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8.6.4 Selection and installation of non-protected live conductors to reduce the
possibility of short-circuits
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Live conductors in an ASSEMBLY that are not protected by short-circuit protective devices
{see 8.6.1 and 8.6.2) shall be selected and installed throughout the entire ASSEMBLY in such
a manner that an internal short-circuit between phases or between phase and earth is a
remote possihility. Examples of conductor types and installation requirements are given in
Table 4. Non-protected live conductors selected and installed as in Table 4 shall have a
total length not exceeding 3 m between the main busbar and each respective SCPD.
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8.6.5 Identification of the conductors of main and auxiliary circuits

With the exception of the cases mentioned in 8.6.6, the method and the extent of identification
of conductors, for example by arrangement, colours or symbols, on the terminals to which
they are connected or on the end(s) of the conductors themseives, is the responsibility of the
ASSEMBLY manufacturer and shall be in agreement with the indications on the wiring diagrams
and drawings. Where appropriate, identification according to IEC 60445 shall be applied.
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8.6.6 Identification of the protective conductor (PE, PEN) and of the neutral
conductor (N) of the main circuits

The protective conductor shall be readily distinguishable by locaticn and/or marking or colour.
If identification by colour is used, it shall only be green and yellow (twin-coloured), which is
strictly reserved for the protective conductor. When the protective conductor is an insulated
single-core cable, this colour identification shall be used, preferably throughout the whole
length.




Any neutral conductor of the main circuit shall be readily distinguishable by location and/or
marking or colour {(see IEC 60445 where blue is required).

NOTE In some countries {e.g. USA, Australia, South Africa) other colours for the neutral conductor are required.
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8.7 Cooling

\

ASSEMBLIES can be provided with natural cooling and/or active cooling (e.g. forced cooling,
internal air conditioning, heat exchanger etc.). If special precautions are required at the place
of installation to ensure proper cooling, the ASSEMBLY manufacturer shall furnish the
necessary information (for instance indication of the need for spacing with respect to parts
that are liable to impede the dissipation of heat or produce heat themselves).
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8.8 Terminals for external conductors
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The AsSEMBLY manufacturer shall indicate whether the terminals are suitable for connection of
copper ar aluminium conductors, or both. The terminals shall be such that the external
conductors may be connected by a means (screws, connectors, etc.) which ensures that the
hecessary contact pressure cerresponding to the current rating and the short-circuit strength
of the apparatus and the circuit is maintained.

In the absence of a special agreement between the ASSEMBLY manufacturer and the user,
terminals shall be capable of accommodating copper conductors from the smallest to the
largest cross-sectional areas corresponding to the appropriate rated current (see Annex A).

Where aluminium conductors are to be terminated, the type, size and termination method of
the conductars shall be as agreed between the ASSEMBLY manufacturer and the user.

In the case where external conducters for electronic circuits with low level currents and
voltages (less than 1 A and less than 50 V a.c. or 120 V d.c.) have to be connected to an
ASSEMBLY, Table A.1 does not appiy.
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The available wiring space shall permit proper connection of the external conductors of the
indicated material and, in the case of multicore cables, spreading of the cores.

NOTE 1 In the United States of America (USA} and Mexico National Electrical Codes should be used for
determining the minimum wire bending space requirements. In the USA NFPA 70, Article 312 is applicable. In
Mexico NOM-001-SEDE is applicable. In Canada, wire space and wire bending space is prescribed in the Canadian
Electrical Code, Part 2 Standard, C22.2 No. 0.12, Wire Space and Wire Bending Space in Enclosures for
Equipment Rated 750 V or Less.

The conductors shall not be subjected to stresses, which are likely to reduce their normal life
expectancy.

Unless otherwise agreed between the ASSEMBLY manufacturer and the user, on three-phase
and neutral circuits, terminals for the neutral conductor shall allow the connection of copper
conductors having a minimum cross-sectional area;

— egual to half the cross-sectional area of the phase conductor, with a minimum of 16 mm2,
if the size of the phase conductor exceeds 16 mmZ;

— equal to the full cross-sectional area of the phase conductor, if the size of the latter is less
than or equal to 16 mmZ2.

NOTE 2 For conductors other than copper conductors, the above cross-sections should be replaced by cross-
sections of equivalent conductivity, which may require larger terminals.

NOTE 3 For certain applications which lead to high values of zero sequence harmonics (e.g. 3™ order harmonics)
higher cross-sections of the N conductor might be required as these harmonics of the phases are added in the N
conductor and lead to high current load at higher frequencies. This is subject to special agreement between the
ASSEMBLY manufacturer and the user.

If connecting facilities for incoming and outgoing neutral, protective and PEN conduciors are
provided; they shall be arranged in the vicinity of the associated phase conductor terminals.
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NOTE 4 IEC 60204-1 requires a minimum cross-section of the conductor and does not allow the connection of
PEN into the electrical equipment of the machinery.

Openings in cable enfries, cover plates, etc., shall be so designed that, when the cables are
properly installed, the stated protective measures against contact and degree of protection
shall be obtained. This implies the selection of means of entry suitable for the application as
stated by the AsSEMBLY manufacturer.

The terminals for external protective conductors shall be marked according to IEC 60445,
As an example see graphical symbol @ No. 5019 of IEC 60417. This symbol is not required
where the external proteciive conductor is intended to be connected to an internal protective
conductor, which is clearly identified with the colours green and yellow.

The terminals for external protective conductors {PE, PEN) and metal sheathing of connecting
cables (steel conduit, lead sheath, etc.) shall, where required, be bare and, unless otherwise
specified, suitable for the connection of copper conductors. A separate terminal of adequate
size shall be provided for the outgoing protective conductor(s) of each circuit.

Unless otherwise agreed between the ASSEMBLY manufacturer and the user, terminals for
protective conductors shall allow the connection of copper conductors having a cross-section
depending on the cross-section of the corresponding phase conductors according to Table 5.
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In the case of enclosures and conductors of aluminium or aluminium alloys, particular
consideration shall be given to the danger of electrolytic corrosion. The connecting means to
ensure the continuity of the conductive parts with external protective conductors shall have no
other function.
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NOTE 5 Special precautions may be necessary with metal parts of the assemeLy, particularly gland plates, where
abrasion resistant finishes, for example powder coatings, are used.

Identification of terminals shall comply with I[EC 60445 unless otherwise stated.

fEmgmaeR 7B RERTEH  HRNEREe Gk EBARHN SR - Eix

BANMRENER I EEZHNEEM 2 BEREE - ERIMIIEE -

WHEs HERZEBEMN  LHEBEN > & E S EZE®G - HRER)
RF > o] BE R AR R TR DG fE i -

Ui Z @l FE 75 & 1EC 60445 ZfE » FRIESSAEH -




9 Performance requirements

9.1 Dielectric properties
9.1.1 General
Each circuit of the ASSEMBLY shall be capable of withstanding:

- temporary overvoltages;

— transient overvoliages.

The ability to withstand temporary overvoltages, and the integrity of solid msulatlon is verified
by the power-frequency withstand voltage and the ability to withstand transient overvoltages is
verified by the impulse withstand voltage.
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9.1.2 Power-frequency withstand voitage

The circuits of the AsSSeMBLY shall be capable of withstanding the appropriate power-
frequency withstand voltages given in Tables 8 and 9 (see 10.9.2.1). The rated insulation
voltage of any circuit of the AssemBLY shall be equal to or higher than its maximum
operational voltage.
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9.1.3 Impulse withstand voltage

9.1.3.1 impulse withstand voltages of main circuits

Clearances from live parts to exposed conductive parts and between live parts of different
potential shall be capable of withstanding the test voltage given in Table 10 appropriate to the
rated impulse withstand voltage.

The rated impulse withstand voltage for a given rated operational voltage shall not be less
than that corresponding in Annex G to the nominal voltage of the supply system of the circuit
at the point where the ASSEMBLY is to be used and the appropriate overvoliage category.
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9.1.3.2 Impulse withstand voltages of auxiliary circuits

a) Auxiliary circuits that are connected to the main circuit and operate at the rated
operational voltage without any means for reduction of overvoltage shall comply with the
requirements of 8.1.3.1.




b} Auxiliary circuits that are not connected to the main circuit may have an overvoitage
withstand capacity different from that of the main circuit. The clearances of such circuits —
a.c. or d.c. — shall be capable of withstanding the appropriate impulse withstand voltage in
accordance with Annex G.
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9.1.4  Protection of surge protective devices
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Wh.en gvefvoltage conditions require surge protective devices (SPD’s) to be connected to the
main circuit, such SPD's shall be protected to prevent uncontrolled short-circuit conditions as
Specified by the SPD manufacturer.

9.14 REREBEEZRE
ERERRHFRECRIREEEERETERE > LEREIREEFEET D
PR o DU 00 2% % Or o 28 B B35 g g P AR 2 F 2 4 R R R R A

9.2 Temperature rise limits

i

The ASSEMBLY and its circuits shall be able to carry their rated currents under specified
conditions (see 5.3.1, 5.3.2 and 5.3.3), taking into consideration the ratings of the
components, their disposition and application, without exceeding the limits given in Table 6
when verified in accordance with 10.10. The temperature rise limits given in Table 8 apply for
a mean ambient air temperature up to 35 °C.

The temperature rise of an element or part is the difference between the temperature of this
element or part measured in accordance with 10.10.2.3.3 and the ambient air temperature
outside the ASSEMBLY. If the mean ambient air temperature is higher than 35 °C, then the
temperature rise limits have to be adapted for this special service condition, so that the sum
of the ambient temperature and the individual temperature rise limit remains the same. If the
mean ambient air temperature is lower than 35 °C the same adaptation of the temperature
rise limits is allowed subject to agreement between the user and ASSEMBLY manufacturer.

The temperature rise shall not cause damage to current-carrying parts or adjacent parts of the
ASSEMBLY. In particular, for insulating materials, the original manufacturer shall demonstrate
compliance either by reference to the insulation temperature index (determined for example
by the methods of IEC 602186) or by compliance with IEC 60085.
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NOTE 1 |f the temperature rise limits have been changed to cover a different ambient temperature, then the rated
current of all busbars, functional units etc. may need to be changed accordingly. The original manufacturer should
state the measures to be taken, if any, to ensure compliance with the temperature limits. For ambient temperatures
up to 50 °C this can be done by calculation, assuming that the over temperature of each component or device is
proportional to the power loss generated in this component. There are devices where the power loss is
substantialty proportional to /2 and others that have substantially fixed losses.

NOTE 2 In the United States of America (USA) and Mexico National Electrical Codes, are used to specify
maximum temperature rises. In the USA, NFPA 70, Article 110.14C is applicable. In Mexico NOM-001-SEDE is
applicable. For these applications, temperature rises should be selected using Annex M, Table M.1 of this
standard. In Canada, maximum temperature rise is prescribed in the Canadian Electrical Code, Part 2, Product
Safety Standards. :
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9.3 Short-circuit protection and short-circuit withstand strength
9.3.1 General

ASSEMBLIES shall be capable of withstanding the thermal and dynamic stresses resulting from
short-circuit currents not exceeding the rated values.

NOTE 1 The shori-circuit stresses may be reduced by the use of current-limiting devices e.g. inductance, current-
limiting fuses or other current-limiting switching devices.

ASSEMBLIES shall be protected against short-circuit currents by means of, for example, circuit-
breakers, fuses or combinations of both, which may either be incorporated in the ASSEMBLY of
arranged outside it.

NOTE 2 For ASSEMBLIES intended for use in [T systems (see |EC 60364-5-52), the short-circuit protective device
should have a sufficient breaking capacity on each single pole at line-to-line voltage to clear a double earth fault.

NOTE 3 Unless otherwise specified in the ASSEMBLY manufacturer's operating and maintenance instructions

ASSEMBLIES that have been subjected to a shert circuit may not be suitable for future service without inspection
and/or maintenance by skilled personnel.
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9.3.2 Information concerning short-circuit withstand strength

For ASSEMBLIES with a short-circuit protective device (SCPD) incorperated in the incoming
unit, the AsSEMBLY manufacturer shall indicate the maximum allowable value of prospective
short-circuit current at the input terminals of the ASSEMBLY. This value sha!l not exceed the
appropriate rating(s) (see 5.3.3, 5.3.4 and 5.3.5). The corresponding power factor and peak

values shall be those shown in 8.3.3.

If a circuit breaker with time-delay release is used as the short-circuit protective device, the
ASSEMBLY manufacturer shall state the maximum ftime-delay and the current settling
corresponding to the indicated prospective short-circuit current.
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For ASSEMBLIES where the short-circuit protective device is not incorporated in the incoming
unit, the AssemBLY manufacturer shali indicate the short-circuit withstand strength in one or
more of the following ways:

a) rated short-time withstand current (7} together with the associated duration (see 5.3.4)
and rated peak withstand current (ka) { (see 5.3.3);

b) rated conditional short-circuit current (/) (see 5.3.5).
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For times up to a maximum of 3 s, the relationship between the rated short-time current and
the associated duration is given by the formula [% = constant, provided that the peak value
does not exceed the rated peak withstand current.

The AassewmBLY manufacturer shall indicate the characteristics of the short-circuit protective
devices necessary for the protection of the ASSEMBLY.

For an ASSEMBLY having several incoming units which are unlikely to be in operation
simultanecusly, the short-circuit withstand strength can be indicated for each of the incoming
units in accordance with the above.

For an ASSEMBLY having several incoming units which are likely to be in operation
simultaneously, and for an ASSEMBLY having one incoming unit and one or more outgoing
high-power units likely to contribute to the short-circuit current, it is necessary to determine
the values of the prospective short-circuit current in each incoming unit, in each outgoing unit
and in the busbars based on data provided by the user.
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9.3.3 Relationship between peak current and short-time current

For determining the electrodynamic stresses, the value of peak current shall be obtained by
multiplying the r.m.s.value of the short-circuit current by the factor ». The values for the factor
n and the corresponding power factor are given in Table 7.
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9.3.4 Co-ordination of protective devices

The co-ordination of protective devices within the ASSEMBLY with those to be used external to
the ASSEMBLY shall be the subject of an agreement between the ASSEMBLY manufacturer and
the user. Information given in the ASSEMBLY manufacturer's catalogue may take the place of
such an agreement.

If the operating conditions require maximum continuity of supply, the settings or selection of
the short-circuit protective devices within the AssemBLY should, where possible, be so co-
ordinated that a short circuit occurring in any outgoing circuit is cleared by the switching
device installed in the circuit without affecting the other outgoing circuits, thus ensuring
selectivity of the protective system.

Where short-circuit protective devices are connected in series and are intended to operate
simultaneously to reach the required short-circuit switching capability (i.e. back-up
protection), the AsSEmMBLY manufacturer shall inform the user {(e.g. by a warning label in the
ASBEMBLY or in the aperating instructions, see 6.2) that none of the protective devices are
allowed to be replaced by another device which is not of identical type and rating, unless the
device is tested and approved in combination with the back-up device since the switching
capability of the whole combination may otherwise be compromised.
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9.4 Electromagnetic compatibility (EMC)

For EMC related performance requirements, see J.9.4 of Annex J.
9.4 BHAHE(EMCO)
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10 Design verification
10.1 General

Design verification is intended to verify compliance of the design of an ASSEMBLY or ASSEMBLY
system with the requirements of this series of standards.
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Where tests on the ASSEMBLY have been conducted in accordance with the IEC 60439 series,
and the test results fulfill the requirements of the relevant part of |IEC 61439, the verification
of these requirements need not be repeated.

Repetition of verifications in the product standards of switching devices or components
incorporated in the AsSSeEMBLY, which have been selected in accordance with 8.5.3 and
installed in accordance with the instructions of their manufacturer is not required. Tests on
individual devices to their respective product standards are not an alternative to the design
verifications in this standard for the ASSEMBLY.

If modifications are made to a verified ASsEMBLY, Clause 10 shall be used to check if these
modifications affect the performance of the AssemBLY. New verifications shall be carried out if
an adverse effect is likely.

The various methods include:

— verification testing;
— verification comparison with a tested reference design;

— verification assessment, i.e. confirmation of the correct application of calculations and
design rules, including use of appropriate safety margins.

See Annex D.

When there is more than one method for the same verification, they are considered equivalent
and the selection of the appropriate method is the responsibility of the original manufacturer.

The tests shall be performed on a representative sample of an ASSEMBLY in a ¢lean and new
condition.

The performance of the ASSEMBLY may be affected by the verification tests (e.g. short-circuit
test). These tests should not be performed on an ASSEMBLY that is intended to be placed in
service.
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An ASSEMBLY which is verified in accordance with this standard by an original manufacturer
(see 3.10.1) and manufactured or assembled by another does not require the original design
verifications to be repeated if all the requirements and instructions specified and provided by
the original manufacturer are met in full. Where the ASSEMBLY manufacturer incorporates their
own arrangements not included in the original manufacturer's verification, the ASSEMBLY
manufacturer is deemed to be the original manufacturer in respect of these arrangements.

Design verification shall comprise the following:

a} Construction:

10.2 Strength of materials and parts;

10.3 Degree of protection of enclosures;

10.4 Clearances and creepage distances;

10.5 Protection against electric shock and integrity of protective circuits;
10.6 Incorpeoration of switching devices and components;

10.7 Internal electrical circuits and connections;

10.8 Terminals for external conductors.

b) Performance:

10.9 Dielectric properties;

10.10 Verification of temperature rise;
10.11 Shaort-circuit withstand strength;
10.12 Electromagnetic compatibility;
10.13 Mechanical operation.
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The reference designs, the number of ASSEMBLIES or parts thereof used for verification, the
setection of the verification method when applicable, and the order in which the verification is
carried out shall be at the discretion of the ariginal manufacturer.

The data used, calculations made and comparison undertaken for the verification of
ASSEMBLIES shall be recorded in verification reports.
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10.2 Strength of materials and parts
10.2.1 General

The mechanical, electrical and thermal capability of constructional materials and parts of the
ASSEMBLY shall be deemed to be proven by verification of construction and performance
characteristics.

Where an empty enclosure in accordance with |IEC 62208 is used, and it has not been
modified so as to degrade the performance of the enclosure, no repetition of the enclosure
testing to 10.2 is required.
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10.2.2 Resistance to cprrosion
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10.2.2.1 Test procedure

The resistance t¢ corrosion of representative samples of ferrous metallic enclosures including
internal and external ferrous metallic constructional parts of the AssemBry shall be verified.

The test shall be carried out on:

* an enclosure or representative sample enclosure with representative internal parts in
place and door(s) closed as in normal use, or

* representative enclosure parts and internal parts separately.

In all cases hinges, locks and fastenings shall also be tested unless they have previously

been subjected to an equivalent test and their resistance to corrosion has not been
compromised by their application.
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Where the enclosure is subjected to the test it shall be mounted as for normal use according
to the original manufacturer's instructions.

The test specimens shall be new and in a clean condition and shall be subjected to severity
test A or B, as detailed in 10.2.2.2 and 10.2.2.3.

NOTE The salt mist test provides an atmosphere that accelerates corrosion -and does not imply that the ASSEMBLY
is suitable for salt Jaden atmosphere.

ErRRETHERR > HEAREEGEHE  RKEARHSHEHRAEER -

A B R A R B AL R R RZ R 2 B S o HE T R AT A B A B B s A0

10.2.2.2 & 10.2.2.3
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10.2.2,2 Severity test A

This test is applicable to:

—

metallic indoor enclosures;

— external metallic parts of indoor ASSEMBLIES;

— internal metallic parts of indoor and cutdoor ASSEMBLIES upon which intended mechanical
operation may depend.

The test consists of;

6 cycles of 24 h each to damp heat cycling test according to IEC 60068-2-30 (Test Db) at
(40 = 3) °C and relative humidity of 95 %

and

2 cycles of 24 h each to salt mist test according to IEC 60068-2-11; (Test Ka: Salt mist), at a
temperature of (35 + 2) °C.
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10.2.2.3 Severity test B
This test is applicable to:

- metallic outdoor enclosures;
— external metallic parts of outdoor ASSEMBLIES.

The test comprises two identical 12 day periods.
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Each 12 day period comprises:

5 cycles of 24 h each to damp heat cycling test according to IEC 60068-2-30 (Test Db) at
{40 £ 3) °C and relative humidity of 95 %

and

7 cycles of 24 h each to salt mist test according to IEC 60068-2-11; (Test Ka: Salt mist), at a
temperature of (35 £ 2) °C.
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Resuits to be obtained

After the test, the enclosure or samples shall-be washed in running tap water for 5 min, rinsed
in distilled or demineralized water then shaken or subjected to air blast to remove water

droplets.

2h.

The specimen under test shall then be stored under normal service conditions for

Compliance is checked by visual inspection o determine that:

— there is no evidence of iron oxide, cracking or other deterioration more than that allowed
by SO 4628-3 for a degree of rusting Ri1. However surface deterioration of the protective
coating is allowed. In case of doubt associated with paints and varnishes, reference shall
be made to 1SO 4628-3 to verify that the samples conform to the specimen Ri1;

— the mechanical integrity is not impaired,

- seals are not damaged,

—~ doors, hinges, locks, and fastenings work without abnormal effort.
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10.2.3 Properties of insulating materials
10.2.3.1 Verification of thermal stability of enclosures

The thermal stability of enclosures manufactured from insulating material shall be verified by
the dry heat test. The test shall be carried out according to [EC 60068-2-2 Test Bb, at a

temperature of 70 °C, with natural air circulation, for a duration of 168 h and with a recovery
of 96 h.

Parts, intended for decorative purposes that have no technical significance shall not be
considered for the purpose of this test.

The enclosure, mounted as for normal use, is subjected to a test in a heating cabinet with an
atmosphere having the composition and pressure of the ambient air and ventilated by natural
circulation. If the dimensions of the enclosure are oo large for the available heating cabinet,
the test may be carried out on a representative sample of the enclosure.

The use of an electrically heated cabinet is recommended.
Natural circulation may be provided by holes in the walls of the cabinet.

The enclosure or sample shall show no crack visible to normal or corrected vision without
additional magnification nor shall the material have become sticky or greasy, this being
judged as follows:

With the forefinger wrapped in a dry piece of rough cloth, the sample is pressed with a force
of 5 N. '

NOTE The force of 5 N can be obtained in the following way: the enclosure or sample is placed on one of the
pans of a balance and the other pan is loaded with a mass equal to the mass of the sample plus 500 g. Equilibrium
is then restored by pressing the sample with the forefinger wrapped in a dry piece of rough cloth.

No traces of the cloth shali remain on the sample and the material of the enclosure or sample
shall not stick to the cloth.
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10.2.3.2 Verification of resistance of insulating materials to abnormal heat and fire
due to internal electric effects

The glow-wire test principles of IEC 60685-2-10 and the details given in IEC 60695-2-11 shall
be used to verify the suitability of materials used:

a) on parts of ASSEMBLIES, or
b) on parts taken from these parts.

The test shall be carried out on material with the minimum thickness used for the parts in a)
or b).

If an identical material having representative cross-sections as the parts has already satisfied
the requirements of 8.1.3.2.3 then the test need not be repeated. It is the same for all parts
which have been previously tested according to their own specifications.

For a description of the test, see Clause 4 of IEC 6806985-2-11:2000. The apparatus to be used
shall be as described in Clause 5 of IEC 60695-2-11:2000.

The temperature of the tip of the glow-wire shall be as follows:

— 960 °C for parts necessary to retain current-carrying parts in position;

850 °C for enclosures intended for mounting in hollow walls;

850 °C for all other parts, including parts necessary to retain the protective conductor.
As an alternative the original manufacturer shall provide data on the suitability of materials

f8f<1m3 the insulating material supplier to demonstrate compliance with the requirements of
.1.3.2.3,
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10.2.4 Resistance to ultra-violet (UV) radiation

This test applies only to enclosures and external parts of ASSEMBLIES intended to be installed
outdoors and which are constructed of insulating materials or metals that are entirely coated
by synthetic material. Representative samples of such parts shall be subjected to the
following test:
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UV test according to 1SO 4892-2 Method A, Cycle 1 providing a total test period of 500 h. For
enclosures constructed of insulating materials compliance is checked by verification that the
flexural strength (according to SO 178) and Charpy impact (according to 1SO 179) of
insulating materials have 70 % minimum retention.

The test shall be made on six test specimens of standard size according to 1SO 178 and on
six test specimens of standard size according to 1SO 179. The test specimens shall be made
under the same conditions as those used for the manufacture of the enclosure concerned.

For the test carried out in accordance with ISO 178, the surface of the sample exposed to UV
shall be turned face down and the pressure applied to the non exposed surface.

For the test carried out in accordance with 1SO 179 for materials whds_e impact bending
strength cannot be determined prior to exposure because no rupture has occurred, not more
than three of the exposed test specimens shall be allowed to break.

For compliance, enclosures constructed of metals entirely coated by synthetic material, the
adherence of the synthetic material shall have a minimum retention of category 3 according to
ISO 2409.

Samples shall not show cracks or deterioration visible to normal or corrected vision without
additional magnification.

This test need not be carried out if the original manufacturer can provide data from the
material supplier to demonstrate that material of the same type and thickness or thinner
complies with this requirement.
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10.2.5 Lifting

For ASSEMBLIES with provision for lifting means compliance is verified by the following tests.

The maximum number of sections allowed by the original manufacturer to be lifted together
shall be equipped with components and/or weights to achieve a weight of 1,25 times its
maximum shipping weight. With doors closed it shall be lifted with the specified lifting means
and in the manner defined by the original manufacturer.
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From a standstill position, the ASSEMBLY shall be raised smoothly without jerking in a vertical
plane to a height of 21 m and lowered in the same manner to a standstill position. This test is
repeated a further two times after which the ASSEMBLY is raised up and suspended clear of the
floor for 30 min without any movement.

Following this test the AssEmBLY shall be raised smoothly without jerking from a standstill
position to a height of 21 m and moved (10 + 0,5} m horizontally, then lowered to a standstill
position. This sequence, shall be carried out three times at uniform speed, each sequence
being carried out within 1 min.

After the test, with the test weights in place, the ASSEMBLY shall show no cracks or permanent
distortions visible to normal or corrected vision without additional magnification, which could
impair any of its characteristics.
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10.2.6 Mechanical impact

2

Mechanical impact tests where required by the specific ASSEMBLY standard are fo be carried
out in accordance with IEC 62262.
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10.2.7 Marking

Marking made by moulding, pressing, engraving or similar, including labels with a laminated
plastic covering, shall not be submitted to the following test.

The test is made by rubbing the marking by hand for 15 s with a piece of cloth soaked in
water and then for 15 s with a piece of cloth soaked with petroleum spirit.

NOTE The petroleum spirit is defined as a solvent hexane with a content of aromatics of maximum 0,1 % in
volume, a kauributanol value of 29, an initial boiling point of 65 °C, a final beiling peint of 69 °C and a density of
approximately 0,68 g/em?.

After the test the marking shall be legible to normal or corrected vision without additional
magnification.
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10.3 Degree of protection of ASSEMBLIES

The degree of protection provided in accordance with 8.2.2, 8.2.3 and 8.4.2.3 shall be verified
in accordance with IEC 80529; the test may be carried out on one representative equipped
ASSEMBLY in a condition stated by the original manufacturer. Where an empty enclosure in
accordance with IEC 62208 is used, a verification assessment shall be performed to ensure
that any external modification that has been carried cut does not result in a deterioration of
the degree of protection. In this case no further testing is required.

IP tests shall be carried out:

s with all covers and doors in place and closed as in normal service;
+ in a de-energised state unless stated otherwise by the original manufacturer.

ASSEMBLIES having a degree cof protection of IP 5X shall be tested according to category 2 in
13.4 of IEC 60529:1989,

ASSEMBLIES having a degree of protection of IP 6X shall be tested according to category 1 in
13.4 of IEC 60529:1989.

The test device for IP X3 and {P X4 as well as the type of support for the enclosure during the
IP X4 test shall be stated in the test report.

The IP X1 test may be carried out by moving the drip box instead of rotating the ASSEMBLY.

Ingress of water in the IP X1 to IP X6 tests on an ASSEMBLY is permissible only if its route of
entry is obvious and the water is only in contact with the enclosure at a location where it will
not impair safety.

The_ IP 5X test is deemed to be a failure if harmful amount of dust is visible on electrical
equipment housed within the enclosure.
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10.4 Clearances and creepage distances

.:;‘fsshgll be verified that the clearances and creepage distances comply with the requirements

The clearances and creepage distances shall be measured in accordance with Annex F.
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10.5 Protection against electric shock and integrity of protective circuits
10.5.1 Effectiveness of the protective circuit
The effectiveness of protective circuit is verified for the following functions:

a) protection against the consequences of a fault within the ASSEMBLY (internal faults) as
outlined in 10.5.2, and

b) protection against the consequences of faults in external circuits supplied through the
ASSEMBLY (external faults) as outlined in 10.5.3.
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10.5.2 Effective earth continuity between the exposed conductive parts of the
ASSEMBLY and the protective circuit

it shall be verified that the different exposed conductive parts of the ASSEMBLY are effectively
connected to the terminal for the incoming external protective conductor and that the

resistance of the circuit does not exceed 0,1 Q.

Verification shall be made using a resistance measuring instrument which is capable of
driving a current of at least 10 A (a.c. or d.c.). The current is passed between each exposed
conductive part and the terminal for the external protective conductor. The resistance shall

not exceed 0,1 &.

NOTE K is recommended to limit the duration of the test where low-current equipment otherwise may be
adversely affected by the test.
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10.5.3 Short-circuit withstand strength of the protective circuit

10.5.3.1 General

The rated short-circuit withstand strength shall be verified. Verification may be by comparison
with a reference design or by test as detailed in 10.5.3.3 to 10.5.3.5.

The original manufacturer shall determine the reference design(s} that will be used in 10.5.3.3
and 10.5.3.4. - :
10.5.3 REMERZEERETZEE
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10.5.3.2 Protective circuits that are exempted from short-circuit withstand verification

Where a separate protective conductor is provided in ‘accordance with 8.4.3.2.3, short-circuit
testing is not required if one of the conditions of 10.11.2. is fuffilled.
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10.5.3.3 Verification by comparison with a reference design - Utilising a check list

Verification is achieved when comparison of the ASSEMBLY to be verified with an aiready
tested design utilising items 1 to 6 and 8 to 10 of the check list in Table 13 shows no

deviations.

To ensure the same current carrying capacity for that portion of the fault current that flows
through the exposed conductive parts, the design, number and arrangement of the parts that
provide contact between the protective conductor and the exposed conductive parts, shall be

the same as in the tested reference design.
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10.5.3.4 Verification by comparison with a reference design — Utilising calculation

e

M

Verification by comparison with a reference design pased on calculation is to be in
accordance with 10.11.4

To ensure the same current carrying capacity for that portion of the fault
through the exposed conductive parts, the design, number and arrangemen

provide contgct between the protective conductor and the exposed conductive parts, shall be
the same as in the tested reference design.
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10.5.3.5 Verification by test

Subclause 10.11.5.6 applies.
10.5.3.5 LA BB & 5%

WA 10.11.5.6 -
10.6 Incorporation of switching devices and components
10.6.1 General

Compiiance with the design requirements of 8.5 for the incorporation of swiiching devices and
components shall be confirmed by the original manufacturer’'s inspection.

10.6.2 Electromagnetic compatibility

The performance requirements of J.9.4 for electromagnetic compatibility shall be confirmed by
inspection or where necessary by test (see J.10.12).
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10.7 Internal electrical circuits and connections
Compliance with the design requirements of 8.6 for internal electrical circuitg and connections
shall be confirmed by the original manufacturer’'s inspection.
10.8 Terminals for external conductors

Compliance with the design requirements of 8.8 for terminals for external conductors shall be
confirmed by the original manufacturer’s inspection.
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10.9 Dielectric properties

10.9.1 General |

For this test, all the electrical equipment of the AssemBLY shall be connected, except those
items of apparatus which, according to the relevant specifications, are designed for a lower
test voltage; current-consuming apparatus (e.g. windings, measuring instruments, voltage
surge suppression devices) in which the application of the test voltage would cause the flow
of a current, shall be disconnected. Such apparatus shall be disconnected at one of their
terminals unless they are not designed to withstand the full test voltage, in which case all
terminals may be disconnected.

For test voltage tolerances and the selection of test equipment, see IEC 61180.
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10.9.2 Power-frequency withstand voltage

10.9.2.1  Main, auxiliary and control circuits

Main circuits as well as auxiliary and control circuits that are connected to the main circuit
shall be subjected to the test voltage according to Table 8.

Auxiliary and control circuits, whether a.c. or d.c., that are not connected to the main circuit
shall be subjected to the test voltage according to Table 9.
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10.9.2.2 Test voltage

]

o

The test voltage shall have a substantially sinusoidal waveform and a frequency between
45 Hz and 65 Hz.

The high-voltage transformer used for the test shall be so designed that, when the output
terminals are short-circuited after the output voltage has been adjusted to the appropriate test
voltage, the output current shall be at least 200 mA.

The overcurrent relay shall not trip when the output current is less than 100 mA.

The value of the test volitage shall be that specified in Table 8 or 9 as appropriate with a
permitted tolerance of £ 3 %.
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10.9.2.3 Application of the test voltage

o

The power frequency voltage at the moment of application shall not exceed 50 % of the full
test value It shall then be increased progressively to this full value and maintained for

( ) s as follows:
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between all live parts of the main circuit connected together (including the control and
auxiliary circuits connected to the main circuit) and exposed conductive parts, with the
main contacts of all switching devices in the closed position or bridged by a suitable low

resistance link;

between each live part of different potential of the main circuit and, the other live parts of
different potential and exposed conductive parts connected together, with the main
contacts of all switching devices in the closed position or bridged by a suitable low
resistance link;

between each contrel and auxiliary circuit not normally connected to the main circuit and
the

a)

b)

¢}

main circuit;

other circuits;

exposed conductive parts.
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10.9.2.4 Acceptance criteria

The overcurrent relay shall not operate and there shall be no disruptive discharge (see
3.6.17) during the tests,
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10.9.3 Impulse withstand voltage
10.9.3.1 General

Verification shall be made by test cr by assessment.

In place of the impulse withstand voltage test the original manufacturer may perform, at his
discretion, an equivalent a.c. or d.c. voltage test, in accordance with 10.9.3.3 or 10.9.3.4,
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10.9.3.2 Impulse withstand voltage test

The impulse voltage generator shall be adjusted fo the required impulse voltage with the
ASSEMBLY connected. The value of the test voltage shall be that specified in 9.1.3. The

accuracy of the applied peak voltage shall be + 3 %.
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Auxiliary circuits not connected to main circuits shall be connected to earth. The 1,2/50 us
impulse voltage shall be applied to the ASSEmMBLY five times for each polarity at intervals of 1 s
minimum as follows:

a) between all the live parts of different potential of the main circuit connected iogether
(including the control and auxiliary circuits connected to the main circuit) and exposed
conductive parts, with the main contacts of all switching devices in the closed position or
bridged by a suitable low resistance link;

b} between each live part of different potential of the main circuit and, the other live parts of
different potential and exposed conductive parts connected together, with the main
contacts of all switching devices in the closed position or bridged by a suitable low
resistance link.

¢) between each control and auxiliary circuit not normally connected to the main circuit and
the

- main circuit;
— other circuits:
— exposed conductive paris.

For an acceptable result there shall be no disruptive discharge during the tests.
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10.9.3.3 Alternative power-frequency voltage test

The test voltage shall have a substantially sinusocidal waveform and a frequency between
45 Hz and 65 Hz.

The high-voitage transformer used for the test shall be so designed that, when the output
terminals are short-circuited after the output voltage has been adjusted to the appropriate test
voltage, the output current shall be at least 200 mA. )

The overcurrent relay shall not trip when the cutput current is less than 100 mA.

The value of the test voltage shall be that specified in 9.1.3 and Table 10 as appropriate with
a permitted tolerance of £ 3 %.




The power-frequency voltage shall be applied once, at full value, for a duration sufficient for
the magnitude to be ascertained, but it shall not be less than 15 ms.

It shall be applied to the ASSEMBLY in the manner described in 10.9.3.2. a) b) and c) above.

For an acceptable result the overcurrent relay shall not operate and there shall be no
disruptive discharge during the tests.
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10.9.3.4 Alternative d.c. voltage test

The test voltage shall have negligible ripple.

The high-voltage source used for the test shall be so designed that, when the output terminais
are short-circuited after the output voltage has been adjusted to the appropriate test voltage,
the output current shall be at least 200 mA.

The overcurrent relay shall not trip when the output current is less than 100 mA.

The value of the test voltage shall be that specified in 9.1.3 and Table 10 as appropriate with
a permitted tolerance of + 3 %.

The d.c. voltage shall be applied once for each polarity for a duration sufficient for the
magnitude to be ascertained, but it shall not be less than 15 ms or greater than 100 ms.

It shall be applied to the ASSEMBLY in the manner of 10.9.3.2. a) and b) above.

For an acceptable result the overcurrent relay shall not operate and there shall be no
disruptive discharge during the tests.
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10.9.3.5 Verification assessment

Clearances shall be verified by measurement, or verification of measurements on design
drawings, employing the measurement methods stated in Annex F. The clearances shall be at
least 1,5 times the values specified in Table 1.

NOTE The 1,5 factor to values in Table 1 is applied to avoid impulse withstand voltage tests for design
verification. It is a safety factor that takes into consideration manufacturing tolerances.

It shall be verified by assessment of the device manufacturer's data that all incorporated
devices are suitable for the specified rated impulse withstand voltage (Uj,).
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10.9.4 Testing of enclosures made of insulating material

For assemBLIES with enclosures made of insulating material, an additional dielectric test shail
be carried out by applying an a.c. test voltage between a metal foil laid on the cutiside of the
enclosure over openings and joints, and the interconnected live and exposed conductive paris
within the ASSEMBLY located next to the openings and joints. For this additional test, the test
voltage shall be equal to 1,5 times the values indicated in Table 8.

10.9.5 External operating handles of insulating material

In the case of handles made of or covered by insulating material, a dielectric test shall be
carried out by applying a test voltage equal to 1,5 times the test voltage indicated in Table 8
between the live parts and a metal foil wrapped round the whole surface of the handle. During
this test, the exposed conductive parts shail not be earthed or connected to any other circuit.
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10.10 Verification of temperature rise

10.10.1 General

It shall be verified that the temperature-rise limits specified in 9.2 for the different parts of the
ASSEMBLY or ASSEMBLY system will not be exceeded.

Verification shall be made by one or more of the following methods (see Annex O for
guidance):

a) testing (10.10.2);

b) derivation (from a tested design) of ratings for similar variants (10.10.3),

c) calculation for a single compartment ASSEMBLY not exceeding 630 A according 1o
10.10.4.2 or for ASSEMBLIES not exceeding 1600 A according to 10.10.4.3.




In ASSEMBLIES rated for frequencies above 60 Hz verification of temperature rise by test
(10.10.2) or by derivation from a similar design tested at the same intended frequency
(10.10.3}) is always required.

The current carrying capability of the circuits to be verified is determined by the rated current
(see 5.3.2) and the RDF (see 5.4).
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10.10.2 Verification by testing
10.10.2.1 General
Verification by test comprises the following:

a) If the AsSEMBLY system to be verified comprises a number of variants, the most onerous
arrangemenfi(s) of the ASSEMBLY system shall be selected according to 10.10.2.2,

b) The ASSEMBLY variant(s) selected shall be verified by one of the following methods(see
Annex O):

1) considering individual functional units, the main and distribution busbars and the
ASSEMBLY collectively according to 10.10.2.3.5;

2} considering individual functional units separately and the complete ASSEMBLY including
the main and distribution busbars according to 10.10.2.3.6;

3) considering individual functional units and the main and distribution busbars separately
as well as the complete ASSEMBLY according to 10.10.2.3.7.

¢) When the ASSEMBLY variant(s) tested are the most onerous variants out of an ASSEMBLY
system then the test results can be used to establish the ratings of similar variants without
further testing. Rules for such derivations are given in 10.10.3.
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10.10.2.2 Selection of the representative arrangement
10.10.2.2.1 General

The test shall be made on one or more representative arrangements loaded with one or more
representative load combinations chosen to obtain with reasonable accuracy the highest
pcssible temperature rise.

The selection of the representative arrangements to be tested is given in 10.10.2.2.2 and
10.10.2.2.3 and is the responsibility of the original manufacturer. The original manufacturer
shall take into consideration in his selection for test, the configurations to be derived from the
tested arrangements according to 10.10.3.
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10.10.2.2.2 Busbars

For busbar systems consisting of single or multiple rectangular sections of conductor, where
the variants differ only in the reduction of one or more of

* height,

s thickness,

* quantity of bars per conductor,
-and have the same

+ arrangement of bars,

+ center line spacing of conductors,

+ enclosure and

s busbar compartment {if any),

the busbars with the greatest cross-sectional area shall be selected as the representative
arrangement as a minimum for the test. For ratings of smaller busbar size variants or other
materials see 10.10.3.3.
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10.10.2.2.3 Functional units
a) Selection of comparable functional unit groups

Functional units intended to be used at different rated currents can be considered to havc_a a
similar thermal behaviour and form a comparable range of units, if they fulfil the foliowing
conditions:

1)

2)
3)
4)
5)
6)

the function and basic wiring diagram of the main circuit is the same (e.g. incoming
unit, reversing starter, cable feeder),

the devices are of the same frame size and belong to the same series;
the mounting structure is of the same type;

the mutual arrangement of the devices is the same;

the type and arrangement of conductors is the same;

the cross-section of the main circuit conductors within a functional unit shall have a
rating at least equal to that of the lowest rated device in the circuit. Selection of cables
shall be as tested or in accordance with IEC 60364-5-52. Examples on how to adapt
this standard for conditions inside an ASSEMBLY are given in the tables included in
Annex H. The cross-section of bars shall be as tested or as given in Annex N.
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b) Selection of a critical variant out of each comparable group as a specimen for test

For the critical variant the most cnerous compartment (where applicable) and enclosure
conditions (with respect to shape, size, design of partitions and enclosure ventilation) shall be
tested.




The maximum pessible current rating for each variant of functional unit is established. For
functional units containing only one device this is the rated current of the device. For
functional units with several devices, it is that of the device with the lowest rated current. If a
combination of devices connected in series is intended to be used at a lower current (e.g.
motor starter combination), this lower current shail be used.

For each functional unit the power loss is calculated at the maximum possible current using
the data given by the device manufacturer for each device together with the power losses of
the associated conductors.

For functional units with currents up to and including 630 A, the critical unit in each range is
the functional unit with the highest total power loss.

For functional units with currents above 630 A the critical unit in each range is that which has
the highest rated current. This ensures that additicnal thermal effects relating to eddy currents
and current displacement are taken into consideration.

The critical functional unit shall at least be tested:

*

inside the smallest compartment (if any) which is intended for this functional unit. and

with the worst variant of internal separation (if any) with respect to size of ventllatron
openings; and

with the enclosure with the highest installed power loss per volume: and

with the worst variant of ventilation of the enclosure with respect to the kind of ventilation
{natural or forced convection) and size of ventilation openings.
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If the functional unit can be arranged in different orientations (horizontal, vertical), then the
most onerous arrangement shall be tested.

NOTE Additional test may be made on the discreticn of the original manufacturer for less critical arrangements
and variants of functional units.
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10.10.2.3 Methods of test
10.10.2.3.1 General

in 10.10.2.3.5 to 10.10.2.3.7 three methods for test are given, which differ in the number of
tests needed and in the range of applicability of the test results, an explanation is provided in
Annex Q.

The temperature-rise test on the individual circuits shall be made with the type of current for
which they are intended, and at the design frequency. Any convenient value of the test
voltage may be used to produce the desired current. Coils of relays, contactors, releases,
etc., shall be supplied with rated operational voltage.

The AssSemBLY shall be mounted as in normal use, with afl covers including bottom cover
plates, eic., in ptace.

10.10.2.3 5% B %

10.10.2.3.1 —f
/£ 10.10.2.3.5 % 10.10.2.3.7 th 7| i 3 flel gLt - HEREREZE 2R B
Gm ot & el Bp 45 R 2 0T P MR EE [ > H AR A AT 8% O R -
PERERE T 2R EE  EULEFEE 2 ERA XL ERTFHET
HETHR  UHEHAEMEE ZABRERE  DELARMAEZER - EF
AR - S BIRHE B EERIFERMLE -
HEEMEMEIEEELHRES MANE(BEERESERE)EMR#HE
fir g -

If the ASSEMBLY includes fuses, these shall be fitted for the test with fuse-links as specified by
the manufacturer. The power losses of the fuse-links used for the test shall be stated in the
test report. Fuse-link power loss may be determined by measurement or alternatively as
declared by the fuse-link manufacturer.

The size and the disposition of external conductors used for the test shall be stated in the test
report.

The test shall be made for a time sufficient for the temperature rise to reach a constant value.
in practice, this condition is reached when the variation at all measured points (including the
ambient air temperature) does not exceed 1 K/h.

To shorten the test, if the devices allow it, the current may be increased during the first part of
.the test, it being reduced to the specified test current afterwards.
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When a control electro-magnet is energized during the test, the temperature is measured
when thermal equilibrium is reached in both the main circuit and the control electro-magnet.
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The average value of the actual incoming test currents shall be between -0 % and +3 % of
the intended value. Each phase shall be within £ 5 % of the intended value. -

Tests on an individual section of the ASSEMBLY are acceptable. To make the test
representative the external surfaces at which additional sections may be connected shall be
thermally insulated with a covering to prevent any undue cooling.

When testing individual functional units within a section or a complete ASSEMBLY, the adjacent
functional units can be replaced by heating resistors if the rating of each does not exceed
630 A and their rating is not to be verified with this test.

In ASSEMBLIES where there is a possibility that additional control circuits or devices may be
incorporated, heating resistors shall simulate the power dissipation of these additional items.
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10.10.2.3.2 Test conductors

in the absence of detailed information concerning the external conductors and the service
conditions, the cross-section of the external test conductors shall be chosen considering the
rated current of each circuit as follows: ’

a) For values of rated current up to and including 400 A:

1} the conductors shall be single-core, copper cables or insulated wires with cross-
sectional areas as given in Table 11;

2) as far as practicable, the conductors shall be in free air;

3) the minimum length of each temporary connection from terminal to terminal shall be.
—~ 1 m for cross-sections up to and including 35 mm?2;
~ 2 m for cross-sections larger than 35 mm?2.
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b} For values of rated current higher than 400 A but not exceeding 800 A:

1} The conductors shall be single-core copper cables with cross-sectional areas as given
in Table 12, or the equivalent copper bars given in Table 12 as specified by the
original manufacturer.

2) Cables or copper bars shall be spaced at approximately the distance between
terminals. Multiple parallel cables per terminal shall be bunched together and arranged
with approximately 10 mm air space between each other. Multiple copper bars per
terminal shall be spaced at a distance approximately equal to the bar thickness. If the
sizes stated for the bars are not suitable for the terminals or are not available, it is
allowed to use other bars having the same cross-sectional dimensions + 10 % and the
same or smaller cooling surfaces. Cables or copper bars shall not be interleaved.

3) For single-phase or multi-phase tests, the minimum length of any temporary
connection to the test supply shall be 2 m. The minimum length to a star point may be
reduced to 1,2 m where agreed by the original manufacturer.
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c) For values of rated current higher than 800 A but not exceeding 4 000 A:

1) The conductors shall be copper bars of the sizes stated in Table 12 unless the
ASSEMBLY is designed only for cable connection. In this case, the size and arrangement
of the cables shall be as specified by the original manufacturer.

2) Copper bars shall be spaced at approximately the distance between terminals. Multiple
copper bars per terminal shall be spaced at a distance approximately equal io the bar
thickness. If the sizes stated for the bars are not suitable for the terminals or are not
available, it is allowed to use other bars having the same cross-sectional dimensions
+10 % and the same or smaller cooling surfaces. Copper bars shall not be
interleaved.

3) For single-phase or multi-phase tests, the minimum length of any temporary
connection to the t{est supply shall be 3 m, but this can be reduced to 2 m provided that
the temperature rise at the supply end of the connection is not more than 5 K below
the temperature rise in the middie of the connection length. The minimum length to a
star point shall be 2 m.
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d) For values of rated current higher than 4 000 A:

The original manufacturer shail determine all relevant items of the test, such as type of
supply, number of phases and frequency (where applicable), cross-sections of test
conductors, etc. This information shall form part of the test report.
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10.10.2.3.3 Measurement of temperatures

Thermocouples or thermaometers shall be used for temperature measurements. For windings,
the method of measuring the temperature by resistance variation shall generally be used.

The thermometers or thermocouples shall be protected against air currents and heat
radiation.

The temperature shall be measured at all points where a temperature-rise limit (see 9.2) must
be observed. Particular attention shall be given to joints in conductors and terminals within
the main circuits. For measurement of the temperature of air inside an ASSEMBLY, several
measuring devices shall be arranged in convenient places.
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10.10.2.3.4 Ambient air temperature

The ambient air temperature shall be measured by means of at least two thermometers or
thermocouples equally distributed around the ASSEMBLY at approximately half its height and at
a distance of approximately 1 m from the ASSEMBLY. The thermometers or thermocouples shall
be protected against air currents and heat radiation.

The ambient temperature during the test shall be between +10 °C and +40 °C.
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10.10.2.3.5 Verification of the complete ASSEMBLY

Incoming and outgoing circuits of the AsseMBLY shall be loaded with their rated currents (see
5.3.2) being equivalent to a rated diversity factor of 1 (see 5.4 and Annex O).

If the rated current of the incoming circuit or distribution busbar system is less than the sum of
the rated currents of all outgoing circuits, then the outgoing circuits shall be split into groups
corresponding to the rated current of the incoming circuit or distribution busbar system. The
groups shall be formed in a manner so that the highest possible temperature rise is obtained.
Sufficient groups shall be formed and tests undertaken so as to include all different variants of
functionai units in at least one group.

Where the fully loaded circuits do not distribute exactly the total incoming current, the
remaining current shall be distributed via any other appropriate circuit. This test shall be
repeated until all types of outgoing circuit have been verified at their rated current.

Change in the arrangement of functional units within a verified ASSEMBLY, or section of an
ASSEMBLY may necessitate additional tests as the thermal influence of the adjacent units may
differ significantly.

NOTE 10.10.2.3.6 provides a means of testing an ASSEMBLY with diversity factor less than one and fewer tests
than specified in 10.10.2.3.7.
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10.10.2.3.6 Verification considering individual functional units separately and the
complete ASSEMBLY

The rated currents of the circuits according to 5.3.2 and the rated diversity factor according to
5.4 shall be verified in two stages.

The rated current of each critical variant functional unit (10.10.2.2.3.b)) shall be verified
separately in accordance with 10.10.2.3.7 ¢).
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The ASSEMBLY is verified by loading the incoming circuit to its rated current and all outgoing
functional units collectively to their rated current multiplied by the diversity factor.

If the rated current of the incoming circuit or distribution busbar system is less than the sum of
the test currents of all outgoing circuits (i.e. the rated currents multiplied by the diversity
factor), then the outgoing circuits shall be split into groups corresponding to the rated current
of the incoming circuit or distribution busbar system. The groups shall be formed in a manner
s0 that the highest possible temperature rise is obtained. Sufficient groups shall be formed
and tests undertaken so as to include all different variants of functional units in at least one

group.

Where the fully loaded circuits do not distribute exactly the total incoming current, the
remaining current shall be distributed via any other appropriate circuit. This test shall be
repeated until all types of outgoing circuit have been verified at their test current.

Change in the arrangement of functional units within a verified ASSEMBLY, or section of an
ASSEMBLY may necessitate additional tests as the thermal influence of the adjacent units may
differ significantly.
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10.10.2.3.7 Verification considering individual functional units and the main and
distribution busbars separately as well as the complete ASSEMBLY

ASSEMBLIES shall be verified by separate verification of standard elements a} to ¢) as selected
in accordance with 10.10.2.2.2 and 10.10.2.2.3, and verification of a complete ASSEMBLY d)
under worst case conditions as detailed below:
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a) Main busbars shall be tested separately. They shall be mounted in the ASSEMBLY
enclosure as in normal use with all covers and all partitions that separate the main
busbars from other compartments, in place. If the main busbar has joints, then they shall
be included in the test. The test shall be carried out at rated current. The test current shall
pass through the full length of the busbars. Where the design of the ASSEMBLY permits,
and, to minimise the influence of the external test conductors on the temperature rise, the
length of the main busbar within the enclosure for the test shall be a minimum of 2 m and
include a minimum of one joint when the busbars are extendable.
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Distribution busbars shall be tested separately from the outgoing units. They shall be
mounted in the enclosure as in normal use with all covers and all partitions that separate
the busbar from other compartments, in place. Distribution busbars shall be connected to
the main busbar. No other conductors, e.g. connections to functional units, shall be
connected to the distribution busbar. In order to consider the most onerous condition, the
test shall be carried out at rated current and the test current shall pass through the full

length of the distribution busbar. If the main busbar is rated for a higher current, it shall be
fed with additional current so that it carries its rated curreni to its junction with the
distribution busbar.
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Functional units shall be tested individually. The functional unit shall be mounted in the
enclosure as in normal use with all covers and all internal partitions in place. If it can be
mounted at different places the most unfavourable place shall be used. It shall be
connected to the main or the distribution busbar as in normai use. If the main busbar
and/or the distribution busbar (if any) are rated for a higher current, they shall be fed with
additional currents so that they carry their individual rated currents to the respective
junction points. The test shall be carried out at rated current for the functional unit.
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d) The complete ASSEMBLY shall be verified by temperature rise testing of the most onerous

arrangement(s) possible in service and as defined by the original manufacturer. For this
test the incoming circuit is loaded to its rated current and each outgoing functional unit to
its rated current multiplied by the rated diversity factor. If the rated current of the inceming
circuit or distribution busbar system is less than the sum of the test currents of all
outgoing circuits (i.e. the rated currents multiplied by the diversity factor), then the
outgoing circuits shall be split into groups corresponding to the rated current of the
incoming circuit or distribution busbar system. The groups shall be formed in a manner so
that the highest possible temperature rise is obtained. Sufficient groups shall be formed
and tests undertaken so as to include all different variants of functional units in at least
one group.
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10.10.2.3.8 Results to be obtained

At the end of the test, the temperature rise shall not exceed the values specified in Tabie 6.
The apparatus shall operate satisfactorily within the voltage limits specified for them at the
temperature inside the ASSEMBLY.
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10.10.3 Derivation of ratings for similar variants

10.10.3.1 General

The following sub-clauses define how the rated currents of variants can be verified by
derivation from similar arrangements verified by test.

Temperature-rise tests on the circuit(s) carried out at 50 Hz are applicable to 60 Hz for rated
currents up to and including 800 A. In the absence of tests at 60 Hz for currents above 800 A,
the rated current at 60 Hz shall be reduced to 95 % of that at 50 Hz. Alternatively, where the
maximum temperature rise at 50 Hz does not exceed 90 % of the permissible value, then de-
rating for 60 Hz is nof required. Tests carried out at a particular frequency are applicable at
the same current rating to lower frequencies including d.c.
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10.10.3.2 ASSEMBLIES

ASSEMBLIES verified by derivation from a similar tested arrangement shall comply with the
foliowing:

a) the functional units shall belong to the same group as the functional unit selected for test
(see 10.10.2.2.3);
b} the same type of construction as used for the test;

c) the same or increased overall dimensions as used for the test,




—100—

10.10.3.2 45 25

1

FHtEN A BRECEZBEEMETES 2 EER  BHFETIIHRE -

(@) et E cEAMfABMEE IEME BN HEZEHEH(ZR
10.10.2.2.3)

(b) BAEKER AT 6 2 M & B A MHE 2 -

(c) B 5K B IRF BT o 2 & B8 R ~T AH [E) &8 o -

\

d) the same or increased cooling conditions as used for the test (forced or natural
convection, same or larger ventilation openings);

@) the same or reduced internal separation as used for the test {if any);
fy the same or reduced power losses in the same section as used for the test.

The AsSSEMBLY being verified may comprise all or only part of the electrical circuits of the
ASSEMBLY previously verified. Alternative arrangement(s) of functional units within the

ASSEMBLY or section compared to the tested variant is allowed as long as the thermal
influences of the adjacent units are not more severe.

Thermal tests performed on 3-phase, 3-wire ASSEMBLIES are considered as representing 3-
phase, 4-wire and single-phase, 2-wire or 3-wire ASSEMBLIES, provided that the neutral
conductor is sized equal to or greater than the phase conductors arranged in the same

manner.
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10.10.3.3 Busbars

Ratings established for aluminium busbars are valid for copper busbars with the same cross
sectional dimensions and configuration. However, ratings established for copper busbars shall
not be used to establish ratings of aluminium busbars.

The ratings of variants not selected for test according to 10.10.2.2.2 shall be determined by
multiplying their cross-section with the current density of a larger cross-section busbar of the
same design that has been verified by test.

If additionally a smaller cross-section than the one to be derived has been tested, which also
fulfils the conditions of 10.10.2.2.2, then the rating of the mtermedlate variants may be
established by interpolation.
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10.10.3.4 Functional units

After the critical variant of each group of comparable functional units (see 10.10.2.2.3 a})) has
been subjected to a test for verification of temperature rise, the actual rated currents of all
other functional units in the group shall be calculated using the results of these tests.

For each functional unit tested a de-rating factor (rated current, resulting from the test divided
by the maximum possible current of this functional unit, see 10.10.2.2.3 b)) shall be
calculated.

The rated current of each non-tested functional unit in the range shall be the maximum
possible current of the functional unit multiplied by the de-rating factor established for the
variant tested in the range.
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10.10.3.5 Functional units — Device substitution

\
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A device may be substituted with a similar device from another series to that used in the
original verification, provided that the power loss and terminal temperature rise of the device,
when tested in accordance with its product standard, is the same or lower. In addition, the
physical arrangement within the functional unit and the rating of the functional unit shall be
maintained.

NOTE In addition to temperature rise other requirements are considered including the short-circuit requirements,
see Table 13.
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10.10.4 Verification assessment

HEL 13 -
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10.10.4.1 General

_Two calculation methods are provided. Both determine the approximate air temperature rise
inside the enclosure, which is caused by the power losses of all circuits, and compare this
temperature with the limits for the installed equipment. The methods differ only in the way the
relationship between the delivered power loss and the air temperature rise inside the
enclosure is ascertained.

Because the actual local temperatures of the current-carrying parts cannot be calculated by
these methods, some limits and safety margins are necessary and are included.
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10.10.4.2 Single compartment assembly with rated current not exceeding 630 A
10.10.4.2.1 Verification method

Verification of the temperature rise of a single compartment ASSEMBLY with the total supply
current not exceeding 630 A and for rated frequencies up to and including 60 Hz may be
made by calculation if all the following conditions are fulfilled:

a) the power loss data for all built-in components is available from the component
manufacturer;

b) there is an approximately even distribution of power losses inside the enclosure;

¢) the rated current of the circuits of the AssemMBLY to be verified (see 10.10.1) shall not
exceed 80 % of the rated conventional free air thermal current (/) if any, or the rated
current (f,) of the switching devices and electrical components included in the circuit.
Circuit protection devices shall be selected to ensure adequate pretection to outgoing
circuits, e.g. thermal motor protection devices at the calculated temperature in the
ASSEMBLY;

NOTE 1 There is no commeoen characteristic for switching devices and electrical components that describes
the value of current to be used here. For the purpose of verifying the temperature rise limits the value of
current is used, which describes the maximum continuous operational current that can be carried without
overheating. This is e.g. for contactors the rated operational current 7, AC1 and for circuit breakers the rated
current [ .

d) the mechanical parts and the installed equipment are so arranged that air circulation is not
significantly impeded,;

g) conductors carrying currents in excess of 200 A, and the adjacent structural parts are so
arranged that eddy-current and hysteresis losses are minimised;

10,1042 HEER A EE 630 A 2 E - REHEHE R
10.10.4.2.1 EFEE
HRGRA TGRS R ET N ESEERERAES 630 A
HEEMRE 0 Hz LN Z B —plR=EHE R -
(@ FTANENERZIIRBERER > il AP HERENE -
(b) MENZIHREBL > 2HELFHIE -
(o) FFEfTEZZHER (2R 10.10.1) HBETERFEBRBFEEN B
HZERAFERAn) CEAR)NERMUE ZMMRFEERERE
B EER) - EERERREREE > DIERENNERA EH
ZRE P EHERTRABENEZAE THATEHRREELE -
1. HRNBEERFEERERAN  WEMEILERAENZE
MBI ERY - R EEREARG ZHR  EHZERE
HBAFE RS EAGBAZ R REERMFEER - FH0M
BN REE A I ABIERIFER o ACL > 2 B B 25 Al
FBEBRRM L -
()RR ZEZRBHEFEERLE > EHERNERPEZE -
(e) BB /K HL & 1 200 A HHIT 4 CEERE  EEEER
KA Rk T B AR
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f) all conductors shall have a minimum cross-sectional area based on 125 % of the
permitted current rating of the associated circuit. Selection of cables shall be in
accordance with IEC 60364-5-52. Examples on how to adapt this standard for conditions
inside an ASSEMBLY are given in Annex H. The cross-section of bars shall be as tested or
as given in Annex N. Where the device manufacturer specifies a conductor with a larger
cross-sectional area this shall be used;

g) the temperature rise depending on the power loss installed in the enclosure for the
different installation methods (e.g. flush mounting, surface mounting), is:

— available from the enclosure manufacturer;
— determined in accordance with 10.10.4.2.2; or

— in accordance with performance and installation criteria from the cocling equipment
manufacturer when active cooling (e.g. forced cooling, internal air conditioning, heat
exchanger etc.) is incorporated.

The effective power losses of all circuits including interconnecting conductors shall be
calculated based on rated current of the circuits. The total power loss of the ASSEMBLY is
calculated by adding the power losses of the circuits taking additionally into account that the
total load current is limited to the rated current of the AssemeLY. The power losses of the
conductors are determined by calculation (see Annex H).

(D%ﬁ%%%ﬁﬁ%mﬁﬁ%’ﬁ%uﬁ%% R AT S EF 0 E R E A
Z 125 %y A o B HEIEEM IEC 60364-5-52 « 7 B W10 $ ¥ 4H
BE SN R A A B AR R 2 H ) 0 A0 B 8% H PR o Bk 2 A T FE B AT
o B IR A B > BRCAIB 8% N RN 5 45 B LA g R E BSOK B m B 2
HE I o JE {0 A% Ak E AR -
(2) $t W ARE 2 8 777%  RARUARN ZEEMRB R IREBL - HF
5175 KR E -
o] {E 4 #S B 2S5 W R HUS
— K 10.10.4.2.2 AE o
— EEATHAAIW  wmEAA - NELEE - B HE)E - KA
Al et Bl g PR Bt MERE R B AEA -
JEDLEE Y HEBRAER HAEMAEKEELZEER) AU ERA
Ko WMEBERZIIFREL  UEABEEHAHRERGIRNEAERZHE
EER > DAFtEEEG 2B REL - LBt EERB 2 FE L
(2 IR 8% H) -

NOTE 2 There are devices where the power loss is substantially proportionat to 7 and others that have
substantially fixed losses.

NOTE 3 Example: A single compartment ASSEMBLY with a rated current of 100 A (limited by the distribution bars)
is equipped with 20 outgoing circuiis. The assumed rated current for each circuit is 8 A. The total effective power
loss should be calculated for 12 outgoing circuits loaded with 8 A each.

The temperature rise within the ASSEMBLY is then determined from the total power loss using
the data mentioned in q).

52 2. HL S E Y o RIB A A BB P IR L o H Al 55 B K Bk B E
ZIRB K -

25 3. @GP BHEBER 100 A (IREEHAREDHZ2E—pR=EEER - K
20 @5 M ER - -FHEEBERABREZHEECERS 8 A Hit# 12
flel b 1) B % Ho 8 B B% R #k 8 A s REA NN RIEFL -

B - fEA(g)FTal 2 Ef - B RBRATEHERANZHEIT -
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10.10.4.2.2 Determination of the power loss capability of an enclosure by test

The power loss shall be simulated by means of heating resistors that produce heat equivalent
to the intended power loss capability of the enclosure. The heating resistors shall be

distributed evenly over the height of the enclosure and installed in suitable places inside the
enclosure.

The cross-section of the leads to these resistors shall be such that no appreciable amount of
heat is conducted away from the enclosure.

The test shall be carried out in accordance with 10.10.2.3.1 to 10.10.2.3.4 and the air
temperature rise shall be measured in the top of the enclosure. Enclosure temperatures shall
not exceed the values given in Table 6.

10.10.4.2.2 ABAERB I RBLEE
ECIPAE AR B RIA ZAEHGRELEMEENTHE AR RBERE
Jr- BAEHEFpfMEREBEZSE L ULZERHEREAZEGUE S -
ERE U EFEH ES  HEBHERBEEAB I AERHEEE -
JEAH 10.10.2.3.1 & 10.10.2.3.4 7 77 50 5 - H JE 70 46 88 TH 50 & 0 22 FOR A -
FERE R E R EEBEL 6 i ZE -
10.10.4.2.3 Results to be obtained

The ASSEMBLY is verified if the air temperature determined frem the calculated power loss
does not exceed the permissible operating air temperature as declared by the device
manufacturer. This means for switching devices or electrical components in the main circuits
that the continuous load does not exceed its permissible load at the calculated air
temperature and not more than 80 % of its rated current (see 10.10.4.2.1 ¢}.

10.10.4.2.3 HFEEBZER
Wi EMEZNEBREIMATHTERRAE  EREAREENERENE
LA EFNEREEEZFORE A EHHES - BNE BN 2B
FRENERENF  HRATRAEFEMEZIEZRAET  HEHZ B#HA K
WAL REMEBZERRE T EHFAT  HRSNHEHBEEERZ
80 % (£ 18 10.10.4.2.1 (c)) »

iy

10.10.4.3 AssemBLY with rated current not exceeding 1 600 A
10.10.4.3.1 Verification method

Verification of the temperature-rise of a single or muitiple compartment ASSEMBLY with the
total supply current not exceeding 1 600 A and for rated frequencies up to and including
60 Hz, may be made by calculation in accordance with the method of IEC 60890 if all the
following conditions are fulfilled:

a) the power loss data for all built-in components is available from the component
manufacturer;

b) there is an approximately even distribution of power losses inside the enclosure;

10.10. 438 EEHRAEMH 1,600 A 7 413 5

10.10.4.3.1 & B %
ERETHIMAGRER  HERERAE®E 1,600 A HEEEMHETE 60 Hz DI
T L ESIEELSE S EMR IEC 60890 2 HiED G EEBEBEF -
(a) R AW ENH R Z B ER - 0] 1 41 1 85 g g IS -
(b) FEE N 2 T HRE K - BAEUEHE SR -
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¢} the rated current of the circuits of the ASSEMBLY to be verified (see 10.10.1) shall not
exceed 80 % of the rated conventional free air thermal current (1) if any, or the rated
current (/) of the switching devices and electrical components included in the circuit.
Circuit protectlon devices shall be selected to ensure adequate protection to outgoing
circuits, e.g. thermal motor protectiocn devices at the calculated temperature in the
ASSEMBLY

NOTE 1 There is no common characteristic for switching devices and electrical componhents that describes
the value of current to be used here. For the purpose of verifying the temperature rise limits the value of
current is used, which describes the maximum continuous operational current that can be carried without
overheating. This is e.g. for contactors the rated operational current /, AC1 and for circuit breakers the rated
current /.

d) the mechanical parts and the installed equipment are so arranged that air circulation is not
significantly impeded;

e) conductors carrying currents in excess of 200 A, and the adjacent structural parts are so
arranged that eddy-current and hysteresis losses are minimised,

f} all conductors shall have a minimum cross-sectional area based on 125 % of the
permitted current rating of the asscciated circuit. Selection of cables shall be in
accordance with |IEC 60364-5-52. Examples on how to adapt this standard for conditions
inside an ASSEMBLY are given in Annex H. The cross-section of bars shall be as tested or
as given in Annex N. Where the device manufacturer specifies a conductor with a larger
cross-sectional area this shall be used,

(o) FFEfTEMZHEMR(ZR 10.10.1) HEEER A EERFETCHAE
HZERMBEMRAw) CEAR)NEBEBUE ZMBREEENERA
FRBERML)  EERERERERE  DEEEREITNERARHZ
R > Bl FHERFRABEMGZIEE THAHEHRRELE -
W5 1 BN ERMFEEE RERAEN > WHAM IR HENZER

EREERSE - BFARESARTRWZEN  EHZERE > K
RALFTRE R B A @A R R EGRIFER - BHE > #
PRPefds - I ABERFER I ACL> HREES & A B EE SR
At In e

(d) MEGRTZEZRHEEELE  E8ERAERPHZE -

(e) B /KB ML 200 A HM A EMBHLBEELE  HEBERK
i R R T E AR R

() FrAEEIERA &/ B - H fh DUH I &5 2 38 B8 BT & 5F 1Y 58 E 3
Z 125 %Ry R o MG Z B ER IEC 60364-5-52 - 7 [f A1 o] 3t 3 44 %
i N R A S B AR 2 FE ] - A0 8% H FroR o Pk #0m e B 1T 5K
Ba W AHE > BCANR SR NFrn - BRERNEME A TR RNETEZ i
RF > WEfE % B TS -

g) for enclosures with natural ventilation, the cross-section of the air outlet openings is at
least 1,1 times the cross section of the air inlet openings;

h) there are no more than three horizontal partitions in the ASSEMBLY or a section of an
ASSEMBLY;

) for enclosures with compartments and natural ventilation the cross section of the
ventilating openings in each horizontal partition is at least 50 % of the horizontal cross
section of the compartment.

(o B ERBERZAER > ZREOZEET 2V AEERAOEBZ 1.1

f&5 e

(h) HEE B 2 & By > A 3 E KRR R -
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) R EATREMERBR AR  SFEKYEREKRS > #E O &
/OB REETZ 50 % -

The effective power losses of all circuits including interconnecting conductors shali be
calculated based on rated current of the circuits. The total power Icss of the ASSEMBLY is
calculated by adding the power losses of the circuits taking additionally into account that the
total load current is limited to the rated current of the AsSSeEmMBLY. The power losses of the
conductors are determined by calculation (see Annex H).

NOTE 2 There are devices where are the power loss is substantially proportional to /2 and others that have
substantially fixed losses,

NCTE 3 Example: A single compartment ASSEMBLY with a rated current of 100 A (limited by the distribution bars)
is equipped with 20 outgoing circuits. The assumed rated current for each circuit is 8 A. The total effective power
loss should be calculated for 12 outgoing circuits loaded with 8 A each.

The temperature rise within the ASSEMBLY is then determined from the fotal power loss using
the method of IEC 60890.

ELLER ZEEERAER HAERMAERWEELELER)Z ARNERA
Ko WMERRBE  LEKFESEEAHEBER G ZRNHELE L ZH
EEM > Dt EHER 2B RFL - DstB AR EERZINRIFR
(2 W& H) -
5% 2. FUEEE Y IRBA A BB 1P RIE L o Hfth 55 E RSOk [ E
ZIEHE -
W% 3. & HEER 100 A (IEESHRGH 2 E - rR=HEL > &
20 @SN EER - BEERTBREZHETERS 8 A Hit#f 12
el s B B H S pg R E 8 A ST HRB AR REL -
fE12 > fEM (o)t 2 &R - BN RFRATETHERANZ R
10.10.4.3.2 Results to be obtained

\

The ASSEMBLY is verified if the calculated air temperature at the mounting height of any device
does not exceed the permissible ambient air {emperature as declared by the device
manufacturer.

This means for switching devices or electrical components in the main circuits that the
continuous load does not exceed its permissible load at the calculated locat air temperature
and not more than 80 % of its rated current (see 10.10.4.3.1 ¢).

10.10.4.3.2 EHEE &R
EEAEEZERSEMTEMBZERAE  ERAEREER SRS
FMES AN EEZERRE - Bl &EHE N

5
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SN EEEH N 2 MRS R AR ERAEH B2 ER
BT o A A o A E A T 19 2 0 2 R I T A9 T o

E# > HEASNEBETERZ 80 %(2 1 10.10.4.3.1 (c)) -
10.11 Short-circuit withstand strength

10.11.1 General

The short-circuit current ratings declared shall be verified except where exempt, see 10.11.2.
Verification may be, by comparison with a reference design (10.11.3 and 10.11.4.) or by test
(10.11.5). For verification the following applies:

10.11 5 BR Y 52 58 &
10.11.1 — %
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EEDHE S ZHBEREH  ERbrBERI > 2 10.11.2 - AfFEHEES
AT (10.11.3 & 10.11.4) s DLEK R 77 sV 1T &G - BN &5l B T IR E -

a) If the ASSEMBLY system to be verified comprises a number of variants, the most onerous
arrangement(s) of the AsSeMBLY shall be selected, taking into account the rules in 10.11.3.

b) The ASSEMBLY variants selected for test shall be verified according to 10.11.5.

¢) When the AssEMBLIES tested are the most onerous variants of the larger product range of
an ASSEMBLY system then the fest results can be used {o establish the ratings of similar
variants without further testing. Rules for such derivations are given in 10.11.3 and
10.11.4,

(a) HEREFS CHER AR HEE FEEEK > AIFE 10.11.3 ZHAI > fEZE
ERANZHELES -

(b) #t¥eABRAT R 2 HE MRS > Bk 10.11.5 & -

(c) Bl KM B EE R R G 2 KE &SR AT & A &8 Al A 6 /3K
R REUTHEUSB I EH  MEAE DB - LFEEEZHRA - A
10.11.3 % 10.11.4 A7 »

10.11.2 Circuits of ASSEMBLIES which are exempted from the verification of the short-
circuit withstand strength

A verification of the short-circuit withstand strength is not required for the following:

a) ASSEMBLIES having a rated shori-time withstand current (see 5.3.4) or rated conditional
short-circuit current (see 5.3.5) not exceeding 10 kA r.m.s;

b) ASSEMBLIES, or circuits of ASSEMBLIES, protected by current-limiting devices having a cut-off
current not exceeding 17 kA with the maximum allowable prospective short-circuit current
at the terminals of the incoming circuit of the ASSEMBLY;

c) Auxiliary circuits of ASSEMBLIES intended to be connected to transformers whose rated
power does not exceed 10 kVA for a rated secondary voltage of not less than 110 V, or
1,6 kVA for a rated secondary voltage less than 110 V, and whose short-circuit impedance
is not less than 4 %.

All other circuits shall be verified.

10.11.2 EREFHBRAZAEZHELER
THHEAREE DG HEN ZBE -
(a) B EMFHEM BER(ZR S3HNHETRFREBER(ZR 5.3.5)KHE 10
kAR ZHER -
(b) ZEILERAESE 17T AZRTEERE  UWEHELAEERE I B
AR AT EFHPIERERNHE REHE LER -
(c) HEEBREERG ZHERWBER  ZEBSEHE _KREELR/NR
110 VB E R A HE 10 kVA> si/E 8 E — KB /N 110 V F 5 E 2
WM 1.6 kVA > HIEREHTTA/NR 4 % -
JE & 58 A HAh B -
10.11.3 Verification by comparison with a reference design — Utilising a check list

Verification is undertaken by comparison of the ASSEMBLY to be verified with an already tested
design using the check list provided in Table 13.

Should any elements identified in the check list not comply with the requirements of the check
list and be marked ‘NO’, one of the following means of verification shall be used (see 10.11.4
and 10.11.5).

10.11.3 FEHIERSERF2EH -—EHERRK
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fEAE BREEZ SRR ERGEFCHERE AR Z st LT EE -
—EmERBNZEM TR aERRZERALER “H7 REELHT
Ho 1 EEHG(28 10.11.4 & 10.11.5) -
10.11.4 Verification by comparison with a reference design —~ Utilising calculation

Assessment of the rated shori-time withstand current of an ASSEMBLY and its circuits, by
calculation, shall be undertaken by a comparison of the ASSEMBLY to be assessed with an
ASSEMBLY, already verified by test. The assessment to verify the main circuits of an ASSEMBLY
shall be in accordance with Annex P. In addition each of the circuits of the ASSEMBLY to be
assessed shall meet the requirements of items 6, 8, @ and 10 in Table 13.

The data used, calculations made and comparison undertaken shall be recorded.

If the assessment in accordance with Annex P is not passed or any of the items listed above
are not fulfilled then the AssemBLY and its circuits shall be verified by test in-accordance with
10.11.5.

10.11.4 FEHIERSERF2EH -—FEHTE
JEtLE et v HE R EC D R Em e v HEL > DatBE T AFHEHE L
FHBRZBEEREEMER AGHEHEL ETER ZTE - BRI P 28
E e PRILZA > R cHERNE —ER ERAER 1358 675 5 814 -
FIHME 10 HZ K -
FESC sk T 2 &t ~ AT 1T 25 |/ R LB -

EHOAREBM P 2 eP A A BT IEE - RIEMK 10.11.5 Z 5 Bs & 55

Bm B HER -

10.11.5 Verification by test

10.11.5.1 Test arrangements

The ASSEMBLY or its paris as necessary to complete the test shall be mounted as in normal
use. It is sufficient to test a single functional unit if the remaining functional units are of the
same construction. Similarly it is sufficient to test a single busbar configuration if the
remaining busbar configurations are of the same construction. Table 13 provides clarification
on items not requiring additional tests.

10.11.5 DI B & 55
10.11.5.1 R EG L B
RGBT L B HE M E T EAIER AR ER - 5 R ek 2 e
BruukHEWBE MY E-NEMETETHARBCE RS - Al ERErZ
RS AEERE > AINE - ERERBETHBCRES - £ 13 24
R EBEIN AR HE SR -
10.11.5.2 Performance of the test — General

If the test circuit incorporates fuses, fuse-links with the maximum let-through current and, if
required, of the type indicated by the original manufacturer as being acceptable, shall be
used.

The supply conductors and the short-circuit connections reguired for testing the ASSEMBLY
shall have sufficient strength to withstand short-circuits and be so arranged that they do not
introduce any additional stresses on the ASSEMBLY.

Unless otherwise agreed, the test circuit shall be connected to the input terminals of the
ASSEMBLY. Three-phase ASSEMBLIES shall be connected on a three-phase basis.
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10.11.5.2 B2 tHsE — — &
ErBREKUABE  AIECHEARARBEERBLEAEFEMEARS
B R G TS E T 2 B SR R AR B -
B RET BRI AT R SRS R A B B JE R A R 4 8 DU 2
Mg > W PDIEEERE  EEAGEHE L DESEMEIET -
bBRIES A AREREEREFHESR WA T - ZHAXELESL =
Bu P LlEEE -

All parts of the equipment intended to be connected to the protective conductor in service,
including the enclosure, shall be connected as follows:

a) for ASSEMBLIES suitable for use on three-phase four-wire systems (see also |EC 60038)
with an earthed star point and marked accordingly, to the neutral point of supply or to a
substantially inductive artificial neutral permitting a prospective fault current of at least
1500 A;

b) for ASSEMBLIES also suitable for use in three-phase three-wire as well as on three-phase
four-wire systems and marked accordingly, to the phase conductor least likely to arc to
earth.

Except for ASSEMBLIES according to 8.4.4, the connection mentioned in a) and b) shall include
a fusible element consisting of a copper wire of 0,8 mm diameter and at least 50 mm long, or

of an equivalent fusible element for the detection of a fault current. The prospective fault
current in the fusible element circuit shall be 1 500 A = 10 %, except as stated in Notes 2 and
3. If necessary, a resistor limiting the current to that value shall be used.

MEEREFEN T ZRETERNREZMASH(EERE) > BT

P -
(a) R BEEEMERREER R 2 = MU 24 (2] IEC 60038)iL
R R E R - ERERFFED 1,500 A FHIPHREE R 2 EHE %

(b) BN TEEFENAE ==K = HUEZR L N ErAHE - E
EfR A REEIN R 2 HEAE -

bR 8.4.4 ZHERSI - ()R (D)FTIR 2@ > EUEHEEXK 0.8 mm HEEE

b 50 mm 2 $7 &% 4H B A BT A B T 1R BB R (O R B O R 2 S A ET I B T

fF e aEE T ER T > RIS EERES 1,500 A£10 % > H*% 2 RH* 3

Frat & FR4h - ERMER > EEAGERRHAZENER -

NOTE 1 A copper wire of 0,8 mm diameter will melt at 1 500 A, in approximately half a cycle, at a frequency
between 45 Hz and 67 Hz (or 0,01 s for d.c.).

NOTE 2 The prospective fault current may be less than 1 500 A in the case of small equipment, according to the
requirements of the relevant product standard, with a smaller diameter copper wire (see Note 4) corresponding to
the same melting time as in Note 1.

NOTE 3 In the case of a supply having an artificial neutral, a lower prospective fault current may be accepted,
subject to the agreement of the ASSEMBLY manufacturer, with a smaller diameter copper wire (see Note 4)
corresponding to the same melting time as in Note 1.

NOTE 4 The retationship between the prospective fault current in the fusible element circuit and the diameter of
the copper wire is given in Table 14.

% 1. Ef 0.8 mm Z#F4R i 1E 1,500 A it 45 Hz 81 67 Hz Z BB KT >
JR K& 0.5 il 15 32 (B B A FF £ 0.01 s) N IS B

W5 2 IKMHBHE MR Z K > B /NEEH > fEEAHEEERES 1 Z
AH R 45 B IR ) R BN RS AR T > FIEUR B  al /N 1,500 A -
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10.11.5.3 Testing of main circuits

=]

TELR R B Z BB (R 0 405 14 FTow -

]

10.11.5.3.1 Generai

Circuits shall be tested with the highest thermal and dynamic stresses that may result from
short circuit currents up to the rated values for one or more of the following conditions as
declared by the original manufacturer.

a) Not dependent upon a SCPD. The ASSEMBLY shall be tested with the rated peak withstand
current and the rated short-time withstand current for the specified duration (see 5.3 and
9.3.2 a)).

b} Dependent upon an incoming SCPD included within the ASSEMBLY. The ASSEMBLY shall be
tested with an incoming prospective short-circuit current for a period of time that is limited
by the incorming SCPD,

¢) Dependent upon an upstream SCPD. The AsSemBLY shall be tested to the let through
values permitted by the upstream SCPD as defined by the original manufacturer.

Where an incoming or outgoing circuit includes a SCPD that reduces the peak and/or
duration of the fault current, then the circuit shall be tested allowing the SCPD to operate
and interrupt the fault current (see 5.3.5 rated conditional short-circuit current 7..). If the
SCPD contains an adjustable short-circuit release, then this shall be set to the maximum
allowed value (see 9.3.2, second paragraph).

One of each type of circuit shall be subject to a short-circuit test as described in 10.11.5.3.2
to 10.11.5.3.5.

10.11.5.3 F B 2 A 5
10.11.5.3.1 — &
JELLVE R EREHECEHMUREE R KRG REEET > 8 HEHHE
EREAESZ T | % MR > B ERET R -
(a) FEHLRY SCPD - JE DLUBH & U6 {E i 88 O X % E 40 I fl Iif &8 0% » B4 %8
m 1T SR 0 BB Ry PR E  FRE G -
(b) Y7 4H 25 5 N B 85 2 A 1) SCPD - JE DL 1) 78 B 40 B8 B 0% > 14
BT S B > SBR R A N 1] SCPD Al R i 2 B fE e B
(c) HUAW EF SCPD - 4H%E B AT B 2 i 4n RS i i E %8 ~ L F
SCPD Fr B&FHy i {H -
B EAh ) EE S RS R R R 2 I R /R E R Y SCPD
o EERSIEEITHE - 55 SCPD #ER TEMEE R (2] 5.3.5 #HE
BRAF A B R L) - & SCPD & A 0[R2 O BN E » I HERE 2 &
KEZE(BIE 9325 2 ) -
GEIRERS Y Ky 1 ST 10.11.5.3.2 % 10.11.5.3.5 ffit 2 5 B 3
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10.11.5.3.2 Outgoing circuits

The outgoing terminals of outgoing circuits shall be provided with a bolted short-circuit
connection. When the protective device in the outgoing circuit is a circuit-breaker, the test
circuit may include a shunting resistor in accordance with 8.3.4.1.2 b) of IEC 60947-1:2007 in
parallel with the reactor used to adjust the short-circuit current.

For circuit-breakers having a rated current up to and including 630 A, a conductor 0,75 m in
iength having a cross-sectional area corresponding to the rated current (see Tables 11 and
12) shall be included in the test circuit. At the original manufacturer’s discretion a shorter
connection than 0,75 m may be used.

The switching device shall be closed and held closed in the manner normally used in service.
The test voltage shall then be applied once and,

a) for a time sufficiently long to enable the short-circuit protective device in the outgoing unit
to operate to clear the fault and, in any case, for not less than 10 cycles (test voltage
duration}, or

h) in cases where the outgoing circuit does not include a SCPD, for a magnitude and
duration as specified for the busbars by the original manufacturer. Testing of outgoing
circuits may also result in the operation of the incoming circuit SCPD.

10.11.5.3.2 4B
Hhim BB Z b b B A B R R BN ER P2 REEE
By BRSPS BBRE B O] AL 4E 1EC 60947-1:2007 7 8.3.4.1.2(b)HY 4> i &
REL 25 ST B FH R S B MG RS BE O ~ B hi a -
BN EERE 630 AL ZEEES  REBPERERE 0.75 m»
HEHBEHEHSEREEERSRE 11 LR 12)2EHE - ERAETEREZ
BT » A EHRER 0.75 m 7 H#$# -
FARIRFEEEM G  HULEE P EERMERZ 7 IRFFAE - BIRIE
i s ba BB 1 %X - H
() IR E A BETh 2O IRELEEREE > DLERKE - A
FEAEATE S > A/ 10 18 15 B2 (60 Bl 3B B 5 @ IR ) - 5K
(b) fEANFE AR IE SCPD Z 45 0t b » Ik M B 55 48 17 6] A< i 4 B 28 g v 3
PE A Pk 2 FLE - Abia) BB 2 5 Bl R o] BB & A [A) EE B8 SCPD #(F -
10.11.5.3.3 Incoming circuit and main busbars

ASSEMBLIES containing main busbars shall be tested to prove the short-circuit withstand
strength of the main busbars and the incoming circuit including at least one joint where the
busbars are intended to be extendable. The short-circuit shall be placed such that the length
of main busbar included in the test is (2 £ 0,4) m. For the verification of rated short-time
withstand current (see 5.3.4) and rated peak withstand current (see 5.3.3), this distance may
be increased and the test conducted at any convenient voltage providing the test current is
the rated value {see 10.11.5.4 b)). Where the design of the ASSEMBLY is such that the length
of the busbars to be tested is less than 1,6 m and the ASSEMBLY is not intended to be
extended, then the complete length of busbar shall be tested, the short-circuit being
established at the end of these busbars. If a set of busbars consists of different sections (as
regards cross-sections, center line spacing of the conductors, type and number of supports
per metre), each section shall be tested separately or concurrently, provided that the above
conditions are met.
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10.11.5.3.4 Connections to the supply side of outgoing units

Where an ASSEMBLY contains conductors, including distribution busbars, if any, between a
main busbar and the supply side of outgoing functional units that do not fulfil the requirements
of 8.6.4 ane circuit of each type shali be subject to an additional test.

A short-cireuit is obtained by bolted connections on the conductors connecting the busbars to
a single outgoing unit, as near as practicable to the terminals on the busbar side of the
outgoing unit. The value and duration of the short-circuit current shall be the same as that for
the main busbars.
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10.11.5.3.5 Neutral conductor

If a neutral conductor exists within a circuit it shall be subjected to one test to prove its short-
Circuit withstand strength in refation to the nearest phase conductor of the circuit under test
including any joints. Phase to neutral short-circuit connections shall be applied as specified in
10.11.5.3.3.

Unless otherwise agreed between the original manufacturer and the user, the value of the test
current in the neutral shall be at least 60 % of the phase current during the three-phase test.

The test need not be executed if the test is intended to be made with a current of 60 % of the
phase current and if the neutral conductor is;

- the same shape and cross-section as the phase conductors;

~ supported in an identical manner as the phase conductors and with support centres
along the length of the conductor not greater than that of the phases;

~ spaced at a distance from the nearest phase(s) not less than that between phases;
~ spaced at a distance from earthed metalwork not less than the phase conductors.
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10.11.5.4 Value and duration of the short-circuit current

o

Fer ali short-circuit withstand ratings, the dynamic and thermal stresses shall be verified with
a prospective current, at the supply side of the specified protective device, if any, equal to the
value of the rated short-time withstand current, rated peak withstand current or rated
conditional short-circuit current assigned.

For the verification of all the short-circuit withstand ratings (see 5.3.3 to 5.3.5 inclusive), the
value of the prospective short-circuit current at a test voltage equal to 1,05 times the rated

operational voltage shall be determined from a calibration oscillogram which is taken with the
supply conductors to the ASSEMBLY short-circuited by a connection of negligible impedance
placed as near as possibie to the input supply of the AssemMBLY. The oscillogram shall show
that there is a constant flow of current such that it is measurable at a time eguivalent to the
operation of the protective device incorporated in the ASSEMBLY or for the specified duration
(see 9.3.2. a)).

The value of current during the calibration is the average of the r.m.s. values of the a.c.
component in all phases. When making the tests at maximum operational voltage, the
calibration current in each phase shall be equal to the rated short-circuit current within a

5 -
+0 % tolerance and the power factor shall be within a %’?}2 tolerance.

All tests shall be made at the rated frequency of the ASSEMBLY with a folerance of + 25 %, and
at the power factor appropriate to the short-circuit current in accordance with Table 7.
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a) For a test at rated conditional short circuit current 7, whether the protective devices are
in the incoming circuit of the ASSEMBLY or eisewhere, the test voltage shall be applied for a
time sufficiently long to enable the short-circuit protective devices to operate to clear the
fault and, in any case, for not less than 10 cycles. The test shall be conducted at
1,05 times the rated operational voltage with prospective short circuit currents, at the
supply side of the specified protective device, equal to the value of the rated conditional
short-circuit current. Tests at lower voltages are not permitted.

NOTE In South Africa (ZA) National Electrical Code SANS 10142-1, Subclause 6.8, requires that the supply
voltage be equal to 1,1 times the nominal veoltage where the rated operational voftage is up to and including
500 V.

b) For a test at rated short-time withstand current and rated peak withstand current, the
dynamic and thermal stresses shall be verified with a prospective current equal to the
value of rated short-time withstand current and rated peak withstand current declared. The
current shall be applied for the specified time during which the rm.s. value of its a.c.
component shalf remain constant.

In the case of test station difficulty of making the short-time or peak withstand tests at the
maximum operational voltage,. the tests according to 10.11.5.3.3, 10.11.5.3.4 and 10.11.5.3.5
may be made at any convenient voltage, with the original manufacturer's agreement, the
actual test current being, in this case, equal to the rated short-time current or peak withstand
current. This shall be stated in the test report. If, however, momentary contact separation
occurs in the protective device, if any, during the test, the test shall be repeated at the
maximum operational voltage. '

If necessary, due to test limitations, a different test period is permissible; in such a case, the
test current should be meodified in accordance with the formula 72 = constant, provided that
the peak value does not exceed the rated peak withstand current without the original
manufacturer's consent and that the r.m.s. value of the short-time current is not less than the
rated value in at least one phase for at least 0,1 s after current initiation.
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The peak current withstand test and the short-time current test may be separated. In this
case, the time during which the short-circuit is applied for the peak current withstand test shall
be such that the value 7%¢ is not larger than the equivalent value for the short-time current
test, but it shall be not less than three cycles.

Where the required test current in each phase cannot be achieved the positive tolerance may
be exceeded with the agreement of the original manufacturer.
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10.11.5.5 Results to be obtained

After the test deformation of busbars and conductors is acceptable provided that the
clearances and creepage distances specified in 8.3 are still complied with. In case of any
doubt clearances and creepage distances shall be measured (see 10.4).

The characteristics of the insulation shall remain such that the mechanical and dielectric
properties of the equipment satisfy the requirements of the refevant ASSEMBLY standard. A
busbar insulator or support or cable restraint has not separated into two or more pieces. Also
there shall be no cracks appearing on opposite sides of a support and no cracks, including
surface cracks, running the full length or width of the support. In case of any doubt that the
insulation properties of the ASSEMBLY are not maintained an additional power frequency test at
two times U, with a minimum of 1 000 V shail be performed in accordance with 10.9.2.

There shall be no loosening of parts used for the connection of conductors and the
conductors shall not separate from the outgoing terminals.

Distortion of the busbars or structure of the ASSEMBLY that impairs its normal use shall be
deemed a failure.

Any distortion of the busbars or structure of the AsSemBLY that impairs normal insertion or
removal of the removable parts shall be deemed a failure.
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Deformation of the enclosure or of the internal partitions, barriers and obstacles due to short-
circuit is permissible to the extent that the degree of protection is not apparently impaired
and the clearances or creepage distances are not reduced to values, which are less than
those specified in 8.3. Additionally after the tests of 10.11.5.3 incorporating short-circuit
protective devices, the tested equipment shall be capable of withstanding the dielectric test of
10.9.2, at a value of voltage for the “after test” condition prescribed in the relevant short-
circuit protective device standard for the appropriate short-circuit test, as follows:

a) between all live parts and the exposed conductive parts of the ASSEMBLY, and

b) between each pole and all other poles connected to the exposed conductive parts of the
ASSEMBLY.

If tests a) and b) above are conducted, they shall be carried out with any fuses replaced and
with any switching device closed.

The fusible element (see 10.11.5.2.}, if any, shall not indicate a fault current.

in case of any doubt, it shall be checked that the apparatus incorporated in the ASSEMBLY are
in a condition as prescribed in the relevant specifications.
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10.11.5.6 Testing of the protective circuit

/\

>

10.11.5.6.1 General

This test does not apply for circuits according to 10.11.2,

A single-phase test supply shall be connected to the incoming terminal of one phase and to
the terminal for the incoming protective conductor. When the ASSEMBLY is provided with a
separate protective conductor, the nearest phase conductor shall be used. For each
representative outgoing unit, a separate test shall be made with a bolted short-circuit
connection between the corresponding cutgeing phase terminal of the unit and the terminal
for the relevant outgoing protective conductor,
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Each outgoing unit on test shall be fitted with its intended protective device. Where alternative
protective devices can be incorporated in the outgoing unit, the protective device which lets
through the maximum values of peak current and 7?: shali be used.

For this test, the frame of the ASSEMBLY shall be insulated from earth. The test voltage shall
be equal to 1,05 times the single-phase value of the rated operational voltage. Unless
otherwise agreed between the original manufacturer and the user, the value of the test current
in the protective conductor shall be at least 60 % of the phase current during the three-phase
test of the ASSEMBLY.

NOTE in South Africa (ZA) National Electrical Code SANS 10142-1, Subclause 6.8, requires that the supply
voltage be equal to 1,1 times the nominal voltage where the rated operational voltage is up to and including 500 V.

All other conditions of this test shall be ana!ogous fo 10.11.5.2 to 10.11.5.4 inclusive.
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10.11.5.6.2 Results to be obtained

The continuity and the short-circuit withstand strength of the protective circuit, whether it
consists of a separate conductor or the frame, shall not be significantly impaired. Besides
visual inspection, this may be verified by measurements with a current in the order of the
rated current of the relevant outgoing unit. Defermation of the enclosure or of the internal
partitions, barriers and obstacies due to short-circuit is permissible to the extent that the
degree of protection is not apparently impaired and the clearances or creepage distances are
not reduced to values, which are less than those specified in 8.3.

NOTE 1 Where the frame is used as a protective conductor, sparks and localized heating at joints are permitted,
provided they do not impair the electrical continuity and provided that adjacent flammable parts are not ignited.

NOTE 2 A comparison of the resistances measured before and after the test, between the terminal for the
incoming protective conducter and the terminal for the relevant outgoing protective conductor, gives an indication
of conformity with this condition.
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10.12 Electromagnetic compatibility (EMC)
For EMC tests, see J.10.12.
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10.13 Mechanical operation

\

This verification test shall not be made on such devices (e.g. withdrawable circuit breaker) of
the ASSEMBLY which have already been type tested according to their relevant product
standard unless their mechanical operation has been modified by their mounting.

For parts, which need verification by test (see 8.1.5), satisfactory mechanical operation shall
be verified after instaliaticn in the ASSEMBLY. The number of operating cycles shali be 200.

At the same time, the operation of the mechanical interlocks associated with these
movements shall be checked. The test is passed if the operating conditions of the apparatus,
interlocks, specified degree of protection etc., have not been impaired and if the effort
required for operation is practically the same as before the test.
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11 Routine verification

11.1 General

Routine verification is intended to detect faults in materials and workmanship and to ascertain
proper functioning of the manufactured AssemBLY. It is made on every ASSEMBLY. The
ASSEMBLY manufacturer shall determine if routine verification is carried out during and/or after
manufacture. Where appropriate, routine verification shall confirm that design verification is
available.

Routine verification is not required to be carried out on devices and self-contained
components incorporated in the ASSEMBLY when they have been selected in accordance with
8.5.3 and installed in accordance with the instructions of the device manufacturer.

Verification shall comprise the following categories:

a) Construction (see 11.2 to 11.8):
1} degree of protection of enclosures;
2) clearances and creepage distances;
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(a) 3 (218 11.2 % 11.8) -
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3) protection against electric shock and integrity of protective circuits;
4) incorporation of buili-in components;
5) internal electrical circuits and connections;
6) terminals for external conductors;
7} mechanical operation.
b) Performance (see 11.9 to 11.10):
1) dielectric properties;
2) wiring, operational performance and function.
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(4 NEHEFEZ &b -
(5) N BB E B B R 2 -
(6) SMERE#E H Z I F -
(7) 1% Mk #58 7F -
(b) MAEE(ZHE 11.9 F 11.10) -
(1) B ERME -
(2) Bo#y ~ #2{FEVERE R DI AE -
11.2 Degree of protection of enclosures

A visual inspection is necessary to confirm that the prescribed measures to achieve the
designated degree of protection are maintained.

11.3 Clearances and creepage distances
Where the clearances are:

— less than the values given in Table 1, an impulse voltage withstand test in accordance
with 10.9.3 shall be carried out;

— not evident by visual inspection to be larger than the values given in Table 1 (see
10.9.3.5) verification shall be by physical measurement or by an impulse voltage withstand
test in accordance with 10.9.3.

The prescribed measures with regard to creepage distances (see 8.3.3) shall be subjeci to a
visual inspection. Where it is not evident by visual inspection verification shall be by physical
measurement.
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11.4 Protection against electric shock and integrity of protective circuits

The prescribed protective measures with regard to basic protection and fault protection (see
8.4.2 and 8.4.3) shall be subject to a visual inspection.

The protective circuits shall be checked by visual inspection to ascertain that the measures
prescribed in 8.4.3 are verified.

Screwed and bolted connections shall be checked for the correct tightness on a random
basis.

11.5 Incorporation of built-in components

The installation and identification of built-in componenis shall be in accordance with the
ASSEMBLY manufacturing instructions.

11.6 [Internal electrical circuits and connections

The connections, especially screwed and bolted connections, shall be checked for the correct
tightness on a random basis.

Conducters shall be checked in accordance with the ASSEMBLY manufacturing instructions.

11.7 Terminals for external conductors

The number, type and identification of terminals shall be checked in accordance with the
ASSEMBLY manufacturing instructions.
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11.8 Mechanical operation

The effectiveness of mechanical actuating elements, interlocks and locks including those
associated with removable parts shall be checked.

11.9 Dielectric properties

A power-frequency withstand test shail be performed on all circuits in accordance with 10.9.1
and 10.9.2 but for a duration of 1 s.
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