct operation in case of a continuous rise of residual
pulsating direct current

The tes} circuit shall be according to Figure B.8. In the case of a CBR with adjustaple time
delay (sge B.3.3.2.2), the time-delay shall be set to minimum.

controlled in such a manner that current delay angles « of 0°, 90° and 1358 are obtaingd. Each
pole of fhe CBR shall be tested at each of the current delay angles, twice-in position | apd twice
in positipn Il of the auxiliary switch Sj.

The au?liary switches S4 and S, and the CBR D shall be closed. The relevant, thyristor|shall be

At every test, the current, starting from zero, shall be steadily incteased at an approximate rate
of:

%/ /s for CBRs of I, > 0,015 A;

%A/; for CBRs of Iy, < 0,015 A.

The tripping current shall be in accordance with Table B.5.

Table B.5 — Tripping current range for CBRs in case
of an earth fault comprising a d.c. component

Angle Tripping current
o A
Lower limit Upper limit
0° 0,35 IAn { 0,03 A for /A < 0,019 A
90° 0,25 IAn or
135° 0,11 Ian 1 1,4Izn for Ian > 0,014 A

B.8.7.2.2 Verification of the correct operation in case of a suddenly appearing
residual pulsating direct current

The test shall be performed according to Figure B.8.

The circuit being successively calibrated at the values specified hereafter and the auxiliary
switch S1 and the CBR being in the closed position, the residual current is suddenly
established by the closing switch S».

NOTE In the case of CBR's functionally dependent on line voltage, classified according to B.3.1.2.2, the control
circuit of which is supplied from the line side of the main circuit, this verification does not take into account the time
necessary to energize the CBR. In this case, therefore, the verification is considered as made by establishing the
residual current by closing S4, the CBR under test and Sy being previously closed.

Four measurements are made at each value of test current at a current delay angle « = 0°, two
with the auxiliary switch in position | and two in position II.
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For CBRs with /,, > 0,015 A, the test shall be made at each value of /,,, specified in Table B.1,
multiplied by the factor 1,4.

For CBRs with /,, < 0,015 A, the test shall be made at each value of /,, specified in Table B.1,
multiplied by the factor 2 (or at 0,03 A, whichever is the higher).

No value shall exceed the specified limiting values (see B.7.2.9).

B.8.7.2.3 Verification of the correct operation with load at the reference temperature

The tests of B.8.7.2.1 and B.8.7.2.2 are repeated, the pole under test and one other pole of the
CBR being loaded with the rated current, this current being established shortly before the test.

NOTE The loading with rated current is not shown in Figure B.8.

B.8.7.2.4 Verification of the correct operation in case of residual pulsating dirpct
currents superimposed by a smooth direct current of 0,006 A

The CBR shall be tested according to Figure B.9, with a half-wave regtified residuall current
(current|delay angle a = 0°) superimposed by a smooth direct currept 60,006 A.

Each pdle of the CBR is tested in turn, twice at each of positions [*and II.

For CBRs of /,,, > 0,015 A, the half-wave current, starting)from zero, being steadily increased
at an approximate rate of 1,4 /,, / 30 A/s, tripping shall occur before the current repches a
value ngt exceeding 1,4 /,,, + 0,006 A.

For CBRs of /,,, < 0,015 A, the half-wave current, starting from zero, being steadily increased
at an apgproximate rate of 2 /,, / 30 A/s, tripping shall occur before the current reaches|a value
not excgeding 0,03 A + 0,006 A.

B.8.8 Verification of the behaviour of CBRs functionally dependent on line voltage
classified under B.3.1.2\1

B.8.8.1 General

For CBRs having an adjustable residual operating current, the test is made at the lowest
setting.

For CBRs with amadjustable time-delay, the test is made at any one of the time-delay spttings.

B.8.8.2 Determination of the limiting value of the line voltage

A voltage equal to the rated voltage is applied to the line terminals of the CBR and is then
progressively lowered to zero over a time period corresponding to the longer of the two values
given hereinafter until automatic opening occurs:

— about 30 s;
— a period long enough with respect to the delayed opening of the CBR, if any (see B.7.2.11).

The corresponding voltage is measured.

Three measurements are made. All the values shall be less than 0,85 times the minimum rated
voltage of the CBR.

Following these measurements it shall be verified that the CBR trips when a residual current
equal to I, is applied, the applied voltage being just above the highest value measured.
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It shall then be verified that, for any value of voltage less than the lowest value measured, it is
not be possible to close the CBR by manual operating means.

B.8.8.3 Verification of the automatic opening in the case of failure of the line voltage

The CBR being closed, a voltage equal to its rated voltage, or, in the case of a range of rated
voltages, any one of the rated voltages is applied to its line terminals. The voltage is then
switched off. The CBR shall trip. The time interval between the switching off and the opening of
the main contacts is measured.

Three measurements are made:

a) for GBRs upcllilly withott dtﬂay (acc B-

7z \ 1 la-a-ll A allla]
T ), TTO VAT SITdilr TALTTU U, 275,

S

b) for ¢BRs opening with delay the maximum and minimum values shall be situated wjthin the
rande indicated by the manufacturer.

B.8.9 Verification of the behaviour of CBRs functionally dependent orrline voltage as
classified under B.3.1.2.2 in the case of failure of line voltage

B.8.9.1 General

For CBRs having an adjustable residual operating current, the{test is made at the lowest
setting.

For CBRs having an adjustable time-delay the test js;\made at any one of the time-delay
settings

B.8.9.2 Case of loss of one phase in a 3-phase system (for 3-pole and 4-pole CBRs)

The CBR is connected according to Figure B:3 and is supplied on the line side at 0,85 times
the ratefl voltage, or, in the case of a rangéZof rated voltages, at 0,85 times the lowest value of
rated valtage.

One phase is then switched off by(opening switch S,; the CBR is then submitted to the test of
B.8.2.4.4. The switch S, being(closed again, a further test is made by opening switch Sg; the
CBR is then submitted to the test of B.8.2.4.4.

This tesft procedure is repeated by connecting the adjustable resistor R to each of the other two
phases |n turn.

B.8.9.3 Case of voltage drop due to an overcurrent resulting from a low impedance
fault to earth

The CBRuis connected according to Figure B.3 and is supplied on the line side with the rated
voltage or, in the case of a range of rated voltages, with the lowest rated voltage.

The supply is then switched off by opening S;. The CBR shall not trip.

S, is then reclosed and the voltage is reduced as follows:

a) for CBRs for use with a three-phase supply: to 70 % of the lowest rated voltage;
b) for CBRs for use with a single phase supply: to 85 V applied as follows:
— for single-pole and two-pole CBRs: between poles;

— for three-pole and four-pole CBRs, declared as suitable for use with a single-phase
supply (see B.5 €)): between each combination of two poles, connected according to the
manufacturer’s specification.

NOTE For the purpose of this annex, a single-pole CBR is a device with one overcurrent protected pole and an
uninterrupted neutral (two current paths).
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A current of value I, is then applied to a) and/or b), as applicable. The CBR shall trip.
Test sequence B Il

B.8.10 Verification of the residual short-circuit making and breaking capacity
B.8.10.1 General

This test is intended to verify the ability of the CBR to make, to carry for a specified time and to
break residual short-circuit currents.

B.8.10.2 Test conditions

The CBR shall be tested according to the general test conditions specified in 8.8.2'6, using
Figure 9 of IEC 60947-1:2007/AMD1:2010, but connected in such a manner that the
circuit cprrent is a residual current.

The test is carried out at phase to neutral voltage on one pole only which shall noi be the
neutral pole. The current paths which do not have to carry the residual‘\short-circuit cufrent are
connected to the supply voltage at their line terminals.

Where applicable, the CBR is adjusted at the lowest setting of fesidual operating current and at
the maxjmum setting of time-delay.

If the CBR has more than one value of I, each one _having a corresponding value of |/zm, the
test is made at the maximum value of /5, at the corresponding phase-to-neutral voltagg.

B.8.10.3 Test procedure

The sequence of operations to be performed;is
O-t-CO

B.8.10.4 Conditions of the CBR after test

B.8.10.4.1 Following thetest of B.8.10.3 the CBR shall show no damage likely to impair its
further yse and shall be-capable, without maintenance, of:

— withstanding a-weltage equal to twice its maximum rated operational voltage, under the
conditions 0f~8.3.3.4.1 item 4) of IEC 60947-1:2007. For the purposes of this standard,
circyits incorporating solid-state devices shall be disconnected for the tests;

— mak|ng and breaking its rated current at its maximum rated operational voltage.

B.8.10.4.2 The CBR shall be capable of performing satisfactorily the tesis specified in
B.8.2.4.4, but at a value of 1,25 [,, and without measurement of break time. The test is made
on any one pole, taken at random.

If the CBR has an adjustable residual operating current, the test is made at the lowest setting,
at a current of a value of 1,25 times that setting.

B.8.10.4.3 Where applicable the CBR shall also be submitted to the test of B.8.2.4.5.

B.8.10.4.4 CBRs functionally dependent on line voltage shall also satisfy the tests of B.8.8
or B.8.9, as applicable.

Test sequence B IlI
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B.8.11 Verification of the effects of environmental conditions

The test is carried out according to IEC 60068-2-30.

The upper temperature shall be 55 °C + 2 °C (variant 1) and the number of cycles shall be

6 for Ixn > 1A,
28 for Ipan < 1 A.

The 28 cycle test shall be applied to CBRs having multiple settings of residual operating
current when one of the possible settings is < 1 A.

At the end of the cycles the CBR shall be capable of complying with the tests of B.8;2|4.4, but
with a residual operating current of 1,25 /5, and without measurement of break time. Qnly one

verificatjon need to be made.

Where applicable the CBR shall also comply with the test of B.8.2.4.5. Only one verlification

need to|be made.

B.8.12 | Verification of electromagnetic compatibility
B.8.12.1 Immunity tests
B.8.12.1.1 General

Annex J applies with the following additional requirements.

For CBRs with adjustable settings of residualoperating current and/or time-delay, the tests

shall belmade at the lowest of these settings,

The CBR shall be supplied at the rated_operational voltage, or, in the case of a range |of rated

operatignal voltages, at any convenientvoltage within this range.

The tesis are performed without'load current but with the residual current, when specifi¢d.

The resllts of immunity tests shall be evaluated on the basis of the performance criterjia given

in J.2.1,) with the following-specifications:

Performlance critefioh A:

For ptep A5-the CBR shall not trip, when loaded at 0,3 /5, on one pole chosen at fandom;
the monijtoring functions, if any, shall correctly indicate the status.

For El > == < & = 2 — O El a < - £l < A 1
time at each frequency shall be not less than the maximum break time specified for /5, in
B.4.2.4.1 or B.4.2.4.2, as applicable.

Following these tests, the correct operation of the CBR shall be verified in the case of the
sudden appearance of a residual current, according to B.8.2.4.4, but at /,,, only.

Performance criterion B:

During the test, the CBR shall not trip, when loaded at 0,3 /5, on one pole chosen at
random; the monitoring functions, if any, may be temporarily affected. Following the test,
the correct operation of the CBR shall be verified in the case of the sudden appearance of a
residual current, according to B.8.2.4.4, but at /,,, only.

B.8.12.1.2 Electrostatic discharges

Annex J applies, in particular J.2.2.
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The test set-up shall be in accordance with Figure J.1 and Figure J.3.

Performance criterion B of B.8.12.1.1 applies except that during the test the CBR may trip. If
this is the case a further test shall be made at the immediate lower level, and the CBR shall not
trip.

B.8.12.1.3 Radiated RF electromagnetic fields

Annex J applies, in particular J.2.3.

The test set-up shall be in accordance with Figure J.4.

The test connections shall be in accordance with Figure 5 or Figure 6 of IEC 61000-413:2006,
as applicable, taking into consideration the manufacturer’s instructions for installation. The type
of cable[used shall be stated in the test report.

Performjance criterion A of B.8.12.1.1 applies.

B.8.12.1.4 Electrical fast transients/bursts (EFT/B)

Annex J applies, in particular J.2.4.
The tes{ connections shall be in accordance with Figure 4 of/IEC 61000-4-4:2012.

The tedt set-up shall be in accordance with Figure. J.5 for testing power lines gnd with
Figure J.6 for testing signal lines, taking into consideration the manufacturer’s instructions for
installatfon.

Performjance criterion B of B.8.12.1.1 applies:

B.8.12.1.5 Surges

Annex J| applies, in particular J.2:5.
The tes{ conditions of 7.2 of 'EC 61000-4-5:2014 apply.

For conyenience, the meunting specified in B.8.12.1.4 may be used but the use of thg ground
referende plane is, optional.

The tesf conneétions shall be in accordance with Figures 6, 7, 8 or 9 of IEC 61000-415:2014,
taking into.censideration the manufacturer’s instructions for installation.

Performance criterion B of B.8.12.1.1 applies.

B.8.12.1.6 Conducted disturbances induced by RF fields (common mode)

Annex J applies, in particular J.2.6.
Performance criterion A of B.8.12.1.1 applies.

B.8.12.2 Emission tests
B.8.12.2.1 General

Annex J applies with the following additional requirements.
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The CBR shall be supplied at the rated operational voltage, or, in the case of a range of rated
operational voltages, at any convenient voltage within this range.

Tests shall be made without load current and without residual current.

B.8.12.2.2 Conducted RF disturbances (150 kHz to 30 MHz)

Annex J applies, in particular J.3.2.

B.8.12.2.3 Radiated RF disturbances (30 MHz to 1 000 MHz)

Annex J applies, in particular J.3.3.

B.8.13 | Test for variations or interruptions of voltage and for voltage dips

NOTE Fpr definition of voltage dips, see IEC 61000-4-11.

The reldvant tests of B.8.8 and B.8.9 are considered adequate to cover the EMC requir¢gments.

No additional tests are therefore required.

S = Suppl
s pply
. V = Voltmeter
7z TN
A = Ammeter
o T o 0
S = All-pole switch

Sy = Single-pole switch
D = CBR under test

R = Adjustable resistor

)

IEC

Figure B.1 — Test circuit for the verification
of the operating characteristic (see B.8.2)
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s S = Supply
/) S1 = Two-pole switch
' ? V = Voltmeter

A = Ammeter
D = CBR under test

Z = Adjustable impedance

S'J‘ﬁ'
_®

2,

D

Ll

N

IEC

Figure B.2 — Test circuit forthe verification of the limiting value of the
non-operating current_ under over-current conditions (see B.8.5)
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s S = Supply
A \Y = Voltmeter
‘ N A = Ammeter
? 779% S = All-pole switch
Sy = Single-pole switch
S3, Sy, S5 = Single-pole switches opening one phase in
turn
D = CBR under test

R = Adjustable resistor
S, %ﬁ

>
- d

PPl

IEC

Figure B.3 — Test circuit for the verification of the behaviour
of CBRs_c¢lassified under B.3.1.2.2 (see B.8.9)
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A
[}
100 %—
90 % —
TO us (7= 100 KHRZ)
0% /N
—>
0,5 us
PLARE
-60 %
IEC
Figure B.4 — Current ring wave 0,5 ns/100 kHz
Trigger 250 250 | L
—o*@»——o’:/ —o— —o0—o
: ] CBR 0
| ] l—o Filter Bupply
| | N 9
€ ! ! | (X)
=] | = 1 5 pH == L
g 1 0,5 p.F: 5 nF -
: '
| 1
] i
B o i WD ®
]
Vo 1
[ -
Start
0 o
A.C. supply IEC

(X) Earthing terminal, if provided, to be connected to the neutral terminal, if so marked or in the absence of such
marking, to any phase terminal.

NOTE The circuit component values are given for guidance only and may require adjustment to comply with the
wave shape requirements of Figure B.4.

Figure B.5 — Example of test circuit for the verification
of resistance to unwanted tripping
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4
/
1,0
0,9
0,5
T
0,1
0 >
0, T _
T, =125T
- » T,
- IEC
Figure B.6 — Surge current wave 8/20,is
R
O a—
GBR o
_— Filter Supply

Surge current N
generator l (X) ?
8/20 ps

[}

IEC

(X) Earthipg terminal, if provided,sto be connected to the neutral terminal, if so marked or in the absende of such
marking, to any phase terminak

Figure B.7 — Test _circuit for the verification of resistance to unwanted tripping
in.case of flashover without follow-on current (B.8.6.3)
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S = Supply

VvV = oltmeter

A = Ammeter (measuring r.m.s valués)
D = ({BR under test

SCR = Tjhyristors

4
N

1]
B!

S3

SCR
IEC
R = Variable resistor
S, = All-pole switch
S, = Single pole switch
S; = Two-way switch

Fjgure B.8 — Test/circuit for the verification of the correct operation of CBRS,
in the case of residual pulsating direct currents
(see B.8.7.2.1, B.8.7.2.2 and B.8.7.2.3)
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S
et e,
N ~
o o O

D
S
2 by
! ] | n
_—ETJ -
IEC
S = Yupply R4, R, = Variable resistor
VvV = oltmeter S, = All-pole switch
A = Ammeter (measuring r.m.s valués) S, = Single pole switch
D = {BR under test Sy = Two-way switch

SCR = Tjhyristors

-m

gure B.9 — Test/circuit for the verification of the correct operation of CBRS,
in the.case of a residual pulsating direct current superimposed
by a smooth direct residual current (see B.8.7.2.4)
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Annex C
(normative)

Individual pole short-circuit test sequence

C.1 General

This test sequence applies to multipole circuit-breakers intended for use on phase-earthed

systems and identified in accordance with 4.3.2.1; it comprises the following tests:
Test Clause.
Individual pole short-circuit breaking capacity (/gy) C.2
Verificatjon of dielectric withstand C.3
Verificatjon of overload releases C.A

C.2 Test of individual pole short-circuit breaking capacity

A short-
current

NOTE Values higher than 25 % of /., can be tested and declared by the manufacturer.

The test voltage shall be the phase-to-phase voltage corresponding to the maximu

operatio
systems
samples
Table 1

The test
IEC 609

supply,
poles sh

The seq

circuit test is made under the general conditions of 8.8.2, with a value of pro
su equal to 25 % of the ultimate rated short-circuit breaking capacity /.

nal voltage of the circuit-breaker at which'it is suitable for application on phase
, taking into account the requirements for recovery voltage of 8.3.2.2.6. The ny

). The power factor shall be according to Table 11, appropriate to the test curre

47-1:2007/AMD1:2010, the~supply S being derived from two phases of a thre
the fusible element F being connected to the remaining phase. The remaining
all also be connected to this phase via the fusible element F.

uence of operations shall be

O-t-CO

and sha

| benmade on each pole separately, in turn.

spective

Im rated
earthed
mber of

to be tested and the setting of-sadjustable releases shall be in accordarjce with

nt.

circuit shall be according t0:8.3.4.1.2 of IEC 60947-1:2007/AMD1:2010 and Fidure 9 of

e-phase
pole or

C.3 Verification of dielectric withstand

Following the test according to Clause C.2, the dielectric withstand shall be verified according
to 8.3.5.4.

C.4 Verification of overload releases

Following the test according to Clause C.3, the operation of the overload releases shall be

verified

in accordance with 8.3.5.5.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 -121 -

Annex D

Vacant



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

- 122 - IEC 60947-2:2016 © IEC 2016

Annex E
(informative)

Items subject to agreement between manufacturer and user

NOTE For the purpose of this annex
"agreement" is used in a very wide sense;

— "user" includes testing stations.

Annex J of IEC 60947-1:2007 applies with regard to clauses and subclauses of this standard,
with the following additions:

Clause or subclause Item
numbef of this standard

4.3.6.3 Circuit-breakers for higher short-circuit making capacity than given,ih Tablg 2

7.2.1.2. Automatic opening operation other than trip-free operation and by stored epergy

Table 10 Setting of overload releases at intermediate values for shaft-circuit tests

8.3.3.5 Method of temperature-rise tests for four-pole circuit-breakers having a
conventional thermal current higher than 63 A

8.3.2.6.4.3 Value of test current for short-circuit tests on. the\fourth pole of four-pole cfrcuit-
breakers

8.3.3.2.3, item b) Test current value for the verification of idverse time/current characteristicp

8.3.3.5 To increase the severity of the conditions for testing overload performance]

8.3.3.8 Permissible delay between the, verification of temperature-rise and that of pverload

8.3.4.6 relays in test sequences | and N

8.4.3 Calibration of releases othénthan over-current releases, shunt releases and
undervoltage releases

8.5 Special tests — Damp’heat, salt mist, vibration and shock

B.8 Applicability of tests when /, > 30 A

B.8.2.5 Extension of(the test ambient temperature limits
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Annex F
(normative)

Additional tests for circuit-breakers with
electronic over-current protection

F.1 General

This annex applies to circuit-breakers intended to be installed on a.c. circuits and providing
over-current protection by electronic means, incorporated in the circuit-breaker and

indepen

The tesfts verify the performance of the circuit-breaker under the environmental cg
stated in this annex.

Specific|

not covtred by this annex. However, the tests of this annex shall be performed to ens

these el

F.2 List of tests

F.2.1

Tests specified in this annex are type tests and are¢supplementary to the tests of Claus

NOTE Where a standard for specific environmental conditions exists, reference is systematically ma

standard,
F.2.2

F.2.2.1

Circuit-breakers with electronic.overcurrent protection shall be tested according to T
and Figlire J.3.

F.2.2.2

Perform

Kt aof L waliaar P B MITVH PRS- 1)
CITt UT urc 1immre VUILOHU T Cllly Clul\lllclly Ouvply.

tests for electronic means intended for functions other than over=cdrrent proteg

ctronic means do not impair the performance of the over-current protective fun

General

if relevant.
Electromagnetic compatibility-(EMC) tests

General

Performance criteria

Lits of immunity tests shall be evaluated on the basis of the performance criten
with thelfollowing specifications:

nditions

tion are
ure that
ctions.

8.

11

le to this

able J.1

ia given

Iance criterion A:

For step 1, the circuit-breaker when loaded at 0,9 times the current setting shall not trip and
the monitoring functions, if any, shall correctly indicate the status of the circuit-breaker.

For step 2, when loaded at 2,0 times the current setting, the circuit-breaker shall trip within
0,9 times the minimum value and 1,1 times the maximum value of the manufacturer’s time
current characteristic, and the monitoring functions, if any, shall correctly indicate the status

of th

Perform

e circuit-breaker.

ance criterion B:

During the test, the circuit-breaker when loaded at 0,9 times the current setting shall not
trip. After the test, the circuit-breaker shall comply with the manufacturer’s time current
characteristic when loaded at 2,0 times the current setting and the monitoring functions, if

any,

shall correctly indicate the status of the circuit-breaker.
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Suitability for multiple frequencies

shall be performed in accordance with F.6.

Dry heat test

shall be performed in accordance with F.7.

Damp heat test

shall be performed in accordance with F.8.

F.2.6

The test

F.3 ¢

F.3.1

Tests aq

In the c
and F.5

F.3.2

For immunity tests (F.4) one circuit-breaker per frame size and per type of current

design {
context.
enclosu
accordir

The cur

Short-tin
minimur

The tes
subclau

Temperature variation cycles at a specified rate of change

shall be performed in accordance with F.9.

5eneral test conditions

General

cording to this annex may be performed separately from\thé tests of Clause 8.

hse of the EMC tests, Annex J applies with the additional requirements specifig

Electromagnetic compatibility tests

hall be tested; a change of winding tu¥rns is not considered as a different desig
In the case of withdrawable circuit-breaker, the device shall be mounted in

gly.

ent setting /. shall be adjusted to the minimum value.

N value but to nottess than 2,5 times /..

ts shall beperformed with the appropriate test circuit, as specified in the f
5es, taking into account any phase-loss sensitive features.

din F.4

sensor
h in this
side the

e in accordance with the manufacturer’s instructions, the test set-up being modified

he and instantaneous release settings shall each, if applicable, be adjusted to the

pllowing

hat the

For cirg
tripping

uitébreakers having electronic overcurrent protection, it may be assumed

chraracteristicsare thesame, whether testsare performed:

— on individual poles of multipole circuit-breakers;

— on two or three phase poles in series;

— by three-phase connection.

NOTE This enables comparisons to be made between test results obtained on different phase pole combinations
as required by the different test sequences.

For circuit-breakers incorporating a residual current function (see also Annex B and Annex M):

— in the cases of F.4.4, F.4.5 and F.4.6, tests are made on pairs of phase poles for multipole
circuit-breakers, to avoid unintentional tripping by residual current;

— in the cases of F.4.1 and F.4.7, tests may be made on any combination of phase poles, as

long

as unintentional tripping by residual current is avoided.
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F.4 Immunity tests

F.4.1 Harmonic currents
F.4.1.1 General

These tests apply to circuit-breakers for which the electronic current sensing means are stated
by the manufacturer to be r.m.s. responsive.

This shall be indicated either by marking “r.m.s.” on the circuit-breaker or given in the

manufacturer's literature, or both.

The EUT shall be tested in free air unless it is intended to be used only in a specified-individual
enclosufe, in which case it shall be tested in such an enclosure. Details including the
dimensipns of the enclosure shall be stated in the test report.

Where gpplicable, the tests shall be performed at the rated frequency.

NOTE Thpe test currents can be generated by a source of power based on the us€ of-thyristors (see Figure F.1),
saturated|cores, programmable power supplies, or other appropriate sources.

F.4.1.2 Test currents
The tes{ current waveform shall consist of one of the followiag two options:

— optign a): two waveforms applied successively:

. I waveform consisting of a fundamental and<a’third harmonic component;

. waveform consisting of a fundamentalrand a fifth harmonic component.

— optign b): a waveform consisting of a fundamental and a third, fifth and seventh harmonic
component.

Test cufrents shall be

— for dption a):
test pf the third harmonic and peak factor
e 12 % of fundamentalrcomponent < third harmonic < 88 % of fundamental compopent;
e (pgeak factor: 2,0'+0,2;
test pf the fifth harmonic and peak factor
e 45 % of'fundamental component < fifth harmonic < 55 % of fundamental component;
e peakfactor: 1,9 + 0,2;

— for optenb):
the test current, for each period, consists of two equal opposite half-waves defined as
follows:

e current conduction time, for each half-wave is < 21 % of the period;

e peak factor: > 2,1.

NOTE 1 The peak factor is the peak value of the current divided by the r.m.s. value of the current wave. For the
relevant formula, see Figure F.1.

NOTE 2 This test current for option b) has at least the following harmonic content of the fundamental component:
—  third harmonic > 60 %;

—  fifth harmonic > 14 %;

— seventh harmonic > 7 %;

— twenty-first harmonic > 1 %.
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Other harmonics can also be present.

NOTE 3 The test current waveform for option b) can be produced by, for example, two back-to-back thyristors (see
Figure F.1).

NOTE 4 The test currents 0,9 /. and 2,0 /, (see performance criterion A of F.2.2.2) are the r.m.s. values of the
composite waveforms.

F.4.1.3 Test procedure

The tests shall be performed on two-phase poles, chosen at random in accordance with item b)
of 7.2.1.2.4 carrying the test current at any convenient voltage, connections being in
accordance with Figure F.2. For releases with a phase loss sensitive feature, connections shall
be made in accordance with Figure F.3 or Figure F.4, as applicable.

Undervqltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be discqnnected during the test.

The duration of the test to verify the immunity to unwanted tripping (at 0,9 times the| current
setting) [shall be 10 times the tripping time, which corresponds to twice the\Current setting.

F.4.1.4 Test results

Performjance criterion A of F.2.2.2 shall apply.

F.4.2 Electrostatic discharges

Annex J|, in particular J.2.2, applies with the following-additions.
The tes{ set-up shall be in accordance with Figute F.16 and Figure J.3.

The tes{ circuit shall be in accordance with\Figure F.2. For releases with a phase-loss gensitive
feature,|the test circuit shall be in accordance with Figure F.3 or Figure F.4, as applicable.

The bugbar routing shown in FigureF.2, Figure F.3 and Figure F.4 may be varied providing the
0,1 m distances, with a tolerance of +12%, to the enclosure are maintained. The¢ actual

configunation used shall beyshown in the test report.
Performjance criterion\B of F.2.2.2 applies.

F.4.3 Radiated RF electromagnetic fields

Annex J, iniparticular J.2.3, applies with the following additions.

The test set-up shall be in accordance with Figure F.16 and Figure F.17.

The test circuit shall be in accordance with Figure F.2. For releases with a phase-loss sensitive
feature, the test circuit shall be in accordance with Figure F.3 or Figure F.4, as applicable.

Performance criterion A of F.2.2.2 applies.

F.4.4 Electrical fast transient/burst (EFT/B)

Annex J, in particular J.2.4, applies with the following additions.

The test set-up shall be in accordance with Figure F.16 and Figure F.18 for testing power lines
and with Figure F.16 and Figure F.19 for testing signal lines.
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On the a.c. mains port, the disturbance shall be applied on one phase pole chosen at random,
the circuit-breaker being supplied from the other phase poles, in accordance with Figure F.6.

For releases which have a phase-loss sensitive feature, the test shall be performed as shown
in Figure F.7 for the three phase poles in series connection or as shown in Figure F.8 on a
phase pole chosen at random for the three-phase connection.

Performance criterion A of F.2.2.2 applies. However, temporary changes to the monitoring
functions (e.g. unwanted LED illumination) during the tests are acceptable, in which case the
correct functioning of the monitoring shall be verified after the tests. For step 2, the disturbance
shall be applied until the circuit-breaker trips.

F.4.5 Surges

Annex J|, in particular J.2.5, applies with the following additions.

On a.c. mains ports, the disturbance shall be applied on one phase pole chosen at ranqom, the
EUT bejng supplied from the other two phase poles, in accordance with”Figure F.9 [(line-to-
earth) ahd Figure F.12 (line-to-line).

For relefpses which have a phase-loss sensitive feature, the test'shall be performed ag shown
in Figurg F.10 (line-to-earth) and Figure F.13 (line-to-line) for*the three phase poles ih series
connectjon or as shown in Figure F.11 (line-to-earth) and Figure F.14 (line-to-line) on @ phase
pole chgsen at random for the three-phase connection.

Performjance criterion B of F.2.2.2 applies.

F.4.6 Conducted disturbances induced by RF fields (common mode)

Annex J|, in particular J.2.6, applies with thefollowing additions.

The tesf set-up shall be in accordance with Figure F.16, Figure F.20 and Figure F.21|, Figure
F.22 or Figure F.23 for testing powerlines and with Figure F.16 for testing signal lines.

On the a.c. mains port, the disturbance shall be applied on one phase pole chosen at fandom,
the circdit-breaker being supplied from the other phase poles, in accordance with Figure F.2.

For relefases which _have a phase-loss sensitive feature the test circuit shall be in accprdance
with Fighre F.3 orRigure F.4 as applicable.

Performjance criterion A of F.2.2.2 applies.

F.4.7 —Currentdips
F.4.7.1 Test procedure

The EUT shall be tested in free air unless it is intended to be used only in a specified individual
enclosure, in which case it shall be tested in such an enclosure. Details including the
dimensions of the enclosure shall be stated in the test report.

The test circuit shall be in accordance with Figure F.2 on two-phase poles chosen at random.
For releases with a phase loss sensitive feature, the test circuit shall be in accordance with
Figure F.3 or Figure F.4, as applicable.

The tests shall be performed with a sinusoidal current at any convenient voltage. The current
applied shall be according to Figure F.5 and to Table F.1 below where /, is the setting current,
Ip is the dip test current and T is the period of the sinusoidal current.
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The duration of each test shall be between three and four times the maximum tripping time
corresponding to twice the current setting or 10 min, whichever is the lower.

Table F.1 — Test parameters for current dips and interruptions

Test No. Iy At
1 05T
2 1T
3 0 5T
4 25T
5 50 T
6 10T
7 0,41, 25T
8 50T
9 10T
10 0,71, 25T
11 50T

F.4.7.2

Test results

Performjance criterion B of F.2.2.2 shall apply, except that the after-test verificatio

required.

F.5 E

F.5.1

The eld
disturba

F.5.2

The elg
disturba

F.5.3

Circuit-H

Emission tests

Harmonics

ctronic control circuits operate at very low power and hence create n
nces; therefore no tests-aterequired.

Voltage fluctuations

ctronic control_scircuits operate at very low power and hence create n
nces; therefore 'no tests are required.

Conducted RF disturbances (150 kHz to 30 MHz)

réeakers covered by this annex are independent of line voltage or of any

nnnnnn ~H $ th d arat

h is not

bgligible

bgligible

Auxiliary

supply.

lactranice olrariite roact coinline o acunnhy on an aat vary Loy
T OMmMC Ut o TIav e O U T T CoOT Py toOtnC—ouppTy antu oUpTratc—at veTry 10V

power.

These circuit-breakers create negligible disturbances and therefore no tests are required.

F.5.4

Annex J

Radiated RF disturbances (30 MHz to 1 GHz)

, in particular J.3.3, applies with the following additions.

The test circuit shall be in accordance with Figure F.2. For releases with a phase-loss sensitive
feature, the test circuit shall be in accordance with Figure F.3 or Figure F.4, as applicable.

Undervoltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be disconnected during the test.

The limi

ts of Table J.3 apply.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 - 129 -

F.6 Suitability for multiple frequencies

F.6.1 General

The test verifies the tripping characteristics of circuit-breakers declared as suitable for multiple
frequencies. It does not apply to circuit-breakers rated at 50 Hz to 60 Hz only.

F.6.2 Test conditions

The tests shall be performed at each rated frequency or, when a range of rated frequencies is
declared, at the lowest and the highest rated frequencies.

F.6.3 Test procedure

Tests shall be performed on any pair of phase-poles chosen at random at any’ conpvenient
voltage.

The tes{ circuit shall be in accordance with Figure F.2. For releases with@'phase loss gensitive
feature,|the test circuit shall be in accordance with Figure F.3 or Figure k14, as applicable.

Under-vpltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be discqnnected during the test.

The shgrt-time and instantaneous trip current settings,shall each, if relevant, be adjusted to
2,5 timefs the current setting. If this setting is not available, the next closest higher setting shall
be used

Tests shall be performed as follows:
a) A cyrrent of 0,95 times the conventionalynon-tripping current (see Table 6) is applied for a
timel equal to 10 times the tripping time which corresponds to 2,0 times the current getting.

b) Immediately following the test of“va), a current of 1,05 times the conventional |tripping
currgnt (see Table 6) is applied.

c) A fufther test starting from the cold state is made at 2,0 times the current setting.
F.6.4 Test results

For each test frequency, the overload tripping characteristics shall comply with the fpllowing
requirements:

— for tgst a).netripping shall occur;
— for test’b)-Aripping shall occur within the conventional time (see Table 6);

fort of AN T HN -~ | | T ERVVIT 1SS B B T W N 1 =N m-aaaHeaa—am-ad—0-0-— 4t o th .Inlm m
- o Uty Sianm—ooour—vwitmT T, T OriTSS TS TITaATTI g arrd— U, o armrc s et u

values of the manufacturer’s stated time-current characteristic.

F.7 Dry heat test

F.71 Test procedure
The test shall be performed on the circuit-breaker in accordance with 7.2.2 at the maximum

rated current for a given frame size, on all phase poles, at an ambient temperature of 40 °C.
The duration of the test, once temperature equilibrium is reached, shall be 168 h.

The tightening torques to be applied to the terminal screws shall be in accordance with the
manufacturer's instructions (see 5.2 e)).

As an alternative, the test may be performed as follows:
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— measure and record the highest temperature rise of the air surrounding the electronic
components, during the temperature rise verification of test sequence |I;

— install the electronic controls in the test chamber;
— supply the electronic controls with their input energizing value;

— adjust the temperature of the test chamber to a value of 40 K above the temperature rise
recorded for the air surrounding the electronic components and maintain this temperature
for 168 h.

F.7.2 Test results

The circuit-breaker and the electronic controls shall meet the following requirements:

— no tipping of the circuit-breaker shall occur;

— no dperation of the electronic controls which would cause the circuit-breaker\to tfip shall
occyr.

F.7.3 Verification of overload releases

Following the test of F.7.1, the operation of the overload releases of the-circuit-breaker|shall be
verified jn accordance with 7.2.1.2.4, item b).

F.8 Damp heat test

F.8.1 Test procedure

The tes{ shall be performed according to IEC 60068<2-30.
The upper temperature shall be 55 °C + 2 °C (variant 1) and the number of cycles shall pe six.
The tes{ may be performed with only the electronic controls in the test chamber.

F.8.2 Verification of overload(releases

Following the test of F.8.1 the operation of the overload releases of the circuit-breaker [shall be
verified jn accordance with<7,2.1.2.4, item b).

F.9 Temperaturewariation cycles at a specified rate of change

F.9.1 Test.conditions

Each dgesign of electronic controls shall be submitted to temperature variation cycles in
accordaree-withHgure+—45-

The rise and fall of temperature during the rate of variation shall be 1 K/min + 0,2 K/min. The
temperature, once reached, shall be maintained for at least 2 h.

The number of cycles shall be 28.

F.9.2 Test procedure

The test shall be carried out according to IEC 60068-2-14.

For these tests, the electronic controls may be mounted inside the circuit-breaker or
separately.

The electronic controls shall be energized to simulate service conditions.
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Where the electronic controls are mounted inside the circuit-breaker, the main circuit shall not
be energized.

F.9.3

Test results

The electronic controls shall meet the following requirement.

No operation of the electronic controls which would cause the circuit-breaker to trip during the

28 cycle

F.9.4

s shall occur.

Verification of overload releases

Followin
verified

Key

g the test of F.9.2, the operation of the overload releases of the circuit-breaker

n accordance with 7.2.1.2.4, item b).

|

fo ‘ t1

T/2 T

IEC

shall be

A peak
T period

urrernt

t; conducting time during each half-cycle

tp delay time

Peak factor =

Figure F.1 — Representation of test current produced
by back-to-back thyristors in accordance with F.4.1
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Supply

-t ——————— - : /EUT

1
1

: Enclosure (where
|I applicable)
1

1

1

1

1

1

1

Auxiliaries

-_— IEC

Figure F.2 — Test circuit for immunity and emission'tests in accordance with F.4.1.3,
F.4.2,F.4.3,F.4.6, F.4.7.1, F.5.4 and F.6.3— Two phase poles in series

Supply

[ R ool N EUT

Enclosure (where
applicable)

Auxiliaries

_ IEC

Figure F.3 — Test circuit for immunity and emission tests in accordance with F.4.1.3,
F.4.2,F.4.3,F.4.6, F.4.7.1, F.5.4 and F.6.3 — Three phase poles in series
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EUT
/

Enclosure (where
applicable)

Auxiliaries

— IEC
Key

Z impedpnce for adjusting the current (where required)

Figure F.4 — Test circuit for immunity and emissjon tests in accordance with F.4.1.

F.4.2,F.4.3,F.4.6, F.4.7.1, F.5.4 andF.6.3 — Three-phase connection

1 ms max. 1 ms max.

] et

09/ |- —

Ib T . i
— At G 7ava
t
IEC

Key
I setting current
b dip test current
At dip time

4At  dwell time

Figure F.5 — Test current for the verification of the influence
of the current dips and interruptions in accordance with F.4.7.1
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Supply
EFT/B
___| generator
——— /EUT

_____ L—

__..
o |

Enclosure (where
applicable)

) [~
- I_ Auxiliaries

!""""7')'('

- IEC

Figure F.6 — Circuit for electrical fast transients/bursts (EFT/B)
immunity test in accordance with F.4.4 — Two phase poles in series

Supply
/—/H 33.nF
[
| | EFT/B
___| generator
/EUT

Enclosure (where
applicable)

Auxiliaries

IEC

Figure F.7 — Circuit for electrical fast transients/bursts (EFT/B)
immunity test in accordance with F.4.4 — Three phase poles in series
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Supply

EFT/B
generator

P R il i el /EUT

Enclosure (where
applicable)

-

Auxiliaries

IEC
Key
Z impedgnce for adjusting the current (where required)

Figure F.8 — Circuit for electrical fast'transients/bursts (EFT/B)
immunity test in accordance with-F.4.4 — Three-phase connection

Supply
= 9uF 100
I___/\N\_ Surge

generator

EUT

r=——g—— == /

Enclosure (where
applicable)

7);;'

Auxiliaries

IEC

Figure F.9 — Test circuit for the verification of the influence of surges in the main circuit
(line-to-earth) in accordance with F.4.5 — Two phase poles in series
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10Q

—l l—/\N\_ Surge

___| generator

EUT
_—

Enclosure (where
applicable)

Auxiliaries

Figure F.10 — Test circuit for the verification of the influence of surges in the mairn
(line-to-earth) in accordance with F.4.5 — Three phase poles in series

Supply

—

4' I_/VV\_ Surge

___lgenerator

| EUT

"/)E'

applicable)

Auxiliaries

IEC

Enclosure (where

Key

Z impedance for adjusting the current (where required)

IEC

circuit

Figure F.11 — Test circuit for the verification of the influence of surges in the main circuit

(line-to-earth) in accordance with F.4.5 — Three-phase connection
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Supply
~ 18 pF
|1
1 Surge
___| generator

— b EUT
: P
[ i I A :A/:/
I 1
0N !
: \ : ', Enclosure (where
| ! ;! applicable)
1 T
1
. !
1 1
1 1
1 1
1 [
! 1
! 1

IEC

Figure F.12 — Test circuit for the verification of the influence’of current surges in the
main circuit in accordance with F.4.5 — Two phase poles in series

Supply
= 18 pF
I I Surge
___| generator
___________________ . /EUT

Enclosure (where
applicable)

IEC

Figure F.13 — Test circuit for the verification of the influence of current surges in the
main circuit in accordance with F.4.5 — Three phase poles in series
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Supply

Surge
generator

EUT
| —

Enclosure (where
npplir‘nhln)

IEC
Key
Z impedgance for adjusting the current (where required)

Figune F.14 — Test circuit for the verification of the'influence of current surges in the
main circuit in accordance with F.4:5.~ Three-phase connection

+80°C + —

2h

25Ct+ — — — — — — —

IEC

Figure F.15 — Temperature variation cycles at a specified
rate of change in accordance with F.9.1
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+10%
0,1m 0%

CB,
>
v
A Insulating support
Metallic enclosure as
% Figure J.1, if applicable
X < 0,1 m *10%
|
\1/ % To transformer Insulating support
+10%
0.1 m "% Insulating support \1/
Ground plane r 0%
= = /% 0,1 m*10%
T - i
X: to be keqt to a minimum = X: to be kept to a minimum =
| A Ground plpne
Insulatinlg support
AN

IEC

/ /ﬂ .
CB 7 Ground plane J=—
Key
CB cirguit-breaker
NOTE The terminal arrangement can vary according to the type of circuit-breaker tested.
Figure F.16 — General test set-up for immunity tests
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Insulating support
thickness: not relevant

Insulating support

>0,5m

Wall absorber

Key
CB circyit-breaker

@ See IEL 61000-4-3

Floor absorbers @

Insulating-support

Figure F.17'= Test set-up for the verification of
immunity_to radiated RF electromagnetic fields
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Connections
to be kept {
a minimum

[©]

T R R R R R R R

Lo

]

2

Transformer Mains filer

NY v
|—| | X: To be kept to minimum
Insulating support
Transformer
C=33n
i
i 1
T  — / CDN
optional ~
HF o] : EFT/B,_| HF foptionah |~/
0.1 m "oy = = generator—l
e > i

Insulating support

Key
CB circuit-breaker

CDN coupling-decoupling network

09m<L<10m

Total injection cable length

Ground plane

HF high frequency connection

Figure F.18 — Test set-up for the verification of immunity to electrical fast
transients/bursts (EFT/B) on power lines
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CB

VIIIIIIIIIIIIII/

=
]

il
\

X: To be kept to minimum

/I\ Insulating support ,Coupling clamp

>50m

JAAAA AR \AANNNNRRRNNTNNNY

To transformer

7
7
2.
|
’
?
7
7
%
7
’
?
/

HF
|7

A} /
lasutating-support / Insulating support

B /
09m<L<10m Insulating supports for cables

Total injection cable length JEC

Ground plane

Key
AE auyiliary equipment HF high frequency connection

CB cirguit-breaker

Figure F.19 — Test set-up for verification of immunity to(electrical fast
transients/bursts (EFT/B) on signal linés

Any other metallic part

4
N
>04m 0,9m<L<10m
To be kept to
a minimum
PA N <D
~N 7 ~ 7
o Tfransformer
e N B e
N s
° CB
v —O
L A

- 5 0 o oo
L

Insulating supports Ground|plane

Key

CB circuit-breaker

NOTE The dimension L is the length of the conductor coupled at 0,1 m to the ground plane.

Figure F.20 — General test set-up for the verification of immunity
to conducted disturbances induced by RF fields (common mode)
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nsulating support Transformer

\

/
7
K CB
<

e = ©

[eXeNe)

CDN RF generator
M1

‘Mains
: aN

o—]

i

/ T
Cable length Mains terminals Ground plane -
0,17mto 0,3 are left open IEC
Key
CB circuit-breaker

CDN M1]| coupling-decoupling network M1

NOTE As an alternative to the coupling-decoupling network M1,<he coupling-decoupling network M2 of M3 can
be used,|in which case the two or three connecting wires, as applicable, are connected to the same po|nt of the
EUT.

Figure|F.21 — Arrangement of connections forthe verification of immunity to conflucted
disturbances induced by RF fields — Two phase poles in series configuration

Insulating support Transformer\

,CB

o] I

CDN R
M2 [ |

Mains ._1
‘ 5 ,i =

RF generator

/ 4
Cable length \Mains terminals Ground plane / J=_
0,1 mto0,3m are left open \EC
Key
CB circuit-breaker

CDN M2  coupling-decoupling network M2
NOTE As an alternative to the coupling-decoupling network M2, coupling-decoupling network M3 can be used, in
which case the two or three connecting wires, as applicable, are connected to the same point of the EUT.
Figure F.22 — Arrangement of connections for the verification of immunity to conducted
disturbances induced by RF fields — Three phase poles in series configuration
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Insulating support Transformer

cbN | RF
M1 | ] RF generator

T L =
X

i

i
Cable length Mains terminals Ground plane/ ~
0,1 mto 0,3|m are left open
IEC
Key
CB circuit-breaker

CDN M1| coupling-decoupling network M1

NOTE Ap an alternative to the coupling-decoupling network MX\* coupling-decoupling network M2 or M3 can be
used, in which case the two or three connecting wires, as applicable, are connected to the same point of the EUT.

Figure F.23 — Arrangement of connections for the verification of immunity
t9¢ conducted disturbances induced-by RF fields — Three-phase configuration
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Annex G
(normative)

Power loss

G.1 General

Power loss is not a fundamental characteristic of a circuit-breaker and need not be marked on
the product.

It gives

H 'H 4 £l ! 4 P ol 4 ! (e
ulrnie muieation ur e 11icdt ycericialcUu uriuct speuiiicU COUTTUTIUTTS.

Measur¢ment of power loss shall be made in free air, on new samples, and shall.be s

watts.

G2 1

G.21

Power |

where

p i
k i
AU i
/ i
cos @ i

The use

G.2.2

For a.c.
phase a

[est methods

General case

pss is evaluated as follows, connections being in accordance with Figure G.1.

k=p
z AUk Ik COS Py
k=1

s the number of phase poles;

S the pole number;

s the voltage drop;

s the test current whichishall be equal to /,, within the tolerances according to 8

s the power factor.

of a wattmeter on"each pole is recommended.

AC circuit-breakers of rated current not exceeding 400 A

circuit-breakers of rated current not exceeding 400 A, it is acceptable to usq
.c{measurement without power factor measurement.

tated in

3.2.2.2;

single-

The power loss is evaluated as follows, connections being in accordance with Figure G.2.

where

p is
k is
AU is

In is

k=p
> AUy
k=1

the number of phase poles;
the pole number;
the voltage drop;
the rated current.
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G.2.3

DC circuit-breakers

— 145 —

For d.c. circuit-breakers, the power loss shall be measured with d.c. current.

It is evaluated as in G.2.2.

G.3 Test procedure

The power loss evaluation shall be made under rated current steady-state temperature
conditions.

The volfage drop shall be measured between incoming and outgoing terminals on each

The cor
together
for each

For eva
G21,t
current

pole.

Supply

necting leads to measuring instruments (e.g. voltmeter, wattmeter) shall be
. The measuring loop shall be as small as practicable and shall be pésitioned

luating the power loss of three-pole and four-pole a.c. circuit-breakers acco
he test is performed under three-phase current conditions (see Figure G.1),
n the fourth pole in the case of four-pole circuit-breakers;

P P

i(

\>f

O

Figure’G.1 — Example of power loss measurement according to G.2.1

IEC

pole.

twisted
similarly

rding to
without
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Supply

IEC

jure G.2 — Example of power loss measurement according to-G:2.2 and G.2.3
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Annex H
(normative)

Test sequence for circuit-breakers for IT systems

NOTE This test sequence is intended to cover the case of a second fault to earth in presence of a first fault on the

opposite s

ide of a circuit-breaker when installed in IT systems (see 4.3.2.1).

H.1 General

This test sequence applies to multipole circuit-breakers for application on IT systems, in

accordapce with 4.3.2.T; It comprises the following tests:

Test Clause
Individual pole short-circuit (/1) H.2
Verificatjon of dielectric withstand H.3
Verificatjon of overload releases H.4

H.2 Individual pole short-circuit

A shorticircuit test is made on the individual poles ofya/multipole circuit-breaker under the

general [conditions of 8.3.2, at a value of current /;; equal to

— 1,2 fimes the maximum setting of the short-time delay release tripping current of, in the
absgnce of such a release, 1,2 times thexmaximum setting of the tripping current of the
instgntaneous release,

or, whertle relevant

— 1,2 fimes the maximum setting of-the definite time delay release tripping current,

but not less than 500 A nor exceeding 50 kA.

NOTE 1 |[The prospective currept” of the test circuit can have to be increased to ensure that the tept current

exceeds the actual short-time“of instantaneous pick-up current, allowing for the impedance of the circuit-breaker

and its copnections.

NOTE 2 |Values higher-than /,; can be required, tested instead and declared by the manufacturer.

The test voltage shall be the phase-to-phase voltage corresponding to the maximum rated

operatignal, veltage of the circuit-breaker at which it is suitable for application on IT gystems,

taking into.account the requirements for recovery voltage of 8.3.2.2.6. The number of samples

to be tested and the setting of adjustable releases shall be in accordance with Table 10. The
power factor shall be according to Table 11, appropriate to the test current. When /7 = 50 kA,
the short-time or instantaneous pick-up setting shall be adjusted to the nearest setting lower

than (50

/1,2) KA.

For 4-pole circuit-breakers with a protected neutral pole, the test voltage for that pole shall be
phase-to-phase voltage divided by V3. This test is applicable only where the construction of the

protecte

d neutral pole differs from that of the phase poles.

The test circuit shall be according to 8.3.4.1.2 of IEC 60947-1:2007/AMD1:2010 and Figure 9 of
IEC 60947-1:2007/AMD1:2010, the supply S being derived from two phases of a three-phase
supply, the fusible element F being connected to the remaining phase. The remaining pole or
poles shall also be connected to this phase via the fusible element F.

The seq

uence of operations shall be
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O0-t-CO

and shall be made on each pole separately, in turn.

H.3

Verification of dielectric withstand

Following the test according to H.2, the dielectric withstand shall be verified according to

8.3.5.4

H.4 Verification of overload releases

Following the test according to H.3, the operation of the overload releases shallnbe
according to 8.3.5.5.

H.5

Circuit-

Marking

hreakers for which all values of rated voltage have been tested”according to thi

or are cpvered by such testing require no additional marking.

Circuit-

bBreakers for which all values of rated voltage have not been tested according

annex dr are not covered by such testing shall be identified by the symbol @ which
marked |on the circuit-breaker immediately following these values of rated voltage, e.g
@ in agcordance with 5.2, item b).

Where
symbol

@ circuit-breaker has not been tested according to this annex, a single markin
may be used provided it is so plaeed that it unmistakably covers all voltage

verified

S annex

) to this
shall be
., 690V

j by the
atings.
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Annex J
(normative)

Electromagnetic compatibility (EMC) —
Requirements and test methods for circuit-breakers

J.1 General

Two sets of environmental conditions are considered and are referred to as follows:

— envi

ropmentA;

— envi

Environ
includin

NOTE 1

NOTE 2

Environ
industrid
by this ¢

NOTE 3

NOTE 4

For the

NOTE 5
tests on t

The test
specifie

The tes
of this s

Supplen
i.e., Anf
circuit-b)
devices

ronment B.

ment A: relates to low-voltage non-public or industrial networks/locations/inst
j highly disturbing sources.

Environment A corresponds to equipment class A in CISPR 11 and CISPR 22

Environment A equipment can cause electromagnetic interferences when installed in environmer

ment B: relates to low-voltage public networks such askdomestic, commercial ¢
| locations/installations. Highly disturbing sources such’as arc welders are not
nvironment.

Environment B corresponds to equipment class B in CISRR 11 and CISPR 22.

Environment B equipment will not cause electromagnetic interferences when installed in environ

burposes of this annex the term "EUT",means “equipment under test”.

The EMC requirements for CBI (Annex L) and ICB (Annex O) are deemed to be covered by th
he equivalent circuit-breaker (see L.2.4%~and O0.2.1).

 otherwise in this standard.

methods in J.2 and J.3 are supplemented by specific procedures in the relevg
tandard to verify the performance based on the acceptance criteria.

nentary redquirements and test details are given in the relevant parts of this s
ex B for-Circuit-breakers incorporating residual current protection (CBR), Ann
reakers with electronic overcurrent protection, Annex M for modular residual
(MRCD) and Annex N for circuit-breaker auxiliaries.

hllations

t B.

nd light
covered

ment A.

P relevant

s of J.2 and J.3 are applicable to devices incorporating electronic circuits except where

nt parts

andard,
ex F for
current

A new device may be used for each test or one device may be used for several tests, at the
manufacturer’s discretion. Devices rated 50 Hz/60 Hz shall be tested at either one of the rated
frequencies.

In the case of a range of devices with identical electronic controls (including dimensions,
components, printed circuit board assemblies and enclosure, if any) and the same design of
current sensors, it is sufficient to test only one device in the range.

The tests shall be performed with a specific mounting; free air or within an enclosure, as
specified in J.2 and J.3.
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mmunity

General

se 7.3.2.2 of IEC 60947-1:2007/AMD1:2010 applies with the following additions.

y tests shall be performed according to Table J.1.

The reference data for the additional test specifications is given in Table J.2.

For the purposes of this clause (J.2), the term 'power port" covers the main circuit, auxiliary

power sp

ol nd anv o o, A~ ad ta tha main ~Aleay it

For the

Perf
and

Perf
verif
char

Details
Annex N

For all i
series).

o
PPI’ FUIL\O’ aha oy ouoATTaTy uvlllluutuu to—trrCT o T oo urt

mmunity tests, the following performance criteria shall be defined:

brmance criterion A: during the test, the resistance against unwanted operation

brmance criterion B: during the test, the resistance against’unwanted opef
ed. Monitoring functions may indicate a false status. After the test the fy
acteristics are verified.

bf the verification of performance are given in the réspective annex (Annex B, A
l or Annex N).

mmunity tests, the EUT shall be tested asfloor-standing equipment (see IEC

(step 1)

the functional characteristics (step 2) are verified. Any monitering function shall
corrg¢ctly indicate the status.

ation is
nctional

nnex F,

51000-4
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Table J.1 — EMC - Immunity tests

Description Reference Test level 2 Performance| Mounting
standard criterion

Electrostatic discharges |IEC 61000-4-2 8 kV contact B Enclosure

8 KV air Figure J.1

Radiated radio-frequency |IEC 61000-4-3 10 V/m (up to 2 GHz) A Free air ©

electromagnetic fields 3 Vim (from 2 GHz to 2,7 GHz)

Electrical fast IEC 61000-4-4 Power port: B Enclosure

transients/bursts U, > 100V, a.c. or d.c.: 4 kV Figure J.1

U,<100V, a.c.ord.c:2kVf
Stgrat-port—2kv-2
Surges IEC 61000-4-5 |Power port, U, > 100 V a.c.: B Enclosure
4 KV line-to-earth Figure J.1
2 kV line-to-line (Annex F and Annex N)
4 kV line-to-line (Annex B and Annex M) ©
Power port, Ue <100V a.c.:
2 kV line-to-earth
1 kV line-to-line
Power port, d.c. f:
0,5 kV line-to-earth
0,5 kV line-to-line
Signal port M
2 kV line-to-earth
1 kV line-to-line

Conductdd disturbances |IEC 61000-4-6 Power porty10°V A Free air ©

induced Ry radio- : . g

frequency fields Signal port: 10 V

Power frdquency Not applicable |Not-applicable Not Nqgt

magnetic|fields applicable applicable

Voltage dips and IEC 61000-4-11°4|° d Free air

interruptipns

Harmonids IEC 61000413 °|° ° Free air

Current dfps b b b Free air

@  The ijnmunity levels specified are generally higher than the requirements of IEC 60947-1 in order tp provide
greate¢r security for the Circuit protection functions of the device.

b A spefcific test procedure is defined in the case of electronic overcurrent devices in Annex F, in the absence of
an appropriate basSje-standard.

€ Unlesp the circuit-breaker is intended to be used only in a specified individual enclosure, in which case it shall
be tepted jn“Stuch an enclosure. Details, including dimensions of the enclosure, shall be stated inj the test
reporf. The_lenclosure shall be connected to the ground plane in accordance with the manufacturer’s
instruptions.

d A specific test procedure and a performance criterion are defined in Annex B in the case of CBRs functionally
dependent on line voltage and in Annex M in the case of MRCDs functionally dependent on a voltage source, in
the absence of an appropriate basic standard. These tests are not applicable to circuit-breakers with electronic
overcurrent protection as described in Annex F (see F.1), but are replaced by tests for current dips and
interruptions (see F.4.7).

€  The immunity level is higher for residual current devices because they perform safety functions.

f Not applicable to input ports intended for connection to a battery or a rechargeable battery which shall be
removed or disconnected from the apparatus for recharging. Apparatus with a d.c. power input port intended for
use with an a.c.-d.c. power adapter shall be tested on the a.c. power input of the a.c.-d.c. power adapter
specified by the manufacturer or, where none is so specified, using a typical a.c.-d.c. power adapter. The test
is not applicable to d.c. power input ports intended to be permanently connected to cables less than 3 m in
length.

9 Applicable only to ports interfacing with cables whose total length according to the manufacturer’s functional
specification may exceed 3 m.

h

Applicable only to ports interfacing with cables whose total length according to the manufacturer’s functional
specification may exceed 10 m. When shielded cables are used, this test is applied only to the shield.
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The appropriate test set-up and circuit diagram for each immunity test are as shown in

Table J.2.
Table J.2 — Reference data for immunity test specifications
Test EUT Subclause Test set-up Circuit diagram
Electrostatic CBR J.2.2,B.8.12.1.2 Figure J.1, Figure J.3 |Figure B.1
discharges - - -
CB J.2.2, F.4.2 Figure J.3, Figure F.2, Figure F.3
Figure F.16 or Figure F.4
MRCD J.2.2, M.8.16.1.2 Figure J.1, Figure J.3 |Figure M.3
Other devices ° J.2.2,N.2.2 ° °
Radiated [radio- CBR J.2.3,B.8.12.1.3 Figure J.4 Figure B.1
frequency - -
electromagnetic fields CB J.2.3,F.4.3 Figure F.16, FigurelF\y2, Fjgure F.3
Figure F.17 or Figure F.4
MRCD J.2.3, M.8.16.1.3 Figure J.4, Figdre M.3
Figure M.20
Other devices @ J.2.3,N.2.3 ° °
Electrical| fast CBR J.2.4,B.8.12.1.4 Figure J.5, Figure J.6 |Figure B.1
transientg/bursts - -
CB J.24,F44 Figure F+16, Figure F.6, Fjgure F.7
Figure’k.18, or Figure F.8
Figure.F.19
MRCD J.2.4, M.8.16.1.4 Figure J.5, Figure J.6, |Figure M.3
Figure M.21
Other devices 2 J.2.4,N.2.4 ° °
Surges CBR J.2.5, B.8.12.6 b Figure B.1
cB J.2.5,F4.5 Line-to-earth: Line-to-earth
Figure F.16 Figure F.9,
Line-to-line Figure F.10 ar
ine-to-line. Fi F.11
Figure F.16 'gure
Line-to-line:
Figure F.12,
Figure F.13 ar
Figure F.14
MRCD J.2.5, M.8.16.1.5 b Figure M.3
Other-devices @ J.2.5,N.2.5 ° °
Conductdd CBR J.2.6, B.8.12.1.6 b Figure B.1
disturbanges induced - -
by radio-frequency CB J.2.6,F.4.6 Figure F.16, Figure F.2, Fjgure F.3
fields Figure F.20, or Figure F.4
Figure F.21,
Figure F.22,
Figure F.23
MRCD J.2.6, M.8.16.1.6 Figure M.22 Figure M.3

Other devices @

J.2.6, N.2.6

b

b

a8 Devices in the scope of Annex N.

b

No additional figure necessary.

J.2.2

Electrostatic discharges

The EUT shall be tested in a specific enclosure (see Table J.1). The test set-up and additional
test requirements are given in Table J.2. Direct and indirect discharges shall be applied in
accordance with IEC 61000-4-2.

The direct discharge tests shall be performed only on parts of the EUT normally accessible to
the user, such as setting means, keyboards, displays, pushbuttons etc. The application points

shall be stated in the test report.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 - 1563 -

Direct di

scharges are made 10 times for each polarity, at intervals of > 1 s.

Indirect discharges shall be applied at selected points on the surface of the enclosure; the test
at such points is made 10 times, for each polarity, at intervals of > 1 s.

J.2.3

Radiated RF electromagnetic fields

The EUT shall be tested in free air (see Table J.1) with the additional test requirements given

in Table

J.2.

The EUT shall be tested on the front face only.

To enab
Tests sh

The tes
operatio

tested for correct operation at discrete frequencies.

For steq
to 2 0(
IEC 610
shall bd
frequen

For stef
followin
640 MH
verified

J.2.4

The test
The test

For pow
Annex H

For sign

le repeatability, the actual test set-up shall be detailed in the test report.
all be performed with both horizontal and vertical antenna polarization;

is performed in two steps: a first step (step 1) where the EUT s\tested for u
n on the whole range of frequencies, and a second step (stép,2) where the

1, the frequency shall be swept over the ranges of 80 MHz to 1 000 MHz, 1 4
0 MHz, and 2110 MHz to 2700 MHz, in faccordance with Clau
00-4-3:2006. The dwell time of the amplitude modulated carrier for each fr
between 500 ms and 1 000 ms, and the step‘size shall be 1 % of the
Cy. The actual dwell time shall be stated in theltest report.

2, to verify the functional characteristies/ the test shall be performed at eac
y frequencies: 80 MHz; 100 MHz; 120 MHz; 180 MHz; 240 MHz; 320 MHz; 4
z; 960 MHz; 1 400 MHz; 1 920 MHz»2 150 MHz and 2 450 MHz, the operatid
after the field at each frequency hasstabilized.

Electrical fast transients/bursts (EFT/B)

shall be performed with.the EUT in a specific enclosure (see Table J.1).
set-up is given in Table J.2.

er and auxiliary supply ports, the coupling-decoupling network shall be used, e
where the{direct injection method shall be used (see Figure F.18).

al ports the coupling-decoupling network or the clamp injection method shall &

hwanted
EUT is

00 MHz
e 8 of
pquency
brevious

h of the
B0 MHz;
n being

cept for

e used,

as appli

cable.

The disturbance shall be applied for 1 min, except where otherwise specified.

J.2.5

Surges

The test shall be carried out with the EUT in a specific enclosure (see Table J.1). The test
levels and test set-up are given in Table J.1 and Table J.2, depending upon the EUT.

Pulses with both positive and negative polarity shall be applied, the phase angles being 0° and

90°.

A series of five pulses is applied for each polarity and each phase angle (total number of
pulses: 20), the interval between two pulses being approximately 1 min. A shorter interval may

be used

by agreement with the manufacturer.
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The EUT shall be tested in free air (see Table J.1) with the additional test requirements given
in Table J.2.

The disturbances shall be injected, on power lines, by means of a coupling-decoupling network

M1, M2

or M3 as applicable.

On signal lines, the disturbances shall be injected by means of a coupling-decoupling network.

If not fe

asible, an E.M. clamp may be used.

The particular test set-up shall be detailed in the test report.

The tes

operatio

tested f

For stef
with Clg
each fre

is performed in two steps: a first step (step 1) where the EUT is testedforu

br correct operation at discrete frequencies.

previoug frequency. The actual dwell time shall be stated in the testreport.

For stef

followin

hwanted

n on the whole range of frequencies, and a second step (step 2) whéere the| EUT is

1, the frequency shall be swept over the range of 150 kHz t0-80 MHz in accprdance
use 8 of IEC 61000-4-6:2013. The dwell time of the amplitude” modulated cdrrier for
quency shall be between 500 ms and 1 000 ms, and the step size shall be 1 % of the

2, to verify the functional characteristics, the test shall be performed at each of the
j frequencies: 0,150 MHZ; 0,300 MHZ; 0,450 MHZ;) 0,600 MHZ; 0,900 MHZ; 1,20 MHZ;

1,80 MHZ; 2,40 MHZ; 3,60 MHZ; 4,80 MHZ; 7,20 MHMZ; 9,60 MHZ; 12,0 MHZ; 19,2 MHZ;
27,0 MHZ; 49,4 MHZ; 72,0 MHZ and 80,0 MHz, the_operation being verified after the
the distyrbing voltage at each frequency has stabilized.

J.3 Emission

J.3.1

General

Subclause 7.3.3.2 of IEC 60947-1.2007/AMD2:2014 applies with the following additions

Emissio

h tests are performediaccording to Table J.3.

The refgrence data far the application of the figures for emission tests is given in Table

level of
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Table J.3 — EMC - Emission tests

Description Reference standard Limits Mounting
Harmonics IEC 61000-3-2 ¢ ¢
Voltage fluctuations IEC 61000-3-3 ¢ ¢
Conducted RF disturbances CISPR 11/ CISPR 22 Class A or class B, group 12 ¢ |Free aird
150 kHz to 30 MHz®
Radiated RF disturbances CISPR 11/ CISPR 22 Class A or class B, group 1P Free aird
30 MHz to 1 000 MHZz?

2 Applicable only for EUT containing processing devices (e.g. microprocessors) or switched-mode power
supplies operating at frequencies greater than 9 kHz.

b Equidment class A in CISPR 11 and CISPR 22 corresponds to environment A in IEC 60947-1. Enyvirgnment A
equipment can cause electromagnetic interferences when installed in environment B. The manufgcturer of
envirpnment A equipment shall declare the risk of electromagnetic interference in the product dosumehptation.

Equigment class B in CISPR 11 and CISPR 22 corresponds to environment B in IEC 60947-1YEnvirgnment B
equipment will not cause electromagnetic interference when installed in environment A.

¢ No tgst required since the electronic control circuits operate at very low power apd\hence create fegligible
distubances.

4 Unleds the EUT is intended to be used only in a specified individual enclosure, in-which case it shall pe tested
in su¢h an enclosure. Details, including dimensions of the enclosure, shall be'stated in the test report,

€ Circu|t-breakers covered by Annex F are independent of line voltage or¢of any auxiliary supply. The ¢lectronic
circuits have no direct coupling to the supply and operate at very low\power. These circuit-breakefs create
negligible disturbances and therefore no tests are required.

Table J.4 — Reference data for emission test specifications

fest EUT Subclause Test set-up Circuit dipgram
Conducted RF CBR J.3.2,B:8.12.2.1 a a
disturbanges
CcB J.372,F.5.3 No test No test
MRCD ¥.3.2,B.8.12.2.1 a a
Other devices J.3.2,N.3.2 @ @
Radiated|RF CBR J.3.3,B.8.12.2.1 Figure J.2 a
disturbanges - -
CB J.3.3, F.5.4 Figure J.2 Figure F.2, Fjgure F.3
Figure F.4
MRCD J.3.3,B.8.12.2.1 Figure J.2 @
Other devices J.3.3,N.3.3 a a

2 No additional figufe necessary.

J.3.2 Conducted RF disturbances (150 kHz to 30 MHz)

The test method and test arrangement shall be as in CISPR 11 or CISPR 22, as relevant.
The particular test set-up, including the type of cable, shall be detailed in the test report.

J.3.3 Radiated RF disturbances (30 MHz to 1 000 MHz)

The test set-up is shown in Figure J.2.

The particular test set-up including supply bars, transformer, etc. shall be detailed in the test
report.
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To be kept to a minimum
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the case of a withdrawable circuit-breakery{the EUT includes the draw-out cradle.

Figure J.1 - EUT.mounted in a metallic enclosure
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L=3mor10m?@

Flexible connections

>0,5m

N

Insulating
supgort

’
%
2
l
v
?
i

~Recelving antenna

I

Antenna mast

/

Ha

Turntable

il

Ground plane IEC

a8 See CISPR 11/CISPR 22.

Figure J.2 — Test set up for the measurement of radiated RF emissions
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Contact discharges on conductive accessible parts

Air discharges on non conductive accessible parts
Indirect discharges on the enclosure /
/4 4

Metallic enclosure as
Figure J.1

Two resistorg of 470 kQ
in eries replace HF
connection in Figure J.1

BCs

470 kR

Test genergtor

470[ kQ

Insulating support Ground plane —_—

IEC

Figure J.3 — Test set up for the verification of immunity to electrostatic discharges

Not specified @

>

Insulating
material

a
Floor absorbers @ H

{

R R R R R R R R R

a8 See IEC 61000-4-3.

Figure J.4 — Test set up for the verification of immunity to radiated RF
electromagnetic fields
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Metallic enclosure

EUT

See Figure J.1 for metallic

|
\ | enclosure test setup
|

0,9 m < L < 1,0 m (total injection cable length)

AE auxiliary equipment

HF high frequency connection

Figure J.6 — Test set up for the verification of immunity to electrical

fast transients/bursts (EFT/B) on signal lines

ERT/B
génerator
R — [
=z 1: HF
o
L / § Y
Insylating support Ground plane —
IEC
Key
HF  high frequency connection
Figure J.5 — Test set up for the verification of immunity to electrical
fast transients/bursts (EFT/B) on power lines
Insulating support
!
EUT : 0,9 m < L < 1,0 m (total injection cable length)
\
|
{ >5,0m
|
[
|
§a VA |
HF | €
S = L4
24
7N T
/ | B _
Insulating support : ) Coupling clamp Ground plane £c
Key
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Characteristics list

Symbol

IEC 60417 or
IEC 60617
reference

Subclause of
this standard

IEC 60417-5007

Circuit-breaker, closed position | (2002-10) 52
Circuit-bfeaker, open position O IEC(§832171-05)008 8.2
/IEE IEC 60617-
S00287,
. . A
Isolation|suitability — circuit-breaker and ICB ccl)gglggg#l_th Ei
S00220
(2007-01)
_ S /I IEC 60617-
Isolation|suitability — CBI S00288 4.5
(2007-01)
Neutral gole terminal N 8.2
Protectivie earth terminal @ IEC(SSS;L—SS)MQ 8.2
Rated cdntrol circuit voltage U, 4])7.2
Rated vdltage of the voltage source of an MRCD Ug M.4[1.2.1
Rated vdltage of the monitored circuit for an MRCD U, Anrlex M
Rated current I 4.3.3.3
Rated impulse withstand voltage Uimp 4.3.2.3
Rated ingulation voltage i 4.3.2.2
Rated oglerational voltage U, 4.3.2.1
Rated sdrvice short-circuit breaking capacity les 4.316.2.3
Rated sHort-circuit making,capacity lem 4.3.6.1
Rated short time withstand current ow 4.3.6.4
Rated repidual_shert time withstand current of an MRCD Law M.4.3.5
{4 . Annex L
Rated cagnditional short-circuit current c Anrex M
Rated conditional residual short-circuit current of an MRCD le M.4.3.2
Rated ultimate short-circuit breaking capacity ley 4.3.6.2.2
Selectivity limit current I 2.17.4
Take-over current Ig 2.17.5
Conventional enclosed thermal current line 4.3.3.2
Conventional free air thermal current L 4.3.3.1
CBRs and MRCDs of type AC IEC(SS;‘;_G?)MB MB44'24'211
CBRs and MRCDs of type A |Ec(2681421_70-16)149 a2
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Characteristics list

IEC 60417 or
IEC 60617
reference

Subclause of
this standard

MRCDs of type B AN M.4.2.2.3
. B.7.2.6
Test device CBR or MRCD T M726
Current setting of adjustable overload release I 4.7.3
Corresponding tripping time £ Figure K.1
Ground fault current setting Ig Figure K.1
Correspdnding tripping time tg Figure K.1
Individudl pole short-circuit breaking capacity
(phase/eprthed systems) su Annex C
Individudl pole short-circuit test current (IT systems) It Anrjex H
2|20
Rated in$tantaneous short-circuit current setting I; FIAgnurr:xKLj
Annjex O
Maximunp corresponding tripping time 8 Figure K.1
Not suitable for use in IT systems @ Anrex H
Rated repidual short-circuit making and breaking capacity I Annex B
Am Anrlex M
¥ . Anrnex B
Rated repidual non-operating current Lo Anfex M
¥ . Anrnex B
Rated repidual operating current Lin Andex M
Residualloperating current IR Figure K.1
Short time pick-up current leq Figure K.1
Correspdnding tripping time tey Figure K.1
Suitability for phase earthed systems C 4.3.2.1
Limiting pon-actuating time at 2./ At Anrex B
Time delpy CBR or MRCD with-limiting non-actuating time B.p a)
of 0,06 s M|3.4
CBRs folf use with 3-phase supply only @ B.§.9.3
Rated aytomaticire-closing operating residual current iar R|2.2
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12¢ characteristic
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o
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INST

-
-
IEC

long time

LT
ST

residual current

RC

short time

GF ground fault

instantaneous

INST

Figure K.1 — Relationship between symbols and tripping characteristics
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g
5
3
T
e
10
| K
|
1
1 10 100 200
Prospective current (kA r.m.s.) .
IE(

Figure K.2 — Template for characteristics of cut-off current versus
prospective current from 1 kA to 200 kA
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500

100

10

Peak current (kA

0,01 0,1 1 10 100 20
Prospective.current (kA r.m.s.)

Figure K.3 — Template for characteristics of cut-off current versus
prospective current from 0,01 kA to 200 kA
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108

107

106

10°

Let-through energy (Azs)

104

103

10 100 200

Prospective cutrent (kA r.m.s.)

IEC

Figure K.4 — Template for characteristics of let-through energy
versus prospective current from 1 kA to 200 kA
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108
10%
10* N
103 N
| N
N
102
0j01 0,1 1 10 100 200
Prospective current (kA r.m.s.)
IEC

Figure'K.5 — Template for characteristics of let-through energy
versus prospective current from 0,01 kA to 200 kA
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A
500 /
/
/'/
/| 8,
/
100 / y
V4 7
S e
] VY 4
- J /-
3 Y 4
= / y 4
B c /
3 /
a / /
10 f
/
7/
/7
\ 4
‘ \\
1 !
1 10 100 200
Prospective current (kA r.m.s.)
IEC

A Prosp
B Prosp

C Typicg

The use
presentat

In the cag

through (
(inrush) p

The typic
vary acco

ective asymmetric peak current under the test conditions of this standard
pctive symmetrical peak current

| cut-off current characteristic

on, allowing easier interpretation by the user.

rospective current) if the cireuit-breaker were not present. The comparison is made with the a
Pak current or the symmetrical peak current (see 2.3).

bl curve does not jmply any requirement of the standard for a particular curve shape or value,
Fding to the design.of the product.

Figure K.6 — Example of the use of template to Figure K.2

of the templates by manufacturers, {0) plot the characteristics of circuit-breakers will provide

e of cut-off current the effectoficurrent limiting is shown by comparison with the current that wg

common

uld be let
ymmetric

which will
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A Let-th
B Typicd

The use
presentat

Let-through energy (Azs)

10°

104

103
10 100
Prospective cufrent (kA r.m.s.)

200

IEC

ough energy of one half cycle of prospective cutrent at 50 Hz

| let-through energy characteristic of a 250-A“MCCB at 400 V 50 Hz

of the templates by manufacturers to plot the characteristics of circuit-breakers will provide
on, allowing easier interpretation bysthe user.

In the cade of let-through energy the effeéct.6f current limiting is shown by comparison with the energy thaf

let throug

The typic
or value,

h in one half-cycle of the symimetrical prospective current if the circuit-breaker were not present

bl curve for the 250 A MCCB does not imply any requirement of the standard for a particular cu
hich will vary according.to the design of the product.

Figure K.7 — Example of the use of template to Figure K.4

common

would be
see 2.3).

rve shape
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Annex L
(normative)

Circuit-breakers not fulfilling the requirements
for overcurrent protection

L.1 General

This annex covers circuit-breakers which do not fulfil the requirements for overcurrent
protection specified in the main part of this standard, hereinafter referred as CBls. They are
capablerofbeing-tripped-byanatxitiary-devicee-g—shuntorundervoltageretease—Fhey do not
provide |circuit protection but may trip under short-circuit conditions for self-protectign. They
have a |conditional short-circuit rating and may be used for isolation. They may\incorporate
accessdries such as auxiliary and alarm switches for control purposes, .and/or|remote
operatofrs.

A CBI fprms part of a circuit-breaker range, being derived from an equivalent circuitibreaker
(L.2.1) by omitting the overcurrent releases (class Y) or the overload(réleases only (dlass X),
see L.3.

L.2 Terms and definitions

In additlon to the terms and definitions given in Clausé.2, the following terms and ddfinitions
apply.

L.2.1
equivalent circuit-breaker
circuit-breaker from which the CBI has be€n derived, which has been tested according to this
standard and which has the same framg.size as the CBI

L.2.2
overcuirent protective device
OCPD
device ihtended to proteet.@' CBIl against overcurrents by interrupting them, and incorporating
overload protection no dess effective than that of the equivalent circuit-breaker and an |, (for a
circuit-breaker) or a breaking capacity (for a fuse) equal to or higher than that of the equivalent
circuit-breaker

Note 1 to[entry;.“The OCPD may be the equivalent circuit-breaker.

L.3 Classification

CBIls are classified as follows:

e class X: with integral non-adjustable instantaneous short-circuit releases for self-protection;

o class Y: without integral short-circuit releases.
L.4 Rated values

L.4.1 Rated current (/)

The rated current of a CBI shall not exceed the rated current of the equivalent circuit-breaker.

NOTE The rated current of a CBI can be correlated to the rated current corresponding to utilization category
AC-22 (see Annex A of IEC 60947-1:2007/AMD2:2014).
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Rated conditional short-circuit current (/)

se 4.3.6.4 of IEC 60947-1:2007/AMD2:2014 applies.

A CBI may have a value of /. equal to or higher than that of the /_, of the equivalent circuit-
breaker.

L.5 Product information

A CBI shall be marked according to 5.2, as relevant, except that the symbol of suitability for

isolation,_if applicable, shall be L replacing the symbol shown in the
dashed jtem of 5.2 a).
In additipn it shall be marked as follows:

— for 5

whe
— for 5

o 1

o {ihe OCPD, if specified.

Manufaq
overcur

L6

A CBI,
applical
NOTE A
L7 1
L.71

L.7.1.1

.2, item a): with the symbol according to the classification:
CBI-X | or |CBI-Y as applicable.
= ..

e /; is the rated instantaneous short-circuit current setting{see 2.20).

.2, item c): with the following items:

ated conditional short-circuit-current (/;.);

turer's instructions should draw attention to the fact that CBIs do not
ent protection.

fonstructional and performance requirements

being derived from the equivalent circuit-breaker (see L.2.1), complies with
le construction and performance requirements of Clause 7, except 7.2.1.2.4.

CBI can additionally cemply with IEC 60947-3 and be marked accordingly.
[ests

General

CBI of class X

The OCPD is specified.

Case 1:

1

cC = ICU

of the equivalent circuit-breaker.

No additional tests are required.

NOTE The specified OCPD can be

- theeq

uivalent circuit-breaker (see L.2.1);

— another circuit-breaker (see L.2.2);

second

provide

all the

— a fuse of conventional fusing current < the conventional tripping current of the equivalent circuit-breaker and of

a brea

king capacity > /__ of the CBI.
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Case 2:

loc > Iy of the equivalent circuit-breaker.

cC

Tests shall be made according to L.7.2.1 and L.7.2.2, with the specified OCPD.

This applies when

— the specified OCPD is a circuit-breaker of the same frame size as the equivalent circuit-
breaker and of I, > | .. of the CBI,

Ccu = 'cC

or

— the ppecified OCPD is a fuse having a conventional fusing current < the cenVentional
tripping current of the equivalent circuit-breaker and a breaking capacity > /¢ 0fthe(CBI.

L.7.1.2 CBl of class Y
No testq are required, provided that one of the following two conditions are’fulfilled:

— condition 1: /.. < I, of the equivalent circuit-breaker;

— condition 2: /., < maximum setting of the rated instantaneous short-circuit current sgtting of
the equivalent circuit-breaker.

If neithgr of the above conditions are fulfilled, tests are reguired as follows:
Case 1:
The OCPD is specified by the manufacturer.

Tests shall be made according to L.7.2.1~and L.7.2.2.
Case 2:
The OCPD is not specified.

Tests shall be made according to L.7.2.1 and L.7.2.3.

L.7.2 Rated conditional short-circuit tests

L.7.2.1 General

L.7.2.1.1 Applicability

These tests shall be made when required by L.7.1.1 case 2, or by L.7.1.2 case 1 or case 2, as
applicable.

For CBIs having variants with different number of poles, tests shall be carried out on each
variant.

L.7.2.1.2 Test conditions

Subclause 8.3.2.6 applies.

The test circuit shall be according to Figure A.4, SCPD being replaced by OCPD. If the OCPD
is a circuit-breaker with adjustable overcurrent settings, these shall be set at maximum.

If the OCPD consists of a set of fuses, each test shall be made with a set of new fuses.
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Where applicable, the connecting cables shall be included as specified in 8.3.2.6.4 except that,
if the OCPD is a circuit-breaker, the full length of cable (0,75 m) associated with the circuit-
breaker may be on the supply side (see Figure A.4).

L.7.2.1.3 Behaviour during tests

Subclause 8.3.2.6.5 applies.

L.7.2.2 OCPD specified

L.7.2.2.1 Test sequence

Th t H o £o11 H FS ta:
e eS SCTUUTTIVT LUTITPYTTIOT o T TUTTUWITTY tTolo.

Test Subclause
Verification of / L.7.2.2.2
Verification of dielectric withstand L.7.2.2.3

L.7.2.2.2 Verification of /.

The tes{ shall be made with a prospective current equal to /.. of.the CBI.

Each tegst shall consist of a O — t — CO sequence ofsgperations made in accordance with
8.3.5.3,|the CO operation being made by closing the CBK

After each operation, the CBI shall be manually closed and opened three times.

L.7.2.2.8 Verification of dielectric withstand

Following the test of L.7.2.2.2, the dielectric withstand shall be verified in accprdance
with 8.3|5.4.

L.7.2.3 OCPD not specified
L.7.2.3.1 Test sequence

The tes{ sequence campfises the following tests:

Test Subclause
Verification of / L.7.2.3.2
Verification of dielectric withstand L.7.2.3.3

L.7.2.3.2 Verification of /.

The test shall be made with a prospective current equal to /. of the CBI.

Each test shall consist of a O — t — CO sequence of operations made in accordance with
8.3.5.3, the CO operation being made by closing the CBI.

During the test, the current shall be maintained for three cycles and then disconnected at the
power supply.

After each operation, the CBI shall be manually closed and opened three times.
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L.7.2.3.3 Verification of dielectric withstand

Following the test of L.7.2.3.2, the dielectric withstand shall be verified in accordance
with 8.3.5.4.
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Annex M
(normative)

Modular residual current devices
(without integral current breaking device)

M.1 General

M.1.1 Field of application

The provisions—ef—-AnrnrexB—apply—te—this—AnnrexM—adapting—amending—er—supplementing
Annex B as necessary to cover its applicability to equipment where the current sensing means
and/or the processing device are mounted separately from the current breaking device.
Throughout this annex, “CBR” as used in Annex B (see B.2.3.1), is replaced by [MRCD”
(see M.2.2.1).

Wherever relevant, reference is made to the corresponding subclause of Annex B. n other
cases, reference is made to the relevant subclause of the main body.of this standard, of, where
applicallle, of IEC 60947-1.

This anpex contains also additional definitions and characteristics not contained in Annex B,
e.g. “type B” MRCDs (in the context of d.c. residual currént), with consequent requirements and
tests.

Since the equipment covered by this annex does.hot include a current breaking device| certain
conventjonal phrases used in Annex B have been adapted accordingly in this annex, ¢.g. “ON
position] is replaced by “ready condition”, meaning “ready to operate”.

M.1.2 Field of application

This anhex applies to residual current operated devices which do not incorporate a| current
breaking device, hereinafter called “Modular Residual Current Device (MRCD)”. They are
primarily intended to be used in conjunction with circuit-breakers in accordance with this
standard.

NOTE They can also be 'declared suitable for use in conjunction with other current breaking devices.

They may or maynot be functionally dependent on a voltage source.

The object of'this annex is to state the specific requirements which shall be complied with by
the MRCD

M.2 Terms and definitions

The terms and definitions of Annex B apply.

The following additional terms and definitions apply to this annex.

M.21

M.2.1.1
voltage
source i

— thel

Terms and definitions relating to the energization of an MRCD

source
ntended to supply the energizing quantity; it may consist of:

ine voltage
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- avo
M.2.2

M.2.2.1
Modula
MRCD

Itage other than the line voltage

Terms and definitions relating to the operation and the functions of an M

r Residual Current Device

RCD

device or an association of devices comprising a current sensing means and a processing
device designed to detect and to evaluate the residual current and to control the opening of the
contacts of a current breaking device

M.2.2.2

M.2.2.2
operati
time wh
and the

M.2.2.2

Operating time

1
g time of an MRCD

ch elapses between the instant when the residual operating current is suddenly
instant when the MRCD output changes status

2

total operating time of an MRCD and associated current breaking'device (combina

time)
time wh
and the

M.2.2.2

ch elapses between the instant when the residual operating current is suddenly
instant of the arc extinction of the associated current breaking device

3

limiting| non-operating time

maximu
current

M.2.3

m delay during which a residual current higher than the rated residual non-o
can be applied to the MRCD without bringing it actually to operate

conditional residual short-circuit current
prospective residual current that a CBR, protected by a specified short-circuit pr

device,
conditio

M.2.4

NS

residuall short-time withstand current

residual
specifie

current that a CBR in the closed position can carry during a specified short tim
i conditions

M.3 Classification

M.3.1

M.3.1.1

M.3.1.2

applied

tion

applied

perating

otective

can satisfactorily withstand for the total operating time of that device under gpecified

e under

Classificati i I i . f 1 . |

Terminal type: MRCD with incoming and outgoing terminals
and integral primary conductors

Through-conductor type

M.3.1.2.1 MRCD with sensing means and processing device combined.

M.3.1.2.2 MRCD with sensing means and processing device separate.
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M.3.2 Classification according to the method of operation
M.3.2.1 MRCD without voltage source (see M.2.1.1)
M.3.2.2 MRCD with voltage source

M.3.2.2.1 Operating automatically in case of failure of the voltage source.

M.3.2.2.2 Not operating automatically after failure of the voltage source but able to operate
as intended in case of a residual current fault.

M.3.3 Classification according to the possibility of adjusting the residual operating
[—current

Subclause B.3.2 applies.

M.3.4 Classification according to time-delay of the residual current function

Subclause B.3.3 applies.

M.3.5 Classification according to behaviour in presence of’a‘d.c. component
M.3.5.1 MRCD of type AC (see M.4.2.2.1)
M.3.5.2 MRCD of type A (see M.4.2.2.2)

M.3.5.3 MRCD of type B (see M.4.2.2.3)
M.4 Characteristics of MRCDs

M.4.1 General characteristics
M.4.1.1 Characteristics of the.monitored circuit
M.4.1.111 Rated frequency range

Range of frequency values-'0f the monitored circuit for which the MRCD is designed|and for
which itloperates correctly under specified conditions.

M.4.1.1)2 Rated-voltage (U,)

Value of the voltage assigned by the manufacturer to the MRCD.

M.4.1.1)3 Rated current (/)

M.4.1.1.3.1 Terminal type

Subclause 4.3.3.3 applies.

M.4.1.1.3.2 Through-conductor type
Value of current, assigned to the MRCD by the manufacturer and marked in accordance with

Table M.1, item g), which the MRCD can monitor in uninterrupted duty under specified
conditions (see M.8.6).

M.4.1.1.4 Rated insulation voltage (U;)

Voltage, assigned by the manufacturer, to which the dielectric tests and the MRCD creepage
distances are referred with respect to the monitored circuit.
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M.4.1.1.

5 Rated impulse withstand voltage (Uimp)

Peak value of the impulse voltage that the MRCD can withstand without failure and to which the
values of the clearances are referred with regard to the monitored circuit.

M.4.1.2

M.4.1.2.

Values of the voltage source to which the operating functions of the MRCD are referred.

M.4.1.2.

Characteristics of the voltage source of MRCDs

1 Rated values of the voltage source of MRCDs (U)

2 Rated values of the frequencies of the voltage source of MRCDs

Values
are refe

M.4.1.2

Subclauy

M.4.1.2

Subclauy

NOTE In
M.4.1.3

Subclauy

M.4.2
M.4.2.1

Subclau
followin

The ma
residual
Ixn <30

The ma
and with

pf the frequencies of the voltage source to which the operating functions of tth MRCD

fred.

3 Rated insulation voltage (U;)

se 4.3.1.2 of IEC 60947-1:2007 applies.

4 Rated impulse withstand voltage (Uimp)

se 4.3.1.3 of IEC 60947-1:2007 applies.

the case of a specified power supply the requirement applies to the incoming connections.
Characteristics of auxiliary contacts

se 4.6 of IEC 60947-1:2007 applies.

Characteristics of MRCDs concerning their residual current function
General

se B.4.2.4 applies, replacing “non-actuating time” by “non-operating time”, and
j additions.

with the

ximum values of the MRCD operating time shall be stated by the manufacfurer for

current values\equal to /,,, 2 /,,, 5 I, (or 0,25 A for /,,, < 30 mA), 10 /,,, (or
mA).

,5 A for

Kimum-combination time shall comply with Table B.1 for a non-time-delay typ¢ MRCD

Table B.2 for a time-delay type MRCD having a limiting non-operating time of (

,06 s.

MRCDs having /,, < 30 mA shall be of the non-time-delay type. They shall be used only with a
specified current breaking device.

M.4.2.2

M.4.2.2.

Subclau

M.4.2.2.

Subclau

Operating characteristic in case of residual current with d.c. component

1 Type AC MRCD

se B.4.4.1 applies.

2 Type A MRCD

se B.4.4.2 applies.
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3  Type B MRCD

MRCD for which operation is ensured:

— for residual sinusoidal alternating currents,

— for residual pulsating direct currents,

— for residual pulsating direct currents superimposed by a smooth direct current of 6 mA,

— for residual currents which may result from rectifying circuits, i.e.:

e single-phase connection with capacitive load causing smooth direct current,

o

wo-pulse bridge connection line-line,

. ﬂhree-pulse star connection or six-pulse bridge connection,

with
slow

M.4.3
M.4.3.1

Subclauy

M.4.3.2

Subclauy

M.4.3.3

Subclauy

M.4.3.4

Subclauy

M.4.3.5
The rate

time wit
carry wi

M.4.4

M.4.41

or without phase angle control, independent of polarity, whether suddenly~ap
ly rising.

Behaviour under short-circuit conditions
Rated conditional short-circuit current (/

CC)

se 4.3.6.4 of IEC 60947-1:2007/AMD2:2014 applies.

Rated conditional residual short-circuit current {/,.)

se 4.3.6.4 of IEC 60947-1:2007/AMD2:2014 appflies.

Rated short-time withstand current (/)

se 4.3.6.1 of IEC 60947-1:2007/AMD2:2014 applies.

Peak withstand current

se 2.5.28 of IEC 60947-1:2Q007 applies to the primary circuit of the MRCD.

Rated residual short-time withstand current (/,,,,)

bd residual short-time withstand current of an equipment is the value of residu

plied or

8l short-

hstand current,cassigned to the equipment by the manufacturer, that the equipment can

hout damage; under the test conditions specified in this standard.

Preferred and limiting values

Preferred values of the rated residual operating current (/,,)

Subclau

M.4.4.2

Subclau

M.4.4.3

Subclau

M.4.4.4

Subclau

se B.4.2.1 applies.

Minimum value of the rated residual non-operating current (/,,,)

se B.4.2.3 applies.

Limiting value of the non-operating overcurrent in the case of a single-phase

load in a multiphase circuit

se B.4.2.4 applies.

Preferred values of rated voltage of the voltage source of MRCDs

se 4.5.1 applies.
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M.5 Product information

The MRCD, processing device or sensing means, as applicable, shall be provided with the
information as given in Table M.1. Any marking shall be durable. The marking shall be on the
MRCD itself or on one or more nameplates. The manufacturer shall state:

— for a separate sensing means, the details of the sensing means including the conditions for
connection to the processing device (cable type, length etc.);

— for a through-conductor type MRCD, the dimensions of the conductor aperture(s) and the
position of the through-conductors relative to the sensing means;

— for a terminal type MRCD, the maximum cross sectional area of the conductors to be
connected;

- for TI types, distances to be respected with regard to nearby conductors;

— for all types, the conditions to be observed for the connection between the” prqcessing
device and the current breaking device;

— for gll types, the SCPDs to be associated with the MRCD to achieve the rated conditional
(residual or not) short-circuit current;

— for g non-time-delay type, the current breaking devices to be assoeiated with the MRCD to
meel the maximum combination times of Table B.1;

— for g time-delay type having a limiting non-operating time*of 0,06 s, the current breaking
device(s) to be associated with the MRCD to meet the combination times of Table B| 2.
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Separate devices
. Location Single Process-
Information Symbol (see Note 1) | device | Sensing ing
means b
device
a) manufacturer’'s name or trade mark Marked a @ a
b) type designation or serial number Marked a a @
c) IEC 60947-2 Marked a a
d) rated voltage of the voltage source U, Marked a a
e) ratedwoltage of the manitored circuit L Marked a a
~ n
f) rated frequency of the voltage source Literature
g) rated frequency of the monitored Literature
circuit
h) maximum rated current of the I Visible a @ a (see
mon{tored circuit Note 2)
i) rateq residual operating current Lin Visible _ a)
(valye(s) or range, as applicable)
j) rateq residual non-operating current if Ino Literature
it differs from 0,5 lAn
k) lowept residual current setting at 6 / Literatare
for MRCDs with separate sensing
meafs
I) rateq conditional short-circuit current loe Literature
and/pr rated short-time withstand
currgnt, and rated conditional low
resiqual short-circuit current /
AcC
m) Uimp of the voltage source Uimp Literature
. . . a a
n) Uimp of the monitored circuit Uimp Marked
o) IP cgde, where applicable (see IP-- Literature
Anngx C of IEC 60947-1:2007)
p) posifion of use and mounting Literature
prechutions
q) outppt characteristics and/ar Literature
spedified current breaking device(s)
r) operpting characteristic_in case of Visible a @
resiqual currents in.the‘presence or Type AC
absgnce of a d.cscomponent
Type A o~
N
NN
Type B f——
s) limiting non-operating time (value or At or Visible a a
range) at 2 /,  for time-delay type, as
applicable
t) test device T Visible a @
u) wiring diagram Literature
a  Information/marking applies.
NOTE 1 Visible = marked on the device and visible after installation.

Literature = given in the manufacturer’s catalogue or instructions.

Marked = marked on the device but not necessarily visible after installation.

NOTE 2 Only applicable if the residual current is marked as a percentage of / .
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M.6 Normal service, mounting and transport conditions

Clause 6 applies.

M.7 Design and operating requirements

M.71

Design requirements

It shall not be possible to modify the operating characteristic of an MRCD except by means
which are specifically provided for setting the rated residual operating current or the definite

time-del

ay.

NOTE M
M.7.2
M.7.2.1

Subclau
Complig

M.7.2.2
MRCDs

current
current

MRCDs

M.7.2.3

MRCDs

M.7.2.4
MRCDs

M.7.2.5

MRCDs
manufa

RCDs can be provided with means indicating the status of the outputs.
Operating requirements
Operation in case of a residual current

se B.7.2.1 applies.
nce shall be checked by the tests of M.8.3.

Operation under short-circuit conditions
shall have a rated conditional short-circuit current (/..) or a rated short-time w

l.), but may have both. They shall also have'a rated conditional residual sho
I,c) or a rated residual short-time withstand current (/,,,), but may have both.

shall comply with the relevant tests ef'M.8.14.

Mechanical and electricallendurance

shall comply with the tests‘of M.8.11.

Effects of envifonmental conditions

shall comply with*the test of M.8.15.

Dielec¢tric properties

shall\be capable of withstanding the impulse withstand voltage declared
ctufer-in accordance with 7.2.3 of IEC 60947-1:2007/AMD1:2010/AMD2:2014.

ithstand
rt-circuit

by the

MRCDs

shall comply with the tests of M.8.4.

Clearances from the live parts of the monitored circuit to:

— thel

ive parts of the MRCD,

— the parts intended to be grounded,

— the clearances between the current paths, for terminal type MRCDs,

shall withstand the test voltage given in Table 12 of IEC 60947-1:2007 according to the rated

impulse

withstand voltage.
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Test device

MRCDs shall be provided with a test device to simulate the passing through the detecting
device of a residual current, in order to allow periodic testing of the ability of MRCDs to
operate.

The test device shall satisfy the tests of M.8.5.

The protective conductor, if any, shall not become live when the test device is operated.

The operating means of the test device shall be designated by the letter T, and its colour shall
not be red or green; the use of a light colour is recommended.

NOTE The test device is only intended to check the tripping function, not the value at which~the function is
effective Wwith respect to the rated residual operating current and to the break time.
M.7.2.7 Value of the non-operating overcurrent in case of a single phase load
MRCDs|shall comply with the test of M.8.6.
M.7.2.8 Resistance of MRCDs to unwanted tripping due to/surge currents resujting
from impulse voltages
MRCDs|shall withstand the test of M.8.7.
M.7.2.9 Behaviour of MRCDs of type A and B in:case of an earth fault current
comprising a d.c. component
MRCDs|of type A and type B shall comply with the tests of M.8.8, as applicable.
M.7.2.10 Requirements for MRCDs with'voltage source
MRCDs|functionally dependent on g, veltage source shall operate correctly at any value of the
voltage between 0,85 and 1,1 times the rated value Ug (see M.2.1.1 and M.4.1.2.1).
According to their classification, MRCDs functionally dependent on a voltage sourge shall
comply with the requirements given in Table M.2.
Table M.2 — Requirements for MRCDs with voltage source
Class|fication.of the device according to M.3.2.2 Behaviour in case of failure of the voltage $ource
MRCD operating ‘automatically without delay in case of | Operating without delay according to M.8.12

voltage

alrce failure (M.3.2.2.1)

MRCD o

voltage source failure (M.3.2.2.1)

perating automatically with delay in case of Operating with delay according to M.8.12

MRCD n

voltage source but able to operate as intended in case
of a residual current fault arising (M.3.2.2.2)

ot operating automatically after failure of the Operating according to M.8.13

M.7.2.11 Temperature-rise of terminal type MRCDs

M.7.2.11.1 General

The temperature-rise of the parts of terminal type MRCDs shall not exceed the values specified

in7.2.2

of IEC 60947-1:2007/AMD2:2014.
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M.7.2.11.2 Ambient air temperature

The temperature-rise limits given in Table 2 of IEC 60947-1:2007 and in Table 3 of
IEC 60947-1:2007/AMD2:2014 are only applicable if the ambient air temperature remains
between the limits given in M.6.

M.7.2.11.3  Main circuit of terminal type MRCDs

The main circuit of the MRCD, to which the monitored circuit is connected, shall withstand the
rated current as defined in M.4.1.2.3, without the temperature-rises exceeding the limits given
in Table 2 of IEC 60947-1:2007 and in Table 3 of IEC 60947-1:2007/AMD2:2014.

M.7.2.12—Etectrommagnetic compatibitity

Requirements of Annex J apply to the sensing means and the processing device 6f,thel MRCD,
connected in accordance with the manufacturer's instructions.

Tests shall be made in accordance with M.8.16.
Immunity to voltage variations is covered by the requirements of M.7.2:10.

M.7.2.13 Behaviour of MRCDs in case of failure of the sehsing means connectign
For MRCDs with separate sensing means, if the sensing means are disconnected, then

— the MRCD shall operate, or
— the MRCD shall provide a signal to indicate such.disconnection, or
— it shpll be possible to verify the disconnection by operating the test device.

Complignce is verified by the tests of M.8.9¢

M.7.2.14 Behaviour of MRCDs according to the rated frequency

The MRCD shall operate correctly.within its rated frequency range.

Complignce is verified by the tests of M.8.3.3 and M.8.5.

M.8 Tests

M.8.1 General

M.8.1.1 Type tests

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

In the case of MRCDs with multiple settings of residual operating current, the tests shall be
made at the lowest setting, unless otherwise stated.

In the case of MRCDs with adjustable time-delay (see B.3.3.2.2), the tests shall be made at the
highest setting, unless otherwise stated.

The release of the associated breaking device, when applicable, shall be energized at its
lowest rated voltage.
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Table M.3 — Test sequences

Sequences

M | Operating characteristics M.8.3
Dielectric properties M.8.4
Operation of the test device at the limits of rated voltage M.8.5
Limiting value of the non-operating current under overcurrent conditions M.8.6
Resistance against unwanted tripping due to surge currents resulting from M.8.7
impulse voltages
Behaviour in case of an earth fault current comprising a d.c. component M.8.8
Behavioturinrcaseof-faitureof theconnectionto-the—sensing-means -8-9
Temperature-rise M8
Mechanical and electrical endurance M.8.1
Behaviour in the case of failure of the voltage source for MRCDs classified M.8.12
under M.3.2.2.1
Behaviour of MRCDs classified under M.3.2.2.2. in the case of failure-ofithe M.8.18
voltage source

M 1l Behaviour of MRCDs under short-circuit conditions M.8.14

M I Effects of environmental conditions M.8.1%

M IV Electromagnetic compatibility M.8.16

For terminal-type MRCDs having variants with different number of poles, tests shall Qe made

on the V
break fr
identica

One sar

For test
for seve

Unless
MRCD
values.

The MR
air, unle
otherwis

ariant with the greatest number of polesFor a variant where there is no cong

to the variant tested then those variants shall also be tested.
nple shall be tested for each of the test sequences M I, M Il and M IlI.

sequence M IV, a new sample may be used for each test, or one sample may
ral tests, at the manufacturer’s discretion.

btherwise specifiedy'each type test (or sequence of type tests) is carried ou
n new and clean-condition, the influencing quantities having their normal rg

CD shall_be installed individually, according to the manufacturer's instructions|
ss otherwise specified. Ambient temperature shall be between 15 °C and 30 °(
e{specified. Connections and mounting shall comply with the manufa

truction

bm the tested variant, no additional tests are required. If the variants construction is not

be used

on the
ference

L in free
C unless
cturer’s

instructi

ns

M.8.1.2

Subclau

M.8.2

Routine tests

se 8.4.5 applies.

Compliance with constructional requirements

Subclause 8.2 of IEC 60947-1:2007/AMD1:2010/AMD2:2014 applies, except in so far as 7.1

applies.
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Test sequence M |

M.8.3 Verification of the operating characteristics
M.8.3.1 General

The MRCD shall be installed, mounted and wired according to the manufacturer's instructions.
Unless otherwise specified, it is connected to a test equipment, as specified by the
manufacturer, representing normal service conditions for the output circuit (e.g. connection to a
circuit-breaker) in order to verify the change in the status of the output and the combination
time (see M.2.2.2.2).

M.8.3.2 —Testcomditions for MRCDswithout vottagesource
Subclause B.8.2.2 applies.

M.8.3.3 Test conditions for MRCDs with voltage source
The tesf{s shall be carried out at the following values:

— 0,85|times the minimum rated value of the source voltage for te€sts specified in M.8|3.4 and
M.8.8.5.2;

— 1,1 imes the maximum rated value of the source voltage for'tests specified in M.8.3.5.3.
MRCDs|with a range of rated frequencies shall be testedat/the highest and lowest freqliencies.

Howeverf, for MRCDs rated at 50 Hz and 60 Hz, tests at'60 Hz or 60 Hz are considered o cover
both frequencies.

M.8.3.4 Off-load tests at 20 °C + 5 °C
M.8.3.4/1 General

With theé connections as shown in Figure M.1, Figure M.2 or Figure M.3, the MRCD shall
comply with the tests of M.8.3.4.2, M;8.3.4.3 and M.8.3.4.4 as well as with the test of M.8.3.4.5
where applicable; all these tests-are carried out on a single current path. Each verification shall
comprise three measurements, ‘as applicable.

Unless ¢therwise specified;

— for MRCDs with.'setting of the residual operating current by continuous variation or by
discrete values;-the tests shall be carried out at the highest and at the lowest settings, as
welljas at an.intermediate setting;

— for MRCDs' of the adjustable time-delay type, the time-delay shall be set to its nI\inimum
value:

M.8.3.4.2 Verification of operation in case of a steady increase of the residual current
(Figure M.1)

The test switches S, and S,, and S, if applicable, being in the closed position, and the MRCD
being ready to operate, the residual current is steadily increased, starting from a value not
higher than 0,2 /,,,, up to /,, in approximately 30 s. Three current measurements causing
change in status of the output are carried out.

The three values measured shall be situated between the rated residual non-operating current
Iano @nd /.

M.8.3.4.3 Verification of operation in case of closing on residual current (Figure M.2)

The MRCD is connected to a breaking device, specified by the manufacturer, and installed on
the monitored circuit. The characteristics of this device shall be given in the test report.
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The test circuit being calibrated at the rated value of the residual operating current /5, (or at
each specific setting of the residual operating current if applicable), the test switch S, and the
breaking device being closed, switches S; and S, (if applicable) are closed simultaneously.
The combination time is measured three times.

No measurements shall exceed the limiting value specified for /xn in M.4.2.

M.8.3.4.4 Verification of operation in case of a sudden appearance of residual
current (Figure M.2 and Figure M.3)

The MRCD is connected to the test equipment as specified in M.8.3.1.

The test circuit being calibrated at each of the values of the residual operating current I,
specifiefl in M.4.2, the test switches S, and S if applicable, and the test equipmeént peing in
the cloged position, and the MRCD being ready to operate, the residual current-is guddenly
established by closing the test switch S..

Three measurements of operating time and of combination time (if applicable) are made at
each value of /4:

— nong of the values of operating time shall exceed the values indicated by the manufacturer,
— nong of the values of combination time shall exceed the limits specified in M.4.2.

M.8.3.4)5 Verification of the limiting non-operatingtime of time delayed type MRCDs
(Figure M.3)

The MR[D is connected to the test equipment as specified in M.8.3.1.

The tesf circuit being calibrated at the value\2'/,,, the test switches S4, and S, if applicable,
being in the closed position, and the MRED being ready to operate, the residual cyrrent is
established by closing the switch S, for a.time equal to the limiting non-operating time declared
by the manufacturer in accordance with.M.4.2.

The tes{ is made 3 times. The MRED shall not operate.

If the MRCD has an adjustable current setting and/or an adjustable time-delay, the test is
made, 213 applicable, at.the lowest setting of the residual operating current and at the mlaximum
and minfmum settings of/the time-delay.

M.8.3.5 Tests\at the temperature limits

M.8.3.5/1 General

SubclauseB82-5 appiicb.

M.8.3.5.2 Off-load test at -5 °C

Subclause B.8.2.5.2 applies, but in accordance with M.8.3.4.4 and M.8.3.4.5 if applicable.

M.8.3.5.3 On-load test at +40 °C

Subclause B.8.2.5.3. applies.

After reaching thermal steady-state conditions, the MRCD is submitted to the tests described in
M.8.3.4.4 and in M.8.3.4.5 if applicable.
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M.8.4
M.8.4.1

M.8.4.1.

Verification of dielectric properties
Verification of rated impulse withstand voltage

1 General

The MRCD shall comply with the requirements stated in M.7.2.5. The tests shall be carried out
in all the auxiliary contact positions.

The tests are made in accordance with 8.3.3.4 of IEC 60947-1:2007/AMD1:2010/AMD2:2014

with the

M.8.4.1

M.8.4.1

The tes
IEC 609

M.8.4.1

The test
accordir

The test

a) betw

b) betw
devi

c) betw
-t
-t

M.8.4.1

If the vd
outin a

If the vd

following additions.

5 Verificati ‘ A " ol "

to the monitored circuit
2.1 Tests for terminal type MRCD

t voltage, defined in M.7.2.5, is applied as indicated in 8:3.8.4.1 item
47-1:2007/AMD1:2010.

2.2 Tests for MRCDs of through-conductor type

is carried out on a sensing means through which runs:an uninsulated busbar,
g to the manufacturer's instructions.

voltage, defined in M.7.2.5, is applied as follows:

nstalled

een all the conductors of the monitored circuit connected together and the njounting
plate¢ if the sensing means are separate;

een all the conductors of the monitored circuit connected together and the prqcessing

ce enclosure or its mounting plate;ifthe sensing means are combined;

een each auxiliary circuit and

he monitored circuit;

he enclosure or mountingjplate of the MRCD.

3 Verificationwof-rated impulse withstand voltage of the voltage source circuit
(if applicable)

Iltage source-Circuit is supplied directly from the monitored circuit, the tests arg carried

cordancewith M.8.4.1.2.1.

Itage source circuit is not supplied by the monitored circuit, the test voltage defined in

Table 11

P -of JEC 60947-1:2007 is applied as follows:

a) between all the supply terminals of the voltage source circuit connected together and the
enclosure or mounting plate of the MRCD;

b) between each supply terminal of the voltage source circuit and the other supply terminals
connected together and connected to the enclosure or mounting plate of the MRCD.

M.8.4.2

Capability of any circuits connected to the monitored circuit in respect of

withstanding d.c. voltages due to insulation measurements

The need for this verification of MRCDs which cannot be disconnected in service is under
consideration.

M.8.5

Verification of the operation of the test device at the limits of the rated voltage

Subclause B.8.4 applies, replacing the rated voltage by the rated voltage of the voltage source.

The MR

CD shall be tested in association with the test equipment specified in M.8.3.1.
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M.8.6 Verification of the limiting value of non-operating current under overcurrent
conditions, in case of a single phase load

The MRCD is connected according to Figure M.4 a), b) or c), as applicable, paying particular
attention to the positioning of the conductors in case of a through-conductor type according to
the manufacturer’s instructions, the switch S; being open. The switch S,, where applicable, is
then closed and the voltage Ug is applied.

The test is made in accordance with B.8.5 at a current of 6 /,. For MRCDs with separate
sensing means, the test shall be made at the lowest residual current setting value declared by
the manufacturer.

No charge of state of the MRCD shall"occur.

M.8.7 Resistance against unwanted tripping due to surge currents resulting fram
impulse voltages

M.8.7.1 General

For MRCDs with adjustable time-delay, the time-delay shall be set at itSYminimum.

M.8.7.2 Verification of the resistance to unwanted tripping.-in case of loading gf the
network capacitance

Subclause B.8.6.2 applies, replacing Figure B.5 by Figure"M.5.
No charge of state of the MRCD shall occur.

M.8.7.3 Verification of the resistance to\uhwanted tripping in case of flashover
without follow-on current

Subclause B.8.6.3 applies, replacing Eigure B.7 by Figure M.6.
No charnge of state of the MRCD-'shall occur.

M.8.8 Verification of the behaviour in case of an earth fault current comprising|a d.c.
component

M.8.8.1 General

The tes{ conditions of M.8.3.1, M.8.3.2 and M.8.3.3 apply.

M.8.8.2 Type A MRCD

M.8.8.2.1 General

Type A MRCDs shall satisfy the tests from M.8.8.2.2 to M.8.8.2.5.

For MRCDs the operation of which depends on a voltage source the tests are made at 1,1 and
0,85 times the rated voltage of the voltage source (Us).

M.8.8.2.2 Verification of operation in case of a continuous rise of a residual pulsating
direct current

Subclause B.8.7.2.1 applies, replacing Figure B.8 by Figure M.7.

The switches S; and S,, and S if applicable, are closed, the MRCD being ready to operate.
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M.8.8.2.3 Verification of operation in case of a suddenly appearing residual pulsating
direct current

Tests of B.8.7.2.2 apply with the following modifications.
The test circuit shall be in accordance with Figure M.8 or Figure M.9, as applicable.

Verification is carried out in two steps:

— for the first step, the MRCD is connected to a measurement instrument indicating the
change in status of the output;

— for the second step, the MRCD is connected to a breaking device, specified by the
manpfacturer, and installed on the monitored circuit. The characteristics of this _breaking
devige shall be given in the test report.

The swifches S4, and S, if applicable, are in the closed position and the MRGD being feady to
operate| the residual current is suddenly established by closing the switch S4.

The tes{ is carried out at each value of the residual current specified:

— for the first step, none of the operating times measured shall exceed the values indicated
by the manufacturer for the response time of the MRCD only;

— for fhe second step, no value of combination time, when applicable, shall exceed the
limiting values specified in M.4.2.1.

M.8.8.2)4 Verification of operation with load at.the reference temperature

The tesis of M.8.8.2.2 are repeated, the current path under test and another current path of the
MRCD being loaded with the rated current, the ‘current being established shortly before the
test.

NOTE Thpe loading with rated current is not shewn in Figure M.7c).

L

M.8.8.2)5 Verification of operation in case of a residual pulsating direct curren
superimposed by a'smooth direct current of 6 mA

Tests of B.8.7.2.4 apply with\the following modifications.
The tes{ circuit shall be-in accordance with Figure M.10 a), b) or c), as applicable.

M.8.8.3| Typé B MRCD

M.8.8.3/1 General

Additionalty 1o the tests specified Ih M.3.3.4 and M.8.3.5, type B MRCDS shall comply with the
tests from M.8.8.3.2 to M.8.8.3.6. For MRCDs with voltage source, these tests are carried out
at 1,1 and 0,85 times the rated voltage of the source voltage.

M.8.8.3.2 Verification of operation in case of a slowly rising residual smooth direct
current

The test circuit shall be in accordance with Figure M.11, switches S; and S,, and S, if
applicable, being closed. Each current path is tested twice in position | and twice in position Il
of switch Sj.

The residual current, starting from zero, shall be steadily increased to 2 /,,, within 30 s.
Operation shall occur between 0,5 and 2 /,,.
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M.8.8.3.3 Verification of operation in case of a suddenly appearing residual smooth
direct current

The test circuits shall be in accordance with Figure M.12 and Figure M.13.

Verification is carried out in two steps:

— for the first step, the MRCD is connected to a measurement apparatus giving the status of
the output;

— for the second step, the MRCD is connected to a current breaking device, specified by the
manufacturer and installed on the monitored circuit. The characteristics of this breaking
device shall be given in the test report.

The cirduit being successively calibrated at the values specified hereafter, the auxiliary switch
S, or §,, as applicable, being closed and the MRCD being ready to operate{ the [residual
current (s suddenly established by closing switch S,.

The test is carried out at each value of residual current specified in Table 'B.1, multiplied by
two.

Two opgrating time measurements are performed for each value/ the auxiliary switch $; being
in positipn | for the first measurement and in position Il for the seecond measurement:

— for the first step, none of the values obtained shall _éxceed the values indicated by the
manpfacturer for the actuating time of the MRCD along,

— for the second step, no value of combination time, when applicable, shall exceed the
limiting values specified in M.4.2.1.

M.8.8.3)4 Verification of operation in case of a slowly rising residual current
resulting from a fault in a circuit fed by a three-pulse star or a six-pylse
bridge connection

The tes} circuit shall be in accordance with Figure M.14, the switches S, and S,, ahd S, if
applicahlle, being in the closed position. The test shall be carried out twice.

For each test, starting from, Zero, the current shall be steadily increased to 2 /,,, within 30 s.
Operatign shall occur between 0,5 and 2 /,,.

M.8.8.3)5 Verification of operation in case of a slowly rising residual current
resalting from a fault in a circuit fed by a two-pulse bridge connecti¢n line-
to-line

The tes} cireuit shall be in accordance with Figure M.15, with switches S; and S,, and S, if
applicahle,vbeing in the closed position. The test shall be carried out on all possible
combinations of pairs of current paths for the MRCD sensing means.

For each test, starting from zero, the current shall be steadily increased to 1,4 /,, within 30 s.
Operation shall occur between 0,5 and 1,4 /.

NOTE 1 To simplify tests for residual currents caused by a fault in a circuit supplied by a two-pulse bridge
connection line-to-line or a three-pulse star connection or six-pulse bridge connection, the verification of the
operation is carried out only with a residual current slowly rising and a phase control angle of o = 0°.

NOTE 2 To simplify tests for residual currents caused by a fault in a three-phase rectified circuit, the verification
of the operation is carried out only for a three-pulse star connection.

M.8.8.3.6 Verification of operation with load at the reference temperature

The tests of M.8.8.3.2, M.8.8.3.4 and M.8.8.3.5 are repeated, the current path under test and
another current path of the MRCD being loaded with the rated current.
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M.8.9 Verification of the behaviour of MRCDs with separate sensing means in case of
a failure of the sensing means connection

M.8.9.1 General

For MRCDs with a range of rated values of the voltage source, tests shall be made for each
rated value, according to M.8.9.2 or M.8.9.3, as applicable, according to the manufacturer’s
instructions.

M.8.9.2 Test method 1

The MRCD shall be connected to the external sensing means and is supplied successively with
each rated voltage as shown in Figure M 16 There shall be no fault current flowing in the

sensing[means and the test circuit shall not be activated.

The semsing means are disconnected and the MRCD shall operate or provide a signal to
indicate|such disconnection.

The timg interval between the disconnection and the output status change-is measured.
Three measurements are carried out; no value shall exceed 5 s.

M.8.9.3 Test method 2
Tests shall be carried out as follows:

a) Theltest device is activated. The MRCD shall operate.

b) The|sensing means are disconnected and thedest device is activated. The MRCD shall not
opernate.

M.8.10 | Verification of temperature-rise.of terminal type MRCDs
M.8.10. General
Unless ptherwise specified, the MRCD is connected with the appropriate conductors whose

cross-sections are specified in Tables 9, 10 and 11 of IEC 60947-1:2007, and is fixed qn a mat
black pginted plywood board\of about 20 mm thickness.

The test shall be carried out in an atmosphere protected against abnormal external hgating or
cooling.

M.8.10.2 Ambient air temperature

Subclause. 8.3.3.3.1 of IEC 60947-1:2007/AMD2:2014 applies.

M.8.10.3 Test procedure

The test shall be carried out in accordance with 8.3.3.3.4 of IEC 60947-1:2007, at the rated
current /.

During this test, temperature-rise shall not exceed the values listed in Table 2 of
IEC 60947-1:2007 and Table 3 of IEC 60947-1:2007/AMD2:2014.

M.8.11 Verification of mechanical and electrical endurance
The MRCD output is submitted to mechanical and electrical endurance tests including:

— 500 off-load operations controlled by the test device;
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— 500 off-load operations by passing the rated residual operating current /5, through one
current path;

— 500 on-load operations controlled by the test device;
— 500 on-load operations by passing the rated residual operating current /5, through one
current path.

The on-load tests are carried out on a circuit corresponding to the output rating given by the
manufacturer.

After the tests, the MRCD shall show no damage impairing its further use. The output shall be
able to withstand in the open position a voltage equal to twice its maximum rated value given
by the manufacturer

NOTE 1 Tlhis verification is not applicable if the output is designed for a specific load and does not haje a rated
output voltage.

For MRCDs having more than one output rating, two tests shall be made:

— ategt at the highest rated current at the corresponding voltage;
— ategt at the highest rated voltage at the corresponding current.

The MR[CD shall be capable of performing satisfactorily the tests ‘'specified in B.8.10.4.2.

NOTE 2 |If the MRCD output has an appropriate AC15 rating, agcording to IEC 60947-5-1, the tesfs of this
subclausg are not necessary.

M.8.12 | Verification of the behaviour of MRCDs. in,case of failure of the voltage spurce
for MRCDs classified under M.3.2.2.1

M.8.12. General

For adjyistable residual operating curreniyMRCDs, the test shall be carried out at the lowest
setting.

For adjustable time-delayed MRCDs, the test is carried out at any one of the time-delay
settings

The volffage applied is the_rated voltage of the voltage source (Uy).

For MRCDs having)a‘range of rated voltages of the voltage source, the tests shall be made at
the maxjmum amdyminimum values of the voltage range.

M.8.12.2 / Determination of the limiting value of the voltage source

Tests shall be carried out in accordance with B.8.8.2, replacing “line voltage” by “voltage
source” and “line terminals” by “voltage source terminals”.

M.8.12.3 Verification of automatic opening in case of voltage source failure
Tests are carried out in accordance with B.8.8.3, replacing “line voltage” by “voltage source”

and “line terminals” by “voltage source terminals”, but in this case the time interval between the
switching off and the change in status of the output shall be measured.

Three measurements are carried out:

— for instantaneous MRCDs, no value shall exceed 1 s;
— for time delayed MRCDs, no value shall exceed 1 s plus the set time-delay.
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M.8.13 Verification of the behaviour of MRCDs with voltage source as classified
M.3.2.2.2 in case of failure of the voltage source

under

The provisions of B.8.9 apply in the case where the voltage source is the line voltage of the
monitored circuit. In the case where the voltage source is other than the line voltage, a test

shall be made as follows.

For MRCDs having an adjustable residual operating current, the test shall be made at the

lowest setting.

For MRCDs having an adjustable time-delay, the test is made at any one of the time-delay

settings.

The MR[CD is connected according to Figure M.3 and is supplied with its rated voltage;
case of @ range of rated voltages, with the lowest rated voltage.

br in the

The supply is then switched off by opening S, or S;, as applicable; the MRCD ghall not

operate

The swilch S, or S, as applicable, is then reclosed and the voltage is reduced to 70
lowest nated voltage. The rated residual current /5, is then applied by closing S,; thg
shall opgrate.

Test segquence M Il

M.8.14 | Verification of the behaviour of the MRCD under short-circuit conditions

M.8.14. General

Since an MRCD is not a switching deviéé, where it has been tested with a give
according to M.8.14.3 and M.8.14.5, tests*with other SCPDs of a lower peak current a
I2t are considered to be also covered.

M.8.14.2 General conditions for the test
M.8.14.2.1 Test circuit

Subclause 8.3.4.1.2 of\l[EC 60947-1:2007/AMD1:2010 applies, replacing Figures 9, 10
12 by Figure M.17, kigure M.18 and Figure M.19.

For shoft-time_withstand tests, the SCPD shall be omitted.

o of the
MRCD

SCPD
d lower

11 and

M.8.14.2.2" Tolerances on the test quantities

Table 8 of IEC 60947-1:2007 applies.

M.8.14.2.3 Power factor of test circuit

Table 11 applies.

M.8.14.2.4 Power frequency recovery voltage

Subclause 8.3.2.2.3, item a), of IEC 60947-1:2007/AMD2:2014 applies.

M.8.14.2.5 Calibration of the test circuit

The SCPD and the MRCD, if of the terminal type, are replaced by temporary connections of
impedance negligible compared with that of the test circuit. For other MRCDs, the conductors

through the sensing means are part of the calibrating circuit.
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For the test at rated conditional short-circuit current /.., the resistors R and the reactors L are
adjusted so as to obtain, at the test voltage, a current equal to /., at the prescribed power
factor. The test circuit is energised simultaneously in all poles.

For the tests at rated residual conditional short-circuit current /,, the additional impedance Z is

used so

as to obtain the required current values.

M.8.14.2.6 Condition of the MRCD for tests

The wiring and the fixing of the MRCD shall be in accordance with the manufacturer's
instructions.

This is
that pas

The MR

M.8.14.]

s through the sensing means.
CD shall be mounted on a metal plate.

p.7 Condition of the MRCD after tests

particularly the case for MRCDs of the through-conductor type for installing conductors

After each test of M.8.14.3, M.8.14.4 and M.8.14.5, the MRCD shall'show no damage impairing

its furth
equal tg

The MR
M.8.12.

M.8.14.]
M.8.14.]
This tes

associa
rated sh

M.8.14.]

The neg
terminal

M.8.14.]

The rate

br use and, in case of a terminal type MRCD, shall be capable of withstanding 4
twice its rated voltage under the conditions of 8.3.3.6.

CD shall be capable of performing satisfactorily‘the tests specified in B.8.10
B, if applicable, and limited to one measurement:

B Verification of the rated conditionalshort-circuit current (/)
8.1 General
t is not necessary if the let-through peak current and the let-through energ

ed SCPD are lower than the peak current and let-through energy correspondin
ort-time withstand current /3

8.2 Test conditions

jligible impedancge)connections are replaced by the SCPD and, if applicable
type MRCD.

.3  Test.procedure

d voltage of the voltage source, if applicable, is applied.

voltage

4.2 and

y of the
g to the

by the

The following sequence of operations Is periormed.

O-t-0

M.8.14.3.4 Behaviour of the MRCD during the tests

During t

he tests the MRCD may operate.

M.8.14.4 Verification of rated short-time withstand current (/.,)

Subclau

se 8.3.4.3 of IEC 60947-1:2007 applies to the primary circuit.

The test may be carried out at any convenient voltage. The SCPD of Figure M.17, Figure M.18
and Figure M.19 shall be omitted for the test.
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M.8.14.5 Verification of the rated conditional residual short-circuit current (/,¢)
M.8.14.5.1 General

This test is not necessary if the let-through peak current and the let-through energy of the
associated SCPD are lower than the peak current and let-through energy corresponding to the
rated residual short-time withstand current /,,,.

M.8.14.5.2 Test conditions

The MRCD shall be tested under the conditions prescribed in M.8.14.2.1 but shall be
connected so that the short-circuit current is a residual current. For residual short-circuit tests,
the conpection B, indicated by the dashed line in Figure M.17, Figure M.18 and Figure M.19,
replaces the connection through the sensing means, between X and Y.

The tes{ is carried out on one current path.

The nedligible impedance connections are replaced by the SCPD and, where applicable, by the
MRCD.

M.8.14.5.3 Test procedure
The follpwing sequence is performed without synchronisation with respect to the voltage wave:
O0-t-0

M.8.14.5.4 Behaviour of the MRCD during the‘tests

During the tests the MRCD may operate.

M.8.14.6 Verification of rated residual short-time withstand current (/)

Subclause M.8.14.4 applies except that the MRCD shall be connected so that the short-circuit
current |s a residual current.

Test seguence M IlI

M.8.15 | Verification 6feéffects of environmental conditions

The tes{s conditions_of B.8.11 apply.

At the end of\the tests, the MRCD shall be capable of performing satisfactorily the tests
specifief in-B78.10.4.2.

Test sequence M IV

M.8.16 Verification of electromagnetic compatibility
M.8.16.1 Immunity tests
M.8.16.1.1 General

Subclause B.8.12.1 applies, replacing "CBR" by "MRCD" where necessary, except that the
verifications after the tests shall be a measurement of the operating time (see M.2.2.2.1) at /,,,
which shall not exceed the value declared by the manufacturer (see M.4.2). The test circuit for
the verification shall be in accordance with Figure M.3.
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M.8.16.1.2 Electrostatic discharges

Subclau

se B.8.12.1.2 applies with the additional specifications given in M.8.16.1.1.

M.8.16.1.3 Radiated RF electromagnetic fields

Subclau

se B.8.12.1.3 applies with the additional specifications given in M.8.16.1.1.

The test set-up shall be in accordance with Figure J.4, and Figure M.20 for MRCDs with
separate sensing means.

M.8.16.1.4  Electrical fast transients/bursts (EFT/B)

Subclau

The tes
MRCDs

M.8.16.

Subclau

M.8.16.

Subclau

The tes
means.

An EM ¢
of the C

M.8.16.]

Subclau

se B.8.12.1.4 applies with the additional specifications given in M.8.16.1.1.

I set-up shall be in accordance with Figure J.5 and Figure J.6, and Eigure |
with separate sensing means.

.5 Surges

se B.8.12.1.5 applies with the additional specifications givenin M.8.16.1.1.

.6 Conducted disturbances induced by RF fields’(common mode)

se B.8.12.1.6 applies with the additional specifi€ations given in M.8.16.1.1.

t set-up shall be in accordance with Figure M.22 for MRCDs with separate

.21 for

sensing

lamp may be used when normal functioning cannot be achieved because of the impact

DN on the MRCD.

P Emission tests

se B.8.12.2 applies.
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Figure M{1a) — MRCD with separate @ Figure M.1b) — MRCD with integral Figure M.1c) — Terminjal type
sensing means sensing means MRCD
Key
S powefr supply S, auxiliary switch
| sepafate voltage source, if applicable Z.” variable impedance
V  voltmeter T sensing means
A ammeter C output circuit
S4 multipole switch D instrument indicating the change of status
Sy singlg-pole switch
Figure M.1 — Test circuits for the verification of operation in the case
of a steady increase of residual current
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Figure M.2a) — MRCD with Figure M.2b) — MRCD with Figure M.2c) — Termina| type
separate sensing means integral sensing means MRCD

Key

S powef supply S, auxiliary switch

| sepafate voltage source, if applicable Z variable impedance
V voltmeter T  sensing means

A ammeter C  output circuit

S1 multipole switch B  breaking device

Sy singlg¢-pole switch Osc oscilloscope

Figure M.2 — Fest circuits for the verification of operation in the case
of a sudden,;appearance of residual current (with breaking device)



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016

oy~

- 199 -

S2 Sy
IEC IEC
Figure MJ3a) — MRCD with separate Figure M.3b) — MRCD with integral Figure M.3c) — Termihal type
sensing means sensing means MRCD

Key

S powefr supply S,  auxiliary switch

| sepafate voltage source, if applicable Z variable impedance

V voltmeter T sensing means

A ammeter C output circuit

S1 multipole switch G generator

Sy singlg-pole switch Osc oscilloscope

Figure M.3 — Test circuits for the verification of operation in the case
of a sudden-appearance of residual current (without breaking device)
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Figure M.4 — Test circuits for the verification of the limiting value
of non-operating current under overcurrent conditions
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Figure M.7 ~Test circuits for the verification of operation in the case
of a-continuous rise of a residual pulsating direct current
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Figure M:9>—Test circuits for the verification of operation in the case of a sudden
appearance of residual pulsating direct current (with breaking device)
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Figure M.10 — Test circuits for the verification of operation in the case of a residual

pulsating)direct current superimposed by smooth direct current of 6 mA



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 - 207 -

s . S I s [
e e e —— —_———
¢ N,

44444444444440
O

O

O

Z

2

O

2

ol
O

ﬁs“ /s, Sa ﬁﬁ/sa S, ({/ 6/ d/ ({/ O{/ (5/

( j ,_(\(z )_.. C 1»—{9 g
S | /
T [ > c 2 < v
6) (\_____’>7 MRCD 6) 4y -pmrecD
D :j
z,Hz
S3
I I
j Z IEC

L‘T IEC 2c
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| sepafate voltage source, if applicable Sy two-pole switch
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Figure'M.11 — Test circuits for the verification of operation in the case
of a slowly rising residual smooth direct current
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Figurd M.12a) — MRCD with Figure M.12b) — MRCD with Figure M.12c) — Terminal type MRCD
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Key
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| sepafate voltage source, if applicable V4 variable impedance
V  voltmeter T sensing means
A ammeter measuring d.c. current C output circuit
S4 multipole switch G generator
Sy singlg¢-pole switch Osc oscilloscope
Sg inverfer switch
Figure M.12 — Test circuits for the verification of operation in the case of a sudden
appearance of residual smooth direct current (without breaking device)
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Sy singlg¢-pole switch Osc oscilloscope
Sg inverfer switch
Figure M.43:— Test circuits for the verification of operation in the case of a sudden

appearance of residual smooth direct current (with breaking device)
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Key
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\V voltmeter Z4, Zy variable impedances
A4 ammeter measuring\r'm.s. current T sensing means
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FigureM.14 — Test circuits for the verification of operation in the case of
a slowly rising residual current resulting from a fault in a circuit fed by
a three-pulse star or a six-pulse bridge connection



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 -211 -

s 1 s s !
PSS — —"— 1 e
o 0 —_—m— —_—— 5 0
ND A, P9 NG ARG o O N O mo o 0

()
s1 / /LS / /sa s1 / ‘Sa s1 ﬁ
g 448 4 ¢ {33 £ -G

MRQD

7 \
| T (Do fcj 4 D MRCD] T ok

0
KO—H
oA

bo
1
ﬂ

oy 2 IR =
= T e by | sS

IEC IEC
Figuie M.15a) — MRCD with separate Figure M.15b) — MRCD with Figure M.15c) — Terminal type
sensing means integral sensing means MRCD

Key
S power supply Sy single-pole switch

separate voltage source; if applicable S, auxiliary switch
\V voltmeter Z4, Zy variable impedances
A4 ammeter measuring r.m.s. current T sensing means
Ao ammetepmeasuring a.c. current C output circuit
S4 multipale switch D instrument indicating the change of status

Figure M.15 — Test circuits for the verification of operation in the case of
a-slowly rising residual current resulting from a fault in a circuit fed by
a two-pulse bridge connection line-to-line
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Figure M16 — Test circuit for the verification of the behaviour of MRCDs with separate
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Figure M.17 — Test circuit for the verification of the behaviour of MRCD
with separate sensing means under short-circuit conditions
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Figure M.18 — Test circuit for the verification of the behaviour of MRCD
with integral sensing means under short-circuit conditions
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Figure M.19 — Test circuit for the verification of the behaviour
of terminal type MRCD under short-circuit conditions

tus


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

- 216 — IEC 60947-2:2016 © IEC 2016

Field generating Sensing means
antenna

EUT,

+}_1 Non-conductive
/support

I}e

Power cable Absorbing ferrite

/ or EMI filter

/ Irradiated length:
0,9mto1,0m

TRl oy

EOT \

Irradiated length:

/O,tho1,0m

Sensing means

IEC

Figurel M<20 — Verification of immunity to radiated RF electromagnetic fields — Test set-

)



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016

- 217 -

Insulating support

0%

+10%

0.1
‘2
o
=3
w
0,1m

Cable length:
9m<L<10m

Cable length:
0,9m<L<10m

Sensing means

)
>

: S |C
<

] o2

Insulating support

Figure

A

Coupling clamp Ground plane

+10%
0%

sensin

Any other
metallic part

Cable length: Cable length:
0,1m<L<0,3m

E> 0,5m

0,9m<L<1,0m

M.21 - Verification of immunity to electrical fast transients/bursts (EFT/B)
g means connection of an MRCD with separate sensing means (additional
test of Annex B)

Sensing means

Insulating support

39

N\

CDN

IEC

on the
to the

Insulating support

Figure

Ground plane

M.22 — Verification of immunity to conducted disturbances induced by RF
Test set up for MRCD with separate sensing means (additional to the test of Annex B)

fields —



https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

-218 - IEC 60947-2:2016 © IEC 2016

Annex N
(normative)

Electromagnetic compatibility (EMC) — Additional requirements and test
methods for devices not covered by Annex B, Annex F and Annex M

N.1 General

N.1.1 General

This anj i i } e—ciredit-breaker—heo trg—electronic
circuits |(see 7.3 of | :2010/AMD2:2014), and not covered by yAnnex B
(circuit-breakers incorporating residual current protection), Annex F (circuit-hreakg¢rs with
electronfic overcurrent protection) and Annex M (modular residual current devices).

It covers circuit-breaker auxiliaries such as undervoltage releases, shunt'releases,| closing
coils, mptor-operators, remote status indicators, etc. Communication medules are not [covered
by thesg requirements.

It suppl¢ments Annex J, for test conditions and acceptance criteria“specific to these deyices.

N.1.2 General test conditions

Tests dccording to this annex may be performed-<separately from the test sequences of
Clause 8.

A new device may be used for each test, or one device may be used for several tests, at the
manufagturer's discretion.

N4
e

For devices with different voltage supply'ratings, one device of each rating shall be test

Tests op closing coils are not/necessary if their construction (coil and electronic control) is
identica| to the equivalent shunt'tfips.

The devices shall be.‘mounted in or on the circuit-breaker, in accordance with the
manufagturer's instructions.

Undervqltage releases and power ports intended to be permanently connected to a power
supply ghall be-supplied with the rated voltage. In case of a range of rated voltages, they shall
be supplied ‘at’any convenient voltage within this range.

Devices rated from 50 Hz to 60 Hz may be tested at either one of the rated frequencies.

N.2 Immunity

N.2.1 General
N.2.1.1 Test conditions
Immunity tests may be performed on a circuit-breaker fitted with different devices, and may be

combined with the corresponding tests of Annex B and Annex F, where applicable (e.g.
electrostatic discharges, radiated RF electromagnetic fields, etc.).

Devices, except closing coils, shall be tested with the circuit-breaker closed.
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Closing coils, if applicable (see N.1.1), shall be tested with the circuit-breaker ready to close
(main springs charged).

N.2.1.2 Performance criteria

Criterion A: during the test, the status of the circuit-breaker shall not change and the status of
the outputs of remote indication modules shall not change.

Criterion B: during the test, the status of the circuit-breaker shall not change while the status of
the outputs of remote indication modules may change temporarily, but shall indicate the correct
status of the circuit-breaker after the test.

After the tests, the simplified functional verification of N.2.1.3 shall be made.

N.2.1.3 Simplified functional verification

For both criteria, after the test, the operation of the device shall be chiecked at the rated
voltage,| or, in the case of a range of rated voltages, at any convenient voltage within this
range:

a) An yndervoltage release, when energized, shall not prevent the-circuit-breaker from being
closgd; when the voltage is removed, the circuit-breaker shallNrip.

b) A sHunt trip, when energized, shall trip the circuit-breaker.
c) A clpsing coil, when energized, shall close the circuitsbreaker.

d) A mptor-operator, when energized in accordance with the manufacturer's instructions, shall
be capable of closing and opening the circuit-breaker.

NOTE This test is intended only to check that the device has not been damaged during the immunity fests. It is
not intended to check the full compliance with the requitements of the main body of this standard.

N.2.2 Electrostatic discharges

Annex J applies, in particular J.2.2.
Performjance criterion B of N.2.1-2 applies.

N.2.3 Radiated RF electromagnetic fields

Annex J applies, in particular J.2.3.

The test connections shall be in accordance with Figures 5 or 6 of IEC 61000-4-3:2006, as
applicaljle,, taking into consideration the manufacturer’s instructions for installation. The type of
cable uged{shall be stated in the test report.

For step 1 (see J.2.3), the performance criterion A applies.

For step 2 (see J.2.3), at each of the frequencies listed in J.2.3, the operation of the device
shall be checked according to N.2.1.3. This test is not applicable to remote status indicators.

N.2.4 Electrical fast transients/bursts (EFT/B)

Annex J applies, in particular J.2.4.

The test connections shall be in accordance with Figures 11, 12, 13 and 14 of IEC 61000-4-
4:2012, taking into consideration the manufacturer’s instructions for installation.

Performance criterion A applies.
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Surges

applies, in particular J.2.5.

The test connections shall be in accordance with Figures 5, 6, 7, 8, 9, 10 or 11 of IEC 61000-4-

5:2014,

taking into consideration the manufacturer’s instructions for installation.

Performance criterion B applies.

N.2.6

Annex J

Conducted disturbances induced by RF fields (common mode)

applies, in particular J.2.6.

For steq

For stef
shall be

N.2.7

These té

Tests s
IEC 609

During
remote
after the
with N.2

N.3 B

N.3.1

These
switchin
intendeq

They ar
or sepa

1 (see J.2.6), the performance criterion A applies.

2 (see J.2.6), at each of the frequencies listed in J.2.6, the operation of th
checked according to N.2.1.3. This test is not applicable to remote\status indic

Voltage dips and interruptions

bsts are applicable to devices with permanent a.c. powersUpply only.

nall be performed in accordance with IEC 61000%4-11, at test levels of Tab
47-1:2007/AMD1:2010.

indication modules may change, but shall indicate the correct status of the
test. After the test, the correct operation of the device shall be checked in acc
.1.3.

Emission

General

ests are applicable*to devices incorporating electronic circuits with fund
g frequencies greater than 9 kHz (see 7.3.3.2.1 of IEC 60947-1:2007/AMD2:20
for continuous-eperation (e.g. undervoltage releases).

b not applicable to shunt trips intended only for use with a clearing switch, eithe
ate.

device
tors.

le 23 of

he test, the status of the circuit-breaker ‘may change. The status of the outputs of

breaker
brdance

amental
14), and

r built-in

They ar

b not applicable to motor-operators not incorporating permanently energized el

lectronic

circuits, because these devices are operated at very infrequent intervals and the duration of the
operations (closing, opening or resetting) is very short (a few hundreds of milliseconds to a few
seconds).

Each device shall be submitted to separate emission tests, these tests shall not be combined

with the

corresponding tests of Annex B and Annex F.

Closing coils, when applicable (see N.1.1), shall be tested with the circuit-breaker ready to
close (main springs charged).

Undervoltage releases and closing coils shall be tested with the circuit-breaker closed.

Shunt tr

Remote

ips and motor-operators shall be tested with the circuit-breaker open.

status indicators shall be tested with the circuit-breaker closed.
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N.3.2 Conducted RF disturbances (150 kHz to 30 MHz)
Annex J applies, in particular J.3.2.

N.3.3 Radiated RF disturbances (30 MHz to 1 000 MHz)

Annex J applies, in particular J.3.3.
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Annex O
(normative)

Instantaneous trip circuit-breakers (ICB)

0.1 General

This annex covers circuit-breakers which fulfil only the short-circuit portion of overcurrent
protection specified in the main part of this standard, hereinafter referred to as ICBs. They
comprise instantaneous short-circuit releases which may be adjustable but not overload
releases_These devices are generally used in conjunction with other equipment such as motor-
starters| overload relays, etc. In combination with specified overload relays, they offef-complete
overcurrent protection (overload and short-circuit) to both the circuit and specified.equipment.

An ICB [forms part of a circuit-breaker range, being derived from an equivalent circuitibreaker
(see O.2.1) by omitting the overload releases and incorporating a short-circuit releas¢, which
may be|adjustable, designed to provide co-ordinated overcurrent proteetion when associated
with spgcified motor-starters or overload relays.

0.2 Terms and definitions

In additlon to the terms and definitions given in Clause,)the following terms and dgfinitions
apply.
0.21
equivalent circuit-breaker

circuit-breaker from which the ICB has beentderived, which has been tested according to this
standard and which has the same frame siZe as the ICB

0.3 Rated values

0.3.1 General

The chdracteristics of Clause 4 apply with the exception of the reference to overload releases
and with the following additions.

0.3.2 Ratedcurrent (/)

The rated current of an ICB shall not exceed the rated current of the equivalent circuit-Qreaker.

0.3.3 Rated short-circuit making capacity

ICBs may be assigned a rated short-circuit making capacity different to the equivalent circuit-
breaker.

NOTE ICBs can be assigned a rated short-circuit making capacity equal to or greater than that of the equivalent
circuit-breaker when associated with specified motor-starters or overload relays, and tested according to the
relevant clauses of IEC 60947-4-1 (see O.6.2).

0.3.4 Rated short-circuit breaking capacities

ICBs may be assigned rated short-circuit breaking capacities different to the equivalent circuit-
breaker.

NOTE ICBs can be assigned a rated short-circuit breaking capacity equal to or greater than /_, of the equivalent
circuit-breaker when associated with specified motor-starters or overload relays, and tested according to the
relevant clauses of IEC 60947-4-1 (see 0.6.2).
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0.4 Product information
An ICB shall be marked according to 5.2 as relevant.

Rated short-circuit making and breaking capacities shall be marked, where applicable (see
0.6.1.1). When the ICB is only rated for short-circuit performance in association with a motor-
starter or overload relay (see 0.6.2), the short-circuit ratings of the association shall not be
marked on the ICB.

In addition the ICB shall be marked as follows:

— for 5.2, item a), add the marking “ICB”;

- for f.Z, item b), add the rated instantaneous short-circuit current settings /;, (Sge 2.20)
(actual values or multiples of rated current).

Manufagturers’ instructions shall draw attention to the fact that, below the rated instantaneous
short-cifcuit current settings, an ICB provides no overcurrent protection to itself of to the
circuit. $uch protection shall be provided separately.

When ah ICB is not associated with a specified protected device (see 0.6.2), the manyfacturer
shall provide data to permit the selection of suitable overloads protection, e.g. withstand
characteristics of the ICB up to its maximum instantaneous setting.

0.5 (Constructional and performance requirements

An ICB/| being derived from the equivalent circuit-breaker (see 0.2.1), complies with all the
applicahle construction and performance requirements of Clause 7, except 7.2.1.2.4, itgm b).

0.6 Tests

0.6.1 Test sequence of the ICB:alone
0.6.1.1 General
The tesis of this subclause are not required if

— the short-circuit ¢haracteristics of the short-circuit releases and the main current paths of
the IEB are theisame as those of the equivalent circuit-breaker, or

— the ICB is_only rated and tested as an association (see 0.6.2).

A sample<f each of the maximum and minimum values of the rated current /,; of eadgh frame
size shdllLhe tested

In the case of one or more construction breaks (see 2.1.2 and 7.1.6) within the frame size, a
further sample shall be tested at the maximum rated current corresponding to each
construction.

0.6.1.2 Test sequences

Tests shall be made according to sequences Il and lll of this standard without the verification
of overload releases.

For ICBs having variants with different number of poles, tests shall be made on the variant with
the greatest number of poles. The other variant(s) shall be submitted to the tests of sequence
Il only (without the verification of overload releases).
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0.6.1.3 Verification of short-circuit releases

Following the test of 0.6.1.2, a tripping test is made in accordance with 8.3.3.2.2 on each
phase pole in turn, at the maximum setting of the rated instantaneous short-circuit current. The
test is made at the value of the tripping current declared by the manufacturer for individual
poles. The ICB shall trip.

0.6.2 ICB associated with a specified protected device (i.e. motor-starter or overload
relay)

The applicable test requirements for these associations are covered in the relevant sections of
IEC 60947-4-1, specifically the following clauses:

— co-ofdination with short-circuit protective devices;

— additional requirements for combination starters and protected starters(suitable for
isolgtion;

— performance under short-circuit conditions;
— co-ofdination at the crossover current between the starter and associated SCPD.

NOTE The symbol SCPD in IEC 60947-4-1 applies to various short-circuit protective devices, including tHe ICB.
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Annex P
(normative)

DC circuit-breakers for use in photovoltaic (PV) applications

P.1 Field of application

This annex applies to d.c. circuit-breakers, rated up to 1 500 V d.c., intended for use with

photovoltaic (PV) systems, and hereafter referred to as "PV circuit-breakers".
Circuit-preakers—used— PV systemsare—subjectedtoetectricatenvirommentatandopegrational
conditiops which differ from the general conditions taken into account in the body of this
standard.
The reqlirements have thus been adapted to reflect these conditions of use
The object of this annex is to state:
— the fequirements for circuit-breakers to be used on the d.c. side‘of PV applications;
— the {ests intended to verify the product performances and their maintaining after exposure
to the PV service environmental conditions.
P.2 Terms and definitions
Clause 2 applies.
P.3 Classification
Clause B applies.
P.4 Characteristics of PV circuit-breakers
Clause 4 applies with the\following modification:
A PV cincuit-breakérrated for use not only in PV applications shall have only one rated gurrent.
The impulse-withstand voltage (Uimp) of PV circuit-breakers shall comply with Table P.1|.
TabteP+—Rated-i I ithstamd tsforPV-circuitt ;
Maximum value of rated operational voltage Value of rated impulse withstand voltage

V) V)

300 2 500

600 4 000

1000 6 000

1 500 8 000

NOTE These values are based on requirements in IEC 60364-7-712 for overvoltage category Il, as defined in
IEC 60664-1 and IEC/TR 60664-2-1:2011, Annex D.
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P.5 Product information

Subclau

se 5.2 applies with the following additions:

A PV circuit-breaker shall be marked “IEC 60947-2, Annex P” under the conditions of item 5.2

b).

A circuit-breaker rated for use not only in PV applications shall have the ratings Ug and
corresponding I, / I.s according to this annex clearly separated from the ratings according to
the body of this standard.

A PV

la

necessg

P.6 Normal service, mounting and transport conditions

Clause

Guidang
guidanc

P.7

P.71

Subclauy

P.7.2

Subclauy

PV circliit-breakers shall be capable of interrupting any current up to their rated sho

breaking
direction

Complig

With referencesto/7.2.4.1, such overload conditions do not arise in the case of PV appl

Overcur]
are reqy

+ H N 1 laall 4lo <l <l PAH £ H i £
MeUTr=uUIrcadnct olldil Tiavo TIHTUuTtou 4ariud - Uliaylrdirt Ul oTTIco  CUTITITULUTT Ul Py

ry for each rating) marked under the conditions of item 5.2 c).

b applies with the following addition:

e on de-rating for ambient air temperature up to 70 °Cmay be provided. In
e on operation at temperature lower than -5 °C may alsp be’given.

Lonstructional and performance requiremeénts

Constructional requirements

se 7.1 applies.

Performance requirements

se 7.2 applies with the following modifications:

J capacity, including "critical load current, if exists, in both forward and
S.

nce with these requirements is checked by the tests of P.8.3.

rentcconditions can only result from a short-circuit. Therefore, no tests to this
ired, Tests for short-circuit performance are given from P.8.3.4 to P.8.3.8.

les (as

addition

rt-circuit
reverse

cations.
5 clause

With reference to 7.2.4.2 for operational performance capability, PV circuit-breakers shall be

capable

of meeting the requirements of Table P.2.
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Table P.2 — Number of operating cycles

Rated current 2 Number of operating Number of operating cycles
(A) cycles per hour P Without current With current © Total
In <100 120 9 700 300 10 000
100 < /I <315 120 7 800 200 8 000
315 <1, <630 60 4 800 200 5000
630 < /p <2500 20 2900 100 3000
2500 < Ip 10 1900 100 2 000
a8  This means the maximum rated current far a given frame size
b Column 2 gives the minimum operating rate. This rate may be increased with the consén{ of the
manuyifacturer; in this case the rate used shall be stated in the test report.
€ During each operating cycle, the circuit-breaker shall remain closed for a sufficient time to-ensdre thdt the full
currgnt is established, but not exceeding 2 s.
Due to the installation rules defined in IEC 60364-7-712, the risk of a double fault to eafth does

not nee

PV circdit-breakers.

NOTE T

consideration.

P.7.3

Subclause 7.3 applies.

P.8 Tests

P.8.1

Subclause 8.1 applies.

P.8.2

Subclause 8.2 applies:

P.8.3

Subclause 8.3 applies with the following modifications:

P.8.3.1

j to be taken in consideration. Therefore, Annex H of this’ standard is not applic

he case of a PV circuit-breaker having to interrupt a smal{fault current on one pole only

Electromagnetic compatibility (EMC)

Kind of tests

Compliance with'constructional requirements

Type'tests

Test sequences

able to

is under

With reference to 8.3.1.2, tests omitted from test sequence | need not be made if the PV
circuit-breaker is derived from a circuit-breaker on which identical or more severe tests have
already been conducted, except that tripping characteristics conducted in a.c. do not cover d.c.
characteristics.

With reference to 8.3.1.4, alternative test programmes do not apply to PV circuit-breakers.

P.8.3.2

General test conditions

For all tests, the series connection of poles of the circuit-breaker shall be in accordance with
the manufacturer instructions.
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Samples shall be selected and tested according to column "Terminals marked line/load-No" of
Table 10.

With reference to 8.3.2.2.5, the time constant for operational performance capability, short-
circuit tests and critical d.c. load current test shall be equal to 1 ms. At the discretion of the
manufacturer, a higher value may be used. In this case, it shall be stated in the test report.

P.8.3.3 Test sequence |

Subclause 8.3.3 applies with the following modifications:

With reference to 8.3.3.4.3, for operational performance capability without current, the number
of operdting cycles and the number of cycles per hour are given in Table P.2.

With reflerence to 8.3.3.4.4, for operational performance capability with currentthe number of
operating cycles and the number of cycles per hour are given in Table P.2;"and the time
constanf shall comply with P.8.3.2. Half of the operations shall be made\ with the furrents
flowing in one direction, the other half with the other direction.

With reference to 8.3.3.5, the overload performance test is not applicable.

P.8.3.4 Test sequence Il

Subclause 8.3.4 applies, with the modifications listed in P.8)3.2.

P.8.3.5 Test sequence lll

Subclause 8.3.5 applies with the modifications Jisted in P.8.3.2.

P.8.3.6 Test sequence IV

Subclause 8.3.6 applies with the modifications listed in P.8.3.2.

P.8.3.7 Test sequence V

Subclause 8.3.7 applies withithe modifications listed in P.8.3.2.

P.8.3.8 Test sequence VI

Subclause 8.3.8applies with the modifications listed in P.8.3.2.

P.8.3.9 Critical d.c. load current test

Subclause 8.3.9 applies with the following modifications:

The circuit-breaker shall be closed and opened 10 times on to each of the test currents,
5 times with the current flowing in the forward direction, and 5 times with the current flowing in
the reverse direction.

The time constant shall comply with P.8.3.2.

During the operational performance verification, if applicable, the breaker shall be subjected to
100 operations instead of 50.

P.8.3.10 Thermal cycling test

PV circuit-breakers shall be subjected to temperature cycling according to IEC 60068-2-14, test
Nb, consisting of 50 cycles, each cycle consisting of 1 h at — 40 °C followed by 1 h at + 85 °C.
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Temperature change rate shall be 1 K/min. At the conclusion of the 50 cycles, the devices shall
be returned to room temperature of 25 + 5 °C for a minimum of 3 h.

The dev

ice shall then be subjected to:

— a visual inspection to confirm that there is no distortion or damage to parts that will affect
normal operation and protection;

— the verification of overload releases according to 8.3.3.2.3;

— a verification of temperature rise at the main terminals in accordance with 8.3.2.5. The
temperature rise shall not exceed the values given in Table 7;

— a verification of dielectric withstand according to 8.3.3.6.

The nurlnber of samples shall be in accordance with the requirements of Table ,1Q

sequeng

P.8.3.11

PV q
IEC 609
tempera
required

Where

operatio
this sta
Table Q

el

Climatic test
ircuit-breakers shall be subjected to the climatic tes
47-1:2007/AMD1:2010/AMD2:2014 Annex Q, category B: ‘environment sul

ture and humidity, except that the dry heat test and the low temperature test
, as they are deemed to be covered by the thermal cyclingitest of P.8.3.10.

Table Q.1 of IEC 60947-1:2007/AMD1:2010/AMD2:2014 calls for verifica
nal performance capability, this shall be made by'carrying out the routine tests

ndard, except for the dielectric tests of 8.4.6y which are covered by the

.1 of IEC 60947-1:2007/AMD1:2010/AMD2:2044.

during
this sta
the begi

The nur
sequeng

amp heat test, the functional test shall consist of the mechanical operations of
dard. When only manual operating“means are available, this test can be don
nning of the following cold period.

With ra(erence to footnote g) of Table Q.1<of IEC 60947-1:2007/AMD1:2010/AMLO

nber of samples shall belin accordance with the requirements of Table 10
e |. At the discretion of_the manufacturer, this test may be combined with the

cycling fest and made on the same samples.

P.8.4

Subclau

P.8.5

Routine tests

se 8.4 applies.

Special tests

for Test

s of
ject to
are not

tion of
0 8.4 of
tests of

2:2014,
8.4.2 of
e during

for Test
thermal

Subclau

se.8.5 applies
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Annex Q

Vacant
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Annex R
(normative)

Circuit-breakers incorporating residual current protection
with automatic re-closing functions

R.1 General

R.1.1 Preamble

CBRs gecording—to—AnrnrexB—-o hi ndard N

g—to andard—a provide
protectipn against the effects of electric shock hazards.

CBRs agcording to Annex B need to be manually reset after tripping.

CBRs may be installed at remote, unmanned locations such as telecommunication stgtions or
traffic signaling sites. Where such a CBR is tripped due to a lightning surge or temporgry earth
leakage|there will be a delay and cost in travel to site to effect rectification and restoration of
the supply.

The repults of this tripping by temporary faults such ‘as the blackout of a| mobile
telecommunication station or malfunction of a traffic light,system could cause inconvenjence or
danger {o life.

CBRs with automatic reclosing functions are intended to improve the efficiency of operating
unmannled facilities.

This anfex is essentially based on the relevant requirements of Annex B of this standard.

R.1.2 Field of application

This anfpex applies to CBRs, hereinafter referred to as CBARs, which restore the powefr supply
through| automatic reclosing .without manual operation, in the case of tripping dug to the
residuallcurrent function.

This annex also applies to automatic reclosing devices supplied separately which, when
combingd with a CBR; fulfils the requirements of a CBAR. For the purpose of this anpex, the
term CBAR also.egvers an automatic reclosing device combined with a CBR.

This anpex 'also covers the requirements for CBARs concerning electromagnetic compatibility
(EMC).

This annex applies only to CBARs intended for use in a.c. circuits.

The residual current function of CBARs according to this annex may or may not be functionally
dependent on line voltage. CBARs depending on an alternative supply source for the residual
current function are not covered by this annex.

The object of this annex is to state:

a) specific features of the automatic reclosing function;

b) specific requirements which shall be complied with by the CBAR:
— under normal circuit conditions;
— under abnormal circuit conditions;
— under temporary fault conditions.
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c) tests which shall be performed to verify compliance with the requirements in b) above,
together with the appropriate test procedures;

d) relevant product information.
R.2 Terms and definitions

As a complement to Clause 2 and Clause B.2 of this standard, the following additional terms
and definitions apply:

R.2.1
automatic reclosing

operatir]—t—ﬁl—rﬁ—rrt_ﬂ—t—g Sequence of a mechanical switching device whereby, Tollowing Its opening, it closes
automatjically depending on specific conditions

[SOURCE: IEC 60050-441:1984, 441-16-10, modified — term and supplemented by “defpending
on specjfic conditions”]

R.2.2
rated alitomatic reclosing operating residual current
IAar
maximum value of the residual current at which a type M CBAR"recloses automatically under
the spegified conditions (see R.3.2.1)

R.2.3
selectof switch
switch for selecting automatic reclosing or manual.reclosing mode

R.2.4
reset time
maximum period of time, declared by the manufacturer, during which consecutive rgclosing
operatigns may be made

R.2.5
blocked state
state of|the CBAR in which:-the automatic reclosing function is inhibited and a manualreset is
necessgry

R.2.6
reclosing time<delay
for type| TD CBAR, maximum time between the tripping of the device and the reclosing of the
contacts

Note 1 to entry: For definition of type TD CBAR, see R.3.2.2.

R.2.7

reclosing time

for type M CBAR, maximum time between the instant when the reclosing condition is fulfilled
and the reclosing of the contacts

Note 1 to entry: For definition of type M CBAR, see R.3.2.1.

R.2.8

monitoring time

for type M CBARs, time during which the monitoring is effective after operation of the residual
current tripping function
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R.3 Classification

As a complement to Clause 3 and Clause B.3 of this standard, the following additional

classific

R.3.1

R.3.11

ations apply.

According to the method of construction

Integral CBAR

CBAR as a single unit comprising an automatic reclosing function integrated
manufacturer with the circuit-breaker.

by the

R.3.1.2

An auto
circuits

R.3.2
R.3.21
CBAR,

presenc
current

The ma
continug

Type M
non-haz

Type M
non-haz

R.3.2.2

CBAR,
delay wi

R.4 (

Clause

External automatic reclosing device

matic reclosing device externally connected to a CBR without modification‘of its
br components.

According to the method of automatic reclosing
Earth leakage monitoring type (M)
hereafter called "type M", which monitors the downstréam circuit to ass

e of an earth fault, and does not allow reclosing when the assessed earth
pxceeds /4,

nitoring shall be achieved through the usge)of the line voltage. It may b
us or intermittent.

ardous voltage, hereinafter called."monitoring voltage".

ardous current, hereinafter.called "monitoring current".

Time-delay type (TD)

nereafter called "type TD", for which the automatic re-closing takes place after
thout consideration of the circuit conditions.

Characteristics

internal

ess  the
leakage

e either

CBARs with limitation of test voltage, monitors the downstream circuit by means of a

CBARs with limitation of test<gurrent monitors the downstream circuit by means of a

a time-

.and Clause B.4 of this standard apply with the following addition.

R.4.1

Rated automatic reclosing operating residual current (/,,)

The value of the rated automatic reclosing operating residual current shall be declared by the
manufacturer, without exceeding /,,. The manufacturer may declare different values of /,,, for
different rated voltages.

R.4.2

Maximum number of consecutive reclosing operations

The reset time and the maximum number of consecutive reclosing operations within the reset
time shall be declared by the manufacturer.
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R.5 Marking and instructions

As a complement to Clause 5 and Clause B.5 of this standard, the following additional marking
shall apply:

a) The following data shall be marked on the device, in addition to the marking specified in
5.2 a) and B.5, and be clearly visible in the installed position:

— indication of mode selection of the selector switch: "automatic reclosing" and "manual
reclosing";

b) The following data shall also be marked externally on the device, as specified in item a),
except that they need not be visible when the device is installed. This data shall also be

ma available in the manufacturer's literature:

— rpted control circuit supply voltage (U) of the CBAR, if applicable;
— rpted automatic reclosing operating residual current (/,,,);
— reaning of the indicators (e.g. lamps), if applicable;

c) Thelfollowing data shall either be marked on the device as specified\in item b), or made
available in the manufacturer's literature:

— pgrocedure for replacement of any built-in fuse;

— frocedure for the connection of the earth terminal wheh riecessary for the adltomatic
reclosing function;

— reset time and corresponding maximum number ofréclosing operations;
— monitoring time and reclosing time for type M CBARSs;
— reclosing time-delay for type TD CBARs.

R.6 Normal service, mounting and transport conditions

Clause 6 applies.

R.7 Design and operating.requirements

R.7.1 Design requirements

As a complement to 7.1_and B.7.1 of this standard, the following additional requirement$ apply:

R.7.1.1 Mode selection

The deVice shall be equipped with a selector switch (see R.2.3).

Compliance is checked by the tests of R.8.4.4-

R.7.1.2 Indicators

The device shall be provided with an indicator showing the blocked state.
All indicators shall be visible in the installed position.

R.7.1.3 Type M CBARs

It shall be ensured that no hazardous voltage or current is applied to the load terminals. One of
the following methods shall be employed:

— The monitoring voltage (see R.3.2.1) shall be supplied by a transformer providing Class Il
isolation between primary and secondary circuits. The monitoring voltage shall not exceed
25V a.c.or60Vd.c.;or
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— The monitoring current (see R.3.2.1) shall be supplied from a current-limiting source or a
protective impedance device complying with IEC 61140. The steady-state current shall not
exceed 1 mA a.c. or 2 mA d.c.

R.7.2 Operating requirements

As a complement to 7.2 and B.7.2 of this standard, the following additional requirements apply:

R.7.2.1 General

CBARs shall only reclose automatically after tripping due to the residual current function.
Compliance is checked by the tests of R.8.2.

CBARs | shall not reclose automatically after intentional opening of the circuitspreaker.
Complignce is checked by the tests of R.8.3.

When the maximum number of automatic reclosing operations within the reset time is neached,
the autgmatic reclosing function shall be blocked until a manual reset is performed.

The reset time shall be not less than 5 s.

R.7.2.2 Type M CBARs

After tripping of the residual current release, if the assessed earth leakage current jis lower
than /,4,, a type M CBAR shall automatically reclose within the reclosing time declarefl by the
manufagturer.

After tripping of the residual current release, if-the assessed earth leakage current iz higher
than /,,, the automatic reclosing shall be inhibited. In this case, the monitoring shall not be
effective for a period of time longer than the monitoring time declared by the manufacturer.
After this time, the automatic reclosing function shall be blocked.

The monitoring time shall be less than 1 h.
Complignce is checked by the-tests of R.8.4.2.

R.7.2.3| Type TD CBAR

After tripping due totthe residual current function, a type TD CBAR shall automatically| reclose
within the reclosing time-delay declared by the manufacturer, unless it has reached the
maximum number of consecutive reclosing operations within the reset time.

Complignegris checked by the tests of R.8.4.3.

NOTE A type TD CBAR will not reclose on a phase-to-phase short-circuit, but can potentially reclose on a phase-
to-ground fault.

R.7.2.4 Residual short-circuit making and breaking capacity

CBARs shall make, carry for a specified time and break residual short-circuit currents.
Compliance is checked by the tests of R.8.7.

R.7.2.5 Effects of environmental conditions

CBARs shall operate satisfactorily, taking into account the effects of environmental conditions.

Compliance is checked by the tests of R.8.8.
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R.8 Tests

R.8.1 General conditions

As a complement to Clause 8 and Clause B.8 of this standard, the following additional
requirements apply.

Integral CBARs shall meet the test requirements from R.8.2 to R.8.8 except that the tests of
R.8.6 only apply to CBARSs suitable for isolation.

One sample shall be submitted to the tests of R.8.2, R.8.3 and R.8.4 in sequence.

The tes{s from R.8.5 to R.8.8 may be made during the test sequences of Clause 8.
External CBARs shall meet the test requirements of R.8.9.

Tests shall be performed in automatic reclosing mode, unless otherwise* stated, th¢ CBAR
being slipplied with the maximum rated voltage and the rated control Circuit supply vdltage, if
applicalle.

The CBAR shall be connected as per the manufacturer's instruétions.

EMC tepts of B.8.12 shall be performed in both automati¢c re-closing mode and mahual re-
closing mode.

R.8.2 Verification of the non-reclosing after-tripping under over-current condit{ons
R.8.2.1 Tripping under short-circuit conditions

The cirquit-breaker shall be tripped through its short-circuit release by applying a tesf current
higher gr equal to 120 % of the shortscircuit current setting on one combination of two [poles in
series chosen at random (see 8.3.3.2.2). In case of adjustable current setting, the testishall be
performed at any convenient setfing. The device shall not reclose automatically after fripping,
within twice the reclosing time' or reclosing time-delay, as applicable, declared| by the
manufag¢turer, or 60 s, whichever is the greater.

For the| purpose of this test, the circuit-breaker short-circuit release may be set| to any
convenient value, and. it is acceptable to separate the control circuit supply voltage| for the
automatfic reclosing-function, from the main terminals.

R.8.2.2 Tripping under overload conditions

The circuit-breaker shall be frlppnd fhrnllgh its overload release h\]/ :\ppl\][lng a—testl current

higher than 130 % of the overload current setting and lower than 80 % of the short circuit
current setting. This test may be performed at any ambient temperature and in case of
adjustable current setting, at any convenient setting. The device shall not reclose automatically
after tripping, within twice the reclosing time or reclosing time-delay, as applicable, declared by
the manufacturer, or 60 s, whichever is the greater.

For the purpose of this test, the circuit-breaker overload release may be set to any convenient
value, and it is acceptable to separate the control circuit supply voltage for the automatic
reclosing function, from the main terminals.

R.8.3 Verification of the non-reclosing after intentional opening

The selector switch being in the "automatic reclosing" position and the control circuit supply
voltage normally applied, the circuit-breaker is opened manually. The device shall not reclose
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automatically after opening. The test duration shall be twice the reclosing time or reclosing
time-delay declared by the manufacturer, as applicable, or 60 s, whichever is the greater.

This test shall be repeated for opening through shunt trip or undervoltage release as
applicable, using any convenient rated control voltage variant.

R.8.4 Verification of the automatic reclosing function after tripping on earth fault
R.8.4.1 General

The devices shall be installed as in normal use.

The tes{ circuit shall be in accordance with Figure R.1.

R.8.4.2 Verification of the correct operation of type M CBARs
R.8.4.211 In case of continuous residual current

The test is made on one pole only chosen at random. For CBARs with multiple settings of the
residualloperating current, the test shall be carried out at the lowest.and highest settingp.

The tes} circuit being calibrated at /,,, and the switch S; and; the CBAR being in th¢ closed
position| the residual current is established by closing the switeh S,. The CBAR shall trip.

The swifch S, shall be maintained in the closed positiondor the monitoring time declared by the
manufagturer (see R.7.2.2).

The monitoring voltage or current shall comply.Wwith the requirements of R.7.1.3.
The CBAR shall not reclose automatically;

At the @nd of the monitoring time, the*CBAR shall be in the blocked state, and no mgnitoring
voltage pr current shall be presentin‘the downstream circuit.

R.8.4.2. In case of temporary residual current

The test is made on one;pole only chosen at random. For CBARs with multiple settings of the
residual|operating curcent, the test shall be carried out at the lowest and highest settingp.

The tes} circuit\being calibrated at /,,, and the switch S; and the CBAR being in th¢ closed
position| the-residual current is established by closing the switch S,.The CBAR shall trip.

ding—to—the applied

Aft tribpire—the—+tesidual-eurreni—is+edueed—to—the—valy £ oo
er rippig,meTrestauar— currentisreauteaothe—varte o1 TAgr cOftesSPon

voltage.
The CBAR shall reclose automatically within the reclosing time declared by the manufacturer.

The test is repeated as many times as necessary to verify the maximum number of consecutive
reclosing operations within the reset time, as declared by the manufacturer. At the end of the
test, the CBAR shall be in the blocked state, and no monitoring voltage or current shall be
present in the downstream circuit.

R.8.4.3 Verification of the correct operation of type TD CBARs

The test is made on one pole only chosen at random, the CBAR being set at the minimum
values of /,,, and time-delay (At) as applicable.
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The test circuit being calibrated at 2 x /,,, and the switch S4 and the CBAR being in the closed
position, the residual current is established by closing the switch S,.

The CBAR shall trip and shall reclose automatically within the reclosing time-delay, repeated
for the maximum number of consecutive reclosings within the reset time, as declared by the
manufacturer.

At the end of the test, the CBAR shall be in the blocked state.

R.8.4.4 Verification of the correct operation of the selector switch

The test is made on one pole only chosen at random, with the selector switch in the "manual
reclosing" position, the CBAR being set at the minimum values of /,, and time=dglay, as
applicahle.

The tes{ circuit being calibrated at 2 x /,,,. and the switch §; and the CBAR being in the closed
position] the residual current is established by closing the switch S,. The CBAR shall trip.

Immediately after tripping, the switch S, is re-opened; the CBAR shall\not reclose autornatically
within tvice the reclosing time or reclosing time-delay declared )by the manufacturer, as
applicaljle, or 60 s, whichever is the greater.

R.8.5 Verification of mechanical endurance

R.8.5.1 External automatic reclosing device combined with a CBR previously tested
to Annex B or CBAR previously tested to Annex B

The tes{ circuit is in accordance with Figure R.1¥

The test is made on one pole only choser’ at random, the CBAR being set at the minimum
values qf /,,, and time-delay, as applicable.

The tes{ circuit is calibrated at 2 x,,. With the switch S; and the CBAR in the closed position,
the residual current is established by closing the switch S,.

The CBAR shall trip and shall be reclosed automatically.

The test shall be repeated for one-third of the number of "operations with current" specified in
Table 8] No failurécto trip or to reclose shall be permitted.

NOTE Dgpending on the reset time and corresponding maximum number of consecutive reclosing operations, it
may be n¢cessary to manually reset the CBAR or inhibit the blocking function.

R.8.5.2 CBAR not previously tested to Annex B

The test of R.8.5.1 may be carried out separately or during the operational performance test of
B.8.1.1.1, replacing the operations performed by applying a residual current.

R.8.6 Verification of the isolation function
R.8.6.1 General

This verification only applies to CBARSs suitable for isolation.

The tests of R.8.6.2 and R.8.6.3 shall be performed in all positions of the selector switch and in
the blocked state.
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R.8.6.2

Leakage current between open contacts

The following requirements apply:

a) Following the test of 8.3.3.3 (Test sequence |, test of dielectric properties), the leakage
current, measured through each pole with the contacts in the open position, at a test
voltage of 1,1 U, shall not exceed 0,5 mA.

b) Following the test of 8.3.3.6 (Test sequence I, verification of dielectric withstand), the
leakage current, measured through each pole with the contacts in the open position, at a

test

voltage of 1,1 U, shall not exceed 2 mA.

c) Following the test of 8.3.4.4 (Test sequence Il, verification of dielectric withstand), the
leakage current, measured through each pole with the contacts in the open position, at a

test

d) If a
with

voltage of 1,1 Ug, shall not exceed 2 mA.

bplicable, following the test of 8.3.5.4 (Test sequence lll, verification~0f d
stand), the leakage current, measured through each pole with the contacts’in t

position, at a test voltage of 1,1 U, shall not exceed 6 mA.

R.8.6.3

Impulse voltage between open contacts

During the test of 8.3.3.3 (Test sequence |, test of dielectric properties), the test volta

be appl
connect
specifie

There s

R.8.7

ed between the line terminals being connected together-and load termina
ed together of CBARs with the contacts in the open position and its value sh3
J in Table 14 of IEC 60947-1:2007.

hall be no unintentional disruptive discharge during-the tests.

Verification of residual short-circuit making and breaking capacity

B.8.10 gpplies, with the following additional requirements:

The tes

s shall be performed in automatic'reclosing mode, if applicable, with the line

(i.e. conitrol circuit supply voltage) conrnected to the CBAR.

The foll

pwing additional requirements shall be met after test:

CBAR shall comply with the test of B.8.10.4.2 regardless of the operation
ction devices (fuse; etc.);

ielectric
ne open

ge shall
s being
Il be as

voltage

of the

hown by
hall not

Following each of the verifications of B.8.1.1.2 (verification of the withstand capability to short-
circuit currents), a verification of the correct automatic reclosing operation shall be made in

accorda

nce with R.8.4.2 or R.8.4.3, as applicable.

Following each of the test sequences B | to B IV of Annex B, a verification of the correct
automatic reclosing operation shall be made in accordance with R.8.4.2 or R.8.4.3, as
applicable.

R.8.9

Test items for external type automatic reclosing devices

The following test sequences shall be performed on CBARs classified under R.3.1.2, in

accorda

nce with Figure R.1.
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These tests are applicable to an automatic reclosing device assembled to a CBR and do not
replace the tests of Clause B.8 made on the CBR.

Table R.1 — Test sequences for external type automatic re-closing devices

Sequence Test Subclause
(sample)
Verification of the non-reclosing after tripping under over-current conditions R.8.2
Verification of the non-reclosing after intentional opening R.8.3
1 Verification of the automatic reclosing function after tripping on earth faults R.8.4
Verification of mechanical endurance R.8.5
Verification of the isolation function R.8.6
2 Verification of the residual short-circuit making and breaking capacity R.8.7
Rated ultimate short-circuit breaking capacity 8.3.5
3 Verification of the automatic reclosing function after the test sequence of
R.8.8
Clause B.8
Verification of the effects of environmental conditions B.8.11
4 Verification of the automatic reclosing function after the test/sequence of
R.8.8
Clause B.8
Verification of the resistance against unwanted tripping due to surge currents b 86
resulting from impulse voltages e
5 Verification of electromagnetic compatibility B.8.12
Verification of the automatic reclosing functieh.after the test sequence of
R.8.8
Clause B.8
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s Key:
S = power supply
N _ .
° ° o o N = neutral connection

S, = multipole switch

S, = single-pole switch

= voltmeter

\Y

A =r.m.s. ammeter
D = CBAR under test
R

= adjustable resistor

SoSS

Figure R.1 — Test circuit for the verification
of the automatic reclosing functions
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A BASSE TENSION -
Partie 2: Disjoncteurs

AVANT-PROPOS

1) La Cemmission E:Uutlutcuhlliquc tntermationate (:EC) est—une Ulsdll;bdt;ull mondiate—de—rormalisation
compgsée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). (AEC a pour
objet fle favoriser la coopération internationale pour toutes les questions de normalisation daps les [domaines
de I'dlectricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie) de§ Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications”accegsibles au
public| (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration’est confiée a des
comitgs d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut parti¢iper. Les
organisations internationales, gouvernementales et non gouvernementales, en liaisgnavec I'l[EC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisatjon (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les dgcisions ou accords officiels de I'lEC concernant les questions technigues représentent, dans |a mesure
du popsible, un accord international sur les sujets étudiés, étant donnésqu€ les Comités nationaux de I'lEC
intéregsés sont représentés dans chaque comité d’études.

3) Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sonf agréées
commgk telles par les Comités nationaux de I'lEC. Tous les effofts)raisonnables sont entrepris afin |que I'lEC
s'assyre de I'exactitude du contenu technique de ses publications; 'IEC ne peut pas étre tenue respopsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans |e but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, danjs toute la
mesute possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications pationales
et ré’%ieonales. Toutes divergences entre toutes Publications de I'IEC et toutes publications natignales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’IEC |elle-méme ne fournit aucune attestation.'de conformité. Des organismes de certification ind¢pendants
fournigsent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mgrques de
confomité de I'lEC. L’IEC n'est responsablé d'aucun des services effectués par les organismes de cgrtification
indépgndants.

6) Tous les utilisateurs doivent s'assurengu'ils sont en possession de la derniére édition de cette publicafion.

7) Aucurle responsabilit¢ ne doit, étre imputée a I'l[EC, a ses administrateurs, employés, auxiliaires ou
manddataires, y compris ses experts particuliers et les membres de ses comités d'études et ded Comités
nationaux de I'lEC, pour tout-préjudice causé en cas de dommages corporels et matériels, ou de fout autre
dommfage de quelque natlre que ce soit, directe ou indirecte, ou pour supporter les colts (y comprif les frais
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
toute @utre Publicationde I'lEC, ou au crédit qui lui est accordé.

8) L'attenmtion est atfirée sur les références normatives citées dans cette publication. L'utilisation de publications
référehcées est\obligatoire pour une application correcte de la présente publication.

9) L’atteftion@sh attirée sur le fait que certains des éléments de la présente Publication de I'lEC peujvent faire
I'objet| de’ droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de fels droits
de brgvets’et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60947-2 a été établie par le sous-comité 121A: Appareillages a
basse tension, du comité d’études 121 de I'lEC: Appareillage et ensembles d’appareillages
basse tension.

Cette cinquiéme édition annule et remplace la quatrieme édition parue en 2006,
’Amendement 1:2009 et I'Amendement 2:2013. Cette édition constitue une révision
technique.

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

e essais pour la vérification de la sélectivité dans I’Annexe A (voir A.5.3),

e essais de courants de charge critiques pour disjoncteurs a courant continu (voir 8.3.9),
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e nouvelle Annexe P relative aux disjoncteurs pour utilisation dans des applications

photovoltaiques,

e nouvelle Annexe R relative aux disjoncteurs de courant différentiel résiduel avec fonctions

de refermeture automatique.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
121A/71/FDIS 121A/83/RVD

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

te ayant

abouti dTapprobation de cefte norme.
Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une lisie de toutes les parties de la série IEC 60947, publiées sous le titre
Appareiflage a basse tension, peut étre consultée sur le site web de I'lEC:

général

Cette Norme internationale doit étre utilisée conjointement avec{ 'lEC 60947-1:2007 et ses

Amendgment 1:2010 et Amendement 2:2014.

Les dispositions des régles générales qui font I'objet de ¥4EC 60947-1 sont applicables a la
présentg¢ norme lorsque celle-ci le précise. Les articles, paragraphes, tableaux, figures et

annexeg des régles générales qui sont ainsi applicables sont identifiés par réféfence a
I'IEC 60047-1 et ses amendements le cas échéantypar exemple: 1.2.3 de I'|[EC 6094711:2007,
Tableay 4 de I'IEC 60947-1:2007/AMP 1:2010, ou Annexe A de
I'IEC 60Q47-1:2007/AMD1:2010/AMD2:2014.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la[date de
stabilité| indiquée sur le site web de A IEC sous "http://webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

e reconduite,

e supprimée,

e remplacée par une édition révisée, ou

e amepdée.

Le confenu du—cerrigendum de novembre 2016 a été pris en considération dans cet
exemplaire.

IMPORTANT - Le logo «colour inside» qui se trouve sur la page de couvertpre de

cette pubticatiom imdique quelte contient des couteurs qui-sont considérées comme

utiles a une bonne compréhension de son contenu. Les utilisateurs devraient, par

conséquent, imprimer cette publication en utilisant une imprimante couleur.
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APPAREILLAGE A BASSE TENSION -

Partie 2: Disjoncteurs

1 Généralités

11 D

omaine d’application et objet

1 000 V]en courant alternatif ou 1 500 V en courant continu; elle contient aussi des exi
supplénjentaires pour les disjoncteurs a fusibles incorporés.

Les disjoncteurs de caractéristiques assignées supérieures a 1 000 V.-.en courant 3
mais ne| dépassant pas 1 500 V en courant alternatif peuvent également’ étre soumis

selon la|présente norme.

Elle esft applicable quels que puissent étre les courants ‘assignés, les métho
construgtion et 'emploi prévu des disjoncteurs.

Les exigences pour les disjoncteurs qui sont aussi prévus pour assurer une protectio

les courjants différentiels résiduels font I'objet de I’Annexe B.

Les exigences supplémentaires pour les disjoncteurs a protection électronique co
surintenlsités font I'objet de I’Annexe F.

Les exigences supplémentaires relatives aux disjoncteurs pour réseaux IT font I'g
I’Annexe H.

Les ex|gences et les méthdédes d’essai pour la compatibilité électromagnétiq
disjoncteurs font 'objet de I!Annexe J.

Les exigences pour les—disjoncteurs ne satisfaisant pas aux exigences concerr
protectipns contre les.surintensités font 'objet de I’Annexe L.

Les exigences.pour les appareils modulaires a courant différentiel résiduel (non intég

appareil de goupure de courant) font 'objet de I’Annexe M.

Iternatif
a essai

des de

h contre

ntre les

bjet de

ue des

ant les

és a un

dxiliaires

L H n o tlac mAthaoadac Alaccal noae 1o Mot
es exlg CTITUT O TLUITTUO TTHUUNTUUT O U Toodl pUul Ta LuliTyat

de disjo

froma o e
L

dioess daoc o
o aygrmecoyqutuctsa

ncteurs font I'objet de ’Annexe N.

Les exigences et les méthodes d’essai pour les disjoncteurs a courant continu utilisables
dans les applications photovoltaiques (PV) font I'objet de I’Annexe P.

Les exigences et les méthodes d’essai pour les disjoncteurs incorporant une protection par
courant différentiel résiduel avec fonctions de refermeture automatique font I'objet de
I’Annexe R.

Les exigences supplémentaires pour les disjoncteurs utilisés comme démarreurs directs sont
données dans I'l[EC 60947-4-1, applicable aux contacteurs et aux démarreurs a basse

tension.
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Les exigences concernant les disjoncteurs destinés a la protection des installations
électriques des batiments et & des emplois analogues et prévus pour étre utilisés par des
personnes non averties figurent dans I'lEC 60898.

Les exigences relatives aux disjoncteurs pour le matériel (par exemple pour les appareils
électriques) figurent dans I'lEC 60934.

Des exigences particulieres ou complémentaires peuvent étre nécessaires pour certaines
applications spécifiques (par exemple: traction, laminoirs, service a bord des navires).

NOTE Les disjoncteurs, objet de la présente norme, peuvent étre munis d'appareils provoquant I'ouverture
automatique dans des conditions prédéterminées autres que la surintensité et la chute de tension, telles que, par
exemple, HimveTrsiom detapuissSance ou du courant. Ca presente norme e traite pas_de taverification du
fonctionngment dans de telles conditions prédéterminées.

La prés¢nte norme a pour objet de fixer:

a) les garactéristiques des disjoncteurs;
b) les donditions auxquelles doivent répondre les disjoncteurs concernant:
1) leur fonctionnement et leur tenue en service normal;

2) leur fonctionnement et leur tenue en cas de surcharge<et™en cas de court-dircuit, y
gompris la coordination en service (sélectivité et protection d’accompagnement);

3) leurs propriétés diélectriques;

c) les ¢ssais destinés a vérifier si ces conditions sont ‘remplies et les méthodes a|adopter
pour ces essais;

d) les ipformations a marquer sur les appareils ou afournir avec ceux-ci.
1.2 Références normatives

Les doquments suivants sont cités en référence de maniére normative, en intégralitg ou en
partie, dans le présent document et~sont indispensables pour son application. HRour les
référenges datées, seule I’édition citée’s’applique. Pour les références non datées, la gderniere
édition du document de référence . §’applique (y compris les éventuels amendements).

IEC 60068-2-14, Essais dienvironnement — Partie 2-14: Essais — Essai N: Varigtion de
tempérgture

IEC 60068-2-30, Essais d’environnement — Partie 2-30: Essais — Essai Db: Essai cycfique de
chaleurlhumide (¢ycte de 12 h + 12 h)

IEC 60269-1:2006, Fusibles basse tension — Partie 1. Exigences générales

IEC 60364 (toutes les parties), Installations électriques a basse tension

IEC 60664-1:2007, Coordination de l'isolement des matériels dans les systémes (réseaux) a
basse tension — Partie 1: Principes, exigences et essais

IEC 60947-1:2007, Appareillage a basse tension - Partie 1. Regles générales
IEC 60947-1:2007/AMD1:2010
IEC 60947-1:2007/AMD2:2014

IEC 60947-4-1, Appareillage a basse tension — Partie 4-1: Contacteurs et démarreurs de
moteurs — Contacteurs et démarreurs électromécaniques

IEC 61000-3-2, Compatibilité électromagnétique (CEM) — Partie 3-2: Limites — Limites pour
les émissions de courant harmonique (courant appelé par les appareils < 16 A par phase)
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IEC 61000-3-3, Compatibilité électromagnétique (CEM) — Partie 3-3: Limites — Limitation des
variations de tension, des fluctuations de tension et du papillotement dans les réseaux publics
d’alimentation basse tension, pour les matériels ayant un courant assigné <16 A par phase et
non soumis & un raccordement conditionnel

IEC 61000-4-2, Compatibilité électromagnétique (CEM) — Partie 4-2: Techniques d’essai et de
mesure — Essai d’immunité aux décharges électrostatiques

IEC 61000-4-3:2006, Compatibilité électromagnétique (CEM) — Partie 4-3: Techniques d’essai
et de mesure — Essai d’immunité aux champs électromagnétiques rayonnés aux fréquences
radioélectriques

IEC 61000-4-3:2006/AMD1:2007
IEC 610000-4-3:2006/AMD2:2010

IEC 61000-4-4:2012, Compatibilité électromagnétique (CEM) — Partie 4-4: Techniqued d’essai
et de mesure — Essais d’immunité aux transitoires électriques rapides en salves

IEC 61000-4-5:2014, Compatibilité électromagnétique (CEM) — Partie 4~5; Techniqued d’essai
et de mesure — Essai d’immunité aux ondes de choc

IEC 61000-4-6:2013, Compatibilité électromagnétique (CEM) — ‘Rartie 4-6: Techniqued d’essai
et de |mesure — Immunité aux perturbations conduites;, induites par les |champs
radioélectriques

IEC 61000-4-11, Compatibilité électromagnétique (CEM) — Partie 4-11: Techniques dssai et
de mesure — Essais d’immunité aux creux de tension, coupures bréves et variafjons de
tension

IEC 61140, Protection contre les chocs électriques — Aspects communs aux installdtions et
aux mafteériels

IEC 62475:2010, Techniques des essais a haute intensité — Définitions et exigences felatives
aux coufants d’essai et systemes:de mesure

CISPR 11, Appareils industriels, scientifiques et médicaux — Caractéristiques de pertuybations
radioéldctriques — LimiteS et méthodes de mesure

CISPR |22, Apparegils® de traitement de l'information — Caractéristiques des pertuybations
radioélectriques~<Limites et méthodes de mesure

2 Termes-et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60947-1
ainsi que les suivants s’appliquent.

NOTE Lorsque ces définitions sont identiques a celles du Vocabulaire Electrotechnique International (VEI),
IEC 60050-441, la référence a cette publication est donnée entre crochets.

21

disjoncteur

appareil mécanique de connexion capable d’établir, de supporter et d’interrompre des
courants dans les conditions normales du circuit, ainsi que d’établir, de supporter pendant
une durée spécifiée et d’interrompre des courants dans des conditions anormales spécifiées
du circuit telles que celles du court-circuit

[SOURCE: IEC 60050-441:1984, 441-14-20]
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211

taille

terme désignant un groupe de disjoncteurs dont les dimensions extérieures physiques sont
communes a une plage de courants assignés

Note 1 a l'article: La taille est exprimée en amperes correspondant au courant assigné le plus élevé du groupe.
Note 2 a l'article: Dans une taille, la largeur de I'appareil peut varier selon le nombre de pdéles.

Note 3 a l'article: Cette définition n’implique pas de normalisation dimensionnelle.

2.1.2

différence de construction

différenge—significativede—construction—er des—disjoncte smviy ite-donnéenéeessitant
d’effectlier des essais supplémentaires de type

2.2

disjoncteur a fusibles incorporés
combinaison en un seul appareil d’'un disjoncteur et de fusibles, un fusible étant placé en
série aviec chaque pdble du disjoncteur destiné a étre relié a un conductetur de phase

[SOURQE: IEC 60050-441:1984, 441-14-22]

2.3
disjoncteur a limitation du courant
disjoncteur qui, a l'intérieur d’'une plage de courants{spécifiée, empéche le couran(t coupé
limité dl|atteindre la valeur créte présumée et qui litnite I'énergie limitée (/2t) a ung valeur
inférieute a I'énergie limitée d’'une demi-période du‘courant présumé symétrique

Note 1 a |’article: Il peut étre fait référence a la valeurvcréte présumée symétrique ou asymétrique du courant
coupé limjte.

Note 2 a IFarticle: Le courant coupé limité (let-through current) est aussi nommé «cut-off current» (voir IFC 60050-
441:1984441-17-12).

Note 3 a|l'article: Les modéles de représentation graphique des caractéristiques de courant coupé| limité et
d’énergie|limitée sont illustrés de la (Figure K.2 a la Figure K.5 et les exemples d’utilisation des modg¢les de la
Figure K.$ a la Figure K.7.

2.4
disjoncteur enfichable
disjoncteur qui, outrenses contacts d’interruption, posséde un jeu de contacts permgttant le
retrait du disjoncteur

Note 1 a larticle: \ Certains disjoncteurs peuvent étre de type enfichable sur le c6té d’alimentation uniqugment, les
bornes dg softie-etant les bornes utilisées habituellement pour le raccordement par conducteurs.

25

disjoncteur débrochable

disjoncteur qui, outre ses contacts d’interruption, posseéde un jeu de contacts de
sectionnement lui permettant d’étre retiré du circuit principal et, en position débrochée, de
présenter une distance de sectionnement conforme a des exigences spécifiées

2.6

disjoncteur en boitier moulé

disjoncteur dont le chassis et I'enveloppe sont en matériau isolant moulé et font partie
intégrante du disjoncteur

[SOURCE: IEC 60050-441:1984, 441-14-24]
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teur a air

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

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

2.8

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, 441-14-29]

29

disjoncfeur a gaz

disjonctpur dont les contacts s’ouvrent et se ferment dans un gaz autre, que l'aif a une
pression égale ou supérieure a la pression atmosphérique

210

déclengheur sous courant de fermeture

déclencheur qui permet I'ouverture d’'un disjoncteur sans retard” intentionnel, pendant une
manceuyre de fermeture, si le courant établi dépasse une yaleur prédéterminée, et| qui est
rendu inopérant lorsque le disjoncteur est en position fermée

2.1

déclengheur de court-circuit

déclencheur a maximum de courant destiné a la protection contre les courts-circuits

2.12

déclengheur de court-circuit a retard de.courte durée

déclencheur a maximum de courant prévu pour fonctionner au bout d’un retard d¢ courte
durée

213

interrupteur de défaut

interrupteur auxiliaire neAfonctionnant que lors du déclenchement du disjoncteur auqyel il est
associé

2.14

disjonckeur a fermeture empéchée

disjoncteur dont chacun des contacts mobiles est empéché de se fermer suffisamment pour
étre capable“de laisser passer le courant si 'ordre de fermeture est donné alprs que
demeurgntmaintenues des conditions spécifiées

215

pouvoir de coupure (ou de fermeture) en court-circuit
pouvoir de coupure (ou de fermeture) pour lequel les conditions spécifiées comprennent un
court-circuit

2.15.1

pouvoir de coupure ultime en court-circuit
pouvoir de coupure pour lequel les conditions spécifiées suivant une séquence d’essai
spécifiée ne comprennent pas l'aptitude du disjoncteur a étre parcouru en permanence par

son cou

rant assigné
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2.15.2

pouvoir de coupure de service en court-circuit

pouvoir de coupure pour lequel les conditions spécifiées suivant une séquence d’essai
spécifiée comprennent I'aptitude du disjoncteur a étre parcouru en permanence par son
courant assigné

2.16

durée d’ouverture

intervalle de temps entre l'instant spécifié de début de la manoeuvre d'ouverture et l'instant
de la séparation des contacts d'arc sur tous les péles

Note 1 a I'article:

— dans le cas d’un disjoncteur actionné directement, I'instant de début de la durée d’ouverture est 'instant de
débuf d’'un courant assez fort pour provoquer la manceuvre du disjoncteur;

— dans|le cas d’un disjoncteur actionné par toute forme d’énergie auxiliaire, I'instant de début\de|la durée
d’ouverture est l'instant de début de I'application ou du retrait de I'énergie auxiliaireau déglencheur
d’ouverture.

Note 2 3 I'article: Pour les disjoncteurs, la «durée d’ouverture» est couramment\ appelée «g@lurée de
déclenchgment», bien que, a proprement parler, la durée de déclenchement comprenngyle*délai entre I'|nstant ou
commenceg la durée d’ouverture et celui ou la commande de I'ouverture devient irréversible.

[SOURCQE: IEC 60947-1:2007, 2.5.39, modifiée — ajout de Notes a['article.]

2.17
coordination de la protection contre les surintensités

2171
sélectiVyité lors d’une surintensité
coordination entre les caractéristiques de fonctionnement de plusieurs appareils de prptection
a maximum de courant de telle fagon qu’a I'apparition de surintensités comprises dans des
limites données, I'appareil prévu pour fonctionaer dans ces limites fonctionne, tandis que le
ou les ajutres ne fonctionnent pas

2.17.2
sélectivité totale
sélectiv|té lors d’'une surintensité.dans laquelle, en présence de deux appareils de prptection
a maxirLTum de courant placés en série, I'appareil de protection aval assure la protection sans
provoquer le fonctionnement.de 'autre appareil de protection

2.17.3
sélectivité partielle
sélectiv|té lors d’ane surintensité dans laquelle, en présence de deux appareils de prptection
a maxirhum de\courant placés en série, I'appareil de protection aval assure la prptection
jusqu’a jun niveau donné de surintensité sans provoquer le fonctionnement de I'autre pppareil
de protgction

2.17.4

courant limite de sélectivité

Is

valeur de courant correspondant a l'intersection de la caractéristique totale temps-courant de
l'appareil de protection placé en aval avec la caractéristique temps-courant de préarc (pour
les fusibles) ou de déclenchement (pour les disjoncteurs) de I'autre appareil de protection

Note 1 a I'article: Le courant limite de sélectivité (voir Figure A.1) est une valeur limite de courant:

— en dessous de laquelle, en présence de deux appareils de protection a maximum de courant placés en série,
I'appareil de protection aval achéve sa manceuvre de coupure en temps voulu pour empécher 'autre appareil
de protection d’amorcer sa manceuvre (c’est-a-dire que la sélectivité est assurée);

— au-dessus de laquelle, en présence de deux appareils de protection a maximum de courant placés en série,
I'appareil de protection aval peut ne pas achever sa manceuvre de coupure en temps voulu pour empécher
I’autre appareil de protection d’amorcer sa manceuvre (c’est-a-dire que la sélectivité n’est pas assurée).
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2.17.5

courant d’intersection

Is

coordonnée du courant correspondant a [lintersection des courbes donnant Iles
caractéristiques de la durée maximale de coupure en fonction du courant pour deux appareils
de protection a maximum de courant placés en série

Note 1 a l'article: Cela s’applique a deux appareils de protection a maximum de courant placés en série pour des
durées de fonctionnement > 0,05 s. Pour des durées de fonctionnement < 0,05 s, les deux appareils a maximum de
courant placés en série sont considérés comme une association (voir Annexe A).

2.18

caractéristique /2t d’un disjoncteur

informafion (généralement une courbe) donnani Tes valeurs maximales de <f correspdndant a
la duré¢ de coupure en fonction du courant présumé (valeur efficace de la_composante
périodique en courant alternatif) jusqu’a la valeur maximale du courant présumé
corresppndant au pouvoir assigné de coupure en court-circuit a la tension correspondgnte

2.19
durée de réarmement
temps écoulé entre le déclenchement du disjoncteur provoqué par une’surintensité et |’instant
ou les cpnditions sont atteintes pour qu’il puisse étre refermé

2.20
courant assigné instantané de réglage de court-circuit
l;
valeur @ssignée du courant provoquant le fonctionmnement d’un déclencheur san$ retard

intentionnel

2.21
courant de réglage de surcharge
II'
courant|de réglage pour un déclenchelr de surcharge réglable

Note 1 a |'article: Dans le cas d’un déclencheur de surcharge non réglable, cette valeur est égale au courant
assigne /|.

2.22
automate programmable
AP
systeme électronigue*numérique congu pour un usage en environnement industriel et [utilisant
une mémoire programmable destinée au stockage interne d’instructions orientées utjlisateur
pour réaliser des’fonctions particulieres telles que la logique, le séquencement, le decompte
du temgs, le_comptage et I'arithmétique afin de commander, au moyen d’entrées et dg sorties

analogiques’ou numériques, différents types de machines ou de processus. Un AP ajnsi que
ses pér fqu f Y Ut av f i és dans

un systéme de commande industriel et employés dans toutes leurs fonctions prévues

[SOURCE: IEC 61131-1:2003, 3.5, modifiée — suppression de la note.]

3 Classification
Les disjoncteurs peuvent étre classés:
3.1 Suivant leur catégorie de sélectivité, A ou B (voir 4.4)

3.2  Suivant le milieu de coupure, par exemple:

— coupure a air,
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— coupure sous vide,

— coupure a gaz.

33 S

uivant le type de conception, par exemple:

— construction ouverte,

— construction en boitier moulé.

34 S

— man
— man
— man
— man

— man

| | |
Q o =
®> 5 X
o == 0
— () hl

41 E

Les caf

suivante:

uivant le mode de commande du mécanisme de manceuvre, c’est-a-dire:

ceuvre dépendante a main,

ceuvre indépendante a main,

pceuvre dépendante a source d’énergie extérieure,
peuvre indépendante a source d’énergie extérieure,

peuvre a accumulation d’énergie.

uivant I'aptitude au sectionnement:

au sectionnement,

fe au sectionnement.

uivant les possibilités d’entretien:

u pour étre entretenu,

congu pour étre entretenu.

uivant le mode d’installation, par exemples

hable,

ochable.

uivant le degré de protection procuré par I’enveloppe (voir 7.1.12 de I'lEQ

actéristiques des disjoncteurs

numération-des caractéristiques

actéristiques d’un disjoncteur doivent, selon le cas, étre indiquées de |

60947-

h facon

- type

du disjoncteur (4.2),

— valeurs assignées et valeurs limites du circuit principal (4.3),

— catégories de sélectivité (4.4),

— circuits de commande (4.5),

— circuits auxiliaires (4.6),

— déclencheurs (4.7),

— fusibles incorporés (disjoncteurs a fusibles incorporés) (4.8).

4.2 Type du disjoncteur

Les éléments suivants doivent étre indiqués:

— le nombre de péles,
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— la nature du courant (courant alternatif ou courant continu) et, dans le cas du courant
alternatif, le nombre de phases et la fréquence assignée.

43 V
4.3.1

aleurs assignées et valeurs limites du circuit principal

Généralités

Les valeurs assignées relatives a un disjoncteur doivent étre indiquées conformément aux
4.3.2 a 4.4, mais il n'est pas nécessaire de spécifier toutes les valeurs assignées énumeérées.

4.3.2
4.3.2.1

Tensions assignées

Tension d’emploi assignée (U,)

Le para
— Disjq
Ug est g

NOTE 1

a) la ten
réseg

b) la teq
reliég

Les disj
une imp|

— Disjq
Ces disj
Ue doit

NOTE 2
Note 2 (d

4.3.2.2

Le para

4.3.2.3

Le para

graphe 4.3.1.1 de 'l|EC 60947-1:2007 est applicable avec le développement sy
ncteurs répondant au point a) de la Note 2 (de I'lEC 60947-1 :2007):

énéralement exprimée par la tension entre phases.

Au Canada et aux Etats-Unis, la tension assignée d’emploi Ug est exprimée par:

sion entre phases et la terre, ainsi que par la tension entre phases (par-exemple 277 V/480 V
ux triphasés a quatre fils et neutre mis a la terre,

sion entre phases (par exemple 480 V) pour des réseaux triphaSés, a trois fils, non reliés a |
a la terre par une impédance.

oncteurs pour systémes non reliés a la terre ‘Qu pour systémes reliés a la t
édance requiérent des essais supplémentaires conformément a I’Annexe H.

ncteurs répondant au point b) de la Note<2:

oncteurs demandent des essais supplémentaires conformément a I’Annexe C.

5’exprimer par la tension entre (phases, précédée de la lettre C.

Dans la pratique actuelle aun\Canada et aux Etats-Unis, les disjoncteurs répondant au poin
b I'IEC 60947-1 :2007) ne sontidentifiés que par la tension entre phases.

Tension d’isolement assignée (U;)

jraphe 4.3.1.2'de '|EC 60947-1:2007 est applicable.

Tension assignée de tenue aux chocs (Ujmp)

jraphe4.3.1.3 de 'l|EC 60947-1:2007 est applicable.

ivant:

pour des

h terre ou

erre par

b) de la

4.3.3
4.3.3.1

Courants

Courant thermique conventionnel a I’air libre (/yy)

Le paragraphe 4.3.2.1 de I'l[EC 60947-1:2007 est applicable.

4.3.3.2

Courant thermique conventionnel sous enveloppe (/the)

Le paragraphe 4.3.2.2 de I'|[EC 60947-1:2007 est applicable.

4.3.3.3

Courant assigné (/)

Pour les disjoncteurs, le courant assigné est le courant assigné ininterrompu (/) (voir 4.3.2.4
de I'IEC 60947-1:2007) et a la méme valeur que le courant thermique conventionnel a I'air

libre (I,

).
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4.3.3.4 Courant assigné des disjoncteurs tétrapolaires

Le paragraphe 7.1.9 de I'lEC 60947-1:2007 est applicable.

4.3.4 Fréquence assignée

Le paragraphe 4.3.3 de I'l[EC 60947-1:2007 est applicable.

4.3.5 Service assigné

Les services assignés considérés comme normaux sont:

— |e service de huit heures (\/nir le 4341 del'lEC 60047-1'9007),
— le s@grvice ininterrompu (voir le 4.3.4.2 de 'l|EC 60947-1:2007).

4.3.6 Caractéristiques de court-circuit
4.3.6.1 Pouvoir assigné de fermeture en court-circuit (/,,)

Le pouMoir assigné de fermeture en court-circuit d’'un disjoncteur estla valeur de potvoir de
fermetufe en court-circuit fixée pour ce disjoncteur par le fabricant,pour la tension dssignée
d’emploj, a la fréquence assignée et pour un facteur de puissance spécifié en |courant
alternatif, ou une constante de temps spécifiée en courant continu. Il s’exprime par la valeur
maximale de créte du courant présumé.

En courpnt alternatif, le pouvoir assigné de fermeture ‘en court-circuit d’'un disjoncteur ne doit
pas étre inférieur au produit de son pouvoir assigné de coupure ultime en couft-circuit
multipli¢ par le facteur n figurant au Tableau 2 (voir4.3.6.3).

En counant continu, le pouvoir assigné de fermeture en court-circuit d’'un disjoncteur ne doit
pas étrg inférieur a son pouvoir assigné delcoupure ultime en court-circuit.

Un pouyoir assigné de fermeture en, court-circuit implique que le disjoncteur doit étre [capable
d’établif le courant correspondant a ce pouvoir assigné pour une tension appliquée
appropr|ée a la tension assignée d’emploi.

4.3.6.2 Pouvoirs assignés de coupure en court-circuit
4.3.6.2.1 Généralités

Les poujvoirs assighés de coupure en court-circuit d’'un disjoncteur sont les valeurs de|pouvoir
de coupure encourt-circuit assignées par le fabricant a ce disjoncteur pour la|tension
assignép d’emploi, dans des conditions spécifiées.

Un pouvoir assigné de coupure en couri-circuit exige que le disjoncteur doit pouvoir couper
tout courant de court-circuit de valeur inférieure ou égale a ce pouvoir assigné de coupure, a
une tension de rétablissement a fréquence industrielle correspondant aux valeurs spécifiées
pour la tension d’essai et:

— en courant alternatif, a tout facteur de puissance supérieur ou égal a celui du Tableau 11
(voir 8.3.2.2.4),

— en courant continu, a toute constante de temps inférieure ou égale a celle du Tableau 11
(voir 8.3.2.2.5).

Aucun pouvoir de coupure en court-circuit n’est garanti pour des tensions de rétablissement a
fréquence industrielle supérieures aux valeurs spécifiées pour la tension d’essai (voir
8.3.2.2.6).

En courant alternatif, le disjoncteur doit étre capable de couper un courant présumé
correspondant a son pouvoir assigné de coupure en court-circuit et le facteur de puissance
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correspondant donné au Tableau 11, quelle que soit la valeur de la composante continue
correspondante, en admettant que la composante périodique est constante.

Les pouvoirs assignés de coupure en court-circuit sont définis comme suit:

pouvoir assigné de coupure ultime en court-circuit,

pouvoir assigné de coupure de service en court-circuit.

4.3.6.2.2 Pouvoir assigné de coupure ultime en court-circuit (/)

Le pouvoir assigné de coupure ultime en court-circuit d’'un disjoncteur est la valeur du pouvoir
de coupure ultime en court-circuit (voir 2.15.1) assignée par le fabricant a ce disjoncteur pour

| H : 4 ol [ | 1 HH LY 4 o Wia W 1 4 4
a tenSI UIT aoSolylicT U CITTPIUT, Udllo 1TSS LUTIUTUUTTS SPTUITICTT S TIT O.0.9. 11 ©TOoU TAUIIITIT

comme

valeur dqu courant de coupure présumé, en kA (valeur efficace de la composante dliernative

dans le [cas du courant alternatif).

4.3.6.2.8 Pouvoir assigné de coupure de service en court-circuit (/&)

Le pouy
pouvoir|de coupure de service en court-circuit (voir 2.15.2) assignée par le fabrics
disjoncteur pour la tension assignée d’emploi, dans les conditions _spécifiées en 8.3.
exprimé comme valeur du courant de coupure présumé, en kA,~ou’comme pourcentad
(par exgmple /.o =25 % /

l.s doit ¢tre au moins égal a 25 % de /.

4.3.6.3

La relatlon normale entre le pouvoir de coupure en court-circuit et le pouvoir de fermg
court-circuit est donnée par le Tableau 2.

Tablegau 2 — Rapport n entre le pouvoir de fermeture en court-circuit et le pouvg
doupure en court=circuit et le facteur de puissance correspondant (pour les

CU)'

Tableau 1 (vide)

Relation normale entre les pouvoirs de fermeture et de coupure en col
circuit des disjoncteurs a courant alternatif et les facteurs de puissanc
correspondants

disjoncteurs a courant alternatif)

oir assigné de coupure de service en court-circuit d’'un disjoncteur est la valeur du

nt a ce
4. 1l est
e de [,

pture en

bir de

Pouvoir de coupure.en court- Facteur de puissance Valeur minimale exigée|de n
cirguly _ pouvoir de fermeture en couft - circuit
kA eff pouvoir de coupure en cour} - circuit
<15 095 444
1,6</1<3 0,9 1,42
3</<45 0.8 1,47
45</< 6 0,7 1,53
6</<10 0,5 1,7
10</<20 0,3 2,0
20<1<50 0,25 2,1

50 </ 0,2 2,2

Les pouvoirs assignés de fermeture et de coupure en court-circuit ne sont valables que si le
disjoncteur est manceuvré selon les exigences de 7.2.1.1 et 7.2.1.2.
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Pour des exigences spéciales, le fabricant peut fixer une valeur de pouvoir assigné de
fermeture en court-circuit supérieure a celle exigée dans le Tableau 2. Les essais de
vérification de ces valeurs assignées doivent faire I'objet d’'un accord entre le fabricant et
I'utilisateur.

4.3.6.4

Courant assigné de courte durée admissible (/cy)

Le courant assigné de courte durée admissible d’un disjoncteur est la valeur de courant de
courte durée admissible fixée pour ce disjoncteur par le fabricant dans les conditions d’essai
spécifiées en 8.3.6.3.

En courant alternatif, la valeur de ce courant est la valeur efficace de la composante

périodiqUe dU courant présumeé de Court=circuit, &tant par hypothese constante pendant le

retard de courte durée.
Le retand de courte durée associé au courant assigné de courte durée admijssible doit étre
d’au mafins 0,05 s, les valeurs préférentielles étant les suivantes:
0,05s-0,1s-0,25s-0,56s-1s
Le courgnt assigné de courte durée admissible ne doit pas aveir_une valeur moindre|que les
valeurs figurant au Tableau 3.
Tableau 3 — Valeurs minimales du courant assigné de courte durée admissible
Courant assigné I, Courant assigne'de courte durée admissible /., -
Valeurs minimales
A kA
In <2500 12 In ou 5 kA, selon la valeur la plus élevée
In > 2 500 30 kA
4.4 Clatégories de sélectivité

Les digjoncteurs conformes a la présente norme sont divisés en deux catégo

sélectiv

— catélgorie de sélectivité B comprenant les disjoncteurs assurant la sélectivité ¢

un d
conf

La o

té:

ourant assigné de courte durée admissible et un retard de courte durée
prmes-a.4.3.6.4.

electivité des disjoncteurs de catégorie de sélectivité B n’est pas nécesss

assy

ries de

n ayant
associé

irement

rée” jusqu’au pouvoir de coupure ultime en court-circuit (par exemple. en

cas de

fonctionnement d’'un déclencheur instantané), mais elle I'’est au moins jusqu’a la valeur
spécifiée au Tableau 3.

— cate

gorie de sélectivité A comprenant tous les autres disjoncteurs.

Ces disjoncteurs peuvent assurer la sélectivité dans des conditions de court-circuit par
d’autres moyens.

Un disjoncteur de catégorie de sélectivité A peut avoir un retard de courte durée
intentionnel avec un courant de courte durée admissible inférieur a celui spécifié en
4.3.6.4. Dans ce cas, les essais comprennent la séquence d’essai IV (voir 8.3.6) au

cour

ant assigné de courte durée admissible.

L’attention est attirée sur les différences entre les essais s’appliquant aux deux catégories de

sélectivi

té (voir Tableau 9 et 8.3.4, 8.3.5, 8.3.6 et 8.3.8).
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4.5

4.51

Tableau 4 (vide)

Circuits de commande

Circuits de commande électriques

Le paragraphe 4.5.1 de I'l[EC 60947-1:2007/AMD1:2010/AMD2:2014 est applicable, avec le
complément suivant:

Si la tension assignée d’alimentation de commande est différente de celle du circuit principal,
il est recommandé de choisir sa valeur parmi celles du Tableau 5.

Tableau 5 — Valeurs preferentielles de |la tension assignee d’alimentation
de commande si elle est différente de celle du circuit principal

Courant continu Courant alternatif monophasé
Vv \
24 — 48 — 110 — 125 - 220 - 250 24 — 48 — 110 —(127 - 220 — 230

4.5.2

Le paragraphe 4.5.2 de I'lEC 60947-1:2007 est applicable.

4.6

Le paragraphe 4.6 de 'l|EC 60947-1:2007 est applicable.

4.7
4.71

Pour leg besoins de la présente narme, les types suivants de déclencheurs sont consi

1) décIEncheur shunt,
2) décl

a)
b)

c)

Circuits de commande a air comprimé (pneumatiques’ou électropneumat

Clircuits auxiliaires

Déclencheurs

Types

ncheur a maximum-de courant:
instantané,
g retard indépendant,

g4 temps inyerse:

independant de la charge préalable,

iques)

jérés:

dépendant de la charge préalable (par exemple: déclencheur du type therm

que).

NOTE 1 Le terme «déclencheur de surcharge» est employé pour désigner des déclencheurs a ma
courant destinés a la protection contre les surcharges (voir 2.4.30 de I'lEC 60947-1:2007).

«déclencheur de court-circuit» est employé pour désigner des déclencheurs a maximum de courant destinés a
la protection contre les courts-circuits (voir 2.11).

ximum de
Le terme

NOTE 2 Le terme «déclencheur réglable», utilisé dans la présente norme, comprend aussi les déclencheurs
interchangeables.

3) déclencheur a minimum de tension (déclencheur d’ouverture),

4) autres déclencheurs.

4.7.2

Caractéristiques

Les caractéristiques suivantes doivent étre considérées:

1) déclencheur shunt et déclencheur a minimum de tension (déclencheurs d’ouverture):

tension assignée du circuit de commande (U,),
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— nature du courant,

— fréquence assignée, dans le cas du courant alternatif.

2) décl

encheur a maximum de courant:

— courant assigné (/,),

— nature du courant,

— fréquence assignée, dans le cas du courant alternatif,

— courant de réglage (ou plage de réglage),

— temps de réglage (ou plage de réglage) le cas échéant.

Le cour

nt assigné d’'un déclencheur 8 maximum de courant est la valeur du courant (valeur

efficace

doit étr¢ capable de supporter dans les conditions d’essai spécifiées en 8.3.2.5.5

I’échauf

4.7.3

Pour le
courant
affiché i
donné(¢g
doivent
disjonct

Pour leg
disjonct
aux exid

Pour le
indicatid
les alim
cas, le 1

Sauf sp

- lav

thermique est indépendante de la température de I'air ambiant dans les limites de

+ 40

— pour
temy
I’infl

dans le cas du courant alternatif) correspondant au courant de réglage maxi

fement dépasse les valeurs spécifiées au Tableau 7.

Courant de réglage des déclencheurs a maximum de courant

5 disjoncteurs équipés de déclencheurs réglables (voir Note;2.de 4.7.1, poin
sur le déclencheur ou sur son échelle de réglage. L’indication ou I'affichage p
) soit directement en ampéres, soit en multiples de latwaleur du courant. Des

étre disponibles auprés du fabricant pour lire I’affichage indépendamment de
Bur.

b disjoncteurs équipés de déclencheurs nonJréglables, I'indication peut figurg
eur. Si les caractéristiques de fonctionnement du déclencheur de surcharge 3
ences du Tableau 6, il suffit d’indiquer.su¥le disjoncteur son courant assigné

5 déclencheurs indirects fonctionnant a I'aide d’un transformateur de cour
ns peuvent se rapporter soit au‘courant au primaire du transformateur de cou

apport de transformation dustransformateur de courant doit étre indiqué.

Bcification contraire,
bleur de fonctionngment des déclencheurs de surcharge autres que ceux
OC;

les déctencheurs du type thermique, les valeurs indiquées corresponden
ératurende référence de + 30 °C + 2 °C. Le fabricant doit étre en mesure de

4.7.4

lence)des variations de la température de I'air ambiant (voir 7.2.1.2.4, point b)).

al qu’il
ns que

t 2)), le

de réglage (ou la plage des courants de réglage, le cas échéant) doit étre marqué ou

eut étre
moyens
‘état du

r sur le
atisfont

).

ant, les
rant qui

ente, soit au courant de réglage du déclencheur de surcharge. Dans l'un ef l'autre

du type
-5°Ca

a une
préciser

urant

Le temps de déclenchement doit étre défini comme suit, selon le type de déclencheur a

maximu

m de courant:

1) Déclencheurs a maximum de courant a retard défini

Le retard de ces déclencheurs est indépendant de la surintensité. Le réglage du temps de
déclenchement doit étre défini comme égal a la valeur en secondes de la durée
d’ouverture du disjoncteur si le retard n’est pas réglable, ou aux valeurs extrémes de la
durée d’ouverture si le retard est réglable.

2) Déclencheurs a maximum de courant a temps inverse

Le retard de ces déclencheurs dépend de la surintensité.

Les caractéristiques temps/courant doivent étre données sous forme de courbes fournies
par le fabricant. Celles-ci doivent indiquer comment la durée d’ouverture, a partir de I'état
froid, varie en fonction du courant dans la plage de fonctionnement du déclencheur. Le
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4.8

Le paragraphe 4.8 de I'l|EC 60947-1:2007/AMD1:2010 est applicable.

Le fabrigant doit fournir les informations nécessaires.

5

5.1

Le

pour un|modéle particulier.

En

puissanfe dissipée typique pour les différentes tailles (voir 2.1.1). Voir Annexe G.

5.2

Chaque|disjoncteur doit étre marqué dé)facon indélébile.

a)

b)

fabricant doit indiquer, par des moyens convenables, les tolérances applicables a ces
courbes.

Ces courbes doivent étre données pour chacune des valeurs extrémes du courant de
réglage et, si le temps de réglage donné est réglable, il est recommandé qu’elles soient
également données pour chacune des valeurs extrémes du temps de réglage.

Il est recommandé de porter le courant en abscisses et le temps en ordonnées, en
utilisant des échelles logarithmiques. De plus, en vue de faciliter 'étude de la coordination
des divers types de protection contre les surintensités, il est recommandé de porter le
courant en multiples du courant de réglage et le temps en secondes en utilisant les
échelles normalisées données dans les feuilles de courbe normale décrites en 5.6.1 de
I'EC 60269-1:2006.

Fusibles incorporés (disjoncteurs a fusibles incorporés)

Informations sur le matériel

Nature des informations

paragraphe 5.1 de 'lEC 60947-1:2007 est applicable,.dans la mesure ou il est approprié
supplément le fabricant doit, sur demandej~fournir les informations concernnant la

Marquage

Les |indications suivantes daivent se trouver sur le disjoncteur lui-méme ou surfune ou
plusjeurs plaques signalétiques fixées au disjoncteur, et ces marques doivent é{re a un
endroit tel qu’elles soient Visibles et lisibles lorsque le disjoncteur est en place;

e gourant assigné (1n);

— ¢,

e aptitude au sectionnement, s’il y a lieu, avec le symbole ;
e indications des positions d’ouverture et de fermeture, respectivement par C> et | Si
des symboles sont utilisés (voir 7.1.6.1 de 'l|EC 60947-1:2007).

Les |indiCations suivantes doivent également étre marquées sur le disjoncteur,|comme
spécifié au point a), excepté qu’il n'est pas nécessaire qu’elles soient visibles Torsque le
disjoncteur est en place:

e nom du fabricant ou marque de fabrique;

e désignation du type ou numéro de série;

e |EC 60947-2 si le fabricant déclare la conformité a la présente norme;

o catégorie de sélectivité;

e tension(s) assignée(s) d’emploi Ug (voir 4.3.2.1 et le cas échéant, I’Annexe H);
e tension assignée de tenue aux chocs (Uimp);

e valeur (ou plage) de la fréquence assignée (par exemple 50 Hz) et/ou indication
«courant continu» (ou le symbole =———);

e pouvoir assigné de coupure de service en court-circuit (/.s) a la tension assignée
correspondante (Ug);
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pouvoir assigné de coupure ultime en court-circuit (/) a la tension assignée
correspondante (Ug);

courant assigné de courte durée admissible (/;y) et retard de courte durée
correspondant pour la catégorie de sélectivité B;

bornes d’entrée et de sortie, a moins que leur raccordement soit indifférent;

bornes du pdle neutre, le cas échéant, par la lettre N;

borne de terre de protection, le cas échéant, par le symbole @ (voir 7.1.10.3 de
I'IEC 60947-1:2007);

température de référence pour les déclencheurs thermigues non compensés, si elle
gst différente de 30 °C;

Ilage de courant de réglage (/) du déclencheur de surcharge réglable;

lage du courant assigné de court-circuit instantané (/;), pour les.déclepcheurs
reglables.

Le gas échéant, les plages /, et /, peuvent étre affichées au lieu d’&tre marquées sur le

disjgncteur.

Les |indications suivantes doivent soit étre marquées sur le disjohcteur comme specifié au

point b), soit figurer dans les catalogues ou notices du fabri¢ant:

ouvoir assigné de fermeture en court-circuit (Icm), s’ilkest supérieur a celui spgcifié en
.3.6.1;

ension assignée d’isolement (U;), si elle est supérieure a la tension assignée ¢’emploi
maximale;

degré de pollution s’il est autre que 3;

ourant thermique conventionnel sous ‘enveloppe (lihe), S’il est différent du [courant
gssigne;
¢ode IP, le cas échéant (voir Annexe C de I'lEC 60947-1:2007/AMD1:2010);

taille minimale de I'’enveloppe et, s’il y a lieu, données concernant la ventilation,
duxquelles s’appliquent les.caractéristiques assignées marquées;

distance minimale entre le disjoncteur et les parties métalliques reliées a la tefre pour
les disjoncteurs destinés a étre utilisés sans enveloppe;

Iptitude a I'envirgnnement A ou I’environnement B, suivant le cas;
étection sensible a la valeur efficace, le cas échéant, conformément a F.4.1.1

gection_minimale du cable, si différente de la valeur donnée dans le Tableau 9 de
NIEC 60947-1:2007, pour les calibres < 20 A en fonction du pouvoir ass|gné de
dgoupure ultime en court-circuit /;

! ol Il ol 1 I ol P 4
diTturos Uu COUPIT UT oSTITaytt Ppull 1o UUTTITS UU UTSJUTTCLITUT .

Les indications suivantes concernant les dispositifs d’ouverture et de fermeture du
disjoncteur doivent figurer, soit sur leurs propres plaques signalétiques, soit sur la plaque
signalétique du disjoncteur; si I'espace disponible est insuffisant, elles doivent figurer
dans les catalogues ou notices du fabricant:

tension assignée du circuit de commande de l'appareil de fermeture (voir 7.2.1.2 de
I'IEC 60947-1:2007/AMD1:2010/AMD2:2014) et fréquence assignée dans le cas du
courant alternatif;

tension assignée du circuit de commande du déclencheur shunt (voir 7.2.1.4 de
I'IEC 60947-1:2007/AMD2:2014) et/ou du déclencheur a minimum de tension (ou du
déclencheur a manque de tension) (voir 7.2.1.3 de I'lEC 60947-1:2007), et fréquence
assignée dans le cas du courant alternatif;

courant assigné des déclencheurs indirects @ maximum de courant;
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e nombre et type des contacts auxiliaires ainsi que nature du courant, fréquence
assignée (en cas de courant alternatif) et tensions assignées, si elles different de
celles du circuit principal.

e) Marquage des bornes

Le paragraphe 7.1.8.4 de I'l[EC 60947-1:2007 est applicable (voir aussi le point b) ci-dessus).

5.3 Instructions d’installation, de fonctionnement et d’entretien

Le paragraphe 5.3 de I'l|EC 60947-1:2007/AMD2:2014 est applicable.

6 Conditionsnormates—deservice; demontageet-detransport———

L’Articlg 6 de I'lEC 60947-1:2007/AMD2:2014 est applicable, avec le complément.suivant:
Degré de pollution (voir 6.1.3.2 de I'l|EC 60947-1:2007).

Sauf spgcification contraire du fabricant, un disjoncteur est prévu pour’ étre installé dans les
conditiops d’environnement du degré de pollution 3.

7 Exigences relatives a la construction et au fonctionnement

7.1 Exigences relatives a la construction
7.1.1 Généralités

Le parggraphe 7.1 de I'lEC 60947-1:2007/AMD1:2010/AMD2:2014 est applicable. Uorsque,
dans le| paragraphe 7.1.2.2 de I'l[EC 60947:1:2007/AMD1:2010/AMD2:2014, la température
d’essai pst a spécifier, la température d’essai exigée par la présente norme est de 96Q °C.

7.1.2 Disjoncteur débrochables

En position débrochée, les contacts de sectionnement du circuit principal et, s’il y a ljeu, des
circuits | auxiliaires des disjoncteurs débrochables doivent avoir des distanges de
sectionnement répondantiaux exigences spécifiées pour la fonction de sectionnement, en
tenant ¢ompte des tolérances de fabrication et des modifications dimensionnelles ¢ausées
par l'uslire.

Le mécnisme (de” débrochage doit étre équipé d’un dispositif d’indication sOr et |[robuste
indiquant sans;équivoque les positions des contacts de sectionnement.

Le mécanis = afe s-equipe-de-dispositifs—¢ srrouilage 0 ttant au
disjoncteur d’étre débroché (ou embroché) qu’aprés I'ouverture des contacts principaux.

En outre, le mécanisme de débrochage doit étre équipé de dispositifs de verrouillage ne
permettant la fermeture des contacts principaux que:

— lorsque les contacts de sectionnement sont complétement fermés, ou
— lorsque la distance de sectionnement spécifiée est obtenue entre les parties fixes et les

parties mobiles des contacts de sectionnement (position débrochée).

Lorsque le disjoncteur est en position débrochée, il doit comporter des dispositifs permettant
de s’assurer que les distances spécifiées de sectionnement entre les contacts de
sectionnement ne puissent pas étre réduites par inadvertance.
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7.1.3 Exigences complémentaires pour les disjoncteurs aptes au sectionnement

Pour des exigences supplémentaires concernant le fonctionnement, voir 7.2.7.

Le paragraphe 7.1.7 de I'|EC 60947-1:2007/AMD1:2010 est applicable avec le complément
suivant:

Si la position de déclenchement n’est pas la position d’ouverture indiquée, il convient de
I'identifier sans ambiguité.

7.1.4 Distances d’isolement et lignes de fuite

Les valeurs minimales sont données dans le Tableau 13 de 'EC 6094/7-1:200/ et|dans le
Tableay 15 de I'lEC 60947-1:2007/AMD1:2010.

Pour lgs valeurs de U,,, dépassant les valeurs données dans le(|Tableay 13 de
I'IEC 60947-1:2007, les distances d’isolement doivent étre prises dans”le Tableay F.2 de
I'lEC 60664-1:2007.

7.1.5 Exigences pour la sécurité de I'opérateur

Il ne do|t pas y avoir de passage ou d’ouverture permettant atx ‘particules incandescgntes de
s’échapper de la zone ou se trouvent les organes de commande.

La conf¢ormité est vérifiée selon les indications donnégs¢en 8.3.2.6.1, point b).

7.1.6 Liste des différences de construction

Des digjoncteurs d’une taille donnée sont, Considérés comme ayant une différgnce de
construgtion (voir 2.1.2) si 'une des caractéristiques suivantes n’est pas la méme:

— matgriau, revétement et dimensions des parties internes transmettant le coufant, en
admettant cependant les différences citées en a), b), c), f) et g) ci-apres;
— dimgnsions, matériau, configuration et mode de fixation des contacts principaux;

— tout| mécanisme de manceuvre manuelle intégré, ses matériaux et caractélistiques
phygiques;

— matériaux moulés et isolants;
— pringipe de fonctionnement, matériaux et construction du systéme d’extinction de I'gprc;

— congeption, de ‘base des appareils de déclenchement aux surintensités en admettant,
cependantiles différences détaillées en a), b) et c) ci-aprés.

Les diff¢rences suivantes ne constituent pas une différence de construction:

a) les dimensions des bornes, si les distances d’isolement et les lignes de fuites ne sont pas
réduites;

b) dans le cas de déclencheurs thermiques et magnétiques, les dimensions et matériaux des
composants du déclencheur, y compris les connexions flexibles, qui déterminent le
courant assigné;

c) les enroulements du secondaire des déclencheurs avec transformateurs de courant;
d) les moyens de manceuvre externes supplémentaires aux moyens intégrés de manceuvre;

e) la désignation du type et/ou les particularités purement esthétiques (par exemple les
étiquettes);

f) dans le cas de variantes bipolaires et tétrapolaires, le remplacement du dispositif de
déclenchement d’un pdle par une liaison, pour obtenir un neutre non protégé;

g) la création d’un disjoncteur bipolaire a partir d’'un disjoncteur tripolaire en supprimant la
ligne de courant du pdle central;
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h) une différence dans le logiciel embarqué (micrologiciel) dans les déclencheurs
électroniques, n’ayant aucune incidence sur les caractéristiques de fonctionnement
exigées, notamment la fonction de déclenchement;

i) le matériel des déclencheurs électroniques, dans le cas d’omission de composants sur
des circuits imprimés de configuration identique (par exemple, bouton tournant, affichage,
etc.).

7.1.7 Exigences supplémentaires pour les disjoncteurs munis d’un poéle neutre

Le paragraphe 7.1.9 de I'lEC 60947-1:2007 s’applique avec le complément suivant:

Si un poble ayant un pouvoir de fermeture et de coupure approprié est utilisé comme pdle
neutre, [@lOrs tOUS 165 POIES, Y COMPpris e pole neutre, peuvent fonctionner sensiplement
ensemble.

7.1.8 Entrées et sorties numériques a 'usage des automates programmables (AP)

L’Annexe S de I'lEC 60947-1:2007 s’applique. Pour les besoins de la présente norme, cette
exigence ne s’applique pas aux entrées et sorties numériques dédiées a-des appareils autres
que les putomates programmables.

7.2 Exigences relatives au fonctionnement
7.21 Conditions de fonctionnement
7.21.1 Fermeture

7.2.1.1.1 Généralités

Pour q4’'un disjoncteur soit fermé avec sécurité lorsqu’il établit un courant correspondant a
son polivoir assigné de fermeture en .court-circuit, il convient pour I'essentiel qu’il soit
manceuyré avec la méme vitesse et la\'méme force qu’au cours des essais de fype de
vérificatjon du pouvoir de fermeture en(¢court-circuit.

7.21.1.2 Fermeture dépendante manuelle

Pour un disjoncteur muni_dun mécanisme de fermeture dépendante manuelle, il nlest pas
possiblg de fixer une valeur de pouvoir assigné de fermeture en court-circuit saps tenir
compte [des conditions(de"manceuvre mécanique.

Il convignt de nefpas utiliser un tel disjoncteur dans des circuits pour lesquels la valeur de
créte dJ courant.établi présumé dépasse 10 kA.

Cependpnt,ceci ne s’applique pas dans le cas d’un disjoncteur muni d’'un mécanisme de
fermeture—dependante mmanuette comportantum d€ctencheur d'ouvertureimcorpore—a action
rapide qui fait couper le disjoncteur de fagon sdre, quelles que soient la vitesse et la force
avec lesquelles il est fermé, a des valeurs de créte de courant présumé supérieures a 10 kA;
dans ce cas, un pouvoir assigné de fermeture en court-circuit peut étre fixé.

7.21.1.3 Fermeture indépendante manuelle

Dans le cas d’un disjoncteur muni d’'un mécanisme de fermeture indépendante manuelle, un
pouvoir assigné de fermeture en court-circuit peut étre fixé sans tenir compte des conditions
de manoceuvre mécanique.

7.21.1.4 Fermeture dépendante a source d’énergie extérieure

Le dispositif de fermeture, y compris, s’il y a lieu, les relais intermédiaires de commande, doit
étre capable d’assurer la fermeture du disjoncteur dans tous les cas, depuis le
fonctionnement a vide jusqu’a celui correspondant au pouvoir assigné de fermeture, quand la
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valeur de la tension d’alimentation, mesurée pendant la manceuvre de fermeture, demeure
dans les limites de 110 % et 85 % de la tension assignée d’alimentation de commande et,
dans le cas du courant alternatif, a la fréquence assignée.

A 110 % de la tension assignée d’alimentation de commande, la manceuvre de fermeture,
lorsqu’elle est effectuée a vide, ne doit causer aucune détérioration au disjoncteur.

A 85 % de la tension assignée d’alimentation de commande, la manceuvre de fermeture doit
étre assurée lorsque le courant établi par le disjoncteur est égal a son pouvoir assigné de
fermeture dans les limites permises par le fonctionnement de ses relais ou déclencheurs et, si
une valeur maximale est indiquée pour la durée de fermeture, en un temps n’excédant pas
cette valeur maximale.

7.21.1.5 Fermeture indépendante a source d’énergie extérieure

Un disjoncteur a manceuvre de fermeture indépendante a source d’énergie)extérieyre peut
avoir un pouvoir assigné de fermeture en court-circuit sans tenir compte’\des condifions de
fermetufe.

Les orghnes moteurs des mécanismes d’accumulation, ainsi questes organes de commande
de fermeture, doivent pouvoir fonctionner suivant les spécifications du fabricant.

7.21.1.6 Fermeture par accumulation d’énergie

Ce typg de mécanisme de fermeture doit pouvoir assurér la fermeture du disjonctejur dans
toute cgndition entre le fonctionnement a vide et son pouvoir assigné de fermeture.

Lorsque I’énergie est accumulée dans le disjoncteur, un appareil indiquant que le még¢anisme
d’accunjulation d’énergie est complétement arme doit étre prévu.

Les orghnes moteurs des mécanismes_d'accumulation, ainsi que les organes de commande
de fermeture, doivent étre capables-de fonctionner lorsque leur tension d’alimgntation
auxiliairg est comprise entre 85 %«€t110 % de la valeur de la tension assignée d’alimgntation
de commnande.

Les contacts mobiles ne_doivent pas pouvoir s’écarter de la position d’ouverture sans que
I’énergi¢ soit suffisante\ pour effectuer entierement la manceuvre de fermeture dg fagon
satisfaidante.

Lorsqug le mécanisme d’accumulation d’énergie est a commande manuelle, le sens dans
lequel s[effectue cette manceuvre doit étre indiqué.

Cette derniere exigence ne s’applique pas aux disjoncteurs ayant une mancelivre de

fermeture indépendante manuelle.

7.2.1.2 Ouverture
7.21.2.1 Généralités

Les disjoncteurs dont I'ouverture est automatique doivent étre a déclenchement libre (voir
2.4.23 de I'IEC 60947-1:2007) et, sauf accord contraire entre le fabricant et l'utilisateur,
I’énergie nécessaire a leur déclenchement doit étre emmagasinée automatiquement avant
I'achévement de la manceuvre de fermeture.

7.2.1.2.2 Ouverture par déclencheurs a minimum de tension

Le paragraphe 7.2.1.3 de I'|[EC 60947-1:2007 est applicable.
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7.21.2.3 Ouverture par déclencheurs shunt

Le paragraphe 7.2.1.4 de I'|[EC 60947-1:2007/AMD2:2014 s’applique.

7.21.2.4 Ouverture par déclencheurs a maximum de courant

a)

Ouverture dans des conditions de court-circuit

Le déclencheur de court-circuit doit provoquer le déclenchement du disjoncteur avec une
tolérance de +20 % de la valeur réglée, pour toutes les valeurs de réglage du déclencheur
de courant de court-circuit.

Si cela est nécessaire pour la coordination relative aux surintensités (voir 2.17), le
fabricant doit fournir des informations (habituellement des courbes) indiquant:

— |p valeur maximale de créte du courant coupé limité (voir 2.5.19 de I'lEQ 60947-
1:2007) en fonction du courant présumé (valeur efficace périodique),

— les caractéristiques /2t (voir 2.18) pour les disjoncteurs de catégorie.de/sélegtivité A
at, le cas échéant, de catégorie B pour les disjoncteurs a commande.instantanée (voir
note de 8.3.5.1).

La cpnformité a ces informations peut étre vérifiée au cours des essais de type pgrtinents
des péquences d’essai Il et Il (voir 8.3.4 et 8.3.5).

NOTHE 1 |l est possible de fournir d’autres sortes de données pour vérifiér les caractéristiques de coprdination
des disjoncteurs, par exemple des essais portant sur des combinaisonis d'appareils de protection ¢ontre les
courts-circuits.

b) Ouverture dans des conditions de surcharge
1) Fonctionnement instantané ou a retard indépendant
He déclencheur doit fonctionner avec une tolérance de £10 % de la valeur réglée pour
tputes les valeurs de réglage du décleneheur de surcharge.
2) HRonctionnement a temps inverse

Ues valeurs conventionnelles dé fonctionnement a temps inverse figufent au
Tableau 6.
A la température de référence (voir 4.7.3) et a 1,05 fois le courant de réglage (voir
4.4.37 de [I'IEC 60947-12007), c’est-a-dire au courant conventionnel de non-
déclenchement (voir 2.5:30 de I'lEC 60947-1:2007), le déclencheur d’ouvertufe étant
dlimenté sur tous les\pbles de phase, le déclenchement ne doit pas se produife en un
laps de temps inféhnieur au temps conventionnel (voir 2.5.30 de 'l[EC 60947-12007) a
partir de I'état froid, c’est-a-dire avec le disjoncteur a la température de référenge.
De plus, quand, a I'expiration du temps conventionnel, la valeur du courant est
immédiatement portée a 1,30 fois le courant de réglage, c’est-a-dire au [courant
donveniionnel de déclenchement (voir 2.5.31 de [PIEC 60947-1:2007), Ile
déclenchement doit se produire dans un laps de temps inférieur au| temps
donventionnel.
NOTE 2 La température de référence est la température ambiante sur laquelle est fondée la
caractéristique temps/courant du disjoncteur.

Tableau 6 — Caractéristiques d’ouverture des déclencheurs d’ouverture

a maximum de courant a temps inverse a la température de référence
Tous les poéles en charge Temps
Courant conventionnel de non- Courant conventionnel de conventionnel
déclenchement déclenchement h

1,05 fois le courant de réglage 1,30 fois le courant de réglage 24

a

1hquand /[ <63 A
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Si le fabricant déclare qu’un déclencheur est essentiellement indépendant de la température
ambiante, les valeurs de courant du Tableau 6 doivent s’appliquer a l'intérieur du domaine de
températures annoncé par le fabricant, avec une tolérance ne dépassant pas 0,3 %/K.

L’étendue du domaine de températures doit étre au moins égale a 10 K de part et d’autre de
la température de référence.

7.2.2 Echauffement
7.2.2.1 Limites d’échauffement

Les échauffements des différents organes d’un disjoncteur, mesurés dans les conditions
SpéCifié,a en8-3-2-5; nedoivent Pas dépaaocl tes—vateturs—tmites illdiquéca dans—telableau
7, au cqurs des essais effectués conformément a 8.3.3.7. Les échauffements des ‘bhigrnes ne
doivent [pas dépasser les valeurs limites figurant dans le Tableau 7 durant\les essais
effectuéls conformément aux 8.3.4.5 et 8.3.6.4.

7.2.2.2 Température de I’air ambiant

Les limites d’échauffement indiquées au Tableau 7 ne sont valables'que si la température de
I’air ambiant reste entre les limites indiquées au 6.1.1 de I'|EC 60947-1:2007/AMD2:2(14.

7.2.2.3 Circuit principal

Le circyit principal d’'un disjoncteur, y compris les déclencheurs a maximum de |courant
pouvant lui étre associés, doit pouvoir supporter son _courant assigné /,,, dans les cgnditions
de I'Article 8, sans que les échauffements dépassentiles limites spécifiées au Tableau|7.

7.2.2.4 Circuits de commande

Les cirquits de commande, y compris les.@ppareils pour circuits de commande, utiligés pour
les manjceuvres de fermeture et d’ouverture d’un disjoncteur, doivent permettre de répliser le
service [assigné prévu en 4.3.5 ainsi“que d’effectuer les essais d’échauffement dans les
conditions spécifiées en 8.3.2.5, sans que les échauffements dépassent les limites spécifiées
au Tablgau 7.

Les exigences de ce paragraphe doivent étre vérifiées sur un disjoncteur neuf. Ou bign, si le
fabricant le souhaite, la.vérification peut étre effectuée pendant I'essai d’échauffement du
8.3.3.7.

7.2.2.5 Circaits auxiliaires

Les cirguits\ auxiliaires, y compris les appareils auxiliaires, doivent pouvoir supporfter leur
courant| thermique conventionnel, sans que les échauffements dépassent les| limites
spécifiéés au Tableau 7 forsqu ilS Sont soumis a essal selon Ies exigences de 8.3.2.5.
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— Organes de manceuvre manuels:

Description de I’organe 2 Limites d’échauffement ®
K
— Bornes de raccordement a des connexions extérieures 80

métalliques 25
non métalliques 35

— Parties destinées a étre touchées mais pas a étre tenues a
la main:
métalliques 40
non|métalliques 50

— Parfies pouvant ne pas étre touchées en service normal:
métalliques 50
non|métalliques 60

28 Aucyne valeur n’est précisée pour les piéces autres que celles énumérées ci-dessus, mais il cpnvient
qu’aticun dommage ne soit occasionné aux piéces voisines en matériau isolant.

b Les |imites d’échauffement spécifiées ne sont pas celles qui s’appliquent & Ur’échantillon & I'étgt neuf,
mais| celles qui s’appliquent aux vérifications de I'échauffement au,cours des séquences {’essai
apprppriées spécifiees a I'Article 8.

7.2.3 Propriétés diélectriques

7.2.3.1 Généralités

Les paragraphes 7.2.3 a) et 7.2.3 b) de I'|EC 60947-1:2007 sont applicables.

Les esshis de type doivent étre effectués;conformément a 8.3.3.3.

La vérifijcation de la tenue diélectrique au cours de toutes les séquences d’essai qoit étre

effectuée conformément a 8.3.3.6.

Les ess

7.2.3.2

Le para

Pour ¢
alternat

his individuels de série-doivent étre effectués conformément a 8.4.6.

Tension de tenue aux chocs

jraphe 7.2,31 de 'l|EC 60947-1:2007 est applicable.

s disjoncteurs de caractéristiques assignées supérieures a 1000V en
f,da tension de tenue aux chocs doit étre convenue entre le fabricant et I'ut

courant
lisateur

mais ne

tif.

7.2.3.3

doit pas Atreo inférieure aux valeurs r\nrrncpnndgnf 21 000\ en courant altern

Tension de tenue a fréquence industrielle des circuits principaux, auxiliaires

et de commande

Les essais a fréquence industrielle sont utilisés dans les cas suivants:

— essais diélectriques considérés comme essais de type pour la vérification de l'isolation
solide,

— vérification de la tenue diélectrique comme critére de défaut aprés les essais de type de

man

ceuvre ou de court-circuit,

— essais individuels de série.

7.2.3.4

Distance d’isolement

Le paragraphe 7.2.3.3 de I'|[EC 60947-1:2007/AMD2:2014 s’applique.
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Lignes de fuite

Le paragraphe 7.2.3.4 de I'|[EC 60947-1:2007 est applicable.

7.2.3.6

Isolation solide

L’isolation solide doit étre vérifiée soit par des essais a fréquence industrielle, selon 8.3.3.4.1,
point 3) de I'lEC 60947-1:2007/AMD1:2010/AMD2:2014, soit par des essais en courant

continu

(les tensions d’essai pour les essais en courant continu sont a I’étude).

Pour les besoins de la présente norme, les circuits comprenant des appareils a semi-

conduct

7.2.3.7

Le para

7.2.4

7.2.41

Cette €
630 A.

Le disjgncteur doit étre capable d’effectuer le nombre de cycles de manceuvres d

conditio
assigné

Chaque
de coup

7.2.4.2

Le para

Le disjo

— pour I'essai de fanctionnement en service sans courant dans le circuit principal ¢
conditions d’essai précisées en 8.3.3.4.3,

— pour I'essai’de fonctionnement en service avec courant dans le circuit principal g
conditions d’essai précisées en 8.3.3.4.4.

Chaque

eurs doivent étre déconnectés pour les essais.

Espacements entre circuits distincts

jraphe 7.2.3.6 de 'l|EC 60947-1:2007 est applicable.

Aptitude a I’établissement et a la coupure a vide, en charge-normale et e
surcharge

Fonctionnement en surcharge

xigence ne s’applique qu’aux disjoncteurs de courant assigné ne dépass

hs d’essai de 8.3.3.5, le courant dans le citeuit principal étant supérieur a son

cycle de manceuvre consiste en uneimanceuvre de fermeture suivie d’'une m3
ure.

Aptitude au fonctionnement en service

graphe 7.2.4.2 de 'l|EC(60947-1:2007 est applicable avec les compléments sui

hcteur doit étre capable de satisfaire aux exigences du Tableau 8:

ant pas

ans les
courant

nceuvre

vants:

ans les

ans les

d’'une

cycle de manceuvre consiste soit en une manceuvre de fermeture suivi

manceuvre d’ouverture (essai de fonctionnement en service sans courant), soit en une
manceuvre d’établissement suivie d’'une manceuvre de coupure (essai de fonctionnement en

service

avec courant).
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Tableau 8 — Nombre de cycles de manceuvres

1 2 3 4 5
Courant assigné @ Nombre de cycles Nombre de cycles de mancuvres
de manceuvres par
A heure Sans courant Avec courant € Total
In <100 120 8 500 1500 10 000
100 < In < 315 120 7 000 1000 8 000
315 < I <630 60 4 000 1000 5000
630 < I <2500 20 2 500 500 3000
2 5p0<1h 10 1560 560 2000
a Indique le courant assigné maximal pour une taille donnée.
b La|colonne 2 indique la fréquence de manceuvre minimale. Cette fréquence peut étre aligmentée avec
I’'apcord du fabricant; dans ce cas, la fréquence utilisée doit étre indiquée dans le rapport'd'éssai.
¢ Au| cours de chaque cycle de manceuvres, le disjoncteur doit rester fermé pendant un temps siffisant
pour assurer I’établissement complet du courant mais ne dépassant pas 2 s.

7.2.5 Aptitude a I’établissement et a la coupure en condition-de court-circuit

Le paragraphe 7.2.5 de I'lEC 60947-1:2007 est applicable avec‘les développements suyivants:
Le pouvjoir assigné de fermeture en court-circuit doit étfe ‘eonforme aux 4.3.6.1 et 4.3.6.3.

Le pouvjoir assigné de coupure en court-circuit doit"étre conforme a 4.3.6.2.
Le courant assigné de courte durée admissible doit étre conforme a 4.3.6.4.

cteur est
tes.

NOTE Lg fabricant a la responsabilité d’assurer que la caractéristique de déclenchement du disjon
compatible avec I'aptitude de celui-ci a supporter les contraintes thermiques et électrodynamiques inhére

7.2.6 Disponible

7.2.7 Exigences complémentaires pour les disjoncteurs aptes au sectionnement

Le paragraphe 7.2.7 de-RIEC 60947-1:2007 est applicable et les essais doivent étre effectués
conformément a 8.3.3.3/8.3.3.6, 8.3.3.10, 8.3.4.4, 8.3.5.4 et 8.3.7.8, selon le cas.

7.2.8 Exigences particuliéres pour les disjoncteurs a fusibles incorporés

NOTE Ppur,la coordination des disjoncteurs et des fusibles séparés associés dans un méme circuit, voir|7.2.9.

Un disjoreteur—a—fusiblesincorperés—doitétre—conforme—ataprésente—norme—atous égards
jusqu’au pouvoir assigné de coupure ultime en court-circuit. En particulier, il doit répondre
aux exigences de la séquence d’essai V (voir 8.3.7).

Le disjoncteur doit fonctionner, sans provoquer le fonctionnement des fusibles, en présence
de surintensités ne dépassant pas le courant limite de sélectivité /g déclaré par le fabricant.

Pour toutes les surintensités jusqu’a et y compris le pouvoir assigné de coupure ultime en
court-circuit attribué a I'’ensemble, le disjoncteur doit s’ouvrir lorsqu’un ou plusieurs fusibles
fonctionnent (pour éviter I'alimentation sur une seule phase). Si le fabricant déclare que le
disjoncteur est a fermeture empéchée (voir 2.14), il ne doit pas étre possible de refermer le
disjoncteur tant que n’auront pas été remplacés, soit les éléments de remplacement fondus,
soit tout élément de remplacement manquant, ou bien que les dispositifs de verrouillage
n’auront pas été réarmés.
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7.2.9 Coordination entre un disjoncteur et un autre appareil de protection contre les
courts-circuits

Pour la coordination entre un disjoncteur et un autre appareil de protection contre les courts-
circuits, voir I’Annexe A.

7.3 Compatibilité électromagnétique (CEM)

Les exigences et les méthodes d’essai sont données a I’Annexe J.

8 Essais

8.1 Nlature des essais
8.1.1 Généralités

Le paragraphe 8.1 de 'l|EC 60947-1:2007 est applicable avec les complémeénts suivants:

Les esshis destinés a vérifier les caractéristiques des disjoncteurs sant:

— les gssais de type (voir 8.3),
— les gssais individuels de série (voir 8.4),

— les gssais spéciaux (voir 8.5).
8.1.2 Essais de type

Les esshis de type comprennent les essais suivants:

Essai Paragraphe
Echauff¢gment 8.3.2.5
Limites ¢t caractéristiques de déclenchement 8.3.3.2
Propriétes diélectriques 8.3.3.3
Aptitude| au fonctionnement en service 8.3.3.4
Fonctiorlnement en surcharge (le.cas échéant) 8.3.3.5
Pouvoirg de coupure en courf-Circuit 8.3.4et8.3.5
Courant|de courte durée admissible (le cas échéant) 8.3.6
Fonctiorlnement des disjoncteurs a fusibles incorporés 8.3.7
Courant|continu ckitique de charge 8.3.9

P P P P PN S Y £Eo b Ao oo bricant dan talioe .
Les essais—de type—aotvent—etre—errectues—Pat aofteaftr—aans—ses—atenetrs—ou—€tans un

laboratoire approprié de son choix.

8.1.3 Essais individuels de série

Les essais individuels de série comprennent les essais énumérés en 8.4.

8.2 Conformité aux exigences de construction

Le paragraphe 8.2 de I'l|EC 60947-1:2007/AMD1:2010/AMD2:2014 est applicable.

8.3 Essais de type

Pour éviter la répétition de textes identiques concernant les différentes séquences d’essai, les
conditions générales d’essai ont été groupées au début du présent paragraphe sous trois
titres:
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conditions d’essai applicables a toutes les séquences (8.3.3 a 8.3.8),

conditions d’essai applicables aux essais d’échauffement (8.3.2.5),

conditions d’essai applicables aux essais de court-circuit (8.3.2.6).

Dans la mesure du possible, ces conditions générales d’essai se référent aux régles
générales de I'lEC 60947-1 ou sont fondées sur celles-ci.

Chaque séquence d’essai se référe aux conditions générales d’essai qui sont applicables.
Cela demande I'emploi de références, mais permet de présenter chaque séquence d’essai
sous une forme tres simplifiée.

Le termg
d’interp
utilisé Iq
d’essai

Un inde
ou un e

=

éter le terme «vérification» dans le sens de «essai de vérification» et ceg'{
rsqu’il s’agit de vérifier I’état du disjoncteur aprés un essai au cours d’une ‘sé
bU le disjoncteur aurait pu étre endommage.

X alphabétique est donné en 8.3.1.3 pour situer plus facilement-une condition
ssai. Cet index comprend les termes qui seront le plus vraisemblablement e

bquence

d’essai
mployés

bau 9.

e, sauf

‘essai |

(ou les
3.3.2.3,

ristique

(pas forgcément les termes exacts qui figurent dans le titre des paragraphes correspondants).

8.3.1 Séquences d’essai

8.3.1.1 Généralités

Les esshis de type sont regroupés dans plusieurs séguénces, comme indiqué au Table

Pour chaque séquence, les essais doivent ¢étre réalisés dans I'ordre indiqu

spécification contraire dans la présente norme:

8.3.1.2 Essais omis de la séquence_ [‘et réalisés séparément

En réféfence a 8.1.1 de I'IEC 60947+1:2007, les essais suivants de la séquence d

(voir 8.3.3) peuvent étre omis de:la_séquence et réalisés sur des échantillons séparés:

— limites et caractéristiques de déclenchement (8.3.3.2); auquel cas I’échantillon
échgntillons) en essaisdans la séquence doi(ven)t étre soumis aux essais de 8
uniguement sur les_pdles des phases et au réglage maximal, a la température ambiante
de la piéce et sans.essai supplémentaire du point b) destiné a vérifier la caractg
temps-courant;

— essgi des propriétés diélectriques (8.3.3.3);

— essdi des déclencheurs a minimum de tension de 8.3.3.4.2.3 et 8.3.3.4.3, afin de

les

vérifier

xigences de 7.2.1.3 de I'l[EC 60947-1:2007, et essais des déclencheurs a nl\inimum

de tension aux fréqnnnnne alternatives (\/nir 832 1);

essai des déclencheurs shunt de 8.3.3.4.2.4 et 8.3.3.4.3, afin de vérifier les exigences de
7.2.1.4 de I'IEC 60947-1:2007/AMD2:2014, et essais des déclencheurs shunt aux
fréquences alternatives (voir 8.3.2.1);

essais supplémentaires d’aptitude au fonctionnement en service sans courant pour les
disjoncteurs débrochables (8.3.3.4.5).

8.3.1.3

Applicabilité des séquences selon la relation entre les caractéristiques

assignées de court-circuit

L’applicabilité des séquences d’essai en fonction de la relation entre /g, /., et I, est donnée
au Tableau 9a.
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Conditions générales d’essai Paragraphe
Constante de temps 8.3.2.2.5
Court-circuit: circuits d'essai 8.3.2.6.2
Court-circuit: mode opératoire 8.3.2.6.4
Disposition des disjoncteurs, généralités 8.3.2.1
Disposition des disjoncteurs pour les essais de court- 8.3.2.6.1
circuit
Echauffement 8.3.2.5
Enregistrements (interprétation des) 8.3.2.6.6
Facteur de puissance 8.3.2.2.4
Fréquenice 8.3.2.2.3
Rétablissement (tension de) 8.3.2.2.6
Toléranges 8.3.2.2.2
Essais Paragraphe
(voir| Tableau 9 pour le schéma d’ensemble des
séquences d’essai)
Aptitude| au fonctionnement en service 8.3.3.4 -8.3.4.3%8.3.4.5
Courant|continu critique de charge 8.3.9
Courant|de courte durée admissible 8.3.6.3 #8°3:8.3
Déclencheurs de surcharge (vérification des) 8.3.38-8.3.4.5-8.3.5.2-8.3.55-8.3.6.2{8.3.6.7
- 8«3.7.5-8.3.7.9-8.3.8.2-8.3.8.8
Disjonctpurs a fusibles incorporés (essais de court- 83.7.2-8.3.7.6 - 8.3.7.7
circuit)
Disjonctpurs débrochables (essais supplémentaires) 8.3.3.4.5
Echauffement (vérification d’) 8.3.3.7-8.3.4.5-8.3.6.4 -8.3.7.3-8.3.8.7
Essai dg pouvoir de coupure en court-circuit au 8.3.6.5
courant maximal de courte durée admissible
Essai er] court-circuit sur un pble sépanément (pour Annexe C
réseaux|ayant une phase reliée a la terre)
Essai er] court-circuit sur un pdle“séparément (pour Annexe H — voir H.2
systémefs IT)
Fonctiorlnement en surcharge 8.3.3.5
Indicatign de la position'des contacts principaux 8.3.3.10
Limites et caractéristiques de déclenchement 8.3.3.2
Pouvoir [de eoupure de service en court-circuit 8.3.4.2-8.3.8.4
Pouvoir de*coupure ultime en court-circuit 8.3.53
Propriétés diélectriques 8.3.3.3
Tenue diélectrique (vérification de la) 8.3.36-8.3.44-8354-8.3.6.6-8.3.74-8.3.7.8

- 8.3.8.6
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Tableau 9 — Schéma d’ensemble des séquences d’essai 2

Séquence d’essai

Validité

Essais

Caractéristiques
générales de
fonctionnement (8.3.3)

Tous les disjoncteurs

Limites et caractéristiques de déclenchement
Propriétés diélectriques

Fonctionnement mécanique et aptitude au
fonctionnement en service

Fonctionnement en surcharge (le cas échéant)
Vérification de la tenue diélectrique
Vérification de I’échauffement

Veérification des déclencheurs de surcharge

Vérification des déclencheurs a minimum de tension et

des déclencheurs shunt (le cas échéant)

\Vlél;ﬁ\.aatiull dU :a }JUDitiUII dUD bUIItdbtb plillb;})d S (Ie
cas échéant)
1 Pouvoir assigné de coupure de service encourt-gircuit
Pouvoir pssigné de Tous les disjoncteurs P | Vérification de I’aptitude au fonctionnement
coupure(de service en Vérification de la tenue diélectrique
court-cirpuit (8.3.4) Vérification de I’échauffement
Vérification des déclencheurs de\surcharge
11 Tous les disjoncteurs ¢ | Vérification des déclencheurs\de surcharge
Pouvoir pssigné de d‘? Cat.e.g‘?”e de Pouvoir assigné de coupure Ultime en court-circyit
coupurefultime en court- z_el_ectwtne A gt les Vérification de la tenué diélectrique
ircui isjoncteurs de
circuit (§.3.5) catjégorie de sélectivite | Vérification des déclencheurs de surcharge
B a commande
instantanée d
v Vérificatiomdes déclencheurs de surcharge
Courant|assigné de courte | Disjoncteurs de Courantassigné de courte durée admissible
durée admissible (8.3.6) catégorie de sélectivité | vérification de I’échauffement
b isi \ . . .
B P et disjoncteurs de | p,uyoir de coupure en court-circuit au courant njaximal
catégorie de sélectivité | walsourte durée admissible
A avec un courant Vérification de la t diélectri
assigné de courte er! !ca !on e la tenue diélectrique
durée admissible (voif Vérification des déclencheurs de surcharge
4.4)
\% Phase 1 Court-circuit au courant limite de sélectivité
Fonctiorlnement des Vérification de I’échauffement
disjonctgurs a fusibles Vérification de la tenue diélectrique
;récgr%or,s Disjoncteurs a Vérification des déclencheurs de surcharge
o fusiples Court-circuit a 1,1 fois le courant d’intersection
IRgrpores < Court-circuit au pouvoir assigné de coupure ultime en
Phase 2 court-circuit
Vérification de la tenue diélectrique
Veérification des déclencheurs de surcharge
VI Disjoncteurs de Vérification des déclencheurs de surcharge
Séquenge d’essal catégorie de sélectivité | Courant assigné de courte durée admissible
combinée (8.8.8) B: Pouvoir assigné de coupure de service en court-circuit
avec low = los Aptitude au fonctionnement en service
(rf—:‘molace Ie? - Verificatiomdetatermue digtectrique
séquences d’essai Il et . L
V) Vérification de I’échauffement
avec lgy = los = loy Vérification des déclencheurs de surcharge
(remplace les
séquences d’essai ll, Il
et IV)
Courant continu critique Disjoncteurs a Essais de courant continu critique de charge
de charge caractéristiques
(8.3.9) assignées a courant

continu

Séquence d’essai en

court-cir

cuit sur un pole

séparément

(Annexe

C)

Disjoncteur pour emploi
sur des réseaux avec
liaison phase-terre

Pouvoir de coupure en court-circuit sur un pole
séparément (/g )
Vérification de la tenue diélectrique

Vérification des déclencheurs de surcharge

Séquence d’essai pour les
disjoncteurs pour réseaux

IT
(Annexe

H)

Disjoncteur pour emploi
sur réseaux IT

Pouvoir de coupure en court-circuit sur un péle
séparement (/1)

Vérification de la tenue diélectrique
Veérification des déclencheurs de surcharge
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Pour le choix des disjoncteurs pour les essais et les différentes séquences d’essai applicables en fonction
de la relation entre I/, I, et |, voir le Tableau 9a.

Sauf lorsque la séquence VI est appliquée.

¢ Sauf

- lorsque I =1, (mais voir 8.3.5),

— lorsque la séquence VI est appliquée,

— pour les disjoncteurs a fusibles incorporés.
d Voir la note de 8.3.5.1

Tableau 9a — Applicabilité des séquences d’essai

en fonction de la relation entre I, I, et I, 2
Catégorie de sélectivité
Séquence A A B B
Relatjon entre Ics, Icu et ICW dgessai Fusibles Fdsibles
incorporés incprporés
CAS 1 I X X X X
I X X X X
les # Igy pour la catégorie de 1" X X b
sélectivité A
les # loy £ ow poUr la v X d X X
catégorig de sélectivité B \% X X
CAS 2 I X X
los = lowl# loy pour la Il X X
catégorig de sélectivité B Il Xb
v X X
\Y X
VI (combinég) X¢ X¢
CAS 3 | X X X X
I X X X X
Ies = Iy pour la catégorie de I
sélectivitg A
los = loy [ lIow pour la v xd X X
catégorig de sélectivité B \% X X
CAS 4 I X
Il X
les = lou F low POURTA 11
catégorig de sélectivité B A% X
\Y,
VI (combinée) X¢

a8 Tableau applicable & chacune des valeurs de Ug. Dans le cas de valeurs assignées multiples de Ug, le

tableau s’applique a chaque valeur de Ug. La séquence d’essai applicable est indiquée par X dans la case
correspondante.

b Essai applicable uniquement si Io, > Igy-

A la discrétion du fabricant ou avec son accord, cette séquence d’essai peut étre appliquée aux
disjoncteurs de la catégorie de sélectivité B et, dans ce cas, elle remplace les séquences d’essai Il et IV.

d  La séquence d'essai IV s’applique seulement aux disjoncteurs & courant assigné de courte durée
admissible (voir 4.4).

8.3.1.4 Programmes d’essais alternatifs pour disjoncteurs a courant alternatif
comportant différents nombres de pbles

Ces programmes d’essai alternatifs peuvent uniquement étre appliqués aux caractéristiques
assignées en courant alternatif et lorsque toutes les caractéristiques assignées sont
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identiques ou inférieures a celles de la variante soumise au programme complet du
Tableau 9, et les différences de construction sont les mémes pour toutes les variantes. Dans
le cas de disjoncteurs unipolaires, les tensions assignées doivent étre inférieures ou égales a
la tension phase-neutre de la variante soumise au programme complet du Tableau 9. Il n'est
pas nécessaire de soumettre a I’'essai un disjoncteur bipolaire obtenu en supprimant la ligne
de courant centrale d’un disjoncteur tripolaire soumis a essai selon le programme 1 ou le
programme 2 du présent paragraphe, car il est considéré comme couvert par les essais de la
variante tripolaire.

La conformité aux exigences d’essais est satisfaite en réalisant 'un des programmes
alternatifs 1 ou 2 suivants:

— Prog
effeq
d’espai énumérés dans le Tableau 9b doivent étre effectués sur les autres variantes.

— Prodramme 2: Les séquences d’essai applicables selon le Tableau~9Ydoivgnt étre
effe¢tuées sur la variante tétrapolaire. De plus, le cas échéant, des” essais| ou les
séquences d’essai énumérés dans le Tableau 9c doivent étre effectués sur leg autres
variantes.

Le pringipe d’application des programmes d’essais alternatifs est,illustré ci-apreés:

Programme 1 Programme 2
unipolaire | bipolaire | tripolaire [tétrapolaire| | unipolaire | bipolaire | tripolaire |té{rapolaire

Construction 12 O O [ | O (@] O o

Construction 2 - - | O - - - |

Construction 3 - - | &5 - - — ]

- - [ ] O - - - [ ]

Construction n - - | O - - - |

Legende B soumis & essai entiérement selon le Tableau 9

O soumis a essai selon.e Tableau 9b
O soumis a essaj selon le Tableau 9c
— pas d’essaiexigé
2 La copstruction 1 est celle’qui couvre la caractéristique assignée maximale.
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Tableau 9b — Applicabilité des essais ou des séquences d’essai aux disjoncteurs
unipolaires, bipolaires et tétrapolaires selon le programme alternatif 1 de 8.3.1.4

Séquence

Paragraphe

Applicabilité a la

Applicabilité aux
variantes

, : y . Essai variante . .
d’essai de I’essai . . fh unipolaires ou
tétrapolaire™ K .
bipolaires?
8.3.3.2 Essai des limites et des caractéristiques de déclenchement
8.3.3.2.1 Généralités X X
8.3.3.2.2 Déclencheurs de court-circuit xa Xe
Déclencheurs de surcharge:
8.3.3.2.3 a)¢ |- instantanés/a retard indépendant X
— atemps inverse
ou 8.3.3.2.3
b)k
. X XFP
(suivant le
cas)
Essai supplémentaire pour les déclencheurs
8.3.3.2.4 N A ;
a retard indépendant:
8.3.3.3 Propriétés diélectriques X )
8.3.3.4 Fonctionnement mécanique et aptitude au fonctiophement en service
8.3.3.4.1 Généralités X X
83342 D|spc_)S|t|ons de copstrL_Jctlon et xd xd| e
fonctionnement mécanique
83343 Aptitude au fonctionnement en service safs X A
courant
83344 Aptitude au fonctionnement en sefvice avec % N
courant
8.3.3.4.5 Disjoncteur débrochables X
8.3.3.5 Fonctionnement en surgharge X )
8.3.3.6 Vérification de la tenue ‘diélectrique X )
8.3.3.7 Vérification de I’échauffement X )
8.3.3.8 Vérification.des\déclencheurs de surcharge
Vérificationydes déclencheurs a minimum de
8.3.3.9 ) . X X
tension.et'des déclencheurs shunt
8.3.3.10 Ve.l'lfl.C8'[I0n de la position des contacts X N
principaux
Pouvoir assigné de coupure de service en
I 8.3.4 Lo
court-circuit
I 8.3 5O P_ouv_0|r assigné de coupure ultime en court- X N
circuit
\ X
4°M€ pole et pole
v 8.3.6 Courant assigné de courte durée admissible adjacent
uniqguement
(voir 8.3.2.6.4)
Vv 837 Fonctionpement des disjoncteurs a fusibles % X
incorporés
VI 8.3.8 Séquence d’essai combinée
Annexe C S,éque,nce d’essai en court-circuit sur un pole
séparément
Annexe H Séquence d’essai pour les disjoncteurs pour

réseaux IT

NOTE L’applicabilité d’'un essai ou d’'une séquence d’essai est indiquée par un X dans la case appropriée.
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Un essai sur une paire de pbles de phase choisis au hasard. Dans le cas d’'une unité de déclenchement
électronique, cet essai peut étre réalisé sur un pole choisi au hasard.

Cette séquence d’essai s’applique aussi lorsque, pour les essais de disjoncteurs tripolaires, la séquence Il
sur la variante tripolaire est remplacée par la séquence Il ou la séquence VI (voir le Tableau 9).

Un seul échantillon, de courant assigné maximal seulement, soumis a essai aux valeurs assignées
correspondant au maximum de kVA (/ , x U, correspondant).

Sans les essais de vérification des déclencheurs a manque de tension (8.3.3.4.2.3) et des déclencheurs shunt
(8.3.3.4.2.4).

Applicable uniquement a la variante unipolaire; non exigé pour les variantes bipolaires.

Dans le cas d'appareils tétrapolaires avec différents niveaux de protection du neutre (par exemple 60 % ou
100 %), seule la variante comportant le niveau le plus élevé est a soumettre a I'’essai selon le Tableau 9b.

Un seul échantillon, de courant assigné maximal seulement, pour chaque séquence d’essai.

h Un échantilon-de courant assignémaximal pour chague séguenced essaidans lecasd'uneouplusieurs
différences de construction (voir 2.1.2 et 7.1.6) dans la taille, un échantillon supplémentaire est.$oumis a
I’essgi au courant assigné maximal correspondant a chaque construction.

i Dispgnible.

i Dispdnible.

k' Cet elssai n’est pas exigé pour les unités de déclenchement électroniques.

Tableau 9¢c — Applicabilité des essais ou des séquences d’essai aux disjoncteurs
urfipolaires, bipolaires et tripolaires selon le programmeg_alternatif 2 de 8.3.1.4
. Clees a Applicalilité aux
Séquenlce | Paragraphe E . App|lcaPl|lte ala variantes
, : y . ssai variante . i
d’essai de I’essai . . unipolalires ou
tripolaire? R
bipoljires?
8.3.3.2 Essai des limites et des caractéristiques de déclenchement
8.3.3.2.1 Généralités X
8.3.3.2.2 Déclencheurs de court-circuit X|e
Déclencheurs de surcharge:
8.3.3.2.3 a)¢ |- instantanés/a retard indépendant XP
— atemps inverse
ou 8.3.3.2.3
b)k
(suivant le
cas)
83.32.4 Essai §upplementa|re des déclencheurs a
retard indépendant
8.3.3.3 Propriétés diélectriques X )
8.3.374 Fonctionnement mécanique et aptitude au fonctionnement en service
8:3:3:4.1 Généralités X X
833402 Dlqusmons de copstrgctlon et xd| e
fonctionnement mécanique
83343 Aptitude au fonctionnement en service sans % X
courant
83344 Aptitude au fonctionnement en service avec X X
courant
8.3.3.4.5 Disjoncteur débrochables
8.3.3.5 Fonctionnement en surcharge X X
8.3.3.6 Vérification de la tenue diélectrique X X
8.3.3.7 Vérification de I’échauffement X X
8.3.3.8 Vérification des déclencheurs de surcharge
8.3.3.9 Ver|f_|cat|on des qeclencheurs a minimum de % X
tension et des déclencheurs shunt
8.33.10 Vgrlfl_catlon de la position des contacts X X
principaux
Pouvoir assigné de coupure de service en
I 8.3.4 o=
court-circuit
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. P Applicabilité aux
Séquence | Paragraphe E . Appllcaplllte ala variantes
, : N A ssai variante A N
d’essai de I’essai . . unipolaires ou
tripolaire? : h
bipolaires?
I 8.3.5b ¢ P_ouv_0|r assigné de coupure ultime en court- X X
circuit
v 8.3.6 Courant assigné de courte durée admissible
Vv 837 Fonct|onpement des disjoncteurs a fusibles % X
incorporés
VI 8.3.8 Séquence d’essai combinée
Annexe C S(raquernce d’essai en court-circuit sur un pole
séparément
SAatanca A'aconl na e Ilne Aicianatairo ey e
Annexe H AN SALAGUEMAIA AL
réseaux IT

NOTE UYapplicabilité d’'un essai ou d’'une séquence d’essai est indiquée par un X dans la case approprige.

2  Dispdgnible.

b Cette] séquence d’essai s’applique aussi lorsque, pour les essais de disjoncteurs tétrapolaires, la séquence Il
sur Iq variante tétrapolaire est remplacée par la séquence Il ou la séquence VI (voirde\Tableau 9).

¢ Un sgeul échantillon, de courant assigné maximal seulement, soumis a essai aux valeurs gssignées

correppondant au maximum de kVA (/,, x U, correspondant).

d  Sans|les essais de vérification des déclencheurs @ manque de tension (8.3/3.472.3) et des déclenche(irs shunt
(8.3.3.4.2.4).

¢ Applitable uniquement a la variante unipolaire; non exigé pour les variantes bipolaires.
Dispgnible.

9 Un squl échantillon, de courant assigné maximal seulement, péur chaque séquence d’essai.
Dispgnible.

i Dispgnible.

i Dispdnible.

k' Cet elssai n’est pas exigé pour les unités de déclenchement électroniques.

8.3.2 Conditions générales d’essai

NOTE Lgs essais selon les exigences: de cette norme n’excluent pas la nécessité d’effectuer dés essais

supplémehptaires concernant les disjoneteurs incorporés dans des ensembles, par exemple des essaig selon la
série IEC|61439.

8.3.2.1 Exigences générales

Sauf agcord contraire du fabricant, chaque séquence d’essai doit étre effectuée| sur un

échantillon de disjéncteurs (ou un jeu d’échantillons) a I’état neuf et propre.

bre- d’échantillons a soumettre a essai pour chaque séquence d’essai et les conditions
d’essai |[(par’ exemple: réglage des déclencheurs de surcharge, raccordement des |bornes)
suivant [es parameires du disjoncteur, sont indiqués au lableau 10 ou, le cas echéant, pour
les programmes d’essais alternatifs, dans le Tableau 9b et le Tableau 9c (voir 8.3.1.4).

Le nom

Lorsque cela est nécessaire, des informations complémentaires sont données aux

paragraphes correspondants.

Sauf spécification contraire, les essais sont a effectuer sur un disjoncteur ayant le courant
maximal assigné pour une taille donnée et sont considérés comme couvrant tous les courants
assignés de cette taille.

Dans le cas d’'une ou de plusieurs différences de construction (voir 2.1.2 et 7.1.6) dans la
taille considérée, des échantillons supplémentaires doivent étre soumis a essai conformément
au Tableau 9b et/ou au Tableau 10, suivant le cas.
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Sauf spécification contraire, les déclencheurs de court-circuit doivent étre réglés au maximum
(temps et courant) pour tous les essais.

Les disjoncteurs a soumettre a essai doivent étre conformes dans tous leurs détails
essentiels au plan du type qu’ils représentent.

Sauf indication contraire, les essais doivent étre effectués avec un courant de méme nature
et, dans le cas du courant alternatif, de méme fréquence assignée et avec le méme nombre
de phases que pour le service auquel le disjoncteur est destiné. Les essais réalisés a la
fréquence de 50 Hz couvrent les applications a 60 Hz et vice-versa, a I'’exception du
fonctionnement des déclencheurs a minimum de tension et des déclencheurs shunt (voir 7.2.2
de I'IEC 60947-1:2007/AMD2:2010 et 7.2.2.6 de 'l|EC 60947-1:2007).

Si le mécanisme est a commande électrique, il doit étre alimenté a la tension r’iinimale
spécifiée en 7.2.1.1.4. En outre, les mécanismes a commande électrique) doivgnt étre
alimentes par les circuits de commande appropriés du disjoncteur complet, avegc leurs
appareils de connexion. Il doit étre vérifié que le disjoncteur fonctionne carrectemenit a vide
lorsqu’illest manceuvré dans les conditions ci-dessus.

Dans I cas de disjoncteurs a manceuvre dépendante manuelle (voir 2.4.12 de
I'IEC 60047-1:2007), le disjoncteur doit étre manceuvré a une vitesse de 0,1 m/s = 25 b, cette
vitesse [étant mesurée a I'’endroit ou I'organe de manceuvre de l'appareil d’essai| touche
I’organg de manceuvre du disjoncteur en essai. Pour les poignées tournantes, la|vitesse
angulaife doit correspondre essentiellement aux conditions ci-dessus en référenge a la
vitesse e I'organe de manceuvre (a ses extrémités) dudisjoncteur en essai.

Le disjgncteur a soumettre a essai doit étre monte complet sur son propre suppoirt ou un
support|équivalent.

Les disjpncteurs doivent étre soumis a essai a l'air libre.

Lorsqu’lin disjoncteur peut étre utilisé~dans des enveloppes individuelles spécifiées gt qu’il a
été soumis a essai a l'air libre, il_doit en plus étre soumis a essai dans la plus pdtite des
enveloppes déclarées par le fabricant, en utilisant un nouvel échantillon pour cha¢un des
essais quivants:

a) Un gssai de court-circuit selon 8.3.5, a U, max et a la valeur correspondante de /I, avec
les néglages du déclencheur au maximum (voir note de bas de tableau a du Tabledu 10).

b) Un |essai d’échauffement selon les conditions générales de 8.3.2.5 réalisé|sur un
disjgncteur ayant une valeur maximale de I, au courant thermique assigné conveptionnel
soug enveloppe /i, (voir 4.3.3.2). Les échauffements doivent satisfaire aux exigehces de
7.2.2 & l'exception du fait que I’échauffement des bornes ne doit pas dépasser 70

Les détalls concernant ces essals, y compris les dimensions de lenveloppe, doivent étre
consignés dans le rapport d’essai.

NOTE Une enveloppe individuelle est une enveloppe congue et dimensionnée pour ne contenir qu’'un seul
disjoncteur.

Cependant, si un disjoncteur peut étre utilisé dans des enveloppes individuelles spécifiées et
est soumis a essai dans la plus petite de ces enveloppes déclarées par le fabricant, il n’est
pas nécessaire d’'effectuer les essais a l'air libre pourvu qu’une telle enveloppe soit en métal
nu, sans isolation. Les détails, y compris les dimensions de I’enveloppe doivent étre
consignés dans le rapport d’essai.

Pour les essais a I'air libre, pour les essais relatifs au fonctionnement en surcharge (8.3.3.5),
au court-circuit (8.3.4.2, 8.3.5.3, 8.3.6.5, 8.3.7.2, 8.3.7.6, 8.3.7.7 et 8.3.8.4), ainsi qu’a la
tenue au courant de courte durée admissible (8.3.6.3 et 8.3.8.3), suivant le cas, un écran
métallique doit étre placé sur toutes les faces du disjoncteur conformément aux instructions
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du fabricant. Les détails, y compris les distances du disjoncteur par rapport a I'écran
métallique doivent étre consignés dans le rapport d’essai.

Les caractéristiques de I'écran métallique doivent étre les suivantes:

e structure: écran a fils entrelacés, ou
métal perforé, ou
métal expansé,
e surface des trous par rapport a la surface totale: 0,45 a 0,65;

e surface de chaque trou: ne dépassant pas 30 mm?;

o finitipn: sans revétement (nu) ou revétement conducteur,

e résigtance: doit étre comprise dans le calcul du courant présumé de défaut dans lg circuit
de I'élément fusible (voir 8.3.4.1.2, point d), de I'l|EC 60947-1:2007) et mesuree a partir du
point le plus éloigné de I'écran métallique susceptible d’étre atteint par,les émissions
d’arg.

Les couples de serrage appliqués aux vis des bornes doivent étre conformes aux instfuctions
du fabrigant (voir 5.2 e)).

L’entretien ou le remplacement de piéces n’est pas autorisé.

Si, poun faciliter un essai, il apparait utile d’en augmenter la sévérité (par exemple |adopter
une fréquence de manceuvres plus élevée pour réduire la durée de I'essai), cela ne Hoit pas
étre effectué sans le consentement du fabricant.

Pour leg essais en courant monophasé sur les<pdles individuels des disjoncteurs multipolaires
pour alimentation d’un circuit ol une phase est reliée a la terre, voir ’Annexe C.

Pour leg essais supplémentaires des disjoncteurs pour les réseaux (IT) non reliés alla terre
ou reliés a la terre par une impédance;voir I’Annexe H.
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Tableau 10 — Nombre d’échantillons pour les essais (1 de 2)

- 295 -

Nombre de Bornes -
PR - Vérifica-
caractéristi- | repérées | Nombre . . y
A s 2 Echantil-| Courant de Tension , . tion de
Séquence ques Alimenta- (d’échan- o ! ) - Courant d’essai | |, Notes
q L . N lon N réglage 2 d’essai I’échauffe
d’essai assignées | tion/char- | tillons ment
U, marquées ge
1| 2 |Plus| Oui | Non Min. | Max. Corr. Max.
X | X[ X X X 1 1 X U, max Voir 8.3.3 X g
1 X U, X X h
X X 2 b
2 X U, X
1 X U, X X h
X X 3 p X U, X b
3 X U, X X ]
I t(/\C/SI) 1 X |U, max corr. X X h
e
(combinée) X X | X 3 2 X U, max corr. X b
3 X U, max X X K
1 X |U, max corr. X X h
2 X U, max corr. X b
X X X 4 ) .
3 X |U, interméd. X X e
4 X U, max X X K
1 X v, X g
X X 2 b
2 X v, X
1 X U, X g
X X 3 2 X U, X b
3 X U, X ¢
" 1 X |U, max corr. X 9
(o) X X | X 3 2 X U, max corr. X b
3 X U, max X d
1 X |U, max corr. X g
2 X U, max corr. X b
X X X 4 .
3 X |U, interméd. X e
4 X U, max X d
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Tableau 10 (2 de 2)

Vérific
:‘:l:rr:(t:’tréerid: Bornes Nombre ation
i tiques repérées d&’échanti Echantill|Courant de| Tension Courant Retard de Notes
Séquence ques Alimentatio on N° | réglage 2 d’essai d’essai I’écha
d’essai assignées nicharge llons uffem
Ue marquées ent
1 | 2 | Plus| Oui | Non Min. |Max. Corr. | Max. | Corr. | Max.
1 X U, max X X X ¢
X X X 2 m
2 X U, max X X X
(IIV) | 1 X |U, max corr. X X X K
cw AV4 AVA AVA o [al AVA Ll AVA AVA |
N\ N\ N\ J A ZAY Ue TTTaA CUTT. N\ ZAY X
3 X | U, max X X X | ™
V Fusibles 1 X U, max X X f.g
incorporés | X | X X X X 2 b
() 2 X U, max X
Pole 1 X U, max Iey 9
individuel
(Annexe C) IR X X X 2 2 X U, max Ke _
()
Pole
individuel g
(Annexe H) X1 X X X X 1 1 X U, max It
(1)
Légende

Plus = plusieurs

(>2), Corr. = correspondant, Interméd. = intermédiaire

NOTE 1
8.3.1.4), le Tabl¢au 9b ou le Tableau 9c est applicable.

NOTE 2 L’applidabilité d’'un essai ou d’'une séquence d’essai«€est indiquée par un X dans la case appropriée.

Le Tableau 10 s’applique aux programmes d’essai du Tableau™. Dans le cas des programmes d’essai$ alternatifs (voir

a

Min signifie

"I, minimum d'une taille donnée; dans l¢ cas de déclencheurs de surcharge réglables, cela signifie le réglage
minimal du /

minimum. Max signifie le maximum de/ pour une taille donnée.

Cet échantillpn est omis dans les cas suivants;
—un disjongteur ayant un seul courant de«églage non ajustable pour une taille donnée,
—un disjongteur équipé seulement d’un déclencheur shunt (c’est-a-dire sans déclencheur de surintensité infégreé),

—un disjondteur a protection électronique contre les surintensités, d’une taille donnée, ayant un courant agsigné réglable

seulement par des moyens électreniques (c’est-a-dire sans changer de capteurs de courant).
Connexions |nversées.
Connexions |nversées si les_ bernes ne sont pas repérées.
Suivant accord a conclure/entre le laboratoire d’essais et le fabricant.
Si les borneq ne sont‘pas repérées, un échantillon supplémentaire doit étre soumis a essai avec les connexigns inversées.

Dans le cas
est soumis
I’échantillon [l

hutre échantillon
s applicables a

d’'uné ou plusieurs différences de construction (voir 2.1.2 et 7.1.6) pour une taille donnée, un
ésSai au courant maximal assigné correspondant a chaque construction dans les conditioj

L’exigence de la note g est applicable a la séquence VI (combinée) et aussi a la séquence Il lorsque I =/ .

Cet échantillon est sélectionné sur la base de la valeur la plus élevée de I'’énergie thermique (/cwzt; ou «t» est le retard de
courte durée correspondant, voir 4.3.6.4). Cet échantillon est omis si la condition d’énergie thermique maximale est remplie
par I’échantillon 1 ou 3.

Cet échantillon, avec les connexions inversées, est uniquement exigé si la séquence Ill est remplacée par la séquence Il
(I, = I.q voir 8.3.5).

Connexions inversées, si bornes non repérées, lorsque la séquence Il est remplacée par la séquence Il (/. =/
ou si la séquence VI remplace les séquences I, lll et IV (I, =/ =]
essai avec une connexion dans le sens direct.

. Voir 8.3.5)

. VOir 8.3.8), autrement cet échantillon est soumis a

S’applique uniquement aux disjoncteurs a courant assigné de courte durée admissible (voir 4.4).

Cet échantillon, avec les connexions inversées, est uniquement exigé avec les bornes non repérées si la séquence Ill est
remplacée par la séquence IV (I, =1, voir 8.3.5).

Cet échantillon est uniquement exigé lorsque la séquence Ill est remplacée par la séquence IV (I, =/

cw’

voir 8.3.5).

cw’
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Valeurs des grandeurs d’essai

Le paragraphe 8.3.2.2.1 de 'l|EC 60947-1:2007 est applicable.

8.3.2.2.2

Tolérances sur les grandeurs d’essai

Le paragraphe 8.3.2.2.2 de I'|EC 60947-1:2007 est applicable.

8.3.2.2.3

Fréquence du circuit d’essai en courant alternatif

Tous les_essais doivent étre effectués a la fréquence a&qignén du rliQJinnr‘tmlr Pour

ous les

essais de court-circuit, si le pouvoir de coupure assigné dépend essentiellement dé-|
de la fr§quence, la tolérance ne doit pas dépasser 5 %.

h valeur

Si le faj)ricant indique que le pouvoir de coupure assigné est notablemenfyindépendant de la

valeur de la fréquence, la tolérance ne doit pas dépasser 25 %.
8.3.2.2.4 Facteur de puissance du circuit d’essai
Le paragraphe 8.3.4.1.3 de 'l|EC 60947-1:2007 est applicable avec la modification suiyante:
Le Tablgau 16 de I'lEC 60947-1:2007 est remplacé par le-IXableau 11 de la présente nprme.
Tableau 11 — Valeurs des facteurs de puissance et
des constantes de temps en fonction des courants d’essai
Facteur de puissance Constant:]:e temps
Courant
d’esshi / Aptitude au Aptitude au
kA Court-circuit | fonctionnes Surcharge | Court-circuit fonctionne- Surgharge
ment en ment en
service service
/< 0,9 5
3<1<|4,5 0,8 5
45<l<6 0,7 5
6</410 0,5 0,8 0,5 5 2 D.5
10 <1£20 0;3 10
20 < /%50 0,25 15
50 41/ 0,2 15
8.3.2.2.5 Constante de temps du circuit d’essai

Le paragraphe 8.3.4.1.4 de 'l|EC 60947-1:2007 est applicable avec la modification suivante:

Le Tableau 16 de I'l[EC 60947-1:2007 est remplacé par le Tableau 11 de la présente norme.

8.3.2.2.6

Tension de rétablissement a fréquence industrielle

Le point a) du 8.3.2.2.3 de I'l[EC 60947-1:2007/AMD2:2014 est applicable.

8.3.2.2.7

Ondulation du courant d’essai en courant continu

Le courant d’essai doit satisfaire aux exigences de 6.3.1 de I'l|EC 62475:2010.
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8.3.2.3 Interprétation des résultats d’essai

L’état du disjoncteur aprés les essais doit étre contrélé par les vérifications spécifiées pour
chaque séquence.

Un disjoncteur est réputé avoir satisfait aux exigences de la présente norme s’il répond aux
exigences de chaque séquence a laquelle il est soumis.

Le boitier ne doit pas présenter de cassure, mais les fissures fines sont acceptables.

NOTE Les fissures fines sont la conséquence de la pression élevée du gaz ou de contraintes thermiques dues
aux arcs lors de l'interruption de courants de défaut trés élevés, et sont de nature superficielle. En conséquence,

elles ne sp-propagentpas-dans-toutetépaisseurdetenvelopperroutée—detapparein

8.3.24 Rapports d’essai

Le paragraphe 8.3.2.4 de I'|EC 60947-1:2007 est applicable.

8.3.2.5 Conditions d’essai pour les essais d’échauffement

Le disjopcteur doit répondre aux exigences de 7.2.2.

Le paragraphe 8.3.3.3 de I'lEC 60947-1:2007/AMD1:2010/AMD2:2014 est appligable, a
I’except|on de 8.3.3.3.6, avec le complément suivant:

Le disjopcteur doit étre monté selon 8.3.2.1.

Pendant I'essai d’échauffement de la séquence I(voir 8.3.3.7), les bobines des déclencheurs
a minimum de tension doivent (le cas échéant).étre alimentées a une fréquence assignée et
sa tension correspondante, choisies au hasard. Des essais supplémentaires pour véfifier les
bobines| a d’autres fréquences et tensions’assignées doivent étre réalisés en dehofs de la
séquenge.

Pour leg disjoncteurs tétrapolaires)” un essai doit d’abord étre effectué sur les trols pdles
munis de déclencheurs a maximum de courant. Un essai complémentaire doit étre pffectué
sur les fisjoncteurs de courant assigné ne dépassant pas 63 A en faisant passer le|courant
d’essai [par le quatrieme-pdle et le pbdle adjacent. Pour les valeurs supérieures de [courant
assignél la méthode ,d'essai doit faire I'objet d’'un accord séparé entre le fabr|cant et
I'utilisateur.

8.3.2.6 Conditions d’essai pour les essais de court-circuit

8.3.2.6.1 Exigences générales

Le paragraphe ¢.5.4.7.71 de I'EC 60394 /7-1:2007 est complete comme sult:

a) Le disjoncteur doit é&tre monté selon 8.3.2.1.

b) A moins qu’il ne puisse étre montré que, les moyens de manceuvre manuelle étant dans
n’'importe quelle position, il n’y a pas douverture autour des moyens de manceuvre
manuelle par laquelle une corde a piano de 0,26 mm de diametre peut étre introduite
jusqu’a la chambre d’arc, les dispositions d’essai suivantes doivent s’appliquer.

Pour les manceuvres d’ouverture seulement, une feuille de polyéthyléne a basse densité,
transparente, d’une épaisseur égale a 0,05mm+0,01 mm et de dimension
100 mm x 100 mm positionnée comme indiqué sur la Figure 1, est fixée et tendue de
fagon raisonnable sur un cadre et placée a une distance de 10 mm:

— de la position la plus débordante de I'organe de fermeture manuelle d’'un disjoncteur
dont I'organe de fermeture ne se trouve pas dans un renfoncement;

— ou du bord du renfoncement pour un disjoncteur dont I'organe de fermeture manuelle
se trouve dans un renfoncement.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 60947-2:2016 © IEC 2016 - 299 -

La feuille de polyéthyléne doit avoir les caractéristiques physiques suivantes:
— densité 823 °C: 0,92 g/cm3 + 0,05 g/cm3,
— point de fusion: 110 °C a 120 °C.

Sur le c6té opposé au disjoncteur, il doit y avoir un renfort convenable afin d’éviter une
déchirure de la feuille de polyéthylene due a I'onde de pression qui peut survenir pendant
I’essai de court-circuit (voir Figure 1).

Pour les essais autres que ceux dans une enveloppe individuelle, un écran, qui peut étre
en matériau isolant ou en métal, est placé entre I'écran métallique et la fe
polyéthyléne (voir Figure 1).

uille de

NOTE Le dispositif d’'essai s appllque aux manceuvres O seulement étant donné qu’il est difficile d’effectuer

les m@ameeTvres €0 —etitest auuvptv que tesTmanmeeuvres Oe—sont Pas oS graves gue tesmmamoguvres CO
(voir B.3.2.6.4).
c) Le disjoncteur doit étre manceuvré au cours des essais de maniére a reproduire aussi

fidél

Un disjoncteur a manceuvre dépendante par source d’énergie extérieure doit se fe
cours des essais avec une alimentation de commande (tension ou pression) égale

de s

Un disjoncteur a manceuvre indépendante par source d’énergiejextérieure doit se
au cours des essais avec le mécanisme de manceuvre chargé-a la valeur maxima

par |

Un disjoncteur a manceuvre par accumulation d’énergié«oit se fermer au cours de
aveq le dispositif de manceuvre alimenté a 85 % de)la tension assignée de I'alim

auxi
d) Siu

de ges déclencheurs doit étre comme spécifié‘pour chaque séquence d’essai.
Dansg

équi
de |
appl
celu

e) Pouf

corr
I'abs
Tab

8.3.2.6.

Le para

8.3.2.6.

ement que possible les conditions de service.

A valeur assignée.

e fabricant.

iaire.

h disjoncteur est muni de déclencheurs réglables a maximum de courant, le

le cas des disjoncteurs non équipé€s de déclencheurs a maximum de cour3
pés d’un déclencheur shunt, celui-Ci;doit étre alimenté sous une tension égale
h tension assignée d’alimentation de commande de ce déclencheur (voir 7.
quée au plus tét au début du-court-circuit et au plus tard 10 ms aprés le d
-Ci.

tous ces essais, le ¢ote source du circuit d’essai doit étre raccordé aux
espondantes du disjoncteur telles qu’elles ont été repérées par le fabric
ence de tels repéres, les connexions d’essai doivent étre comme spécif
eau 10.

p Circuit.d’essai

graphe«8.3.4.1.2 de I'lEC 60947-1:2007/AMD1:2010 est applicable.

B Etalonnage du circuit d’essai

rmer au
a85%

2 fermer
le fixée

5 essais
entation

réglage

nt mais
a70 %
p.1.2.3),
ébut de

bornes
ant. En
ées au

Le paragraphe 8.3.4.1.5 de '|EC 60947-1:2007 est applicable.

8.3.2.6.4 Mode opératoire d’essai

8.3.2.6.4.1 Généralités

Le paragraphe 8.3.4.1.6 de I'|EC 60947-1:2007 est applicable, avec le complément suivant.

8.3.2.6.4.2 Essais sur disjoncteurs unipolaires, bipolaires et tripolaires

Apres étalonnage du circuit d’essai, conformément a 8.3.2.6.3, les connexions pro
sont remplacées par le disjoncteur en essai et ses cables de raccordement, le cas échéant.

visoires

Les essais de vérification du fonctionnement en condition de court-circuit doivent étre

effectué

s conformément aux séquences du Tableau 9 (voir 8.3.1).


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

- 300 - IEC 60947-2:2016 © IEC 2016

Pour les disjoncteurs dont le courant assigné ne dépasse pas 630 A, un cable d’au plus
75 cm de longueur, et de section correspondant au courant thermique conventionnel
(voir 8.3.3.3.4, Tableaux 9 et 10 de I'lEC 60947-1:2007) doit étre inséré, comme suit:

— environ 50 cm cété source,
— environ 25 cm cbté charge.
Pour les caractéristiques assignées <20 A, le fabricant peut spécifier une section plus
grande, auquel cas cette derniére doit étre utilisée pour tous les essais de court-circuit

applicables, et étre indiquée dans le rapport d'essai. De plus, une vérification des
déclencheurs a temps inverse selon 8.3.3.2.3 b) doit étre réalisée avec ladite section.

La seqyence de manceuvres doit etre celle applicable a chaque sequence d essai,|] comme
spécifiélen 8.3.4.2, 8.3.5.3, 8.3.6.5 et 8.3.7.7.

Des programmes d’essais alternatifs pour les disjoncteurs disposant de variantes a trdis poles
et quatrg pdles sont indiqués en 8.3.1.4.

8.3.2.6.4.3 Essais de disjoncteurs tétrapolaires

Les exigences de 8.3.2.6.4.2 s’appliquent.

Des séquences de manceuvres supplémentaires doivent &tre réalisées sur un ou plusieurs
échantillons nouveaux, conformément au Tableau 10{sur le quatriéme podle et |le poéle
adjacenf, conformément a la séquence Il ou V, suivant’le cas, et a la séquence IY le cas
échéanf Cette exigence s’applique méme lorsquesla séquence Il est remplacéq par la
séquenge Il (I, = I.¢) ou lorsque la séquence IV estremplacée par la séquence VI (/.4 = /).

En varidnte, a la demande du fabricant, ces g&sSais peuvent étre combinés avec les egsais en
tripolaire de 8.3.2.6.4.2 et réalisés sur. [es mémes échantillons, auquel cas I'esspi dans
chaque |[séquence d’essai appropriée doit.comprendre

— l'esgai des trois pbles adjacents.de phase,

— I'esdai du quatrieme pble etdu*pdle adjacent.
Les esspis sur le quatrieme\pdle et le pdle adjacent sont réalisés sous une tension appliquée
de Ue/\/3, dans le circuif teprésenté a la Figure 12 de I'lEC 60947-1:2007/AMD1:20(10 avec

les conphexions C1 et(C2 retirées. Le courant d’essai doit faire I’objet d’'un accord entre le
fabricant et I'utilisateur; mais ne doit pas étre inférieur a 60 % de /., ou de /., suivant|e cas.

Des programmes-d’essais alternatifs pour les disjoncteurs disposant de variantes a trdis poles
et quatre pdoles sont indiqués en 8.3.1.4.

8.3.2.6.4.4 Manceuvres d’essai
Les symboles suivants sont utilisés pour définir la séquence de manceuvres:

0] représente une manceuvre de coupure;

(610) représente une manceuvre d’établissement suivie d'une manceuvre de coupure, aprés
la durée d’ouverture appropriée;

t représente l'intervalle de temps entre deux manceuvres en court-circuit successives,
qui doit étre aussi court que possible, en tenant compte de la durée de réarmement du
disjoncteur (voir 2.19), mais pas inférieure a 3 min. La valeur réelle de t doit étre
spécifiée dans le rapport d’essai.

La durée de réarmement maximale doit &tre de 15 min ou une durée plus longue pouvant étre
déclarée par le fabricant, mais sans dépasser 1 h, durant laquelle le disjoncteur ne doit pas
étre déplacé. Les tentatives de refermeture du disjoncteur pendant la durée de réarmement
doivent étre espacées d’au moins 1 min.


https://iecnorm.com/api/?name=e3ec33ad6e0ab3e3414adb18a8dfdf79

IEC 609

47-2:2016 © IEC 2016 - 301 -

La valeur maximale de /2t (voir 2.5.18 de I'lEC 60947-1:2007) notée durant ces essais peut

étre con

signée dans le rapport d’essai (voir 7.2.1.2.4, point a)).

8.3.2.6.5 Comportement du disjoncteur pendant les essais de fermeture et de

coupure en court-circuit

Le paragraphe 8.3.4.1.7 de '|EC 60947-1:2007 est applicable.

8.3.2.6.6 Interprétation des enregistrements

Le paragraphe 8.3.4.1.8 de I'|EC 60947-1:2007 est applicable.

8.3.2.6.

Apres |4
circuit d
suivante

I
g
I
f
d

Verification apres les essais de court-circuit

s manceuvres d’ouverture des essais de pouvoir de coupure et de fermeture €
e 8.3.4.2, 8.3.5.3, 8.3.6.5, 8.3.7.2, 8.3.7.7, 8.3.8.4, suivant le cas," I€s co
s doivent étre remplies:

isolant des cébles utilisés pour raccorder I'appareil ne doit présenter
égradation;

h feuille de polyéthyléne, le cas échéant, ne doit pas présenter de trous visible
U ou avec vision corrigée sans grossissement supplémentaire. Les trous mir
ont le diamétre est inférieur a 0,26 mm peuvent étre ignorés;

n court-
nditions

aucune

s a |'ceil
uscules

b boftier ne doit pas présenter de cassure, mais les fissures fines sont acceptaples.

NOTE Les fissures fines sont la conséquence de la pression élevée du gaz ou de contraintes thermiques
dues|aux arcs lors de l'interruption de courants de défautytrés élevés, et sont de nature superficielle. En
consgquence, elles ne se propagent pas dans toute I’épaisseur de I’enveloppe moulée de I'appareil.
Ensuite| aprés les essais de court-circuit, \le” disjoncteur doit satisfaire aux vérifications
spécifiées pour chaque séquence d’essai, s*ilby a lieu.
8.3.3 Séquence d’essai I: Caractéristiques générales de fonctionnement
8.3.3.1 Généralités
Cette s@quence d’essai s’applique a tous les disjoncteurs et comprend les essais suivants:
Essai Parggraphe
Limites ¢t caractéristiques de déclenchement 83.3.2
Propriétes diélectriques 8.3.3.3
Fonctiorilnement:mécanique et aptitude au fonctionnement en service 83.3.4
Fonctiorlnement en surcharge (le cas échéant) 8.3.3.5
Vérificatromdetatermue digtectrique 8-3.3.6
Vérification de I’échauffement 8.3.3.7
Vérification des déclencheurs de surcharge 8.3.3.8
Veérification des déclencheurs a minimum de tension et des déclencheurs shunt (le cas échéant) 8.3.3.9
Vérification de la position des contacts principaux (pour disjoncteurs aptes au sectionnement) 8.3.3.10

Le nombre d’échantillons a soumettre a essai et le réglage des déclencheurs réglables

doivent

étre conformes au Tableau 10.

Voir 8.3.1 pour les essais qui peuvent étre omis de la séquence et effectués sur des

échantil

lons séparés.
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8.3.3.2 Essai des limites et des caractéristiques de déclenchement
8.3.3.2.1 Généralités

Le paragraphe 8.3.3.2 de '|EC 60947-1:2007/AMD1:2010/AMD2:2014 est développé comme
suit:

La température de l'air ambiant doit étre mesurée comme lors des essais d’échauffement
(voir 8.3.2.5).

Quand le déclencheur d’ouverture a maximum de courant est normalement monté comme
partie intégrante du disjoncteur, il doit étre vérifié dans le disjoncteur correspondant.

Tout ddclencheur séparé doit étre monté approximativement comme dans les\conditions
normalegs de service. Le disjoncteur complet doit étre monté selon 8.3.2.1.-Le matériel a
I'essai doit étre protégé contre des échauffements ou des refroidissementscanormaux dus a
des cauges extérieures.

Les connexions du déclencheur séparé, le cas échéant, ou du disjoncteur complet|doivent
étre réalisées de la méme facon que pour le service normal avec des-conducteurs de|section
corresppndant au courant assigné (/) (voir 8.3.3.3.4,/, TFableaux 9 et (10 de
'IEC 60947-1:2007), et de longueur conforme au 8.3.3.3.4 de
I'EC 60[947-1:2007/AMD1:2010/AMD2:2014.

Pour le$ disjoncteurs munis de déclencheurs a maximium de courant réglables, leg essais
doivent gtre effectués aux :

a) courlant de réglage minimal et au réglage minimal de la temporisation, suivant le cas, et

b) counant de réglage maximal et au réglagesmaximal de la temporisation, suivant le ¢as,

dans chpque cas avec des conducteurs correspondant au courant assigné /, (voir 4.7.P).

Pour les essais pour lesquels la caractéristique de déclenchement est indépendante de la
tempérdture des bornes (par eéxemple les déclencheurs électroniques de surchafge, les
déclencheurs magnétiques), les-données relatives au raccordement (type, section, Igngueur)
peuvent étre différentes, * de celles exigées en 8.3.3.34 de [I'IEQ60947-
1:2007/AMD1:2010/AMD2:2014. Il convient que les raccordements soient compatibles|avec le
courant|d’essai et les contraintes thermiques induites.

Pour lejs disjonctéurs ayant un pdle neutre équipé d'un déclencheur de surcharge, la
vérificatjon de ee-déclencheur de surcharge doit étre effectuée sur le pble neutre seul.

Les esshis{peuvent étre effectués a toute tension convenable.

8.3.3.2.2 Déclencheurs de court-circuit

Le fonctionnement des déclencheurs de court-circuit (voir 4.7.1) doit étre vérifié a 80 % et a
120 % du courant de réglage de court-circuit du déclencheur. Pour les essais en courant
alternatif, le courant d’essai ne doit pas présenter d’asymétrie. Pour les essais en courant
continu, le courant ne doit présenter aucun dépassement au démarrage et la constante de
temps doit étre inférieure a 10 ms.

Pour une valeur du courant d’essai égale a 80 % du courant de réglage de court-circuit, le
déclencheur ne doit pas fonctionner, le courant étant maintenu:
— pendant 0,2 s dans le cas de déclencheurs instantanés (voir 2.20),

— pendant un temps égal a deux fois le retard fixé par le fabricant dans le cas de
déclencheurs a retard indépendant.
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Pour une valeur de courant d’essai égale a 120 % du courant de réglage de court-circuit, le
déclencheur doit fonctionner:

— en 0,2 s dans le cas de déclencheurs instantanés (voir 2.20);

— pendant un temps égal a deux fois le retard fixé par le fabricant dans le cas de
déclencheurs a retard indépendant.

Pour les disjoncteurs munis d’'un déclencheur de surintensité électronique, le fonctionnement
des déclencheurs de court-circuit doit étre vérifié par seulement un essai sur chaque poéle
individuellement.

Pour les disjoncteurs munis de déclencheurs de surintensité électromagnétiques, le
fonctionnement des dectencheurs muftipotaires de court-circuit doit &tre verifie par seulement
un essdi sur chaque combinaison de deux péles de phase en série. Pour les disjgoncteurs
posséddant un pdle neutre identifié muni d’'un déclencheur de court-circuit, le pdleyneutre doit
étre soumis a essai en série avec un pble de phase choisi au hasard.”De plus, le
fonctionnement des déclencheurs de court-circuit doit étre vérifié une fois.slr chaque poéle
individugllement, a 120 % de la valeur déclarée par le fabricant pour les|poles indiviquels ou
de la vdleur de réglage du courant de court-circuit (si aucune valeurmn’est déclarée pour les
pbles individuels), et le fonctionnement a cette valeur doit s’effectuers;

— en 0,2 s dans le cas de déclencheurs instantanés (voir 2.20),

— pendant un temps égal a deux fois le retard fixé parn‘“le fabricant dans le [cas de
déclencheurs a retard indépendant.

Les déclencheurs a retard indépendant doivent, ‘en outre, satisfaire aux exigences
de 8.3.3.2.4.

8.3.3.2.8 Déclencheurs de surcharge
a) Déclencheurs instantanés ou a retard, independant

Le fpnctionnement des déclencheurs*de surcharge instantanés ou a retard indépendant
(voil Note 1 de 4.7.1) doit étre*vérifié a 90 % et a 110 % du courant de réglage de
surcharge du déclencheur. Pouriles essais en courant alternatif, le courant d’essa| ne doit
pas |présenter d’asymétrie~"Pour les essais en courant continu, le courant [ne doit
présenter aucun dépassement au démarrage et la constante de temps doit étre inférieure
a 10 ms. Le fonctionnement des déclencheurs de surcharge multipolaires doit étrg vérifié
aveg tous les pbéles de'phase alimentés simultanément par le courant d’essai.

Les |déclencheurs ‘& retard indépendant doivent, en outre, satisfaire aux exigences
de 8,3.3.2.4.

A ur| courant d’essai d’'une valeur égale a 90 % du courant de réglage, le déclengheur ne
doit pas fonctionner, le courant étant maintenu

— pgehdant 0,2 s dans le cas de déclencheurs instantanés (voir 2.20),

— pendant un temps égal a deux fois le retard fixé par le fabricant dans le cas de
déclencheurs a retard indépendant.

A un courant d’essai d’'une valeur égale a 110 % du courant de réglage, le déclencheur
doit fonctionner

— en 0,2 s dans le cas de déclencheurs instantanés (voir 2.20),

— pendant un temps égal a deux fois le retard fixé par le fabricant dans le cas de
déclencheurs a retard indépendant.

Pour les disjoncteurs ayant un poéle neutre identifié équipé d’'un déclencheur de surcharge
(voir 8.3.3.2.3), le courant d’essai pour ce déclencheur doit avoir une valeur égale a 1,2
fois 110 % du courant de réglage.

b) Déclencheurs a temps inverse

Les caractéristiques de fonctionnement des déclencheurs de surcharge a temps inverse
doivent étre vérifiées selon les exigences de 7.2.1.2.4, point b) 2).
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Pour les disjoncteurs ayant un pdle neutre identifié équipé d’un déclencheur de surcharge
(voir 8.3.3.2.4), les courants d’essai pour ce déclencheur doivent étre choisis dans le
Tableau 6 excepté que le courant d’essai au courant conventionnel de déclenchement doit
étre multiplié par le facteur 1,2.

Pour les déclencheurs sensibles a la température de I'air ambiant, les caractéristiques de
fonctionnement doivent étre vérifiées a la température de référence (voir 4.7.3 et point b)
de 5.2), le déclencheur étant alimenté sur tous les pbles de phase.

Si I'essai est effectué a une température différente de la température de I'air ambiant, une
correction doit étre effectuée conformément aux caractéristiques température/courant
fournies par le fabricant.

Pour les déclencheurs magnétothermiques déclarés insensibles a la température de l'air
ambyjant pat te fabl;ballt, tes uqlautél;at;quco de—forctionrement-doiventétre—vérifiées par
deuX mesurages, 'un a 30°Cx+2°C, l'autre a 20°C+2°C ou a 40°CEt2 °C, le
déclencheur étant alimenté sur tous les pbles de phase.

Pour les déclencheurs électroniques, les caractéristiques de fonctionnement doivent étre
vérifijées a la température ambiante du local d’essai (voir 6.14, “de I'lEQ 60947-
1:2007/AMD2:2014), le déclencheur étant alimenté sur tous les pblesdé phase.

Un gssai supplémentaire, a une valeur de courant devant faire I'objet d’un accord [entre le
fabricant et Il'utilisateur, doit étre effectué en vue de vérifier,que les caractéllistiques
temps/courant du déclencheur correspondent (dans les limites des tolérances indiquées)
aux courbes fournies par le fabricant.

NOTE En plus des essais décrits dans ce paragraphe, les déclencheurs des disjoncteurs sont ¢galement
vérifigs sur chaque pble séparément au cours des séquences,'dessai lll, IV V et VI (voir 8.3.5.4, 8.3.5.5,
8.3.6/2, 8.3.6.7, 8.3.7.5, 8.3.7.9, 8.3.8.2 et 8.3.8.8).

Les dédlencheurs a retard indépendant doivent étre soumis a essai pour vérifier les|valeurs

du retard et de la durée de non-déclenchement

a)

b)

Retard
Ce
— dans le cas de déclencheurs de surcharge, tous les pbles de phase étant charggs;

—

bssai est effectué a un courdant égal a 1,5 fois le courant de réglage:

pour les disjoncteurs ayant un péle neutre identifié équipé d’'un déclencheur de
qurcharge (voir 8,3.3!2.1), le courant d’essai pour ce déclencheur doit étre égal a 1,5
fpis le courant de réglage;

dans le cas e déclencheurs de court-circuit électromagnétiques, avec deux pbles en
dérie parcoutrus par le courant d’essai, en utilisant successivement toytes les
gqombinaisans possibles de pbdles de phase munis d’un déclencheur de court-circuit.

— dans( le' cas de déclencheurs de court-circuit électroniques, sur un pdle choisi au
hasard.

Le retard mesuré doit se trouver entre les limites fixées par le fabricant.

Si le courant d’essai chevauche une autre caractéristique de déclenchement (par exemple
une caractéristique de déclenchement instantané), le réglage du déclenchement (par
exemple Iyq, voir Figure K.1) et le courant d’essai doivent étre réduits autant que
nécessaire pour empécher un déclenchement prématuré. Ces valeurs doivent étre
enregistrées dans le rapport d’essai.

Durée de non-déclenchement

Cet essai est effectué dans les mémes conditions que pour I'essai du point a) ci-dessus
pour les déclencheurs de surcharge et pour les déclencheurs de court-circuit:

Un courant d’essai égal a 1,5 fois le courant de réglage est d’abord maintenu pendant un
intervalle de temps égal a la durée de non-déclenchement fixée par le fabricant; puis le
courant est réduit a la valeur correspondant au courant de réglage de surcharge (/) et il
est maintenu a cette valeur pendant un intervalle de temps égal au double du retard fixé
par le fabricant. Le disjoncteur ne doit pas déclencher.
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8.3.3.3 Essai des propriétés diélectriques

Le paragraphe 8.3.3.4.1 de I'l[EC 60947-1:2007/AMD1:2010/AMD2:2014 est applicable, a
I’exception du point 5), avec les compléments suivants:

(i) en référence a 8.3.3.4.1, point 2) c) i) et ii), de I'IEC 60947-1:2007: les positions
normales de service comprennent la position de déclenchement, le cas échéant;

(ii) en référence a 8.3.3.4.1, point 3 c), de I'lEC 60947-1:2007/AMD1:2010/AMD2:2014: pour
les besoins de la présente norme, les circuits comprenant des appareils a semi-
conducteurs reliés au circuit principal doivent étre déconnectés pour I'essai;

(iii) les disjoncteurs non déclarés comme aptes au sectionnement doivent étre soumis a essai
avec la tension d’essai appliquée a travers les pdles du circuit principal, les bornes
am}nt étant reliées enfre elles ef les bornes aval etant reliées entre elles. La|tension

d’eg¢sai doit étre en conformité au Tableau 12 de I'|EC 60947-1:2007;

(iv) podr les disjoncteurs aptes au sectionnement (voir 3.5) et ayant une tehsion d’emploi
supérieure a 50 V, le courant de fuite, mesuré a travers chaque poéle avec/ Jes contacts en
posfition d’ouverture, a une tension d’essai égale a 1,1 U, ne doit pas’dépasser 0|5 mA;

(v) les|[disjoncteurs ayant une tension d’isolement assignée supérieure:a 1 000 V en|courant
altdrnatif doivent étre soumis a essai a une tension de U, + 1 200V en courant glternatif
(valeur efficace) ou 2 U, selon la plus grande des deux valeurs;

(vi) les|disjoncteurs débrochables (voir 7.1.2) doivent faire<Lobjet d’'une vérificatiogn de la
tension de tenue aux chocs, selon 8.3.3.4.1, point,2) b) de I'lEC 60947-1:2p07. La
tengion d’essai doit étre choisie dans le Tableau 14 )de I'|EC 60947-1:2007, et elle doit
étrg appliquée entre les contacts principaux des™Unités débrochables et leurs ¢ontacts
fixegls correspondantes, en position déconnectée.\Les critéres d’acceptation sont peux de
8.3/3.4.1, point 2) d) de I'l|EC 60947-1:2007.

8.3.3.4 Essais de fonctionnement mécanique et d’aptitude au fonctionnement|en
service

8.3.3.4.1 Conditions générales d’essai

Le disjoncteur doit étre monté eonime indiqué en 8.3.2.1, mis a part que, pour ces gssais, il
peut étfe monté sur un chassis métallique. Le disjoncteur doit étre protégé conjtre tout
échauff¢ment ou refroidissement extérieur excessif.

Les esshis doivent étre.effectués a la température ambiante du local d’essai.

La tension d’alimentation de commande de chaque circuit de commande doit étre mgsurée a
ses bormes sausle courant assigné.

Toutes |es.fésistances ou impédances faisant partie de I'appareil de commande doivient étre
en circuit. Cependant, aucune impédance supplémentaire ne doit étre insérée entre la source
de courant et les bornes de l'appareil.

Les essais de 8.3.3.4.2, 8.3.3.4.3 et 8.3.3.4.4 doivent étre effectués sur le méme disjoncteur,
mais I'ordre dans lequel ces essais sont effectués est facultatif. Cependant pour les essais
des déclencheurs a minimum de tension et les déclencheurs shunt, les essais de 8.3.3.4.2 et
8.3.3.4.3 peuvent étre effectués, a la place, sur un échantillon neuf.

S’il est souhaité, dans le cas des disjoncteurs pouvant étre entretenus, qu'un nombre de
manceuvres supérieur a celui spécifie au Tableau 8 soit effectué, ces manceuvres
supplémentaires doivent étre effectuées d’abord, suivies par des opérations d’entretien
conformes aux instructions du fabricant et, ensuite, par le nombre de manceuvres prévu au
Tableau 8, sans qu’aucune autre opération d’entretien soit permise au cours du restant de
cette séquence d’essai.
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Pour la commodité de I'essai, il est admis de diviser chacun de ces essais en deux périodes
ou plus. Il convient cependant qu’aucune de ces périodes ne soit inférieure a 3 h.

8.3.3.4.2 Dispositions constructives et fonctionnement mécanique
8.3.3.4.2.1 Construction

Un disjoncteur débrochable doit étre vérifié suivant les exigences de 7.1.2.

La conformité & 7.2.1.1.6 d’un disjoncteur @ manceuvre par accumulation d’énergie doit étre
vérifiée en ce qui concerne l'indication de la charge et le sens de manceuvre du mécanisme
manuel d’accumulation d’énergie.

8.3.3.4.2.2 Fonctionnement mécanique
Les esshis doivent étre effectués comme spécifié en 8.3.3.4.1 en vue de:

— vérifjer le déclenchement satisfaisant du disjoncteur, ['appareil de' fermeturg étant
alimgnté;

— vérifjer le comportement satisfaisant du disjoncteur lorsque la manceuvre de fermgture est
provpquée, I'appareil de déclenchement étant en action;

— Vériffjer que la mise en action d’'un appareil a commande par source d’énergie ex{érieure,
lorsque le disjoncteur est déja fermé, ne doit provoquer aucun dommage au disjor{cteur ni
mettre en danger I'opérateur.

Le foncfionnement mécanique d’un disjoncteur peut étre vérifié a vide.

Un disjpncteur a manceuvre dépendante a source d’énergie extérieure doit satisfaire aux
exigences de 7.2.1.1.4.

Un disjpncteur a manceuvre dépendante a source d’énergie extérieure doit fongtionner
avec soh mécanisme de manceuvrexehargé aux limites minimale et maximale fixges par
le fabridant.

Un disjgncteur a manceuvre par accumulation d’énergie doit étre conforme aux exigehces de
7.2.1.1.6 avec une tension.d’alimentation auxiliaire égale a 85 % et a 110 % de la|tension
assignép d’alimentation.{de commande. Il doit étre aussi vérifié que les contacts mopiles ne
peuvenf pas s’écarter_de la position d’ouverture lorsque la charge du mécanisme de
manceuyre est légérement inférieure a la pleine charge mise en évidence par I'appareil
indicatepr.

Les contacts_d’un disjoncteur a déclenchement libre ne doivent pas pouvoir étre maintenus en
contact pu‘en position de fermeture lorsque le déclencheur est en position de déclencq\ement.

Si les durées de fermeture et d’ouverture d’un disjoncteur sont indiquées par le fabricant,
leurs valeurs doivent étre conformes a ces indications.

8.3.3.4.2.3 Déclencheurs a minimum de tension

Les déclencheurs a minimum de tension doivent satisfaire aux exigences de 7.2.1.3 de
I'IEC 60947-1:2007. Pour cela, le déclencheur doit étre adapté a un disjoncteur ayant le
courant maximal assigné pour lequel le déclencheur convient.

i) Tension de retombée

Il doit étre aussi vérifié que le déclencheur fonctionne pour ouvrir le disjoncteur entre les
limites de tension spécifiées.

La tension doit étre réduite en partant de la tension assignée d’alimentation de commande
pour atteindre 0 V en 30 s environ.
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L’essai pour la limite inférieure est effectué sans courant dans le circuit principal et sans
préchauffage préalable de la bobine du déclencheur.

Dans le cas d’'un déclencheur avec une plage de tensions assignées d’alimentation de
commande, cet essai est effectué a la tension maximale de la plage.

L’essai pour la limite supérieure est effectué en partant d’une température constante
correspondant a I'application de la tension assignée d’alimentation de commande au
déclencheur et au courant assigné dans les pdles principaux du disjoncteur. Cet essai
peut étre combiné avec I'’essai d’échauffement de 8.3.3.7.

Dans le cas d'un déclencheur avec une plage de tensions assignées d’alimentation de
commande, cet essai est effectué aux deux tensions assignées minimale et maximale
d’alimentation de commande.

i) Essai pour les limites de fonctionnement

En ¢gémarrant avec le disjoncteur ouvert, a la température du local d’essai, et [avec la
tensjon d’alimentation égale & 30 % de la tension assignée maximale d’alimentation de
commande, il doit étre vérifié que le disjoncteur ne peut pas étre fermé en mangeuvrant
I’organe de commande. Lorsque la tension d’alimentation est augmeniée jusqu’a 85 % de
la t¢nsion assignée minimale d’alimentation de commande, il dditétre vérifié| que le
disjgncteur peut étre fermé en manceuvrant 'organe de commande-

iii) Fon¢tionnement dans des conditions de maximum de tension

Le disjoncteur étant fermé sans courant dans le circuit principal, il doit étre vérifi¢ que le
déclencheur a minimum de tension supporte I'application{d’une tension égale a 110 % de
la tension assignée d’alimentation de commande.<pendant 4 h sans altéfer ses
performances.

8.3.3.4.2.4 Déclencheurs shunt

Les dég¢lencheurs a minimum de tension deivent satisfaire aux exigences de 7.2.1.4 de
I'IEC 60[947-1:2007/AMD2:2014. Pour cela, le déclencheur doit étre adapté a un disjoncteur
ayant le[ courant maximal assigné pour leqtel le déclencheur convient.

Il doit étre vérifié que le déclencheur fonctionne pour ouvrir le disjoncteur a 70 % de la
tension | assignée d’alimentation (de commande, celui-ci étant soumis a essai| a une
tempérdture ambiante de +65YC +2°C sans courant dans les pobles principaux du
disjoncteur. Dans le cas,_ d’'un déclencheur ayant une plage de tensions assignées
d’alimerjtation de commande, la tension d’essai doit correspondre a 70 % de la|tension
minimale assignée d’alimentation de commande.

8.3.3.4.8 Aptitude au fonctionnement en service sans courant

Ces essgais deivent étre effectués dans les conditions spécifiées en 8.3.2.1. Le nombre de
cycles fe,manceuvres a effectuer sur le disjoncteur est indiqué dans la colonne 3 du
Tablead 8;{le nombre de cycles de manceuvres par heure est indiqué dans la colonne|2 de ce
tableau.

Les essais doivent étre effectués sans courant dans le circuit principal du disjoncteur.

Pour les disjoncteurs qui peuvent étre équipés de déclencheurs shunt, 10 % du nombre total
de cycles de manceuvres doivent étre des manceuvres de fermeture/déclenchement, c’est-a-
dire avec le déclencheur shunt alimenté a la tension maximale assignée d’alimentation de
commande.

Pour les disjoncteurs qui peuvent étre équipés de déclencheurs a minimum de tension, 10 %
du nombre total de cycles de manceuvres doivent étre des manceuvres de
fermeture/déclenchement a la tension minimale assignée d’alimentation de commande, cette
tension étant retirée du déclencheur aprés chaque manceuvre de fermeture, afin de
déclencher le disjoncteur.
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Dans chaque cas, la moitié du nombre de cycles de manceuvres doit étre effectuée au début
des essais et 'autre moitié a la fin des essais.

Pour les disjoncteurs équipés de déclencheurs a minimum de tension, avant I'essai de
fonctionnement en service, le déclencheur @ minimum de tension non alimenté, il doit étre
vérifié que le disjoncteur ne peut pas étre fermé en essayant 10 fois de le fermer.

Les essais doivent étre réalisés sur un disjoncteur muni de son propre mécanisme de
fermeture. Dans le cas de disjoncteurs munis d’'un appareil électrique ou pneumatique de
fermeture, cet appareil doit étre alimenté a sa tension assignée d’alimentation de commande
ou a sa pression assignée. Des précautions doivent étre prises pour éviter que les
échauffements des organes électriques ne dépassent pas les limites indiquées au Tableau 7.

Les disjpncteurs manoceuvrés a la main doivent étre manceuvrés comme en usage-nermal.

8.3.3.4.4 Aptitude au fonctionnement en service avec courant

L’état ef le mode d’installation du disjoncteur doivent étre ceux spécifiés\én 8.3.2.1, le circuit
d’essai ptant conforme au 8.3.3.5.2 de I'l|EC 60947-1:2007.

Le nompre et la fréquence des cycles de manceuvres a effectuer sont donnés dans les
colonnel 2 et 4 du Tableau 8.

Le fongtionnement du disjoncteur doit étre tel qu’il ,établisse et qu’il coupe son |[courant
assigné|sous sa tension assignée d’emploi maximale, fixée par le fabricant, avec un| facteur
de puissance ou une constante de temps, suivant:le cas, conforme au Tableau|11, les
tolérandes étant telles qu’indiquées en 8.3.2.2.2.

Les esgais sur les disjoncteurs a couranttassigné alternatif doivent étre effectués a une
fréquenge comprise entre 45 Hz et 62 Hz.

Pour leg disjoncteurs munis de déclencheurs réglables, les essais doivent étre effectués avec
les déclencheurs réglés a leur valeur de réglage maximale en surcharge et minimale gn court-
circuit.

Les esgais doivent étre~réalisés sur un disjoncteur muni de son propre mécanisme de
fermetufe. Dans le cas ,de disjoncteurs munis d’'un appareil électrique ou pneumafique de
fermetufe, cet appareil-doit étre alimenté a sa tension assignée d’alimentation de commmande
ou a sa pressionlassignée. Des précautions doivent étre prises pour s’assurer gue les
échauffé¢ments_des organes électriques n’excédent pas les valeurs indiquées au Tablejau 7.

Les disjpnctetrs manoceuvrés a la main doivent étre manceuvrés comme en usage normal.

8.3.3.4.5 Essai supplémentaire d’aptitude au fonctionnement en service sans
courant pour les disjoncteurs débrochables

Un essai d’aptitude au fonctionnement en service sans courant doit étre effectué sur le
mécanisme de débrochage et les dispositifs de verrouillage associés des disjoncteurs
débrochables.

Le nombre de cycles de manceuvres doit étre 100.

Apres cet essai, les contacts de sectionnement, le mécanisme de débrochage et les
dispositifs de verrouillage doivent pouvoir assurer leur fonction. La vérification doit étre
effectuée par inspection.
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8.3.3.5 Fonctionnement en surcharge

Cet essai s’applique aux disjoncteurs de courant assigné inférieur ou égal a 630 A.

NOTE 1 Sur demande du fabricant, cet essai peut aussi étre effectué sur des disjoncteurs de courant assigné
supérieur a 630 A.

L’état et le mode d’installation du disjoncteur doivent étre ceux spécifiés en 8.3.2.1, et le
circuit d’essai doit étre conforme au 8.3.3.5.2 de I'|EC 60947-1:2007.

L’essai doit étre effectué a une tension correspondant a la valeur maximale d’emploi Ug 54
assignée par le fabricant au disjoncteur, en prenant en compte I’'exigence relative a la tension
de rétablissement du Tableau 12 (voir également 8.3.2.2.3 ) de
'EC 60947-1:2007/AMD2:2014).

Pour leg disjoncteurs munis de déclencheurs réglables, cet essai doit étre effectué qvec les
déclencheurs réglés a leur valeur de réglage maximale.

Le disjgncteur doit étre ouvert neuf fois a la main et trois fois de (fagon automatique par
’action | d’'un déclencheur de surcharge, sauf dans le cas de(disjoncteurs ayant un
déclencheur de court-circuit dont le réglage maximal est inférieur)au courant d’esspi, pour
lesquelq toutes les 12 manceuvres doivent étre automatiques.

Si le moyen d’essai ne résiste pas au passage de.J¥énergie apparaissant perjdant le
fonctionhement automatique, I'essai peut étre effectué-de/la fagon suivante, avec I'agcord du
fabricant:

— 12 manceuvres manuelles;

— trois| manceuvres supplémentaires avec une ouverture automatique, réalisées souls toute
tensjon appropriée.

Au cours de chacun des cycles manugls, le disjoncteur doit rester fermé pendant une durée
suffisanfe pour assurer I’établissement-complet du courant, mais ne dépassant pas 2 §.

Le nombre de cycles de manceuvres par heure doit étre comme spécifié dans la colonne 2 du
Tablead 8. Si le disjoncteurne.se verrouille pas a la fréquence spécifiée, cette fréquence peut
étre réduite suffisammentipour permettre au disjoncteur de se fermer aprés I’établigsement
complet/du courant.

Si les ¢onditions_de l'installation d’essai ne permettent pas de réaliser les essais a la
fréquente de manceuvre spécifiée au Tableau 8, une fréquence plus faible peut étre gdoptée,
mais ce|fait dait*étre mentionné dans le rapport d’essai.

Les valéu ant-et de la-tens 3 d’essaidoivent &tre conformes au
Tableau 12, avec le facteur de puissance ou la constante de temps, le cas échéant, conforme
au Tableau 11, les tolérances étant telles qu’indiquées en 8.3.2.2.2.

NOTE 2 Avec l'accord du fabricant, cet essai peut étre effectué dans des conditions plus sévéres que celles
spécifiées.

Tableau 12 — Caractéristiques du circuit d’essai
pour le fonctionnement en surcharge

Courant alternatif Courant continu
Courant 61/, 2,51
Tension de rétablissement 1,05 Ue max 1,05 Ue max

Ug max = tension d’emploi maximale du disjoncteur.
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Les essais sur les disjoncteurs a courant assigné alternatif doivent étre effectués a une
fréquence comprise entre 45 Hz et 62 Hz.

Le courant présumé aux bornes d’alimentation du disjoncteur doit étre au moins égal a la plus
petite des deux valeurs suivantes: 10 fois la valeur du courant d’essai ou au moins 50 kA.

8.3.3.6 Vérification de la tenue diélectrique
8.3.3.6.1 Généralités

L'essai doit étre effectué sur le disjoncteur restant monté tel qu’il I'était pour [I'essai
précédent. Si ce montage n’est pas possible, il peut étre déconnecté et retiré du circuit

d’essai,WmmmmmmmmrﬁMhewce pas
les résultats de I'essai.

8.3.3.6.2 Tension d’essai

Le paragraphe 8.3.3.4.1, point 3) b), de I'l|EC 60947-1:2007/AMD1:2010 est applicable|

La valelir de la tension d’essai doit étre égale a 2 U, avec un minimum de 1 000 V ep valeur
efficacel ou 1 415V en courant continu si une tension alternative,ne peut pas étre appliquée.
La valeir de U, a considérer est celle a laquelle les essais de”manceuvre et/ou dg court-
circuit précédents ont été effectués.

8.3.3.6.3 Application de la tension d’essai

La tension d’essai doit étre appliquée pendant 5 s ¢onformément a 8.3.3.4.1, points 2) c) i), ii)
et iii), de I'IEC 60947-1:2007 et, en complément, entre les bornes d’entrée et de sprtie de
chaque | pOle, le disjoncteur étant ouvert. utilisation de la feuille métallique tglle que
spécifiée en 8.3.3.4.1, point 1), de I'lEC.60947-1:2007/AMD1:2010/AMD2:2014 n’est pas
exigée. [Pour les besoins de la présente notme, les circuits comprenant des appareils|a semi-
conducteurs reliés au circuit principal doivent étre déconnectés pour les essais. Les positions
normales de service comprennent la position de déclenchement, le cas échéant.

Pour lep disjoncteurs aptes au jsectionnement, le courant de fuite doit étre mesuné selon
8.3.3.3,|point (iv), excepté que.le courant de fuite ne doit pas dépasser 2 mA.

8.3.3.6.4 Criteres d’acceptation
Le paragraphe 8.3:3:4.1, point 3) d), de I'l|EC 60947-1:2007 est applicable.

8.3.3.7 Vérification de I’échauffement

A la syitevde I'essai de 8.3.3.6, un essai_d’échauffement doit étre effectué au |courant
thermique conventionnel, conformément a 8.3.2.5. A la fin de I'essai, les valeurs des
échauffements ne doivent pas dépasser celles spécifiées au Tableau 7.

8.3.3.8 Vérification des déclencheurs de surcharge
Immédiatement aprés I'essai effectué conformément a 8.3.3.7, le fonctionnement des

déclencheurs de surcharge doit étre vérifié a 1,45 fois la valeur de leur courant de réglage, a
la température de référence (voir 7.2.1.2.4, point b) 2)).

Tous les pbles doivent étre reliés en série pour cet essai. En variante, cet essai peut étre
effectué avec une alimentation triphasée.

Cet essai peut étre effectué sous toute tension convenable.
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La durée de fonctionnement ne doit pas dépasser la durée conventionnelle de
déclenchement.

Avec I'accord du fabricant, un délai entre les essais de 8.3.3.7 et 8.3.3.8 est admissible.

En variante, cet essai peut étre effectué a la température de l'air ambiant, & un courant
d’essai modifié conformément aux caractéristiques température/courant fournies par le
fabricant, pour les déclencheurs sensibles a la température ambiante.

8.3.3.9 Vérification des déclencheurs a minimum de tension et des déclencheurs
shunt

Les disjpncteurs équipés de déclencheurs a minimum de tension doivent étre soumis_a I'essai
de 8.3.3.4.2.3 i), excepté que les essais pour les limites supérieures et inférieures|doivent
étre effectués a la température du local d’essai sans courant dans le circuit)'principal. Le
déclencheur ne doit pas fonctionner a 70 % de la tension minimale d'alimentdtion de
commarnde et doit fonctionner & 35 % de la tension maximale assignéé€\ d’alimentation de
commarnde.

Les disjpncteurs équipés de déclencheurs shunt doivent étre soumisa I'essai de 8.3|3.4.2.4,
excepté| que I'essai peut étre effectué a la température du localld’eéssai. Le déclencheur doit
fonctionner a 70 % de la tension minimale assignée d’alimentation de commande.

8.3.3.10 Vérification de la position des contacts principaux

Pour les disjoncteurs aptes au sectionnement (voir:3.5), aprés la vérification de 8.3.3.8, un
essai doit étre effectué afin de vérifier I'efficacité“de l'indication de la position des ¢ontacts
principaux selon 8.2.5 de I'lEC 60947-1:2007/AMD1:2010.

8.3.4 Séquence d’essai ll: Pouvoir assigné de coupure de service en court-cir¢uit
8.3.4.1 Généralités

Sauf dans les cas ou s’appliquesla séquence d’essai VI (combinée) (voir 8.3.§), cette
séquenge d’essai s’applique a tous les disjoncteurs et comprend les essais suivants:

Essai Paragraphe
Pouvoir @ssigné de coupure de service en court-circuit 8.3.4.2
Vérification de I'aptittdde au fonctionnement 8.3.4.3
Vérification de la-tenue diélectrique 8.3.4.4
Vérificatijon/de-échauffement 8.3.4.5
Vérificatien-des-déelencheurs-de—sureharge 8-34-6

Pour le cas ou /4 = I, voir 8.3.5.

Le nombre d’échantillons a soumettre a essai et le réglage des déclencheurs réglables
doivent étre conformes au Tableau 10.

8.3.4.2 Essai du pouvoir assigné de coupure de service en court-circuit

Un essai de court-circuit est effectué dans les conditions générales de 8.3.2, la valeur du
courant présumé /., déclarée par le fabricant étant conforme 4 4.3.6.2.3.

Le facteur de puissance pour cet essai doit étre conforme au Tableau 11, pour le courant
d’essai approprié.
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La séquence de manceuvres doit étre:
O-t-CO-t-CO

Dans le cas des disjoncteurs a fusibles incorporés, tout fusible fondu doit étre remplacé aprés
chaque manceuvre. Il peut étre nécessaire d’augmenter pour cela l'intervalle de temps t.

8.3.4.3 Vérification de I’aptitude au fonctionnement

Aprés I'essai selon 8.3.4.2, I'aptitude au fonctionnement doit étre vérifiée selon 8.3.3.4.4,
excepté que cette vérification doit étre effectuée a la méme tension assignée d’emploi utilisée
pour I'essai de 8.3.4.2 et que le nombre de manceuvres doit étre égal a 5 % du nombre donné
dans la [colonne 4 du Tableau 8.

Cette verification peut ne pas étre faite lorsque, pour une taille donnée, I'essai de 8.3.4.2 a
été effegtué sur un disjoncteur avec un /; minimal ou avec un réglage minimal|du déclencheur
de surcharge tel que spécifié au Tableau 10.

8.3.4.4 Vérification de la tenue diélectrique

Apres I'essai selon 8.3.4.3, la tenue diélectrique doit étre vérifiééconformément a 8.3/3.6.

Pour lep disjoncteurs aptes au sectionnement, le courant de fuite doit étre mesuné selon
8.3.3.6.

8.3.4.5 Vérification de I’échauffement
Aprés |'essai selon 8.3.4.4, [I'échauffement(*aux bornes principales doit étre| vérifié

conformément a 8.3.2.5. L’échauffement ne doit pas dépasser les valeurs données au
Tableay 7.

Cette vegrification peut ne pas étre_faite lorsque, pour une taille donnée, I’'essai de §.3.4.2 a
été effegtué sur un disjoncteur avec,un /, minimal ou avec un réglage minimal du déclencheur
de surcharge.

8.3.4.6 Vérification des‘déclencheurs de surcharge

Immédiatement aprés Fessai de 8.3.4.5, le fonctionnement des déclencheurs de surcharge
doit étrg vérifié conformément a 8.3.3.8.

Avec I'accordsds fabricant, un délai entre les essais de 8.3.4.5 et 8.3.4.6 est admissible.

835 Y P i 1ll: P . iané d lti i it
8.3.5.1 Généralités

Sauf dans les cas ou s’applique la séquence d’essai VI (combinée) (voir 8.3.8), cette
séquence d’essai s’applique aux disjoncteurs de catégorie de sélectivité A et a ceux de
catégorie de sélectivité B dont le pouvoir assigné de coupure ultime en court-circuit est
supérieur au courant assigné de courte durée admissible.

NOTE Pour ce type de disjoncteurs de catégorie de sélectivité B, le déclencheur instantané fonctionne a des
valeurs de courant supérieures a celles indiquées dans la colonne 2 du Tableau 3 (4.3.6.4); ce type de
déclencheur peut étre appelé «commande instantanée».

Il n’est pas nécessaire d’effectuer cette séquence d’essai sur les disjoncteurs de catégorie de
sélectivité B dont le courant assigné de courte durée admissible est égal au pouvoir assigné
de coupure ultime en court-circuit car, dans ce cas, le pouvoir de coupure ultime en court-
circuit est vérifié au cours de la séquence d’essai V.
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Pour les disjoncteurs a fusibles incorporés, la séquence d’essai V s’applique a la place de

cette sé

Lorsque /¢ =/

quence.

cu’

cette séquence d’essai peut ne pas étre réalisée, et dans ce cas des essais

de différences de construction sont exigés en séquence Il (voir le Tableau 10) et les

vérificat

ions suivantes doivent étre faites en plus dans la séquence d’essai ll:

— la vérification de 8.3.5.2 au début de la séquence d’essai,

— la vérification de 8.3.5.5 a la fin de la séquence d’essai.

Cette séquence d’essai comprend les essais suivants:

Essai Paragraphe

Vérificatjon des déclencheurs de surcharge 8.3.5.2

Pouvoir pssigné de coupure ultime en court-circuit 8.315.3

Veérificatjon de la tenue diélectrique 8.3.5.4

Vérificatjon des déclencheurs de surcharge 8.3.5.5
Le nombre d’échantillons a soumettre a essai et le réglage‘des déclencheurs réglables
doivent tre conformes au Tableau 10.
8.3.5.2 Vérification des déclencheurs de surcharge
Le fonctionnement des déclencheurs de surcharge -doit étre vérifié a deux fois la valeur de
leur coyrant de réglage sur chaque péle séparément. Cet essai peut étre effectué sops toute
tension [convenable.
Si la température ambiante est différente-dé la température de référence, la valeur dufcourant
d’essai foit étre corrigée conformément ‘aux caractéristiques température/courant fourhies par
le fabrigant, pour les déclencheurs sensibles a la température ambiante.
Pour le$ essais pour lesquels(la-caractéristique de déclenchement est indépendanfe de la
tempérdture des bornes (par eéxemple les déclencheurs électroniques de surchafge, les
déclencheurs magnétiques),les données relatives au raccordement (type, section, Igngueur)
peuvent étre différentes de celles exigées en 8.3.3.3.4 de
I'IEC 60947-1:2007/AMD"1:2010/AMD2:2014. 1l convient que les raccordements| soient
compatiples avec |escourant d’essai et les contraintes thermiques induites.
La durée de fonctionnement ne doit pas dépasser la valeur maximale fixée par le fapbricant
pour le double du courant de réglage a la température de référence, sur un pdle sépargment.
8.3.5.3 Essai de pouvoir assigné de coupure ultime en court-circuit

Apres I'essai de 8.3.5.2, un essai de pouvoir de coupure en court-circuit est effectué avec un
courant présumé de valeur égale au pouvoir assigné de coupure ultime en court-circuit

déclaré

La séqu

8.3.5.4

par le fabricant, dans les conditions générales conformes a celles de 8.3.2.
ence de manceuvres doit étre:
0O-t-CO

Vérification de la tenue diélectrique

Aprés I'essai selon 8.3.5.3, la tenue diélectrique doit étre vérifiée conformément a 8.3.3.6.
Pour les disjoncteurs aptes au sectionnement, le courant de fuite ne doit pas dépasser 6 mA.
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8.3.5.5 Vérification des déclencheurs de surcharge

Apres I'essai selon 8.3.5.4, le fonctionnement des déclencheurs de surcharge doit étre vérifié
conformément a 8.3.5.2, excepté que le courant d’essai doit étre de valeur égale a 2,5 fois
celle de leur courant de réglage.

Le temps de fonctionnement ne doit pas dépasser la valeur maximale déclarée par le
fabricant pour deux fois la valeur du courant de réglage a la température de référence pour un
pble seul.

8.3.6 Séquence d’essai IV: Courant assigné de courte durée admissible

8.3.6.1 —Génératités

Sauf lofsque la séquence d’essai VI (combinée) s’applique (voir 8.3.8), cette *se@quence
d’essai [s’applique aux disjoncteurs a courant assigné de courte durée admissible (vpir 4.4);
elle comprend les essais suivants:

Essai Paragraphe

Vérificatjon des déclencheurs de surcharge 8.3.6.2
Courant|assigné de courte durée admissible 8.3.6.3
Vérificatjon de I’échauffement 8.3.6.4
Pouvoir de coupure en court-circuit au courant maximal de courte diirée 8.3.6.5
admissifple

Veérificatjon de la tenue diélectrique 8.3.6.6
Vérificatjon des déclencheurs de surcharge 8.3.6.7

Les disjoncteurs a fusibles incorporés -de catégorie de sélectivité B doivent satisfaire aux
exigences de cette séquence.

Le nombre d’échantillons a seumettre a essai et le réglage des déclencheurs ré¢glables
doivent @tre conformes au Tableau 10.

8.3.6.2 Vérification.des déclencheurs de surcharge

Le foncfionnement des‘déclencheurs de surcharge doit étre vérifié conformément a 8.3.5.2.

8.3.6.3 Essai“du courant assigné de courte durée admissible

Le paragraphe 8.3.4.3 de I'lEC 60947-1:2007 est applicable, avec le complément suivernt:

Pour les besoins de cet essai seulement, tout déclencheur @ maximum de courant, y compris
la commande instantanée, s’il y a lieu, susceptible de fonctionner au cours de I'essai, doit
étre rendu inopérant.

8.3.6.4 Vérification de I’échauffement

Aprés I'essai de 8.3.6.3, 'échauffement aux bornes principales doit étre vérifié conformément
a 8.3.2.5. L’échauffement ne doit pas dépasser la valeur indiquée au Tableau 7.

Avec 'accord du fabricant, la vérification de I'’échauffement peut étre faite aprés la vérification
de la tenue diélectrique (8.3.6.6). Cette vérification peut ne pas étre faite lorsque, pour une
taille donnée, I'essai de 8.3.7.3 a été effectué sur un disjoncteur avec un /,, minimal ou avec
un réglage minimal du déclencheur de surcharge.
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8.3.6.5

Essai de pouvoir de coupure en court-circuit au courant maximal de courte

durée admissible

Apres l'essai de 8.3.6.4, un essai en court-circuit doit étre effectué avec la séquence de
manceuvres suivante:

O-t-CO

dans les conditions générales de 8.3.2, avec un courant présumé de valeur égale a celle de
I’essai de tenue au courant de courte durée admissible (voir 8.3.6.3) et sous la tension la plus
élevée applicable au courant assigné de courte durée admissible.

Le disjgncteur doit rester fermé pendant la courte durée associée a la durée maxi

réglage

possible du déclencheur de court-circuit de courte durée, et la con

instantanée, le cas échéant, ne doit pas fonctionner. Si le disjoncteur a un déclenche

male de
nmande
ur sous

courant|de fermeture (voir 2.10), cette exigence ne s’applique pas a la mancetuvre CO si le
courant|présumé dépasse la valeur prédéterminée, puisqu’il va fonctionner:
8.3.6.6 Vérification de la tenue diélectrique
Apres I'essai selon 8.3.6.5, la tenue diélectrique doit étre vérifiée conformément a 8.3/3.6.
8.3.6.7 Vérification des déclencheurs de surcharge
Aprés I'essai selon 8.3.6.6, le fonctionnement des déclencheurs de surcharge doit étrg vérifié
conformément a 8.3.5.2, excepté que le courant d’essai doit étre de valeur égale a|2,5 fois
celle delleur courant de réglage.
Le temps de fonctionnement ne doit pas_dépasser la valeur maximale déclarég par le
fabricant pour deux fois la valeur du courani;de réglage a la température de référence|pour un
pble seul.
8.3.7 Séquence d’essai V: Fonctionnement des disjoncteurs a fusibles incorpgrés
8.3.71 Généralités
Cette se¢quence d’essai s'applique aux disjoncteurs a fusibles incorporés. Elle remplace la
séquenge d’essai lll etccomprend les essais suivants:
Essai Paragraphe
Court-circuit au courant limite de sélectivité 8.3.7.2
Plhase\1 Vérification de I’échauffement 8.3.7.3
Vérification de la tenue diélectrique 8.3.7.4
Vérification des déclencheurs de surcharge 8.3.7.5
Court-circuit a 1,1 fois le courant d’intersection 8.3.7.6
Phase 2 C_our_t-C|rCU|t au pouvoir assigné de coupure ultime en court- 8.3.7.7
circuit
Vérification de la tenue diélectrique 8.3.7.8
Vérification des déclencheurs de surcharge 8.3.7.9

Cette séquence d’essai est divisée en deux phases:

- Lap
- Lap

hase 1 comprend les essais de 8.3.7.2 a 8.3.7 .4,
hase 2 comprend les essais de 8.3.7.5 a 8.3.7.9.

Ces deux phases peuvent étre effectuées:
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— sur deux disjoncteurs distincts, ou

— sur le méme disjoncteur, avec des opérations d’entretien entre elles, ou

— sur le méme disjoncteur, sans aucun entretien; auquel cas l'essai de 8.3.7.4 peut étre
omis.

L’essai selon 8.3.7.3 ne doit étre effectué que si Iog > /5.

Les essais selon 8.3.7.2, 8.3.7.6 et 8.3.7.7 doivent étre effectués a la tension maximale
d’emploi du disjoncteur.

Le nombre d’échantillons a soumettre a essai et le réglage des déclencheurs réglables
doivent gtrecomformesau Tabteau 16

8.3.7.2 Court-circuit au courant limite de sélectivité
Un essgi de court-circuit est effectué dans les conditions générales de 8.3/2¢ avec un|courant

présumé¢ de valeur égale a celle du courant limite de sélectivité déclarée par le fabricant (voir
2.17.4).

Pour cet essai, les fusibles appropriés doivent étre en place.

Cet esdai doit consister en une manceuvre «O» a l'issue ‘de laquelle les fusibles|doivent
demeurer intacts.

8.3.7.3 Vérification de I’échauffement

NOTE Clette vérification de I'échauffement est effectuée,car les fusibles peuvent avoir fondu au cours [de I'essai
de court-gircuit de la séquence d’essai ll, 8.3.4.2, auquel<cas I'essai de 8.3.7.2 est plus sévere.

Apres |'essai selon 8.3.7.2, I'échauffement aux bornes principales doit étre| vérifié
conformément a 8.3.2.5.

L’échauffement ne doit pas dépasser la valeur indiquée au Tableau 7.

8.3.7.4 Vérification de la tenue diélectrique

Apres I'essai selon 8.3.7:3, la tenue diélectrique doit étre vérifiée conformément a 8.3/3.6.

8.3.7.5 Vérification des déclencheurs de surcharge

Le foncfionnement des déclencheurs de surcharge doit étre vérifié conformément a 8.3.5.2.

8.3.7.6 L ~Court-circuit a8 1,1 fois le courant d’intersection

Apres I'essai selon 8.3.7.5, un essai de court-circuit est effectué dans les mémes conditions
générales que celles de 8.3.7.2, avec un courant présumé de valeur égale a 1,1 fois celle du
courant d’intersection déclarée par le fabricant (voir 2.17.5).

Pour cet essai, les fusibles appropriés doivent étre en place.

Cet essai doit consister en une manceuvre «O», a l'issue de laquelle au moins deux des
fusibles doivent avoir fondu.

8.3.7.7 Court-circuit au pouvoir assigné de coupure ultime en court-circuit

Apres l'essai de 8.3.7.6, un essai de court-circuit est effectué dans les mémes conditions
générales que celles de 8.3.7.2, avec un courant présumé de valeur égale au pouvoir de
coupure ultime en court-circuit /o, déclaré par le fabricant.
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Pour cet essai, un nouveau jeu de fusibles doit étre mis en place.

La séqu

ence de manceuvres doit étre:

O-t-CO

un autre nouveau jeu de fusibles étant mis en place au cours de l'intervalle de temps t, qui
peut étre allongé pour cette raison.

8.3.7.8

Aprés I

Vérification de la tenue diélectrique

ogsai selon 8 3 7 7 et avec un nouveau jpll de fusibles ndnptéqj la tenue diél

ectrique

doit étre

8.3.7.9

Aprés I’

conformément a 8.3.5.2, excepté que le courant d’essai doit étre de ~aleur égale a

celle de

Le tem
fabrican

pble seul.

8.3.8
8.3.8.1

A la d
s’appliq

a) lorsque le courant assigné de courte durée admissible et le pouvoir assigné de

de g

b) lors
sery

méme valeur (/,, =/

seq];ences d’essai ll et IV,

vérifiée selon 8.3.5.4.

Vérification des déclencheurs de surcharge

essai selon 8.3.7.8, le fonctionnement des déclencheurs de surcharge doit étr

leur courant de réglage.

bs de fonctionnement ne doit pas dépasser la valeur/maximale déclarée
t pour deux fois la valeur du courant de réglage a la température de référence

Séquence d’essai VI: séquence d’essai combinée
Généralités
scrétion du fabricant ou en accord “avec celui-ci, cette séquence d’ess

Ler aux disjoncteurs de catégorie.de,;sélectivité B:

ervice en court-circuit ont la.méme valeur (/.,, = I.¢); dans ce cas, elle remp

ice en court-circuit\et le pouvoir assigné de coupure ultime en court-circu

£s 7 15,); dans ce cas, elle remplace les séquences d’essai ll,

B vérifié
2,5 fois

par le
pour un

ai peut

coupure
lace les

ue le courant assigné de courte durée admissible, le pouvoir assigné de c0L1pure de

t ont la
Il et IV.

Cette séquence d’essSai comprend les essais suivants:
Essai Paragraphe

Vérificatijon des déclencheurs de surcharge 8.3.8.2
Courant pssigné de courte durée admissible 8.3.8.3
Pouvoir assigné de coupure de service en court-circuit* 8.3.8.4
Vérification de I'aptitude au fonctionnement 8.3.8.5
Vérification de la tenue diélectrique 8.3.8.6
Vérification de I’échauffement 8.3.8.7
Vérification des déclencheurs de surcharge 8.3.8.8

* Pour les disjoncteurs répondant au cas de 8.3.8.1 b) ci-dessus, il s’agit également du pouvoir assigné de
coupure ultime en court-circuit.

Le nombre d’échantillons a soumettre a essai et le réglage des déclencheurs réglables

doivent

étre conformes au Tableau 10.
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8.3.8.2 Vérification des déclencheurs de surcharge

Le fonctionnement des déclencheurs de surcharge doit étre vérifié conformément a 8.3.5.2.

8.3.8.3 Essai du courant assigné de courte durée admissible

Apres l'essai selon 8.3.8.2, un essai doit étre effectué au courant assigné de courte durée
admissible conformément a 8.3.6.3.

Il n'est pas nécessaire d’effectuer cet essai sur I'échantillon de /, minimum spécifié dans le
Tableau 10.

8.3.8.4 Essai du pouvoir assigné de coupure de service en court-circuit
Apres llessai selon 8.3.8.3, un essai doit étre effectué au pouvoir assigné de coupure de
service [en court-circuit, conformément a 8.3.4.2, a la tension la plus élevée dppligable au
courant|assigné de court-circuit admissible. Le disjoncteur doit rester fermé pendant Ia courte

durée cprrespondant a la durée maximale de réglage possible du déclencheur de couft-circuit
de cour{e durée.

Au courp de cet essai, la commande instantanée (le cas échéant),ne doit pas fonctionner et le
déclencheur sous courant de fermeture (le cas échéant) doit fonetionner.

8.3.8.5 Vérification de I’aptitude au fonctionnement

Aprés I'essai selon 8.3.8.4, I'aptitude au fonctionnement doit étre vérifiée selon 8.3.4.3.

8.3.8.6 Vérification de la tenue diélectrique

Aprés I'essai selon 8.3.8.5, la tenue diélectrique doit étre vérifiee conformément a 8.3.3.6.

Pour lep disjoncteurs aptes au sectionnement, le courant de fuite doit étre mesuné selon
8.3.3.6.

8.3.8.7 Vérification de I’échauffement

Apres |'essai selon 8:3,8.6, I'échauffement aux bornes principales doit étre| vérifié
conformément a 8.3.4.5.

L’échauffement ne/doit pas dépasser la valeur indiquée au Tableau 7.

Cette verification peut ne pas étre faite lorsque, pour une taille donnée, I'essai de 8.3.8.4 a
ete effegtuéssur un disjoncteur avec un /, minimal ou avec un réglage minimal du déclgncheur
de surclrarge:

8.3.8.8 Vérification des déclencheurs de surcharge

Apres refroidissement suivant I'essai de 8.3.8.7, le fonctionnement des déclencheurs de
surcharge doit étre vérifié conformément a 8.3.3.8.

Le fonctionnement des déclencheurs de surcharge doit ensuite étre vérifié sur chaque péle
individuellement selon 8.3.5.2, excepté que le courant d'essai doit étre égal a 2,5 fois la
valeur de leur courant de réglage.

Le temps de fonctionnement ne doit pas dépasser la valeur maximale déclarée par le
fabricant pour deux fois la valeur du courant de réglage a la température de référence pour un
pble seul.
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8.3.9 Essai de courant continu critique de charge

Cet essai s’applique uniquement aux disjoncteurs ayant des valeurs assignées en courant
continu.

L’état et le mode d’installation du disjoncteur doivent étre ceux spécifiés en 8.3.2.1, et le
circuit d’essai doit étre conforme au 8.3.3.5.2 de I'lEC 60947-1:2007 excepté que I'écran
métallique et I’élément fusible ne doivent pas étre utilisés.

Les échantillons a soumettre a essai doivent étre sélectionnés selon le Tableau 10 —
séquence |, excepté que pour l'application de la note g, les différences de construction
relatives aux appareils de déclenchement aux surintensités ne doivent pas étre prises en
compte.

L’essai [doit étre effectué a la tension continue maximale d’emploi (U, max) assignég par le
fabricanlt au disjoncteur.

Pour leg disjoncteurs munis de déclencheurs réglables, I'essai doit_éiré" effectué gvec les
déclencheurs réglés a leur valeur maximale.

Le disjgncteur doit étre fermé et ouvert 5 fois a chacun des caurants d’essai énumlérés ci-
dessoug. Si le sens de passage du courant est spécifié par le fabricant, I'essai doit étre
effectud en faisant passer le courant dans le sens spécifi¢, tel qu’indiqué par la polarité et le
marquage amont/aval. Dans le cas contraire, cinqg mancguvres doivent étre effectuées|dans le
sens direct et cing dans le sens inverse.

Au cours de chaque cycle de fermeture-ouverture; le disjoncteur doit rester fermé pendant
une durge suffisante pour assurer I'établissemént complet du courant, sans dépasser 2 s.

La congtante de temps doit étre conforme&”a la valeur indiquée dans le Tableau 11| comme
pour le [fonctionnement en service. A la discrétion du fabricant, une valeur plus élevée peut
étre utilisée, auquel cas cette valeur, doit étre indiquée dans le rapport d’essai.

Le nombre de cycles de manceuvres par heure doit étre comme spécifié dans le Tablegu 8.

La durég d’arc pendant l;essai doit étre consignée et ne doit pas dépasser 1 s.

Les valgurs du courant d’essai doivent étre: 4 A, 8 A, 16 A, 32 A et 63 A en courant continu,
avec unfe tolérancede + 10 %, sans toutefois dépasser le courant assigné. La valeur|critique
est détérminée’en considérant la durée d’arc moyenne maximale, pour chaque sens de
passage du courant le cas échéant. Les valeurs les plus élevées et les plus bagses du
courant|d‘essai doivent présenter des durées d’arc moyennes plus courtes que pour la valeur
critique! 2 ire. S ine criti - s s d’ed
étre étendue a la hausse ou a la baisse en appliquant un rapport de 2 autant de fois que
nécessaire, sans toutefois dépasser la valeur du courant assigné. Si aucune valeur critique du
courant n’'est trouvée dans les limites de ces critéres, aucun autre essai conformément a ce
paragraphe n’est nécessaire.

Les tolérances applicables aux grandeurs d’essai autres que celles du courant doivent étre
conformes a 8.3.2.2.2.

A Tlissue de cet essai, le méme échantillon doit faire I'objet d’une vérification de
fonctionnement en service de 50 manceuvres, dans les mémes conditions, au courant et dans
le sens correspondant a la valeur critique. Aprés cet essai, la tenue diélectrique doit étre
vérifiée selon 8.3.3.6 avec une tension d’essai en courant continu.
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8.4 Essais individuels de série

8.4.1

Généralités

Pour la définition des essais individuels de série, voir 2.6.2 et 8.1.3 de I'lEC 60947-1:2007.

Les essais suivants sont applicables:

— fonctionnement mécanique (8.4.2),

— vérif

— veérif

ication de I’étalonnage des déclencheurs de surintensité (8.4.3),
ication du fonctionnement des déclencheurs a minimum de tension

déclencheurs shunt (8.4.4),

et des

— ess§
— ess§
—  vérifl

NOTE S
été prouy
reconnu (

Cepend
individu
conditio
spécifié

Les essjis de 8.4.3, 8.4.4 et 8.4.5 doivent étre effectués avec les déclencheurs équ

disjonct

Dans l¢
englobe

8.4.2

Les ess
est exid
doit étre

Les ess

— deuy

— deuy

NOTE P

is supplémentaires pour les DPR selon ’Annexe B (8.4.5),
is diélectriques (voir note) (8.4.6),
cation des distances d’isolement (8.4.7).

, par le contrdle des matériaux et des procédés de fabrication, I'intégrité des~propriétés diéle
e, ces essais peuvent étre remplacés par des essais sur prélevement selon-le plan d’échan

oir 'IEC 60410).1
ant, le fonctionnement du disjoncteur pendant la fabriCation et/ou un autry

| de série peut prendre la place des essais cités cizdessus pourvu que les
hs soient applicables et que le nombre de manceuvres ne soit pas inférieur

bur ou avec un matériel d’essai approprié-simulant le comportement du disjong

contexte des essais de 8.4.2, 8.43, 8.4.4, 8.4.6 et 8.4.7, le terme «disjor
les DPR, le cas échéant.

Essais de fonctionnement mécanique
ais suivants doivent étfe,effectués sans courant dans le circuit principal, sau

effectué et le fonctionnement doit étre satisfaisant.

bis suivants doivent étre effectués sur les disjoncteurs manceuvrés manuellem

manosuwes de fermeture-ouverture,

manceuvres a déclenchement libre.

ctriqgues a
tillonnage

e essai
mémes
a celui

ipant le

teur.

cteurs»

[ si cela

é pour le fonctionnement des déclencheurs. Pendant les essais, aucun réglage ne

pur Ma définition d’'un appareil mécanique de connexion a déclenchement libre, voir }

4.23 de

I'IEC 609¢

/-1:2007.

Les essais suivants doivent étre effectués sur les disjoncteurs alimentés a 110 % de la
tension assignée maximale d’alimentation de commande et/ou de la pression d’alimentation
assignée et a 85 % de la tension assignée minimale d’alimentation de commande et/ou de la
pression d’alimentation assignée:

— deux manceuvres de fermeture-ouverture,

— deux manceuvres a déclenchement libre,

— pour les disjoncteurs a refermeture automatique, deux manceuvres de refermeture

auto

1 Cette

matique.

publication a été supprimée.
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8.4.3 Vérification de I’étalonnage des déclencheurs de surintensité
8.4.3.1 Déclencheurs a temps inverse

La vérification de I'’étalonnage des déclencheurs a temps inverse doit étre effectuée a un
multiple du courant de réglage pour vérifier que le temps de déclenchement est conforme
(avec des tolérances