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Foreword S)(,(\\

The text of document 17B/1188/FDIS, future amendment to IEC 60947-6-2: 1992

SC 17B, Low-voltage switchgear and controlgear, of IEC TC 17, Switchgear an ear, was
submitted to the IEC-CENELEC parallel vote and was approved by CENEL (gendment A3 to
EN 60947-6:2:1993 on 2002-09-01.

The text of this document, together with that of IEC 6094(7&}& and its amendments 1:1997 and
2:1998, was published by IEC as the second edmon 7-6-2 in October 2002. According to a
decision of principle taken by the Te Board of CENELEC, the approval of
EN 60947-6-2:1993/A3 has been convert‘ 1 approval of a new EN 60947-6-2.

This European Standard suw@QE‘N 60947-6-2:1993 + corrigendum June 1997 + A1:1997 +
A2:1999.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2003-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2005-09-01

Annexes designated "normative" are part of the body of the standard.

Annexes designated "informative" are given for information only.

In this standard, annexes A, C and ZA are normative and annex D is informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60947-6-2:2002 was approved by CENELEC as a
European Standard without any modification.
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Foreword to amendment Al ((\\
The text of document 17B/1526/FDIS, future amendment 1 to IEC 60947-6-2: 2002 r 91 by
SC 17B, Low-voltage switchgear and controlgear, of IEC TC 17, Switchgear gear was
submitted to the IEC-CENELEC parallel vote and was approved by CEN mendment Al to
EN 60947-6-2:2003 on 2007-03-01. g
o

The following dates were fixed: “\“

— latest date by which the amendment has to
implemented at national level by pu

an identical national standard sement (dop) 2007-12-01
— latest date by which the tandards conflicting
with the amendment have to be W|thdrawn (dow) 2010-03-01

Annex ZA has been added by CENELEC

Endorsement notice

The text of amendment 1:2007 to the International Standard IEC 60947-6-2:2002 was approved by
CENELEC as an amendment to the European Standard without any modification.
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00“\\

INTRODUCTION ges

The provisions of the General Rules are applicable to thj p% IEC 60947-6, where
specifically called for. General Rules clauses an ae hus applicable as well

as tables, figures and appendices are identified by e to Part 1 of IEC 60947-1, for
example, 1.2.3, table 4, or annex A of Part 1.

!
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR - ((\\

Part 6-2: Multiple function equipment — 6‘
Control and protective switching devices ge

(or equipment) (CPS) a'
2 a9
g‘(\\(\

1 Scope and object \

This part of IEC 60947 m’é&'control and protective switching devices (or equipment)
(CPS), the main contacts hich are intended to be connected to circuits of rated voltage
not exceeding 1 000 V a.c. or 1 500 V d.c.

CPSs are intended to provide both protective and control functions for circuits and are
operated otherwise than by hand. They may also fulfill additional functions, such as isolation.

Digital inputs and/or digital outputs contained in CPSs, and intended to be compatible with
PLCs are covered by IEC 61131-2.

The object of this part is to state:

— the characteristics of CPS's;

— the conditions with which CPS's shall comply with reference to their operation and
behaviour, their dielectric properties, the degree of protection provided by their enclosure
where applicable;

— the tests intended to verify that these conditions have been met, and the methods to be
adopted for these tests;

— the information to be marked on or given with the CPS's.

2 Normative references

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

EC 60034-1:2004, Rotating electrical machines — Part 1: Rating and performance
IEC 60085:2004, Electrical insulation — Thermal classification
IEC 60410:1973, Sampling plans and procedures for inspection by attributes

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

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

IEC 60695-2-12:2000, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods
—Glow-wire flammability test method for materials
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IEC 60695-2-13:2000, Fire hazard testing — Part 2-13: Glowing/hot-wire based test meth \
—Glow-wire ignitability test method for materials 0

I%) IEC 60695-11-10:1999, Fire hazard testing — Part 11-10: Test flames - @&l‘zontal
and vertical flame test methods

Amendment 1 (2003) 9
IEC 60947-1:2004, Low-voltage switchgear and contr “\arrt General rules ¢4

IEC 60947-6-1:1998, Low-voltage switchgear olgear — Part 6-1: Multiple function
equipment — Automatic transfer SW|tch|ng

Amendment 1 (1994)

Amendment 2 (1997)

IEC 60947-2:2006, LoWX- a e SW|tchgear and controlgear — Part 2: Circuit-breakers
IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) - Part 4: Testing and
measurement techniques — Section 2: Electrostatic discharge immunity test — Basic EMC
publication

Amendment 1 (1998)
Amendment 2 (2000)

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

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measure-
ment techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:1995, Electromagnetic compatibility (EMC) - Part 4: Testing and
measurement techniques — Section 5: Surge immunity tests
Amendment 1 (2000)

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

Amendment 1 (2004)

Amendment 2 (2006)

IEC 61131-2:2003, Programmable controllers — Part 2: Equipment requirements and tests

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment -
Electromagnetic disturbance characteristics — Limits and methods of measurement
Amendment 1 (2004)

Amendment 2 (2006)

3 Definitions
Clause 2 of Part 1 applies with the following additional definitions:

3.1 Control and protective switching device (or equipment) (CPS)

switching device (or equipment) capable of operation other than by hand, but with or without
local manual operating means

NOTE 1 The term "capable of operation other than by hand" means that the device is intended to be controlled
and kept in working position from one or more external supplies.
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I2» NOTE 2 For CPSs controlled with an electromagnet, such an electromagnet may be electronically controlle, \
(see 3.1.1).

A CPS is capable of making, carrying and breaking currents under condltlons
including specified operating overload conditions and of maklng car pecmed time
and breaking currents under specified abnormal condltlons su e of short-circuits.

A CPS has overload and short-circuit protect|on unctlons being associated and
coordinated so as to permit continuity of ser apl currents up to its rated service short-
circuit breaking capacity I.s. A CPS ma ot consist of a single device but is always
rated as a unit. Coordination may IL\ t¥er inherent or obtained by correct selection of
releases in accordance with t acturer's instructions.

. NOTE 3 . A CPS may h than one position of rest.

nNOTE4ﬂ In the context of this standard, the term "manufacturer' means any person, company or
organization with ultimate responsibility as follows:

— to verify compliance with this standard;

— to provide the product information according to clause 6 (marking, identification, characteristics).

NOTE 5 In the context of this standard "continuity of service" means that CPS can be returned to service
after occurrence of an over-current under the conditions specified of this part.

3.1.1
electronically controlled coil for electromagnet
coil controlled by a circuit with active electronic elements

3.2 CPS suitable for isolation

CPS which in the open position complies with the requirements specified for the isolating
function (see 8.1.6)

3.3 CPS for motor control and protection
3.3.1 Direct-on-line CPS

CPS which connects the line voltage across the motor terminals in one step

3.3.2 Reversing CPS

CPS for starting a motor, intended to cause a motor to reverse the direction of rotation by
reversing the motor primary connections while the motor may be running

3.3.3 Two-direction CPS

CPS for starting a motor, intended to cause a motor to reverse the direction of rotation by
reversing the motor primary connections only when the motor is not running

3.4 Opening time
Subclause 2.5.39 of Part 1 applies, with the following additions:

— in the case of a CPS tripped by an over-current relay or release, the instant of initiation of
the opening time is the instant when the current reaches a value large enough to cause
the CPS to operate;
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— in the case of a CPS operated by any form of auxiliary power, the instant of initiation \
the opening time is the instant of application of the auxiliary power to or its removad
the opening release.
NOTE For CPS's "opening time" is commonly referred to as "tripping time", alth 1} speaking,

tripping time applies to the time between the instant of initiation of the opening tim nstant when the
opening command becomes irreversible. a'

3.5 Phase loss sensitive relay or release (for motos “wo

multipole relay or release for motor protection h@\(&erates in case of loss of phase in
accordance with specified requirements .

3.6 "\\

under-current relay or r ‘Q

relay or release which op es automatically when the current through it is reduced below a
predetermined value

3.7

under-voltage relay or release

relay or release which operates automatically when the voltage applied to it is reduced below
a predetermined value

3.8

stall sensitive electronic overload relay or release

electronic overload relay or release which operates when the current has not decreased
below a predetermined value for a specific period of time during start-up or when the relay
receives the input indicating there is no rotation of the motor after a predetermined time in
accordance with specified requirements

NOTE Explanation of stall: rotor locked during start.

3.9

jam sensitive electronic overload relay or release

electronic overload relay or release which operates in the case of overload and also when the
current has increased above a predetermined value for a specific period of time during run in
accordance with specified requirements

NOTE Explanation of jam: high overload occurring after the completion of starting which causes the current to
reach the locked rotor current value of the motor being controlled.

3.10

inhibit time

time-delay period during which the tripping function of the relay is inhibited (may be
adjustable)

3.11

I2t characteristic of a SCPD

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

4 Classification

Data which may be used as criteria for classification are given in 5.2.
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5 Characteristics

5.1 Summary of characteristics

The characteristics of a CPS shall be stated in terms of the followi

— type of CPS (5.2); a’
\\\

— rated and limiting values of the main circuit (5.3)0‘\\

— utilization categories (5.4); .
— control circuits (5.5); \

.
— auxiliary circuits (5.6); “'Q ‘\

— relays and releases (‘3(7\
Text deleted

5.2 Type of CPS
The following shall be stated:

5.2.1 Number of poles
5.2.2 Kind of current (a.c. or d.c.)

5.2.3 Method of operation

For example:

— electromagnetic, manual, motor operated.
5.2.4 Method of control

For example:

— automatic (by pilot switch or sequence control);
— non automatic (such as by handle or by push-buttons).

5.2.5 Method of resetting after overload
The following types are recognized:

— self resetting;
— local manual resetting;
— remote resetting.

5.2.6 Method of rearming after short-circuit
The following types are recognized:

— CPS capable of remote re-arming after operation;
— CPS incapable of remote re-arming after operation:

o\
092 <
Q@ cable:

— Those not requiring replacement of a renewable short-circuit protective element, for

example a normally operated circuit-breaker.

— Those requiring replacement of a renewable short-circ
example a fuse-link.

uit protective element, for
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5.3 Rated and limiting values of the main circuit \
These values shall be stated in accordance with 5.3.1 to 5.3.6 but it may not be nec%@X(\
establish all the values listed.

eo
5.3.1 Rated voltages a'\)g

I%) Subclause 4.3.1 of IEC 60947-1 applies with the fgllo @%It

CPSs for unearthed or impedance earthed s QfT) require additional tests according to
Annex G.

5.3.2 Currents and p
A CPS is defined by the fo;owmg currents and powers:

— conventional free air thermal current (ln): 4.3.2.1 of Part 1 applies;
— conventional enclosed thermal current (lihe): 4.3.2.2 of Part 1 applies;

— rated operational currents (lg) or, if applicable, rated operational powers): 4.3.2.3 of Part
1 applies.

5.3.3 Rated frequency

Subclause 4.3.3 of Part 1 applies.

5.3.4 Rated duties

Subclause 4.3.4 of Part 1 applies with the following addition to 4.3.4.3 of Part 1 (intermittent
periodic duty or intermittent duty): In case of utilization categories AC-42 and AC-43, an
operating cycle comprises starting, running to full speed and switching off the supply to the
motor.

NOTE In the case of a CPS controlling a motor for intermittent duty, the difference between the thermal time-
constant of the overload relay and that of the motor may render a thermal relay unsuitable for overload protection.
It is recommended that, in this case, the question of overload protection be subject to an agreement between
manufacturer and user.

5.3.5 Normal load and overload characteristics
5.3.5.1 Rated making and breaking capacities

Subclauses 4.3.5.2 and 4.3.5.3 of Part 1 apply with the following additions:
Requirements for the various utilization categories (5.4) are given in 8.2.4.1.

The rated making and breaking capacities are only valid when the CPS is operated in
accordance with the requirements of 8.2.1.1 and 8.2.1.2.
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5.3.6 Short circuit characteristics (.(\\

5.3.6.1 Rated service short-circuit breaking capacity (l¢s)

Subclause 4.3.6.3 of Part 1 applies with the following additions: ge

A rated short-circuit breaking capacity requires that the CP, a’dﬂ% able to break any value
of short-circuit current up to and including the value ing to the rated capacity at a
power-frequency recovery voltage corresponding to scrlbed test voltage values and,

— for a.c., at any power-factor not Ie t of table 16 of Part 1;
— for d.c., with a time constant t of table 16 of Part 1.

The rated service short-c aklng capacity of a CPS is the value of service short-circuit
breaking capacity assign d to that CPS by the manufacturer for the corresponding rated
operational voltage, under the conditions specified in 9.4.4.2. It is expressed as a value of
prospective breaking current. o5 shall be equal to or greater than I, (see 8.2.5a).

NOTE For a.c., the short-circuit making capacity of a CPS shall be not less than its rated service short-circuit
breaking capacity, multiplied by the factor n of table 16 of Part 1.

For d.c., the short-circuit making capacity of a CPS shall be not less than its rated service short-circuit breaking
capacity.

5.4  Utilization categories

Subclause 4.4 of Part 1 applies with the following additions:

5.4.1 Standard utilization categories

Utilization categories given in table 1 are considered as standard. Any other type of utilization
shall be based on an agreement between manufacturer and user, but information given in the
manufacturer's catalogue or a tender may constitute such an agreement.

Each utilization category is characterized by the values of currents (including prospective
conventional test current, see 8.2.5a), voltages, power factors, or time constants and other
data in tables 9, 10, 11, 12 and 13 and by the test conditions specified in this standard.

For CPS's defined by their utilization categories, it is therefore unnecessary to specify
separately the rated making and breaking capacities as these values depend directly on the
utilization category as shown in table 9.

The voltage for all utilization categories is the rated operational voltage of the CPS.
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Table 1 — Utilization categories (.(\\
A

Utilization Typical application ?6‘
A,

categories*

&’

inductive reactance

AC-40 Distribution circuits comprising mixed resistive and reactive loads hS\aa'\)e%ant

-
AC-41 Non-inductive or slightly inductive loads, resistanci fU?\G\a

fors during running?)

AC-42 Slip-ring motors: starting, switching off

AC-43 Squirrel-cage motors: starting, switcQi
AC-44 Squirrel-cage motors: starti‘nt ing, inching
AC-45a Switching of el ctri“s'@rg lamp controls

AC-45b Switching of inmscent lamps

DC-40 Distribution circuits comprising mixed resistive and ractive loads having a resultant
inductive reactance

DC-41 Non-inductive or slightly inductive loads, resistance furnaces

DC-43 Shunt-motors: starting, plugging, inching.
Dynamic breaking of d.c. motors

DC-45 Series-motors: starting, plugging, inching.
Dynamic breaking of d.c. motors

DC-46 Switching of incandescent lamps

1) AC-43 category may be used for occasional inching (jogging) or plugging for limited time periods such as
machine set up; during such limited time periods the number of operations should not exceed five per
minute nor 10 in a 10-min period.

* The first digit designates a CPS.

The second digit designates a typical application.

5.4.2 Assignment of utilization categories based on the results of tests

a) A CPS which has been tested for one utilization category or at any combination of
parameters (such as highest operational voltage and current, etc.) can be assigned other
utilization categories without additional testing provided that the values of test current,
voltages, power-factors or time-constants, number of operating cycles, the on and off
times and the test circuit for the assigned utilization categories are not more severe than
those at which the equipment has been tested and temperature rise has been verified at a
current in continuous duty.

For example, when tested for utilization category AC-44, a CPS may be assigned
utilization category AC-43 provided that | for AC-43 is not higher than 1,2 times I for
AC-44 at the same rated operational voltage.

b) DC-43 or DC-45 CPS is assumed to be capable of opening and closing loads other than
those on which they have been tested provided that:
— the voltage and current do not exceed the specified values of Ug and lg;

— the energy J stored in the actual load is equal to or less than the energy J. stored in
the load with which the CPS has been tested.
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The values of the energy stored in the test circuit are as follows: (.(\\

S . Stored energy
Utilization catégory

i ge‘r} .
DC-43 0,00525 x Uy X I, i)\)
DC-45 0,0315, - UONT
W

The values of the constants 0,00525 an are derived from: I, = 1/2 LI2 where the time
constant has been replaced by 2,3 for DC-43 and 15 x 10-3 s for DC-45 and where
9}

U=1,05Ugand =4I, (se“@
5.4.3 Application of ut;l

ization categories for motor control duty

Typical service conditions are:

— rotation in one direction, the motor being switched off while running under normal service
conditions (utilization categories AC-42, AC-43);

— rotation in two directions, but running of the motor in the second direction being started
only after the CPS has been switched off and the motor completely stopped (utilization
categories AC-42, AC-43);

— rotation in one direction, or in two directions as in the previous paragraph, but with the
possibility of infrequent inching. For this service condition, a direct-on-line CPS is
generally used (utilization category AC-43);

— rotation in one direction with frequent inching (jogging); a direct-on-line CPS is generally
used (utilization category AC-44);

— rotation in one or two directions but with the possibility of infrequent plugging in order to
stop the motor, the plugging being associated with rotor resistor braking if this is
provided. In this case a CPS may be used in the stator circuit (utilization category AC-42);

— rotation in two direction but with the possibility of reversing the supply connections to the
motor while it is running in the first direction (plugging), in order to obtain its rotation in
the other direction while switching off the motor running under normal service conditions.
A direct-on-line reversing CPS is generally used for this service condition (utilization
category AC-44).

Unless otherwise stated CPS's used as starters are designed on the basis of the starting
characteristics of the motors compatible with the making capacities of table 9. When the
starting current of a motor exceeds these values, a CPS having a suitably higher rated
operational current should be used.

5.5 Control circuits

Subclause 4.5 of IEC 60947-1 applies; moreover, for an electronically controlled electro-
magnet, Subclause 4.5.1 of IEC 60947-1 applies with the following addition.

The electronic part may form an integral part or a separate part provided it is an intrinsic
function of the device. In both cases, the device shall be tested with this electronic part
mounted and installed as in normal use.
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The characteristics of electronic control circuits are as follows: (.(\\

— type of current; 6
.
— power consumption; \)ge
— rated frequency (or d.c.); ga.
-

- rated control circuit voltage, U, (nature: a.c./d.c.); + (\
— rated control supply voltage, Ug (nature: a.c./d.c@ \

— nature of external control circuit deyi ohtacts, sensors, optocouplers, electronic
active components, etc.).

\\
Annex E gives examples W‘@a\ions of different circuit configurations.

NOTE A distinction is made between the control circuit voltage U., which is the controlling input signal, and the
control supply voltage Ug, which is the voltage applied to energize the power supply terminals of the control circuit
equipment and may be different from U, due to the presence of built-in transformers, rectifiers, resistors,
electronic circuitry, etc.

5.6  Auxiliary circuits

Subclause 4.6 of Part 1 applies.

5.7 Relays or releases

Subclause 4.7 of Part 1 applies with the following additions:

5.7.1 Types of relays or releases
57.1.1 Shunt release (2.4.33 of Part 1)

5.7.1.2 Under-voltage and under-current relay or release (for opening) (2.4.34 of
Part 1).

5.7.1.3 Over-current relays or releases.

["5.7.1.3.1 Overload relay or release

a) Instantaneous overload relay or release (e.g. jam sensitive, see 3.9).
b) Definite time delay overload relay or release (2.4.26 of Part 1).
c) Inverse time delay overload relay or release (2.4.27 of Part 1):

i) substantially independent of previous load;

ii) dependent on previous load;

iii) dependent on previous load and also sensitive to phase loss (see 3.5).
d) Stall relay or release (see 3.8).

5.7.1.3.2 Short-circuit relays or releases:
a) Instantaneous short-circuit relay or release (2.4.24 of Part 1);
b) Definite time delay short-circuit relay or release (2.4.26 of Part 1).

NOTE A CPS has a combination of relays or releases from 5.7.1.3.1 and 5.7.1.3.2 above.
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5.7.1.4 Other relays and releases (e.g. phase failure relay, control relay associated \
devices for motor thermal protection, residual current relay). 0

NOTE Types referred to under 5.7.1.4 require consultation between manufacturer and usg%rﬁing to the

particular application. \)

5.7.2 Characteristic values .

A d
I*) Shunt, under-voltage (under-current), over-voltm\gx aneous over current), current
I

or voltage asymmetry and phase reversal opening r r release:
.

— rated voltage (current);
.

— rated frequency; \Q ‘\\
— operating voltage (cur\e\x
— operating time (when applicable);

— inhibit time (when applicable).
Over-current relay or release:

— designation and current setting (or range of settings) (see 5.7.3);

— rated frequency, where necessary (e.g. in the case of a current transformer operated
overload relay);

— time-current characteristics (or range of characteristics), where necessary;

— trip class, where applicable according to classification in Table 3, or the value of the
maximum tripping time, in seconds, under the conditions specified in 8.2.1.5.1, Table 2,
column D, when this time exceeds 40 s;

— nature of the relay or release: thermal, magnetic, electronic or electronic without thermal
memory;

— nature of the reset: manual or automatic.
Relay or release with residual current sensing:

— rated current;

— operating current;

— operating time or time-current characteristic according to Table H.1;
— inhibit time (when applicable);

— type designation (see Annex H).
5.7.3 Designation and current setting of overload relays or releases

Overload relays or releases are designated by their current setting (or the upper and lower
limits of current setting range, if adjustable) and their trip class, where applicable. The
current setting (or current setting range) shall be marked on the relay or release.

5.7.4 Time current characteristics of over current relays or releases
Time-delay relay or release:

— Definite time delay: the time delay of such relays or releases is independent of the over-
current. The tripping time setting shall be stated as the duration in seconds of the opening
time of the CPS if the time delay is not adjustable, or the minimum and maximum values
of the opening time, if the time delay is adjustable.
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— Inverse time delay: the time-current characteristics shall be given in the form of curve \
supplied by the manufacturer. These shall indicate how the opening time, startin @
the cold state, varies with current within the range of operation of the relay or e

The manufacturer shall indicate, by suitable means, the tolerances ap i these
curves. These curves shall be given for the minimum and maximum the current
setting and, if the time setting for a given current setting is adj @' recommended
that they be given in addition for each minimum and maxi @ of the time setting.

NOTE Note of 4.8 of Part 1 applies. K\‘\(\
v

5.7.5 Influence of ambient air temperatu

Unless otherwise specified, the op

those of the thermal type |s
of -5 °C to +40 °C.

e of over-current relays or releases other than
nt of the ambient air temperature within the limits

For relays or releases of the thermal type:

The time-current characteristics refer to a stated value of ambient air temperature and are
based on no previous loading of the overload relay (i.e. from an initial cold state).

This value of the ambient air temperature shall be clearly given on the time curves; the
preferred values are +20 °C or +40 °C.

The overload-relays or releases shall be able to operate within the ambient air temperature
range of =5 °C to +40 °C and the manufacturer shall be prepared to state the effect of
variation in ambient air temperature on the characteristics of overload relays or releases.

Subclause deleted

6 Product information

6.1 Nature of information

The following information shall be given by the manufacturer concerning:

6.1.1 Identification
a) The manufacturer's name or trademark.
b) Type designation or serial number.

¢) Number of this part, if the manufacturer claims compliance.

6.1.2 Characteristics
d) Rated operational voltages U, (see 5.3.1 and, where applicable, Annex G).

e) Utilization category and rated operational currents (or, where applicable, rated powers) at
the rated-operational voltages.

f) Either the rated frequency (e.g.: 50 Hz, 50 Hz/60 Hz) and/or the indication "d.c." (or the
symbol ———).

g) Rated duty with the indication of the class of intermittent duty, if any.
h) Rated service short-circuit breaEking capacity (I¢s) (see 5.3.6.1).

i) Rated impulse withstand voltage (Ujmp).

j) Indication of the open and closed positions (see 8.1.4 and 8.1.5).

k) Pollution degree (see 7.1.3.2).



Page 22
EN 60947-6-2:2003

I) Rated control circuit voltage (Uc), nature of current and rated frequency (if a.c.). \

m) [~ Vacant. GO((\

n) IP code, for enclosed CPS's. 6 .

0) If necessary, nature of current, rated frequency and rated control su ge (Uy).

p) Ratings of auxiliary circuits. @r%a'
ist

r) Current setting and identification of time-current ¢ ﬁ\ of over current relays or
releases, specifying, according to 5.7, if the e@ i¢ overload relay does not contain
thermal memory. R

s) Other characteristics of over—cur& t r releases according to 5.7.

t) In the case of renewable -tikclit protective elements (see 5.2) current rating, type
and characteristics in % ce with relevant standard.
u) Suitability for isolation Where applicable (see 5.2 of Part 1).

v) Environment A or environment B (see 7.3.1 of IEC 60947-1).
w) Special requirements, if applicable, for example shielded or twisted conductors.

NOTE Unshielded or untwisted conductors are considered as normal installation conditions.
6.2 Marking
Sub-clause 5.2 of Part 1 applies with the following additions related to 6.1.1 and 6.1.2 above:

— Data a and b and relevant operational data under d, e, and f.
— Data a and b shall be marked on the CPS and preferably on the nameplate if any
— Data under c and n shall be preferably marked on the CPS

— Data under h and t and relevant operational data under d, e and f shall be marked on the
CPS

— Data under r shall be marked on the relay or release

— Data under u shall be marked on the CPS, the global symbol being: H
— Any remaining data shall be marked on the CPS, or included in the manufacturer's
published literature.

— Terminals shall be marked so as to clearly identify line and load terminals (see 8.1.7.4).

If the manufacturer declares an electronic overload relay without thermal memory, this
shall be marked on the device.

6.3 Instructions for installation, operation and maintenance

Subclause 5.3 of IEC 60947-1 applies with the following addition:

The manufacturer of a CPS incorporating an automatic reset overload relay capable of being
connected to enable automatic restarting shall provide, with the CPS, that information
necessary to alert the user to the possibility of automatic restarting.

7 Normal service, mounting and transport conditions

Clause 6 of Part 1 applies with the following additions:



Page 23
EN 60947-6-2:2003

7.1.3.2 Degrees of pollution (.(\\

Unless otherwise stated by the manufacturer's, a CPS is for use in poll i% ;gbree 3
environmental conditions, as defined in 6.1.3.2 of Part 1. However, oth fOn degrees
may be considered to apply depending upon the micro-environment. a'

-
8 Constructional and performance requireméoq-&(\(\a

8.1 Constructional requirements *

8.1.1  Materials * \\
.

Subclause 7.1.1 of IEM applies with the following additions.

The manufacturer shall specify which test method is to be used.

When tests on the equipment or on sections taken from the equipment are used, parts of
insulating materials necessary to retain current-carrying parts in position shall conform to the
glow-wire tests of 8.2.1.1.1 of IEC 60947-1 at a test 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 test of 8.2.1.1.1 of IEC 60947-1 at a
temperature of 650 °C.

When tests on materials are used, they shall be made according to the tests for flammability
category, hot wire ignition and, where applicable, arc ignition, as specified in 8.2.1.1.2 of
IEC 60947-1. The material used shall comply with the values given in Table M.1 of IEC 60947-1
according to the manufacturer’s chosen flammability category (see IEC 60695-11-10).

8.1.2 Current-carrying parts and their connections

Subclause 7.1.2 of IEC 60947-1 applies.

8.1.3 Clearances and creepage distances

Subclause 7.1.3 of Part 1 applies.

8.1.4 Actuator

Subclause 7.1.4 of Part 1 applies.

8.1.5 Indication of the contact position

Subclause 7.1.5 of Part 1 applies.

8.1.6  Additional safety requirements for CPS's suitable for isolation

Subclause 7.1.6 of Part 1 applies with the following addition:
CPS's suitable for isolation shall be provided with means for locking in the isolated position.

Text deleted



Page 24
EN 60947-6-2:2003

8.1.7 Terminals

Subclause 7.1.7 of Part 1 applies with the following addition: GO((\
8.1.7.4 Terminal identification and marking ge

Subclause 7.1.7.4 of Part 1 applies with additional requig l&:‘aglven in annex C with the
following addition: ﬁ

Line and load terminals of CPS for utilizati
which are not removable or sealex

egones AC-40 and DC-40 having trip units
t¥removal may not be identified, in which case

control circuits shall not be interpatly{ ¢oMnected to the main circuit.

8.1.8 Additional requ?@nents for CPS's provided with a neutral pole

Subclause 7.1.8 of Part 1 applies.

8.1.9 Provisions for protective earthing

Subclause 7.1.9.1 of Part 1 applies.

8.1.10 Enclosures for CPS's

Subclause 7.1.10 of Part 1 applies with the following addition:

In the case of enclosed CPS's provided with an externally manually operated actuator, the
door or cover shall be interlocked so that they cannot be opened without the CPS being in the
open position. However, provision may be made to open the door or cover with the CPS in
the ON position by the use of a tool.

8.2 Performance requirements
8.2.1 Operating conditions
8.2.1.1 General

Subclause 7.2.1.1 of Part 1 applies with the following additions:
CPS's shall be so constructed that they are trip free (see 2.4.23 of Part 1).

CPS's shall not trip due to the shock caused by their operation when tested according
to 9.3.3.1 after having carried their maximum rated operational current at the reference
ambient air temperature and reached thermal equilibrium at both minimum and maximum
settings of the overload relay if adjustable.

Resetting of relays and releases shall not result in a closing operation of the CPS in the
absence of a closing command.

8.2.1.2 Limits of operation of power operated CPS's
") 8.2.1.2.1 CPSs controlled with an electromagnet

CPSs controlled with an electromagnet shall close satisfactorily at any value between 85 %
and 110 % of their rated control supply voltage Ug. Where a range is declared, 85 % shall
apply to the lower value and 110 % to the higher.
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and 75 % to 10 % for d.c. of their rated control supply voltage Ug. Where a range is de
20 % or 10 %, as the case may be, shall apply to the higher value and 75 % to the lo

Limits for closing are applicable after the coils have reache Ie temperature
corresponding to indefinite application of 100 % U, in an amble erature equivalent to

I%) The limits between which CPSs shall drop out and open fully are 75 % to 20 % for a. &,\

S

the ambient temperature declared by the manufacturer bu an +40 °C.
Limits for drop-out are applicable with the coi wgfesrstance at -5 °C. This can be verified
by calculation using values obtained at mbient air temperature.

.
The limits apply to d.c. aRd “@ clared frequency.

8.2.1.2.2 CPSs with electronically controlled electromagnet

Subclause 8.2.1.2.1 applies with the following modification.

Replace the second paragraph as follows:

The limits between which CPSs with an electronically controlled electromagnet shall drop out
and open fully are as follows:

- ford.c.: 75 % to 10 % of their rated control supply voltage U,

- fora.c.: 75 % to 20 % of their rated control supply voltage U,

- for a.c.. 75% to 10 % of their rated control supply voltage Ug if specified by the
manufacturer,

— for a.c., where a range is declared with limits between 75 % to 10 % of their rated control
supply voltage Ug, the CPS shall, in addition, be submitted to the capacitive drop out test
of 8.2.1.2.4.

Where a range is declared, 20 % or 10 % as the case may be shall apply to the higher value
of the range and 75 % to the lower value of the range.

8.2.1.2.3 CPSs operated electro-pneumatically

CPSs operated electro-pneumatically or pneumatically shall close satisfactorily with the air
supply pressure between 85 % and 110 % of the rated pressure and open between 75 % and
10 % of the rated pressure.

8.2.1.2.4 Capacitive drop out test

A capacitor C shall be inserted in series in the supply circuit Ug, the total length of the
connecting conductors being <3 m. The capacitor is short-circuited by a switch of negligible
impedance. The supply voltage shall then be adjusted to 110 % U

s
It shall be verified that the CPS drops out when the switch is operated to the open position.

The value of the capacitor shall be as follows:

C (nF) = 30 + 200 000 / (f x Ug max)

e.g. for a coil rated 12...24 V — 50 Hz, the capacitor value is 196 nF (calculation made with
Ug max., see note 1).

NOTE 1 The test voltage is the highest value of the declared rated supply voltage range Ug.
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connected to a static output having a 1,3 mA leakage current.

2D NOTE 2 The value of the capacitor is calculated in order to simulate a 100 m long cable of 15&\

NOTE 3 The drop out time should be specified for particular uses, e.g. emergency breaking.

8.2.1.5 Limits of operation of current sensing relays and release%.\)ge
8.2.1.5.1 Opening under overload conditions . g

8.2.1.5.1.1 General tripping requirements of invﬁ\\gdelay overload relays or
releases (type c) in 5.7.1.3.1)

i) Utilization categories AC-42, A , , DC-43, DC-45
NOTE 1 The thermal protection Q s in the presence of harmonics in the supply voltage is under

consideration. S
When all poles are en&}l

The relays or releases are classified for these utilization categories according to Table 3
and shall comply with the requirements of Tables 2 and 3 when tested as follows:

— With the CPS in its enclosure, if normally fitted, and at A times the current setting,
tripping shall not occur in less than 2 h starting from the cold state, at the value of
reference ambient air temperature stated in Table 2. However, when the overload
relay terminals have reached thermal equilibrium at the test current in less than 2 h,
the test duration can be the time to reach such thermal equilibrium.

— When the current is subsequently raised to B times the current setting, tripping shall
occur in less than 2 h.

— For trip classes 2, 3, 5 and 10A overload relays or releases energized at C times the
current setting, tripping shall occur in less than 2 min, starting from thermal
equilibrium at 1,0 times the current setting, in accordance with 9.3.3 of IEC 60034-1.
NOTE 2 Subclause 9.3.3 of IEC 60034-1 states: “Polyphase motors having rated outputs not exceeding

315 kW and rated voltages not exceeding 1 kV shall be capable of withstanding a current equal to 1,5
times the rated current for not less than 2 min.”

— For trip classes 10, 20, 30 and 40 overload relays or releases energized at C times
the current setting, tripping shall occur in less than 4 min, 8 min, 12 min or 16 min
respectively, starting from thermal equilibrium at 1,0 times the current setting.

— At D times the current setting, tripping time T, shall occur within the limits given in
Table 3 for the appropriate trip class and tolerance band starting from the cold state.

— In the case of overload relays or releases having a current setting range, the limits of
operation shall apply both when the relay or release is carrying the current associated
with the maximum setting and when the relay or release is carrying the current
associated with the minimum setting.

— For non-compensated overload relays or releases the current multiple/ambient
temperature characteristic shall be not greater than 1,2 %/K.

NOTE 3 1,2 %/K is the derating characteristic of PVC insulated cables.
An overload relay or release is regarded as compensated if it complies with the

relevant requirements of Table 2 at 20 °C and is within the limits shown in Figure 1 at
other temperatures.



Page 27
EN 60947-6-2:2003

Table 2 — Limits of operation of inverse time-delay overload relays or releases Wl'm\

energized on all poles

cO

Utilization Multiples of ge b" i
current setting Ambient air
category Type of relay or release _,‘\v mperature values
A B c _(\o
L~ kY
Thermal type not compensated for 10 1 ° (\Q’ 79 -5 °C, +20 °C and
AC-42 ambient air temperature variations ’ ~ \ ’ ' +40 °C
A)
AC-43 1Nl N\ 1,5 - -5°C
Thermal type compensated for
AC-44 °
ambient air temperature variatiqn 95 12 15 72 +20°C
DC-43 n‘ 1,0 1,2 1,5 - +40 °C
DC-45 “ -5 °C, +20 °C and
Electronic type \\ Y 1,05 1,2 15 7,2 440 °C
AC-40
AC-41
AC-45a
AC-45b All types 1,05 1,3 - - +30 °C
DC-40
DC-41
DC-46

Table 3 — Trip classes of overload relays or releases for utilization categories AC-42,
AC-43, AC-44, DC-43, DC-45

Trip class Tripping time T, under the conditions | Tripping time T, under the conditions
specified in 8.2.1.5.1.1, specified in 8.2.1.5.1.1,
Table 2, column D & Table 2, column D for tighter
tolerances (tolerance band E) @
S S
2 - Tps 2
3 _ 2 <Tp53
3<TL,<5
5 05<T,s5 P
10A 2< Tp <10 -
5<T,=<10
10 4 < Tp <10 p
6<Tps20 10<Tp520
20
9<Tp530 20<Tps30
30 _ 30 <Tps40
40

& The manufacturer shall add the letter E to trip classes to indicate compliance with the band E.

When two poles are energized

With reference to Table 4, with the relay or release energized on three poles, at A times
the current setting, tripping shall not occur in less than 2 h, starting from the cold state, at
the value of the ambient air temperature stated in Table 4.
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relays those carrying the higher current) is subsequently increased to B times the

[*» Moreover, when the value of the current flowing in two poles (in phase-loss sensi |vle\
setting, and the third pole de-energized, tripping shall occur in less than 2 h

The values shall apply to all combinations of poles.

In the case of relays or releases having an adjustable current charactenshcs
shall apply both when the relay or release is carrymg assouated with the
maximum setting, and when the relay is carrying the ciated with the minimum
setting.
Table 4 — Limits of operation of thre itverse time-delay overload relays or
releases wr\ zed on two poles only
R A .
Multiples of current setting Reference ambient air
Type of overload relay or reka\ \ ¢ t
A B emperature
Thermal, compensated for ambient 3 poles 2 poles
air temperature variations or 1,0 1,32
electronic +20 °C
Not phase-loss sensitive 1 pole
0
Thermal, not compensated for 3 poles 2 poles
ambient air temperature variations 1,0 1,25
+40 °C
Not phase-loss sensitive 1 pole
0
Thermal, compensated for ambient 2 poles 2 poles
air temperature variations or 1,0 1,15
electronic +20 °C
Phase-loss sensitive 1 pole 1 pole
0,9 0

ii) Utilization categories AC-40, AC-41, AC-45a, AC-45b; DC-40, DC-41, DC-46

Conventional values for inverse time-delay overload relays or releases operation are
given in Table 2.

At the reference temperature of 30 °C £ 2 °C and at 1,05 times the current setting, i.e.
with the conventional non-tripping current (see 2.5.30 of IEC 60947-1), the opening
release being energized on all poles, tripping shall not occur in less than the conventional
time 2 h (1 h when I, <63 A) from the cold state i.e. with the CPS at the reference
temperature.

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

NOTE 4 The reference temperature is the ambient air temperature on which the time/current characteristic of
the CPS is based.

If a relay or release is declared by the manufacturer as substantially independent of ambient
temperature, the current values of Table 2 shall apply within the temperature band declared
by the manufacturer, within a tolerance of 0,3 % per K. The width of the temperature band
shall be at least £10 K from the reference temperature.
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8.2.1.5.1.2 Thermal memory test verification for utilization categories AC-42, AC- \
AC-44, DC-43, DC-45 0

Unless the manufacturer has specified that the device does not contain
electronic overload relays shall fulfil the following requirements (see Ei

Ie&l‘memory,

— apply a current equal to I, until the device has reached the&e equilibrium;

— interrupt the current for a duration of 2pr 3) with a relative tolerance
of £10 % (where Tp is the time measured at rr accordlng to Table 2);

— apply a current equal to 7,2 x I;
— the relay shall trip within 50@0

8.2.1.5.1.3 Opening unddr overload conditions of instantaneous and definite time-delay
overload relays or releases (types a) and b) in 5.7.1.3.1)

For all values of the current setting, the CPS shall trip with an accuracy of £10 % of the
specified tripping current value corresponding to the current setting.

8.2.1.5.2 Opening under short-circuit conditions

Instantaneous and definite time-delay short-circuit relays or releases (items a) and b) of
5.7.1.3.2).

For all values of the current setting, the CPS shall trip with an accuracy of £20 % of the
published tripping current value corresponding to the current setting.

8.2.1.5.3 Limits of operation of under-current relays or releases for automatic change-
over

An under-current relay or release shall operate to open the CPS within 90 % to 110 % of
the set time when the current during run is below 0,9 times the under-current setting in all
poles.

8.2.1.5.4 Limits of operation of stall relays or releases

A stall relay or release shall operate to open the CPS within 80 % to 120 % of the set time
(stall inhibit time) or within the accuracy specified by the manufacturer, in the following
cases:

a) current sensing relays: the current is 20 % higher than the set stall current value;

EXAMPLE: Set current of the stall relay: 100 A; set time: 6 s; accuracy: £10 %, the relay shall trip within 5,4 s
and 6,6 s when the current is equal to or greater than 100 A x 1,2 = 120 A.

b) rotation sensing relays: an input signal indicating no motor rotation exists.

8.2.1.5.5 Limits of operation of jam relays or releases

A jam relay or release shall operate to open the CPS within 80 % to 120 % of the set time
(jam inhibit time) or within the accuracy specified by the manufacturer, when the current is
above 1,2 times the set current value of the jam relay, during running after completion of the
starting.
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8.2.2 Temperature rise \

I%) Subclause 7.2.2 of IEC 60947-1 applies to CPSs in a clean, new condition. Qe of
conducting the test at a voltage below 100 V, such devices may have the c % Peaned by
any nonabrasive method or cycled with or without load several tlme @ initiating the

above 100 V.

test. 9
NOTE Contact resistance due to oxidation is not considered to j \“amp ature rise test at test voltages

In the case of an electronically controlle
variation of resistance may be |mp
e.g. thermocouples or other swt

mmagnet coil temperature measuring by
in such a case, other methods are permitted,

8.2.2.1 Terminals

The temperature rise of terminals shall not exceed the values stated in table 5.

Table 5 — Temperature rise limits of terminals

Terminal material TemperatureP;rise limits 2)
Bare copper 60
Bare brass 65
Tin plated copper or brass 65
Silver plated or nickel plated copper or brass 701
Other metals %)

1) The terminal temperature-rise limit of 70 K is based on the connection of PVC cables. The use in
service of connected conductors or cables significantly smaller than those listed in table 9 and 10 of
Part 1 could result in higher terminal and internal part temperatures and such conductors should not
be used without the manufacturer's consent since higher temperatures could lead to equipment
failure.

2) The specified temperature-rise limits apply to a new sample, as in test sequence | of 9.4.1. Those
applicable to temperature-rise verifications, as in test sequence |V (9.4.4) are increased by 10 K.

3) Temperature rise limits to be based on service experience or life tests but not exceeding 65 K.

8.2.2.2 Accessible parts

The temperature-rise of accessible parts shall not exceed the values stated in table 6.

Table 6 — Temperature-rise limits of accessible parts

L Temperature-rise limits 2)
Description of part 1) K
Manual operating means:
— metallic 15
— non-metallic 25
Parts intended to be touched but not hand held:
— metallic 30
— non-metallic 40
Parts which need not be touched for normal operation:
— metallic 40
— non-metallic 50
1) No value is specified for parts other than those listed but no damage shall be caused to adjacent
parts of insulating materials.
2) The temperature-rise limits specified apply to a new sample.
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8.2.2.3 Ambient air temperature

Subclause 7.2.2.3 of Part 1 applies. GO((\
8.2.2.4 Main circuit \)ges‘

Subclause 7.2.2.4 of Part 1 applies with the following addition‘arga'

The main circuit of a CPS, including the over cur
carrying the maximum rated operational curr
uninterrupted, intermittent or temporax

rmx&ys or releases, shall be capable of
sponding to the utilization category for
out the temperature-rise exceeding the limits

specified in tables 5 and 6. An unj ed duty rating is required for utilization categories

AC-40 and DC-40. \o\\Q .

8.2.2.5 Control circuit

The control circuits, including control circuit devices to be used for the closing and opening
operations of a CPS, shall permit the rated duty as specified in 5.3.4 and also
the temperature-rise tests specified in 9.3.3.3.5 without the temperature-rise exceeding the
limits specified in tables 5 and 6.

8.2.2.6 Windings of coils and electromagnets
8.2.2.6.1 Uninterrupted and 8 h duty windings

With the maximum value of current flowing through the main circuit, the windings of the coils
shall withstand under continuous load and at the rated frequency, if applicable, their rated
control supply voltage without the temperature rise exceeding the limits specified in table 7.

NOTE Depending on the technology, e.g. for some kinds of electronically controlled electromagnets, the
control supply voltage may not be directly applied on the coil winding when connected as in normal service.

8.2.2.6.2 Intermittent duty windings

With no current flowing through the main circuit the windings of the coils shall withstand, at
the rated frequency, if applicable, their rated control supply voltage (or the maximum rated
control voltage in case of a range) applied as detailed in table 8 according to their
intermittent duty class, without the temperature-rise exceeding the limits specified in table 7.

NOTE Depending on the technology, e.g. for some kind of electronically controlled electromagnet, the control
supply voltage may not be directly applied on the coil winding when connected as in normal service.

Table 7 — Temperature-rise limits for insulated coils in air

Temperature-rise limit
(measured by resistance variation)

K

Class of insulating material
(according to IEC 60085)

85
100
110
135
160

ITwm>

Note deleted
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Table 8 — Intermittent duty test cycle data (.(\\
-(\
Intermittent duty One close-open operating Interval of time durmg
class of CPS cycle every: supply to the contrC}L( élntalned
1 3600s a'\)‘a
3 1200s
12 300 s ah e" shall correspond
30 120 s \(\ e on load factor specified by
120 30 s K\ the manufacturer
300 12 s G
1200 .

-\l N
8.2.2.6.3 Specially rz}(\‘(grt time or periodic duty) windings

Specially rated windings shall be tested under operating conditions corresponding to
the most severe duty for which they are intended and their ratings shall be stated by the
manufacturer.

8.2.2.7 Auxiliary circuits

Subclause 7.2.2.7 of Part 1 applies.

8.2.2.8 Other Parts

Subclause 7.2.2.8 of Part 1 applies.

8.2.3 Dielectric properties

Subclause 7.2.3 of Part 1 applies.

8.2.4 Performance under no load, normal load and overload conditions

Unless otherwise specified all tests are made by energizing and de-energizing remotely the
control function circuit.

8.2.4.1 Making and breaking capacities

CPS shall be capable of making and breaking currents without failure, under the conditions
stated in table 9 for the required utilization categories.

The values of the OFF time and the ON time stated in tables 9 and 10 shall not be exceeded.
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Table 9 — Rated making and breaking capacities — Making and breaking condition \
corresponding to the utilization categories GO

%‘
Make and break conditions e

+\ A
Utilization a.\) 1 Number of
category I/le U, /U, Cos ¢ On time 2) | a me operating cycles
\

S,.\(‘\,\V

AC-40 6 1,05 0,5 04 2 24
AC-41 1,5 1,05 o,%N 0,05 5) 50
5)

AC-42 4,0 1,05 9 0,05 50
AC-437) 8,0 1,0 ‘ . 0,05 5 50
AC-447) | 10,0 . \9 D 0,05 5 50
AC-45a 3,0 0 0,45 0,05 5) 50
AC-45b 1,5 3) 1,05 3
L/R (ms)

DC-40 2,5 1,05 2,5 0,05 5) 24 4)
DC-41 1,5 1,05 1,0 0,05 5) 50 4)
DC-43 4,0 1,05 2,5 0,05 5 50 4)
DC-45 4,0 1,05 15,0 0,05 5 50 4)
DC-46 1,5 3) 1,05 3) 0,05 5) 50 4)

Make conditions

Utilization Number of
category 1/lg U /Ug Cos ¢ On time 2) Off time operating cycles
S S
AC-43 10,0 1,05 6) D 0,05 10 50
AC-44 12,0 1,05 6) R 0,05 10 50

| Current made. The making current is expressed in d.c. or a.c. r.m.s. symmetrical values but it is
understood that for a.c. the peak value of the asymmetrical current corresponding to the power factor
of that circuit may assume a higher value

le Current made and broken, expressed in d.c. or a.c. r.m.s. symmetrical values
le Rated operational current

U Applied voltage

U, Power frequency recovery voltage

Ue Rated operational voltage

Cos ¢ Power factor of test circuit

L/R Time constant of test circuit

1) Cos ¢ is 0,45 for I, < 100 A, 0,35 for I, > 100 A.

2) Time may be less than 0,05 s provided that contacts are allowed to become properly seated before re-
opening.

3) Tests to be carried out with an incandescent light load.

4) Half the operations with one polarity and the other half with reverse polarity.
5) See table 10.

6) For U/U, a tolerance of +20 % is accepted.

7)  The make conditions shall also be verified. The verification may be made during the make break test, but
only with the manufacturer's agreement. In this case, the making current multiples shall be as shown for
I/l and the breaking current as shown for I./l,. Twenty-five operating cycles shall be made at a control
supply voltage equal to 110 % of the rated control supply voltage Ug and 25 operating cycles at 85 % of Ug.
The off-times are to be determined from table 10.
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Table 10 — Relationship between current broken I and OFF time f GO
the verification of rated making and breaking capacitie *
K\0\Z

Current broken I, OFF qa\) 7

A %

l.< 100 \(\\\\"’ 10
100 <I.< 200 G 20

le <

200 <Il,< 300 N * 30

300 <l,< 400 40

400 \ 60
.

<l < Y
600 ‘\'\% 80
800 xc\ 1 290 100
1000 <l < 1300 140
1300 <I.< 1600 180
1600 <I, 240

8.2.4.2 Operational performance
Subclause 7.2.4.2 of Part 1 applies with the following additions:

a) Conventional operational performance after making breaking capacity tests

CPS's shall be capable of making and breaking currents after making/breaking capacity
tests, without failure under the conventional conditions stated in table 11 for the required
utilization categories and the number of operating cycles indicated.

ON time shall be 0,05 s. It may be less than 0,05 s provided that contacts are allowed to
become properly seated before re-opening.

OFF time shall be not greater than the values specified in table 10 except for utilization
categories AC-45b and DC-46 where the OFF time shall be 60 s.

b) Operational performance before and after short-circuit tests at I¢; and I¢g

CPS's shall be capable of making and breaking currents before and after short-circuit
tests at I, and I.5 (see 8.2.5 a)) without failure under the conditions stated in table 12 for
the required utilization categories and the number of operating cycles indicated. The first
25 operating cycles after the .5 short circuit test shall be performed by the local manual
operating means, if any, the control function circuit being energized. A local manual
operating means may be activated locally or remotely (e.g. handle, motor drive, solenoid
etc.).

For all but the above 25 operating cycles, ON time shall be 0,05 s. It may be less than
0,05 s provided that contacts are allowed to become properly seated before re-opening
and the OFF time shall be not greater than the values specified in table 10 except for
utilization categories AC-45b and DC-46 where the OFF time shall be 60 s.

¢) Conventional mechanical operational performance

In addition to the electrical operational performance requirements of item a) CPS's shall
be capable of effecting mechanical close-open operating cycles without current in
accordance with table 11 and under the test conditions specified in 9.4.2.2.

For CPS's which can be fitted with under-voltage and/or shunt releases 10 % of the total
number of operating cycles shall be closing-tripping operations for each release, 5 % at
the beginning and 5 % at the end of the test.
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Table 11 — Conventional operational performance after making/breaking capacity te?{\\

Conditions for making and breaking corresponding to the several utilization @&és and
number of operating cycles. é

@r%r of operatlng cycles

Category I/le U,/Ug Cos ¢4

\A wfh’current without current

ANV
AC-40 1,0 1,05 @ 3 000 4 000
AC-41 1,0 1,05 *0,8 6 000 4 000
AC-42 2,0 0,65 6 000 4 000
AC-43 2,0 . \ D 6 000 4 000
AC-44 6,0 “Q +71,05 n 6 000 4 000
AC-45a 2,0 “ o 1,05 0,45 6 000 4 000
AC-45b 1,02 1,05 2)

L/R (ms) 5)
DC-40 1,0 1,05 2,5 3 000 3) 4 000
DC-41 1,0 1,05 1,0 6 000 3) 4 000
DC-43 2,5 1,05 2,5 6 000 3) 4 000
DC-45 2,5 1,05 15,0 6 000 3) 4 000
DC-46 1,02 1,05 2) 6 000 3) 4 000
See notes, table 12.
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Table 12 — Operational performance before and after short-circuit tests at I, and Ig((\\

Conditions for making and breaking corresponding to the several utilization ca&ggieg

< yi
Value of a' Q Number of
Make Break operating cycles
Category the ’?ted before and after
operational * O\ C -
current I/Ie U/Ue Cos ¢4 r‘cm\\ ‘Ur/Ue Cos ¢4 ler les
AC-40 (all values) 1 1 8 * 1 1 0,8 1500 750
AC-41 (all values) 1 1 1 0,95 3000 1500
AC-42 (all values) 2,5 Y \II.]\ ,65 2,5 1 0,65 3 000 1 500
AC-43 le <17A 6 “) . 0,65 1 0,17 0,65 3 000 1500
le > 17A @\ S 0,35 1 0,17 0,35 3000 1500
AC-44 le < 17A 1 0,65 6 1 0,65 3 000 1 500
le > 17A 6 1 0,35 6 1 0,35 3 000 1500
AC-45a (all values) 2 1 0,45 2 1 0,45 3000 1500
AC-45b (all values) 12 1 2) 12 1 2) 3000 1 500
L/ngms) L/ngms)
DC-40 (all values) 1 1 1 1 1 1 1500 750
DC-41 (all values) 1 1 1 1 1 1 3 000 1 500
DC-43 (all values) 2,5 1 2 2,5 1 2 3 000 1500
DC-45 (all values) 2,5 1 7,5 2,5 1 7,5 3 000 1500
DC-46 (all values) 1 1 2) 1 1 2) 3000 1 500

| Current made. In a.c. the conditions for making are expressed in r.m.s. values but it is understood that
the peak value of asymmetrical current, corresponding to the power-factor of the circuit, may assume a
higher value

Current made or broken. Except for AC-45b or DC-46, the making current is expressed in d.c. or a.c.
r.m.s. symmetrical values but it is understood that the actual value will be the peak value corresponding
to the power-factor of the circuit

le Rated operational current

U, Power frequency or d.c. recovery voltage
U Applied voltage

Ue Rated operational voltage

Cos ¢ Power factor of test circuit
L/R Time constant of test circuit

1) Cos ¢ is 0,45 for I, <100 A, 0,35 for I > 100 A.

2) Test to be carried out with an incandescent light load.

3) Half of the operating cycles with one polarity and the other half with reverse polarity.
4) Tolerance for Cos ¢: +0,05.

5) Tolerance for L/R: +15 %.

8.2.4.3 Durability

Subclause 7.2.4.3 of Part 1 applies.



Page 37
EN 60947-6-2:2003

8.2.4.3.1 Mechanical durability (.(\\

Subclause 7.2.4.3.1 of Part 1 applies with the following additions:

Mechanical durability of a CPS is verified by a special test conducted }%chetlon of the
manufacturer.

Recommendations for conducting this test are given IQ Kﬁ@a gannex A.

8.2.4.3.2 Electrical durability

Subclause 7.2.4.3.2 of Part 1 applle‘ following additions:
Electrical durability of a r|f|ed by a special test conducted at the discretion of the
manufacturer.

Recommendations for conducting this test are given in clause A.3 of annex A.

8.2.5 Ability to make, carry and break short-circuit currents

The CPS shall be capable of withstanding, the thermal, dynamic and electrical stresses,
resulting from short-circuit currents.

Short-circuit currents may be encountered during current making, current carrying in the
closed position and current interruption.

a) The ability of the CPS to make, carry and break short-circuit currents is stated in terms of
the following:

— Prospective conventional short-circuit currents I, and current (I,);

— Rated service short-circuit breaking capacity l.5 (see 5.3.6.1).

b) An additional test of three making and breaking operations shall be made at a current
equal to 80 % of the instantaneous maximum tripping value of the instantaneous tripping
release if this 80 % value exceeds the value of the I/l given in table 9 (see 9.4.5).

c) Four-pole CPS's shall comply with the requirements of 9.3.4.1.6 items a), b), c), as
applicable.

Table 13 — Prospective conventional test current I, and "r" current (l;)
as a function of the maximum I, for a given construction

MaXIr:srTstlreufgtric?nglven ler “r" current (1)

A (Il max) | ™0 kA

0<l,<16 30 0.2 1

16 < I, < 32 30 0.2 3

32 <1, <63 25 1 3

63 <1, <125 20 16 5

125 < I, < 250 20 16 10

250 < I, < 315 15 5 10

315 < I, < 630 15 5 18
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The power-factor or the time-constant shall be according to table 16 of IEC 60947-1.

Subclause deleted

8.3 Electromagnetic compatibility (EMC)

8.3.1 General

ond

.

Subclause 7.3.1 of part 1 applies with the follo

Power frequency magnetic field tegt

ot required because such devices are naturally

submitted to such fields. Im it demonstrated by the successful completion of the
operating capability tests w&s and 9.3.3.6).

8.3.2 Immunity

Subclause 7.3.2 of IEC 60947-1 applies with the following additions:

Table 14 — Acceptance criteria when EM disturbances are present

Item

Acceptance criteria

A

B

C

Overall performance

No noticeable changes of
the operating characteristic

Operating as intended

Temporary degradation or
loss of performance which is
self-recoverable

Temporary degradation or
loss of performance which
requires operator intervention
or system reset

Operation of power
and control circuits

No maloperation according
to the basis given under 1)

Temporary maloperation
which cannot cause tripping
according to the basis given
under 2); unintentional
separation or closure

of contact is not accepted

Self-recoverable

Tripping of overload relay;
unintentional separation
or closure of contact

Operation of displays,
control panels and
auxiliary circuits

No changes to display
information

Only slight light intensity
fluctuation of LEDs, or slight
movement of characters

Temporary visible changes
or loss of information

Undesired LED illumination

No maloperation of auxiliary
contacts

Shut down

Permanent loss of display
or wrong information

Unpermitted operating mode

Maloperation of auxiliary
contacts

Not self-recoverable

Information processing
and sensing functions

Undisturbed communication
and data interchange to
external devices

Temporarily disturbed
communication, with error
reports of the internal and
external devices

Erroneous processing
of information

Loss of data and/or
information

Errors in communication

Not self-recoverable

1) Acceptance criteria A is based on the result of the following test procedure: during the test, the CPS 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 CPS.

2) Acceptance criteria B is based on the result of the following test procedure: during the test, the CPS when loaded at
0,9 times the current setting shall not trip. After the test, the CPS 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 CPS.

The test values and procedures are given in 9.3.5.2.
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8.3.3 Emission ((\\
8.3.3.1 Equipment not incorporating electronic circuits GO
.

Subclause 7.3.3.1 of part 1 applies.

8.3.3.2 Equipment incorporating electronic circuits a,ga'
Subclause 7.3.3.2 of part 1 applies. G\(\\(\

The test values and procedures are given jnaQ’ 3.

9 Tests \\\\Q“\\

9.1 Kind of tests
9.1.1 General

Subclause 8.1.1 of Part 1 applies.

9.1.2 Type test

Subclause 8.1.2 of Part 1 applies.

9.1.3 Routine tests

Subclause 8.1.3 of Part 1 applies.

Routine tests comprise:

— operation and operating limits (9.5.2);

— dielectric tests (9.5.3).
NOTE The combined test of 8.3.3.4.2 of IEC 60947-1 is permitted.

9.1.4 Sampling tests

&) Sampling tests for clearance verification shall be made in accordance with 8.3.3.4.3 of
IEC 60947-1.

If by the control of materials and manufacturing processes, the integrity of the dielectric
properties has been proven, the routine tests may be replaced by sampling tests according to
a recognized sampling plan (see IEC 60410).

The combined test of 8.3.3.4.2 of IEC 60947-1 is permitted.

9.1.5 Special tests

These tests are done either at the discretion of the manufacturer or by agreement between
manufacturer and user. These tests (see annex A) apply to:

— mechanical durability;
— electrical durability.
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9.2 Compliance with constructional requirements (.(\\
Subclause 8.2 of IEC 60947-1 applies. S. C,O

In order to avoid repetition of identical texts applicablg t& latvg)us test sequences, the

9.3 Compliance with performance requirements

general test conditions have been grouped together nning of this subclause under
three headings:

— test conditions applicable to all s u .3.2);
— performance under no load, ad and overload conditions (9.3.3);
— test conditions appllc%\ ﬁort circuit tests (9.3.4).

Throughout this clause, the term "test" has been used for every test to be made; "verification"
should be interpreted as "test for the verification" and has been used where it is intended to
verify the condition of the CPS following an earlier test in a sequence whereby it may have
been adversely affected.

9.3.1 Test sequences

Type tests are grouped together in a number of sequences as shown in table 16 of 9.4.

9.3.2 General test conditions
9.3.2.1 General requirements

Subclause 8.3.2.1 of Part 1 applies with the following additions:

The number of samples to be tested for each test sequence and the test conditions (e.g.
setting of overload releases, terminal connections), are specified in table 16.

Unless otherwise specified, tests are to be performed on a CPS having the maximum rated
operational current(s) of a given physical size and similar construction, and are deemed to
cover all rated currents of that physical size and construction.

NOTE Some utilization categories may be assigned without tests or with a restricted number of tests, when tests
of equivalent or higher severity have already been made (see 5.4.2).

9.3.2.2 Test quantities

Subclause 8.3.2.2 of Part 1 applies.

9.3.2.3 Evaluation of test results

The condition of the CPS after tests shall be checked by the verifications required for each
sequence.

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

9.3.24 Test reports

Subclause 8.3.2.4 of Part 1 applies.
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9.3.3 Performance under no load, normal load and overload conditions (.(\\
9.3.3.1 Operation GO
Tests shall be made to verify that the equipment operates corre\x%,@rdmg to the
requirements of 8.2.1.1. g

-
9.3.3.2 Operating limits \(\6’

Subclause 8.3.3.2 of Part 1 applies with the f dditions:

measured as for the temperature-rise test (see

The ambient air temperature he\
8.3.3.3.1 of Part 1). Q

When the over-current openlng release is normally a built-in part of the CPS, it shall
be verified inside the corresponding CPS. Any separate release shall be mounted
approximately as under normal service conditions. The complete CPS shall be mounted in
accordance with 9.3.2.1. The CPS under test shall be protected against undue external
heating or cooling.

I%) The connections of the CPS or, if appropriate, of any separate release shall be made
using conductors in accordance with Tables 9, 10 and 11 of IEC 60947-1 for test currents
corresponding to

— 100 % of the current setting of the overload relay for overload relays of trip classes 2, 3,5
and 10A for all overload relay types (see Table 3) and 10, 20, 30 and 40 for electronic
overload relay types;

— 125 % of the current setting of the overload relay for thermal overload relays of trip
classes 10, 20, 30 and 40 (see Table 3) and for overload relays for which a maximum
tripping time greater than 40 s is specified (see 5.7.2).

For CPS's with adjustable over-current releases, the tests shall be made at minimum and
maximum current settings.

The tests may be made at any convenient voltage.

9.3.3.3 Temperature-rise
9.3.3.3.1 Ambient air temperature

Subclause 8.3.3.3.1 of Part 1 applies.

9.3.3.3.2 Measurement of the temperature of parts

Subclause 8.3.3.3.2 of Part 1 applies.

9.3.3.3.3 Temperature-rise of a part

Subclause 8.3.3.3.3 of Part 1 applies.
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9.3.3.34 Temperature-rise of the main circuit

Subclause 8.3.3.3.4 of IEC 60947-1 applies with the exception that a single sesf\g be
conducted with all poles in the main circuit loaded at their individual maxi & currents
and as stated in 8.2.2.4, and with the following additions. a'\)@

QO

The main circuit shall be loaded as stated in 8.2.2.4.

All auxiliary circuits which normally carry cureept SII be loaded at their maximum rated
operational current (see 5.6) and the contyo t§ shall be energized at their rated voltages
(see 5.5). \\

.

For four-pole CPS's, a tm“ﬁwfi‘rst be made on the three poles which incorporate over-
current releases. For CPY'S having a value of conventional thermal current not exceeding
63 A, a separate and additional test shall be made by passing the test current through the
fourth pole and its adjacent pole. For higher thermal current values, the method of testing
shall be the subject of a separate agreement between manufacturer and user. The test shall
be made in test sequence | (see 9.4.1.1).

9.3.3.3.5 Temperature-rise of control circuits

Subclause 8.3.3.3.5 of Part 1 applies.

9.3.3.3.6 Temperature-rise of coils of electromagnets
Subclause 8.3.3.3.6 of Part 1 applies with the following addition:

a) Electromagnets of CPS's intended for uninterrupted or 8 h duty shall be subjected only to
the conditions prescribed in 8.2.2.6.1, with the corresponding rated current flowing
through the main circuit for the duration of the test.

b) Electromagnets of CPS's intended for intermittent duty shall be subjected to the test as
stated above, and also to the test prescribed in 8.2.2.6.2 dealing with their class, with no
current flowing through the main circuit.

c) Specially rated (short-time or periodic duty) windings shall be tested as stated in 8.2.2.6.3
without the current in the main circuit.

9.3.3.3.7 Temperature-rise of auxiliary circuits

Subclause 8.3.3.3.7 of Part 1 applies.

9.3.34 Dielectric properties

Subclause 8.3.3.4 of IEC 60947-1 applies with the following modifications.

9.3.34.1 Type tests
Subclause 8.3.3.4.1 of IEC 60947-1 applies with the following modifications.
— Insert the following paragraphs after the second paragraph of item 2) b):

Circuits of a CPS including devices which have been subjected to Uimp test voltages lower
than those specified in 7.2.3.1 and 8.3.3.4.1 of IEC 60947-1 may be disconnected for the
test, provided they are not connected between phase and earth, according to the
manufacturer's instructions.

o\
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I%) Where the control circuit normally connected to the main circuit is disconnected, \
method used to maintain the main contacts closed shall be indicated in the test repor 0

— Insert the following paragraph after the first paragraph after note 1 of it@l@% *

Where the control circuit normally connected to the main circuit i
used to maintain the main contacts closed shall be indicated |
.

ed, the method
report.

— Replace the sentence of item 8) by the foIIowing'GK\\(\

For CPS suitable for isolation, the leakag t'shall be measured through each pole with

the contacts in the open position, at\a\ ltage of 1,1 U, and shall not exceed 0,5 mA.

.
9.3.3.4.2 Routine tes“\\g ’

Subclause 8.3.3.4.2 of IEC 60947-1 applies.

9.3.3.5 Making and breaking capacities
9.3.3.5.1 General test conditions

Subclause 8.3.3.5.1 of Part 1 applies with the following additions.
The tests shall be made under operating conditions stated in table 9.

The control supply voltage shall be 100 % of Ug except that for the making test of utilization
categories AC-43 and AC-44, the control supply voltage shall be 110 % of Ug for half the
number of operating cycles and 85 % of Ug for the other half.

Connections to the main circuit shall be similar to those intended to be used when the CPS is
in service. If necessary, or for convenience, the control and auxiliary circuits and, in
particular, the operating coil of the CPS may be supplied from an independent source. Such a
source shall deliver the same kind of current and the same voltage as specified for service
conditions.

The overload relay may be short-circuited for the purpose of carrying out the rated making
and breaking capacity tests.

9.3.3.5.2 Test circuit

Subclause 8.3.3.5.2 of Part 1 applies.

9.3.3.5.3 Characteristics of transient recovery voltage

Subclause 8.3.3.5.3 of Part 1 applies.

9.3.3.5.4 I*) Vacant
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9.3.3.5.5 Test procedure for making and breaking capacities (.(\\
Subclause 8.3.3.5 of Part 1 applies with the following additions: 6 GO
1) Test procedure for utilization categories other than AC-44 e

The CPS shall perform the making and breaking operatlons stga 2 4.1 and table 9.
ma

CPS's of utilization category AC-43 shall be s
followed by 50 making and breaking operauons

king only operations

2) Test procedure for utilization category

The CPS shall make and breaKt ents given in table 9.
The 50 making only haII be done first followed by 50 making and breaking
operations.

The load circuit shall be connected to the CPS in the same way as a motor. For reversing
CPS's incorporating two devices A and B, these shall be wired and used as in normal
application. Each sequence of 50 operations shall be:

close A — open A — close B — open B — off period.

The change-over from "open A" to "close B" shall be made as fast as the normal control
system will allow. Mechanical and/or electrical interlocking means provided in the
reversing CPS or intended for associating CPS's as reversing devices shall be used.

If the reversing circuit arrangement is such that both CPS's can be energized
simultaneously, 10 additional sequences shall be made with both CPS's energized
simultaneously.

9.3.3.5.6 Behaviour of the CPS during and condition after making and breaking,
changeover and reversing tests

a) There shall be neither arcing nor flashover between poles, or between poles and frame,
and no melting of the fuse element F in the leakage detection circuit (see 8.3.4.1.2 of Part
1), and no welding of contacts.

b) After the test with the CPS in the ON position it shall be verified that there is continuity
between each pair of line and load terminals.

c) Verification of no welding of the contacts shall be carried out as follows:

In the case of CPSs with manual operating means, there shall be no circuit continuity
between any line and load terminals first with the manual operating means in closed
position with no control supply voltage present and then by opening the manual operating
means with the control supply voltage present. In the case of CPSs without manual
operating means, it shall be verified that, with all the remote closing means in the closed
position by opening each of the remote opening means in turn there is no circuit continuity
between any line and load terminals.

NOTE To ensure the correct procedure for this verification it may be necessary to refer to the
manufacturer's instructions.

9.3.3.6 Operational performance capability

Subclause 8.3.3.6 of Part 1 applies with the following additions:

Tests concerning the verification of conventional operational performance are intended to
verify that a CPS is capable of fulfilling the requirements given in table 11 and after short-
circuit tests at I or I.g, the requirements under the conditions given in table 12.

Connections to the main circuit shall be similar to those intended to be used when the CPS is
in service.
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The overload relay may be short-circuited for the purpose of carrying out the tests. (.(\\

2l

The control voltage shall be 100 % of the rated control supply VOItﬁﬁ'\)

The test circuit given in 9.3.3.5.2 is applicable.

9.3.4 Performance under short-circuit condition?\\(\e'

Subclause 8.3.4 of Part 1 applies.

9.3.4.1 General conditions fos \\ ircuit tests
9.3.4.1.1  General rec}{\ ts

Subclause 8.3.4.1.1 of Part 1 is amplified as follows:

CPS's shall be tested in free air. For rated service short-circuit breaking capacity tests, a wire
mesh shall be placed at all points of the CPS likely to be a source of external phenomena
capable of producing a breakdown, in accordance with the arrangements and distances
specified by the manufacturer. Details, including distance from the CPS under test to wire-
mesh, shall be stated in the test report. CPS's intended for use in an individual enclosure
shall, in addition, be tested in the smallest of such enclosure stated by the manufacturer
according to test sequence VII.

NOTE An individual enclosure is an enclosure designed and dimensioned to contain one CPS only together with
ancillary equipment if any.

This additional test shall be made on a new sample and shall consist in a sequence of
operation O-t-CO-t-rCO (see 9.3.7) followed by a verification of dielectric withstand in
accordance with 9.4.2.3.

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

For CPS's 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 8.2.1.4), at a time not earlier than that of the initiation of the short-circuit nor
later than 10 ms after the initiation of the short-circuit.

For all these tests, the line side of the test circuit shall be connected to the corresponding
terminals of the CPS as marked by the manufacturer. In the absence of such markings, the
test connections shall be as specified in table 16.

9.3.4.1.2 Test circuit

Subclause 8.3.4.1.2 of Part 1 applies.

9.3.4.1.3 Power-factor of the test circuit

Subclause 8.3.4.1.3 of Part 1 applies.

9.3.4.1.4 Time constant of the test circuit

Subclause 8.3.4.1.4 of Part 1 applies.
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9.3.4.1.5 Calibration of the test circuit (.(\\
Subclause 8.3.4.1.5 of Part 1 applies. S, C,O

9.3.4.1.6 Test procedure

Subclause 8.3.4.1.6 of Part 1 applies with the following g {\W%

Tests for the performance under short-circuit or@x)}s shall be made according to test
sequences Il and IV (9.4.3 and 9.4. 4)

For CPS's having a rated cu to and including 630 A, a conductor of 75 cm length,
having a cross-part as s 3 3.2 should be included as follows:

— 50 cm on the supply side;

— 25 cm on the load side.

The following symbols are used for defining the operating sequences:

— O represents a breaking operation

— CO represents a manual making operation, the control circuit being previously energized,
followed by a breaking operation. In the absence of manual operating means, operating
sequence rCO shall apply instead

— rCO represents a remote controlled making operation (by energization of the control
circuit) followed by a breaking operation

— trepresents the time interval between two successive short-circuit operations which shall
be 3 min or the resetting time of the CPS whichever is the longer. The actual value of t
shall be stated in the test report.

The maximum value of 12t (see 2.5.18 of Part 1) during these tests shall be recorded in the
test report.

NOTE The maximum value of 12t recorded during the tests may not be the maximum possible value for the
prescribed conditions. Additional tests are necessary if this maximum value needs to be determined.

Four pole CPS
a) For a four-pole CPS having four equally rated poles, the tests shall be made on three

poles according to figure 11 of Part 1.

b) For a four-pole CPS having a fourth pole of reduced short-circuit rating, the tests shall be
made on the three main poles according to figure 11 of Part 1; an additional test shall be

made on the fourth pole and its adjacent pole at an applied voltage of Ue/«/g using the
test-circuit according to figure 12 of Part 1 (see note 3 on that figure). The test current
shall be that which corresponds to the rating of the fourth pole.

¢) For a four-pole CPS having a switched neutral pole (see 7.1.8 of Part 1), the test shall be
made on the four poles according to figure 12 of Part 1.

9.34.1.7 Behaviour of the CPS during short-circuit making and breaking tests

Subclauses 9.3.3.5.6a) and 9.3.3.5.6¢) apply. After rearming Subclause 9.3.3.5.6b) applies.

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

NOTE Hairline cracks are a consequence of high gas pressure or thermal stresses due to arc extinction when
interrupting very high fault currents and are of a superficial nature. Consequently, they do not develop through the
entire thickness of the moulded case of the device.
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The door, or cover of the enclosure if any, shall not be blown open and it shall be possible({\\

open it.
cO
9.3.4.1.8 Interpretation of records ges'

Subclause 8.3.4.1.8 of Part 1 applies. a'\)
29
9.3.5 EMC tests G\(\\(\

9.3.5.1 General .
Subclause 8.4 of IEC 60947-1 applie\s\ e following additions.

.
With the agreement of t?‘)@) acturer, more than one EMC test or all EMC tests may be
conducted on one and thedsame sample, which initially may be new or may have passed test
sequences according to 9.3.1. The sequence of the EMC tests may be carried out in any
order.

CPS rated at 50 Hz—60 Hz shall be tested at either one of the rated frequencies.

In the case of a range of CPS 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 the sample of this CPS range with the lowest rated
current.

The current setting Ig of the over-current relays or releases shall be adjusted to the minimum
value.

Short-time and instantaneous relays or release settings shall each, if applicable, be adjusted
to the minimum value but not less than 2,5 times Ig . Unless otherwise stated in this standard
or specified by the manufacturer, performance criterion B applies and it shall be noted in the
test report.

Unless otherwise specified in the relevant clause, after the immunity tests, the operating
limits of 8.2.1.2 and 8.2.1.5.2, if applicable, shall be verified.

After emission tests, no performance checks are required.

The test report shall also include any special measures that have been taken to achieve
compliance, for example the use of shielded or special cables. If auxiliary equipment is used
with the device in order to comply with immunity or emission requirements, they shall be
included in the report.

Unless otherwise specified in the relevant clauses, the test sample shall be in the open or
closed position, whichever is worse, and shall be operated with the rated control supply.

Unless otherwise specified in the relevant clauses, the test sample shall be in free air.

According to their utilization category and to their over-current protection, CPS incorporating
electronic circuits shall be grouped into the following utilization groups, and tested
accordingly:

— Utilization group A for CPS of utilization categories AC-40, AC-41, AC-45a, AC-45b,
DC-40, DC-41 and DC-46, not provided with electronic over-current protection, and for all
CPS of utilization categories AC-42, AC-43, AC-44, DC-43 and DC-45.

— Utilization group B for CPS of utilization categories AC-40, AC-41, AC-45a, AC-45b,
DC-40, DC-41 and DC-46, provided with electronic over-current protection.
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CPS of utilization category AC-41 provided with relays or releases which are sensitiv \
phase loss and sensitive to a homopolar component shall be subjected to utilization @

tests. 66‘
9.3.5.2 Immunity \)g
o9°

9.3.5.2.1 General .

Subclause 8.4.1.2 of IEC 60947-1 applies with th f@ﬁ}g addition:

{ N.S5.2.2 to 9.3.5.2.8. If, during the EMC tests,
oV¥the test sample, the cross-part and the type of
n accordance with the manufacturer's literature.

conductors have to be connegie

Special requirements are specifieﬂ‘
conductors are optional e

Performance criteria are given in table 14.

9.3.5.2.2 Electrostatic discharges
9.3.5.2.2.1 General

Tests shall be conducted according to IEC 61000-4-2. Except for metallic parts for which
contact discharge is made, only air discharge is required. Ten positive and 10 negative
pulses shall be applied to each selected point, the time interval between each successive
single discharge being 1 s. Terminals are not required to be tested.

Tests are not possible if the device is an open frame or of degree of protection IP0O. In this
case, the manufacturer shall attach a label to the unit advising of the possibility of damage
due to static discharges.

9.3.5.2.2.2 Requirements specific to the utilization groups

a) Utilization group A (see 9.3.5.1)
As described in 9.3.5.2.2.1.
b) Utilization group B (see 9.3.5.1)

Tests shall be performed in accordance with 9.3.5.2.2.1 and the requirements 1) and 2)
below.

1) Test conditions

The EUT (equipment under test) shall be mounted in a metallic enclosure as shown in
figures 2, 3 or 4, as applicable. However, with the agreement of the manufacturer, the
test may be carried out in free air.

The distances between the EUT and the metallic enclosure shall be 0,1 m with a
tolerance of +18%, except for the front face which shall be installed as in normal use
according to the manufacturer’s instructions, keeping the dimensions of the aperture
to a minimum.

The test circuit shall be in accordance with figure 5. For releases with a phase-loss
sensitive feature, the test circuit shall be in accordance with figures 6 or 7, as
applicable.

The busbar routing shown in figures 2, 3 and 4 may be varied providing the distance

0,1 m with a tolerance of +18%, to the enclosure is maintained. The actual
configuration used shall be shown in the test report.
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2) Test procedure

The EUT shall be tested as a floor-standing equipment (see 7.1.2 of IEC 61 GQ&\\
the test set-up being as shown in figure 8 of this standard.

.
Direct and indirect discharges shall be applied in accordance with\SQe%OA—z.

The tests shall be performed: ga,
o

— with contact discharge at 8 kV, . (\
— with air discharge at 8 kV. GK\\

The direct discharge tests shall b
accessible to the user, such
The application points shalls \s

mmed only on parts of the CPS normally
eans, keyboards, displays, push buttons, etc.
d in the test report.

If a direct dischar & EUT (air or contact) occurs at any test point, the test at
such a point is repﬁe 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.

9.3.5.2.3 Radiated radio-frequency electromagnetic fields
9.3.5.2.3.1 General

Tests shall be conducted according to IEC 61000-4-3.
The device shall comply with performance criterion A.

9.3.5.2.3.2 Requirements specific to the utilization groups

a) Utilization group A (see 9.3.5.1)
As described in 9.3.5.2.3.1.
b) Utilization group B (see 9.3.5.1)

Tests shall be performed in accordance with 9.3.5.2.3.1 and the requirements 1) and 2)
below.

1) Test conditions

The EUT shall be tested in free air unless it is intended to be used only in a specified
individual enclosure, in which case it shall be tested in such an enclosure. Details
including the dimensions of the enclosure shall be stated in the test report.

The height from the floor of the EUT shall be 1 m £ 0,1 m.

The EUT shall be tested on the front face only, the test set-up being as shown in
figure 9.

Where an enclosure is used, it shall be connected to the ground plane, according to
the manufacturer’s instructions.

The test circuit shall be in accordance with figure 5. For releases with a phase loss
sensitive feature, the test circuit shall be in accordance with figures 6 or 7, as
applicable.

To enable repeatability, the actual test set-up including supply bars, transformer, etc.
shall be stated in the test report.

The test level shall be 10 V/m.
Tests shall be performed with both horizontal and vertical antenna polarization.
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2) Test procedure

i) To verify the resistance against unwanted tripping, the EUT shall be sup ?ﬁg\\
a current of 0,9 times the current setting and the test frequency S

range of 80 MHz to 1 000 MHz in accordance with clause 8 of IE
000 ms and the

The dwell time for each frequency shall be between 500
step size shall be 1 % of the previous frequency. a”
e

The actual dwell time shall be stated in theﬁ
ii) To verify the time/current characteristi SG UT shall be supplied with a current

of 2,0 times the current setting.
The tripping time shall the\9 asured.

The test shall be {oymtd at the following frequencies: 80; 100; 120; 180; 240;
320; 480; 640 ‘.. V MHz, the test current being applied after the field at each

frequency has s ablllzed

9.3.5.2.4 Electrical fast transients/bursts (EFT/B)
9.3.5.24.1 General

Tests shall be conducted according to IEC 61000-4-4.

The test level for power lines shall be 2 kV/5 kHz using the coupling/decoupling network. For
I/0, signal, data and control ports, the test level shall be 1 kV/5 kHz using the capacitive
coupling clamp.

The test voltage shall be applied for the duration of 1 min.
The device shall comply with performance criterion A.

9.3.5.2.4.2 Requirements specific to the utilization groups

a) Utilization group A (see 9.3.5.1)
As described in 9.3.5.2.4.1.
b) Utilization group B (see 9.3.5.1)

Tests shall be performed according to IEC 61000-4-4 and the requirements 1), 2) and 3)
below.

1) Test conditions

The EUT shall be mounted in a metallic enclosure as shown in figures 2, 3, or 4, as
applicable. However, with the agreement of the manufacturer, the test may be carried
out in free air.

The distances between the EUT and the metallic enclosure shall be 0,1 m with a
tolerance of +18%, except for the front face which shall be installed as in normal use

according to the manufacturer’s instructions, keeping the dimensions of the aperture
to a minimum.

The metallic enclosure shall be connected to the ground plane.

The test circuit shall be in accordance with figure 13. For releases with a phase loss
sensitive feature, the test circuit shall be in accordance with figures 14 or 15, as
applicable.

The test level shall be 4 kV on main circuits and on any auxiliary connected to the
main circuit, and 2 kV for all auxiliary input/output ports.
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2) Test procedure

The EUT shall be tested as a floor-standing equipment (see 7.2.1 of IEC 61 QS\\
the test set-up being shown in figure 16. Disturbances shall be injected g a\istance

between 0,9 m and 1 m from the EUT. e *
wg network to avoid

NOTE 1 It is advisable to supply the transformer via a coupling-
disturbances on the mains network.

NOTE 2 The disturbance injection distance is defined in orée @J_Tre t repeatability.

For the a.c. main circuit, the direct injection t shall be used. For auxiliary ports
the coupling-decoupling network or mMihjection method shall be used, as
applicable.

On the a.c. mains port, thes * nce shall be applied on one phase pole chosen at
random, the EUT bg ied from the other phase poles, in accordance with
figure 13. For rel ich have a phase loss sensitive feature, the test shall be

performed as showh in figure 14 for the three-phase poles in series connection and on
a phase chosen at random for the three-phase connection shown in figure 15.

Tests shall be performed as follows:

i) To verify the resistance against unwanted tripping, the EUT shall be supplied with
a current of 0,9 times the current setting during the application of the disturbance.

The disturbance shall be applied for a duration of 1 min.

ii) To verify the time/current characteristics the CPS shall be supplied with a current
of 2,0 times the current setting during the application of the disturbance.

3) Test results

Performance criterion A shall apply. However, temporary changes to the monitoring
functions (e.g. unwanted LED illumination) during the tests are acceptable, in which
case the correct functioning of the monitoring shall be verified after the tests.

9.3.5.2.5 Surges (1,2/50 us — 8/20 us)
9.3.5.2.5.1 General

Tests shall be conducted according to IEC 61000-4-5.

9.3.5.2.5.2 Requirements specific to the utilization groups

a) Utilization group A (see 9.3.5.1)
The test shall be conducted in accordance with 9.3.5.2.5.1 as well as the following.

Capacitive coupling shall be preferred. The surges shall be applied to all main, control
or auxiliary terminals, whether they comprise electronic or conventional contacts.

Terminals for control and auxiliary circuits intended for the connection of conductors
which extend more than 3 m shall be tested at 2,0 kV line-to-earth and 1,0 kV line-to-
line. Tests are not applicable to protected circuits.

The repetition rate shall be one pulse per minute, with the number of pulses being five
positive and five negative.

If the CPS is required to operate in an installation which is less protected, for example
installation class 4 or 5 according to IEC 61000-4-5, this shall be specified by the
user. In this case, the test levels shall be 4 kV line-to-earth and 2 kV line-to-line.
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b) Utilization group B (see 9.3.5.1)

Tests shall be performed in accordance with 9.3.5.2.5.1 and with the requireme@@ﬁg\\

and 2) below.

1) Test conditions 9
The EUT shall be mounted in a metallic enclosure as sh es 2, 3 or 4, as
applicable. However, with the agreement of the manu g the test may be carried
out in free air.

The distances of the EUT to the metall eég\ure shall be 0,1 m with a tolerance

+10% except for the front fac I be installed as in normal use according to

the manufacturer’s ins LQ keeping the dimensions of the aperture to a minimum.
The metallic encloXu Il be connected to the ground plane.

The test circuit for the a.c. mains port shall be in accordance with figure 17 (line-to-
earth) or figure 18 (line-to-line).

For releases with a phase loss sensitive feature, the test circuits shall be in
accordance with figures 19 (line-to-earth) and 20 (line-to-line) or 21 (line-to-earth) and
22 (line-to-line), as applicable.

NOTE It is advisable to supply the transformer via a coupling-decoupling network in order to avoid
disturbances on the mains network.

The test level shall be 4 kV (line-to-earth) and 2 kV (line-to-line) on the a.c. main
circuit and those auxiliaries intended to be connected to the main circuit, 2 kV (line-to-
earth) and 1 kV (line-to-line) for those auxiliaries not intended to be connected to the
main circuit.

2) Test procedure

On a.c. mains ports the disturbance shall be applied on one phase pole chosen at
random, EUT being supplied from the other two phase poles, in accordance with
figures 17 (line-to-earth) and 18 (line-to-line). For releases which have a phase loss
sensitive feature, the test shall be performed as shown in figures 19 (line-to-earth) and
20 (line-to-line) for the three-phase poles in series connection or on a phase chosen
at random for the three-phase connection shown in figures 21 (line-to-earth) and 22
(line-to-line).

Auxiliary port disturbances shall be injected by means of coupling-decoupling
networks as specified in figure 6 and figure 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 by agreement with the manufacturer.

The CPS is supplied with a current of 0,9 times the current setting during the
application of the pulses.

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

9.3.5.2.6.1 General

Tests shall be conducted according to IEC 61000-4-6.

The device shall comply with performance criterion A.
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9.3.5.2.6.2 Requirements specific to the utilization groups (.(\\
a) Utilization group A (see 9.3.5.1) GO

As described in 9.3.5.2.6.1. ges
b) Utilization group B (see 9.3.5.1)

Tests shall be performed in accordance with 9.3.5. Zi\@ﬁ'g requirements 1) and 2)
below.

1) Test conditions

The EUT shall be tested in f S |t is intended to be used only in a specified
individual enclosure, in wha it shall be tested in such an enclosure. Details,
including the dimen5| e enclosure, shall be stated in the test report.

Where an enclosu u d, it shall be connected to the ground plane, according to

the manufacturer’s instructlons

To enable repeatability, the actual test set-up including supply bars, transformer, etc.
shall be stated in the test report.

Tests shall be performed on the main circuit and those auxiliaries intended to be
connected to the main circuit.

The test set-up shall be according to figures 10, 11 or 12, as applicable.

The disturbance shall be injected by means of a coupling-decoupling network M1 or
M2 according to 6.2.2 of IEC 61000-4-6, as applicable (see figures 10, 11 and 12).

The ratio between the cross-section “S” (mm?2) of the connecting cable and its height
“h” (cm) from the ground plane shall be 1:5.

The test circuit for the a.c. main circuit port shall be in accordance with figure 10. For
releases with a phase loss sensitive feature, the test circuit shall be in accordance
with figures 11 or 12, as applicable.

The test level shall be 10 V for main circuit and auxiliary ports.
2) Test procedure

i) To verify the resistance against unwanted tripping, the EUT shall be supplied with
a current of 0,9 times the current setting and the test frequency swept over the
range 150 kHz to 80 MHz in accordance with clause 8 of IEC 61000-4-6.

The dwell time for each frequency shall be between 500 ms and 1 000 ms and the
frequency step size shall be 1 % of the previous frequency.

The actual dwell time shall be stated in the test report.

ii) To verify the time/current characteristics, the EUT shall be supplied with a current
of 2,0 times the current setting.

The tripping time shall be measured.

The test shall be performed at the following frequencies: 0,150; 0,300; 0,450;
0,600; 0,900; 1,20; 1,80; 2,40; 3,60; 4,80; 7,20; 9,60; 12,0; 19,2; 27,0; 49,4; 72,0
and 80,0 MHz, the test current being applied after the level of the disturbing
voltage at each frequency has stabilized.
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9.3.5.2.7.1 General

9.3.5.2.7 Harmonics (.(\\
GO

The device shall comply with performance criterion A. ge

9.3.5.2.7.2 Requirements specific to the ut|I|zatlon€\®§g

%) a) Utilization group A (see 9.3.5.1)
Subclause 8.4.1.2 of IEC 60947-1 app
b) Utilization group B (see 9.3.5. 1)
1) Test conditions

These tests applyms for which the electronic current sensing means are stated by
the manufacturer to be r.m.s. responsive.

This shall be indicated either by marking
manufacturer's literature, or both.

r.m.s.” on the CPS or given in the

The EUT shall be tested in free air unless it is intended to be used only in a specified
individual enclosure, in which case it shall be tested in such an enclosure. Details,
including the dimensions of the enclosure, shall be stated in the test report.

Where applicable, the tests shall be performed at the rated frequency.

NOTE The test currents may be generated by a source of power based on the utilization of thyristors
(see figure 23), saturated cores, programmable power supplies or other appropriate sources.

2) Test currents
The test current waveform shall consist of one of the following two options:
— option a): two waveforms applied successively:
e a waveform consisting of a fundamental and a third harmonic component;
e a waveform consisting of a fundamental and a fifth harmonic component.

— option b): a waveform consisting of a fundamental and a third, fifth and seventh
harmonic component.

Test currents shall be:
— for option a):
test of the third harmonic and peak factor

e 72 % of fundamental component < third harmonic <88 % of fundamental
component;

e peak factor: 2,0 £ 0,2;
test of the fifth harmonic and peak factor

e 45 % of fundamental component < fifth harmonic <55 % of fundamental
component;

e peak factor: 1,9 £ 0,2;
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for option b): \
the test current, for each period, consists of two equal opposite half-wave @
as follows:

.
e current conduction time, for each half-wave is <21 % of th{ﬂ@s
e peak factor: >2,1. a.

NOTE 1 The peak factor is the peak value of the curren,“@b he r.m.s. value of the current

component:

wave. For the relevant formula, see figure 23. x\\
NOTE 2 This test current for option b) has at | as@ following harmonic content of the fundamental
.
— fifth harmonic >14 %;

— seventh harmogic

Higher harmonicsb S0 De present.

NOTE 3 The test current waveform for option b) may be produced, for example, by two back-to-back
thyristors (see figure 23).

— third harmonic >60 %;
. \
.

NOTE 4 The test currents 0,9 Iz and 2,0 Iz (see performance criterion A) are the r.m.s. values of the
composite waveforms.

3) Test procedure

The tests shall be performed on any two-phase poles, chosen at random in
accordance with 8.2.1.5.1 carrying the test current at any convenient voltage,
connections being in accordance with figure 5. For releases with a phase loss
sensitive feature, connections shall be made in accordance with figures 6 or 7, as
applicable.

Under-voltage releases, if any, shall either be energized or disabled. All other
auxiliaries shall be disconnected during the test.

The duration of the test to verify the immunity to unwanted tripping (at 0,9 times the
current setting) shall be 10 times the tripping time which corresponds to twice the
current setting.

9.3.5.2.8 Current dips and short time interruptions

A CPS is inherently responsive to dips and short-time interruptions on the control supply;
it shall react within the limits of 8.2.1.2, and this is verified by the operating limits tests given
in 9.3.3.2.

However, under rated control supply voltage (or current), the power circuit of CPS of
utilization category AC-40, AC-41, AC-45a, AC-45h, DC-40, DC-41 and DC-46 provided with
electronic circuits may be declared as not sensitive to perturbation, which shall be verified as
defined hereafter.

1) Test procedure

The EUT shall be tested in free air unless it is intended to be used only in a specified
individual enclosure, in which case it shall be tested in such an enclosure. Details,
including the dimensions of the enclosure, shall be stated in the test report.

The test circuit shall be in accordance with figure 5 on any two-phase poles chosen at
random. For releases with a phase loss sensitive feature, the test circuit shall be in
accordance with figures 6 or 7, as applicable.

The tests shall be performed with a sinusoidal current at any convenient voltage. The
current shall be applied according to figure 24 and to table 15 where Ir is the setting
current, Ip is the dip test current and T is the period of the sinusoidal current.

Note deleted
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The duration of each test shall be between three and four times the maximum trippin \
time corresponding to twice the current setting, or 10 min, whichever is the lower. 0&

Table 15 — Test parameters for current dips and interruptio ‘G

1

Test no. Io r\ﬂw
CO0s T
[ 1T
5T

0
LN 0T

10T

\(\‘\‘&Q * 0,41 25T

50T

© |00 N O |0 b~ WwN PR

10T
25T
50T

e
= O
o
]

2) Test results

Performance criterion B of table 14 shall apply, except that the after-test verification is not
required.

9.3.5.3 Emission

Subclause 8.4.2 of IEC 60947-1 applies with the following additions:

9.3.5.3.1 Conducted radio-frequency emission tests
A description of the test, the test method and the test set-up are given in CISPR 11.

a) Utilization group A (see 9.3.5.1)
— limits of table 2a of CISPR 11, group 1, apply for environment A;
— limits of table 2b of CISPR 11, group 1, apply for environment B.
b) Utilization group B (see 9.3.5.1)
— limits of table 2a of CISPR 11, group 1, apply for environment A;
— limits of table 2b of CISPR 11, group 1, apply for environment B.

9.3.5.3.2 Radiated radio-frequency emission tests

9.3.5.3.2.1 General

A description of the test, the test method and the test set-up is given in CISPR 11.

Tests are required where the control and/or auxiliary circuits contain components with
fundamental switching frequencies greater than 9 kHz, for example switch-mode power
supplies, etc.

9.3.5.3.2.2 Requirements specific to the utilization groups

a) Utilization group A (see 9.3.5.1)
Limits of table 3 of CISPR 11 apply, according to the given class of environment.
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b) Utilization group B (see 9.3.5.1)

Tests shall be performed according to 9.3.5.3.2.1 and the requirements of 1), @(g)\\
below.

1) Test conditions 966 )

The EUT shall be tested in free air unless it is intended to ly in a specified
individual enclosure, in which case it shall be teste ) an enclosure. Detalils,
including the dimensions of the enclosure, shak&/@ in the test report.

NOTE It is recognized that the presence of an enc s@ ay cause interference at certain frequencies.

The height from the floor of the EU e1m+ 0,1 m.

The test circuit shall be imj&
sensitive feature, th irc
applicable. K

nce with figure 5. For releases with a phase loss
uit shall be in accordance with figures 6 or 7, as

The test set-up is shown in figure 25.

To enable repeatability, the actual test set-up including supply bars, transformer, etc.
shall be stated in the test report.

2) Test procedure

Under-voltage releases, if any, shall either be energized or disabled. All other
auxiliaries shall be disconnected during the test.

3) Test results
Limits of table 3 of CISPR 11 apply, according to the given class of environment.

9.3.5.3.3 Harmonics

The electronic control circuits operate at very low power and hence create negligible
disturbances; as a result, no tests are required.

9.3.5.3.4 Voltage fluctuations

The electronic control circuits operate at very low power and hence create negligible
disturbances; as a result, no tests are required.

9.4 Test sequences

CPS's shall be tested according to the sequences given in table 16. For each sequence, the
tests shall be made in the order listed.
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Table 16 — Test sequences (.(\\
-(\
Settm
se(;rL?:rtlce Tests Test Pe;:](():rem— Ue/le | Uglles Q@%é of ’
release
(
No. Clause Clause Pe ,g‘ Quantity No-
4) 3)
— Temperature-rise (for I maximum) 9.4.1.1 (8.2.2 \\\ A 16)
— Operation 9.4.1.2
— Operating limits 9.4 4. @1
— Dielectric properties ‘ . 8.2.3
— Rated making and breakln M
capacity Q 9.4.2.1 |8.2.4.1 5) 16)
— Conventional operatio w 8.2.4.2
performance electrical-lhechanical 9.4.2.2 [(a+¢c)
— Dielectric withstand verification 9.4.2.3 |9.3.34
— Operational performance at Ug/l, 9.4.3.1 |8.2.4.2b)
— Rated breaking capacity at I, 9.4.3.2 (8.25a)
— Operational performance at Ug/l, 9.4.3.1 |8.2.4.2b) 2 1
11 — Dielectric withstand verification 9.4.3.4 [9.3.3.4 Max.
— Overload releases verification 9.4.3.5 |8.2.1.5 5)
— Rated breaking capacity at I, 9.4.3.2 |8.2.5a)
— Dielectric withstand verification 9.4.34 |9.3.34 2
— Overload releases verification 9.4.3.5 |8.2.1.5
— Operational performance U/l 9.4.4.1 |8.2.4.2b) 5)
— Rated service short-circuit
breaking capacity at I 9.4.4.2 |8.2.5a) 1 11 Max.
— Operational performance at Ug/lg 9.4.4.1 |8.2.4.2b) 2 22) 1 Max.
v — Dielectric withstand verification 9.4.44 19.3.34 2 Max.
— Temperature-rise verification 9.4.45 (8.2.2
— Overload releases verification 9.4.46 |8.2.1.5 >3 32) 1 Max.
2 Max.
3 Min.
\% — Additional breaking capacity 9.4.5.1 |8.2.5b)
7) — Dielectric withstand verification 9.45.3 (9.3.3.4 1 Max.
VI — Short-circuit breaking capacity 9.4.6.1 |8.2.5¢c) 1 1 Max.
8) — Dielectric withstand verification 9.4.6.3 |9.3.34
VII — Rated service short-circuit
breaking capacity at I 9.4.7.1 |8.2.5a)
9) — Dielectric withstand verification 9.4.7.3 |[9.3.3.4 1 1 Max.
VIl 10) EMC 9.4.8 8.3

1)

2)

3)
4)

5)

6)
7)
8)
9)
10)

In the case of CPS's having line and load terminals not identified and having fixed or sealed trip units (see 8.1.7.4),
and additional sample shall be tested with the connections reversed.

In the case of CPS's having line and load terminals not identified and having fixed or sealed trip units (see 8.1.7.4),
one of the samples shall be tested with the connections reversed.

Over-current release settings if adjustable.

No. of sample if multiple rating of I 4, related to Ug:
No. 1 U, max / corresponding I

No. 2 I, max / corresponding U,

No. 3 Intermediate values of U,/ corresponding I

In accordance with 9.3.2.1, rated values U./l, may be assigned to some utilization categories without test or with a
restricted number of tests and/or samples when tests of equivalent or higher severity have already been made.

In sequences | and Il, the same sample may be used.

See 8.2.5; Test at U, max.

Applicable to four-pole CPS's only.

Applicable to CPS's intended for use in an individual enclosure.
If applicable (8.3).
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9.4.1 Test Sequence |I: Temperature-rise, operating limits, dielectric properties (.(\\

— temperature-rise test (9.4.1.1) 6 CJ
.
S

— operation test (9.4.1.2)

— operating limits test (9.4.1.3) a,\)g
— dielectric properties test (9.4.1.4) . a’g
%\\Kéolati

— verification of main contact position for CPS suit on (9.4.1.5)

94.1.1 Temperature-rise test *

The temperature-rise test shal b%l\'n e at the conventional thermal current according
to 9.3.3.3. At the end o Iﬁ *'the values of temperature-rise shall not exceed those
specified in tables 5, 6 an§ \.

9.4.1.2 Operation test

Tests shall be made when the CPS is installed as specified in 9.3.2.1, in accordance
with 8.2.1.1 for the following purposes:

— to verify tripping of the CPS with the closing device energized;

— to verify trip free operation of the CPS when the closing operation is initiated with the
tripping device actuated;

— to verify that the operation of an external power-operated device when the CPS is already
closed shall neither cause damage to the CPS nor endanger the operator;

— to verify that the operation of resetting shall not close the CPS in the absence of a closing
command.

If the CPS is fitted with combined opening (stop) and reset actuating mechanisms, with the
CPS closed, the resetting mechanism shall be operated and this shall cause the CPS to
open.

If the CPS is fitted with either a reset or a stop-reset mechanism only or separate opening
(stop) and reset actuating mechanisms, with the CPS closed and the resetting mechanism in
the reset position, the tripping mechanism shall be operated and the CPS shall open.

NOTE These tests verify that the overload tripping action cannot be defeated by holding the reset mechanism in
the reset position.

With the CPS loaded as for the temperature-rise test of the main circuit and the equilibrium
temperature having been reached, the CPS shall be operated by its normal means three
times in quick succession. The CPS shall not trip due to shock caused by the operation.

The mechanical operation of a CPS may be checked under no-load condition.

For a CPS with stored energy operation it shall be verified that the moving contacts cannot
be moved from the open position when the operating mechanism is charged to slightly below
the full charge, as evidenced by the indicating device.

If the closing and opening times of a CPS are stated by the manufacturer, such times shall
comply with the stated values.
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9.4.1.3 Operating limits tests (.(\\

Tests shall be made as specified in 9.3.3.2. 6

9.4.1.3.1 Power operated CPS's
CPS's shall be tested to verify their performance ag Wche requirements given

in 8.2.1.2.

A CPS with dependent power operation s pferated with operating mechanism charged
to the minimum and maximum I|m|ts the manufacturer.

9.41.3.2  Relays or rt\&&Q

a) Operation of shunt rel
Shunt releases shall be tested for compliance with the requirements of 8.2.1.4.
b) Operation of under-voltage relays or releases

Under voltage relays or releases shall be tested for compliance with the requirements of
8.2.1.3. Each limit shall be verified three times. For the drop-out test, the voltage shall be
reduced from the rated value to zero at an uniform rate in approximatively 1 min.

c) Operation of over-current relays or releases
i) Opening under overload conditions
Instantaneous or definite time-delay relays or releases (types a) and b) in 5.7.1.3.1)

Operation shall be verified at 90 % and 110 % of the nominal tripping current of the
relay or release. The test current shall have no asymmetry.

At a test current having a value equal to 90 % of the nominal value of the tripping
current, the CPS shall not trip, the current being maintained:

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

— for an interval of time equal to twice the time-delay stated by the manufacturer in the
case of definite time delay relays or release.

At a test current having a value equal to 110 % of the nominal tripping current, the
CPS shall trip:

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

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

The operation of multipole relays or releases shall be verified with all poles loaded
simultaneously with the test current.

Inverse time-delay relays or releases (type c) in 5.7.1.3.1)

It shall be verified that relays and releases operate according to the requirements of
8.2.1.5.1 with all poles energized.

Moreover, the characteristics defined in 8.2.1.5.1.1 shall be verified by tests at -5 °C,
+20 °C, +40 °C and may be verified at minimum and maximum temperatures given by the
manufacturer if larger. However, for relays or releases declared compensated for ambient
temperature, in case of a temperature range declared by the manufacturer larger than
those given in Figure 1, the characteristics at =5 °C and/or +40 °C need not be verified if,
when tested at the declared minimum and maximum temperatures, the corresponding
tripping current values are in compliance with the limits specified for -5 °C and/or +40 °C
in Figure 1.
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I*) For electronic overload relays or releases, the thermal memory test verification \
8.2.1.5.1.2 shall be carried out at +20 °C. 9
y

Three-pole thermal or electronic overload relays energized on two poles %
tested as stated in 8.2.1.5.1.1 on all combinations of poles and at
minimum current settings for relays with adjustable settings. E \)

ifnum and

ii) Opening under short-circuit conditions
Instantaneous or definite time-delay relays or ﬁ ms a) and b) in 5.7.1.3.2)

a) The operation of over-current relays or re e tended for protection against short-
circuits shall be verified at 80 % an 9% of the short circuit current setting of the
relays or release. The test CL\I’S\I have no asymmetry. At a test current having a

.

value equal to 80 % of t=circuit current setting, the CPS shall not trip, the

current being maintai
— for 0,2 s in the casg& Instantaneous relays or releases;

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

At a test current having a value equal to 120 % of the short-circuit current setting, the
CPS shall trip:

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

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

The operation of multipole opening relays or releases shall be verified with two poles
in series using all possible combinations of poles having a short circuit release.

b) In addition, the operation of the short circuit releases, shall be verified individually on
each pole at the value of the single pole tripping current published by the
manufacturer; tripping shall occur:

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

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

iii) Additional test for the time-delay of definite time-delay relays or releases (types b) in
5.7.1.3.1 and 5.7.1.3.2).

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

— with all the poles loaded, in the case of overload relays or release (type b)
in 5.7.1.3.1);

— with two poles in series using all possible combinations successively carrying the test
current, in the case of short-circuit relays or releases (type b) in 5.7.1.3.2).

The opening time measured shall be between the limits of the time-delay stated by the
manufacturer.

Non-tripping duration
This test is made under the same conditions as for the above test.

Firstly, the current is maintained for a time interval equal to the non-tripping duration
stated by the manufacturer; then, the current is reduced to the rated current and
maintained at this value for twice the nominal time-delay stated by the manufacturer.
The CPS shall not trip.
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The limits of operation shall be verified in accordance with 8.2.1.5.3.

iv) Under-current relays in automatic change-over ((\\

v) Stall relays
e%

The limits of operation shall be verified in accordance with 8.2.1. {}

For current sensing stall relays, the verification shall be m he minimum and for
the maximum set current values and for the min' X|mum stall inhibit time
(four settings).

For stall relays operating in conjuncti thG rotatlon sensing mean, the verification
shall be made for the m|n|mum mum stall inhibit time. The sensor can be
simulated by an approprlate the sensor input of the stall relay.

vi) Jam relays ‘59
The limits of operafo Il be verified in accordance with 8.2.1.5.5.

The verification shall be made for the minimum and for the maximum set current
values and for the minimum and maximum jam inhibit time (four settings).

For each of the four settings, the test shall be made under the following conditions:
— apply a test current of 95 % of the set current value. The jam relay shall not trip;

— increase the test current to 120 % of the set current value. The jam relay shall trip
according to the requirements given in 8.2.1.5.5.

9.4.1.4 Dielectric properties test

The CPS shall be tested in accordance with 9.3.3.4.

9.4.1.5 Verification of main contact position for CPS suitable for isolation

For CPS suitable for isolation, a test shall be made to verify the effectiveness of the
indication of the main contact position in accordance with 8.2.5 of IEC 60947-1.

9.4.2 Test Sequence Il: Performance under normal load and overload conditions
— Rated making and breaking capacity test (9.4.2.1)

— Conventional operational performance test (9.4.2.2)

— Dielectric withstand verification (9.4.2.3)

9.4.2.1 Rated making and breaking capacity test

The CPS shall be tested in accordance with 9.3.3.5.

9.4.2.1.1 Rated making and breaking capacity for utilization categories other than AC-44
(e.g. direct-on-line and two direction CPS's)

Item 1 of 9.3.3.5.5 applies.

9.4.2.1.2 Rated making and breaking capacity for utilization category AC-44
(e.g. direct-on-line and reversing CPS's)

Item 2 of 9.3.3.5.5 applies.

9.4.2.1.3 Behaviour of the CPS during and condition after the making and breaking,
change-over and reversing tests

The conditions of 9.3.3.5.6 shall be met.
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The CPS shall be tested in accordance with 9.3.3.6.

9.4.2.2 Conventional operational performance test ((\\

9.4.2.2.1 Conventional operational performance for utilization cat @eother
than AC-44 (e.g. direct-on-line and two direction CE

The CPS shall make and break the currents corresp o‘waés ilization category and for
the number of operations given in table 11. &\

9.4.2.2.2 Conventional operation nce for utilization category AC-44
(e.g. direct-on-line angd\r x ing CPS's)

— The CPS shall make (K-\ * he currents corresponding to its utilization category and
for the number of ope“ iven in table 11.

— For reversing CPS's, each sequence shall be:

Close A — open A — close B — open B — OFF period

The change-over from "open A" to "close B" shall be made as fast as the normal control
system will allow.

9.4.2.2.3 Behaviour of the CPS during and after the conventional operational
performance tests

The conditions of 9.3.3.5.6 shall be fulfilled.

9.4.2.3 Dielectric withstand verification

The dielectric withstand shall be verified in accordance with 9.3.3.4.

For CPS suitable for isolation, the leakage current shall be measured in accordance with
9.3.3.4.1 except that the leakage current shall not exceed 2 mA.

9.4.3 Test sequence lll: Operational performance before and after operating sequences

at Iy and "r" current test

Test on the first sample:

— Operational performance test at Ug/lg (9.4.3.1)

— Rated breaking capacity at short-circuit current I, with the operating sequence O -t - CO
-t-CO-t-0-t-rCO-t-rCO

— Operational performance test at Ug/lg (9.4.3.1)
— Dielectric withstand verification (9.4.3.4)
— Overload releases verification (9.4.3.5).

Test on the second sample:

— Rated breaking capacity at short-circuit current "r" with the operating sequence O -t - CO
-t-rCO

— Dielectric withstand verification (9.4.3.4)

— Overload releases verification (9.4.3.5).

NOTE With the agreement of the manufacturer the tests may be made on one sample.
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9.4.3.1 Operational performance test \

Before and after the I, test on the first sample, the CPS shall be tested in acc d@glvith
.

8.2.4.2 b) and 9.3.3.6. e
’gaog

.
A short-circuit test is made under the general c of 9.3.4 with the values of
prospective currents I, and I, in accordance with 8. 3

9.4.3.2 Test at prospective conventional current I, and |,

.
The operating sequence shall be accqrdj ¥4.3.

.
9.4.3.3 Behaviour of'the\s'Qd»\ring and after the tests at I, and |,

Subclause 9.3.4.1.7 applies.

9.4.3.4 Dielectric withstand verification

The dielectric withstand shall be verified according to 9.4.2.3.

9.4.3.5 Overload releases verification

Following the test of 9.4.3.4, the operation of overload releases (types a), b), ¢) in 5.7.1.3.1)
shall be verified at the reference temperature and at any convenient voltage:

— at 1,2 times the values of their current setting for utilization categories AC-42, AC-43, AC-
44, DC-43, DC-45;

— at 1,45 times the values of their current setting for utilization categories AC-40, AC-41,
AC-45a, AC-45b, DC-40, DC-41, DC-46.

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

Tripping shall occur within 2 h.

9.4.4 Test Sequence IV: Operational performance before and after operating
sequences at Iqg

— Operational performance test (9.4.4.1)
— Test at short-circuit current I (9.4.4.2)
— Dielectric withstand verification (9.4.4.4)
— Temperature rise verification (9.4.4.5)

— Overload releases verification (9.4.4.6).
9.4.4.1 Operational performance test

Before and after the test of 9.4.4.2, the CPS shall be tested in accordance 9.3.3.6 with test
parameters given in table 12.

9.4.4.2 Rated service short-circuit breaking capacity test at l.g

A short-circuit test is made under the general conditions of 9.3.4 with a value of prospective
current I (see 5.3.6.1), as declared by the manufacturer.

The power-factor for this test shall be according to table 16 of Part 1.
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The operating sequence shall be: O-t-CO-t-rCO (see 9.3.4.1.6). ((\\
nd

NOTE In the USA and Canada, minimum values of service short-circuit breaking capacity (I¢cg) are sp @
an additional test sequence is required to verify the single pole interrupting capability of PS's

corresponding to the minimum specified value of the short-circuit breaking capacity and the ﬁ tilng phase-
to-phase voltage for CPS's marked with phase-to-phase voltage only or phase-to neutr r CPS's marked
with phase-neutral/phase-phase voltage.

9.4.4.3 Behaviour of the CPS during and after the tet\wg

Subclause 9.3.4.1.7 applies.

9.4.4.4 Dielectric withstand ve

The dielectric withstand WX@ |ed according to sub clause 9.4.2.3.

9.4.4.5 Temperature-rise verification

The temperature-rise at the terminals shall be verified at the rated operational current
corresponding to the utilization category according to 9.3.3.3.1 to 9.3.3.3.4. The temperature-
rise shall not exceed the values given in table 5.

9.4.4.6 Overload releases verification

Following the test, of 9.4.4.5, the operation of overload releases shall be verified in
accordance with 9.4.3.5.

9.4.5 Test Sequence V: Additional breaking capacity
— Additional breaking capacity test (9.4.5.1)
— Dielectric withstand verification (9.4.5.3)

9.45.1 Additional breaking capacity test

The CPS shall break the test current stated in 8.2.5b) at the rated operational voltage U and
the power factor or time constant according to table 16 of Part 1.

The operating sequence shall be O-t-O-t-O.

9.4.5.2 Behaviour of the CPS during and after the additional breaking capacity test

The requirements of 9.3.3.5.6 shall be met.

9.45.3 Dielectric withstand verification
The electric withstand shall be verified according to 9.4.2.3.
9.4.6 Test Sequence VI: Additional test sequence for four-pole CPS's

— Short-circuit breaking capacity test (9.4.6.1)
— Dielectric withstand verification (9.4.6.3).

9.4.6.1 Short-circuit breaking capacity test

Four pole CPS having a fourth pole of reduced short-circuit rating shall pass the additional
test of 9.3.4.1.6, item b).

The operating sequence shall be O-t-CO-t-rCO.
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9.4.6.2 Behaviour of the CPS during and after the short circuit breaking capacity ((\\

test 0
Subclause 9.3.4.1.7 applies. ges ‘G

9.4.6.3 Dielectric withstand verification ga,\)

-
The dielectric withstand shall be verified according to 4‘\2660

9.4.7 Test Sequence VIl: Additional test s RCE for CPS's intended for use in

an individual enclosure
k ¥

— Rated service short-circuit b apacity test at I.5 (9.4.7.1)
— Dielectric withstand v“’\'x 29.4.7.3)

9.4.7.1 Rated service short-circuit breaking capacity test at I.g

CPS intended for use in an individual enclosure shall pass the additional test of 9.3.4.1.1 in
the smallest individual enclosure stated by the manufacturer at the rated operational voltage
Ue and the power-factor or time constant according to table 16 of Part 1.

The test current shall be equal to the rated service short-circuit breaking capacity I.g of the
CPS corresponding to Us max.

The operating sequence shall be O-t-CO-t-rCO.

9.4.7.2 Behaviour of the CPS during the rated service short circuit breaking
capacity test at I¢g

Subclause 9.3.4.1.7 applies.

9.4.7.3 Dielectric withstand verification

The dielectric withstand shall be verified according to 9.4.2.3.

9.4.8 Test sequence VIII: EMC

The CPS shall be tested in accordance with 9.3.5.

9.5 Routine tests
9.5.1 General

Routine tests shall be carried out under conditions the same as, or equivalent to those
specified for type tests in the relevant parts of 9.1.2. However the limits of operation
in 9.4.1.3 may be verified at the prevailing ambient air temperature.

9.5.2 Operation and operating limits

Tests are carried out to verify operation within the limits specified in 8.2.1.

NOTE In these tests it is not necessary to reach thermal equilibrium.

The lack of thermal equilibrium may be compensated by using a series resistor or by appropriately decreasing the
voltage limit.
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I%) Tests shall be made to verify the calibration of relays or releases. In the case of a \
delay overload relay or release, this may be a single test with all poles equally energj &\
multiple of the current setting, to check that the tripping time conforms (within t rgﬁz ) to
the curves supplied by the manufacturer; in the case of an instantaneou @ 4 relay or
release, the test shall be carried out at 1,1 times the current setting. E -current relays,
stall relays and jam relays, tests shall be carried out to verify th \%%ration of these
relays (see 8.2.1.5.3, 8.2.1.5.4 and 8.2.1.5.5). . a’
\O

@ i%ing a time delay device working with a fluid
typ at a percentage of the current setting indicated
d by a special test.

NOTE In the case of a time-delay overload relay or relea
dashpot, calibration may be carried out with the dash

by the manufacturer and capable of(yﬁi

.
9.5.3 Dielectric tests\\\\g *

The dielectric withstand shall be verified in accordance with 9.3.3.4.

Subclause deleted

‘ Standard range

1.3 +

1.2 <+

Multiple of overload
current setting

0 + \

0,9 <+

} }
T T T

l
1
-10 0 10 20 30 40 50 °C

Ambient air temperature
IEC 2379/02

Figure 1 — Multiple of current setting limits for ambient air temperature time-delay
overload relays or releases (see 8.2.1.5.1)
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Figure 2b — Sections A-A and B-B

Figure 2 — EUT mounted in metallic enclosure —
Two-phase poles in series configuration
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Figure 3a — Elevation
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Section B-B
IEC 2383/02

Figure 3b — Sections A-A and B-B

Figure 3 — EUT mounted in metallic enclosure —
Three-phase poles in series configuration
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Figure 4b — Sections A-A and B-B

Figure 4 — EUT mounted in metallic enclosure —
Three-phase configuration
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Supply 5 A
N \)ge

L\\‘\W EUT

Enclosure (where

\J( \X \X applicable)

Auxiliaries

IEC 2386/02

Figure 5 — Test circuit for emission tests, immunity to harmonics, current dips,
electrostatic discharges and radiated electromagnetic fields —
Two-phase poles in series configuration
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upply ges ,

.
\ \xM_N\N EUT

Enclosure (where

\X \x \X applicable)

Auxiliaries

IEC 2387/02

Figure 6 — Test circuit for emission tests, immunity to harmonics, current dips,
electrostatic discharges and radiated electromagnetic fields —
Three-phase poles in series configuration
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\\‘\\“\N EUT

Enclosure (where

\J< \X \X applicable)

o Auxiliaries

IEC 2388/02

Key
Z impedance for adjusting the current (where required)
Figure 7 — Test circuit for emission tests, immunity to harmonics, current dips,

electrostatic discharges and radiated electromagnetic fields —
Three-phase configuration
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Contact discharge on the metallic enclosure # ((\\
eSS .
Contact ¢

‘cw&v sible parts *
(0

/

A g

WO

A Y LO © O
Air discharge on
non-conductive accessible parts

Insulating support
Test generator g Supp

ez =

| x o |

\ Ground plane

IEC 2389/02

a

Contact discharge probe shall be applied perpendicular to the surface under test.

Figure 8 — Test set-up for the verification of immunity to electrostatic discharges



Page 78
EN 60947-6-2:2003

A

Antenna

|>/|||

Im=01m

ANNA

A

A 4

Anechoic absorbers

Insulatg rial
- ﬁl

be kept to a

minimum

>0,5m .3,66‘

Transformer | 1

Connections to

A

—
=

L] A

|

Ground plane

Insulating material

Main filter ’

IEC 2390/02

Figure 9 — Test set-up for immunity to radiated electromagnetic fields
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/ Any other metallic part 0(0\

To be kept to @ minimum

\‘ « >im A\)
Ba—

Transformer

Insulating support or gap Ground plane

Transformer

0,1<L<03m

Mains terminals
are left open

'—— Coupling-decoupling network "M1" IEC 2391/02

Key

L total cable length

NOTE As an alternative to the coupling-decoupling network M1, M2 or M3 may be used in which case the two or
three connecting wires, as applicable, are connected to the same point of the EUT.

Figure 10 — Test set-up for conducted disturbances induced
by radio-frequency fields (common mode) —
Two-phase poles in series configuration
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IEC 2392/02
Key
L total cable length
Figure 11 — Test set-up for conducted disturbances induced

by radio-frequency fields (common mode) —
Three-phase poles in series configuration
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Any other metallic part : (0\
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ﬁ EUT

I
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Transformer
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Transformer

0,1<L<0,3m

RF generator

Mains terminals
are left open

Coupling-decoupling network "M1" IEC 2393/02

Key
L total cable length

NOTE As an alternative to the coupling-decoupling network M1, M2 or M3 may be used, in which case the two or
three connecting wires, as applicable, are connected to the same point of the EUT.

Figure 12 — Test set-up for conducted disturbances induced
by radio-frequency fields (common mode) —
Three-phase configuration
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Figure 13 — Circuit for electrical fast transients/bursts (EFT/B) immunity test —
Two-phase poles in series configuration
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Figure 14 — Circuit for electrical fast transients/bursts (EFT/B) immunity test —
Three-phase poles in series configuration
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Figure 15 — Circuit for electrical fast transients/bursts (EFT/B) immunity test —
Three-phase configuration
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NOTE This is a representative example; other test set-ups may be used providing the requirements for the tests
are complied with.

Figure 16 — Test set-up for electrical fast transients/bursts (EFT/B) immunity test
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Figure 17 — Test circuit for the verification of the influence
of surges in the main circuit (line-to-earth) —
Two-phase poles configuration
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Figure 18 — Test circuit for the verification of the influence of current surges
in the main circuit — Two-phase poles configuration
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Figure 19 — Test circuit for the verification of the influence
of surges in the main circuit (line-to-earth) —
Three-phase poles in series configuration
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Figure 20 — Test circuit for the verification of the influence of current surges
in the main circuit — Three-phase poles in series configuration
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Figure 21 — Test circuit for the verification of the influence

of surges in the main circuit (line to earth) —
Three-phase configuration
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Figure 22 — Test circuit for the verification of the influence of current surges
in the main circuit — Three-phase configuration



Page 92
EN 60947-6-2:2003

© P T2 T

A
\ 4
A
A 4

IEC 2404/02

Key

A peak current

T period

t1 conducting time during each half-cycle

to delay time

Peak factor =

Figure 23 — Representation of test current produced by back-to-back thyristors
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Figure 24 — Test current for the verification of the influence
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Figure 25 — Radiated emission test set-up
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Figure 26 — Thermal memory test
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Annex A
(normative) GO((\\

Special tests

A.1 General G\(\\

Special tests are made at the discreti‘n anufacturer.

A.2 Mechanical dura{\mg ’

A.2.1 General

By convention, the mechanical durability of a design of a CPS is defined as the number of no-
load operating cycles which would be attained or exceeded by 90 % of all the apparatus of
this design before it becomes necessary to service or replace any mechanical parts;
however, normal maintenance including replacement of contacts as specified in A.2.2.1
and A.2.2.3 is permitted.

The preferred numbers of no-load operating cycles, expressed in millions are:
0,001 -0,003-0,01-0,03-0,1-0,3-1 -3 and 10.

A.2.2 Verification of mechanical durability
A.2.2.1 Condition of the CPS for tests

The CPS shall be installed as for normal service; in particular, the conductors shall be
connected in the same manner as for normal use.

During the test, there shall be no voltage or current in the main circuit.

A.2.2.2 Operating conditions

The control circuits shall be supplied at their rated voltage and, if applicable, at their rated
frequency.

If a resistance or an impedance is provided in series with the coils, whether short-circuited or
not during the operation, the tests shall be carried out with these elements connected as in
normal operation.

A.2.2.3 Test procedure

a) The tests are carried out at the frequency of operations corresponding to the class of
intermittent duty. However, if the manufacturer considers that the CPS can satisfy the
required conditions when using a higher frequency of operations, he may do so.

b) For CPS's provided both with remote and manual control means, the operations shall be
made through remote control means on one sample and through manual control means on
another sample.
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¢) In the case of electromagnetic CPS's, the duration of energization of the control coil sh \
be greater than the time operation of the CPS and the time for which the coil)'@ t
energized shall be of such a duration that the CPS can come to reset at both@ e
.

positions. 66
The number of operating cycles to be carried out shall be not Ies%ﬂ.@@ number of no-

load operating cycles stated by the manufacturer.
-

d) For CPS fitted with releases shunt coils or under-ve “@ele es, at least 10 % of the
total number of opening operations shall be perf y'these releases.

A.2.2.4 Results to be obtained N .
Following the tests for mechanicaluﬁ iMty, the CPS shall still be capable of complying with
the operating conditions ipe“@n .2.1.2 and 9.3.3.2 at room temperature.

Any timing relays or other 8evices for the automatic control shall still be operating.

A.2.2.5 Statistical analysis of test results for CPS

The mechanical durability of a CPS design is assigned by the manufacturer and verified by a
statistical analysis of the results of this test.

For CPS's which are produced in small quantities, the tests described in A.2.2.6 and A.2.2.7
do not apply. However, for CPS which are produced in small quantities and which also differ
from a basic design only by detailed variations (i.e. without any significant variation) without
notable influence on characteristics, the manufacturer may assign mechanical durability on
the basis of experience with similar designs, analysis, properties of materials, etc., and on
the basis of the analysis of test results on large scale production of the same basic design.

After this assignment, a test shall be performed. The test is one or the other of the two
described below, selected by the manufacturer as most suitable in each case, for example
according to the quantities of planned production or according to the conventional thermal
current.

NOTE This test is not intended to be a batch-by-batch or production acceptance test for application by the user.
A.2.2.6 Single 8 test

Eight CPS's shall be tested to the assigned mechanical durability.

If the number of failures does not exceed two, the test is considered passed.

A.2.2.7 Double 3 test
Three CPS's shall be tested for the assigned mechanical durability.

The test is considered passed if there is no failure, and failed if there is more than one
failure. Should there be one failure, three additional CPS are tested up to assigned
mechanical durability and providing there is no additional failure, the test is considered
passed. The test is failed if at any time there is a total of two or more failures.

EXPLANATORY NOTE
The single 8 test and the double 3 test are both given in IEC 60410 (see table X-D-2 and X-C-2).

These two tests were chosen with the objectives of basing them on testing a limited number of CPS's and on
essentially the same statistical characteristics (acceptance quality level: 10 %).
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A.3 Electrical durability GO('(\\

A.3.1 General

With respect to its resistance to electrical wear, a CPS is by con @)ﬁ ctenzed by the
number of on-load operating cycles, corresponding to the se ation categories given
in table 12 which can be made without repair or repIa e

The manufacturer may give values of electri ragflty obtained

— under normal load and overload ons

— after short-circuit (aftti O‘S'@) cycles O-t-CO-t-rCO at I¢g)

For categories AC-43 and® AC-44, the test circuit shall comprise inductors and resistors so
arranged as to give the appropriate values of current, voltage, power-factor given in table 12
and, moreover for AC-44, the test circuit for testing the making and breaking capacity shall
be used, see 9.3.3.5.

The operating cycle (ON time and OFF time) shall be chosen by the manufacturer.

The test shall be taken as valid if the values recorded in the test report are not less than
95 % of the values specified for current and voltage.

Tests shall be carried out with the CPS under the appropriate conditions of A.2.2.1 and
A.2.2.2 using the test procedure, where applicable, of A.2.2.3, except that replacement of
contacts is not permitted.

After the test, the CPS shall fulfill the operating conditions specified in 9.3.3.2 and withstand
a dielectric test voltage given in 8.3.3.4.1, item 4) b), of IEC 60947-1, and applied as in
8.3.3.4.1, item 4), of IEC 60947-1; the test voltage being applied only

— between all poles connected together and the frame of the CPS, and

— between each pole and all the other poles connected to the frame of the CPS.
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Annex B
00“\\

Vacant

.

€

C
Q‘ \\ ormative)
Mark@and identification of CPS terminals
C.1 General

The purpose of identifying terminals of a CPS is to provide information regarding the function
of each terminal or its location with respect to other terminals or for other use.

C.2 Marking and identification of terminals of CPS's

C.21 Marking and identification of terminals of cells

In the case of identification by alphanumeric markings, both terminals of a coil for an
electromagnetic contactor shall be marked A.1 and A.2.

_ﬁ_l.DA_E

For a coil with tappings, the terminals of the tappings shall be marked in sequential order A.3,
A.4, etc.

Examples:

al|A2 _A1[A2
I A3 A3

NOTE As a consequence of this, both incoming and outgoing terminals may have even or odd numbers.

For a coil having two windings, the terminals of the first winding shall be marked A.1, A.2 and
of the second winding B.1, B.2.

_AIyA2
_B1[ |pe
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C.2.2 Marking and identification of terminals of main circuits

The terminals of the main circuits shall be marked by single figure num%rs@g an

alphanumeric system. e
ao@

/L Lz S/IL3 7IL

- \\W \

.

NOTE The present two alterna ive methods of marking, i.e. 1-2 and L1-T1 respectively will be progressively
superseded by the new method above.

Alternatively, terminals may be identified on the wiring diagram supplied with the device.

C.2.3 Marking and identification of terminals of auxiliary circuits

The terminals of auxiliary circuits shall be marked or identified on the diagrams by two figure
numbers:

— the unit number is a function number;
— the figure of the tens is a sequence number.

The following examples illustrate such a marking system:

Sequence Function
number number
4
—"‘1'»_-
2 ge

c.2.3.1 Function number

Function numbers 1, 2 are allocated to circuits with break contacts and function numbers 3, 4
to circuits with make contacts.

NOTE The definitions for break contacts and make contacts are given in 2.3.12 and 2.3.13 of Part 1.

Examples:

'l:li'a - lo—

NOTE The dots on the above example take the place of the sequence numbers which should be added
appropriate to the application.

o\
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The terminals of circuits with change-over contact elements shall be marked by the func m\

numbers 1, 2 and 4.
1 ges

s | %
_1)»—0\(\\ ‘.\ajg

Function numbers 5 and 6 (for break co and 8 (for make contacts) are allocated to
terminals of auxiliary circuits conta| iary contacts with special functions.

Examples: \(\\\Q

! |
I

Break contact Make contact
delayed on closing delayed on closing

The terminals of circuits with change-over contact elements with special functions shall be
marked by the function numbers 5, 6 and 8.

Example:

g | es

i

Change-over contact
delayed in both directions

C.2.3.2 Sequence number

Terminals belonging to the same contact element shall be marked by the same sequence
number.

All contact elements having the same function shall have different sequence numbers.
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Examples: \
I I S GO((\

2l | ce
33 34
— —
36

a1] 42 '

.
Three contact elements

Four contact elements

‘\\

.
For terminals of the a i$Qircuits of over-current protective devices the sequence
numbers 9 and O are preferred and, in every case, auxiliary terminals shall be identified on

the wiring diagram supplied with the CPS.
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Annex D
(informative) GO((\\

Items subject to agreement between manufacturer r

Q
NOTE For the purpose of this annex: * (\a
— agreementis used in a very wide sense; K\\

— user includes testing stations. .
Annex J of Part 1 applies, as far a‘s\;\ by clauses and subclauses of this standard, with
the following additions: ‘ 0 .
A
Clause or

subclause number Item
of this standard

5.3.4 Note Overload protection for intermittent duty.

5.4.1 Types of utilization other than the utilization categories defined in table 1.

5.7.1 4) Use of relays or releases other than those listed in 5.7.1.3.

8.2.2.6.3 Ratings of specially rated windings (to be stated by the manufacturer).

Table 9 Verification of the make conditions for AC-43 and AC-44 when made during the
make break test (manufacturer's agreement).

9.1.5 Special tests.

9.3.3.3.4 Testing method for temperature rise-tests of four-pole CPS having a conventional

thermal current higher than 63 A.
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Annex E
(informative) 00((\\

E.1 External control device (ECD) G‘(\\

.
E.1.1 Definition of an ECD N
Any external element which ‘s\'g{'gfl\\af ect the control of the CPS.

E.1.2 Diagrammatic repre&sentation of an ECD

ECD

— R u Z
% — \ or

IEC 1215/99
E.1.3 Parameters of an ECD
R;: internal resistance;
— Z;: internal leakage impedance.

NOTE In the case where ECD is a mechanical push-button, R; is often neglected and Z; is often taken as
infinity (o).

E.2 Control circuit configurations

E.2.1 CPS with external control supply

E.2.1.1 Single supply and control input
Voltage

supply

ECD
Device 1 F |

IEC 1216/99
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E.2.1.2 Separate supply and control inputs

Device

2

u

S

O

L

*in the open s¥ate

\
(36‘5 'C’O«\

E.2.2 CPS with an internal control supply and control input only

Device 3

.
=

IEC 1217/99

* in the open state

E.2.3 CPS with several external control supplies

CPS

i Electronic part O

o

ECD

Uc

of the control
(integrated or
separate)

e,

Us

IEC 2133/02

from the auxiliary
supply 1

from the auxiliary
supply 2

IEC 016/07
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E.2.4 CPS with bus interface (may be combined with other circuit configurationsm\

W% g

i Electronic part
CcPS i of the control
(integrated or

separate)

@ [y IEC 017/07

Annex F
(normative)

Coordination under short-circuit conditions between a CPS and another
short-circuit protective device associated in the same circuit

F.1 Introduction

To ensure coordination under short-circuit conditions between a CPS (C,) and another short-
circuit protective device (SCPD) associated with it in the same circuit, it is necessary to
consider the characteristics of each of the two devices as well as their behaviour as an
association.

NOTE 1 An SCPD may incorporate additional protective means, for example, overload releases.

The SCPD may consist of a fuse (or a set of fuses) — see Figure F.1 — or of another CPS or
of a circuit-breaker (C,) (see Figures F.2 to F.5).

NOTE 2 Unless otherwise specified, cases where the associated SCPD is another CPS or a circuit-breaker will
be considered as one case as the behaviour is the same in both cases; this will be referred as CPS/circuit-
breaker.

The comparison of the individual operating characteristics of each of the two associated
devices may not be sufficient, when reference has to be made to the behaviour of these two
devices operating in series, since the impedance of the devices is not always negligible. This
should be taken into account. For short-circuit currents it is recommended that reference be
made to 12t instead of time.

C, is frequently connected in series with another SCPD for reasons such as the method of
power distribution adopted for the installation or because the short-circuit breaking capacity
of C, alone may be insufficient for the proposed application. In such instances the SCPD may
be mounted in locations remote from C;. The SCPD may be protecting a main feeder
supplying a number of CPSs C, or just an individual CPS.
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a desk study alone, how the optimum level of coordination may best be achieved. Th
is intended to give guidance for this decision, and also on the type of informat' the
CPS manufacturer should make available to the prospective user.

I%) For such applications the user or specifying authority may have to decide, on the bamm\

Guidance is also given on test requirements, where such tests ar @}}%ecessary for the
proposed application.

f é\mnatlon (see 2.5.23 of IEC 60947-1

ell as consideration of back-up protection

Consideration of discrimi at%@w\n general be carried out by desk study (see Clause F.5),
whereas the venﬂcanonh k-up protection normally requires the use of tests (see
Clause F.6).

The term "coordination" includes consideration
and also 2.17.2 and 2.17.3 of IEC 60947-
(see 2.5.24 of IEC 60947-1).

When considering short-circuit breaking capacity, reference may be made to the rated
ultimate short-circuit breaking capacity (l.,), or to the rated service short-circuit breaking
capacity (l.¢), according to the desired criterion.

F.2 Scope and object

This annex gives guidance on and requirements for the coordination of CPSs 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 CPS with another SCPD;

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

F.3 General requirements for the coordination of a CPS with another SCPD

F.3.1 General considerations

Ideally, the coordination should be such that a CPS (C,) alone will operate at all values of
over-current up to the limit of its rated service short-circuit breaking capacity I.g

NOTE 1 If the value of the prospective fault current at the point of installation is less than the rated service short-
circuit breaking capacity of C4, it may be assumed that the SCPD is only in the circuit for considerations other than
those of back-up protection.

In practice, the following considerations apply:

a) if the value of the selectivity limit current I (see 2.17.4 of IEC 60947-2) is too low, there is
a risk of unnecessary loss of discrimination;

b) if the value of the prospective fault current at the point of installation exceeds the rated
service short-circuit breaking capacity of C4;, the SCPD shall be so selected that the
behaviour of C; is in accordance with F.3.3 and the take-over current Ig (see 2.17.6 of
IEC 60947-2), if any, complies with the requirements of F.3.2.

Whenever possible, the SCPD shall be located on the supply side of C,. If the SCPD is
located on the load side, it is essential that the connection between C; and the SCPD be so
arranged as to minimize any risk of short circuit.

NOTE 2 In the case of interchangeable releases, these considerations should apply to each relevant release.
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F.3.2 Take-over current

For the purpose of back-up protection, the take-over current Ig shall not exceed @@gd\
service short-circuit breaking capacity I, of C; alone (see Figure F.4). 66 .

F.3.3 Behaviour of C, in association with another SCPD \)

For all values of over-current up to and including the sr“ uibreaking capacity of the
association, C; shall comply with the requirem \{\\ 2.5 of IEC 60947-1, and the
2

association shall comply with the requirements Qf§8.R.1%5.2.
.

rotective devices for over-current co-ordination

Where tests on combinations of shqr
Ic& 0947-1), the manufacturer shall provide information
.

are not performed (see 2.5.22 &*

(usually curves) showing

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

— It characteristics (see 3.11).

Conformity with this information may be checked during the relevant type tests in test
sequences Ill and IV (see Table 16).

F.4 Type and characteristics of the associated SCPD

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

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

The maximum conditional short-circuit current (see 2.5.29 of IEC 60947-1) shall not exceed
the rated ultimate short-circuit breaking capacity of the SCPD or the rated service short-
circuit breaking capacity of the SCPD in case of no rated ultimate short-circuit breaking
capacity.

If the associated SCPD is a CPS, it shall meet the requirements of this standard, or any other
relevant standard.

If the associated SCPD is a fuse, it shall be in accordance with the appropriate fuse
standard.

F.5 Verification of discrimination

Discrimination can normally be considered by desk study alone, i.e. by a comparison of the
operating characteristics of C; and the associated SCPD, for example, when the associated
SCPD is a CPS/circuit-breaker (C,) provided with an intentional time-delay.

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

In certain cases, tests at I are necessary on the association, for example

— when C, is of the current-limiting type and C, is not provided with an intentional time-
delay;

— when the opening time of the SCPD is less than that corresponding to one half-cycle.
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I*) To obtain the desired discrimination when the associated SCPD is a CPS/circuit-brea \
an intentional short-time delay may be necessary for C,. GO

Discrimination may be partial (see Figure F.4) or total up to the rated sh @ t* breaking
capacity I, (or I.¢) of C,. For total discrimination, the non-tripping c Q ic of C, or the
pre-arcing characteristic of the fuse shall lie above the tripping ( e) characteristic of
Cl. ’

‘\(\@,

Two illustrations of total discrimination are given § ﬁg res F.2 and F.3.
.

F.6 Verification of back-up§«o\A idn
F.6.1 Determination ofxg“ax

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

-over current

F.6.2 Verification of back-up protection
a) Verification by tests

Compliance with the requirements of F.3.3 is normally verified by tests in accordance with
F.6.3. In this case, all the conditions for the tests shall be as specified in 9.3.4.1 with the
adjustable resistors and inductors for the short-circuit tests on the supply side of the
upstream device under test.

b) Verification by comparison of characteristics

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

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

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

The suitability of the association may be evaluated by considering the maximum total
operating 12t characteristic of the SCPD, over the range from the rated short-circuit
breaking capacity 1., (or l,) of C; up to the prospective short-circuit current of the
application, but not exceeding the maximum let-through I2t of C; at its rated short-circuit
breaking capacity or other lower limiting value stated by the manufacturer.

NOTE Where the associated SCPD is a fuse, the validity of the desk study is limited up to I, (or lsg) of Cq.
F.6.3 Tests for verification of back-up protection

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

If C; can be fitted with instantaneous over-current opening releases, the operating
characteristics to be used shall be those corresponding to C; fitted with such releases.

If the associated SCPD is a CPS/circuit-breaker (C,) fitted with adjustable over-current
opening releases, the operating characteristics to be used shall be those corresponding to
the maximum time and current settings.
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If the associated SCPD consists of a set of fuses, each test shall be made using a new, \
of fuses, even if some of the fuses used during a previous test have not blown. 0

that, if the associated SCPD is a CPS/circuit-breaker (C,), the full cable (0,75 m)

Where applicable, the connecting cables shall be included as specifieg3 ' @%1‘6 except
associated with this SCPD may be on the supply side (see Figur(i

Each test shall consist of a O-t—-CO sequence G’o\gions made in accordance with
9.3.4.1.6 and with 8.3.5 of IEC 60947-2, whe awn | or I ., the CO operation being made
on C,.

A test is made with the maxj ‘{\lpective current for the proposed application. This shall
not exceed the rated con% ort-circuit (see 4.3.6.4 of IEC 60947-1).

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

During each operation

a) if the associated SCPD is a CPS/circuit-breaker (C,):

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

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

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

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

— or Cyshall trip at the lower test current, and both C; and C, shall trip at the higher test
current.

The contacts of C, are allowed to separate momentarily at the lower test current.
Additional tests shall be made at intermediate currents to determine the lowest current
at which both C4 and C, trip, up to which current restoration of supply is provided. The
duration of contact separation of C», if any, shall be recorded during these tests.

b) if the associated SCPD is a fuse (or a set of fuses):
— in the case of a single-phase circuit at least one fuse shall blow;

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

F.6.4 Results to be obtained

Subclause 8.3.4.1.7 of IEC 60947-1 applies.
Following the tests, C; shall comply with 9.4.4.4 and 9.4.4.6.

In addition, if the associated SPCD is a CPS/circuit-breaker (C,), it shall be verified, by
manual operation or other appropriate means, that the contacts of C, have not welded.
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B
A
>
|
A
Is I les I
IEC 018/07
| prospective short-circuit current
les rated service short-circuit breaking capacity (5.3.6.1)
Ig selectivity limit current (2.17.4 of IEC 60947-2)
Ig take-over current (2.17.6 of IEC 60947-2)
A pre-arcing characteristic of the fuse
B operating characteristic of the fuse
C operating characteristic of the CPS (break-time/current and |2t /current)

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

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

Figure F.1 — Over-current coordination between a CPS and a fuse or back-up protection
by a fuse: operating characteristics
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e verified by test

4

2 s

IEC 019/07

C, current-limiting CPS
(break-time characteristic)

C, non-current-limiting circuit-breaker
(tripping characteristic)

Values of 1 (or 1) are not shown.

Figure F.2 — Total discrimination
between CPSs and circuit-breakers —
Case 1

.
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o)

C1

00“\\

IEC

C, non-current-limiting CPS
(break-time characteristic)

C, circuit-breaker with intentional short-time
delay (tripping characteristic)

Values of I (or 1) are not shown.

Figure F.3 — Total discrimination
between CPSs and circuit-breakers —
Case 2

.
o

020/07
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IEC 021/07 IEC 022/07
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\ 1
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'
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> L : L >
B leu leu | Is leu T
(C1) (C1+Cy) (C1) (C1+Cy)
IEC 023/07 IEC 024/07
C, non current-limiting CPS/circuit-breaker C,, C, non current-limiting CPS/circuit-breaker
C, current-limiting CPS/circuit-breaker I take-over current

Ig take-over current

NOTE 1 Where applicable, restoration of supply by C, occurs.
NOTE 2 I, (Cq + Cy) < Iy (Cy).

NOTE 3 For values of | > Ig, the curve is that of the association (shown in bold) for which data shall be obtained
by tests.

Figure F.4 — Back-up protection by Figure F.5 — Back-up protection by
a CPS/circuit-breaker — a CPS/circuit-breaker —
Operating characteristics — Operating characteristics —
Case 1 Case 2
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A o
: 0% @

U YK\ valtage sensors
Lé) r4
R1 1 N tJrS, ur6
. \\N \% voltage measuring device
. A closing device
Ry adjustable resistor
L b 433 N N neutral of supply (or artificial neutral)
F fusible element (8.3.4.1.2, item d) of IEC 60947-1)
L adjustable reactors
J R. fault current limiting resistor
url ur2 urs ] R B temporary connections for calibration
2) 2) 2) 11, 12, I3 current sensing devices
A T earth:— one earthing point only
(load side or supply side)
T 9 I [ W1 r shunting resistor (8.3.4.1.2, item b) of IEC 60947-1)
SCPD I \ : \ W, 75 cm of cable rated for SCPD
| { > W, 50 cm of cable rated for C1
} | : W, W3 25 cm of cable rated for C1
_L_ ! 1 | . SCPD circuit-breaker C, or set of 3 fuses
: X | X1 iy C, CPS under test
Ur4 | L urs ( || ure ( : l
] 1 | T T
- —41-—- — ——— =t —— _t—E;_l W3
Cq 2 B "_JI B L2
Qs O O
= T IEC 025/07

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

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

NOTE 3 In the case of devices intended for use in a phase-earthed network, F is connected to one phase of the
supply.
NOTE 4 In the USA and Canada (see note to 4.3.1.1 of IEC 60947-2) F is connected

— to one phase of the supply for equipment marked with a single value of Ug;

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

Figure F.6 — Example of test circuit for conditional short-circuit breaking capacity
tests showing cable connections for a 3-pole CPS (C,)
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\
Anne_x G 6‘00((\
(normative) ge

NOTE This test sequence is intended to cover the ca a ond fault to earth in presence of a first fault on
the opposite side of a CPS when installed in IT sys 4.3.1.1 of IEC 60947-2).

This test sequence applie$ to multipole CPSs for application on IT systems, in accordance
with 4.3.1.1 of IEC 60947-2; it comprises the following tests:

G.1 General

Test Clause
Individual pole short-circuit (I;) G.2
Verification of dielectric withstand G.3
Verification of overload releases G.4

G.2 Individual pole short circuit

A short-circuit test is made on the individual poles of a multipole CPS under the general
conditions of 9.3.4.1, at a value of current |, equal to

— 1,2 times the maximum setting of the short-time delay release tripping current or, in the
absence of such a release, 1,2 times the maximum setting of the tripping current of the
instantaneous release,

or, where relevant,
— 1,2 times the maximum setting of the definite time delay release tripping current,

but not exceeding 50 kA.

NOTE 1 The prospective current of the test circuit may have to be increased to ensure that the test current
exceeds the actual short-time or instantaneous pick-up current, allowing for the impedance of the CPS and its
connections

NOTE 2 Values higher than I, may be required, tested instead and declared by the manufacturer.

The applied voltage shall be the phase-to-phase voltage corresponding to the maximum rated
operational voltage of the CPS at which it is suitable for application on IT systems. The
number of samples to be tested and the setting of adjustable releases shall be in accordance
with Table G.1. The power factor shall be according to Table 16 of IEC 60947-1, appropriate
to the test current. When |7 = 50 kA, the short-time or instantaneous pick-up setting shall be
adjusted to the nearest setting lower than (50/1,2) kA.

Table G.1 — Individual pole

Number of marked
U, ratings Number of Current Test
samples setting voltage
1 2 Mul.
X X X 1 Max. U, max
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I?) For 4-pole CPSs with a protected neutral pole, the test voltage for that pole shi \
of

phase-to-phase voltage divided by «/5 This test is applicable only where the cggst
the protected neutral pole differs from that of the phase poles. é

The test circuit shall be in accordance with 8.3.4.1.2 and Figure @%0947 1, the supply
S being derived from two phases of a three-phase su usible element F being
connected to the remaining phase. The remaining *\\ es shall also be connected to
this phase via the fusible element F. &

The sequence of operations shall b

\(\\\9 t—CO  (see 9.3.4.1.6)

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

G.3 Verification of dielectric withstand

Following the test according to Clause G.2, the dielectric withstand shall be verified
according to 9.4.4.4.

G.4 Verification of overload releases

Following the test according to Clause G.3, the operation of the overload releases shall be
verified according to 9.4.4.6.

G.5 Marking

CPSs for which all values of rated voltage have been tested according to this annex or are
covered by such testing require no additional marking.

CPSs for which all values of rated voltage have not been tested according to this annex or
are not covered by such testing shall be identified in accordance with Clause H.5 of
IEC 60947-2.
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\
IP» Annex H 0((\

(normative) ges

Extended functions within electronic overlo@;%@’ S or releases

rs t; relays and releases.

NOTE For the purposes of this annex, the term “relays”.c

H.1 Scope . \\
H.1.1 General \\\\Q '

This annex is intended to cover extended functions included in electronic overload relays not
directly related to the overload protection.

All functions included in these overload relays not covered by this standard should comply
with the requirements of relevant standards specifically covering these functions (e.g.
IEC 60255, IEC 60947-5 series).

This annex applies only to electronic relays intended for use in a.c. circuits.

H.1.2 Residual current function

Devices reacting to residual differential currents are used as protective systems. Such
devices are frequently used in conjunction with or as an integral part of electronic overload
relays to detect residual current in the installation or the motor in order to provide additional
protection against fire and other hazards which may develop as a result of an earth fault of a
lasting nature which cannot be detected by the over-current protective function. The
behaviour due to the presence of a d.c. component is not considered.

H.2 Definitions

For the purposes of this annex, the following definitions apply.

H.2.1

electronic overload relay with residual current (earth fault) function

multipole electronic relay which operates when the vectorial sum of the currents flowing in
the main circuit has increased above a predetermined value in accordance with specified
requirements

H.2.2

electronic overload relay with current or voltage asymmetry function

electronic overload relay which operates in the case of current or voltage magnitude
unbalance in accordance with specified requirements

H.2.3

electronic overload relay with phase reversal function

multipole electronic overload relay which operates in the case of improper phase sequence at
the line side of the CPS in accordance with specified requirements
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H.2.4 \
over-voltage sensitive electronic overload relay S{\
electronic overload relay which operates in the case of overload and when the VO@Q as
increased above a predetermined value in accordance with specified require .

H.2.5 ga,\)g

inhibit current

0
fault current above which a switching device is not |{I}\|€RX 0 open

.
H.3 Classification of electronii\mmelays

a) Current and voltage W@? lay.

b) Over-voltage relay.
¢) Residual current (earth fault) sensing relay.
d) Phase reversal relay.

H.4 Type of relays

Type A: a Type A electronic overload relay is one that will initiate opening of the switching
device at all levels of fault current.

Type B: a Type B electronic overload relay is one that will not initiate opening of the
switching device above a set current level I;. (inhibit current).

H.5 Performance requirements

H.5.1 Limits of operation of residual current electronic overload relays
A residual current overload relay, when controlling the CPS, shall operate to open the CPS

according to the requirements given in Table H.1. For relays with a residual current setting
range, the limit of operation of the relay shall be verified at the lowest and highest settings.

Table H.1 — Operating time of residual current electronic overload relays

Multiples of residual current setting Tripping time Tp
ms
<0,9 No trip
1,1 10<Tp£1000

H.5.2 Limits of operation of residual current sensing electronic relays Type B

Subclause H.5.1 applies with the following addition.

A residual current sensing electronic relay Type B shall not initiate operation of the switching
device, in the presence of a residual fault current, when the fault current in any phase
reaches or exceeds 95 % of the set current level I, (see H.4) and shall operate to open the
equipment when the fault current in any phase is 75 % or less of |;..
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I H.5.3 Limits of operation of voltage asymmetry relays \

A voltage asymmetry relay, when controlling the CPS, shall operate to open th C chln
120 % of the time setting and shall operate to prevent the closing of twvhen the
voltage asymmetry is above 1,2 times the voltage asymmetry settlng

H.5.4 Limits of operation of phase reversal relays . a’g

ﬁ\ ermit the closing of the CPS when
he CPS is the same as the voltage

ses, the phase reversal relay shall prevent the

A phase reversal relay, when controlling the CP
the voltage sequence of phases on the li
sequence setting. After mterchangu\i

closing of the CPS.

H.5.5 Limits of operatlxﬁ(> grent asymmetry relays

A current asymmetry relay, when controlling the CPS, shall operate to open the CPS within
120 % of the time setting when the current asymmetry is above 1,2 times the current
asymmetry setting.

H.5.6 Limits of operation of over-voltage relays

a) Operating voltage

An over-voltage relay, when controlling the CPS, shall operate to open the CPS and shall
operate to prevent the closing of the CPS when the supply voltage is above the set value,
if any, or above 110 % of the rated voltage of the relay for a defined duration.

b) Operating time

For a time-delay over-voltage relay, the time-lag shall be measured from the instant when
the voltage reaches the operating value until the instant when the relay actuates the
tripping device of the equipment.

H.6 Tests

H.6.1 Limits of operation of residual current sensing electronic relays Type A

The limits of operation shall be in accordance with H.5.1 and verified as follows.

For overload relays with an adjustable residual current setting, the test shall be made at the
minimum and at the maximum current settings.

The test circuit shall be in accordance with Figure H.1. The test shall be made at a power
factor > 0,8, at any convenient voltage and any convenient current.

The test circuit being calibrated at each of the values of the residual operating current
specified in the Table H.1, as applicable, and the switch S1 being in the closed position, the
residual current is suddenly established by closing switch S2.

H.6.2 Limits of operation of residual current sensing electronic relays Type B

Subclause H.6.1 applies with the following addition.

The limits of operation under over-current condition shall be in accordance with H.5.2 and
verified as follows.
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I%) The test shall be made with a three-phase load, the connections being made accordin \
Figure H.1. The test shall be made at a power factor > 0,8, at any convenient voltage @
convenient current in the main poles.

For overload relays with an adjustable residual current setting, the ua'\)%be made at the
lowest setting.

For overload relays with an adjustable inhibit currem\g\m, the test shall be made at the
minimum and at the maximum I, settings.

The impedance Z1 is adjusted sQ as\t\ a current flow in the circuit equal to
.

a) 95 % of the inhibit cur\€\’fuic

The switch S1 being in the closed position, the residual current is established by closing
switch S2.

The overload relay shall not trip.
b) 75 % of the inhibit current I,

The switch S1 being in the closed position, the residual current is established by closing
switch S2.

The overload relay shall trip.
H.6.3 Current asymmetry relays

The limits of operation shall be verified in accordance with H.5.5.

H.6.4 Voltage asymmetry relays

The limits of operation shall be verified in accordance with H.5.3.

H.6.5 Phase reversal relays

The limits of operation shall be verified in accordance with H.5.4.
H.6.6 Over-voltage relays

The limits of operation shall be verified in accordance with H.5.6.
H.7 Routine and sampling tests

Electronic overload relays with extended functions shall be, in addition to tests of 9.3.6,
submitted to additional tests to verify the proper operation of their relevant additional
functions, according to H.5.
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52

Key

S supply

Z1 -
e

V  voltmeter

NOTE For the purpose of clarification, only the residual current electronic overload relay part of the CPS is
shown.

Figure H.1 — Test circuit for the verification of the operating characteristic
of aresidual current electronic overload relay
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Annex ZA \
(normative) 6 ‘GO((\

Normative references to international publ?}%
with their corresponding European &b@ lons

The following referenced documents are mdlspens \g\ e application of this document.
For dated references, only the edition cited a undated references, the latest edition
of the referenced document (including an ents) applies.

NOTE When an international publication bﬁe¥

ified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Tltle EN/HD Year

IEC 60034-1 2004 Rotating electrical machines - EN 60034-1 2004
Part 1: Rating and performance

IEC 60085 2004  Electrical insulation - Thermal classification EN 60085 2004

IEC 60410 1973 Sampling plans and procedures for - -
inspection by attributes

IEC 60695-2-10 2000 Fire hazard testing - EN 60695-2-10 2001
Part 2-10: Glowing/hot-wire based test
methods - Glow-wire apparatus and
common test procedure

IEC 60695-2-11 2000 Fire hazard testing - EN 60695-2-11 2001
Part 2-11: Glowing/hot-wire based test
methods - Glow-wire flammability test
method for end-products

IEC 60695-2-12 2000 Fire hazard testing - EN 60695-2-12 2001
Part 2-12: Glowing/hot-wire based test
methods - Glow-wire flammability test
method for materials

IEC 60695-2-13 2000 Fire hazard testing - EN 60695-2-13 2001
Part 2-13: Glowing/hot-wire based test
methods - Glow-wire ignitability test method
for materials

IEC 60695-11-10 1999 Fire hazard testing - EN 60695-11-10 1999
Al 2003 Part 11-10: Test flames - 50 W horizontal Al 2003
and vertical flame test methods
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Publication

IEC 60947-1

IEC 60947-2

IEC 60947-6-1
Al
A2

IEC 61000-4-2
Al
A2

IEC 61000-4-3

IEC 61000-4-4

IEC 61000-4-5
Al

IEC 61000-4-6
+ Al
+ A2

IEC 61131-2

Year

2004

2006

1989
1994
1997

1995
1998
2000

2006

2004

1995
2000

2003
2004
2006

2003

Title

Low-voltage switchgear and controlgear -
Part 1: General rules

Part 2: Circuit-breakers

Low- volta and controlgear -
Part 6- 1 | unction equipment -

ansfer switching equipment

Electromagnetic compatibility (EMC) -
Part 4-2: Testing and measurement
techniques - Electrostatic discharge
immunity test

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

Electromagnetic compatibility (EMC) -
Part 4-4; Testing and measurement
techniques - Electrical fast transient/burst
immunity test

Electromagnetic compatibility (EMC) -
Part 4-5: Testing and measurement
techniques - Surge immunity test

Electromagnetic compatibility (EMC) -
Part 4-6: Testing and measurement
techniques - Immunity to conducted
disturbances, induced by radio-frequency
fields

Programmable controllers -
Part 2: Equipment requirements and tests

1

EN/HD

EN 60947-1

o

+ corr. ﬁ@ . 2004

Low-voltage switchgear and cont &‘8:%\‘ 60947-2

EN 60947-6-1 ¥
Al
A2

EN 61000-4-2
Al
A2

EN 61000-4-3

EN 61000-4-4

EN 61000-4-5 2
Al

EN 61000-4-6

EN 61131-2
+ corr. August

EN 60947-6-1 is superseded by EN 60947-6-1:2005, which is based on IEC 60947-6-1:2005.

2EN 61000-4-5 is superseded by EN 61000-4-5:2006, which is based on IEC 61000-4-5:2005.

9 To be ratified.

2006

1991
1994
1997

1995
1998
2001

2006

2004

1995
2001

200x?

2003
2003
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CISPR 11 (mod)
+ Al
A2

Year

2003
2004
2006

S
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Title EN/HD 68‘(0\

Industrial scientific and medical (ISM) radio-

frequency equipment - Electromagnetic EN 550 66 * 2007
disturbance characteristics - Limits and A2 2007

methods of measurement ga,
(3

S
\)‘ ‘\\\N““\N
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