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Foreword

The text of document 17B/1455/FDIS, future edition 4 of IEC 60947-2, prepared by SC 17B, Low-voltage
switchgear and controlgear, of IEC TC 17, Switchgear and controlgear, was submitted to tﬂ
IEC-CENELEC parallel vote and was approved by CENELEC as EN 60947-2 on 2006-07- 01. ((\

This European Standard supersedes EN 60947-2:2003.

The main changes introduced in EN 60947-2:2006 are an amendment to t g%i fon of dielectric
properties, the improvement of EMC clauses in Annexes B, F, J and M, 66 tion of a new Annex

O regarding instantaneous trip circuit-breakers.

The following dates were fixed: K\\

— latest date by which the EN has to be implement
at national level by publication of an identic
national standard or by endorseme (dop) 2007-04-01

— latest date by which the natj o rds conflicting
with the EN have to be \N{Yég (dow)  2009-07-01

This European Standard has been prepared under a mandate given to CENELEC by the European
Commission and the European Free Trade Association and covers essential requirements of
EC Directive EMC (89/336/CEE). See Annex ZZ.

Annexes ZA and ZZ have been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60947-2:2006 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60112 NOTE Harmonized as EN 60112:2003 (not modified).

IEC 60269-1 NOTE Harmonized as EN 60269-1:1998 (not modified), new edition at draft stage.
IEC 60269-2-1 NOTE Harmonized as HD 60269-2-1:2005 (not modified).

IEC 60269-3 NOTE Harmonized as EN 60269-3:1995 (not modified), new edition at draft stage.
IEC 60439 NOTE Harmonized as EN 60439 (Series) (not modified).

IEC 60947-3 NOTE Harmonized as EN 60947-3:1999 (not modified).

IEC 60947-5-1 NOTE Harmonized as EN 60947-5-1:2004 (not modified).

Foreword to amendment Al

The text of document 17B/1636/FDIS, future amendment 1 to IEC 60947-2:2006, prepared by SC 17B,
Low-voltage switchgear and controlgear, of IEC TC 17, Switchgear and controlgear, was submitted to the
IEC-CENELEC parallel vote and was approved by CENELEC as amendment Al to EN 60947-2:2006 on
2009-07-01.

The following dates were fixed:

— latest date by which the amendment has to be
implemented at national level by publication of
an identical national standard or by endorsement (dop) 2010-04-01

— latest date by which the national standards conflicting
with the amendment have to be withdrawn (dow) 2012-07-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of amendment 1:2009 to the International Standard IEC 60947-2:2006 was approved by
CENELEC as an amendment to the European Standard without any modification.
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Foreword to amendment A2

The text of document 17B/1796/FDIS, future edition 1 of IEC 60947-2:2006/A2, prepared b ‘B,
"Low-voltage switchgear and controlgear”, of IEC TC 17, "Switchgear and controlgear” wa jtted to
the IEC-CENELEC parallel vote and approved by CENELEC as EN 60947—2:2006/Aé@‘

| | Qe
The following dates are fixed: '\(\a
o latest date by which the document has (do ‘C 013-12-07

to be implemented at national level by
publication of an identical national

standard or by endorsement ¢~"
« latest date by which t %ﬁ,@ . (dow) 2016-03-07
standards conflicting m e
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association, and supports essential requirements of EU Directive(s).

For the relationship with EU Directive see informative Annex ZZ, which is an integral part of this
document.

This standard covers the Principle Elements of the Safety Objectives for Electrical Equipment Designed
for Use within Certain Voltage Limits (LVD - 2006/95/EC).

Endorsement notice

The text of the International Standard IEC 60947-2:2006/A2:2013 was approved by CENELEC as a
European Standard without any modification.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 2: Circuit-breakers ((\\
cO

e
1 General ) a’ga'\)g

The provisions of the general rules dealt with in IE X -1 are applicable to this standard,
where specifically called for. Clauses and s a , tables, figures and annexes of the
general rules thus applicable are identifie rence to IEC 60947-1, for example, 1.2.3 of
IEC 60947-1, Table 4 of IEC 60947-\ X A of IEC 60947-1.

.
1.1 Scope and object \\\'\,Q ’

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

It applies whatever the rated currents, the method of construction or the proposed applications
of the circuit-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-breakers for IT systems are contained in Annex H.

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

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

The requirements for modular residual current devices (without integral current breaking
device) are contained in Annex M.

The requirements and test methods for electromagnetic compatibility of circuit-breaker
auxiliaries are contained in Annex N.

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.

under predetermined conditions other than those of over-current and undervoltage as, for example, rev,
power or current. This standard does not deal with the verification of operation under such pre-

conditions. ges

NOTE Circuit-breakers which are dealt with in this standard may be provided with devices for automatic op%\
| ed

The object of this standard is to state:

a) the characteristics of circuit-breakers; ¢g:
b) the conditions with which circuit-breakers shall com\ﬂ ference to:
1) operation and behaviour in normal service

oad and operation and behaviour in case of

short-circuit, including co-o in service (selectivity and back-up protection);

2) operation and behaviour in e
m} -
3) dielectric properti

c) tests intended for coehmg that these conditions have been met and the methods to be
adopted for these tests;

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

1.2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60050(441):1984, International Electrotechnical Vocabulary (IEV) - Chapter 441:
Switchgear, controlgear and fuses
Amendment 1 (2000)

IEC 60051 (all parts) Direct acting indicating analogue electrical measuring instruments and
their accessories

IEC 60068-2-14:1984, Environmental testing — Part 2: Tests. Test N: Change of temperature
Amendment 1 (1986)

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60364 ( all parts), Electric installations of buildings
[P Text deleted

[*)1EC 60417, Graphical symbols for use on equipment
IEC 60617, Graphical symbols for diagrams ¢l

IEC 60695-2-10:2000, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods
Glow-wire apparatus and common test procedure

IEC 60695-2-11:2000, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods
Glow-wire flammability test method for end-products

IEC 60695-2-12:2000, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods
Glow-wire flammability test method for materials

IEC 60695-2-13:2000, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods
Glow-wire ignitability test method for materials

") IEC/TR 60755:1983¢411, General requirements for residual current operated protective devices
Amendment 1 (1988)
Amendment 2 (1992)
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IEC 60898, Circuit-breakers for over-current protection for household and similar installations
IEC 60934, Circuit-breakers for equipment (CBE)

[ IEC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules 1 0((\\

IEC 60947-4-1:2000, Low-voltage switchgear and controlgear — Part 4-1: @%xc rs and

motor-starters — Electromechanical contactors and motor-starters

Amendment 1 (2002) \)
Amendment 2 (2005) &l ,g

IEC 61000-3-2:2005, Electromagnetic compatiﬂ;\\“@ — Part 3-2: Limits — Limits
for harmonic current emissions (equipment inpu ur <16 A per phase) &l
Amendment 1 (2001)
Amendment 2 (2004) . \\

IEC 61000-3-3:1994, EI %zége'uc compatibility (EMC) - Part 3: Limits — Section 3:
Limitation of voltage fluct s and flicker in low-voltage supply systems for equipment with

rated current <16 A
Amendment 1 (2001)
Amendment 2 (2005) @&

IEC 61000-4-2:1995, Electromagnetic compatibility(EMC) — Part 4: Testing and measurement
techniques — Section 2: Electrostatic discharge immunity test

Amendment 1 (1998)

Amendment 2 (2000)

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test

Amendment 1 (2002)

IF) IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test
Amendment 1 (2000)
Amendment 2 (2001)

I%) IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques — Surge immunity test
Amendment 1 (2000)

IEC 61000-4-6:2003, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radiofrequency
fields
Amendment 1 (2004)

IA) Amendment 2 (2006)

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) - Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tests

IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement technigues — Harmonics and interharmonics including mains signalling at a.c.
power port, low frequency immunity tests

%) IEC/TR 61000-5-2:1997 ®l, Electromagnetic compatibility (EMC) — Part 5: Installation and
mitigation guidelines — Section 2: Earthing and cabling

IEC 61008-1:1996, Residual current operated circuit-breakers without integral over-current
protection for household and similar uses (RCCBs) — Part 1: General rules
Amendment 1 (2002)

) Amendment 2 (2006) &1



BS EN 60947-2:2006+A2:2013
TEC 60947-2:2006+A2:2013 (E) -12-

IEC 61009-1:1996, Residual current operated circuit-breakers with integral over-current
protection for household and similar uses (RCBOs) — Part 1: General rules
Amendment 1 (2002)

[F) Amendment 2 (2006) &1 ((\\

[*) IEC 61131-1:2003, Programmable controllers — Part 1: General information @

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-fre quipment —
Electromagnetic disturbance characteristics — Limits and methods of ent
Amendment 1 (2004) .
IF» Amendment 2 (2006) 1 (\a
CISPR 22:2005, Information technology equipm |o disturbance characteristics — Limits

and methods of measurement
Amendment 1 (2005) \
IF» Amendment 2 (2006) 1 Q \

2 Definitions

For the majority of the def|n|t|ons required in connection with this standard, see Clause 2 of
IEC 60947-1.

For the purpose of this standard, the following additional definitions shall apply:

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

2.1

circuit-breaker

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

[IEV 441-14-20]

2.1.1

frame size

a term designating a group of circuit-breakers, the external physical dimensions of which are
common to a range of current ratings. Frame size is expressed in amperes corresponding to
the highest current rating of the group. Within a frame size, the width may vary according to the
number of poles

NOTE This definition does not imply dimensional standardization.

2.1.2

construction break

a significant difference in construction between circuit-breakers of a given frame size, requirjng
additional type testing (see 7.1.5)

2.2

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

[IEV 441-14-22]

2.3

current-limiting circuit-breaker

[*) circuit-breaker that, within a specified range of current, prevents the let-through current
reaching the prospective peak value and which limits the let-through energy (1%t) to a value
less than the let-through energy of a half-cycle wave of the symmetrical prospective current

NOTE 1 Reference may be made to either the symmetrical or asymmetrical prospective peak value of let-through
current.

NOTE 2 The let-through current is also referred to as the cut-off current (see IEV 441-17-12).

NOTE 3 Templates for the graphical representation of the cut-off current characteristic and the let-through energy
characteristic are given in Figures K.2 to K.5 and examples of the use of the templates in Figures K.6 and K.7.
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2.4

plug-in circuit-breaker

a circuit-breaker which, in addition to its interrupting contacts, has a set of contacts which
enable the circuit-breaker to be removed \

suitable for wiring connection.

25 29

withdrawable circuit-breaker ’Q

a circuit-breaker which, in addition to its interrupting con§ s
It

NOTE Some circuit-breakers may be of the plug-in type on the line side only, the load terminaléb n Qually
A 3

set of isolating contacts
e main circuit, in the withdrawn
h specified requirements

which enable the circuit-breaker to be disconnecte

position, to achieve an isolating distance in acco né
.
2.6 \\
.

moulded-case circuit-brea .
a circuit-breaker having a g housing of moulded insulating material forming an integral
part of the circuit-breaker

[IEV 441-14-24]

2.7
air circuit-breaker
a circuit-breaker in which the contacts open and close in air at atmospheric pressure

[IEV 441-14-27]

2.8
vacuum circuit-breaker
a circuit-breaker in which the contacts open and close within a highly evacuated envelope

[IEV 441-14-29]

2.9

gas circuit-breaker

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

2.10

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

2.11
short-circuit release
an over-current release intended for protection against short circuits

2.12

short-time delay short-circuit release

an over-current release intended to operate at the end of the short-time delay (see 2.5.26
of IEC 60947-1)

2.13

alarm switch

an auxiliary switch which operates only upon the tripping of the circuit-breaker with which
it is associated
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2.14

circuit-breaker with lock-out device preventing closing

a circuit-breaker in which each of the moving contacts is prevented from closing sufficiently to
be capable of passing current if the closing command is initiated while specified cond|t

remain established GO

2.15
short-circuit breaking (or making) capacity 9
a breaking (or making) capacity for which the prescribed conditions@& a short circuit

2.15.1 \(\\(\a
ultimate short-circuit breaking capacity

a breaking capacity for which the prescrlbe tlons according to a specified test sequence
do not include the capability of the CI er to carry its rated current continuously

2.15.2

service short-circuit bre @g aC|ty

a breaking capacity for wh he prescribed conditions according to a specified test sequence
include the capability of the circuit-breaker to carry its rated current continuously

2.16
opening time
subclause 2.5.39 of IEC 60947-1 applies, with the following additions:

e 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;

e 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 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.

2.17
over-current protective co-ordination
subclause 2.5.22 of IEC 60947-1 applies

2.17.1

over-current 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

%2 total selectivity ¢4
over-current P selectivity®l where, in the presence of two over-current protective devices in
series, the protective device on the load side effects the protection without causing the other
protective device to operate

2.17.3

[®) partial selectivity ¢
over-current selectivity & where, in the presence of two over-current protective devices in
series, the protective device on the load side effects the protection up to a given level of over-
current, without causing the other protective device to operate

2.17.4

selectivity limit current

ls

the selectivity limit current is the current co-ordinate of the intersection between the total time-
current characteristic of the protective device on the load side and the pre-arcing (for fuses),
or tripping (for circuit-breakers) time-current characteristic of the other protective device
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The selectivity limit current (see Figure A.1) is a limiting value of current.

device on the load side completes its breaking operation in time to prevent th

¢ below which, in the presence of two over-current protective devices in series, the prote ﬁ{\\
protective device from starting its operation (i.e. selectivity is ensured);

device on the load side may not complete its breaking operation in event the other
protective device from starting its operation (i.e. select|V|ty is n

2.17.5
back-up protection K\\(\

subclause 2.5.24 of IEC 60947-1 applies

2.17.6
take-over current

: ’s&
subclause 2.5.25 of IEC 6“ s amplified as follows:

For the purpose of this standard, 2.5.25 of IEC 60947-1 applies to two over-current protective
devices in series for operating times >0,05 s. For operating times <0,05 s the two over-current
devices in series are considered as an association, see Annex A.

e above which, in the presence of two over-current protective devices |n sw protective
r

NOTE The take-over current is the current co-ordinate of the intersection between the maximum break time
current characteristics of two over-current protective devices in series.

2.18

|2t characteristic of a circuit-breaker

information (usually a curve) giving the maximum values of 12t 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

2.20

rated instantaneous short-circuit current setting

l

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

2.21
overload current setting
|
.
current setting of an adjustable overload release

NOTE In case of a non-adjustable overload release, this value is equal to nominal current | .

2.22

programmable logic controller
PLC
digitally operating electronic system, designed for use in an industrial environment, which
uses a programmable memory for the internal storage of user-oriented instructions for
implementing specific functions such as logic, sequencing, timing, counting and arithmetic, to
control, through digital or analogue inputs and outputs, various types of machines or
processes. Both the PLC and its associated peripherals are designed so that they can be
easily integrated into an industrial control system and easily used in all their intended
functions

[IEC 61131-1, definition 3.5]
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3 Classification

Circuit-breakers may be classified: \
3.1 According to their B selectivity category &il, A or B (see 4.4). GO((\
3.2 According to the interrupting medium, for example: ges *

— air-break; ga,\)

— vacuum break; . (\6"

— gas-break. GK\\

3.3 According to the design, for examw .
AN
“k

— open construction;
— moulded case. \\\.

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

— dependent manual operation;
— independent manual operation;
— dependent power operation;

— independent 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;

— 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 (seel[A)7.1.12 of
IEC 60947-1 @&l).

4 Characteristics of circuit-breakers

4.1 Summary of characteristics
The characteristics 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);
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— utilization categories (4.4); GO((\
— control circuits (4.5); 66 *
— auxiliary circuits (4.6); \)g

,ga

— releases (4.7);
— integral fuses (integrally fused circuit-breakers) (4.%\\(\

4.2 Type of circuit-breaker \N \

The following shall be stated: \'Q‘

\\

.
4.2.1 Number of poles
4.2.2 Kind of current

Kind of current (a.c. or d.c.) and, in the case of a.c., number of phases and rated frequency.

4.3 Rated and limiting values of the main circuit

The rated values established for a circuit-breaker shall be stated in accordance with 4.3.1
to 4.4, but it is not necessary to establish all the rated values listed.

4.3.1 Rated voltages

A circuit-breaker is defined by the following rated voltages:

4.3.1.1 Rated operational voltage (U,)
Subclause 4.3.1.1 of IEC 60947-1 applies with the following amplification:

— Circuit-breakers covered by item a) of note 2:
Ue is generally stated as the voltage between phases.

NOTE A 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 277/480 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.

— Circuit-breakers covered by item b) of note 2:

These circuit-breakers require additional tests according to Annex C.

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

NOTE B According to present practice in Canada and the USA, circuit-breakers covered by item b) of note 2 are
identified by the voltage between phases only.

4.3.1.2 Rated insulation voltage (U;j)

Subclause 4.3.1.2 of IEC 60947-1 applies.
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4.3.1.3 Rated impulse withstand voltage (Uimp) GO((\\

Subclause 4.3.1.3 of IEC 60947-1 applies. ges .

4.3.2 Currents ga»

A circuit-breaker is defined by the following currents: K\\
4.3.2.1 Conventional free-air thermal curr, G
Subclause 4.3.2.1 of IEC 60947-1 ap‘)\

4.3.2.2 Conventional enx}sed thermal current (lihe)

Subclause 4.3.2.2 of IEC 60947-1 applies.

4.3.2.3 Rated current (Ip)

For circuit-breakers, the rated current is the rated uninterrupted current (l,) (see 4.3.2.4 of
IEC 60947-1) and is equal to the conventional free-air thermal current (I,).

4.3.2.4 Current rating for four-pole circuit-breakers

Subclause[A) 7.1.9 of IEC 60947-1 (1 applies.

4.3.3 Rated frequency

Subclause 4.3.3 of IEC 60947-1 applies.

4.3.4 Rated duty

The rated duties considered as normal are as follows:

4.3.4.1 Eight-hour duty

Subclause 4.3.4.1 of IEC 60947-1 applies.

4.3.4.2 Uninterrupted duty

Subclause 4.3.4.2 of IEC 60947-1 applies.

4.3.5 Short-circuit characteristics

4.3.5.1 Rated short-circuit making capacity (l;)

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 4.3.5.3).
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For d.c., the rated short-circuit making capacity of a circuit-breaker shall be not Iess t r«\\
rated ultimate short-circuit breaking capacity.

A rated short-circuit making capacity implies that the circuit-breaker shg] to make the
current corresponding to that rated capacity at the appropriate aQﬁ e related to the

rated operational voltage. a,

4.3.5.2 Rated short-circuit breaking capacities CX\\

The rated short-circuit breaking cap it'e CIrCUIt breaker are the values of short-circuit
breaking capacity assigned to that c\ aker by the manufacturer for the rated operational
voltage, under specified condi

A rated short-circuit brea& capacity requires that the circuit-breaker shall be able to break
any value of short-circuit current up to and including the value corresponding to the rated
capacity at a power-frequency recovery voltage corresponding to the prescribed test voltage
values and:

— for a.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 power-frequency recovery voltages in excess of the prescribed test voltage 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 rated short-circuit breaking capacity and the related power factor given in Table 11,
irrespective of the value of the inherent d.c. component, on the assumption that the a.c.
component is constant.

The rated short-circuit breaking capacities are stated as:

— rated ultimate short-circuit breaking capacity;
— rated service short-circuit breaking capacity.

4.3.5.2.1 Rated ultimate short-circuit breaking capacity (Icy)

The rated ultimate short-circuit breaking capacity of a circuit-breaker is the value of ultimate
short-circuit breaking capacity (see 2.15.1) assigned to that circuit-breaker by the manufacturer
for the corresponding 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.
component in the case of a.c.).

4.3.5.2.2 Rated service short-circuit breaking capacity (l.s)

%2 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 l.g = 25 % I).

I.s shall be at least equal to 25 % of I .

Table 1 (void)
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4.3.5.3 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 ma \
capacity is given in Table 2.

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

Wnﬂm value required for n
Power factor (\
GK\\ short - circuit making capacity

kA r.m.s.
o N

45 <1 <6 1,5
6 <1<10 \\ 1,7
10 <1<20 ‘\’Q 03 2,0
20 <1<50 \\ 0,25 21

50 <1 0,2 2,2

Short-circuit breaking capacity |

short - circuit breaking capacity

NOTE For values of breaking capacity lower than 4,5 kA, for certain applications, see Table 11 for the power
factor.

The rated short-circuit making and breaking capacities are only valid when the circuit-breaker
is operated in accordance with the requirements of 7.2.1.1 and 7.2.1.2.

For special 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 of agreement between manufacturer and user.

4.3.5.4 Rated short-time withstand current (l¢y)

The rated short-time withstand current of a circuit-breaker is the value of short-time withstand
current assigned to that circuit-breaker by the manufacturer under the test conditions specified
in 8.3.6.2.

For a.c., the value of this current is the r.m.s. value of the a.c. component of the prospective
short-circuit 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:

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

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

Table 3 — Minimum values of rated short-time withstand current

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

In > 2 500 30 kA
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4.4 Utilization categories

The of a circuit-breaker shall be stated with reference to whether or not it is
specifically intended for selectivity by means of an intentional time delay with respect to o \
circuit-breakers in series on the load side, under short-circuit conditions (see Figure A. 0

Attention is drawn to the differences of the tests applying to the two utilizati e@mles (see
Table 9 and 8.3.4, 8.3.5, 8.3.6 and 8.3.8). @

Utilization categories are defined in Table 4.

; 6«'
Table 4 - Utilizationaﬁ\)ﬁs

al
Selectivity category \;hcatlon with respect to selectivity

&\N‘akers not specifically intended for selectivity under short-
1 conditions with respect to other short-circuit protective devices in
A "\Qenes on the load side, i.e. without an intentional short-time delay
\\ provided for selectivity under short-circuit conditions, and therefore

without a short-time withstand current rating according to 4.3.5.4.

Circuit-breakers specifically intended for selectivity under short-circuit
conditions with respect to other short-circuit protective devices in series
on the load side, i.e. with an intentional short-time delay (which may be
B adjustable), provided for selectivity under short-circuit conditions. Such
circuit-breakers have a short-time withstand current rating according to
4.3.5.4.

NOTE Selectivity is not necessarily ensured up to the ultimate short-
circuit breaking capacity of the circuit-breakers (for example in the case
of operation of an instantaneous release) but at least up to the value
specified in Table 3.

NOTE 1 The power factor or time constant associated with each value of rated short-circuit current is given in
Table 11 (see 8.3.2.2.4 and 8.3.2.2.5).

NOTE 2 Vacant.

NOTE 3 A circuit-breaker of selectivity category A may have an intentional short-time delay provided for
selectivity under conditions other than those of short circuit, with a short-time withstand current less than that
according to Table 3. In that case, the tests include test sequence IV (see 8.3.6) at the assigned short-time
withstand current.

4.5 Control circuits
4.5.1 Electrical control circuits
Subclause 4.5.1 of IEC 60947-1 applies, with the following addition:

If the rated control supply voltage is different from that of the main circuit, it is recommended
that its value be chosen from Table 5.

Table 5 — Preferred values of the rated control supply voltage,
if different from that of the main circuit

d.c. Single-phase a.c.
\Y \Y
24 — 48 — 110 — 125 — 220 — 250 24 — 48 — 110 — 127 — 220 — 230

NOTE The manufacturer should be prepared to state the value or values of the current taken by the control
circuits at the rated control supply voltage.

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

Subclause 4.5.2 of IEC 60947-1 applies.

4.6 Auxiliary circuits

Subclause 4.6 of IEC 60947-1 applies.
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4.7 Releases

4.7.1 Types

1) Shunt release; GO((\\

2) Over-current release:

S-
a) instantaneous; g@
b) definite time delay; g@»\)
-
C) inverse time delay: ° (\a‘

— independent of previous load;

— dependent on previous load (for e thermal type release).

NOTE 1 The term "overload release"
(s

identify over-current releases intended for protection against
"short-circuit release" is used to identify over-current releases
ee 2.11).

intended for protection against hox
NOTE 2 The term "adjustableh e" used in this standard also includes interchangeable releases.
3) Undervoltage release (for opening).

overloads (see 2.4.30 of IEC 60947 1 r

4) Other releases.

4.7.2 Characteristics

1) Shunt release and undervoltage release (for opening):
— rated control circuit voltage (U);
— kind of current;
— rated frequency, if a.c.
2) Over-current release:
— rated current (Iy);
— kind of current;
- rated frequency, if a.c.;
— current setting (or range of settings);
— time setting (or range of settings).
The rated current of an over-current release is the value of current (r.m.s. if a.c.)
corresponding to the maximum current setting which it shall be capable of carrying under the

test conditions specified in 8.3.2.5, without the temperature-rise exceeding the values specified
in Table 7.

4.7.3 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 on the release or on its
scale. The marking may be either directly in amperes, or as a multiple of the current value
marked on the release.

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 (I,).

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.
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Unless otherwise specified

— the operating value of overload releases other than those of the thermal typ \
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 te
+30 °C = 2 °C. The manufacturer shall be prepared to state the influe hatlons in
the ambient air temperature (see 7.2.1.2.4, item b)). Q

4.7.4 Tripping time setting of over-current releases a;g:

egg f the over-current. The tripping time

s of the opening time of the circuit-breaker,
extreme values of the opening time, if the time-

1) Definite time-delay over-current releases

The time-delay of such releases is inde
setting shall be stated as the duration i
if the time-delay is not adjustab

delay is adjustable.
2) Inverse time-delay ové(—\w releases

The time-delay of such releases is dependent on the over-current.

The time/current characteristics shall be given in the form of curves supplied by the
manufacturer. These shall indicate how the opening time, starting from the cold state,
varies with current within the range of operation of the release. The manufacturer shall
indicate, 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 given in
addition for each extreme value of the time setting.

NOTE It is recommended that the current be plotted as abscissa and the time as ordinate, using logarithmic
scales. Furthermore, in order to facilitate the study of co-ordination of different types 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 and in Figures 4(l), 3(ll) and 4(Il) of IEC 60269-2-1.

4.8 Integral fuses (integrally fused circuit-breakers)

Subclause 4.8 of IEC 60947-1 applies.

The manufacturer shall provide the necessary information.

5 Product information

5.1 Nature of the information

Subclause 5.1 of IEC 60947-1 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.

a) 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;

e rated current (Ip);
e suitability for isolation, if applicable, with the symbol —/HG ;
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* indication of the open and closed positions, with O and | respectively, if syr@(}@\

used (see A)7.1.6.1 of IEC 60947-1(1). 6
2

b) The following data shall also be marked externally on the circuit; as specified in
item a), except that they need not be visible when the circuit-br bs”installed;
-
* manufacturer's name or trade mark; ‘\(\a

* type designation or serial number; G
' dlianc

e |EC 60947-2 if the manufacturer cl e with this standard;

« [P Selectivity category ul; \

e rated operational W@Ue (see 4.3.1.1 and, where applicable, Annex H);
hs %

e rated impulse wit oltage (Uimp);
e value (or range) of the rated frequency (for example 50 Hz), and/or the indication "d.c."

(or B the symbol =——— @l);

e rated service short-circuit breaking capacity (lcs) at the corresponding rated voltage
(Ue);

e rated ultimate short-circuit breaking capacity (Ic,) at the corresponding rated voltage
(Ue);

« rated short-time withstand current (l.y,), and associated short-time delay, for [A)selectivity
category & B;

* line and load terminals, unless their connection is immaterial;
e neutral pole terminals, if applicable, by the letter N;

e protective earth terminal, where applicable, by the symbol @ (see 7.1.10.3 of
IEC 60947-1@1);

« reference temperature for non-compensated thermal releases, if different from 30 °C.
« range of the current setting (l,) if adjustable overload release (see 4.7.3);

* value or range of the rated instantaneous short-circuit current setting (1)), fixed or adjustable
(see 4.7.3).

c) The following data shall either be marked on the circuit-breaker as specified in item b), or
shall be made available in the manufacturer's published information:

e rated short-circuit making capacity (Icm), if higher than that specified in 4.3.5.1;

e rated insulation voltage (U;), if higher than the maximum rated operational voltage;
e pollution degree if other than 3;

« conventional enclosed thermal current (lyhe) if different from the rated current;

e |P Code, where applicable (see Annex C of IEC 60947-1);

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

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

e suitability for environment A or environment B, as applicable;
e r.m.s. sensing, if applicable, according to F.4.1.1.

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

» values of tightening torque for the circuit breaker terminals.
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d) 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 g\
e rated control circuit voltage of the closing device (see 7.2.1.2 of IEC 60947-1) Q}@i

frequency for a.c
e rated control circuit voltage of the shunt release (see 7.2.1.4 of | %7 1) and/or of
the under-voltage release (or of the no-voltage release) ( IEC 60947-1),

and rated frequency for a.c.; (\@’

* rated current of indirect over-current releases;

* number and type of auxiliary contacts kgg’of current, rated frequency (if a.c.) and
rated voltages of the auxiliary switc INdIfferent from those of the main circuit.

e) Terminal marking

Subclause [A)7.1.8.4 of I%’&Ql. ¢ applies (see also item b) above).

5.3 Instructions for installation, operation and maintenance

Subclause 5.3 of IEC 60947-1 applies.

6 Normal service, mounting and transport conditions
Clause 6 of IEC 60947-1 applies with the following addition:
Pollution degree (see 6.1.3.2 of IEC 60947-1)

Unless otherwise stated by the manufacturer, a circuit-breaker is intended for installation under
environmental conditions of pollution degree 3.

7 Constructional and performance requirements

7.1 Constructional requirements

Subclause 7.1 of IEC 60947-1 applies. Where, in Subclause 7.1.2.2 of IEC 60947-1, the
test temperature is to be specified, the test temperature required by this standard is 960°C.

Parts of insulating materials which might be exposed to thermal stresses due to electrical
effects and the deterioration of which might impair the safety of the equipment shall not be
adversely affected by abnormal heat and fire.

Tests on equipment shall be made by the glow-wire tests of IEC 60695-2-10, IEC 60695-2-11,
IEC 60695-2-12 and IEC 60695-2-13.

Parts of insulating materials necessary to retain in position current-carrying parts of the main
circuit in service shall conform to the glow-wire test of 8.2.1.1.1 of IEC 60947-1, at a
temperature of 960 °C.

Parts of insulating materials other than those specified in the previous paragraph shall conform to
the requirements of the glow-wire tests of 8.2.1.1.1 of IEC 60947-1 at a temperature of 650 °C.
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7.1.1 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 co \
with the requirements specified for the isolating function, taking account of manu %\
tolerances and changes in dimensions due to wear. 6

The withdrawable mechanism shall be fitted with a reliable indicatin @ WhICh indicates
unambiguously the positions of the isolating contacts. %»

The withdrawable mechanism shall be fitted W|th wh|ch only permit the isolating
contacts to be separated or re-closed when the tacts of the circuit-breaker are open.
In addition, the withdrawable mech all be fitted with interlocks which only permit the

main contacts to be closed 9
— when the isolating con}& 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.

7.1.2 Additional requirements for circuit-breakers suitable for isolation

For additional requirements concerning performance, see 7.2.7.

Subclause F)7.1.7 of IEC 60947-1 @& applies with the following addition:

NOTE |If the tripped position is not the indicated open position, it should be clearly identified.

The indicated open position is the only position in which the specified isolating distance between the contacts is
ensured.

7.1.3 Clearances and creepage distances

Minimum values are given in Tables 13 and 15 of IEC 60947-1.

7.1.4 Requirements for the safety of the operator

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

Compliance is checked by the provisions of 8.3.2.6.1, item b).

7.1.5 List of construction breaks

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

— material, finish and dimensions of internal current-carrying parts, admitting, however, the
variations 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;
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— the basic design of the over-current tripping devices, admitting, however, the variations
detailed in a), b) and c) below.

Variations in the following do not constitute a construction break: S(\\

a) dimensions of terminals, provided that creepage and clearance distances are n tr ;

b) in the case of thermal and magnetic releases those dimensions a aIs of the
release components, including flexible connections, which determl rent rating;

c) secondary windings of current transformer operated releas
d) external operating means, additional to the integra @means

e) type designation and/or purely aesthetic featyr s@ abels)

, replacement of the trip unit in one pole by a

%2 f) in the case of the 2-pole and 4-pqle
link, to provide an unprotected f (i\

g) creating a 2-pole brea@@aﬂ-pole breaker by removing the centre current path.

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

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

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

IF)7.1.7 Digital inputs and outputs for use with programmable logic controllers (PLCs)

Annex S of IEC 60947-1 applies. For the purposes of this standard this requirement does not
apply to digital inputs and outputs dedicated to devices other than PLCs. 1

7.2 Performance requirements
7.2.1 Operating conditions
7.2.1.1 Closing

For a circuit-breaker to be closed safely on to the making current corresponding to its rated
short-circuit making capacity, it is essential that it should be operated with the same speed and
the same firmness as during the type test for proving the short-circuit making capacity.

7.2.1.1.1 Dependent manual closing

For a circuit-breaker having a dependent manual closing mechanism, it is not possible to
assign a short-circuit making capacity rating irrespective of the conditions of mechanical
operation.

Such a circuit-breaker should not be used in circuits having a prospective peak making current
exceeding 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 causes the
circuit-breaker to break safely, irrespective of the speed and firmness with which it is closed on
to prospective peak currents exceeding 10 kA; in this case, a rated short-circuit making
capacity can be assigned.

7.2.1.1.2 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.
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7.2.1.1.3 Dependent power closing

necessary, shall be capable of securing the closing of the circuit-breaker in any conditj
between no-load and its rated making capacity, when the supply voltage, measured dyr

closing operation, remains between the limits of 110 % and 85 % of the rated ré ply
voltage, and, when a.c., at the rated frequency.

At 110 % of the rated control supply voltage, the closing operatior@@%%on no-load shall
-

not cause any damage to the circuit-breaker.

The power-operated closing mechanism, including intermediate control relays where\

S ‘o\peratlon shall be performed when the
td its rated making capacity within the limits
s and, if a maximum time limit is stated for the
his maximum time limit.

At 85 % of the rated control supply voltage, the
current established by the circuit-breaker |
allowed by the operation of its relay

closing operation, in a time not exce
.

7.2.1.1.4 Independent pﬁr 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 for charging the operating mechanism, as well as the closing control components, shall
be capable of operating in accordance with the manufacturer's specification.

7.2.1.1.5 Stored energy closing

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

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

Means for charging the operating mechanism, as well as the closing control components, shall
be capable of operating when the auxiliary supply voltage is between 85 % and 110 % of the
rated control supply voltage.

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

When the energy storing mechanism is manually operated, the direction of operation shall be
indicated.

This last requirement does not apply to circuit-breakers with an independent manual closing
operation.

7.2.1.2 Opening
7.2.1.2.1 General
Circuit-breakers which open automatically shall be trip-free and, unless otherwise agreed

between manufacturer and user, shall have their energy for the tripping operation stored prior
to the completion of the closing operation.
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7.2.1.2.2 Opening by undervoltage releases

Subclause 7.2.1.3 of IEC 60947-1 applies.

7.2.1.2.3 Opening by shunt releases

00((\\

Subclause 7.2.1.4 of IEC 60947-1 applies. ges *

7.2.1.2.4 Opening by over-current releases

a)

b)

o 9%

A

Opening under short-circuit conditions \(\

The short-circuit release shall cause tripgi oghe circuit-breaker with an accuracy of

+20 % of the tripping current valug o ent setting for all values of the current setting
of the short-circuit current releagg.

Where necessary for gv K fl co-ordination (see 2.17), the manufacturer shall provide
information (usually c&\h owing

— maximum cut-off (let-through) peak current (see 2.5.19 of IEC 60947-1) 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, B for circuit-breakers with instantaneous override (see note to 8.3.5).

Conformity with this information may be checked during the relevant type tests in test
sequences Il and Ill (see 8.3.4 and 8.3.5).

NOTE It may be possible to provide other forms of data to verify co-ordination characteristics of circuit-
breakers, for example, tests on combinations of short-circuit protective devices.

Opening under overload conditions
1) Instantaneous or definite time-delay operation

The release shall cause tripping of the circuit-breaker with an accuracy of +10 % of the
tripping current value of the current setting for all values of current setting of the overload
release.

2) Inverse 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 2.4.37
of IEC 60947-1), i.e. with the conventional non-tripping current (see 2.5.30 of IEC 60947-1),
the opening release being energized on all phase poles, tripping shall not occur in less than
the conventional time (see 2.5.30 of IEC 60947-1) from the cold state, i.e. with the circuit-
breaker at the reference temperature.

Moreover, when at the end of the conventional time the value of current is immediately
raised to 1,30 times the current setting, i.e. with the conventional tripping current (see
2.5.31 of IEC 60947-1), tripping shall then occur in less than the conventional time later.

NOTE The reference temperature is the ambient air temperature on which the time-current characteristic of the
circuit-breaker is based.

Table 6 — Characteristics of the opening operation of inverse time-delay over-current

opening releases at the reference temperature

All poles loaded Conventional time
Conventional non-tripping Conventional tripping current h
current
1,05 times current setting 1,30 times current setting 28
&1 hour when | <63 A
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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 @@@

temperature. 66
7.2.2 Temperature-rise g
- ,ga
7.2.2.1 Temperature-rise limits (\a
[ cmaker measured under the conditions
Values stated in Table 7, during the tests

ture-rises of the terminals shall not exceed the
tests made in accordance with 8.3.4.4 and 8.3.6.3.

The temperature-rises of the several parts of a
specified in 8.3.2.5, shall not exceed the_k
made in accordance with 8.3.3.6. T
limiting values stated in Table 76\"

7.2.2.2 Ambient air temm

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.

7.2.2.3 Main circuit

The main circuit of a circuit-breaker, including the over-current releases which may be
associated with it, shall be capable of carrying the conventional thermal current (Iy or lihe, as
applicable, see 4.3.2.1 and 4.3.2.2) without the temperature-rises exceeding the limits
specified in Table 7.

7.2.2.4 Control circuits

The control circuits, including control circuit devices, used for the closing and opening
operations of a circuit-breaker, shall permit the rated duty, as specified in 4.3.4, and also the
temperature-rise tests under the test conditions specified in 8.3.2.5, to be made without the
temperature rises exceeding the limits specified in Table 7.

The requirements of this subclause shall be verified on a new circuit-breaker. Alternatively, at
the discretion of the manufacturer, the verification may be made during the temperature-rise
test of 8.3.3.6.

7.2.2.5 Auxiliary circuits

Auxiliary circuits, including auxiliary devices, shall be capable of carrying their conventional
thermal current without the temperature-rises exceeding the limits specified in Table 7, when
tested in accordance with 8.3.2.5.
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Table 7 — Temperature-rise limits for terminals and accessible parts

i . . b
Description of part @ Temperaturirlse limits ‘
OV
— Terminals for external connections 80 6 G
.
— Manual operating means: e
metallic
non-metallic a» 5
-
— Parts intended to be touched but not hand-held: * (\a
metallic ‘(\\ 40
non-metallic C 50
.
— Parts which need not be touched for normal pp \
metallic \‘ 50
non-metallic * 60
<X

. e A . .
No value is specified for pmer\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.

7.2.3 Dielectric properties

Subclauses 7.2.3 a) and 7.2.3 b) of IEC 60947-1 apply.
Type tests shall be made in accordance with 8.3.3.2.

The verification of dielectric withstand during all test sequences shall be made in accordance
with 8.3.3.5.

Routine tests shall be made in accordance with 8.4.5.

7.2.3.1 Impulse withstand voltage

Subclause 7.2.3.1 of IEC 60947-1 applies.

7.2.3.2 Power-frequency withstand voltage of the main, auxiliary and control circuits
Power-frequency tests are used in the following cases:

— dielectric tests as type tests for the verification of solid insulation;

— dielectric withstand verification, as a criterion of failure, after switching or short-circuit type
tests;

— routine tests.
7.2.3.3 Clearances

Subclause 7.2.3.3 of IEC 60947-1 applies.

7.2.3.4 Creepage distances

Subclause 7.2.3.4 of IEC 60947-1 applies.
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7.2.3.5 Solid insulation

Solid insulation shall be verified by either power-frequency tests, in accordance with 8.3.3.4.1,
item 3), of IEC 60947-1, or d.c. tests (test voltages for d.c. tests are under consideration).

For the purposes of this standard,

disconnected for the tests.

—-32-—

circuits incorporating solid-state devug cﬂq
O

7.2.3.6 Spacing between separate circuits

Subclause 7.2.3.6 of IEC 60947-1 applies.

7.2.4 Ability to make and break under

7.2.4.1 Overload performan

CX\\

ormal load and overload conditions

(\@’Q

This requirement applies K&\c it-breakers of rated current up to and including 630 A.

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 8.3.3.4.

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 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

conditions specified in 8.3.3.3.3;

— for the test of operational performance with current in the main circuit under the test

conditions specified in 8.3.3.3.4.

Each operating cycle consists of, either a closing operation followed by an opening operation
(test of operational performance without current), or a making operation followed by a breaking

operation (test of operational performance with current).

Table 8 — Number of operating cycles

1 2 3 | 4 5
Rated current & Number of operating Number of operating cycles
A cycles per hour b Without current With current © Total
In< 100 120 8 500 1500 10 000
100 <lp< 315 120 7 000 1 000 8 000
315 <lIlp< 630 60 4 000 1 000 5000
630 < I, < 2500 20 2 500 500 3000
2500 <Ip 10 1 500 500 2 000

a
b

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

Column 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 cycle, the circuit-breaker shall remain closed for a sufficient time to ensure that the
full current is established, but not exceeding 2 s.

o\
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7.2.5 Ability to make and break under short-circuit conditions

Subclause 7.2.5 of IEC 60947-1 applies with the following amplifications: \

The rated short-circuit making capacity shall be in accordance with 4.3.5.1 and 4.3.5.300((\
.

The rated short-circuit breaking capacity shall be in accordance with 435\3%66

The rated short-time withstand current shall be in accordance WQ@I

.

NOTE It is the manufacturer's responsibility to ensure that t Qcharacteristic of the circuit-breaker is

compatible with the capability of the circuit-breaker to withstgndh erent thermal and electrodynamic stresses.
.

7.2.6 Vacant
.
7.2.7 Additional requireme‘ rlxcuit—breakers suitable for isolation

Subclause 7.2.7 of IEC 6 7-1 applies and tests shall be made in accordance with 8.3.3.2,
8.3.3.5, 8.3.3.9, 8.3.4.3, 8.3.5.3 and 8.3.7.7, as applicable.

7.2.8 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
assigned to the composite unit, the circuit-breaker shall open when one or more fuses operate
(in order to prevent single-phasing). If the circuit-breaker is stated by the manufacturer to be
with lock-out device preventing closing (see 2.14), it shall not be possible to reclose the circuit-
breaker until either the melted fuse-links or any missing fuse-links have been replaced or the
lock-out means 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 short-circuit protective device, see
Annex A.

7.3 Electromagnetic compatibility (EMC)

Requirements and test methods are given in Annex J.

8 Tests
8.1 Kind of tests

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

8.1.1 The tests to verify the characteristics of circuit-breakers are:

— type tests (see 8.3);

— routine tests (see 8.4).
Ay— special tests (see 8.5). 1
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8.1.2 Type tests include the following tests:

Test Subclause
Temperature-rise 8.3.2.5 ((\\
Tripping limits and characteristics 8.3.3.1 GO
Dielectric properties 8.3.3.2 6 .
Operational performance capability 8.3.3¢3 ge
Overload performance (where applicable) \)
Short-circuit breaking capacities . aa’gand 8.3.5
Short-time withstand current (where applicable) \( 8.3.6
Performance of integrally fused circuit-breake 8.3.7

Type tests shall be carried out b)\\Mufacturer in his workshop or at any suitable
laboratory of his choice.

8.1.3 Routine tests comrxx the tests listed in 8.4.

8.2 Compliance with constructional requirements
Subclause 8.2 of IEC 60947-1 applies.

8.3 Type tests

In order to avoid repetition of identical tests applicable to the various test sequences, the
general test conditions have been grouped together at the beginning of this subclause under
three headings:

— test conditions applicable to all sequences (8.3.2.1 to 8.3.2.4);
— test conditions applicable to temperature-rise tests (8.3.2.5);
— test conditions 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 IEC 60947-1.

Each test sequence refers back to the general test conditions applicable. This requires the use of
cross-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; "verification”
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, using the terms most likely to be used (not necessarily the exact terms appearing in
the relevant subclause heading).

8.3.1 Test sequences

8.3.1.1 General

Type tests are grouped together in a number of sequences, as shown in Table 9.

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, the following tests of test sequence | (see 8.3.3) may
be omitted from the sequence and made on separate samples:
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— tripping limits and characteristics (8.3.3.1); in which case the sample(s) tested in the
sequence shall be subjected to the tests of 8.3.3.1.3, only on the phase poles at the
maximum setting, at room temperature and without the additional test of item b) to verify
the time-current characteristic; (.(\\

— test of dielectric properties (8.3.3.2); 0

— test of under-voltage releases of 8.3.3.3.2 (itemc) and 8.3.3.3. 3 fy the
requirements of 7.2.1.3 of IEC 60947-1, and tests of under-voltage r e@ alternative
frequencies (see 8.3.2.1); \95

— test of shunt releases of 8.3.3.3.2 (item d) and 8.3.3.3. % y the requirements of
7.2.1.4 of IEC 60947-1, and tests of shunt re?a\\eﬁ\ ative frequencies (see
8.3.2.1)

— additional tests for operational capab|I|ty i ugurrent for withdrawable circuit-breakers
(8.3.3.3.5).

8.3.1.3 Applicability of sequen(;e rding to the relationship between short-circuit

ratings

The applicability of test
given in Table 9a.

Alphabetical index of tests

Yc‘&s according to the relationship between I, I, and I, is

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-circuit test procedure 8.3.2.6.4
Temperature-rise test 8.3.2.5
Time constant 8.3.2.2.5
Tolerances 8.3.2.2.2
Tests Subclause
(for overall schema of test sequences, see Table 9)
Dielectric properties 8.3.3.2

Dielectric withstand (verification)

Individual pole short-circuit test (for phase-earthed systems)
Individual pole short-circuit test (for IT systems)

Indication of main contact position

Integrally fused circuit-breakers (short-circuit tests)
Operational performance capability

Overload performance

Overload releases (verification)

Service short-circuit breaking capacity

Short-circuit breaking capacity test at maximum short-time withstand
current

Short-time withstand current
Temperature-rise (verification)

Tripping limits and characteristics
Ultimate short-circuit breaking capacity
Withdrawable circuit-breakers (additional tests)

8.3.3.5-8.3.4.3-8.3.5.3 -
8.3.6.5-8.3.7.3-8.3.7.7-8.3.8.5
Annex C
Annex H
8.3.3.9
8.3.7.1-8.3.7.5-8.3.7.6
8.3.3.3-8.3.4.2-8.3.4.4
8.3.3.4
8.3.3.7-8.3.4.4-8.3.5.1 -
8.3.5.4 -8.3.6.1 - 8.3.6.6 —8.3.7.4 —
8.3.7.8 -8.3.8.1 - 8.3.8.6
8.3.4.1 - 8.3.8.3
8.3.6.4

8.3.6.2 -8.3.8.2
8.3.3.6 - 8.3.4.3 -8.3.6.3 —
8.3.7.2-8.3.8.5
8.3.3.1
8.3.5.2
8.3.3.3.5
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Table 9 — Overall schema of test sequences 2

Test sequence

Applicable to

Tests

|
General performance

characteristics
(8.3.3)

All circuit-breakers

.

L

Tripping limits and characteristics ((\
Dielectric properties LO
n

Mechanical operation and opergb

performance capability @ *
Overload performange applicable)
stand

Verification oj4 ;
Verificapane® perature-rise
of overload releases

A d g
‘I::\
wa ation of undervoltage and shunt releases
w

here applicable)
Verification of main contact position (where
applicable)

I
Rated service short-circuit
breaking capacity
(8.3.4)

. ‘ A

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

Verification of overload releases

11
Rated ultimate short-circuit
breaking capacity
(8.3.5)

Allcircuit-breakers¢ of selectivity
category M A and circuit-breakers of
2D selectivity category (1] B with
instantaneous override*

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 [A7) selectivity
category (1] BP

Verification of overload releases
Rated short-time withstand current
Verification of temperature-rise

Short-circuit breaking capacity at maximum
short-time withstand current

Verification of dielectric withstand
Verification of overload releases

\
Performance of integrally
fused
circuit-breakers
(8.3.7)

Stage 1

Integrally fused circuit-breakers

Stage 2

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
breaking capacity

Verification of dielectric withstand
Verification of overload releases

VI

Combined test sequence
(8.3.8)

Circuit-breakers of [A1) selectivity
category (1] B:

when loy = les

(replaces test sequences Il and 1V)
when lgy = les = ley

(replaces test sequences I, Il

and 1V)

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

Individual pole short-circuit
test sequence

(Annex C)

Circuit-breakers for use on phase-
earthed systems

Individual pole short-circuit breaking capacity
(Is)

Verification of dielectric withstand
Verification of overload releases

Individual pole short-circuit
test sequence

(Annex H)

Circuit-breakers for use in IT
systems

Individual pole short-circuit breaking capacity
()

Verification of dielectric withstand
Verification of overload releases

* See noteto 8.3.5

a For the selection of circuit-breakers for tests and the applicability of the various test sequences according to the
relationship between I.g, Iy and I, see Table 9a.

o

¢ Except

Except where Sequence VI is applied.
— where log = Iy (but see 8.3.5)

— where Sequence VI is applied
— for integrally fused circuit-breakers.
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Table 9a — Applicability of test sequences according to the relationship
between I, I, and I, @

cs?
%) selectivity category ¢l R
. . \
les: loy @nd Iy, relationship Test sequence A A B G@
Integrally 66 * Integrally
fused \Q fused
) 7
CASE 1 | X QO— X X
2”2
A d
I X R ‘\'O‘ X X X
les # lcy for [A)selectivity category il A ll . @X \} Xb
-
les # lou # lew for [AD selectivity MPR N\ @ *xd X X
category B \ WV A X X
Y
T aWLk
CASE 2 \\'\, N
I
les = lew # ey for A1) selectivity I X b
category B v X
\Y
VI (combined) X¢ X¢
CASE 3 |
Il
les = ey for [An selectivity category 3] A 1
les = ley # lew for [AD selectivity Y x d X X
category B \Y X X
CASE 4 | X
Il
les = ley = lew for [A) selectivity "
category 11 B Y, X
\
VI (combined) X¢
2 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 applicable only if Iy > ley-
C 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 in the case of circuit-breakers covered by note 3 of Table 4.

8.3.1.4 Alternative test programmes for circuit-breakers of a given frame size and
design having a different number of poles

These alternative test programmes may only be applied when all 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 clause 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 carrim
on the three-pole variant. In addition, where applicable, the tests or test seq ed
in Table 9b shall be carried out on the other variants.

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

The principle for the application of the aIternaUvﬂes@‘ammes is illustrated below:

Programnie\{‘\‘\l Programme 2
1-pole 2- poles ‘%\)\;I“ 4-poles 1-pole 2-poles 3-poles 4-poles
Construction 1° O ““,\J m O o o o
Construction 2 - [ O - - R ]
Construction 3 - - ] O - - - ]
R - [ O - - - |
Construction n - - [ O - - R ]

NOTE B fully tested per Table 9
O tested per Table 9b
O tested per Table 9c

- notestrequired

construction 1 is the construction which covers the max rating.

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 Test clause Test Applicability to Applicability to
sequence 4-pole variant " " | 1-pole or 2-pole
variants ¢
8.3.3.1 Test of tripping limits and characteristics
8.3.3.1.1 General
8.3.3.1.2 Short-circuit releases X*® X ¢

8.3.3.1.3a)* | Overload releases:

—instantaneous/definite time-delay X
I g.rl%.?:.l.l%b)k —inverse time-delay X X*
(as
applicable)
8.3.3.1.4 Additional test for definite time-delay releases:
8.3.3.2 Dielectric properties X X
8.3.3.3 Mechanical operation and operational performance capability
8.3.3.3.1 General X X

8.3.3.3.2 Construction and mechanical operation X X
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Table 9b (continued)

Test Test clause Test Applicability to | Applicability §o
sequence 4-pole variant " " | 1- pole or
8.3.3.3.3 Operational performance capability without current X ~ >
.
8.3.3.3.4 Operational performance capability with current . )( X
v
8.3.3.3.5 Withdrawable circuit-breakers gw
! 8.3.3.4 Overload performance Tt ] X
N : —— ‘\\ ) Y
8.3.3.5 Verification of dielectric withstand X
Ad
8.3.3.6 Verification of temperature- rISi\ V X
8.3.3.7 Verification of overiw “s
8.3.3.8 Verificatio de\\x)ltage and shunt releases X
8.3.3.9 Ver|f|¥w Ve main contact position X
1 8.3.4 Rated serwce short-circuit breaking capacity
1 83.50¢ Rated ultimate short-circuit breaking capacity X X
X
4th pole and
v 8.3.6 Rated short-time withstand current adjacent pole
only
(see 8.3.2.6.4)
\% 8.3.7 Performance of integrally fused circuit-breakers X X
VI 8.3.8 Combined test sequence
Annex C Individual pole short-circuit test sequence
Annex H Test sequence for circuit-breakers for IT systems

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

a

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 |l or Sequence VI (see Table 9).

One sample of maximum current rating only, tested at max kVA rating (I, x corresponding U,).
Without verification tests of items c) (undervoltage releases) and d) (shunt releases).
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 7.1.5) within the frame size, a further sample is tested at the maximum rated current corresponding to each
construction.

Vacant.
Vacant.
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

Test Test clause Test Applicability to | Applicability to
sequence 3-pole variant ¢ | 1-pole or 2-pole
variants ¢
8.3.3.1 Test of tripping limits and characteristics
8.3.3.1.1 General X
8.3.3.1.2 Short-circuit releases X ¢
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Table 9c (continued)

Test Test clause Test Applicability to App|IC x
sequence 3-pole variant ¢ @\1
a ts ¢
8.3.3.1.3a)* | Overload releases: e
- instantaneous/definite time-delay a'\)g
g.r3.3.1.3b) |- inverse time-delay . a;(; X
(aapsplicable) \(\
8.3.3.1.4 Additional test for definite Kﬂéay releases
8.3.3.2 Dielectric proper‘em X X
8.3.3.3 Mecha ra‘lt!n and operational performance capability
! 8.3.33.1 |Gen ’%‘Y X X
8.3.3.3.2 Constructlon and mechanical operation X e
8.3.3.3.3 Operational performance capability without current
8.3.3.3.4 Operational performance capability with current
8.3.3.3.5 Withdrawable circuit-breakers
8.3.3.4 Overload performance
8.3.3.5 Verification of dielectric withstand
8.3.3.6 Verification of temperature-rise
8.3.3.7 Verification of overload releases
8.3.3.8 Verification of undervoltage and shunt releases
8.3.3.9 Verification of the main contact position
I} 8.3.4 Rated service short-circuit breaking capacity
1" 8352 ¢ Rated ultimate short-circuit breaking capacity X X
% 8.3.6 Rated short-time withstand current
Vv 8.3.7 Performance of integrally fused circuit-breakers X X
VI 8.3.8 Combined test sequence
Annex C Individual pole short-circuit test sequence
Annex H Test sequence for circuit-breaker for IT systems

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

a

b

Vacant.

This test sequence also applies when, for the 4-poles testing, Sequence Ill on the 4-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 (I, x corresponding U).
Without verification tests of items c) (undervoltage releases) and d) (shunt releases).
Applicable only to 1-pole variant ; not required for 2-poles variants.

Vacant.

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

Vacant.

Vacant.

Vacant.

This test is not required for electronic trip units.
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8.3.2 General test conditions
Note deleted

IE) NoTE @1l Tests according to the requirements of this standard do not preclude the need for additional \ts
concerning circuit-breakers incorporated in assemblies, for example tests in accordance with [IEC 60439. 0

8.3.2.1 General requirements 6

“2d
Unless otherwise agreed by the manufacturer, each test sequence shé&} de on a sample
circuit-breaker (or set of samples) in a clean and new condition.

The number of samples to be tested for each te ce and the test conditions (for
example setting of overload releases, terminal cpnRegtions), according to the circuit-breaker
parameters, are given in Table 10[%2 or, wh pticable, for the alternative test programmes

in Table 9b and Table 9c (see 8.3‘.

-

.

Where necessary, additio Wa ion is given in the relevant subclauses.

Unless otherwise specified, tests are to be performed on a circuit-breaker having the maximum
rated current for a given frame size and are deemed to cover all rated currents of that frame size.

22 In the case of one or more construction breaks (see 2.1.2 and 7.1.5) within the frame 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 and 7.2.2.6 of
IEC 60947-1).

If the mechanism is electrically controlled, it shall be supplied at the minimum voltage as
specified in 7.2.1.1.3. 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.

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

Circuit-breakers 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 shall be additionally tested in the smallest of such enclosures stated by the manufacturer,
using a new sample, according to 8.3.5, at U max/corresponding l¢,, with release settings at
maximum (see [A&) footnote a &lto Table 10).

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

NOTE An individual enclosure is an enclosure designed and dimensioned to contain one circuit-breaker only.

However, if a circuit-breaker may be used in specified individual enclosures and is tested
throughout in the smallest of such enclosures stated by the manufacturer, the tests in free air
need not 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.
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For the tests in free air, for tests concerning overload performance (8.3.3.4), short-circuit
(8.3.4.1, 8.3.5.2,8.3.6.4, 8.3.7.1, 8.3.7.5, 8.3.7.6 and 8.3.8.3), and short-time withstand current
(8.3.6.2 and 8.3.8.2) where applicable, a metallic screen shall be placed on all S|des of \
circuit-breaker in accordance with the manufacturer’s instructions. Details, including @

of the metallic screen from the circuit-breaker, shall be stated in the test report. 6

The characteristics of the metallic screen shall be as follows: a\)g
e structure: woven wire mesh, (\a"g
or perforated metal, GK\\
or expanded metal;
e ratio hole area/total area: 0,45- 0 ;
* size of hole: not exceedlrwqy
e finish: bare or conduct at

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) when measured from the furthest
point on the metallic screen likely to be reached by arc emissions.

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 (IT), see
Annex H.
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Table 10 — Number of samples for test

) Table 10 applies to the test programmes of Table 9. In the case of the alternative test
programmes (see 8.3.1.4), Table 9b and Table 9c are applicable.

O

. G, -
Number of [ Terminals | Number sample| current Q"‘,perature- Foot-
Test marked marked of No. setting a Test voltage Tesl\c> rise notes
sequence Ug ratings line/load | samples \ a \erification
1 ]2 [Mul.|Yes| No Min. [ Max “(\arwr. | Max
A
| X|X] X X X 1 1 X > ax See 8.3.3 g
1 ‘Qx‘\’ Ue X h
X X 2 &\\l
N W | x :
Ad ‘ A J
@ AR X Ue X X h
X X \i\ 2 X Ue X b
(|” ) 3 X Ue X X j
s 1 Ug max corr. h
and
Vi X X X 3 2 X Ug max corr. X b
(combined) 3 Ue max X k
1 Ug max corr. h
2 X Ug max corr. b
X X X 4
3 U intermed. X e
4 Ug max X k
1 Ue X g
X X 2
2 X Ue X b
1 X Ue X g
X X 3 2 X Ue X b
3 Ue X c
" 1 Ue max corr. X g
(Icu) X X X 3 2 X Ue max corr. b
3 Ueg max X d
1 Ueg max corr. X g
2 X Ue max corr. X b
X X X 4
3 U intermed. e
4 X Ue max X d
Number of | Terminals | Number Rated I, Tem-
Sample| Current perature- | Foot-
Test marked marked of No. | settinga |leStvoltager— rise | notes
sequence| lcw ratings | line/load | samples curersént Time delaylyerification
1 Mul. | Yes | No Min. | Max. Corr.[Max. |Corr.|Max.
1 X Ue max X X g
X X | x 2 €
2 X Ueg max X X m
v | 1 X |Ug max corr. X g
(ew)
X X X 3 2 X |Ug max corr. X i
3 X Ueg max X m
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Table 10 (continued)

Number of | Terminals | Number samole!| current e-lr—gm_re- Fdot-
Test marked marked of Nop setting a | 1€t voltage Test current P rise (\es
sequence Ug ratings line/load | samples ' 9 ver&'@@
1|2 |Mul.|Yes| No Min. |Max. Corr. Maéc’ .
\Y 1 X Ue max X \)g X f. g
Integral
g x| x| x| x| ox 2 2 X Ue max ga» b
(Icu) . -
Individual 1 X ;\(\ X lsu 9
pole. |y Ix| x | x | x 2 ‘“ (J
(Anrl'|ex C) 2 ) * Ue max Isu _
( SU) 1 “ “
Individual . \\\1
pole \' . U max
(Annex H)| X [ X X | X | X \r\\'Q 1 X e ht g
(i) \

Mul. = multiple; Corr. = corresponding; Intermed. = intermediate

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

a

Q o

Min means the minimum |, of a given frame size; in the case of adjustable overload releases, it means the minimum
setting of the minimum 1,. Max means the maximum |, of a given frame size.

This sample is omitted in the following cases:
— acircuit-breaker having a single non-adjustable current setting for a given frame size;
— acircuit-breaker provided only with a shunt release (i.e. without an integral overcurrent release);

— a circuit-breaker with electronic overcurrent protection, of a given frame size, having an adjustable current rating
by electronic means only (i.e. without change of current sensors).

Connections reversed.

Connections reversed, if terminals unmarked.

To be agreed between test station and manufacturer.

If terminals unmarked, an additional sample shall be tested with connections reversed.

In the case of one or more construction breaks (see 2.1.2 and 7.1.5) within the frame size, a further sample is tested
at the maximum rated current corresponding to each construction, under the conditions applicable to sample 1.

The requirement of footnote g applies to sequence VI (combined) and also to sequence Il where |4 = 1.

This sample is selected based on the highest value of thermal energy (Icwzt; where “t” is the corresponding short-time
delay, see 4.3.5.4). This sample is omitted if the highest thermal energy condition is met by sample 1 or 3.

This sample, with connections reversed, is only required when sequence Il is replaced by sequence Il (I, = |
see 8.3.5).

Connections reversed, if terminals unmarked, when sequence Ill is replaced by sequence Il (I, = I, see 8.3.5) or
when sequence VI replaces sequences II, lll and IV (I, = I = I, see 8.3.8), otherwise this sample is tested forward
connected.

cs’

Applies to category B circuit-breakers and also to category A circuit-breakers covered by Note 3 of Table 4.

This sample, with connections reversed, is only required when sequence Il is replaced by sequence IV (I, = |
8.3.5).

cwr S€e

8.3.2.2 Test quantities

8.3.2.2.1 Values of test quantities

Subclause 8.3.2.2.1 of IEC 60947-1 applies.
8.3.2.2.2 Tolerances on test quantities
Subclause 8.3.2.2.2 of IEC 60947-1 applies.
8.3.2.2.3 Frequency of the test circuit for a.c.

All tests shall be made at the rated frequency of the circuit-breaker. For all short-circuit tests, if
the rated breaking capacity is essentially dependent on the value of the frequency, the
tolerance shall not exceed +5 %.
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If the manufacturer declares the rated breaking capacity to be substantially unaffected by the
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 applies with the following modification: C}O((\
Table 16 of IEC 60947-1 is replaced by Table 11 of this standard

Table 11 — Values of power factors and time constants correspoa)q)gtest currents

a JTlme constant
Power factor \(\
Test current | AV\

KA Operational b Operational

Short-circuit performanc rivad Short-circuit performance Overload
cqpf@iﬂ capability

< 3 0,9 ‘ '\ 5

3 <1 < 45 0, \’SQ‘ 5
p

45<1 £ 6 0, 5
6 <1 <10 0,5 0,8 0,5 5 2 2,5
10 <1 <£20 0,3 10
20 < | <50 0,25 15
50 < | 0,2 15

8.3.2.2.5 Time constant of the test circuit

Subclause 8.3.4.1.4 of IEC 60947-1 applies with the following modification:
Table 16 of IEC 60947-1 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 applies.

8.3.2.3 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 case 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
thickness of the moulded case of the device.

8.3.2.4 Test reports
Subclause 8.3.2.4 of IEC 60947-1 applies.

8.3.2.5 Test conditions for temperature-rise test

The circuit-breaker shall meet the requirements of 7.2.2.

Subclause 8.3.3.3 of IEC 60947-1 applies, except 8.3.3.3.6, with the following addition:
The circuit-breaker shall be mounted in accordance with 8.3.2.1.

During the temperature rise test of sequence | (see 8.3.3.6) coils of under-voltage releases,
where applicable, shall be supplied at one rated frequency and corresponding voltage, chosen
at random. Additional tests to verify coils at other rated frequencies and voltages shall be
made outside the sequence. &1

For four-pole circuit-breakers, a test shall first be made on the three poles which incorporate
over-current releases. For a circuit-breaker having a value of rated current not exceeding 63 A,
an additional test shall be made by passing the test current through the fourth pole and its
adjacent pole. For higher rated current values, the method of testing shall be the subject of a
separate agreement between manufacturer and user.
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8.3.2.6 Test conditions for short-circuit tests

8.3.2.6.1 General requirements

NOTE 1 Attention is drawn to note 3, which has been introduced to avoid unnecessary retesting due
requirement of item b).

‘@‘@‘9\

Subclause 8.3.4.1.1 of IEC 60947-1 is amplified as follows: a'\)ge

a)
b)

d)

e)

The circuit-breaker shall be mounted in accordance Wit

h
Unless it can be shown that, with the manual op deans in any position, there is no
opening around the manual operating meagn h which a music wire of 0,26 mm
diameter can be inserted so as to r fte arc chamber area, the following test
arrangement shall apply:

thick, of a size 100 m mm, positioned as shown in Figure 1, fixed and reasonably

For opening operatio g\e\a low density polyethylene sheet, 0,05 mm £ 0,01 mm
stretched in a frame, |ﬂ(’:ed at a d|stance of 10 mm from

— either the maximum projection of the manual closing means of a circuit-breaker without
recess 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:
— density at 23 °C: 0,92 g/cm3 + 0,05 g/cm3;
— 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
short-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 2 This test arrangement applies to O operations only, since it is difficult to arrange for CO operations
and it is accepted that O operations are no less severe than CO operations (see 8.3.2.6.4).

NOTE 3 In order to obviate the need for making a new series of short-circuit test sequences to prove
compliance with this subclause, it is permitted provisionally, with the agreement of the manufacturer, to verify
this by means of a separate O operation for each test sequence applicable.

The circuit-breaker shall be operated during tests to simulate service conditions as closely
as possible.

A circuit-breaker having a dependent power operation shall be closed during tests with the
control supply (voltage or pressure) at 85 % of its rated value.

A circuit-breaker having an independent power operation shall be closed during tests with
the operating mechanism charged to its maximum value stated by the manufacturer.

A circuit-breaker having a stored energy operation shall be closed during tests with the
operating means charged at 85 % of the rated voltage of the auxiliary supply.

If a circuit-breaker is fitted with adjustable over-current releases, the setting of these
releases shall be as specified for each test sequence.

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

For all these tests, the line side of the test circuit shall be connected to the corresponding
terminals of the circuit-breaker as marked by the manufacturer. In the absence of such
markings, the test connections shall be as specified in Table 10.
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8.3.2.6.2 Test circuit
Subclause 8.3.4.1.2 of IEC 60947-1 applies.

8.3.2.6.3 Calibration of the test circuit GO((\\

Subclause 8.3.4.1.5 of IEC 60947-1 applies. 66 .

8.3.2.6.4 Test procedure a’ga\)

8.3.2.6.4.1 General
Subclause 8.3.4.1.6 of IEC 60947-1 applies, with th@\nng addition.
.

8.3.2.6.4.2 Tests on one-, two- and Wcircuit—breakers
3 ) .

After calibration of the test cirg\y 'n‘\i\cordance with 8.3.2.6.3, the temporary connections are
replaced by the circuit-br r er 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) shall be included as follows:

— approximately 50 cm on the supply side;
— approximately 25 cm on the load side.

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 8.3.3.1.3 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 8.3.4.1, 8.3.5.2, 8.3.6.4 and 8.3.7.6.

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 requirements of 8.3.2.6.4.2 apply.

I?2 An additional sequence of operations on one or more new samples, in accordance with
Table 10, shall be made on the fourth pole and its adjacent pole for sequences:
— llland IV, or
— IVandV, or
- VI,

as applicable.

IF) At the request of the manufacturer these tests may be combined with combined with the
three-pole tests of 8.3.2.6.4.2 and made on the same samples, in which case the test in
each relevant test sequence shall comprise
— the test on three adjacent poles,

— the test on the fourth pole and the adjacent pole.

The test on the fourth pole and the adjacent pole are made at an applied voltage of U./\3, in the
circuit shown in Figure 12 of IEC 60947-1 with the connections C1 and C2 removed.

The test current shall be agreed between manufacturer and user but shall be not less than 60 % of

Iy Or Iy, as applicable.

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

The following symbols are used for defining the sequence of operations:
@) represents a breaking operation; \

CO represents a making operation followed, after the appropriate openin tir@Qy a
breaking operation: % *

t represents the time interval between two successive short-circyj 1Ions which shall
be as short as possible, allowing for the resetting time of t -bFeaker (see 2.19),
but not less than 3 min. The actual value of t shall pe tﬁﬂ he test report.

The maximum resetting time shall be 15 min W onger time as may be stated by
the manufacturer, but not exceeding 1 h, d rié ich time the circuit-breaker shall not
be displaced. Attempts to re-close thg B\NYNi®-breaker during the resetting time shall be
spaced by at least 1 min.

.
The maximum value of 12t ﬁgAS of IEC 60947-1) during these tests may be recorded in
the test report (see 7.2.1.%.XM™ 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 applies.
8.3.2.6.6 Interpretation of records
Subclause 8.3.4.1.8 of IEC 60947-1 applies.

8.3.2.6.7 Verification after short-circuit tests

I~» a) After the opening operations of the short-circuit making and breaking capacity tests of
8.3.4.1, 8.3.5.2, 8.3.6.4, 8.3.7.1, 8.3.7.6, 8.3.8.3, 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 shall show no holes visible with normal or corrected vision without
additional magnification. Minuscule holes of less than 0,26 mm diameter can be ignored;

— the case 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 superficial nature. Consequently, they do not develop through the
entire thickness of the moulded case of the device.

b) After the short-circuit tests, the circuit-breaker shall comply with the verifications specified
for each test sequence, as applicable.

8.3.3 Test sequence I: General performance characteristics
This test sequence applies to all circuit-breakers and comprises the following tests:

Test Subclause

Tripping limits and characteristics 8.3.3.1
Dielectric properties 8.3.3.2
Mechanical operation and operational 8.3.3.3
performance capability

Overload performance (where applicable) 8.3.3.4
Verification of dielectric withstand 8.3.3.5
Verification of temperature-rise 8.3.3.6
Verification of overload releases 8.3.3.7
Verification of undervoltage and shunt releases (if 8.3.3.8
applicable)

Verification of main contact position (for circuit- 8.3.3.9

breakers suitable for isolation)

The number of samples to be tested and the setting of adjustable releases shall be in
accordance with Table 10.

See 8.3.1 for tests that may be omitted from the sequence and made on separate samples.
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8.3.3.1 Test of tripping limits and characteristics

Subclause 8.3.3.2 of IEC 60947-1 is amplified as follows:

8.3.3.1.1 General GO((\\

The ambient air temperature shall be measured as for the temperature-rise Q@%e‘&&Z.S).

When the over-current opening release is normally a built-in part Q@tircuit-breaker, it shall
be verified inside the corresponding circuit-breaker. '\(\a

tqg;h; under normal service conditions. The

ordance with 8.3.2.1. The equipment under
eating or cooling.

Any separate release shall be mounted approx

complete circuit-breaker shall be mounte

test shall be protected against undue\
.

.
The connections of the s@}b lease, if appropriate, or of the complete circuit-breaker shall
be made as for normal séVice, with conductors of cross-section corresponding to the rated
current (In) (see Tables 9 and 10 of 8.3.3.3.4 of IEC 60947-1) and of length according to
8.3.3.3.4 of IEC 60947-1.

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).

NOTE For tests for which the tripping characteristic is independent of the temperature of the terminals (e.g.
electronic overload releases, magnetic releases), connection data (type, cross-section, length) may be different
from those required in 8.3.3.3.4 of IEC 60947-1. The connections should be compatible with the test current and
induced thermal stresses.

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

The tests may be made at any convenient voltage.

8.3.3.1.2 Opening under short-circuit conditions

The operation of short-circuit releases (see 4.7.1) shall be verified at 80 % and 120 % of the
short-circuit current setting of the release. The test current shall have no asymmetry.

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

At a test current having a value equal to 120 % of the short-circuit 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 manufacturer, in the
case of definite time-delay releases.
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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 multi \
short-circuit releases shall be verified by one test only on each combination of two ph
-Circuit

in series. For circuit-breakers having an identified neutral pole provided wit h

release, the neutral pole shall be tested in series with one phase pole ¢ andom. In
addition, the operation of the short-circuit releases shall be verifj on each pole
individually, at the value of the tripping current declared by the acturer for individual

poles at which value they shall operate:

- within 0,2 s in the case of instantaneous relea e@& 20);

- within an interval of time equal to twi ‘e-delay stated by the manufacturer, in the
case of definite time-delay releasi

Definite time-delay releawp

8.3.3.1.3 Opening under overload conditions

ddition, comply with the requirements of 8.3.3.1.4.

a) 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. The test current
shall have no asymmetry. The operation of multipole overload releases shall be verified with
all phase poles loaded simultaneously with the test current.

Definite time-delay releases shall, in addition, comply with the requirements of 8.3.3.1.4.

At a test current having a value equal to 90 % of the 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 an interval of time equal to twice the time-delay stated by the manufacturer, in the
case 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 manufacturer, in the
case of definite time-delay releases.

For circuit-breakers having an identified neutral pole provided with an overload release
(see 8.3.3.1.1), the test current for this release shall have a value equal to 1,2 times 110 %
of the current setting.

b) Inverse time-delay releases

The operating characteristics of inverse time-delay overload releases shall be verified in
accordance 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 8.3.3.1.1), the test currents for this release shall be those given in Table 6 except that
the test 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
verified at the reference temperature (see 4.7.3 and 5.2, item b)), the release being
energized on all phase poles.
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If this test is made at a different ambient air temperature, a correction shall be made in
accordance with the manufacturer's temperature/current data.

For thermal-magnetic releases declared by the manufacturer to be independent of ambient
air temperature, the operating characteristic shall be verified by two measurements,

30 °C + 2 °C, the other at 20 °C £ 2 °C or at 40 °C + 2 °C, the release being ene ﬁ
all phase poles.

For electronic releases, the operating characteristic shall be v % the ambient
temperature of the test room (see 6.1.1 of IEC 60947-1), the re energised on all

phase poles.
An additional test, at a current value to be agreed manufacturer and user, shall be
made to verify that the time/current characteristi e release conform (within the stated

acturer.

e releases of circuit-breakers are also verified on each pole
I(see 8.3.5.1, 8.3.5.4, 8.3.6.1, 8.3.6.6, 8.3.7.4, 8.3.7.8, 8.3.8.1

tolerances) to the curves provided by the
NOTE In addition to the tests in this s

singly, during test sequences III |
and 8.3.8.7).

8.3.3.1.4 Additional test for definite time-delay releases

a)

b)

Time-delay
This test is made at a current equal to 1.5 times the current setting:
— 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 8.3.3.1.1), 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
the test current, using successively all possible combinations of phase poles having a
short-circuit release.

— in the case of electronic short-circuit releases, on one pole chosen at random.
The time-delay measured, shall be between the limits stated by the manufacturer.

If the test current overlaps with another tripping characteristic (e.g. an instantaneous tripping
characteristic), the trip setting (e.g. Iy, See Figure K.1) and the test current shall be reduced
as necessary to prevent premature tripping. Both values shall be recorded in the test report.

Non-tripping duration

This test is made under the same conditions as for the test of item a) above for both
overload and short-circuit releases:

Firstly, the test current equal to 1,5 times the current setting is maintained for a time
interval equal to the non-tripping duration stated by the manufacturer; then, the current is
reduced to the rated current and maintained at this value for twice the time-delay stated by
the manufacturer. The circuit-breaker shall not trip.

8.3.3.2 Test of dielectric properties

Subclause 8.3.3.4.1 of IEC 60947-1 applies, except for item 5), with the following additions:

(i)

(i)

with reference to 8.3.3.4.1, item 2) c) i) and ii), of IEC 60947-1: the normal positions of
operation include the tripped position, if any;

with reference to 8.3.3.4.1, item 3 c), of IEC 60947-1: for the purposes of this standard
circuits incorporating solid-state devices connected to the main circuit shall be
disconnected for the test;

A
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(iif) circuit-breakers not declared as suitable for isolation shall be tested with the test voltage
applied across the poles of the main circuit, the line terminals being connected together
and the load terminals being connected together. The test voltage shall be in accordance
with Table 12 of IEC 60947-1; S}\

(iv) for circuit-breakers suitable for isolation (see 3.5) and having an operaﬂonaQ@
greater than 50 V, the leakage current, measured through each pole with p™acts in
the open position, at a test voltage of 1,1 U, shall not exceed 0,5 mA. g

8.3.3.3 Tests of mechanical operation and of operat|onal paiogance capability
8.3.3.3.1 General test conditions CX\\

The circuit-breaker shall be mounted |n a *with 8.3.2.1 except that, for the purpose of
these tests, the circuit-breaker may ed on a metal frame. The circuit-breaker shall be

protected against undue exterw | g or cooling.

The tests shall be made a e 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 resistors or impedances forming part of the control device shall be in circuit, However, no
supplementary impedances shall be inserted between the current source and the terminals of
the device.

The tests of 8.3.3.3.2, 8.3.3.3.3 and 8.3.3.3.4 shall be made on the same circuit-breaker but
the order in which these tests are carried out is optional. However, for the tests of undervoltage
and shunt releases the tests of 8.3.3.3.2 and 8.3.3.3.3 may, alternatively, be made on a new
sample.

In the case of maintainable circuit-breakers, if it is desired to carry out a number of operations
greater than that specified in Table 8, these additional operations shall be carried out 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
permitted during the remainder of this test sequence.

NOTE For convenience of testing it is permissible to subdivide each of the tests into two or more periods. No such
period should, however, be less than 3 h.

8.3.3.3.2 Construction and mechanical operation

a) Construction
A withdrawable circuit-breaker shall be checked for the requirements stated in 7.1.1.

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

b) Mechanical operation
Tests shall be made as specified in 8.3.3.3.1 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.
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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
in7.2.1.1.3.

A circuit-breaker with dependent power operation shall operate with the @ 0
mechanism charged to the minimum and maximum limits stated by the manufaﬁjré
A 3

A circuit-breaker with stored energy operation shall comply with the r nts stated
in 7.2.1.1.5 with the auxiliary supply voltage at 85 % and 110 % oﬁ d control supply
voltage. It shall also be verified that the moving contacts can oved from the open
position when the operating mechanism is charged.t ybelow the full charge as
evidenced by the indicating device.

For a trip-free circuit-breaker it shall ng ‘g;s;ible to maintain the contacts in the
touching or closed position when the &id\YINg¥release is in the position to trip the circuit-

breaker. \)\
.
If the closing and openinﬁt slol a circuit-breaker are stated by the manufacturer, such
times shall comply Wit\N ed values.

Undervoltage releases

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

i) Drop-out voltage

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

The voltage shall be reduced from rated control supply voltage at a rate to reach 0V in
approximately 30 s.

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

In the case of a release with a range of rated control supply voltage, this test applies to the
maximum 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
poles of the circuit-breaker. This test may be combined with the temperature-rise test of
8.3.3.6.

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.

ii) 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
circuit-breaker cannot be closed by the operation of the actuator. When the supply voltage
is raised to 85 % of the minimum control supply voltage, it shall be verified that the circuit-
breaker can be closed by the operation of the actuator.

iii) Performance under overvoltage conditions

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

Shunt releases

Shunt releases shall comply with the requirements of 7.2.1.4 of IEC 60947-1. For this
purpose, the release shall be fitted to a circuit-breaker having the maximum rated current
for which the release is suitable.
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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 co \
supply voltage. r«\

8.3.3.3.3 Operational performance capability without current 66

These tests shall be made under the conditions specified in 8.3. 2% number of operating
cycles to be carried out on the circuit-breaker is given |ra f Table 8; the number of

operating cycles per hour is given in column 2 of th|$€€‘

The tests shall be carried out Wlthout curr main circuit of the circuit-breaker.

operating cycles shall b tripping operations, with the shunt release energized at
maximum rated control su voltage.

For circuit-breakers which ;m ed with shunt releases, 10 % of the total number of
/

For circuit-breakers which can be fitted with undervoltage releases, 10 % of the total number of
operating cycles shall be closing/tripping operations at the minimum rated control 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 made at the beginning and
the other half at the end of the tests.

For circuit-breakers fitted with undervoltage releases, prior to the operational performance test,
without the undervoltage release being energized, it shall be verified that the circuit-breaker
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-breakers 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 be taken
to ensure that the temperature-rises of the electrical components do not exceed the limits
indicated in Table 7.

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

8.3.3.3.4 Operational performance capability with current

The circuit-breaker condition and method of installation shall be as specified in 8.3.2.1, the test
circuit being in accordance with 8.3.3.5.2 of IEC 60947-1.

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

The circuit-breaker 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
applicable in 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.
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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 \
values indicated in Table 7.

Manually operated circuit-breakers shall be operated as in normal use. ges

8.3.3.3.5 Additional test of operational performance capa ity a'ut current
for withdrawable circuit-breakers

ith : current shall be carried out on the

A test of operational performance capability
Withdrawable circuit-breakers.

withdrawal mechanism and associated integl

The number of operating cyc%?a \Ae 100.

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

8.3.3.4 Overload performance

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

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

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.

2 The test shall be made at a voltage corresponding to the maximum operational voltage Ue max
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).

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

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

NOTE 2 If the testing means do not withstand the let-through energy occurring during the automatic operation, the
test may be performed as follows, with the agreement of the manufacturer:
— 12 manual operations;

— three additional operations with automatic opening, made at any convenient voltage.

During each of the manually operated cycles, the circuit-breaker shall remain closed for a time
sufficient to ensure that the full current is established, but not exceeding 2 s.

The number of operating cycles per hour shall be that specified in column 2 of Table 8. If the
circuit-breaker does not latch in at the specified rate, this rate may be reduced sufficiently so
that the circuit-breaker may be closed, the full current being established.

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.
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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 With the agreement of the manufacturer the test may be made under more severe conditio ng\\
specified. 6

A 3
Table 12 — Test circuit characteristics for overload perforgg%6

0\
— G\
Current 61, s (\.0‘ - 5 1h
Recovery voltage 1,05 Uy max p“\ 1,05 Ug 1hax
Ue max = maximum operational voltage o iaM-Breaker.

\
.
Tests on a.c. rated circuit—br@ s\x&ll 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.

8.3.3.5 Verification of dielectric withstand
a) 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 test
circuit, although measures shall be taken to ensure that this does not influence the result of
the test.

b) Test voltage
Subclause 8.3.3.4.1, item 3) b), of IEC 60947-1 applies.

The value 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 test cannot be applied. The value of U, referred to is that at which the
preceding switching and/or short-circuit tests have been performed.

c) Application of the test voltage

The test voltage shall be applied for 5 s in accordance with 8.3.3.4.1, items 2) c) i), ii) and
iii), of IEC 60947-1 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,
item 1), of IEC 60947-1 is not required. For the purposes of this standard, circuits
incorporating solid-state devices connected to the main circuit shall be disconnected for the
tests. The normal positions of operation include the tripped position, if any.

For circuit-breakers suitable for isolation the leakage current shall be measured in
accordance with 8.3.3.2, item (iv), except that the leakage current shall not exceed 2 mA.

d) Acceptance criteria
Subclause 8.3.3.4.1, item 3) d), of IEC 60947-1 applies.

8.3.3.6 Verification of temperature-rise
Following the test according to 8.3.3.5, 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.
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8.3.3.7 Verification of overload releases
Immediately following the test according to 8.3.3.6, the operation of overload releases shall\

be verified at 1,45 times the value of their current setting at the reference temperature
7.2.1.2.4, item b), 2)).

For this test, all poles shall be connected in series. Alternatively, this test ade using
a 3-phase supply.

This test may be made at any convenient voltage. (\a"g
qup;p|ng time.

between the tests of 8.3.3.6 and 8.3.3.7 may occur.

The operating time shall not exceed the convegti

NOTE 1 With the manufacturer's consent agti

NOTE 2 The test may, alternative e at the ambient air temperature at a test current corrected in
accordance with the manufactw ature/current data, for releases dependent on ambient temperature.

8.3.3.8 Verification of undervoltage and shunt releases

Circuit-breakers fitted with undervoltage releases shall be subjected to the test of 8.3.3.3.2,
item c), i), except that the tests for upper and lower limits shall be made at the temperature of
the test room without current in the main circuit. The release shall not operate at 70 % of the
minimum control supply voltage and shall operate at 35 % of the maximum rated control supply
voltage.

Circuit-breakers fitted with shunt releases shall be subjected to the test of 8.3.3.3.2, item d),
except that the test may be made at the temperature of the test room. The release shall
operate at 70 % of the minimum rated control supply voltage.

8.3.3.9 Verification of the main contact position
For circuit-breakers suitable for isolation (see 3.5), following the verification of 8.3.3.7, a test

shall be made to verify the effectiveness of the indication of the main contact position in
accordance with 8.2.5 of IEC 60947-1.

8.3.4 Test sequence IlI: Rated service short-circuit breaking capacity

Except when the test sequence VI (combined) applies (see 8.3.8), this test sequence applies to
all circuit-breakers and comprises the following tests:

Test Subclause
Rated service short-circuit breaking capacity 8.3.4.1
Verification of operational capability 8.3.4.2
Verification of dielectric withstand 8.3.4.3
Verification of temperature-rise 8.3.4.4
Verification of overload releases 8.3.4.5

For the case where I¢g = Iy, See 8.3.5.

The number of samples to be tested and the setting of adjustable releases shall be in
accordance with Table 10.
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8.3.4.1 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 l.g, as declared by the manufacturer, in accordance with 4.3.5.2.2. (,(\\

The power factor for this test shall be according to Table 11, for the appropriateé%c‘tgent.

’ang
O—t—CO—t—CO(\

n@n fuse shall be replaced after each
ded for this purpose.

The sequence of operations shall be:

In the case of integrally fused circuit-breakers,
operation. The time interval t may need to b

8.3.4.2 Verification of opera{gﬂl\:\p bility
.
t

Following the test acco 8.3.4.1, the operational capability shall be verified in
accordance with 8.3.3.3.4 except that this verification shall be made at the same rated
operational voltage as used for the test of 8.3.4.1, and that the number of operations shall be
5 % of the number given in column 4 of Table 8.

This verification need not be made where, for a given frame size, the test of 8.3.4.1 has been
made on a circuit-breaker of minimum |, or at the minimum overload release setting as
specified in Table 10.

8.3.4.3 Verification of dielectric withstand

Following the test according to 8.3.4.2, the dielectric withstand shall be verified according
to 8.3.3.5.

For circuit-breakers suitable for isolation, the leakage current shall be measured in accordance
with 8.3.3.5.

8.3.4.4 Verification of temperature-rise

Following the test according to 8.3.4.3, the temperature-rise at the main terminals shall 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 8.3.4.1 has been
made on a circuit-breaker of minimum I, or at the minimum overload release setting.

8.3.4.5 Verification of overload releases

Immediately following the test according to 8.3.4.4, the operation of overload releases shall be
verified in accordance with 8.3.3.7.

NOTE With the manufacturer's consent, a time interval between the tests of 8.3.4.4 and 8.3.4.5 may occur.

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

Except where the test sequence VI (combined) applies (see 8.3.8), this test sequence applies
to circuit-breakers of [A» selectivity category 31l A and to circuit-breakers of [A) selectivity category &1 B
having a rated ultimate short-circuit breaking capacity higher than the rated short-time
withstand current.

NOTE For this type of selectivity category Bcircuit-breaker, the instantaneous release operates at values of
current in excess of those stated in column 2 of Table 3 (4.3.5.4); this type of release may be referred to as
"instantaneous override".
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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,
since, in this case, the ultimate short-circuit breaking capacity is verified when carrying out test
sequence IV. \

For integrally fused circuit-breakers, test sequence V applies in place of this sequ
#’break tests

I*) Where I = I, this test sequence need not be made, in which case co
uag& | additionally be

are required in Sequence Il (see Table 10) and the following verific
made in test sequence Il: Q

— the verification of 8.3.5.1, at the beginning of the éd ence

— the verification of 8.3.5.4, at the end of th uence. &

This test sequence comprises the fo sts:

“\‘Q " Test Subclause
Ver|f|cat|on of overload releases 8.3.5.1
Rated ultimate short-circuit breaking capacity 8.3.5.2
Verification of dielectric withstand 8.3.5.3
Verification of overload releases 8.3.5.4

The number of samples to be tested and the setting of adjustable releases shall be in
accordance with Table 10.

8.3.5.1 Verification of overload releases

The operation of overload releases shall be verified at twice the value of their current setting on
each pole separately. This test may be made at any convenient voltage.

NOTE 1 If the ambient temperature differs from the reference temperature, the test current should be corrected in
accordance with the manufacturer's temperature/current data, for releases dependent on ambient temperature.

NOTE 2 For tests for which the tripping characteristic is independent of the temperature of the terminals (e.g.
electronic overload releases, magnetic releases), connection data (type, cross-section, length) may be different
from those required in 8.3.3.3.4 of IEC 60947-1. The connections should be compatible with the test current and
induced thermal stresses.

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

8.3.5.2 Test of rated ultimate short-circuit breaking capacity
Following the test according to 8.3.5.1, 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:
O-t-CO
8.3.5.3 Verification of dielectric withstand

Following the test according to 8.3.5.2 the dielectric withstand shall be verified according to
8.3.3.5. For circuit breakers suitable for isolation, the leakage current shall not exceed 6 mA.
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8.3.5.4 Verification of overload releases

Following the test according to 8.3.5.3, the operation of overload releases shall be verified in
accordance with 8.3.5.1, except that the test current shall be 2,5 times the value of thes \

current setting. GO

The operating time shall not exceed the maximum value stated by the ma @&r‘for twice
the value of the current setting, at the reference temperature, on a polt@

e 9
8.3.6 Test sequence IV: Rated short-time withstand CK“’(@‘

Except where the test sequence VI (combined) a p@i see 8.3.8), this test sequence applies
NI fo those circuit-breakers of category A covered
by note 3 of Table 4; it comprises the\ JRINPiests.

.

‘A“‘Gﬂa‘sf Subclause
Verificatio\o\avgr&)ad releases 8.3.6.1
Rated short-time withstand current 8.3.6.2
Verification of temperature-rise 8.3.6.3
Short-circuit breaking capacity at maximum 8.3.6.4
short-time withstand current
Verification of dielectric withstand 8.3.6.5
Verification of overload releases 8.3.6.6

Where integrally fused circuit-breakers are of ) selectivity category il B, they shall meet the
requirements of this sequence.

The number of samples to be tested and the setting of adjustable releases shall be in
accordance with Table 10.

8.3.6.1 Verification of overload releases

The operation of overload releases shall be verified in accordance with 8.3.5.1.

8.3.6.2 Test of rated short-time withstand current

Subclause 8.3.4.3 of IEC 60947-1 applies with the following addition:

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

8.3.6.3 Verification of temperature-rise

Following the test according to 8.3.6.2, 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 (8.3.6.5). This verification need not be made where,
for a given frame size, the test of 8.3.6.2 has been made on a circuit-breaker of minimum I, or
at the minimum overload release setting.
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8.3.6.4  Test of short-circuit breaking capacity at the maximum short-time
withstand current

Following the test according to 8.3.6.3, a short-circuit test shall be made with the followj \
sequence of operations: 0&

eS ©

under the general conditions of 8.3.2, with a value of prospective “%al to that of the
short-time withstand current test (see 8.3.6.2) and at the higheé‘ applicable to the rated

short-time withstand current. ‘\

O0-t-CO

The circuit-breaker shall remain closed for
available time setting of the short-tim short-circuit release, and the instantaneous
override, if any, shall not operate. If ult-breaker has a making current release (see 2.10),
this requirement does not a, o CO operation, if the prospective current exceeds the
pre-determined value, sin i’men operate.

t-time corresponding to the maximum

8.3.6.5 Verification of dielectric withstand

Following the test carried out according to 8.3.6.4, the dielectric withstand shall be verified
according to 8.3.3.5.

8.3.6.6 Verification of overload releases

Following the test according to 8.3.6.5, the operation of overload releases shall be verified in
accordance with 8.3.5.1, 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.

8.3.7 Test sequence V: Performance of integrally fused circuit-breakers

This test sequence applies to integrally fused circuit-breakers. It replaces test sequence Ill and
comprises the following tests:

Test Subclause
Short-circuit at the selectivity limit current 8.3.7.1
Stage 1 Verification of temperature-rise 8.3.7.2
Verification of dielectric withstand 8.3.7.3
Verification of overload releases 8.3.7.4
Short-circuit at 1,1 times take-over current 8.3.7.5
Stage 2 Short-circuit at ultimate short-circuit breaking capacity 8.3.7.6
Verification of dielectric withstand 8.3.7.7
Verification of overload releases 8.3.7.8

This test sequence is divided into two stages:

— Stage 1 comprises the tests according to 8.3.7.1 to 8.3.7.3;
— Stage 2 comprises the tests according to 8.3.7.4 to 8.3.7.8.

The two stages may be carried out:

— on two separate circuit-breakers, or
— on the same circuit-breaker, with maintenance between them, or
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— on the same circuit-breaker, without any maintenance, in which case the test according to
8.3.7.3 may be omitted.

The test according to 8.3.7.2 need only be made if I.g > Is. (,(\\

Tests according to 8.3.7.1, 8.3.7.5 and 8.3.7.6 shall be made at the maximur%o Qonal

voltage of the circuit-breaker. \)g

j’ releases shall be in

The number of samples to be tested and the setting of
accordance with Table 10. '\(\
8.3.7.1 Short-circuit at the selectivity limit eno

A short-circuit test is made under t conditions of 8.3.2, with a value of prospective
current equal to the selectivit @ e t, as declared by the manufacturer (see 2.17.4).

For the purpose of this tes“e fuses shall be fitted.
The test shall consist of one O operation at the conclusion of which the fuses shall still be intact.

8.3.7.2 Verification of temperature-rise

NOTE This verification of temperature-rise is made since the fuses may have blown during the short-circuit test of
test sequence Il, 8.3.4.1, in which case the test of 8.3.7.1 is more severe.

Following the test according to 8.3.7.1 the temperature-rise at the main terminals shall be
verified, in accordance with 8.3.2.5.

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

8.3.7.3 Verification of dielectric withstand

Following the test according to 8.3.7.2 the dielectric withstand shall be verified according to
8.3.3.5.

8.3.7.4 Verification of overload releases

The operation of overload releases shall be verified in accordance with 8.3.5.1.

8.3.7.5 Short-circuit at 1,1 times the take-over current
Following the test according to 8.3.7.4 a short-circuit test is made under the same general

conditions as in 8.3.7.1, with a value of prospective current equal to 1,1 times the take-over
current declared by the manufacturer (see 2.17.6).

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.

8.3.7.6 Short-circuit at rated ultimate short-circuit breaking capacity
Following the test according to 8.3.7.5, a short-circuit test is made under the same general

conditions as in 8.3.7.1, with a value of prospective current equal to the ultimate short-circuit
breaking capacity I, as declared by the manufacturer.

For the purpose of this test, a new set of fuses shall be fitted.
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The sequence of operations shall be:
O-t-CO

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

for that purpose.
S

Following the test according to 8.3.7.6 and with a new sea‘@'f%ses fitted, the dielectric
withstand shall be verified according to 8.3.5.3. K\\

8.3.7.7 Verification of dielectric withstand

8.3.7.8 Verification of overload releases

Following the test according to 8.&‘\.&, operation of overload releases shall be verified in
accordance with 8.3.5.1 exc@t‘t 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.

8.3.8 Test sequence VI: combined test sequence

At the discretion of, or in agreement with the manufacturer, this test sequence may be applied
to circuit-breakers of &) selectivity category il B:

a) when the rated short-time withstand current and the rated service short-circuit breaking
capacity have the same value (l.y = lcg); in this case it replaces test sequences Il and 1V;

b) when the rated short-time withstand current, the rated service short-circuit breaking capacity
and the rated ultimate short-circuit breaking capacity have the same value (Iqyw = les = lew);
in this case it replaces test sequences I, Il and IV.

This test sequence comprises the following tests:

Test Subclauses

Verification of overload releases 8.3.8.1
Rated short-time withstand current 8.3.8.2
Rated service short-circuit breaking capacity* 8.3.8.3
Verification of operational capability 8.3.8.4
Verification of dielectric withstand 8.3.8.5
Verification of temperature-rise 8.3.8.6
Verification of overload releases 8.3.8.7

* For circuit-breakers falling into the case of item b) 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 accordance
with Table 10.

8.3.8.1 Verification of overload releases

The operation of overload releases shall be verified in accordance with 8.3.5.1.

8.3.8.2 Test of rated short-time withstand current

Following the test according to 8.3.8.1, a test shall be made at the rated short-time withstand
current according to 8.3.6.2.

This test does not need to be made on the sample of minimum |, specified in Table 10.¢4
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8.3.8.3 Test of rated service short-circuit breaking capacity

Following the test according to 8.3.8.2, a test shall be made at the rated service short- cwcun
breaking capacity according to 8.3.4.1, at the highest voltage applicable to the rated short-ti
withstand current. The circuit-breaker shall remain closed for the short-time corresp @ﬁ\
the maximum available time setting of the short-time delay short-circuit release

During this test the instantaneous override (if any) shall not operateé&(&@ makmg current

release (if any) shall operate. g
o

8.3.8.4 Verification of operational capability K\\
Following the test according to 8.3.8.3 al [Seratlonal capability shall be verified in
accordance with 8.3.4.2. \

.

8.3.8.5 Verification of dWithstand

Following the test according to 8.3.8.4, the dielectric withstand shall be verified according to 8.3.3.5.
For circuit-breakers suitable for isolation, the leakage current shall be measured according to 8.3.3.5.

8.3.8.6 Verification of temperature-rise

Following the test according to 8.3.8.5, the temperature-rise at the main terminals shall be
verified in accordance with 8.3.2.5.

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

This verification need not be made where, for a given frame size, the test of 8.3.8.3 has been
made on a circuit-breaker of minimum |, or at the minimum overload release setting.

8.3.8.7 Verification of overload releases

After cooling down following the test according to 8.3.8.6, the operation of overload releases
shall be verified in accordance with 8.3.3.7.

Thereafter, the operation of the overload releases shall be verified on each pole individually in
accordance with 8.3.5.1, 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.

8.4 Routine tests

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

The following tests apply:

— mechanical operation (8.4.1);
verification of the calibration of overcurrent releases (8.4.2);

verification of the operation of undervoltage and shunt releases (8.4.3);
additional tests for CBRs to Annex B (8.4.4);
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— dielectric tests (see note) (8.4.5);

— verification of clearances (8.4.6).

NOTE If by the control of materials and manufacturing processes, the integrity of the dielectric propertie \
been proven, these tests may be replaced by sampling tests according to a recognized sampllng pl (s@
IEC 60410).

take the place of the tests listed above provided the same cond|t|ons he number of

However, operation of the circuit-breaker during manufacture and/or othw test may
operations is not less than that specified.

The tests of 8.4.2, 8.4.3 and 8.4.4 shall be made w ‘g‘ | ases f|tted to the circuit-breaker
or to an appropriate test equipment simulating t ur of the circuit-breaker.

In the context of the tests of 8.4. 1\ \ 4.3, 8.4.5 and 8.4.6, the term "circuit-breakers"

covers CBRs, where apphcablip

8.4.1 Mechanical operatidn tests

The tests of 8.4.1.1 and 8.4.1.2 shall be carried out without current in the main circuit, except
when required for the operation of releases. During the tests, no adjustments shall be made
and the operation shall be satisfactory.

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

— two close-open operations;

— two trip-free operations.
NOTE For the definition of a trip-free mechanical switching device, see 2.4.23 of IEC 60947-1.

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

— two close-open operations;

— two trip-free operations;

— for automatic reclosing circuit-breakers, two automatic reclosing operations.

8.4.2 Verification of the calibration of overcurrent releases

8.4.2.1 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).

8.4.2.2 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 8.3.3.1.2
or 8.3.3.1.3, item a), as applicable, without measurement of break time being required.
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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 tes g:ﬂ\
starting from a value below the lower limit until tripping of the circuit-breaker gs ripping
shall occur between the lower and upper limits of test current. é

8.4.3 Verification of the operation of undervoltage and sh %@

8.4.3.1 Undervoltage releases K\\(\

Tests shall be made to verify that the re Wlll operate in accordance with 7.2.1.3 of
IEC 60947-1 as follows:
a) Hold-in voltage

The release shall cIosX}Xo 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 the range
corresponding 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 8.3.3.3.2, item c¢) i).
In the case of releases having a range of rated control supply voltages, the upper limit shall
correspond to the minimum of the range and the lower limit to the maximum of the range.

8.4.3.2 Shunt releases (for opening)

A test shall be made to verify that the release will operate in accordance with 7.2.1.4 of
IEC 60947-1. 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 under the conditions specified in
8.3.3.3.2, item d). In the case of a release having a range of rated control supply voltages, the
test voltage shall be related to 70 % of the minimum rated control supply voltage.

8.4.4 Additional tests for CBRs
The following additional tests shall be made on CBRs or r.c. units.

a) Operation of the test device

The CBR shall be subjected to two close-trip operations or, in the case of r.c. units, to two
reset-trip operations, tripping by the manual operation of the test device with the CBR
supplied at the 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 Ixn in each pole separately, at
the minimum setting of 15, if adjustable;

— the CBR trips with a residual current of l5, in each pole separately, at the minimum
setting of I, if adjustable.
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8.4.5 Dielectric tests

The test conditions shall be in accordance with 8.3.3.4.1, item 1), of IEC 60947-1, 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 terming \/0@
electrically connected together when the circuit-breaker is closed;

— for circuit-breakers not incorporating electronic circuits connecte anam poles, with
the circuit-breaker in the closed position, between each pole a djacent pole(s), and
between each pole and the frame, if applicable;

— for circuit-breakers incorporating electronic cwcuﬁgbaﬂ cted to the main poles, with the

circuit-breaker in the open position, betw pole and the adjacent pole(s), and
if \ fe, either on the incoming side or on the
the electronic components.

between each pole and the frame,
outgoing side, depending on the 33.
L

Alternatively, d|sconnect| ronic circuits connected to the main poles is permitted,
in which case the tm e shall be applied with the circuit-breaker in the closed
position, between ea ole and the adjacent pole(s), and between each pole and the
frame, if applicable.

The method of test shall be as in a), b) or ¢) below at the manufacturer’s discretion:

a) Two tests shall be made:
1) Impulse withstand voltage

The 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
the greater, and

2) Power frequency withstand voltage

The test apparatus shall be as stated in 8.3.3.4.1, item 3) b), of IEC 60947-1, 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, but the short-circuit current of the test apparatus shall be at least eight times the
trip setting of the overcurrent relay; for example, for a transformer with a short-circuit
current of 40 mA, the maximum trip setting of the overcurrent relay shall be
5mA =1 mA.

The value of the test voltage shall be 2 Ug max, with a minimum of 1 000V r.m.s.,
applied for not less than 1 s. The overcurrent relay shall not trip.

b) A single power frequency test in accordance with item a) 2) above at a test voltage such
that the peak value of the sinusoidal wave corresponds to the highest of the peak values of
the following: 30 % of Ujmp , 2 Uj, 2 Ug max or 1 000 V r.m.s.

¢) An insulation resistance test at 500 V d.c.. The insulation resistance shall be not less than
1 MQ at any point.

If dielectric properties are tested according to a sampling plan in accordance with the note
to 8.4, a power frequency withstand test shall be made according to 8.4.5, item a) 2) of this
subclause, but with a test voltage in accordance with Table 12A of IEC 60947-1.

8.4.6 Test for the verification of clearances less than those corresponding
to case A of Table 13 of IEC 60947-1

Subclause 8.3.3.4.3 of IEC 60947-1 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 is covered by the tests
of 8.4.5.
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Operating means R

ON position of the

+5 +5 ON Position of the \
closing push-button 50, &0, closing handle 0

Polyethylene sheet

2) 3)

Rigid shield “/ and

Metallic screen (not required for test
in individual enclosures 3))

Metal plate IEC 1578/01

Case of circuit-breaker with closing push-button Case of circuit-breaker with a closing handle

Dimensions in millimetres

1) The operating means includes any extension which is normally fitted for the closing operation.

2) The purpose of the rigid shield is to prevent emissions from areas other than those of the handle or push-button
from reaching the polyethylene sheet (not required for tests in individual enclosures).

3) The rigid shield and the front of the metallic screen may be combined into one single conductive metal plate.
4) Made of any suitable rigid material to obviate tearing of the polyethylene sheet.

Figure 1 — Test arrangement (connecting cables not shown) for short-circuit tests

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). As
special tests, 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.

Annex Q of IEC 60947-1 applies.

Where Table Q.1 of IEC 60947-1 calls for verification of operational capability, this shall be
made by carrying out the routine tests to 8.4 of this standard, except for the dielectric tests of
8.4.5, which are covered by the tests of Table Q.1 of IEC 60947-1. &l

With reference to footnote e) of Table Q.1 of IEC 60947-1, for dry heat test, the circuitbreaker 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 8.4.1 during the last hour of the test.

With reference to footnote g) of Table Q.1 of IEC 60947-1, during damp heat test, the functional
test shall consist of the mechanical operations of 8.4.1 of this standard. When only manual
operating means are available, this test can be done during the beginning of the following cold
period. ¢
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Annex A
(normative)

Co-ordination under short-circuit conditions between 0((\\
a circuit-breaker and another short-circuit protective dev G

associated in the same circuit \)g

c‘\\(\a’g

A.1 Introduction

To ensure co-ordination under sh It conditions between a circuit-breaker (Cq) and
another short-circuit protec (SCPD) associated with it in the same circuit, it is
necessary to consider thm er|st|cs of each of the two devices as well as their behaviour
as an association.

NOTE An SCPD may 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 of another circuit-
breaker (C,) (see Figures A.2 to A.5.)

The comparison of the individual operating characteristics of each of the two associated
devices may not be sufficient, when reference has to be made to the behaviour of these two
devices operating in series, since the impedance of the devices is not always negligible. It is
recommended that this should be taken into account. For short-circuit currents it is
recommended that reference be made to 12t instead of time. Preferred templates for the
representation of cut-off current and let-through energy (12t) characteristics are given in
Annex K.

C, is frequently connected in series with another SCPD for reasons such as the method of
power distribution adopted for the installation or because the short-circuit breaking capacity of
C, alone may be insufficient for the proposed application. In such instances the SCPD may be
mounted in locations remote from C;. The SCPD may be protecting a main feeder supplying a
number of circuit-breakers C, or just an individual circuit-breaker.

For such applications the user or specifying authority may have to decide, on the basis of a
desk study alone, how the optimum level of co-ordination may best be achieved. This annex is
intended to give guidance for this decision, and also on the type of information which the
circuit-breaker manufacturer should make available to the prospective user.

Guidance is also given on test requirements, where such tests are deemed necessary for the
proposed application.

The term "co-ordination" includes consideration of [&) selectivity ¢ (see 2.5.23 of IEC 60947-1
and also 2.17.2 and 2.17.3) as well as consideration of back-up protection (see 2.5.24 of
IEC 60947-1).

Consideration of selectivity can either be carried out by desk study or by test (see Clause A.5),
whereas the verification of back-up protection normally requires the use of tests (see Clause A.6).

When considering short-circuit breaking capacity, reference may be made to the rated ultimate
short-circuit breaking capacity (Icy), or to the rated service short-circuit breaking capacity (l¢s),
according to the desired criterion.
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A.2 Scope and object

other SCPDs associated in the same circuit, as regards [’ selectivity & as well as b
protection.

S ¥
The object of this annex is to state: \)g

— the general requirements for the co-ordination of a circuit-bggak another SCPD;
— the methods and the tests (if deemed necessary) W o verify that the conditions for

This annex gives guidance on and requirements for the co-ordination of circuit-breakers witﬁ

co-ordination have been met.
.

A.3 General requirements forn rdination of a circuit-breaker

with another SCPD *
W

A.3.1 General consideyations

2 Ideally, the co-ordination should be such that a circuit-breaker (C;) alone will operate at all
values of over-current up to the limit of its rated short-circuit breaking capacity I, ¢d.

NOTE |If the value of the prospective fault current at the point of installation is less than the rated ultimate short-
circuit breaking capacity of C,, it may be assumed that the SCPD is only in the circuit for considerations other than
those of back-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 a risk of

unnecessary loss of [A) selectivity@l.

b) if the value of the prospective fault current at the point of installation exceeds the rated
ultimate short-circuit breaking capacity of Cq1, the SCPD shall be so selected that the
behaviour of C; is in accordance with A.3.3 and the take-over current Ig (see 2.17.6), 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 load side, it is essential that the connection between C; and the SCPD be so arranged
as to minimize any risk of short circuit.

NOTE In the case of interchangeable releases, these considerations should apply to each relevant release.
A.3.2 Take-over current

For the purpose of back-up protection the take-over current Ig shall not exceed the rated
ultimate short-circuit breaking capacity I, of C;1 alone (see Figure A.4).

A.3.3 Behaviour of C; in association with another SCPD

For all values of over-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, and 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.
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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) shall not e@@
rated ultimate short-circuit breaking capacity of the SCPD.

If the associated SCPD is a circuit-breaker, it shall meet the requir r@égms standard, or
any other relevant standard.

If the associated SCPD is a fuse, it shall be in accor h the appropriate fuse standard.
P2 A.5 Verification of selectivity N
A.5.1 General \

Selectivity can normally |dered by desk study alone, i.e. by a comparison of the
operating characteristics 1 and the associated SCPD, for example, when the associated
SCPD is a circuit-breaker (C») provided with an intentional time-delay.

The manufacturers of both the C1 and the SCPD shall provide adequate data concerning the
relevant operating characteristics so as to permit I, to be determined for each individual
association.

In certain cases, tests at I may be performed on the association, for example:

— when Cq is of the current-limiting type and C, is not provided with an intentional time-delay;
— when the opening time of the SCPD is less than that corresponding to one half-cycle.

To obtain the desired P2 selectivity & when the associated SCPD is a circuit-breaker, an
intentional short-time delay may be necessary for C».

2 Selectivity®d may be partial (see Figure A.4) or total up to the rated short-circuit breaking
capacity I, of C,. For total selectivity &2, the non-tripping characteristic of C, or the pre-arcing
characteristic of the fuse shall lie above the tripping (break-time) characteristic of C,.

Two illustrations of total [A2 selectivity &g are given in Figures A.2 and A.3.

A.5.2 Tests for verification of selectivity between circuit-breakers

An example of the circuit diagram for the tests is shown in Figure A.7.
C1 may be a circuit-breaker in compliance with this standard or another IEC standard.

If C1 is fitted with adjustable over-current opening releases, the operating characteristics shall
be those corresponding to the maximum time and current settings.

If C2 is fitted with adjustable over-current opening releases, the operating characteristics to
be used shall be those corresponding to the minimum time and current settings.

NOTE The settings of releases specified above will allow determination of selectivity for all settings of the
releases.

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 C1 and C2 as
convenient.

The test shall consist of an O - t - CO operation, the CO operation being made by closing the
downstream device C1.
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I?2 The test is made at the level of prospective current for which the association of C1 and C2 is
declared by the manufacturer to be selective. This shall not exceed the rated condltlonal
short-circuit current (see 4.3.6.4 of IEC 60947-1), if applicable, as determined from testé

A.5.3 Results to be obtained 6 G
Subclause 8.3.4.1.7 of IEC 60947-1 applies (no flashover between p é rth)
During each operation, C1 shall trip and C2 shall not tr| . tacts of C2 separate

momentarily during the operations, the time betwee
end of C2 contact separation shall be less than or G )
stated in the test report.

nlng of short-circuit and the
30 ms. The actual value shall be

Following the tests, C1 shall compl .5.3 and 8.3.5.4 (dielectric and overload tripping

verifications). Q .
In addition, it shall be Vﬁ d, by manual operation or other appropriate means, that the
contacts of C2 have not welded.

A.6 Verification of back-up protection

A.6.1 Determination of the take-over current

Compliance with the requirements of A.3.2 can be checked by comparing the operating
characteristics of C; and the associated SCPD for all settings of C; and, if applicable, for all
settings of C».

A.6.2 Verification of back-up protection

a) Verification by tests

Compliance with the requirements of A.3.3 is normally verified by tests in accordance with
A.6.3. In this case, all the conditions for the tests shall be as specified in 8.3.2.6 with the
adjustable resistors and inductors for the short-circuit tests on the supply side of the
association.

b) Verification by comparison of characteristics

In some practical cases and where the SCPD is a circuit-breaker (see Figures A.4 and A.5),
it may be possible to compare the operating characteristics of C; and of the associated
SCPD, special attention being paid to the following:

— the Joule integral value of Cq at its I, and that of the SCPD at the prospective current
of association;

— the effects on Cq (e.g. by arc energy, by maximum peak current, cut-off current) at the
peak operating current of the SCPD.

P2 The suitability of the association may be evaluated by considering the maximum total
operating 12t characteristic of the SCPD, over the range from the rated short-circuit breaking
capacity I, of Cq up to the prospective short-circuit current of the application, but not exceeding
the maximum let-through 12t of C; at its rated short-circuit breaking capacity or other lower
limiting value stated by the manufacturer.¢4

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 open \
releases, the operating characteristics to be used shall be those correspondm 6@
maximum time and current settings.

If the associated SCPD consists of a set of fuses, each test shall be @ng a new set of
fuses, even if some of the fuses used during a previous test have

Where applicable, the connecting cables shall be inc Vq\&pecmed in 8.3.2.6.4 except that,
if the associated SCPD is a circuit-breaker (Cy), e ength of cable (75 cm) associated with

this circuit-breaker may be on the supply sid Pigure A.6).

quence of operations made in accordance with 8.3.5 of

22 Each test shall consist of a O b
to operation being made on C;.¢

this standard, whether at‘c\

A test is 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).

22 A further test shall be made at a value of prospective current equal to the rated short-circuit
breaking capacity I, of Cq, for which testa new sample C; may be used, and also, if the associated
associated SCPD is a circuit-breaker, a new sample C».

During each operation

a) if the associated SCPD is a circuit-breaker (C»):

- either both C; and C, shall trip at both test currents, no further tests then being
required.

This is the general case and provides back-up protection only.

- or C; shall trip and C, shall be in the closed position at the end of each operation, at
both test currents, no further tests then being required.

The contacts of C, are allowed to separate momentarily during each operation. In this
case restoration of the supply is provided, in addition to back-up protection (see note 1
to Figure A.4). The duration of contact separation of C», if any, shall be recorded during
these tests.

- or Cq shall trip at the lower test current, and both C; and C, shall trip at the higher test
current.

The contacts of C, are allowed to separate momentarily at the lower test current.
Additional tests shall be made at intermediate currents to determine the lowest current
at which both C4 and C,, trip, up to which current restoration of supply is provided. The
duration of 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 single-phase circuit at least one fuse shall blow;

— in the case of a multi-phase circuit either two or more fuses shall blow, or one fuse shall
blow and C1 shall trip.

A.6.4 Results to be obtained

Subclause 8.3.4.1.7 of IEC 60947-1 applies.
Following the tests, C; shall comply with 8.3.5.3 and 8.3.5.4

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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| = Prospective short-circuit current
I,y = Rated ultimate short-circuit breaki@\
4 capacity (4.3.5.2.1) 9

| = Selectivity limit cur,

lg = Take-over %

A = Pre- ristic of the fuse
B = Qg characteristic of the fuse
‘\E\(\a;;ating characteristic of the circuit-

breaker, non-current-limiting (N)
(break-time/current and 12t /current)

NOTE 1 A is deemed to be the lower limit;
B and C are deemed to be the upper limits.

NOTE 2 Non-adiabatic zone for 12t shown
chain-dotted.

t

IEC 1579/01

Figure A.1 — Over-current co-ordination between a circuit-breaker and a fuse
or back-up protection by a fuse: operating characteristics
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Selectivity in this area may
be determined by desk
study or by test.

@

e

XXX % _ -
¢ > >

1 /
IEC 1580/01 IEC 1581/01
C, = Current-limiting circuit-breaker (L) C, =Non-current-limiting circuit-breaker (N)
(break-time characteristic) (break-time characteristic)
C, =Non-current-limiting circuit breaker (N) C, = Circuit-breaker with intentional short-time
(tripping characteristic) delay (STD) (tripping characteristic)

Values of 1 are not shown.

Figure A.2 Figure A.3

Total [~ selectivity G between two circuit-breakers
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3
¢ 4
(sec) \
G
\I
1
- I -
" A\d Ll Ll
\IB lcu Icu I IB Icu Icu /
(01) (C1 +Cz) (C1) (C1 +02)
A A
2t Pt ! . )L
A 021"‘
5 \
X \
u ) 01\]N
\ S-
\
g C, C2
\ 1
\ 1
N
/
! 1
1
. : :
: ! '
1
| : 1
| 1 |
| | 1
I 1
» 1 : >
/B Icu ’cu / IB Icu Icu /
(01) (C, +02) (Cy) (C1 +02)
IEC 1582/01 IEC 1583/01
C, = Non current-limiting circuit-breaker (N) C,, C, = Non current-limiting circuit-breaker (N)

C, = Current-limiting circuit breaker (L)
Ig = Take-over current
NOTE 1 Where applicable, restoration of supply by C, occurs.
NOTE 2 I, (Cqy + Cy) < lg, (Cy)
lt\)lOTE 3 For values of | > Ig, the curve is that of the association (shown in bold) for which data must be obtained
y tests.

Figure A.4 Figure A.5

Back-up protection by a circuit-breaker — Operating characteristics



BS EN 60947-2:2006+A2:2013

—-77- IEC 60947-2:2006+A2:2013 (E)
S
N S =Supply \
? ) Url, Ur2, Ur3 =Voltage sensors 0(0
Ur4, Ur5, Ur6

V =Voltage m @&\'Ace
n i
1 1) A = Clow
R :g ble resistor
(2

tral of supply (or artificial neutral)

A d
L \\
G‘\\ F =Fusible element (8.3.4.1.2, item d) of Part 1)
. L

~

= Adjustable reactors

4
) R, = Fault current limiting resistor
. \\ B = Temporary connections for calibration
s _l 11, 12, I3 = Current sensing devices
Ur1 Ur Ur3 R
T = Earth:— one earthing point only
2) 2) 2) (load side or supply side)
A r = Shunting resistor (8.3.4.1.2, item b) of Part 1)
SCPD W; =75 cm of cable rated for SCPD
- 1 T w
: | 4 1" W, =50 cm of cable rated for C;
| \' : \ } W3 =25 cm of cable rated for C;
l | '—'[ SCPD = Circuit-breaker C, or set of 3 fuses
l I ] Wz C, = Circuit-breaker under test
L - !
| I 1 H
1 X X } +
Ur4 l I |urs | |ure X | I
1 1 1 T 11
o T e TS e T
! ¢ - = ¢ - e - = ]
C: &} C: 12 <: 13
= T IEC 1584/01

NOTE 1 Adjustable loads L and R; may be located either on the high voltage side or on the low voltage side of the
supply circuit, the closing device A being located on the low voltage side.

NOTE 2 Url, Ur2, Ur3 may, alternatively, be connected between phase and neutral.

NOTE 3 In the case of devices intended for use in a phase-earthed network, F shall be connected to one phase of
the supply.

NOTE 4 In the USA and Canada (see note to 4.3.1.1) 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.6 — 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
A - uUrl, Ur2, Ur3 = Voltage sensors
N ur4, Ur5, Ur6 \
T Ur7, Ur8, Ur9 ((\
\% = Voltage measurlng de, 0
A = Closing device
R R, = Adjustable
1) N = Neutr I
utral)
element
a 3.4.1.2, item d) of IEC 60947-1)
r L (\ = Adjustable reactors
il i{ [] F \ = Fault current limiting resistor
= Polarising resistors
. B = Temporary connections for
| calibration
Urt Ur2 E 11,12, 13 = Current sensing devices
2) T = Earth:— one earthing point only
A (load side or supply side)
r = Shunting resistor
1 (8.3.4.1.2, item b) of IEC 60947-1)
" I W, = 75 cm of cable rated for C2
C2 [u [ W, + W = 75 cm of cable rated for C1
P 2 3
| I (see A.5.2)
I C1, Cc2 = Circuit-breakers under test
L

C1

c
]

| I S ——

IEC 146/13

NOTE 1 Adjustable loads L and R1 may be located either on the high voltage side or on the low voltage side of the
supply circuit, the closing device A being located on the low voltage side.

NOTE 2 Url, Ur2, Ur3 may, alternatively, be connected between phase and neutral.

NOTE 3 In the case of devices intended for use in a phase-earthed network, F shall be connected to one phase of the
supply.

NOTE 4 In the USA and Canada (see note to 4.3.1.1), F shall be connected:
— to one phase of the supply for equipment marked with a single value of U;

— to the neutral for equipment marked with a twin voltage.

Figure A.7 — Example of test circuit for the verification of selectivity
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Annex B
(normative)

Circuit-breakers incorporating residual current protection 0((\\
INTRODUCTION a,ga

To provide protection against the effects of electric Q\azards devices reacting to residual
differential currents are used as protect|ve . Such devices are frequently used in
conjunction with or as an integral part I®breaker to achieve a two-fold goal, i.e.:

— providing protection of |n galnst overloads and short-circuit currents;

— providing protection o@ agamst indirect contact, i.e. hazardous increases of ground
potential due to defectiVe insulation.

Residual current devices may also provide additional protection against fire and other hazards
which may develop as a result of an earth fault of a lasting nature which cannot be detected by
the over-current protective device.

Residual current devices having a rated residual current not exceeding 30 mA are also used as
a means for additional protection against direct contact in case of failure of the relevant
protective means.

The requirements for the installation of such devices are specified in various sections of IEC 60364.

This annex is essentially based upon the relevant requirements of IEC 60755, IEC 61008-1 and
IEC 61009-1.

B.1 Scope and object

This annex applies to circuit-breakers providing residual current protection (CBRSs). It covers
the requirements for units which concurrently perform residual current detection, compare such
measurements with a preset value and cause the protected circuit to be switched off when this
value is exceeded.

This annex applies to:

— circuit-breakers according to this standard which incorporate the residual current function
as an integrated feature (hereinafter called integral CBRSs);

— CBRs consisting of a combination of a residual current device (hereinafter referred to as
r.c. 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
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, may be external to the circuit-breaker or the combination, as the
case may be.
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This annex applies only to CBRs intended for use in a.c. circuits.

dependent on line voltage. CBRs depending on an alternative supply source are not covere

The residual current function of CBRs covered by this annex may or may not be functionall§\
this annex.

This annex does not apply to equipment where the current sensing me the neutral
current sensing means) or the processing device are mounted s &L& rom the circuit-

breaker.
(\@’

The requirements for such devices are given in Anne()(\\

The object of this annex is to state:

a) the specific features of tw \current function;
b) the specific requweme h shall be complied with by the CBR
— under normal circuit conditions;

— under 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 Definitions

As a complement to Clause 2 of this standard the following definitions, taken from (or derived
from) those of IEC 60755, apply:

B.2.1 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

B.2.1.2

earth leakage current

current flowing from the live parts of the installation to earth in the absence of an insulation
fault

B.2.2 Definitions relating to the energization of a CBR

B.2.2.1

energizing quantity

an electrical energizing quantity which, alone or in combination with other such quantities, shall
be applied to a 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 specific conditions

These conditions may involve, for example, the energizing of certain auxiliary elements.
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B.2.2.3

residual current
la
vectorial sum of the currents flowing in the main circuit of the CBR, expressed as an rW\
value

B.2.2.4 ' g@s

residual operating current
value of the residual current which causes the CBR to operate ié;’qacmed conditions

B.2.2.5 GK\\(\

residual non-operating current
value of the residual current at WhICh which) the CBR does not operate under
specified conditions

B.2.3 Definitions rela\c& e operat|on and the functions of a CBR

B.2.3.1

circuit-breaker incorporating residual current protection (CBR)

circuit-breaker (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 voltage

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 It is understood that the line voltage for detection, evaluation or interruption is applied to the CBR.

B.2.3.4
detection
function consisting of sensing the presence of a residual current

NOTE This function may for example, be performed, by a transformer effecting the vectorial sum of the currents.

B.2.3.5

evaluation

function consisting of giving to the CBR the possibility to operate when the detected residual
current exceeds a specified reference value

B.2.3.6

interruption

function consisting of bringing automatically the main contacts of the CBR from the closed
position to the open position, thereby interrupting the current flowing through them

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



BS EN 60947-2:2006+A2:2013
TEC 60947-2:2006+A2:2013 (E) -82-

B.2.3.8

time-delay CBR

CBR specially designed to attain a predetermined value of limiting non-actuating time
corresponding to a given value of residual current (.(\\

The residual current time-delay characteristic may or may not be of an inveé 'rqgf:urrent

nature. \)g
B.2.3.9 ,g
Reset-CBR ° Qa'

CBR with an r.c. unit which must be intentionally resﬁJ \ eans different from the operating
2

means of the CBR, following the occurrence of S current, before it can be reclosed
B.2.3.10 . \\

test device .

device simulating a resid t for checking that the CBR operates

B.2.4 Definitions relating to values and ranges of energizing quantities

B.2.4.1

limiting value of the non-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 current, can
flow through a CBR (whatever the number of poles) without causing it to operate (see B.7.2.7)

B.2.4.2

limiting value of the non-operating current in the case of a balanced load

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

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.3.1.2.2 Not opening automatically in the case of failure of line voltage.

Not opening automatically in the case of failure of the line voltage, but able to trip under
specified conditions in the case of an earth fault arising on failure of the line voltage.

NOTE Classification under this subclause includes CBRs unable to open automatically when no hazardous
situation exists.



BS EN 60947-2:2006+A2:2013
- 83— TEC 60947-2:2006+A2:2013 (E)

B.3.2 Classification according to the possibility of adjusting
the residual operating 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 noteé @Q)
— by fixed steps; e :

— by continuous variation. \)g
e o2
B.3.3 Classification according to time-delay of th?«r\@A c

B.3.3.1 CBR without time-delay: non-time

rent function

B.3.3.2 CBR with time-delay: ti d type (see B.2.3.8)
.

B.3.3.2.1 CBR with M i
B.3.3.2.2 CBR with adjustable time-delay

by fixed steps;

by continuous variation.

B.3.4 Classification according to behaviour in presence of ad.c. component
CBRs of type AC (see B.4.4.1);
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 (Ixn)

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.

B.4.1.2 Rated residual non-operating current (Iano)

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 (Iam)

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.
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B.4.2 Preferred and limiting values
B.4.2.1 Preferred values of rated residual operating current (Ixn)

Preferred values of rated residual operating current are 00((\\
0,006 A-0,01A-003A-0,1A-03A-05A-1A-3A- 10@@@

Higher values may be required. g

B.4.2.2 Minimum value of rated residugl -operatlng current (Iano)

-
Ian May be expressed as a percentage of the rated cur‘%\\(\a‘

The minimum value of rated residugl r\) erating current is 0,5 Ixn.

B.4.2.3 Limiting valu oQ—operating over-current in the case
of a single-phase load

The limiting value of non-operating over-current in the case of a single-phase load shall be in
accordance with B.7.2.7.

B.4.2.4 Operating characteristics
B.4.2.4.1 Non-time-delay type

The operating characteristic for a non-time-delay type is given in Table B.1

Table B.1 — Operating characteristic for non-time-delay type

Residual current lAn 2lAn 5Ian 2 10Izp °

Maximum break time S 0,3 0,15 0,04 0,04

a8 For CBRs having Ian < 30 mA, 0,25 A may be used as an alternative to 5lzn

b 0,5Aif0,25A is used according to note a.

CBRs having Ixn, < 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 2I5, and shall be declared by
the manufacturer.

The minimum limiting non-actuating time at 2l,, is 0,06 s.

Preferred values of limiting non-actuating time at 21, are
0,06s-01s-02s-03s-0,4s-0,5s—-1s.

Text deleted
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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 Ian, 2 Ian, 5 Ian, @nd 10 Ipp. (,(\\

For CBR's having limiting non-actuating time of 0,06 s the operating character é | ven in
Table B.2.

Table B.2 — Operating characteristic for time-delay. g‘q&ng a limiting
non-actuating time of 0‘

P
Residual current lAn .\ﬁ‘m\) SIAn 10lAn
Ad
Maximum break time s p 5‘\ “0,2 0,15 0,15
l «

In the case of a CBR hav‘géu erse current/time characteristic, the manufacturer shall state
the residual current/break ttme characteristic.

B.4.3 Value of the rated residual short-circuit making and breaking capacity (Iam)

The minimum value of Iz, is 25 % of Igy.
Higher values may be tested and declared by the manufacturer.

B.4.4 Operating characteristics in case of an earth fault current in the presence
or absence of ad.c. component

B.4.4.1  CBR of type AC

A CBR for which tripping is ensured for residual sinusoidal alternating currents, in the absence
of a d.c. component whether suddenly applied or slowly rising.

B.4.4.2  CBR of type A

A CBR for which tripping is ensured for residual sinusoidal alternating currents in the presence
of specified residual pulsating direct currents with or without a specified level of superimposed
d.c., whether suddenly applied or slowly rising.

B.5 Marking

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 lxp;
— settings of residual operating current, when applicable;

— limiting non-actuating time at 2 15, 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);

— 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
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b)

c)

d)

e)

The following data shall be marked on r.c. units and be clearly visible in the installed
position:

— 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 circy qg’er with
which the r.c. unit may be combined); é

— rated residual operating current lxp; a,\)
— settings of residual operating current, when applicab (\ g
— limiting non-actuating time, as specified in ite

— the operating means of the test device, fled in item a);
— operating characteristic in ca al currents in the presence or absence of a d.c.
component:

for CBRs of type A wi “Qbol &

for CBRs of type AC with the symbol f\/

The following data shall be marked on r.c. units and be visible after assembly with the
circuit-breaker:

— manufacturer's name or trade mark;
— type designation or serial number;

— identification of the circuit-breaker(s) with which the r.c. unit may be assembled, unless
incorrect assembly (such as to render the protection ineffective) is made impossible by
the design;

— |IEC 60947-2;
— suitability for use with a 3-phase supply only, with the symbol: @

The following data shall be marked on integral CBRs or r.c. units, as applicable, or made
available in the manufacturer's literature:

— rated residual short-circuit making and breaking capacity lpy if higher than 25 % of I,
(see B.4.3);

— diagram of connections, including those of the test circuit and, if applicable, those to the
line, for CBRs dependent on the line voltage;

— value of rated residual non-operating current I, if greater than 0,5 I,,.
The following data shall be made available in the manufacturer’s literature:
— suitability for use on:

e three-phase systems only, or

e three-phase and single phase systems.

B.6 Normal service, mounting and transport conditions

Clause 6 applies.
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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 g&@@
specifically provided for setting the rated residual operating current or the definite é%q

CBRs combining a r.c. unit device and a circuit-breaker shall be so %&gd built that:
-
— the coupling system of the r.c. unit and the assouatew@b ker does not require any
y

mechanical and/or electrical connection that ma affect the installation or result
in injury to the user;

— the addition of the r.c. unit does ngt e affect in any way either the normal operation
or the performance capabilities ¢ o rcuit-breaker;

— the r.c. unit does not I@@ ermanent damage due to the short-circuit currents during
test sequences. “

B.7.2 Operating requirements
B.7.2.1 Operation in case of a residual current
The CBR shall open automatically in response to any earth leakage current or earth fault

current equal to or exceeding the rated residual operating current for a time exceeding the non-
actuating time.

The operation of the CBR shall be in compliance with the time requirements specified
in B.4.2.4. Compliance shall be checked by the tests of B.8.2.

B.7.2.2 Rated residual current short-circuit making and breaking capacity Iam

CBRs shall meet the test requirements of B.8.10.

B.7.2.3 Operational performance capability

CBRs shall comply with the tests of B.8.1.1.1.

B.7.2.4 Effects of environmental conditions

CBRs shall operate satisfactorily, taking into account the effects of environmental conditions.
Compliance is checked by the test of B.8.11.

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.
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The protective conductor, if any, shall not become live when the test device is operated.

It shall not be possible to energize the protected circuit by operating the test device when the
CBR is in the open position.

The test device shall not be the sole means of performing the opening oper@%a& is not
intended to be used for this function. \)

The operating means of the test device shall be designated b er T, and its colour shall

not be red or green; a light colour should preferably be\i\?\x\
ction, not the value at which the function is

NOTE The test device is only intended to check the tg
effective with respect to the rated residual operating_c

B.7.2.7 Value of the non-op ra‘\
.
CBRs shall withstand the@@

— 6l

— 80 % of the maximum short-circuit release current setting.

in
& to the break time.

er-current in the case of a single-phase load

f the following two over-current values without tripping:

Compliance is checked by the test of B.8.5.

However this test is not necessary in the case of CBRs of [A) selectivity category ¢1] B since the
requirements of this subclause are verified during test sequence IV (or the test sequence VI
(combined)).

NOTE Tests for polyphase balanced loads are not necessary since they are considered to be covered by the
requirements 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.8.6.1.

B.7.2.8.2 Resistance to unwanted tripping in case of flashover
without follow-on current

CBRs shall withstand the test of B.8.6.2.

B.7.2.9 Behaviour of CBRs of type A in case of an earth fault
comprising ad.c. component

The behaviour of CBRs in case of an earth fault current comprising a d.c. component, shall be
such that the maximum break times stated in Tables B.1 and B.2, as applicable, shall also be
valid, the test current values specified being, however, increased

— by the factor 1,4 for CBRs having Iy, > 0,015 A
— by the factor 2 for CBRs having Iy, < 0,015 A (or 0,03 A, whichever is the higher).

Compliance is checked by the tests of B.8.7.
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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 8.3.3.3.4 in accordance with B.8.1.1.1.

B.7.2.11 Additional requirements for CBRs functionally dep é@}a}a%e voltage

CBRs functionally dependent on line voltage shall opera 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

shall be capable of opera cordance with this subclause at all frequencies. Compliance
is verified by carrying out t tests of B.8.2 and B.8.4.

Where a CBR has more tham t d frequency or a range of rated frequencies, the CBR

According to their classification CBRs functionally dependent on line voltage shall comply with
the requirements given in Table B.3.

Table B.3 — Requirements for CBRs functionally dependent on line voltage

Classification 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.8.8.2
of failure of the line voltage (B.3.1.2.1)

With delay Opening with delay according to item b) of B.8.8.2

CBRs not opening automatically in the case of failure of Operating according to B.8.9
the line voltage but able to open in the case of a
hazardous situation arising (B.3.1.2.2)

B.7.3 Electromagnetic compatibility

The requirements of Annex J apply.
Additional test specifications are given in B.8.12.

Immunity to voltage variations is covered by the requirements of B.7.2.11.

B.8 Tests

This clause specifies tests for CBRs having a rated residual operating current I,, up to and
including 30 A.

The applicability of the tests specified in this clause when I,, > 30 A is subject to agreement
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.
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The instruments for the measurement of time shall have a relative error not greater than 10 %
of the measured value.

B.8.1 General GO((\\

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 % 8 For the dielectric
withstand verifications during these test sequences 5) the control circuit of
residual current devices functionally dependent \(\A tage shall be disconnected from
the main circuit. 6

The tests shall be made with subs smdal currents.

For CBRs comprising a se X" unit and a circuit-breaker, the assembly shall be
performed in complia ce e anufacturer s instructions.
XN multi

In the case of CBRs ple 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
Subclause 8.4.4 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 8.3.3.3.4) specified in Table 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, of the lowest setting of the
residual operating current) to any one pole.

In the case of a reset-CBR, it shall be verified that it is not possible to reclose the CBR after
tripping without the intentional resetting action. This verification shall take place at the
beginning and at the end of the operational performance capability test with current (8.3.3.3.4).

No failure 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 accordance with B.8.2.4.1.



BS EN 60947-2:2006+A2:2013
-91- TEC 60947-2:2006+A2:2013 (E)

B.8.1.1.2.2 Rated ultimate short-circuit breaking capacity (test sequence Ill)

specified in 8.3.5.1 and 8.3.5.4 shall be replaced by two-pole tests, on all pos
combinations of phase poles in turn, the test conditions being as specified |n
and 8.3.5.4 but applicable to two poles.

For the purpose of verifying the correct operation of the overload releases, the single pole tests \

Following the tests of 8.3.5, verification of the correct operation of the @ga%be performed
in accordance with B.8.2.4.3.

B.8.1.1.2.3 Rated short-time withstand curremgquence IV or test sequence VI
(combined))

a) Behaviour during rated short- tlme |t urrent test

No tripping shall occur durin s of 8.3.6.2 or 8.3.8.2, as applicable.
b) Verification of overloa \Q’e

— For test sequence

For the purpose of verifying the correct operation of the overload releases in accordance
with 8.3.6.1 and 8.3.6.6, the single pole tests specified in 8.3.5.1 shall be replaced by two-
pole tests, made on all possible combinations of phase poles in turn.

— For the combined test sequence

For the purpose of verifying the correct operation of the overload releases in accordance
with 8.3.8.1, the single pole test specified in 8.3.5.1 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
8.3.8.6, the test specified in 8.3.3.7 shall be made using a three-phase supply.

¢) 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.8.2.4.3.

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 8.3.7.4 and 8.3.7.8 shall be replaced by two-pole tests, on all possible

combinations of phase poles in turn, the test conditions being as specified in 8.3.7.4
and 8.3.7.8 but applicable to two poles.

Following the tests of 8.3.7, verification of the correct operation of the CBR shall be performed
in accordance with B.8.2.4.3.

B.8.1.1.2.5 Test sequence VI (combined)

Following the tests of 8.3.8, verification of the correct operation of the CBR shall be performed
in accordance with B.8.2.4.3.

B.8.1.2 Additional test sequences

Additional test sequences shall be performed on CBRs in accordance with Table B.4.
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Table B.4 — Additional test sequences

Sequences Test Subclause

Operating characteristic B.8.2
Dielectric properties 0

Operation of the test device at the limits of rated voltage e&% 4
(3 B.8.5

Limiting value of the non-operating current under over- current

conditions

Bl Resistance against unwanted tripping due to surge ¢ gultmg B.8.6
from impulse voltages Va
Behaviour in the case of an earth fault CLG t prising a d.c. B.8.7
component R
Behaviour in the case of fail e voltage for CBRs classified B.8.8

under B.3.1.2.1

Behaviour ||kw$§\a\ failure of line voltage for CBRs classified B.8.9

under B
B Il Re5|dual\hort circuit making and breaking capacity (1, B.8.10
B Il Effects of environmental conditions B.8.11
B IV Immunity tests B.8.12.1
Emission tests B.8.12.2

I’ 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 tested then those variants shall also be tested. (]

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 test circuit shall be in accordance with Figure B.1.

B.8.2.2 Test voltage for CBRs functionally independent of line voltage

Tests may 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.8.2.5.1;
— 1,1 times the maximum rated voltage for the tests specified in B.8.2.5.2.

\



BS EN 60947-2:2006+A2:2013
-93- TEC 60947-2:2006+A2:2013 (E)

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 frequency. 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 GO((\
L )

The connections being as in Figure B.1, the CBR shall perform the tests of

and B.8.2.4.3 and also, where applicable, B.8.2.4.4, all made on only chosen at

random. Each test shall comprise three measurements or venﬁcatu@ pplicable.
Unless otherwise specified, for CBR’s with sett| reS|duaI operating current by
continuous variation or by discrete values, th aII be carried out at the lowest and

highest settings, and at one |ntermed|ate seti

B.8.2.4.1 Verification o ct operation in the case of a steady increase
of the resi e

For CBR’s with adjustable time-delay, the tests shall be performed at the lowest setting.
The switches S1 and S2 and the CBR being in the closed position, the residual current is
steadily increased, starting from a value not higher than 0,2 I5, SO as to attain the value I5p, in
approximately 30 s, the tripping current being measured each time. The three measured values
shall be greater than I,no and less than or equal to Ixp.

B.8.2.4.2 Verification of the correct operation of closing on residual current

The test circuit being calibrated at the rated value of the residual operating current I, (or the
specific settings of the residual operating current if applicable, see B.8.2.4), and the switches
S1 and S2 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.

No measurement shall exceed the limiting value specified for Ion in B.4.2.4.1 or B.4.2.4.2.2, as
applicable.

B.8.2.4.3 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 Ix
specified in B.4.2.4.1 or B.4.2.4.2, as applicable, and the switch S1 and the CBR being in the
closed position, the residual current is suddenly established by closing switch S2.

The CBR shall trip during each test.

Three measurements of the break time are made at each value of 1,. No value shall exceed the
relevant limiting value.

B.8.2.4.4 Verification of the limiting non-actuating time of CBRs
of the time-delayed type

The test circuit being calibrated at the value of 2 I,,, the test switch S1 and the CBR being in
the closed position, the residual current is established by closing the switch S2 and applied for
a time equal to the limiting non-actuating time declared by the manufacturer, in accordance
with B.4.2.4.2.1.
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During each of the three verifications the CBR shall not trip. If the CBR has an adjustable
residual operating current setting and/or an adjustable time-delay, the test is made, as
applicable, at the lowest setting of residual operating current and at the maximum setting of\

time delay. GO((\

B.8.2.5 Tests at the temperature limits .

NOTE The upper temperature limit may be the reference temperature. \)g

The temperature limits of this subclause may be extended b aa‘hee nt between manufacturer
and user, in which case tests shall be performed at th“\%\ perature limits.

B.8.2.5.1 Off-load test at =5 °C .

The CBR is placed in a chamberd’%& a stabilized ambient temperature within the limits
of =7 °C and -5 °C. After rea“b thkrmal steady-state conditions, the CBR is submitted to the
tests of B.8.2.4.3 and, if a\(aq ,B.8.2.4.4,

B.8.2.5.2 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 I, (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.8.2.4.3
and, where applicable, B.8.2.4.4.

B.8.3 Verification of dielectric properties

CBRs shall comply with 8.3.3.2.

B.8.4 Verification of the operation of the test device at the limits of rated voltage

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
the closed position for 5 s.

For these tests:

— in the case of CBRs with identified line and load terminals, the supply connections shall be
in accordance with the marking;

— in the case of CBRs with unidentified line and load terminals, the supply shall be connected
to each set of terminals in turn, or alternatively to both sets of terminals simultaneously.

At each test the CBR shall operate.

For CBRs having an adjustable residual operating current

— the lowest setting shall be used for tests a) and c);
— the highest setting shall be used for test b).



BS EN 60947-2:2006+A2:2013
- 95— TEC 60947-2:2006+A2:2013 (E)

For CBRs having an adjustable time-delay the test is made at the maximum setting of time-
delay.

NOTE The verification of the endurance of the test device is considered to be covered by the tests of B.8.l.l.(.(\\

B.8.5 Verification of the limiting value of the non-operating current
under over-current conditions

The test shall be made with a single phase load, the connectlo \)made according to
Figure B.2.

The impedance Z is adjusted so as to let a ¢ re@;al to the lower of the following two
values flow in the circuit:

- 61y
— 80 % of the maximum Mun release current setting.

NOTE For the purpose of this current adjustment, the CBR D (see Figure B.2) may be replaced by connections of
negligible impedance.

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 S1, 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.

The CBR shall not trip.

NOTE The time of 2 s may 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

For CBRs with adjustable time delay (see B.3.3.2.2) the time delay shall be set at minimum.

B.8.6.1 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 oscillatory
current as 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 10 applications 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 requirements:
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+1O %:

— peak value: 200 A
— virtual front time: 0,5 us = 30 %;

— period of the following oscillatory wave: 10 us + 20 %; 0((\\
— each successive peak: about 60 % of the preceding peak. C}

During the tests the CBR shall not trip. a'\)ge
B.8.6.2 Verification of resistance to unwanted tnpmv@{agof

flashover without follow-on current

The CBR is tested using a surge current ter capable of delivering an 8/20 us surge
current wave, without reverse polant In Figure B.6.

An example of the cwcwt%&‘ ‘r the connection of the CBR is shown in Figure B.7.

One pole of the CBR, chosen at random, shall be submitted to 10 applications of the surge
current. The polarity of the surge current wave shall be inverted after every two applications.
The interval between two consecutive operations 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 requirements:

— peak value: 250 A T’ %;

— virtual front time (T1): 8 us £ 10 %;

— virtual time to half value (T): 20 us £ 10 %.

During the tests the CBR shall not trip.

B.8.7 Verification of the behaviour of CBRs of type A in the case
of an earth fault current comprising ad.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 Figures B.8 and 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 test circuit shall be according to Figure B.8. In the case of a CBR with adjustable time
delay (see B.8.3.2.2), the time delay shall be set to minimum.

The auxiliary switches S; and S, and the CBR D shall be closed. The relevant thyristor shall be
controlled in such a manner that current delay angles « of 0°, 90° and 135° are obtained. Each
pole of the CBR shall be tested at each of the current delay angles, twice in position | and twice
in position Il of the auxiliary switch Ss3.

At every test, the current, starting from zero, shall be steadily increased at an approximate rate of

1,41
Z AN Ajs for CBRs of Iy, > 0,015 A:

< 0,015 A.
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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 ad.c. component

Tripping current ei.o .
Angle A ‘O
Lower limit Uppwﬂ'\) J
~ -
0° 0,351 9
An ‘\M IA\2< 0,015 A
90° 0,25 Ian > or
(, 1,41Ap for Ixn > 0,015 A
135° 0,11 I‘N .
P\ N

N

.
B.8.7.2.2 VerificatioX&(\}’gorrect 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 S; 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 S1, the CBR under test and S» 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.

For CBRs with 15, > 0,015 A, the test shall be made at each value of I, specified in Table B.1,
multiplied by the factor 1,4.

For CBRs with Ix, < 0,015 A, the test shall be made at each value of I, 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 direct
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 rectified residual current
(current delay angle o = 0°) superimposed by a smooth direct current of 0,006 A.

Each pole of the CBR is tested in turn, twice at each of positions | and II.
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For CBRs of Iy > 0,015 A, the half-wave current, starting from zero, being steadily increased
at an approximate rate of 1,41,,/30 amperes per second, tripping shall occur before the current
reaches a value not exceeding 1,415, + 0,006 A.

For CBRs of Iy £ 0,015 A, the half-wave current, starting from zero, being steadily i @ge(\
at an approximate rate of 2I,,/30 amperes per second, tripping shall occur beé@ urrent
reaches a value not exceeding 0,03A + 0,006 A.

B.8.8 Verification of the behaviour of CBRs functlonally ) nt on line voltage
classified under B.3.1.2.1

For CBRs having an adjustable residual operat rrent the test is made at the lowest
setting.

For CBRs with an adjustable @I \a\/ the test is made at any one of the time-delay settings.

B.8.8.1 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.

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.8.8.2 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 CBRs opening without delay (see B.7.2.11) no value shall exceed 0,2 s;

b) for CBRs opening with delay the maximum and minimum values shall be situated within the
range indicated by the manufacturer.

B.8.9 Verification of the behaviour of CBRs functionally dependent on line voltage
as classified under B.3.1.2.2 in the case of failure of line voltage

For CBRs having an adjustable residual operating current, the test is made at the lowest
setting.
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For CBRs having an adjustable time-delay the test is made at any one of the time-delay
settings.

B.8.9.1 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 %0‘ Imes
the rated voltage, or, in the case of a range of rated voltages, at 0,85 times @ st value of
rated voltage.

One phase is then switched off by opening switch S4; the @s’t%‘u submitted to the test of
B.8.2.4.3. The switch S4 being closed again, a furth is"made by opening switch S5; the
CBR is then submitted to the test of B.8.2.4.3.

This test procedure is repeated by c\ jnY the adjustable resistor R to each of the other two

phases in turn. ‘\'\Q"

B.8.9.2 Case of voltade drop due to an overcurrent resulting
from a low impedance fault to earth

The CBR is 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 S1. The CBR shall not trip.

S1 is then re-closed 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 €e)): 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).

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

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.8.10.1 Test conditions

The CBR shall be tested according to the general test conditions specified in 8.3.2.6, using
Figure 9 of IEC 60947-1, but connected in such a manner that the short-circuit current is a
residual current.
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The test is carried out at phase to neutral voltage on one pole only which shall not be the
neutral pole. The current paths which do not have to carry the residual short-circuit current are
connected to the supply voltage at their line terminals.

Where applicable, the CBR is adjusted at the lowest setting of residual operating curre@&g\
the maximum setting of time-delay.

If the CBR has more than one value of I, each one having a corr @d)w alue of Ixm, the
test is made at the maximum value of 5, at the correspondin D@ -neutral voltage.

B.8.10.2 Test procedure G“\“

The sequence of operations to be perfor

* O-t-CO
.
B.8.10.3 Conditions o@& after test

B.8.10.3.1 Following the test of B.8.10.2 the CBR shall show no damage likely to impair its
further use and shall be capable, without maintenance, of

— withstanding a voltage equal to twice its maximum rated operational voltage, under the
conditions of 8.3.3.4.1 item 4) of IEC 60947-1. For the purposes of this standard, circuits
incorporating solid-state devices shall be disconnected for the tests;

— making and breaking its rated current at its maximum rated operational voltage.

B.8.10.3.2 The CBR shall be capable of performing satisfactorily the tests specified in
B.8.2.4.3, but at a value of 1,25 I, 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.8.10.3.3 Where applicable the CBR shall also be submitted to the test of B.8.2.4.4.

B.8.10.3.4 CBRs functionally dependent on line voltage shall also satisfy the tests of B.8.8
or B.8.9, as applicable.

Test sequence B Il

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

— 6forlpyn>1A

— 28forlyn <1A

NOTE The 28 cycle test should 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.8.2.4.3, but
with a residual operating current of 1,25 I, and without measurement of break time. Only one
verification need be made.
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Where applicable the CBR shall also comply with the test of B.8.2.4.4. Only one verification
need be made.

B.8.12 Verification of electromagnetic compatibility 0(’(\\
ges'

Annex J applies with the following additional requirements, (\a"g
e/&g\current and/or time-delay, the tests

.

B.8.12.1 Immunity tests

B.8.12.1.1 General

For CBRs with adjustable settings of residual
shall be made at the lowest of these settin

The CBR shall be supplied at ¢ a&e\i perational voltage, or, in the case of a range of rated
operational voltages, at aw ignt voltage within this range.

The tests are performed without load current but with the residual current, when specified.

The results of immunity tests shall be evaluated on the basis of the performance criteria given
in J.2.1, with the following specifications:

Performance criterion A:

For step 1, the CBR shall not trip, when loaded at 0,3 I, on one pole chosen at random;
the monitoring functions, if any, shall correctly indicate the status.

For step 2, the CBR shall trip at each test frequency, when loaded at 1,25 l,,; the dwell
time at each frequency shall be not less than the maximum break time specified for I, 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.8.2.4.3, but at I,,, only.

Performance criterion B:

During the test, the CBR shall not trip, when loaded at 0,3 15, 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.8.2.4.3, but at 15, only.

B.8.12.1.2 Electrostatic discharges

Annex J applies, in particular J.2.2.
The test set-up shall be in accordance with Figures J.1 and 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 radio-frequency electromagnetic fields

Annex J applies, in particular J.2.3.

The test set-up shall be in accordance with Figure J.4.
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The test connections shall be in accordance with Figure 5 or Figure 6 of IEC 61000-4-3, as
applicable, taking into consideration the manufacturer’s instructions for installation. The type of
cable used shall be stated in the test report.

Performance criterion A of B.8.12.1.1 applies. CJO((\
A 3
B.8.12.1.4 Electrical fast transients/bursts (EFT/B) \)ges

Annex J applies, in particular J.2.4. a,g

The test connections shall be in accordance with Fig@k IEC 61000-4-4.

.
The test set-up shall be in accordgn Figure J.5 for testing power lines and with
Figure J.6 for testing signal lines, §al i-n to consideration the manufacturer’s instructions for
installation. \S’Q .

Performance criterion B of B.8.12.1.1 applies.

B.8.12.1.5 Surges

Annex J applies, in particular J.2.5.
The test conditions of 7.2 of IEC 61000-4-5 apply.

For convenience, the mounting specified in B.8.12.1.4 may be used but the use of the ground
reference plane is optional.

The test connections shall be in accordance with Figures 6, 7, 8 or 9 of IEC 61000-4-5, taking
into consideration 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 radio-frequency 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.

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 —30 MHZz)

Annex J applies, in particular J.3.2.
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B.8.12.2.3 Radiated RF disturbances (30 MHz — 1 000 MHZz)

Annex J applies, in particular J.3.3.

B.8.13 Test for variations or interruptions of voltage and for voltage dips CJO((\
NOTE For definition of voltage dips, see IEC 61000-4-11.

The relevant tests of B.8.8 and B.8.9 are considered adequate to COVQM requirements.
65

.
S = Supply
o T o 0

V = Voltmeter

No additional tests are therefore required.

A = Ammeter

S1 = All-pole switch

S2 = Single-pole switch
S1 L L/ / D = CBR under test

0‘ t‘{ t{ ? R = Adjustable resistor

IEC 1585/01

Figure B.1 — Test circuit for the verification of the operating characteristic (see B.8.2)
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S = Supply
? S1 = Two-pole SW|tch
V= Voltmeter g
A = Am
er test

o \(\\C\ >N
;{‘ \\W
i1

7

IEC 1586/01

Figure B.2 — Test circuit for the verification of the limiting value of the
non-operating current under over-current conditions (see B.8.5)

00«\\



BS EN 60947-2:2006+A2:2013
—-105 - TEC 60947-2:2006+A2:2013 (E)

— o\
o ° o S = supply CJO
V = Voltmeter 6
A = Ammeter ge
S1 = All-pole switch
s I3 Y S2 = Single-paje g

'{ J q{ S3, S4, SCX\ oIe switches opening one phase in turn
D = er test
= djustable resistor

\\\3 A

>
—n_

QK

(7

bl

IEC 1587/01

Figure B.3 — Test circuit for the verification of the behaviour
of CBRs classified under B.3.1.2.2 (see B.8.9)
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Figure B.4 — Current ring wave 0,5 ps/100 kHz
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Trigger 25Q 25 Q | L
—e—

g
Filter ¢ ly

es‘u 9

0 (o

A.C. supply IEC 1589/01

(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

A
!
1,0 —
0.9
0.5
0.1
Y >
0o, T -
T,=125T
> -
hd IEC 1590/01

Figure B.6 — Surge current wave 8/20 pus



BS EN 60947-2:2006+A2:2013
TEC 60947-2:2006+A2:2013 (E) -108 -

I

Y
o— o Filter % *
Surge current g
generator

8/20 us

IEC 1591/01

AN

10

(X) Earthing terminal, if provid§d?to be connected to the neutral terminal, if so marked or in the absence of such
marking, to any phase terminal.

Figure B.7 — Test circuit for the verification of resistance to unwanted tripping
in case of flashover without follow-on current (B.8.6.2)
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] 00“\\

a0
O | G\(\\(\

SCR

IEC 1592/01
S = Supply R = Variable resistor
V = Voltmeter S; = All-pole switch
A = Ammeter (measuring r.m.s values) S, = Single pole switch
D = CBR under test S; = Two-way switch

SCR = Thyristors

Figure 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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IEC 1593/01

S = Supply Ri, R, = Variable resistor
V = Voltmeter S, = All-pole switch
A = Ammeter (measuring r.m.s values) S, = Single pole switch
D = CBR under test S; = Two-way switch

SCR = Thyristors

Figure B.9 — Test circuit for the verification of the correct operation of CBRs,
in the case of aresidual 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 00((\\
>

Q@)@

C.1 General . -
N\

This test sequence applies to multipole We@s s intended for use on phase-earthed

systems and identified in accordance with 4. 8 tNMt"comprises the following tests:
LN
d‘es\ W\ Clause
Individual pole %W breaking capacity (lgy) Cc.2
Verification of dielectric withstand C.3
Verification of overload releases C.4

C.2 Test of individual pole short-circuit breaking capacity

A short-circuit test is made under the general conditions of 8.3.2, with a value of prospective
current lg, equal to 25 % of the ultimate rated short-circuit breaking capacity Ig.

NOTE Values higher than 25 % of I, may be tested and declared by the manufacturer.

) The test voltage shall be the phase-to-phase voltage corresponding to the maximum rated
operational voltage of the circuit-breaker at which it is suitable for application on phase-
earthed systems, taking into account the requirements for recovery voltage of 8.3.2.2.6.¢4 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.

The test circuit shall be according to subclause 8.3.4.1.2 and Figure 9 of IEC 60947-1, 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 sequence of operations shall be
O-t-CO
and shall be made on each pole separately, in turn.

C.3 Verification of dielectric withstand

Following the test according to Clause C.2, the dielectric withstand shall be verified according
to 8.3.5.3.

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 8.3.5.4.
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Annex D

Vacant
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Annex E
(informative)

Items subject to agreement between manufacturer and userco((\\

eSS
NOTE For the purpose of this annex \)g
—"agreement" is used in a very wide sense; ’ga'

—"user" includes testing stations. *

Annex J of IEC 60947-1 applies with regard to ué}nd subclauses of this standard, with
the following additions: *

P P\
Clause or subclause . \\l ltem
number of this standard X .
\ \ ¥
4.3.5.3 “Mlt\)reakers for higher short-circuit making capacity than given in Table 2
7.2.1.2.1 Automatic opening operation other than trip-free operation and by stored energy
Table 10 Setting of overload releases at intermediate values for short-circuit tests
8.3.2.5 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 circuit-
breakers
8.3.3.1.3, item b) Test current value for the verification of inverse time/current characteristics
8.3.4.5 To increase the severity of the conditions for testing overload performance
8.3.3.7 Permissible delay between the verification of temperature-rise and that of
8.3.4.4 overload relays in test sequences | and Il
8.4.2 Calibration of releases other than over-current releases, shunt releases and
undervoltage releases
P2 8.5 Special tests — Damp heat, salt mist, vibration and shock &
B.8 Applicability of tests when I, > 30 A
B.8.2.5 Extension of the test ambient temperature limits

Text deleted Text deleted
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Annex F
(normative)

Additional tests for circuit-breakers with 0((\\
electronic over-current protection

F.1 Scope C\(\\

.
This annex applies to circuit-breakers in t0 be installed on a.c. circuits and providing
over-current protection by electronig , Incorporated in the circuit-breaker and independent

of the line voltage or any aux{{vu‘ ly.

The tests verify the perfo¥mance of the circuit-breaker under the environmental conditions
stated in this annex.

Specific tests for electronic means intended for functions other than over-current protection are
not covered by this annex. However, the tests of this annex shall be performed to ensure that
these electronic means do not impair the performance of the over-current protective functions.

F.2 List of tests

Tests specified in this annex are type tests and are supplementary to the tests of Clause 8.

NOTE Where a standard for specific environmental conditions exists, reference is systematically made to this
standard, if relevant.

F.2.1 Electromagnetic compatibility (EMC) tests
F.2.1.1 General

Circuit-breakers with electronic overcurrent protection shall be tested according to Tables J.1
and J.3.

F.2.1.2 Performance criteria

The results of immunity tests shall be evaluated on the basis of the performance criteria given
in J.2.1 with the following specifications:

Performance 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 the circuit-breaker.
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Performance 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 curr \
characteristic when loaded at 2,0 times the current setting and the monitoring funct'@ﬂf\
any, shall correctly indicate the status of the circuit-breaker. G

A 3

F.2.2 Suitability for multiple frequencies \)ge

F.2.3 Dry heat test G‘\\

.
The test shall be performed in accordf\Wuse F.7.

F.2.4 Damp heat test \\'Q“\

The test shall be performed® in accordance with Clause F.8.

F.2.5 Temperature variation cycles at a specified rate of change

The test shall be performed in accordance with Clause F.9.

F.3 General test conditions

F.3.1 General

Tests according to this annex may be performed separately from the tests of Clause 8.

In the case of the EMC tests, Annex J applies with the additional requirements specified in F.4
and F.5.

F.3.2 Electromagnetic compatibility tests

For immunity tests (F.4) one circuit-breaker per frame size and per type of current sensor
design shall be tested; a change of winding turns is not considered as a different design in this
context.

The current setting Igr shall be adjusted to the minimum value.

Short-time and instantaneous release settings shall each, if applicable, be adjusted to the
minimum value but to not less than 2,5 times Ig.

The tests shall be performed with the appropriate test circuit, as specified in the following
subclauses, taking into account any phase-loss sensitive features.

For circuit-breakers having electronic overcurrent protection, it may be assumed that the
tripping characteristics are the same, whether tests are 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.
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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 6@

long as unintentional tripping by residual current is avoided. 66 .

F.4 Immunity tests

F.4.1 Harmonic currents K\\

F.4.1.1 General .
These tests apply to circuit-breakegajf&’ iCh the electronic current sensing means are stated

by the manufacturer to be r. sive.

This shall be indicated éither by marking
manufacturer's literature, or both.

r.m.s.” on the circuit-breaker or given in the

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.

Where applicable, the tests shall be performed at the rated frequency.

NOTE The test currents may be generated by a source of power based on the use of thyristors (see Figure F.1),
saturated cores, programmable power supplies, or other appropriate sources.

F.4.1.2 Test currents
The test current waveform shall consist of one of the following two options:

— option a): two waveforms applied successively:
e a waveform consisting of a fundamental and a third harmonic component;
e a waveform consisting of a fundamental and a fifth harmonic component.

— option b): a waveform consisting of a fundamental and a third, fifth and seventh harmonic
component.

Test currents shall be

— for option a):
test of the third harmonic and peak factor
e 72 % of fundamental component < third harmonic <88 % of fundamental component;
e peak factor: 2,0 + 0,2;
test of the fifth harmonic and peak factor
e 45 % of fundamental component < fifth harmonic <55 % of fundamental component;
e peak factor: 1,9 + 0,2;
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— for option b):
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; 0((\
e peak factor: >2,1. 66 ‘G
NOTE 1 The peak factor is the peak value of the current divided by the r.m.s. val t rrent wave. For the
relevant formula, see Figure F.1. ua

. . . . -
NOTE 2 This test current for option b) has at least the following harm“@ent the fundamental component:

— third harmonic >60 %; K\\

— fifth harmonic >14 %; .

— seventh harmonic >7 %.
Higher harmonics may also be present. _* \

NOTE 3 The test current wa “’ p'tion b) may be produced by, for example, two back-to-back thyristors
(see Figure F.1).

NOTE 4 The test currents 0,9 Iz and 2,0 I (see performance criterion A) 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 Figures F.3 or F.4, as applicable.

Undervoltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be disconnected 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

Performance criterion A of F.2.1.2 shall apply.

F.4.2 Electrostatic discharges

Annex J, in particular J.2.2, applies with the following additions.
The test set-up shall be in accordance with Figures F.16 and J.3.

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.

The busbar routing shown in Figures F.2, F.3 and F.4 may be varied providing the 0,1 m
distances, with a tolerance of *13%, to the enclosure are maintained. The actual configuration

used shall be shown in the test report.

Performance criterion B of F.2.1.2 applies.



BS EN 60947-2:2006+A2:2013
TEC 60947-2:2006+A2:2013 (E) -118 -

F.4.3 Radiated radio-frequency electromagnetic fields

Annex J, in particular J.2.3, applies with the following additions. \
The test set-up shall be in accordance with Figures F.16 and F.17. CJO((\

A 3
The test circuit shall be in accordance with Figure F.2. For releases with a @és sensitive
feature, the test circuit shall be in accordance with Figure F.3 or Fi%ﬁ applicable.

-
Performance criterion A of F.2.1.2 applies. '\(\a‘
c®

F.4.4 Electrical fast transient/burst (EET

Annex J, in particular J.2.4, applies Wi ollowing additions.

.
The test set-up shall be wﬂ ance with Figures F.16 and F.18 for testing power lines and
with Figures F.16 and F.19%for testing signal lines.

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.2.1.2 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 random, the
EUT being supplied from the other two phase poles, in accordance with Figure F.9 (line-to-
earth) and Figure F.12 (line-to-line).

For releases which have a phase-loss sensitive feature, the test shall be performed as shown
in Figure F.10 (line-to-earth) and Figure F.13 (line-to-line) for the three phase poles in series
connection or as shown in Figure F.11 (line-to-earth) and Figure F.14 (line-to-line) on a phase
pole chosen at random for the three-phase connection.

Performance criterion B of F.2.1.2 applies.

F.4.6 Conducted disturbances induced by radio-frequency fields (common mode)

Annex J, in particular J.2.6, applies with the following additions.

The test set-up shall be in accordance with Figures F.16, F.20 and F.21, F.22 or F.23 for
testing power lines and with Figure F.16 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.2.

For releases which have a phase-loss sensitive feature the test circuit shall be in accordanc \
with Figure F.3 or Figure F.4 as applicable. 0(6\

o

F.4.7 Current dips a\)
F.4.7.1 Test procedure ° a’g
\O

ogb‘o\be used only in a specified individual
8uch an enclosure. Details including the
he test report.

Performance criterion A of F.2.1.2 applies.

The EUT shall be tested in free air unless it is i
enclosure, in which case it shall be te
dimensions of the enclosure shall be\S( \

.

The test circuit shall be i fice with Figure F.2 on two-phase poles chosen at random.
For releases with a phas“ s sensitive feature, the test circuit shall be in accordance with
Figures F.3 or 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 where I is the setting current, Iy is
the dip test current and T is the period of the sinusoidal current.

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. I At

05T

5T
25T
50T

10T
25T
50T

0,41

Ol N ol M W N PP

10T
25T
50T

-
o

0,71

=
=

F.4.7.2 Test results

Performance criterion B of F.2.1.2 shall apply, except that the after-test verification is not
required.
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F.5 Emission tests

F.5.1 Harmonics

The electronic control circuits operate at very low power and hence create e@&@

disturbances; therefore no tests are required. .

eo
F.5.2  Voltage fluctuations g?\)g

-
The electronic control circuits operate at very low \“&n ence create negligible

disturbances; therefore no tests are required. G
.
F.5.3 Conducted RF disturbancei — 30 MHz)
Circuit-breakers covered by ibi anhéx are independent of line voltage or of any auxiliary

supply. Electronic circuits&%\ direct coupling to the supply and operate at very low power.
These circuit-breakers credt® negligible disturbances and therefore no tests are required.

F.5.4 Radiated RF disturbances (30 MHz — 1 GHz)

Annex J, 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 Figures F.3 or F.4, as applicable.

Undervoltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be disconnected during the test.

The limits of Table J.3 apply.

F.6  Suitability for multiple frequencies

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 — 60 Hz only.

F.6.1 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.6.2 Test procedure

Tests shall be performed on any pair of phase-poles chosen at random at any convenient
voltage.

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 Figures F.3 or F.4, as applicable.

Under-voltage releases, if any, shall either be energized or disabled. All other auxiliaries shall
be disconnected during the test.
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The short-time and instantaneous trip current settings shall each, if relevant, be adjusted to
2,5 times 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 current of 0,95 times the conventional non-tripping current (see Table 6) gved for a
time equal to 10 times the tripping time which corresponds to 2,0 times tg t setting.

b) Immediately following the test of a), a current of 1,05 times the tripping current
(see Table 6) is applied. Q

c) A further test starting from the cold state is made %\\“@the current setting.

F.6.3  Test results W
For each test frequency, the o I'o\& ipping characteristics shall comply with the following

requwements

— for test a) no tripping shall occur;
— for test b) tripping shall occur within the conventional time (see Table 6);

— for test c) tripping shall occur within 1,1 times the maximum and 0,9 times the minimum
values of the manufacturer’s stated time-current characteristic.

F.7  Dry heat test

F.7.1 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.

2 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:

— 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 tripping of the circuit-breaker shall occur;

— no operation of the electronic controls which would cause the circuit-breaker to trip shall
occur.

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 in accordance with 7.2.1.2.4, item b).
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F.8 Damp heat test

F.8.1 Test procedure \
The test shall be performed according to IEC 60068-2-30. C}O((\
A 3
The upper temperature shall be 55 °C £ 2 °C (variant 1) and the number “@g’shall be six.
The test may be performed with only the electronic contro|s i 't%chamber.
F.8.2 Verification of overload releases G( ‘
.

verified in accordance with 7.2.1.2.4\i

Wl

F.9 Temperature va?gion cycles at a specified rate of change

Following the test of F.8.1 the opera\i& overload releases of the circuit-breaker shall be
)

F.9.1 Test conditions

Each design of electronic controls shall be submitted to temperature variation cycles in
accordance with Figure F.15.

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.

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 cycles shall occur.

F.o0.4 Verification of overload releases

Following the test of F.9.2, the operation of the overload releases of the circuit-breaker shall be
verified in accordance with 7.2.1.2.4, item b).
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IEC 646/01

Key

A peak current

T period

t;  conducting time during each half-cycle

to 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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i g \\“ Enclosure (where
\ applicable)
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haly

IEC 647/01

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.6.2 —

Two phase poles in series
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Supply

e
2

/
N ( Enclosure (where
. applicable)

' X\Q‘\\

IEC 648/01

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.6.2 —
Three phase poles in series
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Supply

\' | \ : ‘\
\J( \/( \)L GKL Enclosure (where

applicable)

Auxiliaries

IEC 649/01

Components

Z impedance for adjusting the current (where required)

Figure F.4 — 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.6.2 —
Three-phase connection
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1 ms max. 1 ms max.

m e oo
g@-\)g
| oo

Key
|
|

r Setting current
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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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Figure F.6 — Circuit for electrical fast transients/bursts (EFT/B) immunity test
in accordance with F.4.4 — Two phase poles in series
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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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Figure F.8 — Circuit for electrical fast transients/bursts (EFT/B) immunity test
in accordance with F.4.4 — Three-phase connection
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Figure F.9 — Test circuit for the verification of the influence of surges
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Figure F.10 — 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 poles in series
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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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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
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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



BS EN 60947-2:2006+A2:2013
-135- TEC 60947-2:2006+A2:2013 (E)

Supply

I o=, 00“\\
e @, ge5

/ e

L4 Q

G\ N ¥ applicable)

IEC 670/01

Components

Z impedance for adjusting the current (where required)

Figure 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
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Figure F.15 — Temperature variation cycles at a specified rate of change
in accordance with F.9.1
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NOTE 1 The terminal arrangement may vary according to the type of circuit-breaker tested.

NOTE 2 In the case of withdrawable circuit-breaker, the device should be mounted inside the enclosure in accordance
with the manufacturer’s instructions, the test set up being modified accordingly.

Figure F.16 — General test set up for immunity tests
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Figure F.17 — Test set up for the verification of immunity to radiated r.f.
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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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Figure F.19 — Test set up for verification of immunity to electrical fast
transients/bursts (EFT/B) on signal lines
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Figure F.20 — General test set-up for the verification of immunity to conducted
disturbances induced by r.f. fields (common mode)
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IEC 799/06
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NOTE As an alternative to the coupling-decoupling network M1, the coupling-decoupling network M2 or M3 may be
used, in which case the two or three connecting wires, as applicable, are connected to the same point of the EUT.

Figure F.21 — Arrangement of connections for the verification of immunity to conducted
disturbances induced by r.f. fields - Two phase poles in series configuration
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NOTE As an alternative to the coupling-decoupling network M2, coupling-decoupling network M3 may 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 r.f. fields - Three phase poles in series configuration
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NOTE As an alternative to the coupling-decoupling network M1, coupling-decoupling network M2 or M3 may 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 to conducted
disturbances induced by r.f. fields — Three-phase configuration
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Annex G
(normative)

Power loss 00((\\

G.1 General

Power loss is not a fundamental characteristic

the product.
It gives some indication of the h§g¥\
.

Measurement of power lo al*be made in free air, on new samples, and shall be stated in
watts.

‘&Ez;it-breaker and need not be marked on

ePated under specified conditions.

G.2 Test methods

G.2.1 Power loss is evaluated as follows, connections being in accordance with Figure G.1.

k=p
z AUk lk COS @k
k=1

where
p is the number of phase poles;
k is the pole number;

AU is the voltage drop;
I is the test current which shall be equal to I, within the tolerances according to 8.3.2.2.2;

cos ¢ is the power factor.

The use of a wattmeter on each pole is recommended.

G.2.2 For a.c. circuit-breakers of rated current not exceeding 400 A, it is acceptable to use
single-phase a.c. measurement without power factor measurement.

The power loss is evaluated as follows, connections being in accordance with Figure G.2.

k=p
D AU,
k=1

where

p is the number of phase poles;

k is the pole number;

AU is the voltage drop;
In is the rated current.

G.2.3 For d.c. circuit-breakers, the power loss shall be measured with d.c. current.

It is evaluated as in G.2.2.
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G.3 Test procedure

The power loss evaluation shall be made under rated current steady-state temperat%f\\

conditions. 0

The voltage drop shall be measured between incoming and outgoing terminzilg%%ch pole.

The connecting leads to measuring instruments (e.g. voltmeter, shall be twisted

together. The measuring loop shall be as small as practlg e@ﬁ [l be positioned similarly
for each pole.

For evaluating the power loss of three-pal
G.2.1, the test is performed under
current in the fourth pole in the c 6

fbur pole a.c. circuit breakers according to
e current conditions (see Figure G.1), without
ur-pole circuit-breakers.
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Figure G.1 — Example of power loss measurement according to G.2.1
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IEC 1595/01

Figure 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 GO((\\

eSS

NOTE This test sequence is intended to cover the case of a second fault to eart @ch of a first fault on the
opposite side of a circuit-breaker when installed in IT systems (see 4. 3 d -

o

uit-breakers for application on IT systems, in

H.1 General

This test sequence applies to mu i

accordance with 4.3.1.1; it co é e following tests:
\ d
\\\' : Test Clause
Individual pole short-circuit (I,;) H.2
Verification of dielectric withstand H.3
Verification of overload releases H.4

H.2 Individual pole short circuit

A short-circuit test is made on the individual poles of a multipole circuit-breaker under the
general conditions of 8.3.2, at a value of current I} equal to

— 1,2 times the maximum setting of the short-time delay release tripping current or, in the
absence of such a release, 1,2 times the maximum setting of the tripping current of the
instantaneous release,

or, where relevant

— 1,2 times 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 current of the test circuit may have to be increased to ensure that the test current
exceeds the actual short-time or instantaneous pick-up current, allowing for the impedance of the circuit-breaker
and its connections.

NOTE 2 Values higher than I may be required, tested instead and declared by the manufacturer.

I~ The test voltage shall be the phase-to-phase voltage corresponding to the maximum rated
operational voltage of the circuit-breaker at which it is suitable for application on IT systems,
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
protected neutral pole differs from that of the phase poles.

The test circuit shall be according to 8.3.4.1.2 and Figure 9 of IEC 60947-1, 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.



BS EN 60947-2:2006+A2:2013
TEC 60947-2:2006+A2:2013 (E) - 148 -

The sequence of operations shall be
O-t-CO

and shall be made on each pole separately, in turn. GO('(\\

H.3 Verification of dielectric withstand g@s

Following the test according to Clause H.2, the dielectric Wlthﬁﬁgla” be verified according

to 8.3.5.3. G‘\\

H.4 Verification of overload relea

.
Following the test accordin wa\ e H.3, the operation of the overload releases shall be
verified according to 8.3. g\,

H.5 Marking

Circuit-breakers for which all values of rated voltage have been tested according to this annex
or are covered by such testing require no additional marking.

Circuit-breakers for which all values of rated voltage have not been tested according to this
annex or are not covered by such testing shall be identified by the symbo which shall
be marked qn the circuit-breaker immediately following these values of rated voltage,
e.g.,, 690V n accordance with 5.2, item b).

NOTE Where a circuit-breaker has not been tested according to this annex, a single marking by the
symbol@ may be used provided it is so placed that it unmistakably covers all voltage ratings.
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Annex J
(normative)

Electromagnetic compatibility (EMC) — GO((\\

Requirements and test methods for circuit-breakers 6‘

VO°
J.1 General 'Qa
(\6«

Two sets of environmental conditions are consid dGn; are referred to as follows:

— environment A; \\
— environment B.

Environment A: relates t(XIva -voltage non-public or industrial networks/locations/installations
including highly disturbing sources.

NOTE 1 Environment A corresponds to equipment class A in CISPR 11 and CISPR 22.

NOTE 2 Environment A equipment can cause electromagnetic interferences when installed in environment B.

Environment B: relates to low-voltage public networks such as domestic, commercial and light
industrial locations/installations. Highly disturbing sources such as arc welders are not covered
by this environment.

NOTE 3 Environment B corresponds to equipment class B in CISPR 11 and CISPR 22.

NOTE 4 Environment B equipment will not cause electromagnetic interferences when installed in environment A.

For the purposes of this annex the term "EUT" means “equipment under test”.

NOTE 5 The EMC requirements for CBI (Annex L) and ICB (Annex O) are deemed to be covered by the relevant
tests on the equivalent circuit-breaker (see L.2.1 and O.2.1).

The tests of Clauses J.2 and J.3 are applicable to devices incorporating electronic circuits
except where specified otherwise in this standard.

The test methods in Clauses J.2 and J.3 are supplemented by specific procedures in the
relevant parts of this standard to verify the performance based on the acceptance criteria.

Supplementary requirements and test details are given in the relevant parts of this standard,
i.e., Annex B for circuit-breakers incorporating residual current protection (CBR), Annex F for
circuit-breakers with electronic overcurrent protection, Annex M for modular residual current
devices (MRCD) and Annex N for circuit-breaker auxiliaries.

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.
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The tests shall be performed with a specific mounting; free air or within an enclosure, as
specified in Clauses J.2 and J.3.

. \
J.2 Immunity 0((\
J.2.1 General 6 ‘G
g@

Subclause 7.3.2.2 of IEC 60947-1 applies with the following additi Qa»\)

0
O\
Immunity tests shall be performed according to Table&\\(\

The reference data for the additional test ions is given in Table J.2.

.
For the purposes of this cl .2\, the term "power port" covers the main circuit, auxiliary
power supply port(s) and )qx ary connected to the main circuit.

For the immunity tests, the following performance criteria shall be defined:

Performance criterion A: During the test, the resistance against unwanted operation
(step 1) and the functional characteristics (step 2) are verified. Any monitoring function
shall correctly indicate the status.

Performance criterion B: During the test, the resistance against unwanted operation is
verified. Monitoring functions may indicate a false status. After the test the functional
characteristics are verified.

Details of the verification of performance are given in the respective annex (B, F, M, or N).

For all immunity tests, the EUT shall be tested as floor-standing equipment (see IEC 61000-4
series).
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Table J.1 — EMC - Immunity tests

TEC 60947-2:2006+A2:2013 (E)

Description Reference standard Test level 2 Performance Mounting
criterion
Electrostatic IEC 61000-4-2 8 kV contact B Enclosur, 0\ ’
discharges ) Fi J.
8 kV air d%
Radiated radio- IEC 61000-4-3 10 V/m \)Q?rﬁe air ©
frequency
electromagnetic fields Q
Electrical fast IEC 61000-4-4 Power port: \S\a Enclosure
transients/bursts U, 2100V, a.c F\ Figure J.1
U, < 1004 2kvf
Siﬂ t: kV 9
Surges IEC 61000- 4 5 Nver port, U, > 100 V a.c.: B Enclosure
4 kV line-to-earth Figure J.1
\\‘, 2 kV line-to-line (Annexes F
and N)
4 kV line-to-line (Annexes B
and M) €
Power port, U, < 100 V 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 h:
2 kV line-to-earth
1 kV line-to-line
Conducted IEC 61000-4-6 Power port: 10 V A Free air ©
disturbances induced ) . g
by radio-frequency Signal port: 10 V
fields
Power frequency Not applicable Not applicable Not applicable | Not applicable
magnetic fields
Voltage dips and IEC 61000-4-11 9 d d Free air
interruptions
Harmonics IEC 61000-4-13 P b b Free air
Current dips b b b Free air

The immunity levels specified are generally higher than the requirements of IEC 60947-1 in order to provide
greater security for the circuit protection functions of the device.

A specific test procedure is defined in the case of electronic overcurrent devices in Annex F, in the absence of

Unless the circuit-breaker is intended to be used only in a specified individual enclosure, in which case it shall
be tested in such an enclosure. Details, including dimensions of the enclosure, shall be stated in the test
be connected to the ground plane in accordance with the manufacturer’'s

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

The immunity level is higher for residual current devices because they perform safety functions.

Not applicable to input ports intended for connection to a battery or a rechargeable battery which must 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

Applicable only to ports interfacing with cables whose total length according to the manufacturer’'s functional

a
b
an appropriate basic standard.
Cc
report. The enclosure shall
instructions.
d
interruptions (see F.4.7).
e
f
length.
g
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 (’(\\
<O
Test EUT Subclause Test set-up au\rfagram
(Flguresl r\( igures)
Electrostatic discharges CBR J.2.2,B.8.12.1.2 3.1,,‘3%’\)‘0
«
CB J.2.2, F.4.2 . ‘A\IAE,’@ F.2, F.3orF.4
MRCD J.2.2, M»“\‘e M1, 33 M.3
- a b b
Other devices “J&XZ,‘M)
Radiated radio-frequency CBR J“23 B.8.12.1.3 (J.4 B.1

electromagnetic fields

CR* J.2.3, F.4.3 F.16, F.17 F.2, F.3orF.4
\d
“ D J.2.3, M.8.16.1.3. | J.4, M.20 M.3

Other devices *  [J.2.3, N.2.3 b b
Electrical fast transients/bursts CBR J.2.4,B.8.12.1.4 |[J.5,J.6 B.1
CB J.2.4,F.4.4 F.16, F.18, F.19 |F.6,F.7 or F.8
MRCD J.2.4,M.8.16.1.4 |(J.5, J.6, M.21 M.3
Other devices 2 J.2.4,N.2.4 b b
Surges CBR J.2.5,B.8.12.1.5 b B.1
CB J.2.5, F.4.5 Line-to-earth: Line-to-earth:
F.16 F.9, F.10 or F.11
Line-to-line: Line-to-line:
F.16 F.12, F.13 or F.14
MRCD J.2.5, M.8.16.1.5 b M.3
Other devices *  |J.2.5, N.2.5 b b
Conducted disturbances induced by |CBR J.2.6, B.8.12.1.6. b B.1
radio-frequency fields
CB J.2.6, F.4.6 F.16, F.20, F.21, |F.2,F.3orF.4
F.22, F.23
MRCD J.2.6, M.8.16.1.6. [M.22 M.3
b b

Other devices ®  [J.2.6, N.2.6

a 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.

Direct discharges 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.
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J.2.3 Radiated radio-frequency electromagnetic fields

The EUT shall be tested in free air (see Table J.1.) with the additional test requirements given\

In rable J.Z. GO((\

The EUT shall be tested on the front face only. 66
To enable repeatability, the actual test set-up shall be detailed in the t Q

-
Tests shall be performed with both horizontal and vertl?\‘(\ad g&lrlzatlon

The test is performed in two steps: a first ste
operation on the whole range of friz\u

) where the EUT is tested for unwanted
d a second step (step 2) where the EUT is
tested for correct operation at discre

For step 1, the frequen XQbe swept over the ranges of 80 MHz to 1 000 MHz and
1 400 MHz to 2 000 MHz, in accordance with Clause 8 of IEC 61000-4-3. The dwell time of the
amplitude modulated carrier for each frequency shall be between 500 ms and 1 000 ms, and
the step size shall be 1 % of the previous frequency. The actual dwell time shall be stated in
the test report.

For step 2, to verify the functional characteristics, the test shall be performed at each of the
following frequencies: 80; 100; 120; 180; 240; 320; 480; 640; 960; 1 400 and 1 920 MHz, the
operation being verified after the field at each frequency has stabilized.

J.2.4 Electrical fast transients/bursts (EFT/B)

The test shall be performed with the EUT in a specific enclosure (see Table J.1).
The test set-up is given in Table J.2.

For power and auxiliary supply ports, the coupling-decoupling network shall be used, except for
Annex F where the direct injection method shall be used (see Figure F.18).

For signal ports the coupling-decoupling network or the clamp injection method shall be used,
as applicable.

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 Tables J.1 and 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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J.2.6 Conducted disturbances induced by radio-frequency fields (common mode)

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- decou% &Qvork
M1, M2 or M.3 as applicable.

On signal lines, the disturbances shall be injected by means m decoupllng network.
If not feasible, an E.M. clamp may be used.
s{on

The test is performed in two steps‘ X‘ tep (step 1) where the EUT is tested for unwanted
operation on the whole ran encies, and a second step (step 2) where the EUT is
tested for correct operatio ete frequencies.

The particular test set-up shall be detailed in t

For step 1 the frequency shall be swept over the range of 150 kHz to 80 MHz in accordance
with Clause 8 of IEC 61000-4-6. The dwell time of the amplitude modulated carrier for each
frequency shall be between 500 ms and 1 000 ms, and the step size shall be 1 % of the
previous frequency. The actual dwell time shall be stated in the test report.

For step 2, to verify the functional characteristics, the test shall be performed at each of the
following frequencies: 0,150; 0,300; 0,450; 0,600; 0,900; 1,20; 1,80; 2,40; 3,60; 4,80; 7,20;
9,60; 12,0; 19,2; 27,0; 49,4; 72,0 and 80,0 MHz, the operation being verified after the level of
the disturbing voltage at each frequency has stabilized.

J.3 Emission

J.3.1 General

Subclause 7.3.3.2 of IEC 60947-1 applies with the following additions.
Emission tests are performed according to Table J.3.

The reference data for the application of the figures for emission tests is given in Table J.4.
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Table J.3 — EMC — Emission tests

\

Description Reference standard Limits Mounting
Harmonics IEC 61000-3-2 ¢ ¢ A
\J
Voltage fluctuations IEC 61000-3-3 ¢ ¢ GU
o A
Conducted RF CISPR 11/ CISPR 22 Class A or class B, group 1 2 ¢ %
disturbances \)
150 kHz to 30 MHz © A
Radiated RF disturbances |CISPR 11/ CISPR 22 Class A or gla aﬁg b |Free air 9
30 MHz to 1 000 MHz 2 \f\\(\

a

Applicable only for EUT containing processing dey
supplies operating at frequencies greater than 9

Equipment class A in CISPR 11 and C

sN\@.d. microprocessors) or switched-mode power
.

rresponds to environment A in IEC 60947-1. Environment A

equipment can cause electroma rences when installed in environment B. The manufacturer of

environment A equipment sh % e risk of electromagnetic interference in the product documentation.
a

Equipment class B in CIS nd CISPR 22 corresponds to environment B in IEC 60947-1. Environment B
equipment will not cause eI ctromagnetic interference when installed in environment A.

No test required since the electronic control circuits operate at very low power and hence create negligible
disturbances.

Unless the EUT is intended to be used only in a specified individual enclosure, in which case it shall be tested
in such an enclosure. Details, including dimensions of the enclosure, shall be stated in the test report.

Circuit-breakers covered by Annex F are independent of line voltage or of any auxiliary supply. The electronic
circuits have no direct coupling to the supply and operate at very low power. These circuit-breakers create
negligible disturbances and therefore no tests are required.

Table J.4 — Reference data for emission test specifications

Test EUT Subclause Test set-up Circuit diagram
(Figures) (Figures)
Conducted RF disturbances CBR J.3.2,B.8.12.21 [* @
CB J.3.2, F.5.3 No test No test
MRCD J.3.2,B.8.12.2.1 [* @
Other devices J.3.2,N.3.2 @ @
Radiated RF disturbances CBR J.3.3,B.8.12.2.1 |J.2 é
CB J.3.3, F.5.4 J.2 F.2,F.3,F.4
MRCD J.3.3,B.8.12.2.1 |J.2 @
a a

Other devices J.3.3, N.3.3

a

No additional figure necessary.
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J.3.2 Conducted RF disturbances (150 kHz —30 MHZz)

Descriptions of the test method and test arrangement are given in CISPR 11 or CISPR 22, as \

relevant. ((\
Q)

The particular test set-up, including the type of cable, shall be detailed in the teé@o(l

V0
The test set-up is shown in Figure J.2. (\a"g

J.3.3 Radiated RF disturbances (30 MHz — 1 000 MHz)

The particular test set-up including supply b a‘glormer etc. shall be detailed in the test

\\\\\) A
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To be kept to a minimum
+109
% \ % —
2\

oL g

v

— o1 m 0%
' -0%

Insulating support

\
1
A
T

= Ground plane h
B !
> ' To be kept to @ minimum in

C
accordance with
manufacturer’s instructions

0,1t00,2m ——

=

+10%

)

0,1t00,2m

R

L J
=

IEC 802/06

NOTE In the case of a withdrawable circuit-breaker, the EUT includes the draw-out cradle.

Figure J.1 — EUT mounted in a metallic enclosure
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L=3morl0m?@ ges
\) Flexible connections

ﬁ
@ RYceiving antenna

>0,5m

N

Insulating
support

Antenna mast
H a

Turntable

>

1SN

Ground plane

IEC 803/06

@ See CISPR 11/CISPR 22.

Figure J.2 — Test set up for the measurement of radiated r.f. emissions
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Contact discharges on conductive@ih@parts

Air discharges opa' ctive accessible parts

/ . AO\’Q
/4
Metallic enclosure as

. Figure J.1

Indirect discharges on the enclosure

Two resistors of 470 kQ
in series replace HF
connection in Figure J.1

470 kQ/
Test generator

470 kQ

Insulating support Ground plane —_—

IEC 804/06

Figure J.3 — Test set up for the verification of immunity to electrostatic discharges
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Not specified &

PN ges .

Insulating
material

Floor absorbers

AR I L L L R T TR HT R HE HERARRR RN RRARRRRNRNRANNNY

R R R R R R R R

N

IEC 805/06

2 see IEC 61000-4-3.

Figure J.4 — Test set up for the verification of immunity to radiated r.f.
electromagnetic fields
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Metallic enclosure 66 G
See Figur g metalllc
@‘t etup

EUT

0,9 m <L < 1,0 m (total injection cable length)

EFT/B
generator
[
HF
{ A,
Insulating support Ground plane —
IEC 806/06

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
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Insulating support
| o supp ¢ C
.
‘ 0,9m<L<1,0m (total inj @%@ength)
O
.

Insulating
support

HF

w 0,1m "% ] 01m "%
z X 7
‘ L1
Insulating support : @ Coupling clamp Ground plane
IEC 807/06
Key
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
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Annex K (informative)

Glossary of symbols and graphical representation

of characteristics

IEC 60417 or Subcla
Characteristics list Symbol IEC 60617 thls
reference
J
Circuit-breaker, closed position | IEC{%@Q 5.2
C 0
S . IEC 60417-5008
Circuit-breaker, open position (3@3\ (2007-01) 5.2
N
“ IEC 60617-
AW i $00287 5
Isolation suitability — circuit—bre combined with 0'4
60617- S00220 '
(2007-01)
IEC 60617-
Isolation suitability — CBI —/I— S00288 L.5
(2007-01)
Neutral pole terminal N 5.2
. . IEC 60417-5019
Protective earth terminal (2007-01) 5.2
Rated control circuit voltage U, 4.7.2
Rated voltage of the voltage source of an MRCD U, M.4.1.2.1
Rated voltage of the monitored circuit for an MRCD u, Annex M
Rated current I 4.3.2.3
Rated impulse withstand voltage Uirnp 4.3.1.3
Rated insulation voltage U, 4.3.1.2
Rated operational voltage U, 4.3.1.1
Rated service short-circuit breaking capacity les 4.3.5.2.2
Rated short-circuit making capacity lem 4.3.5.1
Rated short time withstand current low 4.3.5.4
Rated residual short time withstand current of an MRCD IAw M.4.3.5
. Lo Annex L
Rated conditional short-circuit current lec Annex M
Rated conditional residual short-circuit current of an MRCD IAc M.4.3.2
Rated ultimate short-circuit breaking capacity leu 4.3.5.2.1
Selectivity limit current I 2.17.4
Take-over current Ig 2.17.6
Conventional enclosed thermal current lihe 4.3.2.2
Conventional free air thermal current [ 4.3.2.1
B.4.4.1
CBRs and MRCDs of type AC Ma41
~_ B.4.4.2
CBRs and MRCDs of type A MA.2 22
MRCDs of type B M.4.2.2.3
. 7.2.6
Test device CBR or MRCD T 726
Current setting of adjustable overload release I 4.7.3
Corresponding tripping time t Figure K.1
Ground fault current setting Ig Figure K.1
Corresponding tripping time t Figure K.1
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22 Annex K (continued)

CBRs for use with 3-phase supply only

IEC 60417 or Subclause
Characteristics list Symbol IEC 60617 this w
reference ?ﬁ@
Individual pole short-circuit breaking capacity | b&ﬁ:e’x c
(phase/earthed systems) su 1 a
Individual pole short-circuit test current (IT systems) It ’_\ﬂ.\) Annex H
,},\5" 2.20
. .
Rated instantaneous short-circuit current setting “\(\‘ anurrngLl
R G Annex O
Maximum corresponding tripping time < N\ (N [* t; Figure K.1
N
Not suitable for use in IT systems ‘9' \ @ Annex H
‘ .
LN
Rated residual short-circuit mzking and breaking capacity IAm ":‘:::ee))((sl
Rated residual non-operating current IAno :222;3
Rated residual operating current IAn :rr:rr:g;(( 3
Residual operating current IAR Figure K.1
Short time pick-up current leg Figure K.1
Corresponding tripping time ty Figure K.1
Suitability for phase earthed systems C 4.3.1.1
Limiting non-actuating time at 2 1, | At Annex B
Time delay CBR or MRCD with limiting non-actuating time B.5 a)
of 0,06 s M.3.4
B.8.9.2
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(non |2t) characteristic
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IEC 147/13
RC residual current LT long time
GF ground fault ST short time

INST instantaneous

Figure K.1 — Relationship between symbols and tripping characteristics
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Peak current (kA)
L 3
—
Z,
*

1 10 100 200
Prospective current (kA r.m.s.) [EC 2389/08

Figure K.2 — Template for characteristics of cut-off current versus
prospective current from 1 kA to 200 kA
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100 GO(“\

eS:
WO
0%

D)

.
¢':
o\

10 N\

0,01 0,1 1 10 100 200

Prospective current (KA r.m.s.) EC 2390/08

Figure K.3 — Template for characteristics of cut-off current versus
prospective current from 0,01 kA to 200 kA
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Figure K.4 — Template for characteristics of let-through energy
versus prospective current from 1 kA to 200 kA
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PN
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e

Prospective current (kA r.m.s.)

Figure K.5 — Template for characteristics of let-through energy
versus prospective current from 0,01 kKA to 200 kA

IEC 2392/08
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Peak current (kA)

—-170 -

500 /A/ GO(“\
B ges *
100 /(\a'\)
/ X ¢ -
cC\ X\~
\J
AN
. \(\\\\3‘ )
/
1
1 10 100 200
Prospective current (kA r.m.s.) IEC 2393/08

B prospective symmetrical peak current
C typical cut-off current characteristic

A prospective asymmetric peak current under the test conditions of this standard

The use of the templates by manufacturers to plot the characteristics of circuit-breakers will provide common
presentation, allowing easier interpretation by the user.

In the case of cut-off current the effect of current limiting is shown by comparison with the current that would be let
through (prospective current) if the circuit-breaker were not present. The comparison is made with the asymmetric
(inrush) peak current or the symmetrical peak current (see 2.3).

The typical curve does not imply any requirement of the standard for a particular curve shape or value, which will
vary according to the design of the product.

Figure K.6 — Example of the use of template K.2
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Let-through energy (Azs)

104

103
1 10 100 200

Prospective current (KA r.m.s.) IEC 2394/08

A let-through energy of one half cycle of prospective current at 50 Hz
B typical let-through energy characteristic of a 250A MCCB at 400 V 50 Hz

The use of the templates by manufacturers to plot the characteristics of circuit-breakers will provide common
presentation, allowing easier interpretation by the user.

In the case of let-through energy the effect of current limiting is shown by comparison with the energy that would
be let through in one half-cycle of the symmetrical prospective current if the circuit-breaker were not present (see
2.3).

The typical curve for the 250A MCCB does not imply any requirement of the standard for a particular curve shape
or value, which will vary according to the design of the product.

Figure K.7 — Example of the use of template K.4
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Annex L
(normative)

Circuit-breakers not fulfilling the requirements 00((\\

for overcurrent protection 66

L.1 Scope G\(\\

ot fulfil the requirements for overcurrent
js¥standard, hereinafter referred as CBls. They are
capable of being tripped by a evice, e.g. shunt or undervoltage release. They do not
provide circuit protection mm under short-circuit conditions for self-protection. Thet have
a conditional short-circuit r g and may be used for isolation. They may incorporate accessories
such as auxiliary and alarm switches for control purposes, and/or remote operators.

This annex covers circuit-breakers whi
protection specified in the main parg

A CBI forms part of a circuit-breaker range, being derived from an equivalent circuit-breaker
(L.2.1) by omitting the overcurrent releases (class Y) or the overload releases only (class X),
see L.3.

L.2 Definitions
In addition to the definitions given in Clause 2, the following definitions apply:

L.2.1

equivalent circuit-breaker

circuit-breaker from which the CBI has been derived, which has been tested according to this
standard and which has the same frame size as the CBI

L.2.2

overcurrent protective device (OCPD)

device intended to protect a CBI against overcurrents by interrupting them, and incorporating
overload protection no less effective than that of the equivalent circuit-breaker and an I, (for a
circuit-breaker) or a breaking capacity (for a fuse) equal to or higher than that of the equivalent
circuit-breaker

NOTE The OCPD may be the equivalent circuit-breaker.
L.3 Classification

CBls are classified as follows:

— class X: with integral non-adjustable instantaneous short-circuit releases for self-protection;
— class Y: without integral short-circuit releases.

Footnote deleted ¢4
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L.4 Rated values

L.4.1 Rated current (1)

The rated current of a CBI shall not exceed the rated current of the equivalent circuit @W

NOTE The rated current of a CBI may be correlated to the rated current corresponding to ug ategory
AC-22 (see Annex A of IEC 60947-1).

L.4.2 Rated conditional short-circuit current (ICC) (\a"g
Subclause 4.3.6.4 of IEC 60947-1 applies.

A CBI may have a value of I . equal to or than that of the I, of the equivalent circuit-
breaker.

L.5 Product mformm\\Q

A CBI shall be marked according to 5.2, as relevant, except that the symbol of suitability for
isolation, if applicable, shall be —/|
item of 5.2 a).

, replacing the symbol shown in the second dashed

In addition it shall be marked as follows:

— for 5.2, item a): with the symbol according to the classification:

CBI-X | or |CBI-Y as applicable.

where [; is the rated instantaneous short-circuit current setting (see 2.20).
— for 5.2, item ¢): with the following items:
» rated conditional short-circuit-current (I..);
* the OCPD, if specified.
Manufacturer's instructions should draw attention to the fact that CBls do not provide

overcurrent protection.

L.6  Constructional and performance requirements

A CBI, being derived from the equivalent circuit-breaker (see L.2.1), complies with all the
applicable construction and performance requirements of Clause 7, except 7.2.1.2.4.

NOTE A CBI may additionally comply with IEC 60947-3 and be marked accordingly.
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L.7 Tests

L.7.1 General \
L.7.1.1 CBI of class X 00((\

The OCPD is specified.

Case 1: a,ga
lec = Iy Of the equivalent circuit-breaker. GK\\(\

.
No additional tests are required. \N
.
NOTE The specified OCPD mayix ‘\
— the equivalent circuit-breakxz\ X.1);
— another circuit-breaker (see L.2.2);

— a fuse of conventional fusing current < the conventional tripping current of the equivalent circuit-breaker and of
a breaking capacity = I, of the CBI.

Case 2:
lcc > Ig, Of the equivalent circuit-breaker.
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, = I of the CBI,

or

— the specified OCPD is a fuse having a conventional fusing current < the conventional
tripping current of the equivalent circuit-breaker and a breaking capacity > I, of the CBI.

L.7.1.2 CBl of class Y
No tests are required, provided that one of the following two conditions are fulfilled:

— condition 1: I, < I, of the equivalent circuit-breaker,

— condition 2: |.. < maximum setting of the rated instantaneous short-circuit current setting of
the equivalent circuit-breaker.

If neither of the above conditions are fulfilled, tests are required 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.



BS EN 60947-2:2006+A2:2013
-175- TEC 60947-2:2006+A2:2013 (E)

Case 2:
The OCPD is not specified.

Tests shall be made according to L.7.2.1 and L.7.2.3.

o
S he
L.7.2 Rated conditional short-circuit tests \)g
L.7.2.1 General /ga
(o

These tests shall be made when required by L.7.1.16€A\(,\0r by L.7.1.2 case 1 or case 2, as

applicable. .

For CBls having variants with diffgfel ber of poles, tests shall be carried out on each

variant. \\\\Q .

L.7.2.1.1 Test conditions

Subclause 8.3.2.6 applies.

The test circuit shall be according to Figure A.6, 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.

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.6).

L.7.2.1.2 Behaviour during tests

Subclause 8.3.2.6.5 applies.

L.7.2.2 OCPD specified

Tests shall be made in accordance with L.7.2.2.1, L.7.2.2.2 and L.7.2.2.3.

L.7.2.2.1 Test sequence

The test sequence comprises the following tests:

Test Subclause
Verification of I, L.7.2.2.2
Verification of dielectric withstand L.7.2.2.3

L.7.2.2.2 Verification of lgc

The test shall be made with a prospective current equal to I.. of the CBI.

Each test shall consist of a O — t — CO sequence of operations made in accordance with
8.3.5.2, the CO operation being made by closing the CBI.

After each operation, the CBI shall be manually closed and opened three times.
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L.7.2.2.3 Verification of dielectric withstand

Following the test of L.7.2.2.2, the dielectric withstand shall be verified in accordance\

wi GO((\

L.7.2.3 OCPD not specified

Tests shall be made in accordance with L.7.2.3.1, L.7.2.3.2 and le.wge

.

L.7.2.3.1 Test sequence . (\a"g

The test sequence comprises the following testsN G( '
.

\\{ N Subclause

e . ‘
Verificati C‘\ \ L.7.2.3.2
Verm dielectric withstand 1.7.2.3.3
A )

L.7.2.3.2 Verification of I

The test shall be made with a prospective current equal to I.. of the CBI.

Each test shall consist of a O — t — CO sequence of operations made in accordance with
8.3.5.2, 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.

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 8.3.5.3.
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Annex M
(normative)

Modular residual current devices GO((\\

(without integral current breaking device) 6

INTRODUCTION K\\
G

M, adapting, amending or supplementing
to equipment where the current sensing means
eparately from the current breaking device.

The provisions of Annex B apply to this

Annex B as necessary to cover its iy

and/or the processing device are molint
.

Throughout this annex, \@X‘\' s 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. In other
cases, reference is made to the relevant subclause of the main body of this standard, or, where
applicable, of IEC 60947-1.

This annex contains also additional definitions and characteristics not contained in Annex B,
e.g. “type B” MRCDs (in the context of d.c. residual current), with consequent requirements and
tests.

Since the equipment covered by this annex does not include a current breaking device, certain
conventional phrases used in Annex B have been adapted accordingly in this annex, e.g. “ON
position” is replaced by “ready condition”, meaning “ready to operate”.

M.1 Scope and object

This annex 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 may also be declared suitable for use in conjunction with other current breaking devices.

They may or may not 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 Definitions
The definitions of Annex B apply.

The following additional definitions apply to this annex.
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M.2.1 Definitions relating to the energization of an MRCD

M.2.1.1

voltage source \
source intended to supply the energizing quantity; it may consist of: GO((\

— the line voltage 6 *
9

— avoltage other than the line voltage

M.2.2 Definitions relating to the operation and the f,ui\wgan MRCD

M.2.2.1 ‘C\(\\

Modular Residual Current Device (MRCD)
device or an association of device a current sensing means and a processing

device designed to detect and to ev%&a he residual current and to control the opening of the
contacts of a current breakin“@e

M.2.2.2 Operating time

M.2.2.2.1

operating time of an MRCD

time which elapses between the instant when the residual operating current is suddenly applied
and the instant when the MRCD output changes status

M.2.2.2.2

total operating time of an MRCD and associated current breaking device

(combination time)

time which elapses between the instant when the residual operating current is suddenly applied
and the instant of the arc extinction of the associated current breaking device

M.2.2.2.3

limiting non-operating time

maximum delay during which a residual current higher than the rated residual non-operating
current can be applied to the MRCD without bringing it actually to operate

M.2.3

conditional residual short-circuit current

definition 2.5.29 of IEC 60947-1 applies except that the prospective current is a residual
current

M.2.4

residual short-time withstand current

definition 2.5.27 of IEC 60947-1 applies except that the short-time withstand current is a
residual current

M.3 Classification

M.3.1 Classification according to the configuration of the primary conductors

M.3.1.1 Terminal type: MRCD with incoming and outgoing terminals
and integral primary conductors

M.3.1.2 Through-conductor type

M.3.1.2.1 MRCD with sensing means and processing device combined.
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M.3.1.2.2 MRCD with sensing means and processing device separate.

M.3.2 Classification according to the method of operation \
M.3.2.1 MRCD without voltage source (see M.2.1.1) CJO((\
M.3.2.2 MRCD with voltage source ges *

M.3.2.2.1 Operating automatically in case of failure of the voltag .

o

.

M.3.2.2.2 Not operating automatically after failure o m\&ge source but able to operate as
intended in case of a residual current fault.

.

M.3.3 Classification accordin%XJA ssibility
.

of adjusting the re{'@ erating 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
— MRCD of type AC (see M.4.2.2.1);

— MRCD of type A (see M.4.2.2.2);
— 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.4.1.1.1 Rated frequency range

Range of frequency values of the monitored circuit for which the MRCD is designed and for
which it operates correctly under specified conditions.

M.4.1.1.2 Rated voltage (Up)

Value of the voltage assigned by the manufacturer to the MRCD.

M.4.1.1.3 Rated current (1)
M.4.1.1.3.1 Terminal type

Subclause 4.3.2.3 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).
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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. (,(\\

M.4.1.1.5 Rated impulse withstand voltage (Ujmp)

Peak value of the impulse voltage that the MRCD can withstand witho \D‘%nd to which the
values of the clearances are referred with regard to the monitored Q

o
M.4.1.2 Characteristics of the voltage source o @
M.4.1.2.1 Rated values of the voltage bf MRCDs (Ug)

Values of the voltage source to Whhc erating functions of the MRCD are referred.

M.4.1.2.2 Rated valu@l’gfrequenmes of the voltage source of MRCDs

Values of the frequencies of the voltage source to which the operating functions of the MRCD
are referred.

M.4.1.2.3 Rated insulation voltage (U;)

Subclause 4.3.1.2 of IEC 60947-1 applies.

M.4.1.2.4 Rated impulse withstand voltage (Uimp)

Subclause 4.3.1.3 of IEC 60947-1 applies.

NOTE In the case of a specified power supply the requirement applies to the incoming connections.
M.4.1.3 Characteristics of auxiliary contacts

Subclause 4.6 of IEC 60947-1 applies.

M.4.2 Characteristics of MRCDs concerning their residual current function
M.4.2.1 General

Subclause B.4.2.4 applies, replacing “non-actuating time” by “non-operating time”, and with the
following additions.

The maximum values of the MRCD operating time shall be stated by the manufacturer for
residual current values equal to lan, 2 Ian, 5 lan (0r 0,25 A for Ian < 30 mA), 10 Ia, (or 0,5 A for
Ian < 30 MA).

The maximum combination time shall comply with Table B.1 for a non-time-delay type MRCD
and with Table B.2 for a time-delay type MRCD having a limiting non-operating time of 0,06 s.

MRCDs having Iy £ 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 Operating characteristic in case of residual current with d.c. component
M.4.2.2.1 Type AC MRCD

Subclause B.4.4.1 applies.
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M.4.2.2.2  Type A MRCD

Subclause B.4.4.2 applies.

M.4.2.2.3  Type B MRCD 00((\
MRCD for which operation is ensured: ges

— for residual sinusoidal alternating currents, ga,
o

— for residual pulsating direct currents, S\
— for residual pulsating direct currents superimpos m ooth direct current of 6 mA,
— for residual currents which may result fro |fy|ng circuits, i.e.:

e single-phase connection Wlth tive load causing smooth direct current,

e two-pulse bridge ¢ e line,
e three-pulse star co)msction or six-pulse bridge connection,
with or without phase angle control, independent of polarity, whether suddenly applied or
slowly rising.
M.4.3 Behaviour under short-circuit conditions

M.4.3.1 Rated conditional short-circuit current (l¢c)

Subclause 4.3.6.4 of IEC 60947-1 applies.

M.4.3.2 Rated conditional residual short-circuit current (Ixc)

Subclause 4.3.6.4 of IEC 60947-1 applies.

M.4.3.3 Rated short-time withstand current (Ioy)

Subclause 4.3.6.1 of IEC 60947-1 applies.

M.4.3.4 Peak withstand current

Subclause 2.5.28 of IEC 60947-1 applies to the primary circuit of the MRCD.

M.4.3.5 Rated residual short-time withstand current (I,,,)
The rated residual short-time withstand current of an equipment is the value of residual short-

time withstand current, assigned to the equipment by the manufacturer, that the equipment can
carry without damage, under the test conditions specified in this standard.

M.4.4 Preferred and limiting values
M.4.4.1 Preferred values of the rated residual operating current (Ian)

Subclause B.4.2.1 applies.

M.4.4.2 Minimum value of the rated residual non-operating current (Iang)

Subclause B.4.2.2 applies.
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M.4.4.3 Limiting value of the non-operating overcurrent in the case
of a single-phase load in a multiphase circuit

Subclause B.4.2.3 applies. (,(\\

M.4.4.4 Preferred values of rated voltage of the voltage source of MRC%%

(\@’Qa o

Subclause 4.5.1 applies.

M.5 Product information

The MRCD, processing device or sensm ‘as appllcable shall be provided with the
information as given in Table M.1. shall be durable. The marking shall be on the
MRCD itself or on one or more n The manufacturer shall state:

— for a separate sensin&@ he 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 all types, distances to be respected with regard to nearby conductors;

— for all types, the conditions to be observed for the connection between the processing
device and the current breaking device;

— for all types, the SCPDs to be associated with the MRCD to achieve the rated conditional
(residual or not) short-circuit current;

— for a non-time-delay type, the current breaking devices to be associated with the MRCD to
meet the maximum combination times of Table B.1;

— for a 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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Table M.1 — Product information

Separate devices
. Location Single
Information Symbol (see note 1) | device | Sensing ﬁ\
means
A J
a) manufacturer’'s name or trade mark Marked a rl ev
1\ \_5
b) type designation or serial number Marked = \) K¢ a
c) IEC 60947-2 . Aaﬂ_d'\; a a
\ >4
d) rated voltage of the voltage source Ug pY'\\\/I}rked a a
)
e) rated voltage of the monitored circuit A ‘U Marked a a
f) rated frequency of the voltage source { ‘\“N\‘ Literature
g) rated frequency of the monitore f \ ‘ A Literature
h) maximum rated current of t &gd circuit n Visible a a a (see
note 2)
i) rated residual operating current (value(s) or IAn Visible a a)
range, as applicable)
j) rated residual non-operating current if it differs I Ano Literature
from 0,5 I,
k) lowest residual current setting at 6 I, for Literature
MRCDs with separate sensing means
I) rated conditional short-circuit current and/or lee Literature
rated short-time withstand current, and rated
conditional residual short-circuit current lew
lac
m) Uiy, of the voltage source Uimp Literature
n)  Ujn, of the monitored circuit Uimp Marked a a
o) IP code, where applicable (see Annex C of IP-- Literature
IEC 60947-1)
p) position of use and mounting precautions Literature
gq) output characteristics and/or specified current Literature
breaking device(s)
r) operating characteristic in case of residual Visible a a
currents in the presence or absence of a d.c. [Type AC
component
Type A L=
e
i
TypeB ===
s) limiting non-operating time (value or range) At or Visible a a
at 2 |, for time-delay type, as applicable
t) test device T Visible a 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 necessary if the residual current is marked as a percentage of I,.
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M.6 Normal service, mounting and transport conditions

Clause 6 applies. ((\\
M.7 Design and operating requirements 66 CJO

M.7.1 Design requirements

It shall not be possible to modify the operating char QMRCD except by means
which are specifically provided for setting the rate operatmg current or the definite
time-delay.

NOTE MRCDs may be provided with meanxl i e status of the outputs.

M.7.2 Operating requne

M.7.2.1 Operation er of aresidual current

Subclause B.7.2.1 applies.
Compliance shall be checked by the tests of M.8.3.

M.7.2.2 Operation under short-circuit conditions

MRCDs shall have a rated conditional short-circuit current (l,.) or a rated short-time withstand
current (l.,,), but may have both. They shall also have a rated conditional residual short-circuit
current (1,.) or a rated residual short-time withstand current (l,,,), but may have both.

MRCDs shall comply with the relevant tests of M.8.14.

M.7.2.3 Mechanical and electrical endurance

MRCDs shall comply with the tests of M.8.11.

M.7.2.4 Effects of environmental conditions

MRCDs shall comply with the test of M.8.15.

M.7.2.5 Dielectric properties

MRCDs shall be capable of withstanding the impulse withstand voltage declared by the
manufacturer in accordance with 7.2.3 of IEC 60947-1.

MRCDs shall comply with the tests of M.8.4.

Clearances from the live parts of the monitored circuit to:

— the live 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 according to the rated
impulse withstand voltage.
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M.7.2.6 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(ﬂ\

operate. GO
The test device shall satisfy the tests of M.8.5. \)ges *

The protective conductor, if any, shall not become live when the te ICe is operated.

A d

The operating means of the test device shall be desg \i by the letter T, and its colour shall
not be red or green; the use of a light colour is ended.

e tripping function, not the value at which the function is

NOTE The test device is only intended t
* g current and to the break time.

effective with respect to the rated residugl ®
:r

.
M.7.2.7  Value of the &)\“

ating 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 resulting
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 ad.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 a voltage 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 source shall
comply with the requirements given in Table M.2.

Table M.2 — Requirements for MRCDs with voltage source

Classification of the device according to M.3.2.2 Behaviour in case of failure of the voltage source

MRCD operating automatically without delay in case of | Operating without delay according to M.8.12
voltage source failure (M.3.2.2.1)

MRCD operating automatically with delay in case of Operating with delay according to M.8.12
voltage source failure (M.3.2.2.1)

MRCD not operating automatically after failure of the Operating according to M.8.13
voltage source but able to operate as intended in case
of a residual current fault arising (M.3.2.2.2)
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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 s 6(@\
in 7.2.2 of IEC 60947-1. 6 d
M.7.2.11.2  Ambient air temperature ge

The temperature-rise limits given in Tables 2 and 3 of Ii(ﬁwgare only applicable if the

ambient air temperature remains between the limits g|

M.7.2.11.3 Main circuit of terminal type
The main circuit of the MRCD, to w monitored circuit is connected, shall withstand the

rated current as defined | «\1 W|thout the temperature-rises exceeding the limits given
in Tables 2 and 3 of IEC

M.7.2.12 Electromagnetic compatibility

Requirements of Annex J apply to the sensing means and the processing device of the 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 sensing means connection
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 shall be possible to verify the disconnection by operating the test device.

Compliance 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.

Compliance is verified by the tests of M.8.3.3 and M.8.5.

M.8 Tests

M.8.1 General
Tests specified in this annex are:

— type tests: see M.8.1.1;
— routine tests: see M.8.1.2.
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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 I@@
made at the lowest setting, unless otherwise stated.

eSS
In the case of MRCDs with adjustable time-delay (see B.3.3.2.2), thegta\)g be made at the

highest setting, unless otherwise stated. E -

The release of the associated breaking device, WGN licable, shall be energized at its

lowest rated voltage. N .
Tab\% — Test sequences
XxO) .

Sequences “\\'Y

M | Operating chara‘cteristics 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
Behaviour in case of failure of the connection to the sensing means M.8.9
Temperature-rise M.8.10
Mechanical and electrical endurance M.8.11
Behaviour in the case of failure of the voltage source for MRCDs classified under | M.8.12
M. 3.2.2.1
Behaviour of MRCDs classified under M. 3.2.2.2. in the case of failure of the M.8.13
voltage source

M 1l Behaviour of MRCDs under short-circuit conditions M.8.14

M I Effects of environmental conditions M.8.15

M IV Electromagnetic compatibility M.8.16

For terminal-type MRCDs 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 tested then those variants shall also be tested. &

One sample shall be tested for each of the test sequences M |, M Il and M IlII.

For test sequence M IV, a new sample may be used for each test, or one sample may be used
for several tests, at the manufacturer’s discretion.

Unless otherwise specified, each type test (or sequence of type tests) is carried out on the
MRCD in new and clean condition, the influencing quantities having their normal reference
values.

The MRCD shall be installed individually, according to the manufacturer's instructions, in free
air, unless otherwise specified. Ambient temperature shall be between 15 °C and 30 °C unless
otherwise specified. Connections and mounting shall comply with the manufacturer’s
instructions.

M.8.1.2 Routine tests

Subclause 8.4.4 applies.
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M.8.2 Compliance with constructional requirements

Subclause 8.2 of IEC 60947-1 applies, except in so far as 7.1 applies. \

Test sequence M | C}O((\
S-

M.8.3 Verification of the operating characteristics \)ge

M.8.3.1 General ’ga"

.
The MRCD shall be installed, mounted and wired ac dﬁ\&} :ke manufacturer's instructions.
Unless otherwise specified, it is connected .t é, t equipment, as specified by the
manufacturer, representing normal service ¢ s for the output circuit (e.g. connection to a
circuit-breaker) in order to verify th‘ n the status of the output and the combination

time (see M.2.2.2.2).

.
M.8.3.2 Test conditioXs\Xr RCDs without voltage source

Subclause B.8.2.2 applies.

M.8.3.3 Test conditions for MRCDs with voltage source
The tests shall be carried out at the following values:

— 0,85 times the minimum rated value of the source voltage for tests specified in M.8.3.4 and
M.8.3.5.2;

— 1,1 times 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 tested at the highest and lowest frequencies.
However, for MRCDs rated at 50 Hz and 60 Hz, tests at 50 Hz or 60 Hz are considered to cover
both frequencies.

M.8.3.4 Off-load tests at 20°C £ 5 °C
M.8.3.4.1 General

With the connections as shown in Figure M.1, M.2 or 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 otherwise 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
well as at an intermediate setting;

— for MRCDs of the adjustable time-delay type, the time-delay shall be set to its minimum
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 S1 and S2, and Sa 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 Iy, Up to lan in approximately 30 s. Three current measurements causing
change in status of the output are carried out.
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The three values measured shall be situated between the rated residual non-operating current
|Ano a.nd |An.

M.8.3.4.3 Verification of operation in case of closing on residual current (Figure «\\

The MRCD is connected to a breaking device, specified by the manufacturer, led on
the monitored circuit. The characteristics of this device shall be given in the&

The test circuit being calibrated at the rated value of the re3| ug,l@1 ating current I, (or at
each specific setting of the residual operating current e test switch S2 and the
breaking device being closed, switches S1 and Sa ble) are closed simultaneously.
The combination time is measured three times.

No measurements shall exceed the I lue specified for 15, in M.4.2.

M.8.3.4.4 VerificanW atlon in case of a sudden appearance
of residual Current (Figures M.2 and 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 Iy
specified in M.4.2, the test switches S1, and Sa if applicable, and the test equipment being in
the closed position, and the MRCD being ready to operate, the residual current is suddenly
established by closing the test switch S2.

Three measurements of operating time and of combination time (if applicable) are made at
each value of Ix:

— none of the values of operating time shall exceed the values indicated by the manufacturer,
— none 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-operating time
of time delayed type MRCDs (Figure M.3)

The MRCD is connected to the test equipment as specified in M.8.3.1

The test circuit being calibrated at the value 2 I,,, the test switches S1, and Sa if applicable,
being in the closed position, and the MRCD being ready to operate, the residual current is
established by closing the switch S2 for a time equal to the limiting non-operating time declared
by the manufacturer in accordance with M.4.2.

The test is made 3 times. The MRCD shall not operate.

If the MRCD has an adjustable current setting and/or an adjustable time-delay, the test is
made, as applicable, at the lowest setting of the residual operating current and at the maximum
and minimum settings of the time-delay.

M.8.3.5 Tests at the temperature limits
M.8.3.5.1 General

Subclause B.8.2.5 applies.
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M.8.3.5.2 Off-load test at =5 °C

Subclause B.8.2.5.1 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 GO((\

Subclause B.8.2.5.2. applies. 66'

After reaching thermal steady-state conditions, the MRCD is su rnj@&the tests described in
M.8.3.4.4, and in M.8.3.4.5 if applicable. '\(\

M.8.4 Verification of dielectric propertie ‘G

M.8.4.1 Verification of rated im‘ thstand voltage
.

M.8.4.1.1  General \\\\Q *

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 with the following additions.

M.8.4.1.2 Verification of rated impulse withstand voltage with respect
to the monitored circuit

M.8.4.1.2.1 Tests for terminal type MRCD

The test voltage, defined in M.7.2.5, is applied as indicated in 8.3.3.4.1 item 2), of IEC 60947-1.

M.8.4.1.2.2 Tests for MRCDs of through-conductor type

The test is carried out on a sensing means through which runs an uninsulated busbar, installed
according to the manufacturer's instructions.

The test voltage, defined in M.7.2.5, is applied as follows:
a) between all the conductors of the monitored circuit connected together and the mounting
plate if the sensing means are separate;

b) between all the conductors of the monitored circuit connected together and the processing
device enclosure or its mounting plate if the sensing means are combined,;

c) between each auxiliary circuit and
— the monitored circuit;
— the enclosure or mounting plate of the MRCD.

M.8.4.1.3 Verification of rated impulse withstand voltage of the voltage source circuit
(if applicable)

If the voltage source circuit is supplied directly from the monitored circuit, the tests are carried
out in accordance with M.8.4.1.2.1.

If the voltage source circuit is not supplied by the monitored circuit, the test voltage defined in
Table 12 of IEC 60947-1 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;
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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 0((\

The need for this verification of MRCDs which cannot be disconnected in %&e’ Is under

consideration. .a'\)g

M.8.5  Verification of the operation of the test devicg !a:ﬁgs of the rated voltage

Subclause B.8.4 applies, replacing rated volta egrx d voltage of the voltage source.
The MRCD shall be tested in association with st€quipment specified in M.8.3.1.

M.8.6 Verification of the limj 'ng\\ e of non-operating current under
overcurrent co i“’ in case of a single phase load

The MRCD is connected” according to Figure M.4 a), Figure M.4 b) or Figure M.4 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 S1 being open. The
switch Sa, 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 I,. For MRCDs with separate
sensing means, the test shall be made at the lowest residual current setting value declared by
the manufacturer.

No change of state of the MRCD shall occur.

M.8.7 Resistance against unwanted tripping due to surge currents resulting
from impulse voltages

M.8.7.1 General

For MRCDs with adjustable time-delay, the time-delay shall be set at its minimum.

M.8.7.2 Verification of the resistance to unwanted tripping in case
of loading of the network capacitance

Subclause B.8.6.1 applies, replacing Figure B.5 by Figure M.5.
No change of state of the MRCD shall occur.

M.8.7.3 Verification of the resistance to unwanted tripping in case
of flashover without follow-on current

Subclause B.8.6.2 applies, replacing Figure B.7 by Figure M.6.

No change of state of the MRCD shall occur.
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M.8.8 Verification of the behaviour in case of an earth fault current
comprising ad.c. component

M.8.8.1 General C}0(.(\\

The test conditions of M.8.3.1, M.8.3.2 and M.8.3.3 apply. 6
S’

M.8.8.2  Type A MRCD a\)
M.8.8.2.1 General a’g

Type A MRCDs shall satisfy the tests of M.8.8.2.2 to@\.z.&

.

For MRCDs the operation of which degpe a voltage source the tests are made at 1,1 and
0,85 times the rated voltage of thg wdl ource (Ug).
.

M.8.8.2.2 Verificatiomp ration in case of a continuous rise
of aresidual pulsating direct current

Subclause B.8.7.2.1 applies, replacing Figure B.8 by Figure M.7.
The switches S1 and S2, and Sa if applicable, are closed, the MRCD being ready to operate.

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 Figures M.8 or 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
manufacturer, and installed on the monitored circuit. The characteristics of this breaking
device shall be given in the test report.

The switches S1, and Sa if applicable, are in the closed position and the MRCD being ready to
operate, the residual current is suddenly established by closing the switch S2.

The test 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 the 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 tests 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 The loading with rated current is not shown in Figure M.7c).
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M.8.8.2.5 Verification of operation in case of aresidual pulsating direct current
superimposed by a smooth direct current of 6 mA

Tests of B.8.7.2.4 apply with the following modifications. (,(\\

The test circuit shall be in accordance with Figure M.10 a), Figure M.10 b) or rgGJQO c),
as applicable.

M.8.8.3  Type B MRCD

M.8.8.3.1  General \(\\
G

.8.3.5, type B MRCDs shall comply with the
h voltage source, these tests are carried out at
source voltage.

Additionally to the tests specified in M.8.3.4
tests of M.8.8.3.2 to M.8.8.3.6. For
1,1 and 0,85 times the rated volt§

M.8.8.3.2 Ver|f|cat|om ration in case of a slowly rising residual
smooth direct current

The test circuit shall be in accordance with Figure M.11, switches S1 and S2, and Sa if
applicable, being closed. Each current path is tested twice in position | and twice in position Il
of switch S3.

The residual current, starting from zero, shall be steadily increased to 2 lp, within 30 s.
Operation shall occur between 0,5 and 2 Ixp.

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 Figures M.12 and 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 circuit being successively calibrated at the values specified hereafter, the auxiliary switch
S1 or Sa, as applicable, being closed and the MRCD being ready to operate, the residual
current is suddenly established by closing switch S2.

The test is carried out at each value of residual current specified in Table B.1, multiplied by
two.

Two operating time measurements are performed for each value, the auxiliary switch S3 being
in position | for the first measurement and in position Il for the second measurement:

— for the first step, none of the values obtained shall exceed the values indicated by the
manufacturer for the actuating time of the MRCD alone,

— for the second step, no value of combination time, when applicable, shall exceed the
limiting values specified in M.4.2.1.
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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-pulse bridge connection

The test circuit shall be in accordance with Figure M.14, the switches S1 and S2, 0{(\\
applicable, being in the closed position. The test shall be carried out twice. 6

For each test, starting from zero, the current shall be steadily mcreﬁ)g Ian Within 30 s.
Operation shall occur between 0,5 and 2 Ixp.

M.8.8.3.5 Verification of operation in case of a @ smg residual current resulting
from a fault in a circuit fed by e bridge connection line-to-line

The test circuit shall be in accorda gure M.15, with switches S1 and S2, and Sa if
applicable, being in the clo itbn. The test shall be carried out on all possible
combinations of pairs of c%\ Hs for the MRCD sensing means.

For each test, starting from zero, the current shall be steadily increased to 1,4 I, within 30 s.
Operation shall occur between 0,5 and 1,4 Ip.

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.

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 sensing means are disconnected and the MRCD shall operate or provide a signal to
indicate such disconnection.

The time interval between the disconnection and the output status change is measured.

Three measurements are carried out; no value shall exceed 5 s.
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M.8.9.3 Test method 2
Tests shall be carried out as follows: \
a) The test device is activated. The MRCD shall operate. ((\

b) The sensing means are disconnected and the test device is activated. The& an not

operate. a\)g

M.8.10 Verification of temperature-rise of terminal type N%(:,EQ

M.8.10.1 General G‘(\\(\

Unless otherwise specified, the MRCD is t&d with the appropriate conductors whose
cross-sections are specified in Tabl d 11 of IEC 60947-1, and is fixed on a mat black
painted plywood board of about 2Q W} tNickness.

.

The test shall be carried m\lﬁ an atmosphere protected against abnormal external heating or
cooling.

M.8.10.2 Ambient air temperature

Subclause 8.3.3.3.1 of IEC 60947-1 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, at the rated current I.

During this test, temperature rise shall not exceed the values listed in Tables 2 and 3 of
IEC 60947-1.

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;

— 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 This verification is not applicable if the output is designed for a specific load and does not have a rated
output voltage.

For MRCDs having more than one output rating, two tests shall be made:

— atest at the highest rated current at the corresponding voltage;

— atest at the highest rated voltage at the corresponding current.
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The MRCD shall be capable of performing satisfactorily the tests specified in B.8.10.3.2.

NOTE 2 If the MRCD output has an appropriate AC15 rating, according to IEC 60947-5-1, the tests of thls\

subclause are not necessary. ((\

M.8.12 Verification of the behaviour of MRCDs in case of failure
of the voltage source for MRCDs classified under M.3.2.2.1 ges

M.8.12.1 General

For adjustable residual operating current MRCDs, thw be carried out at the lowest
setting.

For adjustable time-delayed MRCD, tvis Carrled out at any one of the time-delay
settings. \

The voltage applied is the‘@%tage of the voltage source (Ug).

For MRCDs having a range of rated voltages of the voltage source, the tests shall be made at
the maximum and minimum 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.8.8.1, 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.8.8.2, 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.

M.8.13 Verification of the behaviour of MRCDs with voltage source as classified
under M.3.2.2.2 in case of failure of the voltage source

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 MRCD is connected according to Figure M.3 and is supplied with its rated voltage, or in the
case of a range of rated voltages, with the lowest rated voltage.
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The supply is then switched off by opening Sa or S1, as applicable; the MRCD shall not
operate.

The switch Sa or S1, as applicable, is then reclosed and the voltage is reduced to 70 % of@\
lowest rated voltage. The rated residual current I, is then applied by closing S2; t @
shall operate.

S.
Test sequence M Il a\)ge

-
M.8.14 Verification of the behaviour of the MRCD“\ﬂa’rt—circuit conditions

M.8.14.1 General

where it has been tested with a given SCPD
sts with other SCPDs of a lower peak current and lower

Since an MRCD is not a switchin
according to M.8.14.3 and M. )
12t are considered to be a '\' d.

M.8.14.2 General conditions for the test
M.8.14.2.1 Test circuit

Subclause 8.3.4.1.2 of IEC 60947-1 applies, replacing Figures 9, 10, 11 and 12 by Figures
M.17, M.18 and M.19.

For short-time withstand tests, the SCPD shall be omitted.

M.8.14.2.2  Tolerances on the test quantities

Table 8 of IEC 60947-1 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 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.

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 I, at the prescribed power
factor. The test circuit is energised simultaneously in all poles.

For the tests at rated residual conditional short-circuit current I, the additional impedance Z is
used so as to obtain the required current values.
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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 particularly the case for MRCDs of the through-conductor type for mstalllr%cgﬂuctors

that pass through the sensing means. \)g
Q0
WO\

M.8.14.2.7 Condition of the MRCD after tests CX\\

The MRCD shall be mounted on a metal plate.

After each test of M.8.14.3, M.8.14.4 and M ) the MRCD shall show no damage impairing
its further use and, in case of a term MRCD, shall be capable of withstanding a voltage

equal to twice its rated voltaWe e conditions of 8.3.3.5.

The MRCD shall be capa e of performing satisfactorily the tests specified in B.8.10.3.2 and
M.8.12.3, if applicable, and limited to one measurement.

M.8.14.3 Verification of the rated conditional short-circuit current (lcc)
M.8.14.3.1  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 short-time withstand current |,

M.8.14.3.2 Test conditions

The negligible impedance connections are replaced by the SCPD and, if applicable, by the
terminal type MRCD.

M.8.14.3.3  Test procedure

The rated voltage of the voltage source, if applicable, is applied.

The following sequence of operations is performed:
O-t-0
M.8.14.3.4  Behaviour of the MRCD during the tests

During the tests the MRCD may operate.

M.8.14.4  Verification of rated short-time withstand current (l¢y)

Subclause 8.3.4.3 of IEC 60947-1 applies to the primary circuit.

The test may be carried out at any convenient voltage. The SCPD of Figures M.17, M.18 and
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 (Ixc)
M.8.14.5.1 General

This test is not necessary if the let-through peak current and the let-through ener Qﬁ\
associated SCPD are lower than the peak current and let-through energy corresp % the

rated residual short-time withstand current |,,,. ge

M.8.14.5.2 Test conditions

-
The MRCD shall be tested under the conditions X a’ in M.8.14.2.1 but shall be
connected so that the short-circuit current is a re |d % ent. For residual short-circuit tests,
the connection B, indicated by the dashed li res M.17, M.18 and M.19, replaces the
connection through the sensing meang, and Y.

.
The test is carried out on Qne\' rt'path.

The negligible impedance connections are replaced by the SCPD and, where applicable, by the
MRCD.

M.8.14.5.3  Test procedure

The following sequence is performed without synchronisation with respect to the voltage wave:
0-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 (l,,,)

Subclause M.8.14.4 applies except that the MRCD shall be connected so that the short-circuit
current is a residual current.

Test sequence M Il

M.8.15 Verification of effects of environmental conditions

The tests conditions of B.8.11 apply.

At the end of the tests, the MRCD shall be capable of performing satisfactorily the tests
specified in B.8.10.3.2.

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 I,
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

Subclause B.8.12.1.2 applies with the additional specifications given in M.8.16.1.1.

M.8.16.1.3 Radiated radio-frequency electromagnetic fields CJO((\

Subclause B.8.12.1.3 applies with the additional specifications given in M.8. @6 *

The test set-up shall be in accordance with Figure J.4, and Ei%aﬂ.zo for MRCDs with
separate sensing means. a.

M.8.16.1.4 Electrical fast transients/burs F, i

Subclause B.8.12.1.4 applies with th‘ Jiohal specifications given in M.8.16.1.1.
.

.
The test set-up shall be “\&Qance with Figures J.5 and J.6, and Figure M.21 for MRCDs
with separate sensing meaws.

M.8.16.1.5 Surges

Subclause B.8.12.1.5 applies with the additional specifications given in M.8.16.1.1.

M.8.16.1.6 Conducted disturbances induced by radio-frequency fields (common mode)

Subclause B.8.12.1.6 applies with the additional specifications given in M.8.16.1.1.

The test set-up shall be in accordance with Figure M.22 for MRCDs with separate sensing
means.

An EM clamp may be used when normal functioning cannot be achieved because of the impact
of the CDN on the MRCD.

M.8.16.2 Emission tests

Subclause B.8.12.2 applies.
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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.2 — Test circuits for the verification of operation in the case
of a sudden appearance of residual current (with breaking device)

IEC 1146/03



BS EN 60947-2:2006+A2:2013
—-203- TEC 60947-2:2006+A2:2013 (E)

MRCD with separate MRCD with integral

. . Terminal type MRgD
sensing means sensing means

o™
5L

S I
o o N
N o o
N o DN T,
o
A d
\ Sa
S l(g%/ S a S 1 I/ I/ I/ I/
S1 S
SO0 S A S
. \\Q 0—@—4
W
a) Q
[
C
O —O0—— MR CD
r MR CD ® wmrco
0O 0 O O . o)
/ﬁ‘ Z ? Z ?
z Osc Osc Osc
. 2 |V o» D% - D%
\ \ G Llj, G
a) b) c)
IEC 1147/03
Key
S power supply Sa auxiliary switch
| separate voltage source, if applicable z variable impedance
\% voltmeter T sensing means
A ammeter C output circuit
S1 multipole switch G generator
S2 single-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.5 — Test circuits for the verification of the resistance to unwanted tripping
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Figure M.6 — Test circuit for the verification of the resistance to unwanted tripping
in the case of flashover without follow-on current
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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.8 — Test circuits for the verification of operation in the case
of a sudden appearance of residual pulsating direct current
(without breaking device)
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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
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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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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)



MRCD with separate
sensing means

BS EN 60947-2:2006+A2:2013
-213- TEC 60947-2:2006+A2:2013 (E)

MRCD with integral
sensing means

Terminal type MR

00«3[)

Q c
T MRCD [ O]
Q Q_©Q
B —O
ro———
¢} o O
S3

-

S power supply

| separate voltage source if applicable
\% voltmeter

A ammeter measuring d.c. current

S1 multipole switch

S2 single-pole switch

S3 inverter switch

Figure M.13 — Test circuits for the verification of operation in the case
of a sudden appearance of residual smooth direct current
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Figure M.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
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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
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Figure M.16 — Test circuit for the verification of the behaviour of MRCDs
with separate sensing means in the case of a failure
of the sensor means connection
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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
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Figure M.19 — Test circuit for the verification of the behaviour of terminal type MRCD
under short-circuit conditions
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Figure M.20 — Verification of immunity to radiated r.f. electromagnetic fields -
Test set-up for MRCD with separate sensing means
(additional to the test of Annex B)
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Figure M.21 — Verification of immunity to electrical fast transients/bursts (EFT/B)

on the sensing means connection of an MRCD with separate sensing means
(additional to the test of Annex B)
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Figure M.22 — Verification of immunity to conducted disturbances induced by r.f. fields -
Test set up for MRCD with separate sensing means
(additional to the test of Annex B)
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Annex N
(normative)

Electromagnetic compatibility (EMC) — GO((\\

Additional requirements and test methods for devicess

not covered by Annexes B, F and M 6
A0

g
N.1 General .

N.1.1 Scope . \\

This annex applies to deﬁé@ ounted in or on the circuit-breaker, incorporating electronic
circuits (see 7.3 of IEC 60%47-1), and not covered by Annexes B (circuit-breakers incorporating

residual current protection), F (circuit-breakers with electronic overcurrent protection) and M
(modular residual current devices).

It covers circuit-breaker auxiliaries such as undervoltage releases, shunt releases, closing
coils, motor-operators, remote status indicators, etc. Communication modules are not covered
by these requirements.

It supplements Annex J, for test conditions and acceptance criteria specific to these devices.

N.1.2 General test conditions

Tests according 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
manufacturer's discretion.

For devices with different voltage supply ratings, one device of each rating shall be tested.

Tests on closing coils are not necessary if their construction (coil and electronic control) is
identical to the equivalent shunt trips.

The devices shall be mounted in or on the circuit-breaker, in accordance with the
manufacturer's instructions.

Undervoltage releases and power ports intended to be permanently connected to a power
supply shall 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 50 Hz — 60 Hz may be tested at either one of the rated frequencies.
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N.2  Immunity

N.2.1 General \
N.2.1.1 Test conditions 0((\

Immunity tests may be performed on a circuit-breaker fitted with dlfferent %%nd may be
combined with the corresponding tests of Annexes B and F, Where g electrostatic
discharges, radiated radio-frequency electromagnetic fields, etc.)

Devices, except closing coils, shall be tested with the@(@\geaker closed.

.
Closing coils, if applicable (see N.l.J(, tested with the circuit-breaker ready to close

(main springs charged). .

.

N.2.1.2 Performance‘?\

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 checked at the rated
voltage, or, in the case of a range of rated voltages, at any convenient voltage within this
range:

a) An undervoltage release, when energized, shall not prevent the circuit-breaker from being
closed; when the voltage is removed, the circuit-breaker shall trip.

b) A shunt trip, when energized, shall trip the circuit-breaker.

c) A closing coil, when energized, shall close the circuit-breaker.

d) A motor-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 tests. It is
not intended to check the full compliance with the requirements of the main body of this standard.

N.2.2 Electrostatic discharges
Annex J applies, in particular J.2.2.
Performance criterion B of N.2.1.2 applies.

N.2.3 Radiated radio-frequency 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, as
applicable, taking into consideration the manufacturer’s instructions for installation. The type of
cable used shall be stated in the test report.
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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 indicator

N.2.4 Electrical fast transients/bursts (EFT/B) 66 ‘G

Annex J applies, in particular J.2.4. a'\)g

-
The test connections shall be in accordance with "‘(e\& [EC 61000-4-4, taking into
consideration the manufacturer’s instructions for inst@ tIgMN.

.
Performance criterion A applies. \\N

N.2.5 Surges \'\'Q“

Annex J applies, in particular J.2.5.

The test connections shall be in accordance with Figures 6, 7, 8 or 9 of IEC 61000-4-5, taking
into consideration the manufacturer’s instructions for installation.

Performance criterion B applies.

N.2.6 Conducted disturbances induced by radio-frequency fields (common mode)

Annex J applies, in particular J.2.6.
For step 1 (see J.2.6), the performance criterion A applies.

For step 2 (see J.2.6), at each of the frequencies listed in J.2.6, the operation of the device
shall be checked according to N.2.1.3. This test is not applicable to remote status indicators.

N.2.7 Voltage dips and interruptions

These tests are applicable to devices with permanent a.c. power supply only.

Tests shall be performed in accordance with IEC 61000-4-11, at test levels of Table 23 of
IEC 60947-1.

During the test, the status of the circuit-breaker may change. The status of the outputs of
remote indication modules may change, but shall indicate the correct status of the breaker
after the test. After the test, the correct operation of the device shall be checked in accordance
with N.2.1.3.

N.3 Emission

N.3.1 General

These tests are applicable to devices incorporating electronic circuits with fundamental
switching frequencies greater than 9 kHz (see 7.3.3.2.1 of IEC 60947-1), and intended for
continuous operation (e.g. undervoltage releases).
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They are not applicable to shunt trips intended only for use with a clearing switch, either built-in
or separate.

They are not applicable to motor-operators not incorporating permanently energized electrm\
circuits, because these devices are operated at very infrequent intervals and the duratj

operations (closing, opening or resetting) is very short (a few hundreds of millis d a few
seconds). g
Each device shall be submitted to separate emission tests thase, shall not be combined

with the corresponding tests of Annexes B and F.

Closing coils, when applicable (see N.1.1), hgested with the circuit-breaker ready to
close (main springs charged).

Undervoltage releases and ¢ @AHS shall be tested with the circuit-breaker closed.
Shunt trips and motor- operators shall be tested with the circuit-breaker open.
Remote status indicators shall be tested with the circuit-breaker closed.

N.3.2 Conducted RF disturbances (150 kHz — 30 MHz)

Annex J applies, in particular J.3.2.

N.3.3 Radiated RF disturbances (30 MHz — 1 000 MHz)

Annex J applies, in particular J.3.3.
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Annex O
(normative)

Instantaneous trip circuit-breakers (ICB) 0((\\
e
0.1 Scope g

This annex covers circuit-breakers which fulfil on “\“rt circuit portion of overcurrent
protection specified in the main part of this st hereinafter referred to as ICBs. They
comprise instantaneous short-circuit rel thh may be adjustable but not overload
releases. These devices are genera conjunction with other equipment such as motor
starters, overload relays, etc. In ion with specified overload relays they offer complete
overcurrent protection (ovq\ éd’ short-circuit) to both the circuit and specified equipment.

An ICB forms part of a circuit-breaker range, being derived from an equivalent circuit-breaker
(see 0.2.1) by omitting the overload releases and incorporating a short-circuit release, which
may be adjustable, designed to provide co-ordinated overcurrent protection when associated
with specified motor starters or overload relays.

0.2 Definitions
In addition to the definitions given in Clause 2, the following definition applies.

0.2.1

equivalent circuit-breaker

circuit-breaker from which the ICB has been derived, which has been tested according to this
standard and which has the same frame size as the ICB

0.3 Rated values

The characteristics of Clause 4 apply with the exception of the reference to overload releases
and with the following additions.

0.3.1 Rated current (l,))

The rated current of an ICB shall not exceed the rated current of the equivalent circuit-breaker.

0.3.2 Rated short-circuit making capacity

ICBs may be assigned a rated short-circuit making capacity different to the equivalent circuit-
breaker.

NOTE ICBs may 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 0O.6.2).
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0.3.3 Rated short-circuit breaking capacities

ICBs may be assigned rated short-circuit breaking capacities different to the equivalent circuit-
breaker.

NOTE ICBs may be assigned a rated short-circuit breaking capacity equal to or greater than I, of the{e Qa ent
circuit-breaker when associated with specified motor starters or overload relays, and teste @ to the
relevant clauses of IEC 60947-4-1 (see 0O.6.2).

0.4 Product information a,

An ICB shall be marked according to 5.2 as relevantCX\\
.

Rated short-circuit making and bregij cities shall be marked, where applicable (see
0.6.1.1). When the ICB is only r te%l\o ort-circuit performance in association with a motor
starter or overload relay (3@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 5.2, item b), add the rated instantaneous short-circuit current settings |; (see 2.20)
(actual values or multiples of rated current).

Manufacturers’ instructions shall draw attention to the fact that, below the rated instantaneous

short-circuit current settings, an ICB provides no overcurrent protection to itself or to the
circuit. Such protection shall be provided separately.

When an ICB is not associated with a specified protected device (see 0.6.2), the manufacturer
shall provide data to permit the selection of suitable overload 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
applicable construction and performance requirements of Clause 7, except 7.2.1.2.4, item b).

0.6 Tests

0.6.1 Test sequence of the ICB alone
0.6.1.1 General
The tests of this subclause are not required if

— the short-circuit characteristics of the short-circuit releases and the main current paths of
the ICB are the same as those of the equivalent circuit-breaker, or

— the ICB is only rated and tested as an association (see 0.6.2).

\
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A sample of each of the maximum and minimum values of the rated current I, of each frame
size shall be tested.

In the case of one or more construction breaks (see 2.1.2 and 7.1.5) within the frame sizg’&\\\
further sample shall be tested at the maximum rated current corresponding

construction. ges .

Tests shall be made according to sequences Il and Il ot %\@an%d without the verification
of overload releases.

0.6.1.2 Test sequences

I~2 For ICBs having variants with different n poles, tests shall be made on the variant
with the greatest number of poles r variant(s) shall be submitted to the tests of
sequence Il only (without the v vfc o of overload releases).

0.6.1.3 Verification of SS rt-circuit releases

Following the test of 0.6.1.2, a tripping test is made in accordance with 8.3.3.1.2 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-ordination with short-circuit protective devices;

— additional requirements for combination starters and protected starters suitable for
isolation;

— performance under short-circuit conditions;

— co-ordination 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 ZA
(normative) \
Normative references to international publications 0((\
with their corresponding European publlcatlons 6‘0

The following referenced documents are indispensable for the application w ument For dated
references, only the edition cited applies. For undated references, the tion of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by co “\caﬂons indicated by (mod), the relevant EN/HD
applies.

Publication Year Title \ EN/HD Year
IEC 60050-441 1984  nt al Electrotechnical Vocabulary - -
Al 2000 2
apter 441: Switchgear, controlgear and
fuses
IEC 60051 Series Direct acting indicating analogue electrical EN 60051-1 Series
measuring instruments and their
accessories
IEC 60068-2-14 1984  Environmental testing -
+ Al 1986  Part 2: Tests - Test N: Change of EN 60068-2-14 1999
temperature
IEC 60068-2-30 2005 Environmental testing - EN 60068-2-30 2005
Part 2-30: Tests - Test Db: Damp heat, cyclic
(12 h +12 h cycle)
IEC 60364 (mod)  Series Low-voltage electrical installations EN/HD 60364 Series
IEC 60417 Data- Graphical symbols for use on equipment - -
base
IEC 60617 Data- Graphical symbols for diagrams - -
base
IEC 60695-2-10 2000 Fire hazard testing - EN 60695-2-10 2001

Part 2-10: Glowing/hot-wire based test
methods - Glow-wire apparatus and common
test procedure

IEC 60695-2-11 2000 Fire hazard testing - EN 60695-2-11 2001
Part 2-11: Glowing/hot-wire based test
methods - Glow-wire flammability test method
for end-products

IEC 60695-2-12 2000 Fire hazard testing - EN 60695-2-12 2001
Part 2-12: Glowing/hot-wire based test
methods - Glow-wire flammability test method
for materials

IEC 60695-2-13 2000 Fire hazard testing - EN 60695-2-13 2001
Part 2-13: Glowing/hot-wire based test
methods - Glow-wire ignitability test method
for materials

IEC/TR 60755 1983  General requirements for residual current - -
Al 1988 operated protective devices
A2 1992
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Publication Year Title EN/HD Year
IEC 60898 (mod)  Series Electrical accessories - Circuit breakers for  EN 60898 Series
overcurrent protection for household and
similar installations (’(\
IEC 60934 - Circuit-breakers for equipment (CBE) EN 60934 6 GQOOlZ’
.
IEC 60947-1 2007  Low-voltage switchgear and controlgear - EN a 2007
Part 1: General rules
IEC 60947-4-1 2000 Low-voltage switchgear and control > N 60947-4-1 2001
Al 2002  Part 4-1: Contactors and motQr=StXt Al 2002
A2 2005 Electromechanical contact otor- A2 2005
starters .
IEC 61000-3-2 2005  Electrom ' patibility (EMC) - EN 61000-3-2 2006
Part 3 ax ~Limits for harmonic current
em 8 {equipment input current < 16 A per
IEC 61000-3-3 1994  Electromagnetic compatibility (EMC) - EN 61000-3-3 1995
Part 3-3: Limits - Limitation of voltage + corr. July 1997
Al 2001 changes, voltage fluctuations and flickerin Al 2001
A2 2005  public low-voltage supply systems, for A2 2005
equipment with rated current < 16 A per phase
and not subject to conditional connection
IEC 61000-4-2 1995  Electromagnetic compatibility (EMC) - EN 61000-4-2 ° 1995
Al 1998 Part 4-2: Testing and measurement Al 1998
A2 2000 techniques - Electrostatic discharge immunity A2 2001
test
IEC 61000-4-3 2006  Electromagnetic compatibility (EMC) - EN 61000-4-3 2006
Part 4-3: Testing and measurement
techniques - Radiated, radio-frequency,
electromagnetic field immunity test
IEC 61000-4-4 2004  Electromagnetic compatibility (EMC) - EN 61000-4-4 2004
Part 4-4: Testing and measurement
techniques - Electrical fast transient/burst
immunity test
IEC 61000-4-5 2005 Electromagnetic compatibility (EMC) - EN 61000-4-5 2006
Part 4-5: Testing and measurement
techniques - Surge immunity test
IEC 61000-4-6 2003  Electromagnetic compatibility (EMC) -
+ Al 2004  Part 4-6: Testing and measurement
+ A2 2006  technigues - Immunity to conducted EN 61000-4-6 2007
disturbances, induced by radio-frequency
fields
IEC 61000-4-11 2004  Electromagnetic compatibility (EMC) - EN 61000-4-11 2004
Part 4-11: Testing and measurement
techniques - Voltage dips, short interruptions
and voltage variations immunity tests
IEC 61000-4-13 2002  Electromagnetic compatibility (EMC) - EN 61000-4-13 2002

Part 4-13: Testing and measurement
techniques - Harmonics and interharmonics
including mains signalling at a.c. power port,
low frequency immunity tests

1

Undated reference.

2 Valid edition at date of issue.

9 ENn 61000-4-2 + Al + A2 are superseded by EN 61000-4-2:2009, which is based on IEC 61000-4-2:2008.
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Publication Year Title
IEC/TR 61000-5-2 1997 Electromagnetic compatibility (EMC) -
Part 5: Installation and mitigation guidelines -
Section 2: Earthing and cabling
IEC 61008-1 (mod) 1996 Residual current operated circuit-breakers
+ Al (mod) 2002  without integral overcurrent protection for
A2 2006” household and similar uses (RCCB's) -
Part 1: General rules
WO\
IEC 61009-1 (mod) 1996 Residual current operatqd @ it-breakers
+ Al (mod) 2002  with integral overc ffotection for
+ corr. May 2003  househol jMr uses (RCBO's) -
A2 2006 Pa;t" -Genbr
\ .
IEC 61131-1 2003  Programmable controllers -
Part 1: General information
CISPR 11 (mod) 2003 Industrial scientific and medical (ISM) radio-
+ Al (mod) 2004 frequency equipment - Electromagnetic
A2 2006 disturbance characteristics - Limits and
methods of measurement
CISPR 22 (mod) 2005 Information technology equipment - Radio
Al 2005 disturbance characteristics - Limits and
A2 2006  methods of measurement

4)

5)

The technical content of IEC/A2:2006 is included in EN 61008-1:2004.
The technical content of IEC/A2:2006 is included in EN 61009-1:2004.

EN/HD

+All
+ Al2

EN 61009-1
+ corr. July
+All
+Al2
+Al3

EN 61131-1

EN 55011
A2

EN 55022
Al

2004
2006
2008
2009
2009

2003

2007
2007

2006
2007
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Annex ZZ

(informative)
: 00«\\

Coverage of Essential Requirements of EU Directiveses .

This European Standard has been prepared under a mandate given t C@F)Q by the European
Commission and the European Free Trade Association and wit%@% Ope the standard covers
protection requirements of Annex | Article 1 of the EU Directi‘e /EC

Compliance with this standard provides presumpi&n, conformity with the specified essential
requirements of the Directives concerned.

NOTE: Other requirements and other@'w;:\v s may be applicable to the products falling within the scope of
.

this standard. \\"
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