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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 2: Circuit-breakers

FOREWORD

1) The IEC (International Electrotechnlcal Commlssmn) is a worIdW|de organlzatlon for standardlzatlon comprising
aII naten

the two

for (1SO) in accordance with conditions determinegd
organjzations

2) The fprmal decisions or agreements of the IEC on technical ; e sible, an
interngtional consensus of opinion on the relevant subjects since_eath_techx Rmittee sentation
from

3) The dpcuments produced have the form of recommendationg for ifits S 2 i im the form
of st , technical specifications, technical reporis e National
Comniittees in that sense.

4) In order to promote international unificatiqn, IE Nati ernational
Standprds transparently to the maximum ibleg i 3 rds. Any
diverg i be clearly
indicafed in the latter.

5) The IE e for any
equipfnent declared to be in gohformify-v

6) Attentjon is drawn to the possibility\{| W i i e subject
of patent rights. The IEQ'S S i ifyi i

Internat|onal Sta r -voltage

switchgear and C

This thi n 1995,

amendment 1 (1997)

The dod B, led to

the publie

The tex tanqdard’is based on the second edition, its amendments 1 and 2 [and the

following documents:

EDIS Pnpnrf on \/nfing
17B/1269/FDIS 17B/1278/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged until 2004.
At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
+ amended.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 2: Circuit-breakers

1 General

The provisions of the general rules dealt with in IEC 60947-1 (hereinafter referred to as Part 1)
are applicable to this standard, where specifically called for. Clauses and subclauses, tables,
figures 1l(e;nd appendices of the general rules thus applicable are identified refefence to
Part 1, for example, 1.2.3 of Part 1, table 4 of Part 1, or annex A of Part

11 Tope and object
t

This standard applies to circuit-breakers, the main contacts\of whi are N 0 to be
connected to circuits, the rated voltage of which does not exXceed\1 8Q0 XC. ) V d.c.;
it also cpntains additional requirements for integrally fused Cirgui

It appligls whatever the rated currents, the method of cogistructio ications
of the circuit-breakers may be.

The requirements for circuit-breaker leakage

protectipn are contained in annex B.

The addlitional requirementg for circu -brs
containgd in annex F.

kersfor IT systems are contained in annex H.

Wth\glectronic over-current protection are

The additional require

uiremen@

The requi
are confai

The req clectromagnetic compatibility of circuit-breakers are

containg

rs not fulfilling the requirements for overcurrent prfotection

The red
device)

Jular residual current devices (without integral current Bhreaking
Aare contalned\in ahnex M.

The requirements and test methods for electromagnetic compatibility of circuitibreaker
auxiliaries—arecontaimed-manmexiN-

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

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

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

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

The object of this standard is to state:

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

1) operation and behaviour in normal service;

2) qperation and behaviour in case of overload and operation and lbehaviour fin|case of
ghort-circuit, including co-ordination in service (discrimination a ction);
3) dielectric properties;
c) testg intended for confirming that these conditions have beg Is to be
adopted for these tests;
d) inforqmation to be marked on or given with the apparatus
1.2 Normative references
The follpwing referenced documents ar ent. For
dated re¢ dition of
IEC 60050(441):1984, International br 441:
nts and
pture
e: Damp
afety —
thods —
IEC 60695-2-1172000, = =11 - thods —

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 60755:1983, General requirements for residual current operated protective devices
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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 60947-1:1999, Low-voltage switchgear and controlgear — Part 1: General rules
Amendment 1 (2000)
Amendment 2 (2001)

IEC 60947-4-1:2000, Low-voltage switchgear and controlgear — Part 4-1: Contactors and
motor-starters — Electromechanical contactors and motor-starters

IEC 61000-3-2:2000, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current <16 A per phase)

IEC 61

IEC 61(Q00-4-2:1995, Electromagnetic compatibility(EMC) — P&
techniqyes — Section 2: Electrostatic discharge immunity tes
Amendment 1 (1998)
Amendment 2 (2000)

IEC 61000-4-3:2002, Electromagnetic compatibili

D00-3-3:1994, Electromagnetic compatibility (EMC) — Part 3;

imits Section 3:
Limitation of voltage fluctuations and flicker in low-voltage supply sysfems quipment with
rated cyrrent <16 A

aspurement

4-3: Testing and

measur¢ment techniques — Radiated radio-fre ity test
Amendment 1 (2002)

IEC 610 L /rement
techniqd

Amendment 1 (2000)

Amendment 2 (2001)

IEC 61Q00-4-5:1995, LIrement
techniqyes — Section 5

Amendment 1 (2522!

IEC 61(300-4-6:19 | /rement
techniqles — Sectjo Cy fields
Amendn

IEC 61 pasuring
techniqys ity tests
Amendn

IEC 61(Q00-5-2:0997,

guidelin

IEC 61

Klectromagnetic compatibility (EMC) — Part 5: Installation and nlitigation

0S/~ Séctio . Earthing and cabling

08-1:1990, Residual current operated circuit-breakers without integral over-current

protection for household and similar uses (RCCB’s) — Part 1: General rules

IEC 61

009-1:1991, Residual current operated circuit-breakers with integral over-current

protection for household and similar uses (RCBQ’s) — Part 1: General rules
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CISPR 11:1997, Industrial, scientific and medical (ISM) radio-frequency equipment —
magnetic disturbance characteristics — Limits and methods of measurement
Amendment 1 (1999)

CISPR 22:1997, Information technology equipment — Radio disturbance characteristics
and methods of measurement

2 Definitions

Electro-

— Limits

For the majority of the definitions required in connection with this standard, see Clause 2 of

Part 1.

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

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

21
circuit-breaker
a mechianical switching device, capable of making, carry
normal gircuit conditions and also making, carrying for
under specified abnormal circuit conditions such as tf

[IEV 441-14-20]

211
frame sjize
a term ¢lesignating a group of circuit-
common to a range of curreqt ratings.
the highlest current rating 3
number|of poles

~ )al physical dimensions of w
expressed in amperes correspo
ize, the width may vary accordin

NOTE T

2.1.2

constru
a signifi
addition

2.2

integra
a comb
series Wi

ary (IEV),

5 under
currents

hich are
nding to
g to the

lequiring

aced in
tor

[IEV 44

2.3
current-limiting circuit-breaker

a circuit-breaker with a break-time short enough to prevent the short-circuit current reaching its

otherwise attainable peak value

[IEV 441-14-21]
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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

NOTE Some circuit-breakers may be of the plug-in type on the line side only, the load terminals being usually
suitable for wiring connection.

2.5

withdrawable circuit-breaker

a circuit-breaker which, in addition to its interrupting contacts, has a set of isolating contacts
which enable the circuit-breaker to be disconnected from the main circuit, in the withdrawn
position, to achieve an isolating distance in accordance with specified requirements

2.6
mouldeld-case circuit-breaker
a circuittbreaker having a supporting housing of moulded insulating R
part of the circuit-breaker

Pintegral

[IEV 441-14-24]

2.7
air circuit-breaker
a circuittbreaker in which the contacts open and

[IEV 441-14-27]

2.8
vacuun) circuit-breaker
a circuittbreaker in which t

[IEV 441-14-29]

uit-brea@

2.9

gas cird
a circuit
higher p

heric or

2.10
making}
a releas
closing

inoperaiive whe

Huring a
i endered
e circuit-breaker is in the closed position

211
short-circuit release
an over-current release intended for protection against short circuits

212

short-time delay short-circuit release

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

213

alarm switch

an auxiliary switch which operates only upon the tripping of the circuit-breaker with which
it is associated
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214
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 conditions

remain established

2.15
short-circuit breaking (or making) capacity

a breaking (or making) capacity for which the prescribed conditions include a short circuit

2.15.1
ultimate short-circuit breaking capacity

a breakILng capacity for which the prescribed conditions according to a spécifie

do not ipclude the capability of the circuit-breaker to carry its rated curr
2.15.2
service|short-circuit breaking capacity
a breaking capacity for which the prescribed conditions accordi
include the capability of the circuit-breaker to carry its rated

2.16
opening time
subclauge 2.5.39 of Part 1 applies, with the follo

« in the case of a directly operated ci
is thp instant of initiation of a current [a

* in the case of a circuit-breaker o

est-seéquence

t se¢quence

ing time
erate;

stant of

initigtion of the opening At i in ication or removal of the auxiliary power to

the ¢pening release.
NOTE F

refegred to as "tripping time", although, strictly |speaking,

tripping time applies to the timg & i ifiation of the opening time and the instant|when the

opening gommand beggmes\j
217 é

over-current prote
subclau

subclau

[IEV 44

2.17.2

total discrimination (total selectivity)

over-current discrimination 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 discrimination (partial selectivity)

over-current discrimination 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
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217.4

selectivity limit current (/)
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

The selectivity limit current (see figure A.1) is a limiting value of current.

- below which, in the presence of two over-current protective devices in series, the protective
device on the load side completes its breaking operation in time to prevent the other
protective device from starting its operation (i.e. selectivity is ensured);

- above which, in the presence of two over-current protective devices in series, the protective

prot

2.17.5

back-up protection

subclau

2.17.6
take-ov,
subclau

For the

in serieg for operating times 20,05 s.

devite on the load side may not complete its breaking operation in tim

to prevent t
d).

ctive device from starting its operation (i.e. selectivity is not en

5e 2.5.24 of Part 1 applies

er current (Ig)
5e 2.5.25 of Part 1 is amplified as follows:

purpose of this standard, 2.5.

in serie$ are considered as an association,

NOTE T

current chtlaracteristics of two over

2.18

he take-over current is the current

12t chanacteristic of ajciccuj

informa
function
current

ion (usus
of pros
correspond

2.19

resettin

time elaps it-breaker tripping due to an overcurrent and subs
reaching it can be reclosed

3 Clalssificati OR

e

he other

devices
devices

Feak time

he as a
spective

bquently

Circuit-breakers may be classified:

3.1 Ac

3.2 Ac

cording to their utilization category, A or B (see 4.4).

cording to the interrupting medium, for example:

— air-break;

— vacuum break;

— gas-break.
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3.3 According to the design, for example:

— 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,

— storg¢d energy operation.

3.5 Acfording to the suitability for isolation:

— suitgble for isolation;
— not suitable for isolation.

3.6 Acfording to the provision for maintenance:
— maintainable;
— non{maintainable.
exanp

tio

3.7 Acfording to the methgad of install

— fixed;

— plugi

— with

3.8 Ac i & ion provided by the enclosure (see 7.1.11 of Pant 1).
4 Charac

4.1 j

The ch a circuit-breaker shall be stated in terms of the following, as appl|cable:

— typelofi€ircuit-breaker (4.2);

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

— utilization categories (4.4);

— control circuits (4.5);

— auxiliary circuits (4.6);

— releases (4.7);

— integral fuses (integrally fused circuit-breakers) (4.8);
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4.2 Type of circuit-breaker

The following shall be stated:

4.21 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 rats
to 4.4, 1

ut it is not necessary to establish all the

rated valu

es listed.

4.3.1 Rated voltages

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

4.3.1.1 Rated operational voltage (U,)
Subclause 4.3.1.1 of Part 1 applies with the following

— Circtit-breakers covered by item a)

NOTE A |In Canada and the USA, the rated opeya

a) the vdltage between phases and earth, tog
three-phase four-wire neutral ga

180 V) for

b) the vqltage between phases (for exg 43 e e earthed
systems.

Circuit-preakers al tests

according to an
— Circ
These G
Ue shall

NOTE B
identified

ote 2 are

4.3.1.2

Subclause.4.3.1.2 of Part 1 applies.

4.3.1.3 Rated impulse withstand voltage (Uimp)

Subclause 4.3.1.3 of Part 1 applies.

4.3.2 Currents

A circuit-breaker is defined by the following currents:

4.3.21 Conventional free-air thermal current (/)

Subclause 4.3.2.1 of Part 1 applies.
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4.3.2.2

Subclau

4.3.2.3

Conventional enclosed thermal current (/ihe)

se 4.3.2.2 of Part 1 applies.

Rated current (/)

For circuit-breakers, the rated current is the rated uninterrupted current (/) (see 4.3.2.4 of
Part 1) and is equal to the conventional free-air thermal current (/i,)-

4.3.2.4

Subclau

4.3.3

Subclau

4.3.4

The ratg

4.3.41

Subclau

4.3.4.2

Subclau

4.3.5
4.3.51

The rat

capacity assigned to

at rate
express

For a.c.
rated ul

For d.c.
rated ul

Current rating for four-pole circuit-breakers

se 7.1.8 of Part 1 applies.

Rated frequency

se 4.3.3 of Part 1 applies.

Rated duty

d duties considered as normal are as follows:

Eight-hour duty

se 4.3.4.1 of Part 1 applies.
Uninterrupted duty

se 4.3.4.2 of Part 1 applies.

Rated
d short-@

frequeng

ive peak current.

., the-rated_short-circuit making capacity of a circuit-breaker shall be not less
imate’short-tircuit breaking capacity.

power factor for a.c., or time constant for q.

making
voltage
c. Itis

than its
.3.5.3).

than its

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

4.3.5.2

Rated short-circuit breaking capacities

The rated short-circuit breaking capacities of a circuit-breaker are the values of short-circuit
breaking capacity assigned to that circuit-breaker by the manufacturer for the rated operational

voltage,

under specified conditions.
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A rated short-circuit breaking 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 shaII be capable of breaking a prospective current correspondlng to
\ble 11,
the a.c.

componjent is constant.

The ratgd short-circuit breaking capacities are stated as:

— ratedl ultimate short-circuit breaking capacity;

— rated service short-circuit breaking capacity.

4.3.5.2.1

The rated ultimate short-circuit breaki z P aKer is the value of [ultimate
short-cifcuit breaking capacity (see 2.1 ) 3t circujt-breaker by the mandfacturer
for the porresponding rated operational Yoltage ditions specified in 8.3.5. It is
expressed as the value of the prospecti ki brent, in kA (r.m.s. value of |the a.c.

componient in the case of a.c.).

4.3.5.2.2 Rated service ircuit is i apacity (/¢cs)

The ratgd service sh t-circui acity of a circuit-breaker is the value of| service
short-cifcuit bre i igned to that circuit-breaker by the manyfacturer
for the porrespond

g srational wltage, under the conditions specified in 8.3.4. It is
expressed as a vald S bfeaking current, in kA, corresponding to on¢ of the
specifie jmate short-circuit breaking capacity, in accordapce with
table 1, Qund i drest whole number. It may be expressed as a Yo of /g
(for exa 4

Alternat d service short-circuit breaking capacity is equal to the ratgd short-
time wit (se€ 4.3.5.4), it may be stated as that value, in kA, provided thafit is not
less thap the-relfevant minimum value of table 1.

Where ¥Frexeceeds—200—AFor—utiization—eategory—A—{see—4-4)—or—3+000—+-A—For—ulilization

category B, the manufacturer may declare a value /.4 of 50 kA.

Table 1 — Standard ratios between I and I

Utilization category A Utilization category B
% of I, % of I,
25
50
50
75
75
100
100
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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 making
capacity is given in table 2.

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

Short-circuit breaking capacity / Minimum value required for n
Power factor - . .
short - circuit making capacity
kA r.m.s. =
short - circuit-breaking capacity
7
45 <1 <6 0,7 1,5
6 </<10 0,5 1\7
10 </<20 0,3 2,
20 </<50 0,25
50 </ 0,2 2,2
NOTE For values of breaking capacity lower than 4,5 kA, for certailnapp {on ee table 11 for tHe power
factor.
The rat breaker

i valid when the circuit
9 RX.2.

making

is oper
For spefial requirements, the manufacfu 8 a value of rated short-circuit
capacity erify these rated values shall be the

subject pf agreement betwes

4.3.5.4 Rated shorjctime wi

The ratged short-tjre § uit-breaker is the value of short-time W
current assigne sy thé manufacturer under the test conditions g
in 8.3.62.

For a.c.

short-ci gnstant during the short-time delay.
The shqxt-tinre My associated with the rated short-time withstand current shall be
0,05 s, ng as follows:

The ra
table 3

the r.m.s. value of the a.c. component of the pro

0,06-0,1-0,25-0,5-1s

ithstand
pecified

spective

at least

ol 1 e ihle ek ! 4 T T P o 41 ok !
tUU STTUTT=LITTIT WILNS LAl CUTTTITTU STTdall U TTUUT 1TSS UidlT e aPpprupridic vdiuto S

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

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

hown in
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4.4  Utilization categories

The utilization category 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 other
circuit-breakers in series on the load side, under short-circuit conditions (see figure A.3).

Attention is drawn to the differences of the tests applying to the two utilization categories (see
table 9 and 8.3.4, 8.3.5, 8.3.6 and 8.3.8).

Utilization categories are defined in table 4.

Table 4 — Utilization categories

I 4
llltilization category Application with respect to<{e“

Circuit-breakers not specifically intend [ short-

circuit conditions with respect to other sh >ices in

A series on the load side, i.e. with e delay

provided for selectivity under sh erefore

without a short-time withstand/oan rati@ aceording tov4.3.5.4.

Circuit-breakers specifically_i I\esQibt(}?under shoft-circuit

conditions with respect otetHive devices ip series

on the load side, i.e. i i hort-tine delay (which|may be

B e 5. Such

rding to

e short-

he case

e value

NOTE 1 | The power factor or tjr i i given in

table 11 [see 8.3.2.2.4 and 8.

NOTE 2 | Attention is dra
utilization categories A and|B, %

los for

NOTE 3 | A circuitBreaker y ay have an intentional short-time delay prov|ded for
selectivity under cohd S circuit, with a short-time withstand current less than that
according to table 3. testa\incjade test sequence IV (see 8.3.6) at the assigned sHort-time

withstand current. /\

45 (

4.51 trohcircuits

Subclause 4.5 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,
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.
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4.5.2 Air-supply control circuits (pneumatic or electro-pneumatic)

Subclause 4.5.2 of Part 1 applies.

4.6 Auxiliary circuits

Subclause 4.6 of Part 1 applies.

4.7 Releases

4.7.1 Types

1) Shunt release;

2) Ovef-current release:
a) ipstantaneous;

b) definite time delay;
c) inverse time delay:

independent of previous load;

dependent on previous load (for example the

NOTE 1 |The term "overload release" is used to identify ovef-curpeqt re S n against
¢ € z intended
for protection against short circuits (see 2.11).

NOTE 2 |The term "adjustable release" used i
3) Undervoltage release (for opening).
4) Other releases.

4.7.2 Characteristics

1) Shunt release and

- rated con@ir |
— Kind of curren

— tjme’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.
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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 (/).

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 state

d.

Unless otherwise specified

— the operating value of overload releases other than those of the thermal type is

independentof the—ambientairtemperature withimthe timits of =5—Cto A 40<C;

— for feleases of the thermal type, the values stated are for a re erhture of
+30|°C = 2 °C. The manufacturer shall be prepared to state the varigtions in
the ambient air temperature (see 7.2.1.2.4, item b)).

4.7.4 Tripping time setting of over-current releases

1) Defipite time-delay over-current releases
The|time-delay of such releases is independent © ~The tripping time
setting shall be stated as the duration in seconds/of the openi of the circuit-preaker,
if the - he time-
delay is adjustable

2) Invefse time-delay over-current re
The [ti
The by the
man d state,
varigs with current wi er shall
indigate, by suitable
Thege curves shall be he time
setting for a given in
addition for e
NOT garithmic
scalep. rotection,
itis rp ds on the
stand L2-1.

4.8 |

Subclau

The ma

nufacturer shall provide the necessary information.

5 Product information

51 N

Subclau

ature of the information

se 5.1 of Part 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.
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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;

- rated current (/);
- suitability for isolation, if applicable, with the symbol —/HG ;

« indication of the open and closed positions, with O and | respectively, if symbols are
used (see 7.1.5.1 of Part 1).

b) The[following data shall also be marked exiernally on ihe circuit-breaker,~as spekified in
item|a), except that they need not be visible when the circuit-breaker islinstalleg;

* manufacturer's name or trade mark;
» type designation or serial number;

+ |EC 60947-2 if the manufacturer claims compliance with
« (tilization category;

+ rpted operational voltage(s) Ue (see 4.3.1.1 and

pted impulse withstand voltage (Uimp);

bn "d.c."
voltage
voltage

ilization

Part 1);
0 °C.
m b), or

+ rpted insulatign’voltage (U;), if higher than the maximum rated operational voltage;

. ollution degree if other than 3;

« conventional enclosed thermal current (/ie) if different from the rated current;
+ |IP Code, where applicable (see Appendix C of Part 1);
« minimum enclosure size and ventilation data (if any) to which marked ratings apply;

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

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

* r.m.s. sensing, if applicable, according to F.4.1.1.
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d) 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:

- rated control circuit voltage of the closing device (see 7.2.1.2 of Part 1) and rated
frequency for a.c.;

+ rated control circuit voltage of the shunt release (see 7.2.1.4 of Part 1) and/or of the
under-voltage release (or of the no-voltage release) (see 7.2.1.3 of Part 1), and rated
frequency for a.c.;

» rated current of indirect over-current releases;

* number and type of auxiliary contacts and kind of current, rated frequency (if a.c.) and
rated voltages of the auxiliary switches, if different from those of thg maingircuit,

e) Terminal marking

Subclause 7.1.7.4 of Part 1 applies (see also item b) above).

5.3 Instructions for installation, operation and maintenan

Subclause 5.3 of Part 1 applies.

6 Noi
Clause
Pollutio

Unless n under

7 Co

71 C
Subclau by the
following:

Parts o S als which might be exposed to thermal stresses due to glectrical
effects pnd thend gration of which might impair the safety of the equipment shall not be
adversely affected byabnormal 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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711 Withdrawable circuit-breakers

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

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

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

In additlon, the withdrawable mechanism shall be fitted with interlock i rmit the
main coptacts to be closed

— whep the isolating contacts are fully closed, or
— whenp the specified isolating distance is achieved between the i s of the
isolgting contacts (disconnected position).

ensure

When the circuit-breaker is in the disconnected position,
i ertently

that the| specified isolating distances between the jisola
reduced.

71.2 Additional requirements for

For add|tional requirements concerning

Subclause 7.1.6 of Part 1 2

NOTE

The indic
ensured.

flthe tripped positio

hted open pfsitio

bntacts is

7.1.3

Minimur

71.4

There s ed from

the ared

anualjoperating means.

Comp“ﬂnr\n is checked hy the provisions of Q_Q_’)_R_1, item h)_

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

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

Variations in the following do not constitute a construction break:

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

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

c) secondary windings of current transformer operated releases;
d) external operating means, additional to the integral operating means;

e) type|designation and/or purely aesthetic features (e.g. labels).

7.1.6 Additional requirements for circuit-breakers provided azneutralbpole

Subclause 7.1.8 of IEC 60947-1 applies with the following additig

If a pol¢ with an appropriate making and breaking capacity
poles, ifcluding the neutral pole, may operate substantia

ral pole,|then all

7.2 Performance requirements

7.21 Operating conditions
7211 Closing

For a cjrcuit-breaker to be closed saf Iy o) th g current corresponding to |ts rated
short-cifcuit making capa t shoyld be operated with the same spgeed and

e firmness as

For a dircuit-breake an p gsible to
i Chanical

d current

However, manual
closing ses the
C|rcuit-reaker to break safely |rrespect|ve of the speed and firmness with which |t is clsed on
to prospe
capacity can be aSS|gned

7.21.1.2 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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7.21.1.3 Dependent power closing

The power-operated closing mechanism, including intermediate control relays where
necessary, shall be capable of securing the closing of the circuit-breaker in any condition
between no-load and its rated making capacity, when the supply voltage, measured during the
closing operation, remains between the limits of 110 % and 85 % of the rated control supply
voltage, and, when a.c., at the rated frequency.

At 110 % of the rated control supply voltage, the closing operation performed on no-load shall
not cause any damage to the circuit-breaker.

At 85 % of the rated control supply voltage, the closing operation shall be performed when the
current g ' freuit= i i i Tt e limits
allowed|by the operation of its relays or releases and, if a maximum ti for the

closing pperation, in a time not exceeding this maximum time limit.

7.21.1.4 Independent power closing

A circuit-breaker having an independent power closing o i a rated
short-ci i

Means ts, shall

be capa

7.21.1.9p
This typ baker in
any con

When the stored energ d which

indicatep when the sto
MeansJor char ; as well as the closing control components, shall
be capgble of operati supply voltage is between 85 % and 110 % of the

rated cd
It shall s pQSsible e.moving contacts to move from the open position unjess the
charge iCi ] ofy completion of the closing operation.

When the energystarmg mechanism is manually operated, the direction of operation [shall be
indicatef.

This lagt*requirement does not apply to circuit-breakers with an independent manuall closing
operation.

7.21.2 Opening
7.21.21 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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7.21.2.2 Opening by undervoltage releases

Subclau

se 7.2.1.3 of Part 1 applies.

7.2.1.2.3 Opening by shunt releases

Subclau

se 7.2.1.4 of Part 1 applies.

7.21.2.4 Opening by over-current releases

a) Opening under short-circuit conditions

The short-circuit release shall cause tripping of the circuit-breaker with an accuracy of

120 [% of the tripping current value of the current setting for all values pf the qurren

1) |

The
tripp|

release.

e short-circuit current release.
re necessary for over-current co-ordination (see 2.17), the

mation (usually curves) showing

naximum cut-off (let-through) peak current (see 2.5.

rospective current (r.m.s. symmetrical);

2t characteristics (see 2.18) for circuit-breakers g ategory A
pplicable, B for circuit-breakers with instantan€ous o e\note to 8.3.5)

ormity with this information may be ch
ences Il and Il (see 8.3.4 and 8.3.5).

cireuitibregaker with an accuracy of £10 9

nstantaneous or defjnite time-deglay

release shall ca
ing current val

.31.0f\Part 1

hé end of the conventional time the value of current is imm

ripping shall then occur in less than the conventional time later.

It setting

>provide
ction of
and, if
in test

pf circuit-

b of the

b 2.4.37
opening
han the
paker at

ediately

gs the current setting, i.e. with the conventional tripping currént (see

NOTE T

he reference temperature is the ambient air temperature on which the time-current characteri
=~ =

tic 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 2*

*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 man

ufacturer, within a tolerance of 0,3 %/K.

The width of the temperature band shall be at least 10 K on either side of the reference

tempera

7.2.2

7.2.21

ture.

Temperature-rise

Temperature-rise limits

The temperature-rises of the several parts of a circuit-breaker, measured under the conditions

specifie
in accor
values 9

7.2.2.2

The tem
remains|

7.2.2.3

The m3
associa
applical
specifie

7.2.2.4

The co
operatid
temperd
temperg

The req
the disg

test of §.3.3.6.

7.2.2.5

Auxiliar
thermal

-32-5; s made
dance with 8.3.3.6. The temperature-rises of the terminals shall thg limiting
tated in table 7 during the tests made in accordance with 8.3.4;

Ambient air temperature
perature-rise limits given in table 7 are applicable berature
within the limits given in 6.1.1 of Part 1.
Main circuit
in circuit of a circuit-breakeri i b may be
ed with it, shall be capable oRcarryi e i lthe, @S
le, see 4.3.2.1 and 4.3.2.2) e limits
1 in table 7.
Control circuits
opening
also the
hout the
all be verified on a new circuit-breaker. Alternalively, at
e verification may be made during the temperature-rise
ding auxiliary devices, shall be capable of carrying their conyentional
current withodt the temperature-rises exceeding the limits specified in table |7, when
tested i accordance with 8.3.2.5.
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Table 7 — Temperature-rise limits for terminals and accessible parts

T
Description of part * Temperature';rlse limits
— Terminals for external connections 80
— Manual operating means:
metallic 25
non-metallic 35
— Parts intended to be touched but not hand-held:
metallic 40
non-metallic 50
— Parts which need not be touched for normal operation:
metallig
non-mefallic /\ 60
* No value is specified for parts other than those listed but no damage should be cause parts of
insulafing materials.
** The temperature-rise limits specified are not intended to apply to a S mp e, thosé applfcable to
the tefnperature-rise verifications during the appropriate test sequenges spec ie claus 8.
N
7.2.3 Dielectric properties
Subclau
Type te
The verfi equences shall be made in accprdance
with 8.3
Routine
7.2.31
Subclau
7.2.3.2 thstand voltage of the main, auxiliary and control cjrcuits
Power-ff
— dielgctric tests~as type tests for the verification of solid insulation;
— dielgcttic withstand verification, as a criterion of failure, after switching or short-cirg¢uit 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, circuits incorporating solid-state devices shall be

disconnected for the tests.

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 no load, normal load and ov
7.2.4.1 Overload performance

This requirement applies to circuit-breakers of rated current up tg~and\includi

The cirquit-breaker shall be capable of carrying out the nu

Each ogerating cycle consists of a making operation follg

7.2.4.2 Operational performance/€apa

Subclause 7.2.4.2 of Part 1 applies with the follow

The cirduit-breaker shall be capable of inee

conditions specifieg

— for the test of\op
conditions o@’* \

Each operating cyele

ions

current
.3.3.4.

the test

the test

peration

(test of pperation&l pe itholt current), or a making operation followed by a hreaking

operatign (tes

1 AN 2 3 | 4 5
Rated current* Number of operating Number of operating cycles
A cycles per hour ** Without current With current *** Total
In < 10U | P4V o OUU I OUU 1LY UUd
100 </h< 315 120 7 000 1 000 8 000
315 <lp< 630 60 4 000 1 000 5000
630 </p< 2500 20 2 500 500 3 000
2500 <Ip 10 1 500 500 2 000
* 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.
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7.2.5 Ability to make and break under short-circuit conditions

Subclause 7.2.5 of Part 1 applies with the following amplifications:
The rated short-circuit making capacity shall be in accordance with 4.3.5.1 and 4.3.5.3.
The rated short-circuit breaking capacity shall be in accordance with 4.3.5.2.

The rated short-time withstand current shall be in accordance with 4.3.5.4.

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

7.2.6 Vacant
7.2.7

Subclause 7.2.7 of IEC 60947-1 applies and tests shall be madeNp g ith]8.3.3.2,
8.3.3.5,18.3.3.9, 8.3.4.3, 8.3.5.3 and 8.3.7.7, as applicable.

7.2.8 Specific requirements for integrally fused cj

NOTE F
see 7.2.9

e circuit,

An intedrally fused circuit-breaker shat ne rated

ultimate| short-circuit breaking capacity: of test
sequenge V (see 8.3.7).

The cirgquit-breaker shall functi i } ne Ylses to operate, at the occurfence of
over-cufrents not exceedii e S WAl I declared by the manufacturer

For all [over-currents capacity
assignefl to the operate
(in order to prev ) er to be
with loc q Nt S ée 2.14), it shall not be possible to reclose the circuit-
breaker S d or the
lock-out

7.2.9

For the ice, 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 Part 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).
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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

Dielectric properties 8.3.3.2

Operational performance capability 8.3.3.3

Overload performance (where applicable) 8.3.3.4

Short-circuit breaking capacities 8.3.4 and 8.3.5

Short-time withstand current (where applicable) 8.3.6

Performance of integrally fused circuit-breakers 8.3.7
Type tgsts shall be carried out by the manufacturer, in his worksho at y |suitable
laboratgry of his choice.
8.1.3 Routine tests comprise the tests listed in 8.4.
8.2 Compliance with constructional requirements
Subclause 8.2 of Part 1 applies.
8.3 Tlype tests
In ordef to avoid repetition of identical ) able t e various test sequenges, the
general|test conditions have been grodped toget e beginning of this subclaude under
three hgadings:
— test 3.8 Y'to 8.3.2.4);
— test i (8.3.2.5);
— testconditio sts (8.3.2.6).
Wherev e est zonditions refer back to, or are based on, the|general
rules of
Each te 3 s the general test conditions applicable. This requires the use of
cross-referent € h test sequence to be presented in a much simplified form.
Through & term "test" has been used for every test to be made; "verification"
should be intefpreted\as "test for the verification" and has been used where it is intgnded to

verify thie condition~a
may haye.been adversely affected.

he circuit-breaker following an earlier test in a test sequence whereby it

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

— test of dielectric properties (8.3.3.2);

— test of undervoltage releases of 8.3.3.3.2 (item c) and 8.3.3.3.3, to verify the requirements
of 7.2.1.3 of Part 1;

— test of shunt trip releases of 8.3.3.3.2 (item d) and 8.3.3.3.3, to verify the requirements of
7.2.1.4 of Part 1;

— additional tests for operational capability without current for withdrawable circuit-breakers
(8.3.3.3.5).

The applicability of test sequences according to the relationship between I, Iy and Iy is
given inftabte-Sa-

Alphabetical index of tests “

General test conditions

Arrangement of circuit-breakers, general
Arrangement of circuit-breakers for short-circuit tests
Frequenky

Power factor

Records]| (interpretation of)

Recovery voltage

Short-cifcuit test circuits

Short-cifcuit test procedure

Temperature-rise test

Time copstant
Toleranges “

Dielectric properties 8.3.3.2
8.3.3.5-8.3.4.3-8.3.5.8 -
8.3.6.5-8.3.7.3 -8.3.7.7 - 8.3.8.5

Jes >~ Subclause
for overall schenf‘\oft t se ugnges, 8¢ able 9

Dielectric withstand

Individu Annex C
Individu Annex H
Indicatig 8.3.3.9
Integrall 8.3.7.1 - 8.3.7.5 - 8.3.7|6
Operatidf 8.3.3.3-8.3.4.2-8.3.4/4
Overloa 8.3.3.4

8.3.3.7-8.3.44-8.35.]1 -
8.3.56.4 -8.3.6.1 - 8.3.6.6 - 8{3.7.4 —
Q Q

Overloa

8-3-+8—8-3-8+4 3-816

Service short-circuit breaking capacity 8.3.4.1 -8.3.8.3
Short-circuit breaking capacity test at maximum short-time withstand 8.3.6.4
current
Short-time withstand current 8.3.6.2-8.3.8.2
Temperature-rise (verification) 8.3.3.6 - 8.3.4.3-8.3.6.3 -

8.3.7.2-8.3.8.5
Tripping limits and characteristics 8.3.3.1
Ultimate short-circuit breaking capacity 8.3.5.2

Withdrawable circuit-breakers (additional tests) 8.3.3.3.5
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Table 9 — Overall schema of test sequences )

Test sequence

Applicable to

Tests

General performance
characteristics

All circuit-breakers

Tripping limits and characteristics
Dielectric properties
Mechanical operation and operational

(8.3.3) performance capability
Overload performance (where applicable)
Verification of dielectric withstand
Verification of temperature-rise
Verification of overload releases
Verification of main contact position
(where applicable)
I ing
Rated senvice short-circuit capacity
breaking ¢apacity All circuit-breakers 2) Verificatio hd
(8.3.4) Verificati
Verifjcati
m er ility
0T All circuit-breakers 3 of utilization |\/eri¥jcation bhoy
Rated ultimate short-circuit category A and circuit-breakers of(| R3 Itikpate sho hking
breaking ¢apacity utilization category B with
(8.3.5) instantaneous override*
D)
\%
Rated shqgrt-time withstand current | Circuit-br rs of ufiy on
(8.3.6) category 2)
maximum short-time withstand furrent
Verification of dielectric withstahd
(\ Verification of overload releaseg
\% \( \) Short-circuit at the selectivity limit
Performance of integrally fused current
circuit-brgakers e Verification of temperature-rise
(8.3.7) Verification of dielectric withstahd
Q Verification of overload releasef
Infegra circuit-breakers
Short-circuit at take-over currer|t
Short-circuit at rated ultimate short-
Stage 2 circuit braking capacity
Verification of dielectric withstapd
> Verification of overload releasef
Circuit-breakers of utilization Verification of overload releaseg
\ category B: Rated short-time withstand current
when fey, = Icg Rated service short-circuit breaking capacity
Combined test(sequehce (replaces test sequences Il and IV) | verification of dielectric withstahd
(8.3.8) when Iy = Ics = oy Verification of temperature-rise
(replaces test sequences |1 |l \erification-of-overload—releases

and V)

S

Operational performance capability

Individual pole short-circuit test
sequence

(annex C)

Circuit-breakers for use on phase-
earthed systems

Individual pole short-circuit breaking
capacity (/g,)

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 (/1)

Verification of dielectric withstand
Verification of overload releases

* Seenoteto 8.3.5

relationship between /g, I, and I, see table 9a.

2)

3) Except

Except where the combined test sequence is applied.
— where /g = I (but see 8.3.5)

— where the combined test sequence is applied
— for integrally fused circuit-breakers.

For the selection of circuit-breakers for tests and the applicability of the various test sequences according to the
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Table 9a — Applicability of test sequences according to the relationship

between I, I, and I, !

Utilization category
e Ic, @and I, relationship Test sequence A A B B
Integrally Integrally
fused fused
CASE 1 I X X X X
I X X X X
les # Iy, for utilization category A i X X 2)
los 2 Ioy Z[Tow TOT UtiitZation v x4 AR
category H \% X /Q ~
A\ \
CASE 2 | N X
I CONAX S
les = low A Iy for utilization i /] \ \\ \ x2
category H v \ \ \/X
v [~
Combined f\\) / X 3) X 3)
A NP )
N
CASE 3 N x| )% X
I X X X
Ies = Iy fqr utilization category A I& (\ >
Ios = oy #|lcw for utilization /\J{\ \\) \ﬁy‘) X
A N
category B N F\V X
| \
CASE 4 Q NN )
N X
- A4
les = lgy =|lcw for utilizafi \HI
category H \-/IV X
> v
(\ NN Combined X3)
1) Table| appth }& Malue of Ug. For multiple Ug ratings, the table applies to each U} rating.
The applicabi t sequence is indicated by X in the relevant space.
2) Test gpplicable only 1., > low-
3) At theldissroetionoforin-agreementwith-themanufacturer—this-sequence-may-be-applied-tocircuit-breéakers of

utilization category B, in which case it replaces test sequences Il and IV.

4) Tests

equence |V applies only in the case of circuit-breakers covered by note 3 of table 4.

8.3.2
NOTE 1

General test conditions

Test conditions for the verification of switching overvoltages are under consideration.

NOTE 2 Tests according to the requirements of this standard do not preclude the need for additional tests
concerning circuit-breakers incorporated in assemblies, for example tests in accordance with IEC 60439.
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8.3.2.1 General requirements

Unless otherwise agreed by the manufacturer, each test sequence shall be made on a sample
circuit-breaker (or set of samples) in a clean and new condition.

The number of samples to be tested for each test sequence and the test conditions (for
example setting of overload releases, terminal connections), according to the circuit-breaker
parameters, are given in table 10.

Where necessary, additional information is given in the relevant subclauses.

Unless otherwise specified, tests are to be performed on a circuit-breaker having the maximum

rated cufrent for a given frame size and are deemed to cover all rated currents of that frame size.
In the ¢ e size,
further s

Unless Fent) for
all tests

The cirquit- lesign of
the type

Unless he case
of a.c., intended
service.

If the mpechanism is electfica hallNpe” supplied at the minimum voltage as
specifie via the
appropr verified
that the b above
conditio

The cirquit- uivalent
support

Circuit-t

If a circ i in free
air, it sh acturer,
using a|new sample, according to 8.3.5, at Ug max/corresponding /., with release seftings at
maximurn (see note 1 to 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 sides of the
circuit-breaker in accordance with the manufacturer’s instructions. Details, including distances
of the metallic screen from the circuit-breaker, shall be stated in the test report.

The characteristics of the metallic screen shall be as follows:

« structure: woven wire mesh,
or perforated metal,
or expanded metal,

» ratiorhoteareaftotatarea0,45-0765;

« size|of hole: not exceeding 30 mm?;
» finish: bare or conductive plating;

b fusible
point on

« resigtance: shall be included in the calculation for the prospecti
element circuit (see 8.3.4.1.2, item d) of Part 1) when mea
the metallic screen likely to be reached by arc emissiong/

The tightening torques to be applied to the terminal 2 i ecordance with the

manufagturer's instructions or, in the absence of sug IONSNn accordance with table 4
of Part

Maintenance or replacements of parts™

If, for cqnvenience of testing, it appears e the severity of a test (for example to
adopt alhigher frequency of operation i ' shall not
be dong without the consen 3

For single-phase tests o use on
phase-darthed syiem

For additional tes T), see

annex H.
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Table 10 — Number of samples for test

. Tem-
Number of | Terminals | Number Sample| Current erature-
Test marked marked of Nop setting 1) Test voltage | Test current P rise Notes
sequence U, ratings line/load | samples Verification
1 Mul. |Yes| No Min.| Max. Corr. | Max.
I X[X| X X X 1 1 X Ue max See 8.3.3 8)
1 1 X Ue X 8)9)
X X 2
(Ies) 2 X Ue X 2)
and 1 X Ue X X 8)9)
combined [ X X 3 2 X Ue X 2)
3 U A{\ o\ X 3)
1 X Ug max corr )\(\\(/ 8)9)
X x| x 3 2 | x Ue ma@& \> 2)
3 X }Le\m g X 4)
1 X \> 8)9)
2 X X 2)
X X X 4
3 X 6)
4 \ X X 4)
" 1 X X 8)
X X 2
(leu) X e X 2)
1 \ U X 8)
X \(3—\ zik U X 2)
Ue X 3)
\\-/ X | Ug max corr X 8)
X < X} X \/ X Ue max corr X 2)
& X Ue max X 4)
A
\\) 1 X Ue max corr X 8)
2 X Ue max corr X 2)
’\x\ X 4
x 3 X | Ugintermed | X 6)
ININ N 4 X Ugmax | X 4)
IV (Iew) \ \/ As for test sequence Ill 5)
vV \/} 1 X Ue max X 7)8)
XAXS X X 2
(Iew) 2 X Ue max X 2)
Individual
pole 1 X Ue max lsy 8)
(annex C) X | X X X X 2
Usu)
st 2 X Ug max Isy -
Individual
pole
(annex H) [ X | X | X | X | X 1 X U, max hr 8)
(h7)
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Notes for table 10

Mul = multiple; Corr = corresponding; Intermed = intermediate

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

2) This sample is omitted in the following cases:
— a circuit-breaker having a single non-adjustable current setting for a given frame size;
— a circuit-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).

3) Connections reversed.

4)  Conpections reversed if terminals unmarked

5) Applies to category B circuit-breakers and also to category A circuit-breakers covergd by note\3 of tal)le 4.

6) To He agreed between test station and manufacturer.

7) If tefminals unmarked an additional sample shall be tested with connections réverse

8) In tHe case of one or more construction breaks (see 2.1.2 and 7.1.5) withj pmple is

test¢d at the maximum rated current corresponding to each constructi cable to

sample 1.
9) Thelrequirement of note 8) applies only to the combined sequence<\

\\\>
8.3.2.2 Test quantities
8.3.2.2.1 Values of test quantitie

Subclause 8.3.2.2.1 of Part 1 applies.

8.3.2.2.

Subclau

8.3.2.2.

tests, if

All tests €

the rate tially dependent on the value of the frequency, the
tolerang

If the m 1l by the

Table 16 of Part 1 is replaced by table 11 of this standard.
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Table 11 — Values of power factors and time constants corresponding to test currents

Time constant
Power factor ms
Test current /
KA Operational Operational
Short-circuit performance | Overload Short-circuit performance Overload
capability capability
I < 3 0,9 5
3 </ < 45 0,8 5
45<1] < 6 0,7 5
6 <1/ <10 0,5 0,8 0,5 5 2 2,5
10 <1/ <20 0,3 10
20 <[7 <50 0,25 15
50 <[/ 0,2 15
/'\\/
8.3.2.2.% Time constant of the test circuit
Subclause 8.3.4.1.4 of Part 1 applies with the following mod
Table 16 of Part 1 is replaced by table 11 of this standard
8.3.2.2.6 Power-frequency recovery volt
Subclause 8.3.2.2.3, item a) of Part 1 apypliesy
8.3.2.3
The con plicable
to each|sequence.
A circuit-breake pets the
requirements of
The casE
NOTE Hirli terrupting
very high apdoare of g/superficial nature. Consequently, they do not develop through fhe entire
thickness|o d.case af the device.
8.3.2.4
Subclauses8.3.2.4 ofPart 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 Part 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.

Coils of undervoltage releases (if applicable) shall be energized at the maximum rated control

supply voltage.
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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.

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 to the new
requirement of item b).

Subclause 8.3.4.1.1 of Part 1 is amplified as follows:

a) Thelcircuit-breaker shall be mounted in accordance with 8.3.2.1.

Pe is no
26 mm
diameter can be inserted so as to reach the arc charmber a ng test

b) Unlg ss it can be shown that, with the manual operating means

For ppening operations only, a clear, low density polye 3 ,01 mm
thicK, of a size 100 mm x 100 mm, positioned ag C i ( i gsonably

without
ecess for this closing means;

— qr the rim of the recess for the
fpr this closing means.

recess

— (density at 23 °C:
- elting point:

On the side p obviate
tearing of th gt due t9 the pressure wave which may occur during the
shorft-circuit test ¢

ent applies to O operations only, since it is difficult to arrange for CO ¢perations
ations are no less severe than CO operations (see 8.3.2.6.4).

NOTHE 3 In~qrder to\obviate the need for making a new series of short-circuit test sequences|to prove
complliance-wjthNthis sgbclause, it is permitted provisionally, with the agreement of the manufacturey, to verify
this By means of a segarate O operation for each test sequence applicable.

c) Thelci it-hreake hall he aoperated during te o 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.
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d) 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 th

e short-circuit nor later than 10 ms after the initiation of the short-circuit.

e) For all these tests, the line side of the test circuit shall be connected to the corresponding

term

inals 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.

8.3.2.6.2 Test circuit

Subclause 8.3.4.1.2 of Part 1 applies.

8.3.2.6.

Subclause 8.3.4.1.5 of Part 1 applies.

8.3.2.6.

Calibration of the test circuit

Test procedure

After calibration of the test circuit in agcs > .3 ons are

replace

Tests f
sequen(

For circ
having
tables 9

— 50 ¢
- 25¢

The se
specifie

For fou
sampleg
for sequ
circuit s

to the
es in table 9 (see 8.3.1).

length,
A cross-sectio 3.3.3.4,

and 10 of Part
m on the o)
m on the load

be that which is applicable to each test sequegnce, as
6.4 and 8.3.7.6.

if-breakers, an additional sequence of operations on one or more new
ith table 10, shall be made on the fourth pole and its adjacgnt pole,

encéesI™and AV, or IV and V, as applicable, at an applied voltage of Ue/\/g, using the
hown in figure 12 of Part 1. The test current shall be agreed between manufactpirer and

user, b

t oball kb notl than-AA0 0/ £ 1 P | o anahaahkl
CorriadilT vo TVl 1T oo Uidilt U /70 UT Icu Ul ICW, do dypnuvavic.

At the manufacturer's request, these additional tests may be made on the same samples, each
test in the relevant test sequence comprising the appropriate tests:

— on three adjacent phase poles;

— on the fourth pole and the adjacent pole.
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The following symbols are used for defining the sequence of operations:

@) represent

s a breaking operation;

CO represents a making operation followed, after the appropriate opening time, by a
breaking operation:

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

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

by atleast 1

min

The makimum value of /2t (see 2.5.18 of Part 1) during these tests ma

report ($ee 7.2.

NOTE The maximum value of /2t recorded during the tests may not be

prescribedl conditio

8.3.2.6.5 Behaviour of the circuit-breaker during
breaking tests

Subclause 8.3.4.1.7 of Part 1 applies.

8.3.2.6.6 In

Subclause 8.3.4.1.8 of Part 1 applies.

8.3.2.6.7 Verificatio

a) Afte
8.3.4.1, 8.3.
show no hol

NOTE Minute visi

b) Afte
for ¢

1.2.4, item a).

ns. Additional tests are necessary if this maximum value n

terpretation of recora

-cireuit making and breaking capacity
3.8.3, as applicable, the polyethylene sh

5.2, 8.3.6. N1, 83K
@' & with glorm ected vision without additional magnificatio

ble ol

the test

e for the

tests of
et shall
n.

pecified

8.3.3 al performance characteristics
This tes| lies to all circuit-breakers and comprises the following tests:
Test Subclause

Tripping limits and characteristics 8.3.3.1
Diefectric 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)
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One sample shall be tested; the setting of adjustable releases shall be in accordance with

table 10.

8.3.3.1 Test of tripping limits and characteristics

Subclause 8.3.3.2 of Part 1 is amplified as follows:

8.3.3.1.1 General

The ambient air temperature shall be measured as for the temperature-rise tests (see 8.3.2.5).

When the over-current opening release is normally a built-in part of the circuit-breaker, it shall

be verified inside the corresponding circuit-breaker.

complete circuit-breaker shall be mounted in accordance with 8.3.2.1.

test shall be protected against undue external heating or cooling:

igns. The
ept under

The connections of the separate release, if appropriate, or4f t er shall
be madp as for normal service, with conductors of cres ponpding to the rated
current [/,,) (see tables 9 and 10 of 8.3.3.3.4 of Part .3(3.3.4 of
Part 1.

NOTE Fpr tests for which the tripping characte ihals (e.g.
electronid overload releases, magnetic releases), son ctlon data 1 different
from thosf required in 8.3.3.3.4 of IEC 60947- rrent and
induced thermal stresses.

For cird at the
minimum and maximum cu Lirrent /I,
(see 4.1.2).

For circliit-breakers haying“a™re i¢ation of
this ovelload relsh 7

The tes{s may be m

8.3.3.1. c er short-circuit conditions

The opgratioq Qf & quit releases (see 4.7.1) shall be verified at 80 % and 120 % of the
short-ci < gof the release. The test current shall have no asymmetry.

At a test cutrent h
shall nof operate, the current being maintained

g a value equal to 80 % of the short-circuit current setting, the|release

— for 0,2 s in the case of instantaneous releases;

— 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;

— 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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The operation of multipole short-circuit releases shall be verified by loading two poles in series
with the test current, using all possible combinations of poles having a short-circuit release.

In addition, the operation of short-circuit releases shall be verified on each phase pole

individually, at the value of the tripping current declared by the manufacturer for a single pole,

at which value they shall operate:

— within 0,2 s in the case of instantaneous releases;

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

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

8.3.3.1.3 Opening under overload conditions

a) Instantaneous or definite time-delay releases
The Joperation of instantaneous or definite time-delay overload rele pf 4.7.1)
shall be verified at 90 % and 110 % of the overload setting 3€. current
shall have no asymmetry. The operation of multipole ovgrload fied with
all phase poles loaded simultaneously with the test cu
Defipite time-delay releases shall, in addition, cory Jui .1.4.
At a|test current having a value equal to 90 hall not
operate, the current being maintaing
-
— f I, in the

q
At a o\of the current setting, the release shall
operate
- ithin an jritegvalof tim k0 twicethe time-delay stated by the manufacturgr, in the
ase of de e thre- e

For [circuit-bregke ihg dentified neutral pole provided with an overload|release
(seg] 8.3.3.1.14, th s nt for/this release shall have a value equal to 1,2 timep 110 %
of t

b) Inve
The 2 sristics of inverse time-delay overload releases shall be vdrified in
accd wWih thesperformance requirements of 7.2.1.2.4, item b), 2).
For s having an identified neutral pole provided with an overload|release
(seel 843.371.1), tHe test currents for this release shall be those given in table 6 exgept that
the rren h nventional trippin rrent shall multipli he f ri,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.

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 releases declared by the manufacturer to be independent of ambient air temperature,
the operating characteristic shall be verified by two measurements, one at 30 °C £ 2 °C, the
other at 20 °C + 2 °C or at 40 °C £ 2 °C, the release being energized on all phase poles.
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An additional test, at a current value to be agreed between manufacturer and user, shall be
made to verify that the time/current characteristics of the release conform (within the stated
tolerances) to the curves provided by the manufacturer.

NOTE In addition to the tests in this subclause, the releases of circuit-breakers are also verified on each pole
singly, during test sequences Ill, IV and V (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
and 8.3.8.6).

8.3.3.1.4 Additional test for definite time-delay releases

a) Time-delay

This test is made at a current equal to 1.5 times the current setting:

— iptheeaseofoveroadreleases—wi

— fpr circuit-breakers having an identified neutral pole provided wij ad|release
(see 8.3.3.1.1), the test current for this release shall be 1,5 time fting;

— ip the case of short-circuit releases, with two poles in serie j burrent,
ysing successively all possible combinations of poles haying~a & i se.

The time-delay measured, shall be between the limits state
b) Nonttripping duration

This| test is made under the same conditions ag for th for both
overjoad and short-circuit releases:

Firsfly, the test current equal to i ttingy is maintained foq a time
intenval equal to the non-tripping i { nufacturer; then, the clirrent is
reduced to the rated current and maintained\at thi e for/twice the time-delay stated by
the manufacturer. The circuit-breake all hottri

8.3.3.2 Test of dielectrij

Subclause 8.3.3.4.1 of |EC ies DNS:

(i) with reference_to 8.3.9" tions of
opgration in@

(ii) with reference’ig 3 tandard
cirduits incorpora i devices connected to the main circuit shall be
dis ;

(iii) cirqui voltage
the main circuit, the line terminals being connected fogether

s _being connected together. The test voltage shall be in accprdance

(iv) for suitable for isolation (see 3.5) and having an operational| voltage
grepter,‘\than 50/, the leakage current, measured through each pole with the conptacts in
the|open position, at a test voltage of 1,1 Ug, shall not exceed 0,5 mA. T

8.3.3.3 Tests of mechanical operation and of operational performance capability
8.3.3.3.1 General test conditions
The circuit-breaker shall be mounted in accordance with 8.3.2.1 except that, for the purpose of

these tests, the circuit-breaker may be mounted on a metal frame. The circuit-breaker shall be
protected against undue external heating or cooling.
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The tests shall be made at the ambient temperature of the test room.

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

All 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 cgse of maintainable circuit-breakers, if it is desired to carry o rations
greater |than that specified in table 8, these additional operations t first,
followed by maintenance in accordance with the manufacturer, strycti h by the
number| of operations in accordance with table 8, withouf aw i e being
permittgd during the remainder of this test sequence.
NOTE Fpr convenience of testing it is permissible to subdivide ea . No such
period sheuld, however, be less than 3 h.
8.3.3.3.2 Construction and mecha
a) Construction
A wi
A cjrcuit-breaker with 4 ) i 9 ce with
7.2.1.1.5, regarding the i energy
storing.
b) Mechanical opgrati
Tests shall b@d
-t S zed;
-t ation is
ihi
-t baker is
g ger the
d
The ons.
A cifcdit-breaker with dependent power operation shall comply with the requirements stated
in72113
A circuit-breaker with dependent power operation shall operate with the operating
mechanism charged to the minimum and maximum limits stated by the manufacturer.

A circuit-breaker with stored energy operation shall comply with the requirements stated
in 7.2.1.1.5 with the auxiliary supply voltage at 85 % and 110 % of the rated control supply
voltage. It shall also be verified that the moving contacts cannot be moved from the open
position when the operating mechanism is charged to slightly below the full charge as

evid

enced by the indicating device.

For a trip-free circuit-breaker it shall not be possible to maintain the contacts in the
touching or closed position when the tripping release is in the position to trip the circuit-
breaker.
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If the closing and opening times of a circuit-breaker are stated by the manufacturer, such
times shall comply with the stated values.

Undervoltage releases

Undervoltage releases shall comply with the requirements of 7.2.1.3 of Part 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 0 V in
appr, yim:fnly 30 s

The |test for the lower limit is made without current in the main circyi brevious
heating of the release coil.

In th igs to the
maxjmum voltage of the range.

The S hding to
the apphcatlon of rated control supply voltage to the release ( he main
polep i test of
8.3.3.6.

In tHe case of a release with a range of ratedct i is made at
both|the minimum and maximum rate

ii) Test for limits of operation

Starting with the circuit-breaker openr t , with the
suply voltage at 30 % rated maxi S , ified [that the
circyit-breaker cannot b voltage
is rjlsed to 85 % of thé circuit-
bregker can be closed b .

i) H ]

With the cir ¢ oGt current in the main circuit, it shall be| verified
that |the undervalt Iea will withstand the application of 110 % rated contrgl supply
voltgge for 4 h v Iring ctions.

Shu

Shu with the requirements of 7.2.1.4 of Part 1. For this purpose,
the € be-f a circuit-breaker having the maximum rated current for which
the i i

It shall b ifi hat the release will operate to open the circuit-breaker at 70 [% rated
contfol supp voltge when tested at an ambient temperature of +55 °C + 2 °C| without
currgnt’in-the maih poles of the circuit-breaker. In the case of a release having a fange of
rated_control supply voltages, the test voltage shall be 70 % of the minimum rated control

supply voltage.

8.3.3.3.3 Operational performance capability without current

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

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

For circuit-breakers which can be fitted with shunt releases, 10 % of the total number of
operating cycles shall be closing/tripping operations, with the shunt release energized at
maximum rated control supply voltage.
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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 tes}s shall be made on a circuit-breaker with its own closing mechahism. case of
circuit-breakers fitted with electrical or pneumatic closing devices, the i be sup-
plied at|their rated control supply voltage or at their rated pressure. e taken
to ensufe that the temperature-rises of the electrical component e limits
indicatef in table 7.

In the c@se of manually operated circuit-breakers, they shalf’be qp se
8.3.3.3.

The cirg the test
circuit b

The opsg lumns 2
and 4 of

The cirg . 6 aximum
rated of SSi stant as
applical] i G .

Tests on a.c. rat@ ' Hz.
For circ ¢ adjustable releases, the tests shall be made with the ¢verload
setting at maxjqurq and tk wort-tir€uit setting at minimum.

The tes on avcircuit-breaker with its own closing mechanism. In the|case of
circuit-b itteth with\ electrical or pneumatic closing devices, these devices $hall be
supplied i trol supply voltage or at their rated pressure. Precautions shall be
taken t@ ensire~that the temperature rises of the electrical components do not exgeed the
values ipdicated in table 7.

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

8.3.3.3.5 Additional test of operational performance capability without current
for withdrawable circuit-breakers

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

The number of operating cycles shall be 100.
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After this test, the isolating contacts, withdrawal mechanism and interlocks shall be suitable for
further service. This shall be verified by inspection.

8.3.3.4

This tes

NOTE 1

Overload performance

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

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 circ

uit in accordance with 8.3.3.5.2 of Part 1.

The tesf shall be made at the maximum operational voltage Ug max assigned by the mand

to the ci

For circpit-
at maximum.

The cirquit-breaker shall be opened nine times manually

action g
maximu

NOTE 2
test may
- 12 ma

— three

sufficiern

The nur
circuit-b
that the

If test ¢
table 8,

at the pf

being in

NOTE W
specified.

rcuit-breaker.

f an overload release, except for circuit-break

ith the\agreemept of the manufacturer the test may be made under more severe condit}

facturer

es set

y by the
se of a
pmatic.

ation, the

r a time

8. If the
ently so

jiven in

ble 12,
rances

ons than

Table 12 — Test circuit characteristics for overload performance

a.c. d.c.
Current 61, 2,51,
Recovery voltage 1,05 Ug max 1,05 Ug max
Ue max = maximum operational voltage of the circuit-breaker.

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

The test shall be made in accordance with 8.3.3.4.1, item 4), of IEC 60947-1. The use of the
metal foil specified in 8.3.3.4.1 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, except that the leakage current shall not exceed 2 mA.

8.3.3.6 Verification of temperature-rise

Followirlg the test according to 8.3.3.5, a temperature-rise tes$ at the
conventjonal thermal current according to 8.3.2.5. At the end\o lues of
temperdture-rise shall not exceed those specified in table 7.

8.3.3.7 Verification of overload releases

Immediately following the test according to 8.3.3.6,/ th i fs shall
be verifled at 1,45 times the value of their curr setth & re (see
7.2.1.2.4, item b), 2)).

For this , i H , this test may be madle using
a 3-phage supply.

This test may be made at @

The opgrating time sh

NOTE 1 |With the ur.
NOTE 2 |The test may, Alte rected in
accordange with the maqv fure.
8.3.3.8

Circuit-h 3.3.3.2,
item c), ature of
the test o of the
minimur | 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 part 1.
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8.3.4

Test sequence Il: Rated service short-circuit breaking capacity

Except when the combined test sequence applies (see 8.3.8), this test sequence applies to all

circuit-b

reakers 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
Dielectric withstand 8.3.4.3
Verification of temperature-rise 8.3.4.4
Verification of overload releases 8.3.4.5

For the

The nu

accordance with table 10.

8.3.4.1

A short-
current

The pov
The seq
In the ¢
operatig

8.3.4.2

Case where I = I, see 8.3.5.

mber of samples to be tested and the setting of ad

any blown fuse shall be replaced aff
extended for this purpose.

ses\shall be in

spective

ent.

er each

Followir 3 the operational capability shall be vefified in
accordance 33.3.3.%4 sept that this verification shall be made at the sanle rated
operatig e test of 8.3.4.1, and that the number of operations |shall be
5 % of tpe n Iy colimn 4 of table 8.

This ve not'be made where, for a given frame size, the test of 8.3.4.1 hjas been
made O it<breaker of minimum /, or at the minimum overload release setting as
specifiefl.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.
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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 /,, 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 fmaccordance with 83377

NOTE W

8.3.5

Except
circuit-b
a rated
current.

NOTE F
current irl excess of those stated in col
"instantar]leous override".

ith the manufacturer's consent, a time interval between the tests of 8.3.4.4

umn

For circpit-breakers of utilization categonaB haying

to their|rated ultimate short-circuit br

since, in this case, the ulti
sequenge V.

For integrally fused cirg

Where ks = lcu,
shall be|additionally 4

e end of the test sequence.

. \the” iristahta
3.5.4)-thi

ort-time withstand curre
test sequence need not b

neodys release operates at

the béginning of the test sequence

=

plies to
8 having
ithstand

values of

pe of>release may be referfred to as

ht equal
b made,
out test

ications

This tes| mprises the following tests
\ Test Subclause
Verification of overload releases 8.3.5.1
Ratad IFH + I~ ' H H S lei HS o 2 L 9
Ratedwitimate—shert-ciretit-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.
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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

FoIIowmg the test accordlng to 8.3.5. 1 a short CIrCUIt breaklng capaC|ty test |s made with a
value of—prospec C e f oAacity as

The sequence of operations shall be:
O-t-CO
8.3.5.3 Verification of dielectric withstand

that the circuittbreaker
equal to twice the
.B.3.2.

Followirlg the test according to 8.3.5.2, tests shall b& made\to’y
shall bg capable, without maintenance, of W|thta ding a\Vvoltage
corresponding rated operational voltage Ue, with

For circpit- pordance

with 8.3

8.3.5.4 Verification of o
Followirlg the test accordiny to 8.3.5. i rified in

accordance with 8.3.5 of their
current setting.

The opgrating time gha REG rmaximum value stated by the manufacturer for twice
the valug of the ¢ 3 i

8.3.6

plies to
ered by

Except

note 3 df table

it coxnprises the following tests.

Test Subclause
Verification of overload 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
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Where integrally fused circuit-breakers are of utilization category 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 Part 1 applies with the following addition:

For the| purpose of this test only, any over-current release, aneous
overridg, if any, likely to operate during the test, shall be rendered ing

8.3.6.3 Verification of temperature-rise

Followirlg the test according to 8.3.6.2, the temperat | S shall be
verified faccording to 8.3.2.5. The temperature-rise sha alue given in table 7.
With the manufacturer's agreement the yerificatit de after
the verification of the dielectric withsta where,
for a giyen frame size, the test of 8.3.6) m I, or
at the minimum overload release setting,

8.3.6.4

Followir] ing to 8.3.6° >ei=eircuit test shall be made with the fpllowing
sequend jons

under tH N with a value of prospective current equal to that of the
short-tin he rated
short-tin

The cir aximum
availablg ti i the short- t|me delay short- cwcwt release and the instantaneous
override}, i S e 2.10),
this reqpirement does not apply to the CO operatlon if the prospective current excgeds the
pre-detgrmined value, since it will then operate.

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

according to 8.3.5.1.
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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 —837.6
Verification of dielectric withstand /( 8.%7\
Verification of overload releases N (&8\7.8

N

This tesft sequence is divided into two stages:

— Stade 1 comprises the tests according to 8.3.7.1 to0 8.3.Z.3;
— Stade 2 comprises the tests according to 8.3.7.4 to 8

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

— on the same circuit-breaker, witho
8.3.7.3 may be omitted.

rding to

The tes{ according to 8.3.

Tests according to 8. 1/ 8.3 ) /.6 shall be made at the maximum opegrational
voltage pf the ci@
The nu edand the setting of adjustable releases shdll be in

8.3.7.1

A short{Ci
current

spective

1).

For the purpose of this test the 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.
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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 accordlng to 8.3. 7 4 a short- C|rCU|t test is made under the same general

conditiof 1ke-over
current feclared 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 o o of the fuses
shall haye blown.

8.3.7.6

Followin
conditio

general
Ft-circuit

For the

The seq

a furthefl xtended

for that

8.3.7.7

Followin ielectric

withstan

8.3.7.8

Followirlg{he“test actording to 8.3.7.7, the operation of overload releases shall be varified in
accord i i i 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 Combined test sequence

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

a) when the rated short-time withstand current and the rated service short-circuit breaking
capacity have the same value (/o = Icg); in this case it replaces test sequences Il and 1V;
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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 (Ioy = Ics = lcu);
in this case it replaces test sequences I, IlIl 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 <6/>(
* For circuit-breakers falling into the case of item b) above, th 0 th \\/
rated ultimate short-circuit breaking capacity.
The number of samples to be tested and the setting of adjustébl e\sha be in accprdance
with table 10.

8.3.8.1 Verification of overload releases

The opsg

8.3.8.2

Followir]
current pccording to 8.3.6,

ithstand

8.3.8.3 Test of rated’s

Followirlg the te rdi .3
breaking capacity aCgOrding to 8

withstard current. S
the maxii

rt-circuit
ort-time
hding to

During lhls test the > 3 i , i current
release 2

8.3.8.4 of operational capability

Followirlgidhe test accordlng to 8.3.8.3, the operational capability shall be vefified in

n A

accordance-with8-3-

8.3.8.5 Verification of dielectric withstand

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

8.4 Routine tests

For the definition of routine tests, see 2.6.2 and 8.1.3 of part 1.

The follpwing tests apply:

— mechanical operation (8.4.1);
— verifjcation of the calibration of over
— verifjcation of the operation of unde
— add1

— dielqgctric tests (see note) (8.4.5);

— verifjcation of clearance

NOTE |If| by the control of mat 2 Q i e prties has
been proyen, these tests ma £ 3 i 6 plan (see
IEC 60410).

Howevelr, opera@)
take thg place of the

operatigns is not |

st may
mber of

4,4 shall be made with the releases fitted to the circuitibreaker
nt simulating the behaviour of the circuit-breaker.

The tes
or to an

In the @ g of 8.4.1, 8.4.2, 8.4.3, 8.4.5 and 8.4.6, the term "circuit-bfeakers"
covers C

8.4.1 L|Mechanical operation 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 part 1.
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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

8.4.2.1

Verification of the calibration of overcurrent releases

Inverse time-delay releases

The ver
the cur
provide

This ve
differen

8.4.2.2

The ver
the non
or 8.3.3

The tes
combing
with the

One m¢
starting
shall oc

8.4.3

test current.

from a value

fication of the calibration of inverse time-delay releases shall be
ent setting to check that the tripping time conforms (within
by the manufacturer.

ification may be made at any convenient temperature,
ce from the reference temperature (see 4.7.3).

thod of deter

Cur betw@h

a mlllltiple of
tHe curve

for any

Il check
.3.3.1.2

bossible
ividually

current,
Tripping

control

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.


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003 - 123 -

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 part 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 ¢ ) , to two
resef-trip operations, tripping by the manual operation of the test he CBR
supplied at the lowest rated operational voltage.

b) Verification of the calibration of the residual current tripping déw

Using an alternating sinusoidal residual current, it shall b
the CBR does not trip with a residual current of 0,5 i A ately, at
the minimum setting of I, if adjustable;

the CBR trips with a residual current of /a, hinimum
getting of /an, if adjustable.

8.4.5 Dielectric tests

The test conditions shall be in accord ept that

the use |of metal foil is not required. The

— with|the circuit-breakex in “t{ ' i etween each pair of terminals which are
elecfrically connecte f i

— for gircuit-breake i X i lectyonic circuits connected to the main poles, with
the gircuit-b Q—» in { ition (s), and

between each pol& a

with the
ition, between each pole and the adjacent pole(s), and

— for dgi
circu

betw e frame, if applicable, either on the incoming side off on the
outgpi he position of the electronic components.

Alte i ssQnnection of electronic circuits connected to the main poles is pgrmitted,
in whick 8 " th gt voltage shall be applied with the circuit-breaker in thg closed
posi een each pole and the adjacent pole(s), and between each pole jand the
fram

The method of test shall be as in a), b) or c) below at the manufacturers discrefion:

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
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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 Us max, with a minimum of 1000V r.m.s,,

applied for not less than 1 s. The overcurrent relay shall not trip.

b) A single power frequency test |n accordance with item a) 2) above at a test voltage such

that the—pea d cratW BERE
the following: 30 % of Uimp » 2 UI , 2 Ue max or1 000 V r.m.s.

c) An ipsulation resistance test at 500 V d.c.. The insulation resistapce

1 MQ at any point.

If dielegtric properties are tested according to a sampling pl
to 8.4, 3 power frequency withstand test shall be made acevrding
subclaupe, but with a test voltage in accordance with table 9

8.4.6 Test for the verification of clearances less

Subclause 8.3.3.4.3 of IEC 60947-1 &pplies
test shall be a routine test.

NOTE Tpe case of clearances greater than orf equal_to case A
of 8.4.5.

values of

of this

ard this

the tests
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Operating means ")

A/\

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

Metal plate IEC 1§78/01

Case of circuit-breaker with a closing handle

Case of ¢

Dimensio

1) The of ingm includeg any extension which is normally fitted for the closing operation.

2) Thep igld is to prevent emissions from areas other than those of the handle or pysh-button

from reac
3) The rigid’shield and

4) Made lof any suitable rigid material to obviate fnnring of the pr\lynfhylnnn sheet

ethyhene sheet (not required for tests in individual enclosures).

ve front of the metallic screen may be combined into one single conductive metal|plate.

hing the-pe

Figure 1 — Test arrangement (connecting cables not shown) for short-circuit tests
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A1 |

Annex A
(normative)

Coordination under short-circuit conditions between

a circuit-breaker and another short-circuit protective device
associated in the same circuit

ntroduction

To ens
another
necessd
as an ag

NOTE A

The SC
breaker

devices
devices

(C») (see figures A.2to A.5.)

recom
recom

C1 is frequently connected in
power distribution adopted

Cq anr:} may be insuffici
mounte

number

For suc

in locatj
of circui

desk st

is decision, and also on the type of information w

ire coordination under short-circuit conditions between a (€4) and
short-circuit protective device (SCPD) associated with it i ireyit, it is
ry to consider the characteristics of each of the two devices\as it bghaviour
sociation.

h SCPD may incorporate additional protective means, for examp

PD may consist of a fuse (or a set of fuses) 6f another circuit-

sociated
ese two

iple. It is

ks it is

ethod of
pacity of
may be
plying a

sis of a

evel of coordination may best be achieved. This annex is

hich the

y for the

"coordination” includes consideration of discrimination (an 2523 of Pant 1 and

also 2.17.2 and 2.17.3) as well as consideration of back-up protection (see 2.5.24 of Part 1).

Consideration of discrimination can in general be carried out by desk study (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 (/.,), or to the rated service short-circuit breaking capacity (/cs),
according to the desired criterion.
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A.2 Scope and object

This annex gives guidance on and requirements for the coordination of circuit-breakers with
other SCPDs associated in the same circuit, as regards discrimination as well as back-up
protection.

The object of this annex is to state:

— the general requirements for the coordination of a circuit-breaker with another SCPD;

— the methods and the tests (if deemed necessary) intended to verify that the conditions for
coordination have been met.

A3 feneral requirements for the coordination of a circuit-breaker
ith another SCPD

A.3.1 General considerations

Ideally, [the coordination should be such that a circuit-br i e at all
values (g i ck)-

NOTE If|the value of the prospective fault current at the point 46f in T imjate short-
circuit brgaking capacity of C4, it may be assumed that the SC i i e_Ccircuit. fe i i bther than

those of Hack-up protection.

In practice, the following consideratio

a) if thpe value of the selectivity limit risk of
unngcessary loss of discrimination.

b) if the value of the prgs ive at the point of installation exceeds the rated
ultimate short-circuit breaki that the
behaviour of Cq is e ' 17.6), if
any,|complies with the

WheneVer possi located

on the Ipad side, it ig gdrranged

as to minimi i

NOTE In e.

A.3.2

For the e rated

ultimate)

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, C4 shall comply with the requirements of 7.2.5 of Part 1, and the association shall
comply with the requirements of 7.2.1.2.4, item a).
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A.4 Type and characteristics of the associated SCPD

On request, the manufacturer of the circuit-breaker shall provide information on the type and
the characteristics of the SCPD to be used with C4, and on the maximum prospective short-
circuit current for which the association is suitable at the stated operational voltage.

Details of the SCPD used for any tests made in accordance with this annex, i.e. manufacturer's
name, type designation, rated voltage, rated current and short-circuit breaking capacity, shall
be given in the test report.

The maximum conditional short-circuit current (see 2.5.29 of Part 1) shall not exceed the rated
ultimate_shaort-circuit breaking capacity of the SCPD

If the agsociated SCPD is a circuit-breaker, it shall meet the requireménts i dard, or
any other relevant standard.

If the agdsociated SCPD is a fuse, it shall be in accordance with £ hdard.

A.5 Verification of discrimination

Discrim{nation can normally be con3|dered by dg i.e. isoh of the
operatin 9 sociated
SCPD ig

The ma ning the
relevant individual
associafi

In certa

- whe i igniti Co is not provided with an intentional time-delay;
— whe

To obtgi gker, an
intentional shox{-ti

Discrimination yrtial™(see figure A.4) or total up to the rated short-circuit breaking
capacity For total discrimination, the non-tripping characteristic q¢f Co or
the pre-arci aractertsfic of the fuse shall lie above the tripping (break-time) chargcteristic

of C1.

TWO i”u-.hu-.{—innn aftotal diceriminatian ~ArA AN 1n fin e~ A D and A 2
StotrfoT S OOt GrSCr ot oo C—grve T igur Co 7w z=ant 7o

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 C1 and the associated SCPD for all settings of C¢ and, if applicable, for all
settings of C».
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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 C1 and of the associated
SCPD, special attention being paid to the following:

— the Joule integral value of Cq at its /., and that of the SCPD at the¢ prospectivg current
gf association;
— the effects on C¢ (e.g. by arc energy, by maximum peak curyént ) at the
peak operating current of the SCPD.
The | suitability of the association may be evaluated by ! maximym total
operating /2t characteristic of the SCPD, over the range fr sk i breaking
capgcity I, (or Isg) of Cq up to the prospective short-ciréuj but not
excdeding the maximum let-through /2t of Cq at it S sircui gaking capacity or
othef lower limiting value stated by the manufacturgr.
NOTE W edupto/  of C,
A.6.3
If Cqis es, the operating characterist|cs shall
be thos¢ corresponding to t
If Cq¢ tan be fitted pwith\ i ( releases, the operating
charactgristics to be u '
If the a opening
releaseg to the
maximu
If the ag w set of
fuses, ejvg
Where agpplicable; the corhecting cables shall be included as specified in 8.3.2.6.4 excppt that,
if the agsociated~SCPD is a circuit-breaker (C5), the full length of cable (75 cm) associdted with
this circpit‘breaker nvay be on the supply side (see figure A.6).

Each test shall consist of a O—t—CO sequence of operations made in accordance with 8.3.5 of
this standard, whether at I, or I, the CO operation being made on Cj.

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 Part 1).

A further test shall be made at a value of prospective current equal to the rated short-circuit
breaking capacity /., (or I.g) of C4, for which test a new sample C4 may be used, and also, if
the associated SCPD is a circuit-breaker, a new sample C».
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During each operation

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

— either both C1 and C, shall trip at both test currents, no further tests then being

r
This

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

— or Cq 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.

This requires that the contacts of C, 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 interruption of supply, if any, shall be recorded during these

testq.

This| requires that the contacts of C, separate momentarj

A.6.4

Subclau
Followin

In addit
operatig

r C4 shall trip at the lower test current, and both C4 and C, sh
urrent.

N the case of a multi-phase circuit either, all blow, or one fy

low and C1 shall trip.
Results to be obtained

se 8.3.4.1.7 of Part 1 applies.

g the tests, Cq

on, if the“assogiated 'SP
n or othex apprdpriate wyea

igher test

current.
rrent at
d. The

se shall

manual
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/

Prospective short-circuit current

Rated ultimate short-circuit breaking
capacity (4.3.5.2.1)

Selectivity limit current (2.17.4)
Take-over current (2.17.6)
Pre-arcing characteristic of the fuse
Operating characteristic of the fuse

Operating characteristic of the circuit-
breaker, non-current-limiting (N)
(break-time/current and /2t /current)

t

IEC 1579/01

wer limit;
jimits.

2t shown

Figure A.1 — Over-current coordination between a circuit-breaker and a fuse
or back-up protection by a fuse: operating characteristics
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/
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Discrimination in this area must
be verified by test

(sec)

o
_/x_/x_

STD

7R

1

2

/

= Current-limiting circuit-breaker (L)
(break-time characteristic)

= Non-current-limiting circuit breaker (N)

(tripping characteristic)

Figure A.2

Value

IEC 1580/01

& not"skewn:

»
>

o circuit-breakers

Figure A.3

/

IEC 1581/01
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) A )L . ﬁl J(
(sec) CaiL (sec) caiN
(o] N C N
C, 1\ C, 1\
C1 C1
\ 1 ]
1 \ Ly | ) >>
IB /cu Icu ! Icu M !
(C,) (C, +Cy) (O A4S, +Cy)
A
Al ) )
" \ Czil' Czj(”
] \
] \\ N
C
! ) )
\‘ C1
\ 1
\\ Q \\ |
/
| 1
\ 1
| 1
| !
1 1
| 1
1 1
! » | i ! >
! /cu ! IB Icu lcu /
1) (G4 +Cy) (C,y) (C, HCy)
IEC 1582/01 EC 1583/01

t-Wmiting circuit-breaker (N)

C,, C, = Non current-limiting ¢

,, = 'Current-limiting circuit breaker (L)

ircuit-breaker (N

NOTE 1

NOTE 2 /g, (Cq + Cy) < Iy (Cp)

lB = Take-over current

Where applicable, restoration of supply by C, occurs.

NOTE 3 For values of | > I, the curve is that of the association (shown in bold) for which data must be obtained

by tests.

Figure A.4

Figure A.5

Back-up protection by a circuit-breaker — Operating characteristics
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s
1 N
S = Suppl
ON upply
Ur1, Ur2, Ur3 = Voltage sensors
Ur4, Urb, Ur6
V = Voltage measuring device
R1 1) A = Closing device
R; = Adjustable resistor
N = Neutral of supply (or artificial neutral)
F
L .
1) 3) E L = Adjustable reactors
7 4
C_ ! LJ R, = Fault cufrent limiing reslistor
B
11,12, 13
Ur1 Ur2 Ur3 —J ] R,

SCPD

>
1
D
D
_ |}
| ®

iht only
)
.1.2, item b) of Part 1)
SCPD

C

C

of 3 fuses

phase of

| 1 W,
1 \ ! \ s.cm gf cable rated for
i | T LN
| | | Circuit-breaker C, or se
! I ] = @ircuit-breaker under te$t
1 [ L,
] | 1 1
1 X X :
Ur4 l x H urs I |ure X i l
1 1 |
L -J'-—- b———t—4— &
Ci | B L B
- -
( ! <§ /""E&/\ '
IEC 1584/01
NOTE 1 R, mMay be located either on the high voltage side or on the low voltage gide of the
supply cir being located on the low voltage side.
NOTE 2 ernatively, be connected between phase and neutral.
NOTE 3 [In thé case™ef deyices intended for use in a phase-earthed network, F shall be connected to ong
the supply.
NOTE 4 "mthe USAandCanada (See note 10 4-3. - 1) F shaltbe 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.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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Annex B
(normative)

Circuit-breakers incorporating residual current protection

INTRODUCTION

ial rren r r iv ms. h Vi r
conjunction with or as an integral part of a circuit-breaker to achieve a two{fold g

— providing protection of installations against overloads and short-cjrsi

— provjding protection of persons against indirect contact, i.e. h ; ground
potential due to defective insulation.

Residudl current devices may also provide additional prot y ; hazards
which nay develop as a result of an earth fault of a lasting na - bcted by
the over-current protective device.

used as

Residudl current devices having a rated residual
i relevant

a means for additional protection against d
protectiye means.

The requirements for the installation of s 60364.

This an 8-1 and
IEC 61009-1.

B.1 §

This an providing residual current protection (CBRs). I} covers
the requ ancdarrently perform residual current detection, compare such
measur e and cause the protected circuit to be switched off when this

value is

This anpex™a

— circyit-bfeakers.agtording to this standard which incorporate the residual current [function
as an integrated feature (hereinafter called integral CBRs);

— 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.

The residual current function of CBRs covered by this annex may or may not be functionally
dependent on line voltage. CBRs depending on an alternative supply source are not covered by
this annex.

This annex does not apply to equipment where the current sensing means (except the neutral
current sensing means) or the processing device are mounted separately from the circuit-
breaker.

The requirements for such devices are given in annex M.

The objgct of this annex is to state:

a) the sgpecific features of the residual current function;

b) the gpecific requirements which shall be complied with by the CBR
— ynder normal circuit conditions;
— Under abnormal circuit conditions, whether of a residual

c) the lests which shall be performed to verify compli above,

together with the appropriate test procedures;
d) the felevant product information.

B.2 Definitions

As a complement to clause 2 of this stand
from) thppse of IEC 60755, 2

@ )g definitions, taken from (or| derived

B.2.1 Definitions relating s swing/from live parts to earth

B.2.1.1
earth fault curre
current flowing to e

B.2.1.2
earth lelakage
current fflowing i rts of the installation to earth in the absence of an irlsulation
fault

B.2.2 fic elating 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 (/p)

vectorial sum of the currents flowing in the main circuit of the CBR, expressed as an r.m.s.
value

B.2.2.4
residual operating current
value of the residual current which causes the CBR to operate under specified conditions

B.2.2.5

residual non-operating current
value of the residual current at which (and below which) the CBR does not operate under
specifiefl conditions

B.2.3 Definitions relating to the operation and the functions ¢ BR

B.2.3.1
circuit-breaker incorporating residual current protection (C
circuit-breaker (see 2.1) designed to cause the opening
current pttains a given value under specified conditions

when the [residual

B.2.3.2
CBR functionally independent of line yoltage
CBR for which the functions of d '

interrup

bans of

B.2.3.3

CBR functionally depend
CBR fof which the functi ion and/or evaluation, and/or the actuating means of

interruption (see B.2.3.68) d

NOTE It

B.2.3.4
detection
function

NOTE Thi rrents.

B.2.3.5
evaluat
function
current

residual

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
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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 inverse time/current
nature.

B.2.3.9

Reset-CBR

CBR with an r.c. unit which must be intentionally reset by a means different from the operating
means of the CBR, following the occurrence of a residual current, before it can be reclosed

B.2.3.1(l
test deyice
device gimulating a residual current for checking that the CBR operate

B.2.4 Definitions relating to values and ranges of eney

B.2.4.1
limiting value of the non-operating over-current i

maximum value of a single-phase over-current whic ent, can

flow thrg .7.2.7)
B.2.4.2

limiting

maximu r of any
earth-le ed load
(whatev

B.2.4.3

residuall short-cj ity

a value |of the a. BR can
make, carry for its op our

B.3 (

B.3.1

B.3.1.1

B.3.1.2

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.


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-

2 © |[EC:2003 - 1565 -

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 note to B.

— by fixed steps;

— by continuous variation.

B.3.3

B.3.3.1

B.3.3.2 CBR with time-delay: time-delayed type (see B.2.3.8)
B.3.3.21 CBR with non-adjustable time-delay

B.3.3.2.2 CBR with adjustable time-delay
by fiked steps;

— by cpntinuous variation.

B.3.4

— CBRs of type AC (see B.4.4.1);
— CBRs of type A (see B.4.4.2).

B.4

B.4.1

B.4.1.1

NOTE F
rating. Se

B.4.1.2

The r.m

B.4.1.3

The r.m|.s. valu Si S a ating current (see B.2.2.4) assigned to {

by the nmpanufacturer;

Classification according to time-delay of the residual current function

CBR without time-delay: non-time-delayed type

4.1.1)

Characteristics of CBRs co

Rated values

ignate its

he CBR

Rated residual short-circuit making and breaking capacity (/am)

The r.m.s. value of the a.c. component of the prospective residual short-circuit current
(see B.2.4.2) 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 (/p,)
Preferred values of rated residual operating current are
0,006 A-0,01A-0,03A-0,1A-0,3A-05A-1A-3A-10A-30A

Higher values may be required.
Ian may be expressed as a percentage of the rated current.

B.4.2.2

B.4.2.3

The lim load shpll be in

accordance with B.7.2.7.

B.4.2.4 Operating characteristics

B.4.2.4 Non-time-delay type

The opdrating characteristic for a non-ti § give table B.1

Table B.1 —-Operating ha%ri i
/AN .

esidual current N IAn \ 2)An 5/an Q) 10/an 2)

aximum break timE \/\ \Qs 0,15 0,04 0,04

") For C@vi Inn €80 mAL0,25A be used as an alternative to 5/an
P) 0,5A if o,g@ ethaccordi te).

shall be of the non-time-delay type.

non-time-delay type

)

=

CBRs h

B.4.2.4. lay type

B.4.2.42. imiting non-actuating time (see B.2.3.7)

For a time-delay type, the limiting non-actuating time is defined at 2/5, and shall be dedared by
the manufacturer.

The minimum limiting non-actuating time at 2/, is 0,06 s.

Preferred values of limiting non-actuating time at 2/, are
0,06s-01s-02s-0,3s-04s-0,5s-1s.

For protection against indirect contact the maximum time-delay at /p, is 1 s (see clause 413.1
of IEC 60364-4-41).
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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, @and 10 Ipp.

For CBR's having limiting non-actuating time of 0,06 s the operating characteristic is given in
table B.2.

Table B.2 — Operating characteristic for time-delay-type having a limiting

non-actuating time of 0,06 s

Residual current

Ian

2Ipn

5/an 10/an

In the ¢
the resi

B.4.3

The min
Higher

B.4.4

B.4.4.1

A CBR 1
ofad.c

B.4.4.2
A CBR{
of speci
d.c., wh

B.5

a) The
speq

Maximum break time

S

0,5

0,2

0,15 ( 0,15

CBR of type AC

or which trippi
component w

cora ind

followintad

alues may be tested and declar

Operating characteristics in
or absence of a d.c. compone€

imum value of Ipy is 25 % of Ig.

se of a CBR having an inverse current/time characteristic
ual current/break time characteristic.

N

, the fac

N

rexsHall state

m)

\’4

hbsence

resence
mposed

shall be marked on integral CBRs (see B.1.1), in addition to the marking
ified-in 5.2,7ahd be clearly visible in the installed position:

ol +al 1 F 4|
arccuTooriuuaruvpcratity CUITTCTIU TR,

— settings of residual operating current, when applicable;

— limiting non-actuating time at 2 /,, 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) The following data shall be marked on r.c. units and be clearly visible in the installed
position:

for ¢BRs of type A with the symbol

for §BRs of type AC with the symbol

c) The|following data shall be marked on r.c. units and
circyit-breaker:

d) Thelfollowing data

available in th an
rated resﬁ

B.6

rated voltage(s) if different from the rated voltage(s) of the circuit-breaker;

value (or range) of the rated frequency if different from that of the circuit-breaker;

the indication I, < ...A (I, being the maximum current rating of the circuit-breaker with

which the r.c. unit may be combined);

rated residual operating current /an;

settings of residual operating current, when applicable;
limiting non-actuating time, as specified in item a);

the npprafing means of the test device as qlnm‘ifipri in item 2);

gperating characteristic in case of residual currents in the presen
gomponent:

manufacturer's name or trade mark;

type designation or serial number;

.

he design;
[EC 60947-2;
quitability for use wi

(see B.4.3);

iagram

g those of the test circuit and, if applicable, thos
e line voltage;

J| Ahree-p g systems only, or

bf a d.c.

with the

, unless
sible by

br made
% of Iy

e to the

o fhrnn_phacn and eingln phacn cyefnmc

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 which are
specifically provided for setting the rated residual operating current or the definite time-delay.

CBRs combining a r.c. unit device and a circuit-breaker shall be so designed and built that:

— the coupling system of the r.c. unit and the associated circuit-breaker does not require any
mechanical and/or electrical connection that may adversely affect the installation or result
in injury to the user;

— the
ort

— theq
test

B.7.2

B.7.2.1

The CBR shall open automatically in response

current
actuatin

The op
in B.4.2

B.7.2.2

CBRs s

B.7.2.3

CBRs s

B.7.2.4

CBRs s

Complig

ddition of the r.c. unit does not adversely affect in any way either the n ahoperation

e performance capabilities of the circuit-breaker;

.C. unit does not sustain any permanent damage due to the g
sequences.

Operating requirements

Operation in case of a residual current

equal to or exceeding the rated J i nt fox,a time exceeding
g time.

B.7.2.5

q

I

CBRs shall withstand the tests of B.8.3.

during

rth fault

he non-

pecified
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B.7.2.6

Test device

CBRs shall be provided with a test device causing the passing through the detecting device of
a current simulating a residual current, in order to allow periodic testing of the ability of the
CBRs to operate.

The test device shall satisfy the tests of B.8.4.

The protective conductor, if any, shall not become live when the test device is operated.

It shall not be possible to energize the protected circuit by operating the test device when the
CBR is in the open position.

The tesJ1 device shall not be the sole means of performing the openigg op
intended to be used for this function.

The ops
not be r

NOTE T
effective

B.7.2.7

Complig

Howeve
requirer
sequeng

NOTE T
requireme

B.7.2.8

B.7.2.8.

CBRs s

r this test is

hents of thi
e).

of CBRs of utilization category B s
during test sequence IV (or the combi

nallwithstand the test of B.8.6.1.

d is not

inction is

pad

nce the
ned test

ed by the

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.
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B.7.2.9 Behaviour of CBRs of type A in case of an earth fault
comprising a d.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 Ip, > 0,015 A
— by the factor 2 for CBRs having /an < 0,015 A (or 0,03 A, whichever is the higher).

Compliance is checked by the tests of B.8.7.

B.7.2.1¢— Conditions of operation for reset-CBRs

It shall [not be possible to reclose reset-CBRs (see B.2.3.9) after trj
current,|if they have not been reset.

residual

Complignce is checked during the test of 8.3.3.3.4 in accordance witF

B.7.2.11 Additional requirements for CBRs functiona eRde ge

CBRs flinctionally dependent on line voltage shall ¢ at a the line
voltage petween 0,85 and 1,1 times its rated valug

Complignce is checked by the tests of B.8.2.3.

Where & CBR has more than one ratéd freque ange of rated frequencies, the CBR
shall be|capable of operating in accord nce i s npliance
is verifigd by carrying out * and B

According to their classifi ply with
the reqdirements i’ve
Table B.3 — Re BRs functionally dependent on line voltage
A\

Claspification o th&é@e&o\rding/(o B.3.1 Behaviour in case of failure of line voltage
CBRs op¢q nlng utomatic IIy th cas Without delay Opening without delay according to item a) of B.8.8.2
of failure p I e volta - - - - -

With delay Opening with delay according to item b) of B.B.8.2
CBRs not W the case of failure of Operating according to B.8.9
the line v Itage able to\open in the case of a
hazardous situation axjsing B.3.1.2.2)

B.7.3 Electromagnetic compatibility

The requirements of annex J apply.
Tests shall be made in accordance with B.8.12 to B.8.14.

Immunity to voltage variations is covered by the requirements of B.7.2.11.
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B.8 Tests

This clause specifies tests for CBRs having a rated residual operating current /p, up to and
including 30 A.

The applicability of the tests specified in this clause when /5, > 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.

The instroments—for-themeasurementof-time—she Tave—aretativeerrorrotgreaterthan 10 %
of the measured value.

B.8.1 General

a) Type tests

CBR ~For the dielectric
with he control djrcuit of
resiq be disconnecied from

the fnain circuit.
The

For
performed in compliance with the

shall be

In tHe case of CBRs wi i gt j shall be
made at the lowest setting, Srwi

In thie case of CBRs$ Wi justdbte time-de see B.3.3.2.2) the time-delay shall he set at

maxjmum, unless o
b) Roufine tests@

Sub

B.8.1.1
B.8.1.1.

During 4.2), a
third of ing operations shall be performed by actuating the test device, and Ffurther

third by|applying a“xe&sidual current of value Ip, (or, if applicable, of the lowest setting of the
residuall 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.
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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.

B.8.1.1.2.2 Rated ultimate short-circuit breaking capacity (test sequence lll)

For the purpose of verifying the correct operation of the overload releases, the single pole tests
specified in 8.3.5.1 and 8.3.5.4 shall be replaced by two-pole tests, on all possible
combinations of phase poles in turn, the test conditions being as specified in 8.3.5.1
and 8.3.5.4 but applicable to two poles

Followirlg the tests of 8.3.5, verification of the correct operation of the CB | bexpgrformed
in accorndance with B.8.2.4.3.

B.8.1.1.2.3 Rated short-time withstand current (test sed
combined test sequence)

a) Behaviour during rated short-time withstand current tes
No tfipping shall occur during the test of 8.3.6.2 or 8.

b) Verification of overload releases
— HRor test sequence IV

For the purpose of verifying the co ordance

with|8.3.6.1 and 8.3.6.6, the single pote by two-
pole|tests, made on all possible combin
— HKor the combined tg
For the purpose of verifyi ordance
with jet le tests
made on all pgssible
For the purpf nce with
8.3.8.6, the test s i

c) Verifi
Follg current

trippi

B.8.1.1.2.

For the rifying the correct operation of the overload releases, the single-pple tests
specifieg\inr 8.3.7.4 and 8.3.7.8 shall be replaced by two-pole tests, on all possible
combinations—of phase potes i turm,—the test—conditions —being—as specified—im 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 Combined test sequence

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.
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B.8.1.2 Additional test sequences

Additional test sequences shall be performed on CBRs in accordance with table B.4.

Table B.4 — Additional test sequences

B | .
from impulse voltages

Behaviour in the case of an earth fault current comprising a
component

Behaviour in the case of failure of line voltage for CBRg classified

under B.3.1.2.1

Sequences Test Subclause
Operating characteristic B.8.2
Dielectric properties B.8.3
Operation of the test device at the limits of rated voltage B.8.4
Limiting value of the non-operating current under over-current B.8.5
conditions
Resistance against unwanted tripping due to surge currents resultjn B18|6

One sample shall be tested for each of(test sequences B KB Il and B Ill.

For test
for seve

Test se

B.8.2
B.8.2.1

The CB
The tes

B.8.2.2 Test voltage for CBRs functionally independent of line voltage

Behaviour in the case of failure of line voltage fo@@\as& B.8|9
under B.3.1.2.2.

B |1 Residual short-circuit making and breakinﬂapaci@\l\lg‘;\‘ \ B.8.110
B I Effects of environmental conditions . ( ( 7 \/ B.8.[l1
B IV Immunity tests (\ <\< \/< Q ’\> B.8.1R.1

Emission tests B.8.1R.2
N

r each test, or one sample may pe used

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.
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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

The connections being as in figure B.1 the CBR shall perform the tests of B.8.2.4.1, B.8.2.4.2
and B.8.2.4.3, and also, where applicable, B.8.2.4.4, all made on one pole only. Each test shall
comprise three measurements or verifications, as applicable.

Unless otherwise specified, for CBR’s with setting of the residual operating current by
continuous variation or by discrete values, the tests shall be carried out at the lowest and

highest pettings, andatone mtermediate setting:
B.8.2.4 ./ Verification of the correct operation in the case of a5

of the residual current
For CB setting.
The swi llrjrrent is
steadily e Ian in
approximately 30 s, the tripping current being measure ] values
shall be
B.8.2.4.
The tes (or the
specific witches
S1 and nditions
as clossg
No mea 2.2, as
applical
B.8.2.4, Ce
The test circ at“each of the values of the residual operating current /p
specifie , as applicable, and the switch S1 and the CBR beirlg in the
closed ( ent is suddenly established by closing switch S2.
The CB
Three measurements of the break time are made at each value of /5. No value shall ex¢eed the
relevantimiting-value-
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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 /5n, 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.

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.

B.8.2.5 Tests at the temperature limits

NOTE The upper temperature limit may be the reference temperature.

The temperature limits of this subclause may be extended by ag facturer

and usefr, in which case tests shall be performed at the agreed te

B.8.2.5(1 Off-load test at -5 °C

The CBR is placed in a chamber having a stabiliz e limits

of -7 °Q and -5 °C. After reaching ther d to the

tests of [B.8.2.4.3 and, if applicable, B.8

B.8.2.5.2

The CBR, connected in accQrdance wi > abilized

ambienf temperature eq € 3 , in the abgence of

a refergnce temperature, ’ ated on

figure B}1) is applied ona

After repching t@ 8.2.4.3

and, where applicablg’] E

B.8.3

CBRs s

B.8.4 o[:]

a) The|CBR being-sypplied with a voltage equal to 1,1 times the highest rated voltage,|the test
deviteis momentarily actuated 25 times at intervals of 5 s, the CBR being closgd again
before each operation.

b) Test a) is then repeated at 0,85 times the lowest rated voltage, the device being actuated

c)

three times.

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.
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At each

test the CBR shall operate.

For CBRs having an adjustable residual operating current

— thel

owest setting shall be used for tests a) and c);

— the highest setting shall be used for test b).

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.8.1.1.1.

B.8.5 Verification of the limiting value of the non-operating curren

under over-current conditions
The test shall be made with a single phase load, the connections eXacc Sding to
figure Bf2.
The imq ing two
values flow in the circuit:
- 6/
- 809
NOTE F ections of
negligiblelimpedance.
For CBH ng.
CBRs fU
CBRs functionally dep ir rated
voltage |or, if reI@t S).
The tes{ is made at.&
The swi't losed and reopened after 2 s. The test is repeated thr¢e times
for eac closing
operatid
The CB
NOTE Thestime of 2 s trfay be reduced (but to not less than the minimum break time) to avoid the risk pf tripping
by action pf\thé 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.
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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 ff ' ' B¢ B.3.4), to meet the folfowng requirtements:

— peal value: 200 A +100 %;

— virtupl front time: 0,5 ps + 30 %;
— perigd of the following oscillatory wave: 10 ps = 20 %;

— each successive peak: about 60 % of the preceding pe

During the tests the CBR shall not trip.

B.8.6.2

The CBR is tested using a surge currer ) S surge
current 2

An example of the circuit

One pole of the CBR,[chus® e surge
current.| The polafity [ cations.
The intgrval between' two.consecutive operations shall be approximately 30 s.

The cur
sample

Hditional

— peak ¥

— virtugl timestohalf yalue (T2): 20 ps = 10 %.

During thertests 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 a d.c. component

B.8.7.1 Test conditions

The test conditions of B.8 and B.8.2.1, B.8.2.2 and B.8.2.3 apply, except that the test circuits
shall be those shown in figures B.8 and B.9, as applicable.
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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 S1 and S, and the CBR D shall be closed. The relevant thyristor shall be
controlled in such a manner that current delay angles a 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 Ss.

At every| test, the current, starting from zero, shall be steadily increased at,ag approxi atl rate of

1,4 15,

20 A/s for CBRs of Inp, > 0,015 A;

2 pn

30 A/$ for CBRs of Ip, < 0,015 A.

The tripping current shall be in accordance with table

Table B.5 — Tripping curreptrang
compfkising a‘d.c.
ipping current
Angle a (N A

/\ N\er hc{:t\ Upper limit
N

0,03 A for Ipn < 0,015 A

25 Ip or
1,41pp for Ipn > 0,015 A

an earth fault

B.8.7.2.

The tes 5 according to figure B.8.

The cirgui [ essively calibrated at the values specified hereafter and the puxiliary
switch Bf¢and the "CBR being in the closed position, the residual current is duddenly
established-by-theclosingswiteh-So-

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 Sq, the CBR under test and S being previously closed.

Four measurements are made at each value of test current at a current delay angle a = 0°, two
with the auxiliary switch in position | and two in position Il.

For CBRs with /p, > 0,015 A, the test shall be made at each value of I, specified in table B.1,
multiplied by the factor 1,4.
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For CBRs with Ian, < 0,015 A, the test shall be made at each value of /5, 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 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 T

B.8.7.2.4 Verification of the correct operation in case of residual

The CBR shall be tested according to figure B.9, with a half-wavg

(current
Each pag

For CBH
at an ap
reaches]

For CBH
at an af
reaches]

B.8.8

For CB
setting.

For CBH

B.8.8.1

A voltage
progressi

given he

he loading with rated current is not shown in figure B.8.

currents superimposed by a smooth direct current of

delay angle a = 0°) superimposed by a smooth direct cu

Verification of
classified u

zéro over a time period corresponding to the longer of the tw
utomatic opening occurs:

- ab0L||t 30s;

current

creased

current

creased
current

age

lowest

pttings.

is then
b values

— 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 Ip, is applied, the applied voltage being just above the highest value measured.
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It shall then be verified that, for any value of voltage less than the lowest value measured, it is
not be possible to close the CBR by manual operating means.

B.8.8.2 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 GBRs upcuing withott Cl'c:ay (occ B-

b) for ¢BRs opening with delay the maximum and minimum values sh ithin the

range indicated by the manufacturer.
B.8.9 Verification of the behaviour of CBRs functionally age

as classified under B.3.1.2.2 in the case of failur

For CB lowest
setting.
For CBRs having an adjustable time- i at\any one of the time-delay
settings
B.8.9.1 BRs)
The CBR is connected accordi i I mes the
rated vqltage, or, in the A value of

rated vdltage.

One phase is themswi
B.8.2.4.. The s »

CBR is then submitted

itch S4; the CBR is then submitted to the test of
a further test is made by opening switch| S5; the

This tesft procedure ofinecting the adjustable resistor R to each of the other two
phases

B.8.9.2 ase Ol e drop due to an overcurrent resulting

The CBR js\connested according to figure B.3 and is supplied on the line side with the rated
voltage pr,Sn 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;
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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 Iz, 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 breaki

This tesft is intended to verify the ability of the CBR to make, to carry/

g and to
break rgsidual short-circuit currents.

B.8.10.1 Test conditions

The CBR shall be tested according to the general tes iti g Cifi b, using
figure 9| of Part 1, but connected in such a manner fhat the residual
current.

The test is carried out at phase to 6 be the
neutral pole. The current paths which do sidual short-circuit cufrent are
connected to the supply voltage at their }imre i

Where gpplicable, the CBR jus it the S t and at
the maximum setting of ti S

If the CBR has mare t
test is made at t

IAms the

a)

c.

B.8.10.2

The seq

B.8.10.3

B.8.10.3. he test of B.8.10.2 the CBR shall show no damage likely to irppair its
further yse{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.
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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 /5, 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 seguence B Il

B.8.11 | Verification of the effects of environmental conditions

The tes{ is carried out according to IEC 60068-2-30.

The upq be

— 6folpn>1A

— 28f¢rian< 1A

NOTE T
one of thgq possible settings is <1 A.

ent when

At the end of the cycles the CBR shall e capab 4.3, but
with ar i ' nly one
verificatjon need be made,

Where applicable the ification

need bg made.

Verifica;

B.8.12
B.8.12.1
B.8.12.1.

Annex J

For CB
shall be

he tests

made’ at theMowest of these settings.

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.

B.8.12.1.2 Electrostatic discharges

Annex J applies, in particular J.2.2.
The tests are made without load.

During the test the CBR may trip. If this is the case, a further test shall be made at the
immediately lower level, and the CBR shall not trip.


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003 - 193 -

Following the tests, the correct operation of the CBR shall be verified in the case of a sudden
appearance of a residual current according to B.8.2.4.3, but at /p, only.

The break time shall not exceed the limiting time specified for Ip, in B.4.2.4.1 or B.4.2.4.2, as
applicable.

B.8.12.1.3 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 ug

For ste
current

ed shall be stated in the test report.

b 1 (see J.2.3), one pole of the CBR, chosen at random,
bqual to 0,3 Ipp. The CBR shall not trip.

residual

For ste residual
current p aximum
break ti at each
frequengy tested

Followin e CBR shall be vgrified in
the case¢ of sudden appearance of ar only.

The bre 2.4.2, as
applicaljle.

B.8.12.1.4

Annex J applies, in pa

The tes
conside

During the te

Following

appearg

t connec tak

ration the

The bretrk time sha
|

applica

ot exceed the limiting time specified for /p, in B.4.2.4.1 or B.4.2

ng into

sudden

4.2, as

e.

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 shall 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.
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During the tests the CBR shall not trip.

Following the tests, the correct operation of the CBR shall be verified in the case of sudden

appearance of a residual current according to B.8.2.4.3, but at /p, only.

The break time shall not exceed the limiting time specified for Ip, in B.4.2.4.1 or B.4.2.4.2, as

applicable.

B.8.12.1.6

Annex J applies, in particular J.2.6.

Conducted disturbances induced by radio-frequency fields (common mode)

For step 1 (see J.2.6), one pole of the CBR, chosen at random, is |
current gqual to 0,3 /p4. The CBR shall not trip.

For step 2 (see J.2.6), one pole of the CBR, chosen at randog

residual

?esidual

current
break ti
frequen

Followin

The brepk time shall not exceed the IIx

applical

B.8.12.2
B.8.12.2

Annex J

The CB
operatig

equal to 1,25 Ipn. The dwell time at each frequency sha
me specified for Ipn in B.4.2.4.1 or B.4.2.4.2, as apphicab
Cy tested.

le.

Emission tests
A General

applies with t

R shall be@ 3

B.8.12.2

3 Radiated RF disturbances (30 MHz - 1 000 MHz)

aximum
at each

only.

4.2, as

of rated

Annex J applies, in particular J.3.3.

B.8.13 Test for variations or interruptions of voltage and for voltage dips
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 cover the EMC requirements.

No additional tests are therefore required.
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S = Supply

V = Voltmeter

A = Ammeter

S1 = All-pole switch

S2 = Single-pole switch
S1 L L L/ D = CBR under test

f‘ J J 7&‘ R = Adjustable resistor

Figurg B.1 - Te;

B.8.2)
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/e S = Supply

S1 = Two-pole switch

V = Voltmeter

A = Ammeter

D = CBR under test

s1 Z = Adjustable impedance

PaN

e verification of the limiting value of the
)nder over-current conditions (see B.8.5)

Figure B.
no
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S
i
e
9 9 0 O S = Supply
V = Voltmeter
A = Ammeter
S1 = All-pole switch
S2 = Single-pole switch
s1 L Ll /| o . . .
‘ J '{ f! S3, S4, S5 = Single-pole switches opening one phase in turn

D = CBR under test

R = Adjustable resistor

v

aslinlas

i

A kﬁ?ﬂsa
H R

:-

)
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 §
/

100 %—

90 % —

10 ps (f= 100 kHz)
0%
/ \ \/l >
0,5 pus
-~ O
-60 %
IEC 1588/01

ring wave 0,5 us/100 kHz
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Trigger 25 Q 25 Q | L
L { J—e— ——O0—
CBR ]
—o Filter Supply
N Q
__° - 1 % | @
9 g 5 nF . —

Start
0 o
A.C. supply IEC 1589/01

d or in the absende of such

(X) Earthing terminal, if provided, to be connected to the peytral ternfinag|(i
marking, to any phase terminal.

NOTE The circuit component values are givé regdire adjustment to complly with the

wave shape requirements of figure B.4.

Figure B,5 — Example o tei
f reSistange to wan

or the verification
d tripping

o
v

T,=125T

Y

< IEC 1590/01

Figure B.6 — Surge current wave 8/20 us
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(X)

o —o——] L —o0——
CBR o
o— ' Filter Supply
Surge current N
generator | (X) 7
8/20 us ——

Eart
mar

Fi

ing, to any phase terminal.

gure B.7 — Test circuit for the verification of
in case of flashover without follg

W

=

e of such
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S
et e,
N ~
o o O

S = 8y
vV = Vg
A = An
D = CH
SCR =Th

Flg

pply

Itmeter

hmeter (measug

A
=/ 11717
D
? O
\
R I 0
SC
E¢/ 1592/01
R = Variable resistor
S; = All-pole switch
S, = Single pole switch
S; = Two-way switch

for the verification of the correct operation of CBR
e case of residual pulsating direct currents
(see B.8.7.2.1, B.8.7.2.2 and B.8.7.2.3)

o
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S = 8y
vV = Vg
A = An
D = CH

S1

hmeter (measu

pply
Itmeter Q

IEC 1593/01

R4, R, = Variable resistor
S, = All-pole switch
S, = Single pole switch

S; = Two-way switch

o



https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003 -213 -

Annex C
(normative)

Individual pole short-circuit test sequence

C.1  General

This test sequence applies to multipole circuit-breakers intended for use on phase-earthed

systemgd

c2 T

and itdentified In accordance with 4.5.71.1T; It comprises the Tollowing te

Test

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

Verification of overload releases

A short{ci

current

NOTE V|
The ap
operatid
systemg.

test cur

The tes

bclause 8.3.4.1.2 and figure 9 of Part 1, the {

being deri ee-phase supply, the fusible element F belng (oo
to the r$ ihg pole or poles shall also be connected to this p
the fusi

The sequs

O0-t-CO

spective

m rated
earthed
all be in

upply S
nnected
hase via

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 E
(informative)

Items subject to agreement between manufacturer and user

NOTE For the purpose of this annex
— "agreement" is used in a very wide sense;

—"user" includes testing stations.

Annex J of Part 1 applies with regard to clauses and subclauses of this standard, with the
followin 1) acditions:

Clauge or subclause
numbelr of this standard
4.3.5.3 e?2
7.2.1.2.1 energy
Table 10
8.3.2.5
8.3.2.6.4 circuit-
breakers
8.3.3.1.3, item b) Test current vaty cs
8.3.3.4 To increase e
8.3.3.7 Permissible del f
8.3.4.4 overload relays
8.4.2 hnd
B.8
B.8.2.5
F.4.1.3
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Annex F
(normative)

Additional tests for circuit-breakers with
electronic over-current protection

F.1 Scope

andygroviding
indgpendent

This an:[\ex applies to circuit-breakers intended to be installed on a.c. cjrcuit

of the lipe voltage or any auxiliary supply.

The te
stated i this annex.

nditions

Specifid tion are
not cov he pekformed to endure that
these el f ctions.
F.2 List of tests

Tests specified in this annex are type tésts mentary to the tests of claus¢ 8.
NOTE Where a standard for e to this
standard,|if relevant.

F.2.1 Electromag

F.21.1 Gen@

Circuit-preakers y bles J.1

and J.3|

F.2.1.2

The res
criteria:

ésts shall be classified on the basis of the following performance

Criterior|| AL

During the test, the circuit-breaker when loaded at 0,9 times the current setting shall not
trip, and when loaded at 2,0 times the current setting, it 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.

Criterion B:

During the test, the circuit-breaker when loaded at 0,9 times the current setting shall not
trip. After the test, the circuit-breaker shall comply with the manufacturer’s time current
characteristic when loaded at 2,0 times the current setting and the monitoring functions,
if any, shall correctly indicate the status of the circuit-breaker.
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F.2.2 Suitability for multiple frequencies

The test shall be performed in accordance with clause F.6.

F.2.3 Dry heat test

The test shall be performed in accordance with clause F.7.

F.2.4 Damp heat test

The test shall be performed in accordance with clause F.8.

F.2.5 Temperature variation cycles at a specified rate of change

The tes{ shall be performed in accordance with clause F.9.

F.3 General test conditions

F.3.1 General

Tests ag¢cording to this annex may be performed sepd 3, of clause 8.
In the case of the EMC tests of F.4 andAF

F.3.2 Electromagnetic compatibilit

Annex J applies.

For the high-frequency tests (F: ¥ %) one cibedit-breaker per frame size and pef type of
current pensor design shall [ sa-change of winding turns is not considered a fifferent

design ip this contgxt.
The curfent settin;
Short-time and i S ¢ settings shall each, if applicable, be adjusted to the
minimur than 2,5 times Ig.

The tesf halNbeyRerforlned with the appropriate test circuit, as specified in the fpllowing
subclau guinto~aceount any phase-loss sensitive features.

For cirquit-breakersvhaving electronic overcurrent protection, it may be assumed fhat 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.4.5, F.4.6 and F.4.7, 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.4.2, tests may be made on any combination of phase poles, as
long as unintentional tripping by residual current is avoided.

F.4 Immunity tests

F.4.1 Harmonic currents

F.4.1.1 General

These tests apply to circuit-breakers for which the electronic current s e stated

by the manufacturer to be r.m.s. responsive.

This shall be indicated either by marking “r.m.s. in the

manufagturer's literature, or both.

dividual
ing the

The EU
enclosute,
dimensi

NOTE T
saturated

gure F.1),

F.4.1.2 Test currents

The tes{ current waveforn

— optign a): tw@

* g waveform’cg

waveforg

M d

— optig larmonic

com
Test cu

— forg
test pf<the third h

. 2 % of fundamental component < third harmonic <88 % of fundamental component;

rmonic and peak factor

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:
« current conduction time, for each half-wave is <21 % of the period;

e peak factor: 22,1.

NOTE 1 The peak factor is the peak value of the current divided by the r.m.s. value of the current wave. For the

relevant formula, see figure F.1.

NOTE 2 This test current for option b) has at least the following harmonic content of the fundamental component:

— third harmonic >60 %;

— fifth harmonic >14 %;

— seventh harmonic >7 %.
Higher hafmonics may also be present.

NOTE 3 |The test current waveform for option b) may be produced by, for exaniple\t
(see figure F.1).

NOTE 4 |The test currents 0,9 /g and 2,0 Iz (see performance criterion A)
waveformg.

F.4.1.3 Test procedure

The tests shall be performed on two-phase poles
of 7.2.1.2.4 carrying the test curre
accordance with figure F.2. For relea

be madg¢ in accordance with figures F.3

Undervd
be discqgnnected during the

The dunation of the te

setting)[shall be 1Q tim K i Rich corresponds to twice the current setting.

F.4.1.4 Testr

Performlance crite

F.4.2
F.4.2.1
The EU

enclosufle,,in/ whichvcase it shall be tested in such an enclosure. Details
dimensipns-of the enclosure shall be stated in the test report.

d in free air unless it is intended to be used only in a specified in

inclug

$hyristors

omposite

item b)
eing in
ns shall

es shall

current

dividual
ing the

The test circuit shall be in accordance with figure F.2 on two-phase poles chosen at random.
For releases with a phase loss sensitive feature, the test circuit shall be in accordance with

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, I is the

dip test current and T is the period of the sinusoidal current.

NOTE An alternative method to perform the tests on the electronic controls alone is under consideration.
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The duration of each test shall be between three and four times the maximum tripping time
corresponding to twice the current setting or 10 min, whichever is the lower.

Table F.1 — Test parameters for current dips and interruptions

Test No. Iy At
1 05T
2 0 17
3 5T
4 25T
5 5077
6 o\ T
7 0,4 g 5T
: <\ \
9
10 0,7 Iy x 25T
11

F.4.2.2 Test results

Performfance criterion B of F.2.1.2 shalhapp t th e after-test verification is not

required.

F.4.3 Electrostatic di

Annex J, in particular J

The tes{ circuit i 2. 4gensitive
feature,[the test cirCuyi accardaghce with figure F.3 or figure F.4, as applicable.

The bus ures J.1, J.2 and J.3 may be varied providing the 0,1 m

distancsd 12%, to the metallic enclosure are maintained. The actual

configunatj xall be\shown in the test report.

Perform itexjon B of F.2.1.2 applies.

F.4.4 —RadiatedTadio-frequency etectromagneticfietds

Annex J, in particular J.2.3, applies with the following additions.

The test circuit shall be in accordance with figure F.2. For releases with a phase-loss sensitive
feature, the test circuit shall be in accordance with figure F.3 or figure F.4, as applicable.
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Tests shall be performed as follows:

a) For step 1 (see J.2.3), the circuit-breaker shall be loaded with a current of 0,9 times the

current setting. The circuit-breaker shall not trip.

b) For step 2 (see J.2.3), the circuit-breaker shall be loaded with a current of 2,0 times the

current setting. The tripping time shall then be measured.

Performance criterion A of F.2.1.2 applies.

F.4.5 Electrical fast transients/bursts (EFT/B)

Annex J, in particular J.2.4, applies with the following additions.

On the &.c. mains port, the disturbance shall be applied on one phase go random,
the EUT| being supplied from the other phase poles, in accordance wij
For rele@ses which have a phase-loss sensitive feature, the tes 5 shown
in figurg F.7 for the three phase poles in series connectigr .8 on a
phase pole chosen at random for the three-phase connectid
Tests shall be performed as follows:
a) To verify the resistance against unw current
of 0/9 times the current setting durg
The|disturbance shall be applied for a
b) To verify the time-current characterjstics, the current
of 2)0 times the current setting during t
Perform (8 ) ef, temporary changes to the monitoring
function & i ase the
correct
F.4.6
Annex J, i
On a.c. om, the
EUT be (line-to-
earth) a
For rele 5 shown
in figur -earth) and figure F.13 (line-to-line) for the three pha N series
connection hown in fig e ne-to-e h) and fiqaure 4 ne aphase

pole chosen at random for the three-phase connection.

The circuit is supplied with a current of 0,9 times the current setting during the application of

the pulses.

Performance criterion B of F.2.1.2 applies.
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F.4.7 Conducted disturbances induced by radio-frequency fields (common mode)

Annex J, in particular J.2.6, applies with the following additions.

Tests shall be performed as follows:

a) For step 1 (see J.2.6), the circuit-breaker shall be loaded with a current of 0,9 times the

current setting. The circuit-breaker shall not trip.

b) For step 2 (see J.2.6), the circuit-breaker shall be loaded with a current of 2,0 times the

current setting. The tripping time shall then be measured.

Performance criterion A of F.2.1.2 applies.

F.5 Emission tests

F.5.1 Harmonics

The elgctronic control circuits operate at very low power_ a
disturbances; therefore no tests are required.

F.5.2 Voltage fluctuations

The elgctronic control circuits opera

bgligible

bgligible

F.5.3

Circuit-t Auxiliary
supply and have no dlrec coupling to ery low
power. sts are
required.

F.5.4

Annex J, i

The tes gensitive
feature,

Undervd 8, iT"any, shall either be energized or disabled. All other auxiliarjes shall

be discqnnected during the test.

%

The limitsof table J-3appty-

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 (see clause F.3).
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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-vpltage releases, if any, shall either be energized or disabled. ther aux{liaries shall

be discqnnected during the test.

The shqrt-time and instantaneous trip current settings shall ea€h isted to
2,5 timgs the current setting. If this setting is not available, the S i etting shall
be used]
Tests shall be performed as follows:

a) A cdrrent of 0,95 times the conventional non-tripping gqurrée o iz ed for a
time|lequal to 10 times the tripping time which > etting.

b) Immiediately following the test of ay a ; i current
(see|table 6) is applied.

c) A further test starting from the cold
F.6.3 Test results

For each test frequeng ing_characteristics shall comply with the fpllowing
requirements:

bst a) no@'

- fort
— fort the conventional time (see table 6);

— for
valu

in 1,1 times the maximum and 0,9 times the minimum
stated time-current characteristic.

F.7

F.7.1

The tesk 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.

Tightening torques applied to the terminals shall be in accordance with the manufacturer's
instructions. In the absence of such instructions, table 4 of IEC 60947-1 shall apply.
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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 cirquit-breaker and the electronic controls shall meet the following r

— no tipping of the circuit-breaker shall occur;

— no dperation of the electronic controls which would cause rip shall

occyr.

F.7.3 Verification of overload releases

Followirlg the test of F.7.1, the operation of the overl eircuit-breaker|shall be

verified [in accordance with 7.2.1.2.4, item b).

F.8 Damp heat test

F.8.1 Test procedure

The test shall be performed

The upger temper:ur be six.
The tes{ may be petfo

F.8.2

Followin shall be
verified |j

F9 T

F.9.1 Testconditions

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.
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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 ele¢tronic controls shall meet the following requirement.

No operation of the electronic controls which would cause the ¢ it-breaker\o trip dyring the
28 cyclgs shall occur.

F.9.4 Verification of overload releases

Followirlg the test of F.9.2, the operation of the overl S F ircuit-breaker|shall be
verified [in accordance with 7.2.1.2.4, item b).

W
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A
A

T2

A
A 4
A
A 4

\> t

\i

J

IEC 644

Key

A peak]current

T periofl
t; condycting time g€

t, delay]

sycle

Peak faq

Fid =

in accordance with F.4.1
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Supply

— 241 -

EUT

Figure F.2 — Test circuit for emissSion tests

adi
a ep i

s

ity to harmonics, current d
netic fields in accordance

5.4 a
series

) Enclosure (where
\ applicable)
> > l Auxiliapt

IEC 647/01

nd F.6.2 -

ps,
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Supply

A~

EUT

]

Enclosure (where
applicable)

-

IEC 648/01

ity to harmonics, current d|ps,
netic fields in accordancs
.5.4 and F.6.2. -
series

Figure F.3 — Test circuit for emissSion tests
blectrostatic discharges and
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Supply
EUT
|
[
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/ Enclosure (where
applicable)
Y
Q Q Auxiliapt
V4 V4 z
Q IEC 649/01

e connection

4.4, F.5.4 and F.6.2. -

ps,
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1 ms max.

1 ms max.
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issd 2
> - w
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IEC| 650/01

of the influence of the current dips and

accordance with F.4.2.1
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Supply

EFT/B
generator

EUT

r ‘/

J( )L Enclosure (where
\ applicable)

> > l Auxiliagiés

01uF ——

IEC 661/01

bursts (EFT/B) immunity test
2 poles in series
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Supply 33nF
n
I I EFT/B
| generator
EUT
( a
\J( ) )L Enclosure (where
\ \ applicable)
L
Q Auxiliaries
01k ——

G IEC 662/01

nts/b (EFT/B) immunity test
hhase poles in series

-n

gure F.7 — Circuit for electrica
in accordance with
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Supply 33 nF
n

| | EFT/B
generator

EUT

applicable)

\>L Enclosure (where

> 4 Q Auxiliaries

0,1 uF
‘Z\ ‘Z\ V4

G IEC 663/01

Compone

Z impe

F ursts (EFT/B) immunity test

p-phase connection
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Supply
9 uF

Surge
generator

EUT

Enclosure (where

applicable)

0,1 uF

Auxiliagiés

Figure F.9 — Test circuit for'the verifj

in the main circuit (line-to-earth)in’e
phase pojes in

IEC 665/01

of the influence of surges
prdance with F.4.6 -
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Supply

/‘JH 9uF 100

—| l—/\/\/\_ Surge

generator

EUT

|
J( ‘L )L
7/ Enclosure (where
\ applicable)
4 Q Auxiliaries
01pF —/—

Figure F.10 — Test circuit for't
in the main circuit (liné
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Supply

A e

generator

EUT

( o
[
J( ) )L Enclosure (where

applicable)

Q 4 Auxiliagi€és

IEC 667/01

Compongnts

Z impedance for adjusting the current (where e
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Supply

| | Surge
generator

EUT

f ‘/
Enclosure (where

\ applicable)

Figure F.12 — Test circuit for the verificatio e i G urrent surgps

[ \%ﬂ/ S :rrl?efator
Q /k EUT
< \\/l 3
N
\5 & X Enclosure (where
\\\\
\\/ ) [« I\

IEC 669/01

Figure F.13 — Test circuit for the verification of the influence of current surges
in the main circuit in accordance with F.4.6 —
Three phase poles in series
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Compone

z

Supply

— 263 —

18 pF
|| I Surge
generator
EUT
'

Enclosure (where
applicable)

impe

Fi

nts

F.4.6 -

0/01

nce of current surgps

v

25CH- — — — — — — —

2h

v

A

IEC 675/01

Figure F.15 — Temperature variation cycles at a specified rate of change

in accordance with F.9.1
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Annex G
(normative)

Power loss

G.1 General

Power loss is not a fundamental characteristic of a circuit-breaker and need not be marked on

the prod

It gives

Measur¢gment of power loss shall be made in free air, on new g

watts.

G2 1

G.2.1

Power |

where

p i
k i
AU i
/ i

cos ¢ i

The use

G.2.2

For a.c.

uct.

some indication of the heat generated under specified conditigi

(S

[est methods

bss is evaluated as follows, connectigns g in/accordanpce with figure G.1.

s the number o

s the po

circuit-breakers of rated current not exceeding 400 A, it is acceptable to use

phase a

maacramaentwithaoart  nower fantar maoaagiirama ant
ST aSUTCTITCT IO Witnmo U T pUwWo T TaCtoT T asSUurTTToiTes

tated in

3.2.2.2;

single-

The power loss is evaluated as follows, connections being in accordance with figure G.2.

where

p is
k is
AU is

Iy is

k=p
> AUy
k=1

the number of phase poles;
the pole number;
the voltage drop;
the rated current.
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G.2.3

For d.c. circuit-breakers, the power loss shall be measured with d.c. current.

It is evaluated as in G.2.2.

G.3 Test procedure

The power loss evaluation shall be made under rated current steady-state temperature

conditions.

The volflage drop shall be measured between incoming and outgoing terminfals each

together. The measuring loop shall be as small as practicable and shall\b
for eacH pole.

For evaluating the power loss of three-pole and four-polé
G.2.1, the test is performed under three-phase curren
current |n the fourth pole in the case of four-pole circ

W

pole.

twisted
Similarly

rding to
without
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Figure G.1 — Example of power loss measu

Supply
/—"H

N
NE

X X X
J}% \ AU, \I AU,

&

X

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

NOTE This test sequence is intended to cover the case of a second fault to earth in presence of a first fault on the

opposite s

ide of a circuit-breaker when installed in IT systems (see 4.3.1.1).

H.1 General

This tes$

accordance with 4.3.1.1; it comprises the following tests:

H.2 Individual pole short circuj

A short

general|conditions of 8.3.2, at a value qf cu

- 1,2
absd
insts

or, whe:le releva@
imes the j definite time delay release tripping current,

- 1,21

but not ¢

NOTE V

The appli

operatig
The nu

accordance

test cur

t sequence applies to multipole circuit-breakers for applicati on | sys1|ems, in

N\
Test /Slavse \ A\
Individual pole short-circuit (/1) H.N
Verification of dielectric withstand H.
Verification of overload releases /_ 4
N

O

circuit test is made on the individual™Npole

imes the maxim iy ‘ i delay release tripping current o
nce of such a,release, i mMum setting of the tripping currer
ntaneous relegss

bo be tested and the setting of adjustable releases sh
7 The power factor shall be according to table 11, appropria
ent.

a multipole circuit-breaker unpder the

[, in the

t of the

m rated
gystems.
Il be in
e to the

For 4-p

fecircuit-breakers withra protected meutrat-pote;the test vottage for thatpote

hall be

phase-to-phase voltage divided by V3. This test is applicable only where the construction of the

protecte

d neutral pole differs from that of the phase poles.

The test circuit shall be according to 8.3.4.1.2 and figure 9 of Part 1, the supply
derived from two phases of a three-phase supply, the fusible element F being connected to the
remaining phase. The remaining pole or poles shall also be connected to this phase via the
fusible element F.

The seq

uence of operations shall be

O0-t-CO

and shall be made on each pole separately, in turn.

S being
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H.3 Verification of dielectric withstand

Following the test according to clause H.2, the dielectric withstand shall be verified according
to 8.3.5.3.

H.4 Verification of overload releases

Following the test according to clause H.3, the operation of the overload releases shall be
verified according to 8.3.5.4.

H.5 Marking

Circuit-preakers for which all values of rated voltage have been tested s annex

or are cpvered by such testing require no additional marking.

Circuit-preakers for which all values of rated voltage have pot been & ding to this
annex @r are not covered by such testing shall be |de ich shall
be marked qn the circuit-breaker immediately follo voltage,
e.g., 690 V n accordance with 5.2, item b).

NOTE W ing by the

symbol @E}
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Annex J
(normative)

Electromagnetic compatibility (EMC) —

Requirements and test methods for circuit-breakers

J.1 General

Two sets of environmental conditions are considered and are referred to as follows:

a) envi

b) envi

Environ
includin

NOTE 1
NOTE 2

fonment A;

fonment B.

ment A: relates to low-voltage non-public or industrial r
j highly disturbing sources.

Environment A corresponds to equipment class A in CISPR 1

installations

environment B.

Environ C , commercial and light
industrial Iocatlons/mstallatlons Highly ing ) covered
by this €

NOTE 3

NOTE 4 ment A.
For the er test)
means a circuit-breaker, a‘GBR

NOTE 5 ts on the
equivalen

relevant

Supplen
parts of
overcur

ent protec iQ

5 in the
a.

relevant

. €.9. annex B for CBRs, annex F for circuit-breakers with electronic

annex M for MRCDs and annex N for circuit-breaker auxiliaries.

A new circuit-breaker may be used for each test or one circuit-breaker may be used for several
tests, at the manufacturer’s discretion.

Circuit-breakers rated 50 Hz/60 Hz shall be tested at either one of the rated frequencies.
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In the case of a range of circuit-breakers with identical electronic controls (including
dimensions, components, printed circuit board assemblies and enclosure, if any) and the same
design of sensors, it is sufficient to test only one circuit-breaker in the range.

Tests shall be performed in free air or in the specified enclosure according to table J.1 or table
J.3, as applicable.

Where specified, the ground connection of the enclosure shall be made as in normal
installation conditions but taking into account the high-frequency requirements in accordance
with the general “earthing and bonding” requirements indicated in IEC 61000-5-2. In particular,
the use of a “bonding strap” consisting of a flat conductor having a length/width ratio less than
or equal to five is recommended. The specification of the bonding strap shall be given in the
test repprt.

J.2 Immunity

J.2.1 General

Subclause 7.3.2.2 of IEC 60947-1 applies with the following~a
Immunity tests are carried out according to table J.1.

The refq 1 i for i m@y ests are given in tabl¢ J.2.

For the
circuit.

he main
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Table J.1 - EMC -

Immunity tests

Description Reference standard Test level Mounting

Electrostatic discharges IEC 61000-4-2 8 kV contact @) Enclosure

8 kV air figure J.1, J.2 or J.3

Radiated radio-frequency IEC 61000-4-3 10 V/m Free air ©)

electromagnetic fields

Electrical fast IEC 61000-4-4 Power port: Enclosure

transients/bursts U, 2100V, a.c. ord.c.: 4 kV @) |figure J.1, J.2 or J.3

Uy, <100V, a.c. ord.c.: 2 kV
Signal port: 2 kV @)
Surges H=C-640804-5 p pott U100V -
Powerportts=—466-Vac=
4 KV line-to-earth 2) br J.3
2 kV line-to-line (annexes §
and N) @)
4 kV line-to-line (annexes
and M) )
Power port, U, <180 V a:
2 kV line-to-eaxth
1 kV line-todine

Conductgd disturbances IEC 61000-4-6 Free air ©)

induced by radio-frequency

fields (\

Power fr¢quency magnetic | Ngt required (see 7" .2)\ Not applicable

fields

Voltage dips and C 00-4- Free air

interruptipns

Harmoni¢ currents Q > ) < \ b) Free air

\ ) \/\\/ b) .

Current dips A< \ Free air

a)  The ifi ar\e\iQrer%ss of the requirements of IEC 60947-1 in order to provide| greater
secyri rotection functions of the circuit-breaker.

b) A sf in the case of electronic overcurrent devices in annex F, in the gbsence
of a

¢ Unlg intended to be used only in a specified individual enclosure, in which case it
shal enclosure. Details, including dimensions of the enclosure, shall be statgd in the
test|report: enclasure shall be connected to the ground plane in accordance with the manufgcturer’s
instjuctions;

d) A specifi¢ test procedure is defined in the case of CBRs to annex B functionally dependent on line| voltage
and MRCTDS 10 annex M 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 to annex F
(see F.1), but are replaced by tests for current dips and interruptions (see F.4.2).

e)  Immunity level is higher for residual current devices because they perform safety functions.
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Table J.2 — Reference data for the application of the figures for immunity tests

Enclosure/ Circuit diagram | Circuit diagram
Test and subclause Test set-up conductors for test for verification
arrangement [(during EMC test)| (after EMC test)
Electrostatic B.8.12.1.2 Figure J.4 Figure J.1 a) Figure B.1
discharges - - - -
F.4.3 Figure J.4 Figure Figure Figure
J.1,J.20rJ.3 F.2, F.3orF.4 F.2, F.3orF.4
M.8.16.1.2 Figure J.4 Figure J.1 a Figure M.3
Radiated radio- B.8.12.1.3 Figure J.5 a) a) Figure B.1
frequency - 2 - )
electromagnetic fields F.4.4 Figure J.5 _ If_lgnure
.2, T.0 Ul )7 =
M.8.16.1.3 Figure J.5 a) a A igute M.3
Electricall fast B.8.12.1.4 Figure J.6 Figure J.1 A Fig\Lt(e B.1
transientg/bursts - - - g
F.4.5 Figure J.6 Figure ur \/
J.1,J.20rJ.3 (F\AQ ork.8
M.8.16.1.4 Figure J.6 Figure J.1/\ \ \""N \ Figurp M.3
Surges B.8.12.1.5 a) Figur}J..‘]\ \ \\)\) Figure B.1
F.4.6 a igur ie-to-egrth: Line-tg-earth:
J.1,J.2 ¢r J.3 tgu figlire
F.10 or F.11 [ F.9, F.10 or F.11
C e-to-line: Line-tp-line:
figure figyre
.12, F.13 or F.14|F.12, F.13 or F.14
M.8.16.1.5 a(/ Mre\q 2) Figurk M.3
£
Conductgd B.8.12,h6 Figuré\u\ DV a) 9
disturbanges induced - w) ) ) 3
by radio-frequency F 4 \( Figove
fields J.7 ~1.8 or\s
Mb 1048\ Flyurd).7 2) 9

a)  No additional flﬁ\e Eece{sary < \
N\

J.2.2

The cirg
the test

00-4-2),

Direct ahd indire charges shall be applied in accordance with IEC 61000-4-2.

The directdistirargetests—shattbeperformedomnty omparts—of the—Tircuit-breaker hormally
accessible to the user, such as setting means, keyboards, displays, pushbuttons etc.
The application points shall be stated in the test report.

If a direct discharge on to the circuit-breaker (air or contact) occurs at any test point, the test at
such a point is repeated 10 times, for both polarities, 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 repeated 10 times, for both polarities, at intervals of = 1 s.
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J.2.3 Radiated radio-frequency electromagnetic fields

The test conditions of clause 7 of IEC 61000-4-3 shall apply.

The circuit-breaker shall be tested on the front face only, the test set-up being as shown in
figure J.5.

To enable repeatability, the actual test set-up including supply bars, transformer, etc. shall be
detailed in the test report.

Tests shall be performed with both horizontal and vertical antenna polarization.

The tes{ is performed in two steps: a first step where the circuit-breaker jg testethforupwanted
operatign (e.g. unwanted tripping) on the whole range of frequencies, p where
the circliit-breaker is tested for correct operation (i.e. correct tripping ncies.
For step 1, the frequency shall be swept over the ranges (of 8Q X Hz and
1400 MHz to 2 000 MHz, in accordance with clause 8 of N3. time for
each frgquency shall be between 500 ms and 1 000 ms, ad t S o of the
previou$ frequency. The actual dwell time shall be stated-in

For step 2, a test shall be performed at each of the\followi » sies: ; ; 1R0; 180;
240; 32p; 480; 640; 960; 1 400 and 2 0Q0 MH e i g ifi field at
each frgquency has stabilized.

Specific|test parameters for step 1 and idable.
J.2.4 Electrical fast tre

The mefallic enclosure

The ci'cuit—bre 3 L a a floor-standing equipment (see 7.2.1 of
IEC 61000-4-4), the/tes bei shown in figure J.6.

NOTE 1 i isap & mer via a coupling-decoupling network to avoid disturbandes on the
mains nef

NOTE 2 i 33 iny S ance is defined in order to ensure test repeatability.

For pow uxi 'ary supply ports, the coupling-decoupling network shall be used, except for
annex H 3 injection method shall be used (see figure J.6).

For sigrjal ports the coupling-decoupling network or the clamp injection method shall bhe used,
as applicable.

J.2.5 Surges

The metallic enclosure shall be connected to the ground plane (see J.1).

NOTE It is advisable to supply the transformer via a coupling-decoupling network to avoid disturbances on the
mains network.
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Signal port disturbances shall be injected by means of coupling-decoupling networks as
specified in figures 6 and 7 of IEC 61000-4-5.

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

J.2.6

by agreement with the manufacturer.

Conducted disturbances induced by radio-frequency fields (common mode)

The disturbances shall be injected by means of a coupling-decoupling network M1 or M2

according to IEC 61000-4-6, as applicable.

The tes

For relg
figure J

To enah
detailed

The tes
operatig

For stej
with cla
and 10
shall be

For stef
0,600;

80,0 MH
frequen

Specifid

J.3  Emis

J.3.1

circuit for the a.c. main circuit port shall be in accordance wj

ases with a phase-loss sensitive feature, the test circ
8 or J.9 as applicable.

le repeatability, the actual test set-up includi
in the test report.

of 150 kHz to 80 MHz in acc
frequency shall be between

ch6f the following frequencies: 0,150; 0,30(
80; 7,20; 9,60; 12,0; 19,2; 27,0; 49.4; 7
after the level of the disturbing voltage

General

. [shall be

hwanted
p where
ncies.

prdance
500 ms
ell time

; 0,450;
P.0 and
At each

able.

Subclau

se 7.3.3.2 of IEC 60947-1 applies with the following additions.

Emission tests are carried out according to table J.3.

The reference data for the application of the figures for emission tests is given in table J.4.


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003

— 287 —

Table J.3 - EMC

— Emission tests

Description

Reference standard

Limits

Mounting

Harmonics

IEC 61000-3-2

Not applicable ©)

Voltage fluctuations

IEC 61000-3-3

Not applicable ©)

Conducted RF
disturbances
150 kHz to 30 MHz

CISPR 11/ CISPR 22

Class A or class B, group 1 b)e) |Free air 9)

Radiated RF disturbances
30 MHz to 1 000 MHz @)

CISPR 11/ CISPR 22

Class A or class B, group 1b) |Free air d)

a)

b)

c)

d)

e)

A ed

Applicable only for circuit-breakers containing processing devices (e.g. microprocessors) or switched-mode

N - — P P
POWETSUPPIES OpEeTatiyg at MequelTcIes gredater turalr I RiriZ.

Equ|pment class A in CISPR 11 and CISPR 22 corresponds to environment A in
uipment can cause electromagnetic interferences when installed in environ

Equ|pment class B in CISPR 11 and CISPR 22 corresponds to environment

B equipment will not cause electromagnetic interferences when installed i

No fest required since the electronic control circuits operate at very lo

distyrbances.

Unlgss the circuit-breaker is intended to be used only in a specifted indi
shall be tested in such an enclosure. Details, including dim F
test|report.

Circpit-breakers covered by annex F are independe

electronic circuits have no direct coupling to the sdpp
bregkers create negligible disturbances ez/d%\

ereforée™o t

60947-1T\Envifonment

ynment
bgligible

case it

all be statdd in the

gny auxiliary supply. The
ery low power. These| circuit-

AN

Table J.4 — Reference data for the @I'ﬁa n\of the figures for emission tests

\( osure/ Circuit diagram | Circuit giagram
Tlest and subclaus T set- conductors for test for verification
arrangement [(during EMC test)| (after EMC test)
Conductdd RF %12.2.2 \\/ a) a) 9
disturbanges
/*E\.Z\ /@>\tes> No test No test No test
/\ M8.1 ) a) a) EN
Radiated|RF éxg}i\z.e»\ igure J.10 a) a 9
disturbanges - - ]
5.4 Figure J.10 a) Figure 9
\ F.2,F.30orF.4
18.2 Figure J.10 a) a) d)

a)

No ad

ditionalm ne&ssary.
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J.3.2 Conducted RF disturbances (150 kHz —30 MHz)

Descriptions of the test method and test arrangement are given in CISPR 11 or in CISPR 22,
as relevant.

J.3.3 Radiated RF disturbances (30 MHz — 1 000 MHz)

The test set-up is shown in figure J.10.
The height from the floor of the EUT shallbe 1 m £ 0,1 m.

To enable repeatability, the actual test set-up including supply bars, transformer, etc. shall be

detailed|in the test report.

24
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Aperture to be
kept to @ minimum

|- in accordance with
/ the manufacturer's
instructions

/] N

*B

—-—

S
SOy

x4

Dimension X
to be kept to
a minimum

NN

0.1 m*10 9 Insulating support
0 or gap
J Ground plane

|
| <= —

IEC 2380/02

Figure J.1a — Elevation
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0,1m*% 9
0

y
\ 4

instructions

minimum in accordance

with the manufacturer’s\

.
|

Insufating
upportor ga

Ground plane

Q X

AN

N

\C\>\
@‘

Section B-B

IEC 2381/02

Figure J.1b — Sections A-A and B-B

NOTE Connector details only applicable in the case of tests to annex F.

Figure J.1 — EUT mounted in metallic enclosure —

Two phase poles in series


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003 - 295 -

Aperture to be kept
to a minimum in

| accordance with
/ the manufacturer's
instructions

/] N

Y
e\
r? N
v SSSPS g@f

-_— = N
4 E2R >
s (g N
PN
N

Insulating support
m*10 g
) 0 or gap

J Ground plane

|
<= —

IEC 2382/02

Figure J.2a — Elevation
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0,1m*10 9
0

To be keptto a
minimum in accordance
with the manufacturer’s

instructions :
Supgrly
=~
K
01m*1% % \
’ 0

Insulating
support op/g

9,

Ground plane

Section B-B
IEC 2383/02

Figure J.2b — Sections A-A and B-B

Figure J.2 — EUT mounted in metallic enclosure —
Three phase poles in series
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Aperture to be
kept to a minimum

B in accordance with
the manufacturer's
instructions

*B ‘{ N *B
|

-_—

4 <

Dimension
to be kept t

a@m

( S
’\\/\
<+
fl j 'f' 'f'
O
A
Insulating support
+10 4
HF 01m 0 % or gap

¥/

A 4 J Ground plane
+10 o
frne] y

I | o]
<= —

IEC 2384/02

Figure J.3a — Elevation
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0,1m*% 9
0

A
\4

&

with the manufactur
instructions

minimum in accordance

.
|

er’s\;
@%

Insufating
upportor ga

Ground plane

Q X

AN

=
@‘

Section B-B
IEC 2385/02

Figure J.3b — Sections A-A and B-B

Figure J.3 — EUT mounted in metallic enclosure —

Three-phase connection
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Contact discharge on the metallic enclosure *

Contact discharge on
conductive accessible parts *

Test ge

Contag

Figu

herator

-

conduc ive accessible

arts

N

nsulatlng support

2389/02

rges
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Anechoic absorbers

>0,5m

Antenna EUT

Insulating material
4 . —
} H <

1mz=0,1m

AN

Main filter

|

IEC| 2390/02

Ground plane
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Metallic enclosure

EUT

- 307 -

l Dimension X to
be kept to a

X minimum

09<L<1m

\4

Ground plane

NOTE This is a representative example; other test set-ups _ma

are complied with.

O

|

sed providing the requirements for

EC  2397/02

the tests
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Any other metallic part
/ To be kept to a minimum

>0,5m x
¢ > >1m

A
v

Cross-section (mm?): S

L EUT [
Transformer

[

|y

Insulating support or gap Ground pl

{1
K I ‘ ‘ Transformgr
IN N\ —
] LAl O
014L<03m o
0,1m 0 %
v / N\
T EUT

LN

Mplingrdecoupling network M1 IEC 1142/03

Key
L totalc

NOTE 1 |Assan_alternativ€ to the coupling-decoupling network M1, coupling-decoupling network M2 or M3 may be
used in which_ ease the two or three connecting wires, as applicable, are connected to the same point of the EUT.

NOTE 2 Connector details only applicable in the case of tests to annex F, in all other cases figures 2 and 6 of
IEC 61000-4-6 apply.

Figure J.7 — Test set-up for the verification of immunity to conducted disturbances
induced by radio-frequency fields (common mode) —
Two phase poles in series
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Any other metallic part

/ To be kept to a minimum

>0,5m \
—>
r_’ < >1m »
A/ Cross-section (mm?): S
EUT
l Transformer

Insulating support or gap

I:-A\__AVA-?_
=
d1<L<03m ) N N NG VS N NG A —
%

IEC 1143,

p for the verification of immunity to conducted disturbances
guced by radio-frequency fields (common mode) -
Three phase poles in series
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Any other metallic part

‘/ To be kept to a minimum
>0,5m
>
R IN >1m

€ »

A
\ 4

Cross-section (mm?): S

l F EUT
l Transformer
01m*"0 o ‘ v

0

>

Insulating support or gap Ground plage

< X \
I I EERN 7
A N &\ — Transforme
014L<03m o1 % \>
v
v N\
N\
MaiL\/\ N\

pling network M1 IEC 1144/03

Key
L totalc
NOTE Afp an aaltermati the coupling-decoupling network M1, coupling-decoupling network M2 or M@ may be

used in which case the or three connecting wires, as applicable, are connected to the same point of the EUT.

Figure J.9 — Test set-up for the verification of immunity to conducted disturbances
induced by radio-frequency fields (common mode) —
Three-phase connection
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A

Antenna EUT ] .
\ Insulating material

Transformer

Tmz0,1Tm

D6/02

Key

L 10 m qr 3 m according to reference standard (€

Figure J.10 — Te ated emissions
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Annex K
(informative)
Glossary of symbols related to products covered by this standard

Characteristics list Symbol Reference
Circuit-breaker, closed position | 5.2
Circuit-breaker, open position O 5.2
Isolation suitability J}i 5.2
Neutral pole terminal N 5.2
Protective earth terminal @ 5.2
Rated control circuit voltage Ue /( ~ 4.)\{
Rated current In /\ \\NZQ
Rated impulse withstand voltage Uim»p \ \ X\iiﬁ\{
Rated insplation voltage @i \ 4.33.2
Rated opgrational voltage L)é\ \\ \ N1.1
Rated seryvice short-circuit breaking capacity los \ 4.3.5.2.2
Rated shqrt-circuit making capacity \7&\\‘ \\ > 4.3.51
Rated shqrt time withstand current ( (7 \IN 4.3.5.4
Rated ultimate short-circuit breaking capacity (\\/// /\ICu 4.3.5.2.1
Selectivity limit current ( ( N 6 k U ’51\/ 2.17.4
Take-ovef current \ \ /lé 2.17.6
Conventignal enclosed thermal current /A lthe 4.3.2.2
Conventignal free air thermal current (\ > lth 4.3.2.1
CBRs of type AC <\ f\\\} ‘\> o B.4.4.1
CBRs of fiype A N B.4.4.2
Current setting of a(yx{s\ible\gverloaéréwse > IR *
Corregponding tr‘h&gyré)\rﬁe\ iR *
Ground f4ult current se}\@ M Ig *
Corre$ponding trlgfpln\gokqe tg *
Individualfpole ui ing sapaci y Isy Annex C
(phase/edrthed m\\}\%
Individual sh rt- G&Mes\l\curré{ (IT systems) hT Annex H
Instantangou NM li afrzwigl::n';;l
Maximum corre?poqdin/btripping time t *
Not suitaljle for use in IT systems @ Annex H
Rated residual short-circuit making and breaking capacity I'nm Annex B
Rated residual non-operating current Iano Annex B
Rated residual operating current Inn Annex B
Residual operating current InR *
Short time pick-up current lsq *
Corresponding tripping time tsd *
Suitability for phase earthed systems C 4.3.1.1
Limiting non actuating time at 2 /5, L B.4.2
Time delay CBR with limiting non actuating time of 0,06 s B.5.1
CBRs for use with 3-phase supply only B.8.9.2

* These terms are not used in this standard. For their identification, see figure K.1.
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Constant time Constant time

12t characteristic

(non Izt) caracteristic
# iR -

t A LT

/

Ian ly X1 h Xg lg Xl f
IEC 1490/97
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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Annex L
(normative)

Circuit-breakers not fulfilling the requirements
for overcurrent protection

L.1  Scope

This arlnex covers circuit-breakers which do not fulfil the requirements Tar ove
protectipn specified in the main part of this standard, hereinafter refe
capable|of being tripped by an auxiliary device, e.g. shunt or undervoltage relea
provide [circuit protection?) but may trip under short-circuit conditiofis

have a |conditional short-circuit rating and may be used for isdtation.
accessdries such as auxiliary and alarm switches for co

operatofs.

A CBI fprms part of a circuit-breaker range, being d
(L.2.1) by omitting the overcurrent releases (class
see L.3]

L.2 Definitions

In addition to the definitions given in cIuse@a oll definitions apply:

L.2.1
equivalpnt circuit-breg
circuit-breaker from wh 1 ‘ S| derived, which has been tested accordin
standarg and wr@a i

L.2.2

rcurrent
hey are
y do not

idn. They

brporate
remote

breaker
lass X),

j to this

porating
., (for a
uivalent

CBIls are classified as follows:

— class X: with integral non-adjustable instantaneous short-circuit releases for self-prote
— class Y: without integral short-circuit releases.

NOTE CBlIs with integral adjustable or non-adjustable instantaneous short-circuit releases for equip
circuit protection are under consideration.

1) This applies in particular to overload protection.

ction;

ment and
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L.4 Rated values

L.4.1

Rated current (/)

The rated current of a CBI shall not exceed the rated current of the equivalent circuit-breaker.

NOTE The rated current of a CBI may be correlated to the rated current corresponding to utilization category
AC-22 (see annex A of IEC 60947-1).

L.4.2

Rated conditional short-circuit current (/c¢)

Subclause 4.3.6.4 of IEC 60947-1 applies.

A CBI

rhava o yaliia ~f |
ov-e— O+

breaker

L.5 Product information

A CBI {

isolation

item of .2 a).

In additi

— for§

whe

— for 8.2, item

S
e t

Manufa¢

overcur

L.6 (

A CBI,

iadhaer than that ~f tha |
HgRe et o Te o

rary—hay vate—of{

e /; is the insta

Ated conditiag

being derived from the equivalent circuit-breaker (see L.2.1), complies with

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.

¥ circuit-

uitapility for

dashed

provide

all the
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L.7 Tests

L.7.1 General
L.7.1.1 CBI of class X

The OCPD is specified.
Case 1:

loc = I, of the equivalent circuit-breaker.

cC

No addifional tests are required.

NOTE [he specified OCPD may be

— the equivalent circuit-breaker (see L.2.1);

— another circuit-breaker (see L.2.2);

— a fusqg of conventional fusing current < the conventional tripping curre er and of
a bredking capacity = I, of the CBI.

Case 2:

loc > I |of the equivalent circuit-breakeys

Tests shall be made according to L.7.2. pecified OCPD.

This applies when

— the ppecified OCPD i circuit-
bregker and of /.,

or

- the entional
tripp| CBI.

L.7.1.2

No tests

— cong

— cong reaker.

If neithgr-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.
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Case 2:

The OCPD is not specified.

Tests shall be made according to L.7.2.1 and L.7.2.3.

L.7.2 Rated conditional short-circuit tests

L.7.2.1 General

These tests shall be made when required by L.7.1.1 case 2, or by L.7.1.2 case 1 or case 2, as

applicable.

L.7.21.1 Test conditions

Subclause 8.3.2.6 applies.

The tes{ circuit shall be according to figure A.6, SCPD being rep
a circuitrbreaker with adjustable overcurrent settings, thes

If the OCPD consists of a set of fuses, each test shall'be made

Where applicable, the connecting cableg
if the O[CPD is a circuit-breaker, the 4
breaker|may be on the supply side (see

L.7.21.2

Subclause 8.3.2.6.5 applié

L.7.2.2 OCPD spe

Tests shall be m in.a¢ 7.2.2.1,L.7.2.2.2 and L.7.2.2.3.
L.7.2.2.
The tes
Subclause
VMation of I L.7.2.2.2
>/erification of dielectric withstand L.7.2.2.3

DCPD is

ept that,
circuit-

L.7.2.2.2 Verification of /.

The test shall be made with a prospective current equal to /.. of the CBI.

Each test shall consist of a O — t — CO sequence of operations made in accordance with

8.3.5.2, 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

with 8.3.5.3.

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 L.7.2.3.3.

L.7.2.3.1 Test sequence

The test sequence comprises the following tests:

Test Subclause \(
Verification of /. L.7.2.3
Verification of dielectric withstand L.7.2.33

L.7.2.3.p Verification of I

The tes{ shall be made with a prospective current eqyal {6 .

Each telst shall consist of a O — t -
8.3.5.2,|the CO operation being made b

During tfhe test, the current shall be m ; excycles and then disconnecte
power supply.

After eq ) ‘ - ed and opened three times.
L.7.2.3.

Followir 7. glectric withstand shall be verified in acc

with 8.3

made in accordamce with

d at the

prdance
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Annex M
(normative)

Modular residual current devices
(without integral current breaking device)

INTRODUCTION

The prowvisi } i ing supplementing
annex B @ means
and/or t

Throughout this annex, “ >MRCD”
(see M.2.2.1).

Whereve . In other
cases, I I, where
appHcat

This an nnex B,
e.g. “typ nts and
tests.

Since th certain
convent en adapted accordingly in this annex, ¢.g. “ON
position| i 9

M.1  S$cope a@

This an i operated devices which do not incorporate a| current
breaking device, B €A odular Residual Current Device (MRCD)”. They are
primarily i d_in~ednjunction with circuit-breakers in accordance with this
standargl.

NOTE Tk ay 8 S d suitable for use in conjunction with other current breaking devices.

They may or nctionally dependent on a voltage source

The object{of this annex is to state the specific requirements which shall be complied with by
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M.2 Definitions
The definitions of annex B apply.
The following additional definitions apply to this annex.

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:

— the ljne voltage
— avo|tage other than the line voltage

M.2.2 Definitions relating to the operation and the functions o

M.2.2.1
Modular Residual Current Device (MRCD)

device ¢r an association of devices comprising a curren{_5e 1
device designed to detect and to evaluate the residua S trol the openirn
contactg of a current breaking device

M.2.2.2( Operating time

M.2.2.2/1
operating time of an MRCD
time which elapses between the instant\wh
and thelinstant when the M

M.2.2.2)2

total operating time o¢
(combination ti
time whijch elapses’b
and thelinstant of

M.2.2.2
limiting
maximu
current

M.3 Classification

cessing
g of the

applied

applied

perating

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.

M.3.1.2.2 MRCD with sensing means and processing device separate.
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M.3.2 Classification according to the method of operation
M.3.2.1 MRCD without voltage source (see M.2.1.1)
M.3.2.2 MRCD with voltage source

M.3.2.2.1 Operating automatically in case of failure of the voltage source.

M.3.2.2.2 Not operating automatically after failure of the voltage source but able to operate as
intended in case of a residual current fault.

M.3.3 Classification according to the possibility

—of adjusting the restdual operating curremnt
Subclause B.3.2 applies.

M.3.4 Classification according to time-delay of the residuz nction

Subclause B.3.3 applies.
M.3.5 Classification according to behaviour in p
— MR(D of type AC (see M.4.2.2.1);

— MR(D of type A (see M.4.2.2.2);
— MR(D of type B (see M.4.2.2.3).

M.4 Characteristics of MRCDs

M.4.1
M.4.1.1
M.4.1.1

Range and for

which it
M.4.1.1
Value o
M.4.1.1

M.4.1.1334—TFerminal-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 without failure and to which the
values of the clearances are referred with regard to the monitored circuit.

M.4.1.2 Characteristics of the voltage source of MRCDs

FA NI
\YUs)

M.4.1.2

Values ¢f the voltage source to which the operating functions of the M

M.4.1.2]2 Rated values of the frequencies of the voltage

Values pf the frequencies of the voltage source to which the~Q
are refefred.

M.4.1.2{3 Rated insulation voltage (U;)

Subclause 4.3.1.2 of IEC 60947-1 applies.

M.4.1.2)4

Subclau

NOTE In
M.4.1.3

Subclau

M.4.2
M.4.21

Subclau with the

following

The maximum_ ¥alues)of the MRCD operating time shall be stated by the manufacturer for
residuall current valu€s equal to Ian, 2 Ian, 5 Ian (0r 0,25 A for Ian < 30 mA), 10 /pn (or 0,5 A for
Ian € 301MA)

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 Ipn £ 30 mA shall be of the non-time-delay type. They shall be used only with a
specified current breaking device.


https://iecnorm.com/api/?name=942a33bef042e27a502e5a62fb982489

60947-2 © IEC:2003 - 339 -

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.

M.4.2.2.2  Type A MRCD

Subclause B.4.4.2 applies.

— for residual sinusoidal alternating currents,

— for rgsidual pulsating direct currents,
A,

with
slow

plied or

M.4.3
M.4.3.1

Subclau

M.4.3.2

Subclau

M.4.3.3

Subclau

M.4.3.4

Subclauser2.5.28 oNEC 60947-1 applies to the primary circuit of the MRCD.

M.4.4 Preferred and limiting values
M.4.4.1 Preferred values of the rated residual operating current (/5n)

Subclause B.4.2.1 applies.
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M.4.4.2 Minimum value of the rated residual non-operating current (/ano)

Subclause B.4.2.2 applies.

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 MRCDs

Subclause 4.5.1 applies.

M.5 J’roduct information

The MRCD, processing device or sensing means, as applicabls
informafion as given in table M.1. Any marking shall be durabl€.
MRCD itself or on one or more nameplates. The manufacturg

— for 4 separate sensing means, the details of the sepsi : { i tions for
connection to the processing device (cable type, I€ngth etc\);

— for g through-conductor type MRCD, the dimgrsi and the
position of the through-conductors refati )

— for a terminal type MRCD, the ma s to be
connected;

- for 1I

— for all types, the condifi cessing
devite and the current\preaking dewi

— for gll types, the S nditional

(residual or not) short-
— for 4 non-time-de \ breaking devices to be associated with the MRCD to
meef the maxi soivbjnatt 9 of table B.1;

— for 4
devi 8 ithrthé MRCD to meet the combination times of table B.]R.
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Table M.1 — Product information

Separate devices

. Location Single
Information Symbol (see note 1) | device | Sensing Proiz(;ss-
means N
device
a) manufacturer's name or trade mark Marked a a a)
b) type designation or serial number Marked a) a) a)
c) IEC 60947-2 Marked a a)
d) rated voltage of the voltage source U Marked a a
e) rated voltage of the monitored circuit U, Marked a a
f) rated frequency of the voltage source Literature
g) rated frequency of the monitored circuit Literature /\\
h) maximum rated current of the monitored circuit I, Visible a a\’\/ a) (see
note 2)
i) rated fesidual operating current (value(s) or Ian isib a) \/ a)
range| as applicable) )
j) rated fesidual non-operating current if it differs Ano ite tu&
from 4,5 /5, /
k) lowes] residual current setting at 6 /, for \) Literatine
MRCDOs with separate sensing means /\
I) rated ponditional short-circuit current and/ [ Li t
rated phort-time withstand current, and rate
conditjonal residual short-circuit current \
.
m) Ump Of the voltage source \ mp Literature
n)  Uimp of the monitored circuit\ \( No \{I,mp\\/ Marked a) a)
o) IP code, where applicable tsee,anpex C\of \LE’,/ Literature
IEC 60947-1)
p) positign of use aﬁ >um>\g preéutl\\{ \ Literature
q) outpuf characteristicsand cifie r Literature
breaking dewce(s)/\
r) operaling charactexistic\in dase* of residudl Y Visible a) a)
currer rabsence.of a d.c. [\j
comp FaVaw
s) limiting«ddn=operating time (value or range) At or Visible a a)
at 2 | ;Hfertime—delay-type—as—eappheable
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 /,.
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M.6 Normal service, mounting and transport conditions

Clause 6 applies.

M.7 Design and operating requirements

M.71

Design requirements

It shall not be possible to modify the operating characteristic of an MRCD except by means
which are specifically provided for setting the rated residual operating current or the definite

time-del

ay.

NOTE I\/IRCDs may be provided with means indicating the status of the outputs.

M.7.2
M.7.2.1

Subclau
Complig

M.7.2.2

MRCDs
current,
current.

MRCDs

M.7.2.3

MRCDs

M.7.2.4

MRCDs

M.7.2.5

MRCDs

Operating requirements
Operation in case of a residual current

se B.7.2.1 applies.

nce shall be checked by the tests of M.8.3.

D

shall) be ~egpable of withstanding the impulse withstand voltage declared

manufa

MRCDs

Clearan

— thel

cturer in accordance with 7.2.3 of IEC 60947-1.

shall comply with the tests of M.8.4.

ces from the live parts of the monitored circuit to:

ive parts of the MRCD,

— the parts intended to be grounded,

— the clearances between the current paths, for terminal type MRCDs,

ithstand
t circuit

by the

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 to

operate.
The test device shall satisfy the tests of M.8.5.

The protective conductor, if any, shall not beco

me live when the test device is operated.

The operating means of the test device shall be designated by the letter T, and its colour shall

not be red or green; the use of a light colour is

recommended.

NOTE The test device is only intended to check the

effective yith respect to the rated residual operating current and to the break time.

M.7.2.7 Value of the non-operating overcurrent in case ofa s

MRCDs|shall comply with the test of M.8.6.

M.7.2.8 Resistance of MRCDs to unwanted tripping

from impulse voltages

MRCDs|shall withstand the test of M.8.7.

M.7.2.9 Behaviour of MRCDs of type A\an¥é

comprising a d.c. componen

MRCDsj|of type A and type B shall comp
M.7.2.10 Requirements

MRCDs|functionajty d
voltage between

Accordi
comply

tripping function, not the val

n earth fault current

alue Ug (see M.2.1.1 and M.4.1.2.1).

inction is

Iting

spurce shall operate correctly at any value of the

Ce shall

Classlflme\chordmg to M.3.2.2

Behaviour in case of failure of the voltage

pource

MRCD operating autorMally without delay in case of
voltage qource failure (M.3.2.2.1)

Operating without delay according to M.8.12

MRCD operating automatically with delay in case of
voltage source failure (M.3.2.2.1)

Operating with delay according to M.8.12

MRCD not operating automatically after failure of the
voltage source but able to operate as intended in case
of a residual current fault arising (M.3.2.2.2)

Operating according to M.8.13
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