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Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest
to the public, particularly disadvantaged communities and those engaged in the pursuit of
education and knowledge, the attached public safety standard is made available to promote the

timely dissemination of this information in an accurate manner to the public.
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High-Voltage Switchgear and Controlgear Sectional Committee, ETD 08

NATIONAL FOREWORD

This Indian Standard (Part 201) which is identical with IEC 62271-201 : 2006 ‘High-voltage switchgear and
controlgear — Part 201 : AC insulation-enclosed switchgear and controlgear for rated voltages above 1 kV
and up to and inciuding 52 kV’ issued by the International Electrotechnical Commission (IEC) was adopted
by the Bureau of Indian Standards on the recommendation of the High-Voltage Switchgear and Controlgear
Sectional Committee and approval of the Electrotechnical Division Council.

The text of IEC Standard has been approved as suitable for publication as an indian Standard without
deviations. Certain conventions are, however. not identical to those used in Indian Standards. Attention :s
particularly drawn to the following:

a) Wherever the words 'International Standard’ appear referring to this standard, they should be read as
‘Indian Standard'.

b) Comma (,) has been used as a decimal marker in the International Standard while in Indian Standards,
the current practice 1s to use a point (.) as the decimal marker.

This standard is to be read in conjunction with IS 12729 : 2004 ‘*Common specifications fcr high-voltage
switchgear and controlgear standards’. In order to simphfy the indication of corresponding requirements the
same numbering of clauses and subclauses is used as in IS 12729 : 2004. Amendments to these clauses
and subclauses are given under the same numbering, whilst additional subclauses are numbered from 101.

in this adopted standard, reference appears to certain International Standards for which Indian Standards
also exist. The corresponding Indian Standards, which are to be substituted in their respective places are
listed below along with their degree of equivalence for the editions indicated:

International Standard

IEC 60050 151 1978 International
Electrotechmcal Vocabulary (IEV) —
Electrical and magnetic devices

IEC 60050 441 1984 International
Electrotechnical Vocabulary (IEV) —
Switchgear, controlgear and fuses

IEC 60060-1 19893 High-voitage tes!
techmques — Part t. General
dehnitions and test requirements

IEC 50243-1 1998 Electnical strength
of insulating matenals -— Test methoas
— Part 1 Tests at power frequencies

IEC 6C265-1 1998 High-voltage
switches — Part 1 Switches for rated
voitages above 1 kV and less than
52 kV

IEC 60270 : 2000 Partial discharge
measurements

Corresponding Indian Standard

IS 1885 (Part 74) 1993
Electrotechnical vocabulary: Part 74
Electrical and magnetic devices

IS 1885 (Part 17) 1979
Electrotechnical vocabulary: Part 17
Switchgear and controlgear (first

FEVISION

IS2CT 1 Part 1) 1993 High-voltage test
tachnmiques: Part 1 General definitions

and test requirements {(second
revision)
IS 2584 . 1963 Method of test for

enctnc strength of schd insulating
materals at power frequencres

IS IEC 60265-1 : 1998 High-voltage
switches: Part 1 Switches for rated
voltages abcve 1 kV and less than
52 KV

IS 6209 1982 Methods for partial
discharge measurements | first revision)

Degree of Equivalence

Identical

Technically Equivalent

ldentical

Technically Equivalent

Identical

Technically Equivalent

i Continued on third cover)
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Indian Standard
HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

PART 201 AC INSULATION-ENCLOSED SWITCHGEAR AND CONTROLGEAR FOR
RATED VOLTAGES ABOVE 1 kV AND UP TO AND INCLUDING 52 kV

1 Generai

1.1 Scope

This part of IEC 62271 specifies requirements for factory-assembled insulstion-enciosed
switchgear and controlgear for alternating current of rated voitages above 1 kV and up to and
including 52 kV for indoor installation and for service frequencies up to and including 60 Hz

Insulation-enclosed switchgear and controlgear complying with this standard can, in principle,
be safely touched

Insulation-enclosed switchgear and controigear for special use, for exampie, in flammabie
atmospheres, in mines or on board ships, may be subject to additional requirements

Components contained in insulation-enclosed switchgear and controigear should be designed
and tested in accordance with their various reievant standards This standard supplements
the standards for the individual components regarding their instaliation n swatchgear and
controlgear assemblies

This standard does not preclude that other equipment may be included in the same enclosure
In such a case, any possible influence of that equipment on the switchgear and controigear
should be taken into account

NOTE Switchgear and controigear assemblies having 8 metal enclosure are covered by IEC 62271-200
1.2 Normative references

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

IEC 60050-151 1978, /International Electrotechnical Vocabulary (IEV) - Electrical and
magnetic devices

IEC 60050-441 1984, International Electrotechnical Vocabulary (IEV) ~ Switchgeer, control-
gear and fuses

IEC 60060-1 1989, High-voltage test techniques —~ Part 1 General defintions and les!
requirements

IEC 60243-1-1998, Electrical strength of insuisting materials - Test methods - Part 1 Tests
at power frequencies

IEC 60265-1 1998, High-voltage swiches — Part 1. Switches for rated voltages above 1 kV
and less than 52 kV
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IEC 60270 2000, Partial discharge measurements

IEC 604702000, High-voltage alternating current contactors and contactor-based motor-
starters

|\EC 60480 2004, Guidelines for the checking and treatment of sulfur hexafluoride (SF6) taken
from electrical equipment and specification for its re-use

IEC 60529 1989, Degrees of protection provided by enclosures (iP Cods)

IEC 80694 1996, Common specifications for high-voltage switchgear and controigear 1
standards

Amendment 1 (2000)

Amendment 2 (2001)

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems - Part 0. Calculation of
currents

IEC 60932:1988_ Additional requirements for enclosed switchgear and controlgear from 1 kV
to 72, 5 kV to be used in severe climatic conditions

IEC 82271-100:2001, High-voltage switchgear and controlgear — Part 100: High-voltage
alternating-current circuit-breakers (formerly IEC 60056)

IEC 62271-102:2002, High-voltage switchgear and controlgear — Part 102. Alternating current
disconnectors and earthing switches (formerly IEC 60129)

IEC 62271-105:2002, High-voitage switchgear and controlgear — Part 105: Alternating current
switch-fuse combinations (formerly IEC 60420)

ISONEC Guide 51.1999, Safety aspects — Guidelines for their inclusion in standards

2 Normal and special service conditions
Clause 2 of IEC 60694 is applicable with the following addition:

Unless otherwise specified in this standard, the insulation-enciosed switchgear and
controlgear 1s designed to be used under normal indoor service conditions

NOTE If the ambient temperature exceeds the vaiue for normal service conditions, derating may be necessary,
and testing conditions may be considered.

3 Terms and definitions

For‘ the purposes of this document, the following terms and definitions, as well as the
defimitions of 1EC 60050(441), IEC 60050(151) and IEC 60694 apply, except where indicated.
Some standard definitions are recalied here for ease of reference.

Additional definitions are classified so as to be aligned with the classification system used in
IEC 60050(441) Y

1 A consondated edition is available (2002)
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3.101

switchgear and controigear

general_ term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment also assemblies of such devices and
equipment with associated interconnections, accessories, enciosures and supporting
structures

[IEV 441-11-01]

3.102
assembly (of switchgear and controlgear)

combination of switchgear and/or controlgear completely assembied with all internal electrical
and mechanical interconnections

[IEV 441-12-01]

3.103

insulation-enclosed switchgear and controigear

switchgear and controlgear assembiies with an external insulation enclosure and completely
assembled, except for external connections

[IEV 441-12-06, modified]
NOTE The external insulation may be supplied with a (semi-)conducting layer

3.104

functional unit (of an assembly)

part of insuiation-enclosed switchgear and controigear comprnising all the components of the
main circuits and auxiliary circuits that contribute to the fulfiiment of a singie function

[IEV 441-13-04, modified]

NOTE Functional units may be distinguished according to the function for which they are intended, for exampie.
incoming unit, outgoing umit. etc

3.105

transport unit

part of insulation-enclosed switchgear and controlgear suitable for shipment without being
dismantled

3.106

insulation enclosure

part of insulation-enciosed switchgear and controigear providing a speciied degree of
protection of equipment against externa! influences and a specified degree of protection
against electric shock by limiting the approach to or contact with live parts and against contact
with moving parts.

The main material of the enclosure is of insulating type and, in the case of added conductive
layers, the resistance between any point of the conductive layer to the earthing point provided
may be more than 100 mQ

[IEV 441-13-01, modified]

NOTE |If the resistance of the enclosure of the switchgear and controigear to the earthing point provided s
everywhere less than, or equal to. 100 mQ. I1EC 82271-200 13 apphcabie

3.107
compartment
part of insulation-enciosed switchgear and controigear enciosed except for openings

necessary for interconnection, control or ventiiation

[IEV 441-13-05, modified]
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NOTE 1 Four types of compartments are distinguished three that can be opened. called accessible (see
3107 1/2/3). and one that cannot be opened, called non-accessible (see 3.107 4)

NOTE 2 Compartments are identified according to the main component(s) contained therein, refer to 5 1031

3.107.1

interlock-controlled accessible compartment

compartment containing high-voltage parts, intended to be opened for normal operation
and/or normal maintenance as stated by the manufacturer, in which access is controlled by
integral design of the switchgear and controigear

NOTE Instailation, extension, repairing, etc. are not considered as normal maintenance.

3.107.2

procedure-based accessible compartment

compartment containing high-voitage parts, intended to be opened for normal operation
and/or normal maintenance as stated by the manufacturer, in which access is controlled by a
suitable procedure combined with locking

NOTE installation, extension, repairing, etc. are not considered as normal maintenance.

3.107.3

tool-based accessible compartment

compartment containing high-voltage parts that may be opened, but not for normal operation
and maintenance Special procedures are required. Tools are necessary for opening

3.107.4

non-accessible compartment

compartment containing high-voltage parts, that must not be opened. Opening may destroy
the integrity of the compertment. Clear indication not to open is provided on/by the
compartment

NOTE An insulati beddeYd
compartment’

3.108

partition

part of insulation-enclosed switchgear and controlgear separating one compartment from
other compartments

P it, as defined in 3.114, can generally be qualified as a 'non-accessible

[IEV 441-13-06, modified)

3.109

partition class Pl -

insulation-enclosed switchgear and controigear having one or more non-metallic partitions or
shutters between opened accessiblie compartments and live parts of the main circuit

3.110

shutter

part of insulation-enciosed switchgear and controlgear that can be moved from a position
where it permits contacts of a removable part, or moving contact of a disconnector, to engage
fixed contacts, to a position where it becomes a part of the insulation enclosure or partition
shieiding the fixed contacts

[IEV 441-13-07, modified]

3111

segregation (of conductors)

arrangement of conductors with earthed metal interposed between them in such a manner
that disruptive discharges can only occur to earth
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NOTE A segregation may be established between the conductors as well as between the open contscts of &
switching device or disconnector.

3.112

bushing

structure carrying one or more conductors through an enciosure or partition and insulating it
therefrom, including the means of attachment .

3.113

component

essential part of the main or earthing circuits of insulation-enclosed switchgear and
controlgear which serves a specific function (for exampie, circuit-breaker, disconnector,
switch, fuse, instrument transformer, bushing, busbar)

3.114

insulation-embedded component

component, the live parts of which are integrally surrounded by solid insulation, with the
exception of the terminals, interfaces for driving mechanisms and secondary wiring

NOTE The insulation may form part of the insulation enclosure.

3.11§

main circuit (of an assembly)

_all the conductive parts of insulation-enciosed switchgear and controlgear included in @ circust
which is intended to transmit electrical energy

[IEV 441-13-02, modified])

NOTE Connections to voltage transformers sre not considered pert of the main circuit

3.118

earthing circuit

connection of each earthing device, or points provided for earthing purposes, to the terminal
intended to be connected to the earthing system of the installation

3.117

auxiliary circuit (of an assembly)

8l the conductive parts of insulation-enciosed switchgear and controigear included in a circurt
(other than the main circuit) intended to control, measure, signal and reguiate

[IEV 441-13-03, modified]

NOTE The auxiliary circuits of insulstion-enciosed switchgesr snd controigesr include the control and auxiliery
circuits of the switching devices.

3.118
pressure-relief device
device intended to limit the pressure in a fluid-filled compartment

3.119

fluid-filled compartment

compartment of insulation-encliosed switchgear and controigear filled with a fluid, either ges,
other than ambient air, or liquid, for insulation purposes



ISAEC 62271-201 : 2006

3.119.1
gas-filled compartment

NOTE Refer to 3.6.5.1 of IEC 60864.

3.119.2

liquid-filled compartment o ) o
compartment of insulation-enciosed switchgear and controlgear in which tr_\e liquid is at
atmospheric pressure, or under pressure that is maintained by one of the following systems:

a) Controlled pressure system
b) Closed pressure system

c) Sealed pressure system
NOTE For pressure systems, refer to 3.6.4 of IEC 60694.

3.120
relative pressure
pressure, referred to the standard atmospheric pressure of 101 ,3 kPa

3121

minimum functional level (of fluid-filled compartments)

gas pressure (relative pressure) in Pa (or density) or liquid mass at and above which the rated
values of the insulation-enclosed switchgear and controigear are maintained

3.122

design level (of fluid-filled compartments)

gas pressure (relative pressure) in Pa (or density) or liquid mass used to determine the
design of a gas-filled compartment or mass for a liquid-filled compartment

3123
design temperature (of fluid-filled compartments)
highest temperature which can be reached by the gas or liquid under service conditions

3.124

ambient air temperature (of insulation-enclosed switchgear and controigear)
temperature, determined under prescribed conditions, of the air surrounding the enclosure of
insulation-enciosed switchgear and controigear

3.128

removabie part

part of insulation-encliosed switchgear and controigear connected to the main circuit and that
may be removed entirely from the insulation-enclosed switchgear and controlgear and
replaced, even though the main circuit of the functional unit is energized

[IEV 441-13-08, modified]

3.12¢
withdrawabile part
removable part of insulation-enciosed switchgear and controigear that can be moved to

positions in which an isolating distance or segregation between open contacts is established,
while the part remains mechanically attached to the enclosure

(IEV 441-13-09, modified]
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3.127

sen_:lpe position (connected position ) (of a removable part)
position of a removable part in which it is fully connected for its intended function

[IEV 441-16-25]

3.128

earthing position (of a removable part)

position of a removable part or state of a disconnector in which the closing of 8 mechanical
switching device causes a main circuit to be short-circuited and earthed

[IEV 441-16-26, modified)

3.129

test position (of a withdrawabie part)

position of a withdrawable part in which an isolating distance or segregation is established in
the main circuit and in which the auxiliary circuits are connected

(IEV 441-16-27]

3.130

disconnected position (of a withdrawable part)

position of a withdrawabie part in which an isolating distance or segregation 1s estabished in
the circuits of the withdrawable part, that part remaining mechanically sttached to the
enclosure

[IEV 441-16-28, modified]

NOTE In high-voltage insulation-enciosed switchgesr and controigeer, the auxiiary cwcuits may not be
disconnected.

3.131

removed position (of a removable part)

position of a removable part when it is outside and mechanically and electrically separated
from the enclosure

[IEV 441-16-29, modified]

3.132

loss of service continuity category

LSC

category defining the possibility to keep other compartments and/or functional units energized
when opening a main circuit compartment

NOTE 1 The LSC category describes the extent to which the switchgear and controigesr are intended to remain
operational in case accees to a main-circut partment is r y The extent to which # i conswdered
necessary to open main-circuit compartments with a live instalistion might be dependent on severai aspects (refer
to 8.2).

NOTE 2 The LSC category does not describe ranks of reliability of switchgesr and controigear (refer to 8 2)

3.132.1

category LSC2 switchgear and controigear

switchgear and controigear having accessible compartments other than the busbar
compartment of a single busbar switchgear and controigear

For insulation-enciosed switchgear and controigear, when any accessible compartment in 8
functional unit is open, all other functionsi units are intended to remain energized and
operated normally. An exception spplies in the case of the busbar compartment of single-
busbar switchgear and controigear which, when opened, prevents service continuity
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Two subdivisions are recognized:

LSC28: switchgear and controigear of category LSC2 where the cable compartment is
also intended to remain energized when any other accessible compartment of the
corresponding functional unit is open.

LSC2A: LSC2 switchgear and controlgear, other than LSC2B.

3.132.2
category LSC1 switchgear and controigear
insulstion-enclosed switchgear and controlgear other than category LSC2

3.133

internal arc classified switchgear and controigear

IAC

insulation-enclosed switchgear and controigear for which prescribed criteria for protection of
persons are met in the event of internal arc as demonstrated by the appropriate tests

NOTE Refer to Annex A for additional information.

314

degree of protection

extent of protection provided by an insulation enclosure, partition or shutter if applicable
against access to hazardous parts, against ingress of solid foreign objects and/or ingress of
water and verified by standardized test methods.

[IEC 80529:1989, definition 3.3, modified]

3.135

rated value

quantity value assigned, generally by a manufacturer, for a specified operating condition of a
component device or equipment

[IEV 151-18-08, modified]
NOTE Refer to Clause 4 for individual rated values.

3.13¢
disruptive discharge
phenomena associated with the failure of insulation under electric stress, in which the

discharge completely bridges the insulation under test, reducing the voltage between the
electrodes to zero or nearly to zero *

NOTE 1 The term applies to discharges in solid, liquid and gaseous dielectrics and to combinations of these.

NOTE 2 A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-self-
restoring insulation); in a liquid or gaseous dislectric, the loss may be only temporary (self-restoring insulation).

NOTE 3 The term “sperkover” is use when a disruptive discharge occurs in a gaseous or liquid dielectric;

~ the erm :'hshonr' is uud when a disruptive discharge occurs over the surface of a solid dielectric in 2

- the term “puncture” is used when a disruptive discharge occurs through a solid dielectric.

3.137
electric shock

physiological effect resuiting from an electric current through a human or animal body
{IEV 185-01-04]
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3.138
protection grade against electric shock
grade of protection of the insulation enclosure against electric shock

3.138.1

protection grade PA

for protection grade PA the insulation is generally sufficient for those parts of the enclosure
which are touched by persons only accidentally or inadvertently

3.138.2

protection grade PB

protection grade PB is considered as suitabie for parts which are habie to be touched Two
different designs for class PB are recognized

e« PB1 with an extra insulation in addition to the grade PA insulation, as a safeguard In case
the protection grade PA insulation is damaged,

e PB2 with an earthed conductive cover/layer in addition to the grade PA insuistion The
resistance between the points of this conductive layer that are liable to be touched, to the
earthing point provided shall be less than 100 m{) (refer to 3 106)

4 Ratings

The ratings of insulation-enclosed switchgear and controigear are the following

a) rated voltage (U,) and number of phases

b) rated insulation level,

c) rated frequency (/}),

d) rated normal current (/) (for main circuits),

e) rated short-time withstand current (/,) (for main and earthing circuits),

f) rated peak withstand current (/). if applicable (for main and earthing circuits),
g) rated duration of short circuit (1, ) (for main and earthing circuits),

h) rated values of the components forming part of the insulation-enclosed switchgea: and
controigear including their operating devices and auxiliary equipment

i) rated filing level (of fluid-filled compartments)

4.1 Rated voltage (U,)
Subclauses 4.1 and 4. 1.1 of IEC 60694 are applicable

NOTE Components forming part of insulstion-enciosed switchgear and controlgear may have individusi vatues of
rated voitage in sccordance with their relevant standards

4.2 Rated insulation level

Subclause 4 2 of IEC 60694 is applicable

4.3 Rated frequency (/;)
Subclause 4.3 of IEC 60694 is applicable
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4.4 Rated normal current and temperature rise
4.4.1 Rated normal current (/)
Subciause 4 4 1 of IEC 80694 is applicable with the following addition:

Some main circuits of insulation-enclosed switchgear and controigear (for exampie, busbars,
feeder circuits) may have differing values of rated normail current.

4.4.2 Temperature rise
Subclause 4.4 2 of IEC 60694 is applicable with the following addition:

The temperature nse of components contained in the insulation-enclosed switchgear and
controigear which are subject to individual specifications not covered by the scope of
IEC 60694 shall not exceed the temperature-rise limits permitted in the relevant standard for
that component.

The maximum permissible temperatures and temperature rises to be taken into account for
busbars are those specified for contacts, connections and metal parts in contact with
insulation, as the case may be.

The temperature rise for accessible enclosures and covers shall not exceed 30 K for metal
surfaces and 40 K for insulation surfaces. In the case of enclosures and covers that are

accessibie but need not be touched during normal operation, the temperature-rise limit may
be increased by 10 K, if not accessible to public.

4.5 Rated short-time withstand current (/)

Subclause 4 5 of IEC 60694 is applicable with the foliowing addition:

A rated short-time withstand current shall also be assigned to the earthing circuit. This value
may differ from that of the main circuit.

4.6 Rated peak withstand current (7p)

Subclause 4 8 of IEC 60694 is applicable with the following addition:

A rated peak withstand current shall also be assigned to the earthing circuit. This value may
differ from that of the main circuit,

NOTE In principle the rated short-time withstand current and the rated peak withstand current of a main circuit

A d the corresponding rated vaiues of the weakest of its series connected components. However, for
each ciwcut or partment, sdvantage may be taken of apparstus limiting the short-circuit current, such as
current-limiting fuses, reaciors, etc.

4.7 Rated duration of short circuit (¢,)

Subclause 4 7 of IEC 60694 is applicable with the following addition:

A rated duration of short circuit shall aiso be assigned to the earthing circuit. This value may
differ from that of the main circuit.

4.8 Rated supply voitage of closing and opening devices and of auxiliary and control
circuits (Ug)

Subclause 4 8 of IEC 60894 is applicable

10
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4.9 Rated supply frequency of operating devices and of auxiliary and control circuits
Subclause 4.9 of IEC 60694 is applicable

4.10 Rated pressure of compressed gas supply for insulation and/or operation
Subclause 4.10 of IEC 60694 is applicable

4.10.1 Rated filling level (of fluid-filled compartments)

The pressure (relative pressure) in Pa (or density) or liqud mass assigned by the
manufacturer referred to atmospheric air conditions of 20 °C at which the gas- or hquid-filled
compartment is filled before being put into service.

§ Design and construction

Insulation-enclosed switchgear and controigear shall be designed so that normal service,
inspection and maintenance operations, determination of the energized or de-energized state
of the main circuit, including the usual checking of phase sequence, earthing of connected
cables, locating of cable faults, voltage tests on connected cables or other apparatus and the
elimination of electrostatic charges that may result in electric shock, can be carried out safely

For insulation-enclosed switchgear and controigear it is necessary to tske into account
condensation and humidity conditions because such equipment has to be safe for persons
touching it, not only in a dry state, but also with condensation on insulation surfaces

All removable parts and components of the same type, rating and construction shall be
mechanically and electrically interchangeable.

Removable parts and components of equal or greater current and insulstion ratings may be
installed in place of removable parts and components of equai or lesser current and insulation
ratings where the design of these removable parts and components and compartment aliows
mechanical interchangeability. This does not generally apply for current-limiting devices

NOTE instafling a removable part or component of 8 higher rating does not ne ily & the capabilities
of a functional unit or imply the functions! unit is capable of ocperstion st the incressed ratings of the removable
part or component.

The various components within the mtiu!lu'on enciosure are subject to the individual
specifications applying to them.

For main circuits with current-limiting fuses, the manufacturer of the switchgear and
controlgear may assign the fused short-circuit current

5.1 Requirements for liquids in switchgear and controigear
Subcilause 5.1 of IEC 60694 is applicable.

1
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5.2 Requirements for gases in switchgear and controlgear

Subclause 5 2 of IEC 60694 is applicable with the following addition:

Sulphur hexafluoride (SF6) complying with IEC 60480 may be used.

NOTE For handling of SF§, refer to IEC 61634.

5.3 Earthing of switchgear and controigear
Subclause 5 3. of IEC 60694 is applicable with the following addition:

All accessible metal parts, which do not belong to a main or auxiliary circuit and which can
‘collect electric charges that may result in electrical shock, shall be connected to the earthing
terminal direct or through metallic structural parts. Thereupon, metallic frames and conductive
layers shall always be connected to the earthing terminal direct or through metallic structural
parts.

The short-circuit current ratings applicable to the earthing circuit depend upon the type of
system neutral earthing for which it is intended.

NOTE 1 For systems with solidly earthed neutral the maximum short-circuit current of the earthing circuit may
reach leveis up to the rated short-time withstand current of the main circuit.

NOTE 2 For systems with other than solidly earthed neutral the maximum short-time current of the earthing circuit
may reach levels up to 87 % of the rated short-time withstand current of the main circuit (short circuit under
conditions of double-earth fault).

Tne earthing circuit is normally designed for a single short-circuit withstand.

5.3.1 Earthing of the main circuit

To ensure pen_onnol prota_ction during maintenance work, all parts of the main circuit to which
access is required or provided shall be capable of being earthed prior to becoming accessible.

This does not apply to removable parts which become accessible after being separated from
the switchgear and controlgear

5.3.2 Earthing conductor

An earthing conductor shall be provided extending the whole len i i

gth of the insulation-encloged
switchgear and comru;gear The current density in the earthing conductor, if of copper, shall
not c;cced 200 A/mm? for a rated duration of short circuit of 1 s, and 125 A/mm2 for a rated
duration of short circuit of 3 s However, its cross-section shall be not less than 30 mm?

It shail be terminated by an adequate terminal intende i
ol d for connection to the earth system of

if the ealllllllg COIIdUC or 18 not ”lade 01 co T equiv
)
t ppe q ale"t “le”"al a"d "'eCha“'ca|

NOTE As ance, refe i . 2
Eeame gcl.;.dm . reference is made to a method of calcutating cross-sectional areas of conductors given in

5.3.3 Earthing of earthing devices

Where earthing connections have to carry the full three-phase short-circuit current (as in the

case of the short-circuiting connections use i i i
oAl e e d for earthing devices), these connections shall be

12
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5.3.4 Earthing of withdrawable and removable parts
The normally earthed metallic parts of a withdrawabie part shall remain connected to earth in

the test and disconnected positions and in any intermediate position Connections to earth in
any position shall not exceed 100 m() resistance (at 30 A d ¢ ) to the earthing point provided

NOTE This demand on resistance does not apply to field steering conductive layers where grade PA 1s apphcable
(refer to 3.138.1).

On insertion, the normally earthed metallic parts of a removabie part shall be connected to
earth prior to the making of the contacts of the fixed and removable parts of the main circurt

If the withdrawable or removable part includes any earthing device; intended to earth the main

circuit, then the earthing connection in the service position shall be considered as part of the
earthing circuit with associated rated values (4.5, 46 and 4 7)

5.4 Auxiliary and control equipment
Subclause 5.4 of IEC 60694 is applicable.

5.5 Dependent power closing
Subclause 5.5 of IEC 60694 is applicable.

5.6 Stored energy closing
Subclause 5.6 of IEC 60694 is applicable.

5.7 Independent manual operation
Subclause 5.7 of IEC 60894 is applicable.

5.8 Operation of releases
Subctause 5.8 of IEC 60894 is applicable.

59 Low- and high-pressure interiocking and monitoring devices
Subclause 5.9 of IEC 60684 is applicable.

8.10 Namepiates
Subciause 5.10 of IEC 60694 is applicabie with the following additions:

insulation-enciosed switchgear and controigear shall be provided with durabie and clesrly
legibie namepiates which shail contain the information in accordance with Table 1.

13
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Table 1 - Nameplate information

Abbrevistion Unit .- Condition:
Marking only required if
(1) ) (3) 4) (5)

Manufacturer X
Type designation X
Serisl number X
Instruction book reference X
Year of manufacture X
Applicadle standard X
Rated voltage U, kv X
Rated frequency e Hz X
Rated lightning impuise withstand voltage Up KV X
Rated power frequency withstand voltage Uy kV X
Rated normal current I A X
Rated short-time withstand current Iy kA X
(tor main and earthing circuits)
Rated pesk withstand current Iy kA Y Different from 2,5 for 50 Hz
(Tfor man and earthing circuits) and 2.6 for 60 Hz
Rated duration of short circuit Iy s X
(for mein and earthing circuits)
Mass of main insulating material kg X
Rated filling levei for insulstion Pre Pa (X)

or kg
Alarm level for insulation Poe Pa X)

or kg
Minimum functional level for insulation Pra Pa (X)

or kg
Meass of insulsting fluid kg x)
internai arc classification IAC {X)
Accessibliity type (code) A(F.LR), {X)

B(F.L.R)

orC
Arc test curtent kA x)
Are test current durstion s (X)

(°") X = the marking of these velues is mandstory;
(X) = the marking of these values is ss applicable;
y = conditions for the marking of these values are given in column S.

NOTE 1 The sbbrevistion in column (2) may be used instead of the terms in column (1).
NOTE 2 When terms in column (1) are used, the word “rated” need not appear.

The namepiates of each functional unit shall be legible during normal service. The removable
parts, if any, shall have a separate nameplate with the data relating to the functional units
they belong to, but this nameplate need only be legible when the removabie part is in the

removed position.

14
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5.11 Interlocking devices

Subclause 5.11 of IEC 60694 is applicable with the following additions’

Interlocks between different components of the equipment are provided for reasons of

protection and for convenience of operation. The following provisions are mandatory for main
circuits:

a)

b)

Insulation-enclosed switchgear and controlgear with removable parts-

The withdrawal or engagement of a circuit-breaker, switch or contactor shail be prevented
unless it is in the open position

The operation of a circuit-breaker, switch or contactor shali be prevented uniess it is only
in the service, disconnected, removed, test or earthing position.

The interlock shall prevent the closing of the circuit-breaker, switch or contactor in the
service position unless any auxiliary circuits associated with the automatic opening of
these devices are connected. Conversely, it shall prevent the disconnection of the
auxiliary circuits with the circuit-breaker closed in the service position.

Insulation-enclosed switchgear and controigear provided with disconnectors

Interlocks shall be provided to prevent operation of disconnectors under conditions other
than those for which they are intended (refer to IEC 62271-102) The operation of a
disconnector shail be prevented uniess the circuit-breaker, switch or contactor is in the
open position

NOTE 1 This rule may be disregarded if it is possible to have a busbar transfer in a double busbar sy
without current interruption.

The operation of the circuit-breaker, switch or contactor shall be prevented uniess the
associated disconnector is in the closed, open or earthing position (if provided)

The provision of additional or alternative interlocks shall be subject to agreement between
manufacturer and user. The manufacturer shail give all necessary information on the
character and function of interlocks.

Earthing switches having a rated short-circuit making capacity less than the rated peak
withstand current of the main circuit should be interlocked with the associsted
disconnectors.

Apparatus instailed in main circuits, the incorrect operation of which can cause damage or
which are used for securing isolating distances during maintenance work, shall be
provided with locking facilities (for example provision for padiocks)

If the earthing of a circuit is provided by the main switching device (circuit-breaker, swtch
or contactor) in series with an earthing switch, the earthing switch shall be interlocked with
the main switching device. Provision shall be made for the main switching device to be
secured against unintentional opening, for exampie, by disconnection of tripping circuits
and blocking of the mechanical trip

NCTE 2 instead of an earthing switch, siso 8 dis tor in the earthing position is possidle

if non-mechanical interlocks are provided, the design shall be such that no improper
situations can occur in case of lack of auxiliary supply However, for emergency control,

the manufacturer may provide additional means for manual operation without interlocking
facilities. In such case, the manufacturer shall ciearly identify this facility and define the

procedures for operation.

5.12 Position indication

Subclause 5.12 of IEC 60694 is applicable.

15
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$.13 Degrees of protection by enciosures

Subclause 5 13 of IEC 60694 is applicable However for 513.3, the impact energy Is limited
to1J

5.14 Creepage distances
Subciause 5.14 of IEC 60694 is applicable.

5.15 Gas and vacuum tightness
Subclause 5.15 of IEC 60694 is applicable with the following addition:

Refer t0 5.103.2.3.

5.16 Liquid tightness
Subclause 5 16 of IEC 60694 is applicable with the following addition:

Refer to 5.103.2.3.

5.17 Flammability
Subclause 5 17 of IEC 80694 is applicable.

5.18 Electromagnetic compatibiiity (EMC)
Subciause 5 18 of IEC 60694 is applicable.

5.101 Internal fault

Insulation-enclosed switchgear and controlgear that satisfies the requirements of this
standard, is designed and manufactured, in principle, to prevent the occurrence of internal
faults.

The user shall make a proper selection, according to the characteristics of the network,
opersting procedures and service conditions, refer to 8.3.

it the switchgear and controlgear is installed, operated and maintained following the
instructions of the manufacturer, there should be little probability that an internal arc occurs
during its entire service life, but it cannot be completely disregarded.

Failure within the enciosure of insulation-enclosed switchgear and controlgear due either to a
defect or an exceptions! service condition or mal-operation may initiate an internal arc, which
constitutes a hazard, if persons are present.

Experience has shown that faults are more likely to occur in some locations inside an
enclosure than in others. Table 8.1 in Clause 8 gives a list of such locations, causes of failure
and possibie measures o decrease the probability of internal faults.

Other measures may be adopted to provide the highest possible level of protection to persons

in case of an internal arc. These measures are aimed to limit the external consequences of
such an event.

The following are some examples of these measures.

Rapid fault clesrance times initiated by detectors sensitive to light, pressure or heat or by a
differential busbar protection.
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— Application of suitable fuses in combination with switching devices to limit the let-through
current and faulit duration.

— Fast elirr_!ination of arc by diverting it to metallic short circuit by means of fast sensing and
fast closing devices (arc eliminator)

- Remote controi.
~ Pressure relief device.

— Transfer of a withdrawable part to or from the service position only when the front door 18
closed.

The effectiveness of the design for providing the prescribed level of protection of persons in
case of an internal arc, occurring entirely in air within the enciosure of the insulation-enclosed
switchgear and controlgear, can be verified by testing according to Annex A Designs which
have been successfully tested qualify as IAC classified.

5.102 Insulation enclosure
5.102.1 General

The complete insulation enclosure as well as the materials used in the construction shall be
capable of withstanding the mechanical, electrical and thermal stresses as well as the effects
of humidity and ageing which are likely to be encountered in normal service conditions.

The main parts of the insulation enciosure may be considered as consisting of non-seif-
restoring insulation.

When the insulation-enciosed switchgear and controigear is instalied, the enciosure shall
provide at least the degree of protection IP 2X, according IEC 80529. The walls and the floor
of a room shall not be considered as parts of the enclosure.

Parts of the enclosure bordering non-accessible compartments shall be provided with a clear
indication not to be dismantied

The compiete insulation enciosure shall aiso ensure protection in accordance with the
following conditions.

5.102.2 Protection grade of the insulation enclosure against electric shock

The insulation enclosure shall provide protection of persons against electric shock when
touching the enclosure or operating insulation-enciosed switchgear and controigear. The
following two grades of protection are distinguished.

Protection grade PA with an insulation which meets ail the requirements given in the items a)
to d) of 5.102.3 is generally sufficient for those parts of the enclosure which are touched by
persons only accidentally or inadvertently.

Protection grade PB is considered as suitable for parts which are lisble to be touched when
operating, when replacing removabie parts or when carrying out other normal maintenance
work. Two different designs for grade PB are distinguished:

e PB1 with an insulation which meets, in addition to those of protection grade PA, the
requirements given in item @) or f) of 5.102.3 as a safeguard in case the protection grade
PA insulation is damaged.

17
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e PB2 with an insulation of protection grade PA, supplied with an eaﬁhed condqctlve_ cover
or layer. This earthed conductive cover of Jayer shall meet the yequurements glven cq |tem
g) of 5102 3 as a safeguard to demonstrate that the protection grade PA insulation is
sufficient.

5.102.3 Requirements for protection grades

Reference is made to the informative Annex D for clarification.

For protection grade PA, the insulation enclosure shall meet the following requirements:

a) The insulation between parts of the main circuit and the accessible surface of the
insulation enclosure of the total assembly shall be capable of withstanding the test
voltages specified in 6.2.6 for dielectric tests to earth and between phases.

b) Apart from mechanical considerations, the thickness of the insulating material of insulation
enclosures shall be sufficient to withstand the test voitages specified in item a). The
methods specified in IEC 60243 should be applied to the tests to meet the relevant
requirements.

c) The insulation between live parts of the main circuit and the inner surface of insulating
partitions and shutters facing these shall withstand at least 150 % of the rated voltage of
the equipment.

d) Capacitive and leakage currents shall not be greater than 0,5 mA under the specified test
conditions (refer to 6 104 2) Leakage currents may reach the accessible side of the
insulation by a continuous path over insulating surfaces or by a path broken only by small
gaps of gas or liquid

For protection grade PB1, the requirements of protection grade PA and one of the following
additional requirements shail be met by the insulation enclosure.

e) The insulation enclosure shall consist of at least two layers of insulating material, one of
which shall comply with the requirements of item b). The other layer shall be abie to
withstand only a 1 min power-frequency test voltage equal to 150 % of the rated voltage.
it shail not be possible to remove the additional insulation without the aid of a tool.

f) Theinsulation enclosure contains a fluid insulant or ambient air. In these cases, it shall be
ensured that the insulation of the main circuit with respect to the internai surface of the
insulation enclosure is capable of withstanding a 1 min power-frequency test voltage
equal to 150 % of the rated voitage, even when the gaseous or liquid insulant is replaced
by ambient air at normal atmospheric pressure.

NOTE 1 In this case, the extra requir t for PB protection is achieved on the inside of the PA protection.
Refer aiso to Figure D.2b in Annex D

For protection grade PB2, the requirements of protection grade PA and the following
additional requirement shall be met.

9) The resistance of earthed conductive cover or layer shall be maximum 100 mQ (at 30 A
d ¢ ) to the earthing point provided.

NOTE 2 If the grade PB2 is complete for the whole switchgear, IEC 62271-200 is applicabie.

NOTE 3 If the resistance of the earthed conductive cover or layer to the earth int i is hi
then 100 mQ (st 30 A d.c ) grade PA is applicable. Y ST e T

§.102.4 Covers and doors

When covers lngi doors _that are parts of the enclosure are closed, they shall provide the
degree of protection specified for the insulation enclosure.

18
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When ventilating openings, vent outiets or inspection windows are incotrporated tn the cover
or door, reference 1s made to 5 102 6/7

Several categories of covers or doors are recognized with regard to the type of accessibie
compartments to which they provide access

a) Covers or doors that give access to tool-based accessible compartments They need not
be opened for the normal purposes of operation or maintenance (fixed covers) it shail not
be possible foi them to be opened, dismantied or removed without the use of tools

NOTE 1 They should be opened oniy when precautions to ensure eiectrical safety have boen taken

NOTE 2 Attention shouid be paid to the requirement (f any) to carry out operation of the switching devices
without voltage/current on the main circuit with doors and covers open s part of the maintenance procedures

b) Covers or doors that give access to interlock-controlled accessible or procedure-based
accessible compartments These covers or doors shail be provided if there.is a need to
access the compartment for normal operation and/or normal maintenance as stated by the
manufacturer. These covers or doors shall not require tools for their opening or removal
and shall have the following features

Interlock controlled accessible compartments These shall be provided with interlocking
devices so that opening of the compartment shail only be possible when the part of the
main circuit contained in the compartment being made accessibie 1s dead and earthed,
or in the disconnected position with corresponding shutters ciosed,

Procedure-based accessible compartments these shall be provided with provision for
locking, for example, padiocking
NOTE 3 Suitable procedures should be put in place by the user to ensure that s procedure-based accessibie
compartment may be opened only when the part of the main Circuit contained in the compartment being made

accessible is dead and earthed, or in the disconnected position with corresponding shutters closed
Procedures may be dictated by legisiation of the country of instailation of by user safety documentation

5.102.5 Partition or shutter being part of the enclosure

If partitions or shutters become part of the enclosure with the removable part in any of the
positions defined in 3 128 to 3 131, they shall provide the degree of protection specified for
the enclosure In this case shutters also shall meet the requirements specified for protection
grade PB, if iable to be touched

NOTE 1 A partition or shutter becomes a part of the enciosure. if it i3 access:ble 1n any of the positions defined in
3 128 to 3 131 and if no door is provided which can be ciosed in the positions defined in 3 127 to 3 131

NOTE 2 If a door 1s provided which can be closed in the posstions defined in 3 127 to 3 131 the partstion or shutter
behind the door is not considered to be a part of the enclosure

5.102.6 Inspection windows

inspection windows shall provide at least the degree of protecton specified for the enciosure

Inspection windows shall be covered by transparent sheets of mechanical strength
comparable to that of the insulation enclosure They shall meet at least the requirements of
insulation enclosures specified for protection grade PB

5.102.7 Ventilating openings, vent outlets

Ventilating openings and vent outlets shall be so arranged or shieided that the same degree
of protection as that specified for the insulation enclosure 13 obtained Such openings may
make use of wire mesh or the hke provided that it is of suitable mechanical strength
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Ventilatng openings and vent outiets shall be arranged in such a way that gas or vapour
escaping under pressure does not endanger the operator.

5.103 Compartments
5.103.1 General

A compartment shall be designated by the main component contained therein, for example,
circuit-breaker compartment, busbar compartment, cable compartment, etc.

Where cable terminations are contained in a compartment with other _maiq components (for
example, circuit-breaker, busbars, etc) then the designation shall primarily be that of the
other main component.

NOTE Compartments may be further identified according to the several components enclosed, for example,
cabie/CT compartment, etc.

Compartments may be of various types, for example:

- hquid-filled,
- gas-filled;
- sohd-insulation.

Main components individually embedded in solid insulating material are considered as
compartments

Openings necessary for interconnection between compartments shall be closed with bushings
or other equivalent means

Busbar compartments may extend through several functional units without the need for
bushings or other equivalent means However, in case of LSC2, separate compartments shall
be provided for each set of busbars, for example, in double busbar systems and for sections
of switchable or disconnectable busbars

5.103.2 Fiuid-filled compartments (gas or liquid)
5.103.2.1 General

Compartments shall be capable of withstanding the normal and transient pressures to which
they are subjected in service

Gas-filled compartments, when permanently pressurized in service, are subjected to particular
conditons of service which distinguish them from compressed air receivers and similar
storage vessels These conditions are as follows

Gas-filled compartments are normally filled with a non-corrosive gas, thoroughly dried,
stable and inert, since measures to maintain the gas in this condition with only smali
fluctuations in pressure are fundamental to the aperation of the switchgear and controlgear
and since the compartments will not be subjected to internal corrosion, there is no need to
make allowances for these factors in determining the design of the compartments.

- The design pressure is beiow, or equal to, 300 kPa (relative pressure)

PEPT YT PR
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5.103.2.2 Design

The design of a fluid-filled compartment shall be based on the nature of the tiuid. the design
temperature and, when applicable, on the design level as defined in this standard

The design temperature of the fluid-filled compartment 1s generally the upper limit of ambient
air temperature increased by the temperature rise of the fluid due to the flow of rated normal
current. The design pressure of the enclosure shali not be iess than the upper iimit of the
pressure reached within the enclosure at the design temperature

Account shall be taken of the possibility of the occurrence of an internal fault (refer to 5 101)
and the following for fiuid-filled compartments

a) the full differential pressure possible across the compartment walls or partitions, including
any evacuation process if used during filling or maintenance operations,

b) the resulting pressure in the event of an accidental leak between the compartments in the
case of adjacent compartments having different service pressures

5.103.2.3 Tightness

The manufacturer shall state the pressure system used and the permissibie leakage rate for
the fluid-filled compartments (refer to 5 15 and 5 16 of IEC 60694)

If requested by the user, in order to permit entry to a fluid-filled compartment of closed or
controlled pressure systems, the permissible leakage across partitons should aiso be stated
by the manufacturer.

For gas-filled compartments where the minimum functional level exceeds 100 kPa (relative
pressure), an indication should be provided when the pressure at 20 °C has fsiien beiow the
minimum functional level (refer to 3 121)

A partition, separating a compartment filled with insulating gas from a neighbouring compart-
ment filled with liquid, such as a cabie box or a voltage transformer, shail not show any
leakage affecting the dielectric properties of the two media

5.103.2.4 Pressure relief of fluid-filled compartments

Where pressure-relief devices or designs are provided, they shall be arranged so as to
minimize the danger to an operator during the time that he 1s performing his normal operating
duties if gases or vapours are escaping under pressure The pressure-relief devices shall not
operate below 1,3 times the design pressure The pressure-relief device may be a designed,
for example, weak area, of the compartment or a dedicated device, for example, a bursting
disc

5.103.3 Partitions and shutters

For the purpose of this standard, only class Pl s defined for partihons and shutters between
opened compartments and live parts of the main circuit, refer to 3 109

Partitions and shutters shall provide at least the degree of protection IP2X according to
IEC 60529

Partitions shall provide mechanical protection against the normal gas pressure still presentn
the adjacent compartment (if applicable)

21



ISAEC 62271-201 : 2006

Conductors passing through partiions shall be provided with bushings or other equivalent
means to provide the required IP level

Openings in the enciosure of insulation-encliosed switchgear and controlgear and in the
partitions of compartments through which contacts of removable or withdrawable parts
engage fixed contacts shall be provided with automatic shutters operated in normal service
operations to assure the protection of persons in any of the positions defined in 3 127 to
3 131 Means shall be provided to ensure the reliable operation of the shutters, for example,
by a mechanical drive, where the movement of the shutters is positively driven by the
movement of the removable or withdrawable part

For removable parts that are not withdrawabile, positions accoruing to 3 128, 3.129 and 3.130
are not applicable In this case a temporary inserted partition is also allowed

The status of shutters may not in all situations be readily confirmed from an open compart-
ment, (for example, cable compartment open but shutters mounted in breaker compartment)
in such situations, verification of the shutter status may require access to the second
compartment or provision of a inspection window or reliabie indicating device.

iIf, for maintenance or test purposes, there is a requirement that one or more sets of fixed
contacts shall be accessible through opened shutters, the shutters shall be provided with
means of locking each set independently in the closed position. When, for maintenance or
test purposes, the automatic closing of shutters is made inoperative in order to retain them in
the open position, 1t shall not be possible to return the switching device to the service position
until the automatic operation of the shutters i1s restored This restoration may be achieved by
the action of returning the switching device to the service position.

it may be poss:bie to use a temporary inserted partitton to prevent the live set of fixed
contacts being exposed, refer to 10.4

5.104 Removable parts

Removable parts for ensuring the isolating distance between the high-voltage conductors
shall comply with IEC 62271-102, except for mechanical operation tests (refer to 6 102 and
7.102) This disconnection facility 1s intended for maintenance purposes only

It removable parts are intended to be used as a disconnector or intended to be removed and
repiaced more often than only for maintenance purposes, then testing shall also include the
mechanical operation tests according to IEC 62271-102

The requirement that it shall be possibie to know the operating position of the disconnector or
earthing switch 1s met if one of the following conditions is fulfilled

- thesolating distance is visible,

— the position of the withdrawable part, in relation to the fixed part, is clearly visible and the
positions corresponding to full connection and full isolation are clearly identified;

- the position of the withdrawabie part is indicated by a reliable indicating device.

NOTE 1 in some countries regulations require that the 1solating distance is visible
NOTE 2 Referto IEC 62271-102
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Any removable part shall be so attached to the fixed part that its contacts will not open n-
advertently due to forces which may occur in service, in particular those due to 8 short circurt

In switchgear and controigear |AC classified, the transfer of withdrawable parts to of from the
service position shall be carried out without reduction of the specified level of protection in the
event of an internal arc. This 1s achieved, for example, when the operation is only possibie
when doors and ccvers intended to ensure personnel protection are closed Other design
measures providing equivalent level of protection are acceptable The effectiveness of the
adopted design shall be verified by testing (see Clause A 1)

Leakage currents across the isolating distance shall not exceed 0,5 mA The measurement of
leakage currents shall be carried out in accordance with the method specified in 6 104 2

5.105 Provisions for dielectric tests on cables

When it is not practical to disconnect the cable from the insulation-enclosed switchgear and
controlgear, those parts which remain connected to the cable shall be capabie of withstanding
the cable test voltages as stated by the manufacturer and based upon the reievant cabie
standards. That is, when one side of the isolating gap is energized at norma! system voltage
to earth and tests are being carried out on the cable connected to the other side of the
isolating gap

Refer to the dielectric test defined in 6.2 101
NOTE Attention is drawn to the fact that practically no safety margin s left in some cases between the rsted
power-frequency test voltage for the isolating distance and the resulting voltage stress across the isolating

distance due to the application of the cabile test voitage, if the othar side of the isolating distance of the switchgear
and controlgear is still live.

6 Type tests

6.1 General

Subclause 6 1 of IEC 60694 i1s applicable with following additions

Components contained in insulation-enciosed switchgear and controigear which are subject to
individual specifications not covered by the scope of IEC 60694 shall comply with, and be
tested in accordance with, those specifications, taking into account the following subclauses

The type tests shall be made on a representative functional unit Because of the variety of
types, rating and possible combinations of components, it 8 not practicable to make type
tests with all arrangements of the switchgear and controlgear The performance of any
particular arrangement may be substantiated by test data of comparabie arrangements

NOTE A represantative functions! unit may take the form of one extensible unit. However, ¢t may be necessary to
bolt two or three of such units together

The type tests and verifications comprise

Subclause
Mandatory type tests:
a) Tests to verify the insulation level of the equipment 62
b) Test to prove the temperature rise of any part of the equipment and 65and6 4

measurement of the resistance of circuits
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Subclause

c) Tests to prove the capability of the main and earthing 9ircuuts to be 66
subjected to the rated peak and the rated short-time withstand currents

d) Tests to prove the making and breaking capacity of the included switching 6.101

devices

e) Tests to prove the satisfactory operation of the included switching devices 6.102
and removable parts

f)  Tests to verify the protection of persons against approach to hazqrdous 6.7
parts and the protection of the equipment against solid foreign objects

g) Tests to verify the protection of persons against electric shock 6.104

h) Tests to detect certain defects in the solid insulation of the equipment by 6.2.9

the measurement of partial discharges

Mandatory type tests, where applicable:

1) Tests to verify the strength of gas-filled compartments 6.103
j)  Tightness tests of gas- or liquid-filed compartments 6.8
k) Tests to assess the effects of arcing due to an internal fault (for 6.105

switchgear and controlgear classification |IAC)
1)  Electromagnetic compatibility tests (EMC) 6.9

Optional type tests (subject to agreement between manufacturer and user):

m) Tests to verify the protection of the equipment against mechanical impact 6.7
n) Tests to verify the thermal stability of insulating materials 6.106
o) Tests to assess the effects of condensation on insulation surfaces 6.107
p) Artificial pollution tests 628
q) Dielectric tests on cable testing circuits 6.2.101

Type tests may impair the suitability of the tested parts for subsequent use in service.

Therefore, specimens used for type test shall not be used in service without agreement
between manufacturer and user

8.1.1 Grouping of tests

Subciause 6.1.1 of IEC 60694 is applicable with the following modification:

The mandatory type tests (not including items k) and 1) shall be carried out on a maximum of
four test specimens

8.1.2 Information for identification of specimens
Subclause 8 1 2 of IEC 60694 is applicable.

6.1.3 information to be included in type-test reports
Subclause 6 1.3 of IEC 60694 is applicable
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6.2 Dielectric tests

Subclause 6 2 of IEC 60694 is applicable

6.2.1 Ambient air conditions during tests

Subciause 6.2.1 of IEC 60694 is applicable

6.2.2 Wet test procedure

IEC 60694 is not applicable as insulation-enclosed switchgear and controigear 1s suitable only
for indoor use.

6.2.3 Conditions of switchgear and controlgear during dielectric tests

Subclause 6.2.3 of IEC 60694 is applicable with the following addition

For insulation-enclosed switchgear and controlgear using fluid (liquid or gas) for insutation,
dielectric tests shall be performed filled with the insulating fiuid specified by the manufacturer.
to the minimum functional levei also specified by the manufacturer

6.2.4 Criteria to pass the test

Subclause 6.2 4 of IEC 60694 is applicable, with the following modifications

The second paragraph of item a) that refers to wet test i1s not applicable
The first paragraph of item b) is replaced by

The switchgear and controigear has passed the impuise tests if the following conditions
are fulfilled

a) the number of disruptive discharges does not exceed two for each series of 15
impulses;

b) no disruptive discharges on non-self-restoring insulation occur

This is verified by at Ieast five impulses without disruptive discharge foilowing that impuise,
which caused the last disruptive discharge If this impulse is one of the last five out of the
series of 15 impulses, additional impulses shall be applied. provided that the total number
of discharges does not exceed two in the compiete series This can result in 8 maximum of 25
impulses per series

NOTE For fluid-filled compartments tested with test bushings that are not part of the swichgesr and
controigear, impuises resuiting in flashover across the test bushings are not considered ss part of the test
series

6.2.5 Application of test voltages and test conditions

Subclause 6 2.5 of IEC 60694 is not applicable

Because of the great variety of designs, it is not feasible to give specific indications of the
tests to be performed on the main circuit, but, in principle, they shall cover the followmng tests

a) To earth and between phases

The test voltages specified in 6 2.6 shall be applied connecting each phase conductor of
the main circuit in turn to the high-voitage terminal of the test supply Ail other conductors
of the main circuit and the auxihiary circuits shall be connected to the earthing conductor
and to the earth terminal of the test supply

Areas of the insulation enclosure intended for resting on the floor or being fixed to the wall
shall be covered by earthed metal foils
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b)

<)

in order to check compliance with the requirement of item a) of 5102.3, th(e insulation
enclosure as well as inspection windows, partitions and shutters of insulating material
shall be covered, on the side accessible during operation or maintenance, in the most
unfavourable situation for the test, with a circular or square metal foil. This foil shall have
an area as large as possible, but not exceeding 100 c¢m?, which shall be connected to
earth in case of doubt about the most unfavourable situation, the test shall be repeated in
different situations This foil shall be applied on the external surface of the enclosure
without protruding into small gaps. For convenience of testing, subject to agreement
between manufacturer and user, more than one metal foil may be applied simultaneously
or larger parts of the enclosure may be covered.

NOTE If a subassembly is tested, it should include joints of insulation-embedded components if these are
used

The dielectric tests shall be made with all switching devices closed and all removable
parts in their service position. Attention shall be given to the possibility that switching
devices in their open position or removable parts in the disconnected, removed, test or
earthing position, may result in less favourable field conditions. Under such conditions the
tests shail be repeated. However, the removable parts shall not be subjected to these
voltage tests whilst they are in the disconnected, test or removed position.

For these tests, devices such as current transformers, cable terminations, overcurrent
releases/indicators shall be installed as in normal service. In case of doubt about the most
unfavourable arrangement, tests shall be repeated with alternative configurations

Across the isolating distance

Each isolating distance of the main circuit shall be tested using the test voltages specified
in 6 2 6 according to the test procedures as stated in 6.2.5.2 of IEC 60694

The isolating distance may be formed by
- adisconnector in open position,

- the distance between the two parts of the main circuit intended to be connected by a
withdrawn or removed switching device

"‘, in the disconnected position, an earthed metallic shutter is interposed between the
disengaged contacts to assure a segregation, the gap between the earthed metallic
shutter and the live parts shall withstand only the test voltages required to earth.

If, 1n the disconnected position, there is no earthed metallic shutter or partition between

the fixed part and the withdrawable part, the test voltages specified for the isolating
distance shall be applied

- Dbetween the fixed apd moving contacts intended to engage, if conductive parts of the
main circuit of the withdrawable part can inadvertently be touched;

- between the fixed contacts on one side and the fixed contacts on the other side, with
the switching device of the withdrawable part in the closed position if possible if' they
cannot madverjently be touched. If it is not possible to have the switching' device
closed in the disconnected position, then this test shall be repeated in the test position
with the switching device of the withdrawable part closed.

Complementary tests

If the requirements of items e) or f) of 5.102.3 are applicable, evidence shall be given of

the required ability to withstand a er-fre -
i s s pow quency test-voitage of 150 % of the rated
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In the case of gaseous or liquid insulation, the insuiation between the live parts of the
main circuit and the inside surface of insulating partitions or shutters shali be subjected to
a power-frequency test voltage of 150 % of the rated voitage for 1 min For this test the
inner surface of the partitions or shutters that face the live parts shall be covered by an
earthed metal foil or conducting cioth as described under item a) above The test voltage
is applied on all parts of the main circuit connected together

6.2.6 Tests of insulation-enclosed switchgear and controlgear

The tests shall be performed with the applicable test vcltages given in Table 1a or 1b of 4 2 of
IEC 60694 For test voitages to earth and between phases columns (2) and (4) shall be used
For test voltages across isolating distances columns (3) and (5) shall be used

Overvoltage protective devices, not forming an integrai part of the switchgear and controigear
if any, shall be disconnected or removed

instrument transformers, power transformers or fuses may be replaced by replicas
reproducing the field configuration of the high-voitage connections

Current transformer secondaries shall be short-circuited and earthed Current transformers
with a low ratio may have their primarnes short-circuited too

6.2.6.1 Power-frequency voltage tests

Switchgear and controigear shail be subjected to short-duration power-frequency voltage
withstand tests in accordance with IEC 60060-1 The test voitage shall be raised for each test
condition to the test value and maintained for 1 min

The tests shali be performed in dry conditions

During the power-frequency voltage tests, one terminal of the test transformer shall be
connected to the earthing terminal and to the metal toil or conducting cloth at the applicable
points on the insulation-enclosed switchgear and controigear An exception 18 made for the
situation where, during the tests in accordance with item b) of 6 2 5, the mid-point or another
intermediate point of the voltage source should be connected to the earthing terminal in o/der
that the voltage appearnng between any of the live parts and the parts, intended to be earthed
will not exceed the test voltage specified in itema)of 625

if this 1s not practicabie, one terminal of the test transformer may, with the agreement of the
manufacturer, be connected to earth and the parts intended to be earthed of the switchgear
and controlgear, shall, if necessary, be insulated from earth

8.2.86.2 Lightning impulse volitage tests

Switchgear and controigear shall be subjected to lightning impuise voltage tests :n dry
conditions only

Procedure B of IEC 60060-1 shall be applied using the standard hghtning impuise 12/50us
Fifteen consecutive lightning impuises at the rated withstand voitage shall be applied for each
test condition and each polarity However, as an alternative in order to avoid possible damage
to the solid insulation, procedure C of |EC 60060-1 may be appled. subject to agreement
between manufacturer and user

NOTE 1 This procedurs C test is performed by applying three consecutive impuises for esch polarity If no
disruptive discharge occurs, the switchgear is considered 1o have passed the test
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NOTE 2 it may be necessary for certain types of insulating material to eliminate residual charges before starting
the tests with the opposite polarity.

During the lightning impuise voltage tests, the earthed terminal of the impulsg generator shall
be connected to the earthing terminal and to the metal foil or conducting cioth at the
applicable points on the enclosure of the metal-enclosed switchgear and controlgear, except
that, during the tests in accordance with item b) of 6.2.5, the parts inten_ded to be earthed
shail_ if necessary, be insulated from earth in order that the voltage appearing between any of
the live parts and the parts, intended to be earthed will not exceed the test voltage specified
initema)of625

6.2.7 Tests of switchgear and controlgear of rated voltage above 245 kV

Not appiicable

6.2.8 Artificial pollution tests

insulation-enclosed switchgear and controlgear intended to be used in service conditions
more severe, with respect to condensation and pollution, than the normal service conditions
specified in this standard may be submitted to test according to 1EC 60932, upon agreement
between the manufacturer and user.

NOTE In general. this test may be considered as superfluous, as a specific test is already prescribed in 6.107

8.2.9 Partial discharge tests

Refer to Annex B with the following additions:

This test shall be made after the lightning impuise and power-frequency voltage tests.
Instrument transformers, power transformers or fuses may be replaced by replicas
reproducing the field configuration of the high-voltage connections.

NOTE 1 iIn the case of designs consisting of a bination of ¢ tional p ts (for instance, instrument
transformers. bushings) that can be tested separately in accordance with their relevant standards, the purpose of
this partiai discharge test is to check the arrangement of the P ts in the bly.

NOTE 2 This test may be carned out on blies or suba blies Care should be taken that external partial

discharges do not affect the measurement.

6.2.9.101 Maximum permissibie partial discharge intensity

The maximum permissible partial discharge intensity shall not exceed 20 pC for each
functional unit, at 1,1 U/, phase-to-phase voltage, see Table B.1.

NOTE For systems with no solidly earthed neutral, no maximum partial discharge i ity i i i
S ge intensity is prescribed in case of
earth faul, for information only, 100 pC at 1,1°L, phase-to-earth voitage to be an ptable limit.

A) a general rule, the intensity permitted for an assembly or subassembly should be the
highest value permitted for its components.

6.2.10 Dielectric tests on auxiliary and control circuits
Subciause 6 2 10 of IEC 60694 is applicable.

Current transformer secondaries may be short-circuited and disconnected from earth. Voltage
transformer secondaries may be disconnected

Voltage-imiting devices, if any, shall be disconnected
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6.2.11 Voltage test as condition check
Subclause 6 2.11 of IEC 60694 is applicable

6.2.101 Dielectric tests on cable testing circuits

To allow dielectric tests on cables while the switchgear and controigear is in service (refer to
5.105), an additional power-frequency withstand-voltage type test may be applied to confirm
the ability of the relevant isolating distances to withstand cable test voltage while the other
side of the isolating distance is still live.

The test values are subject to agreement between the user and the manufacturer.
NOTE The test values agreed should be chosen to ensure a safety margin between the rated power-frequency
test voitages for the isolating distance and the resulting voitage stress across the isolating distance due to the

application of, for example, a d.c. cable test voltage while the other side of the isolating distance of insulation-
enclosed switchgear and controigear is still live.

6.3 Radio interference voltage (r.i.v.) test

Not applicable.

8.4 Measurement of the resistance of circuits
6.4.1 Main circuit

Subclause 6.4.1 of IEC 60694 is applicable with the following addition

The measured resistance across the compiete main circuit of an assembly of insulation-
enclosed switchgear and controigear is indicative of the proper condition of the current path
This measured resistance shall be the reference for the routine test, referto 7 3

6.4.2 Auxiliary circuits
Subclause 6.4.2 of IEC 60694 is applicable

6.4.101 Requirement for protection grade PB2

If the requirement of item g) of 5.102.3 18 applicadble, the resistance of the earthed conductive
cover or layer shall be maximum 100 m() to the earthing terminai of the switchgear and
controlgear. This is demonstrated by feeding at the most onerous points 30A dc to the
conductive layer. The corresponding voltage drop from a point on the iayer nearby the point of
infeed shall be a maximum of 3 V.

NOTE It might be necessary to feed the current on the conductive layer through a lerger srea of for example,
1 cm?, to avoid a too high density on the spot

8.5 Temperature-rise tests

Subclause 6.5 of IEC 60694 is applicable, with the following addition

Where the design provides alternative components or arrangements, the test shali be
performed with those components or arrangements for which the most severe conditions are
obtained. The representative functional unit shall be mounted approximately as in normal
service, including all normal enclosures, partitions, shutters, etc and the covers and doors

closed.
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The tests shall be made normally with the rated number of phases.and the r_ated normal
current flowing from one end of the length of busbars to the terminals provided for the
connection of cables.

When testing individual functional units, the neighbouring units should carry the currents
which produce the power loss corresponding to the rated conditions. it is admissible to
simulate equivalent conditions by means of heaters or heat insulation, if the test cannot be
performed under actual conditions.

Where there are other main functional components installed within the enclosure they shall
carry the currents which produce the power loss corresponding to the rated conditions.
Equivalent procedures to generate the same power dissipation are acceptable.

The temperature rises of the different components shail be referred to the ambient air
temperature outside the enciosure and shall not exceed the values specified for them in the
relevant standards. if the ambient air temperature is not constant, the surface temperature of
an identical enclosure may be taken under the same ambient conditions.

68.5.1 Conditions of the insulation-enclosed switchgear and controlgear to be tested.
Subclause 6.5.1 of IEC 60694 is applicable.

68.5.2 Arrangement of the equipment
Subclause 6.5.2 of IEC 60684 is applicable.

8.5.3 Measurement of the temperature and the temperature rise
Subclause 6.5.3 of IEC 80694 is applicable.

6.5.4 Ambient air temperature
Subclause 6 5.4 of IEC 80694 is applicabie.

8.5.5 Temperature-rise test of the auxiliary and control equipment
Subciause 6.5 5 of IEC 80694 is applicable.

6.5.8 Interpretation of the temperature-rise test
Subclause 6.5 6 of IEC 60694 is applicable.

6.6 Short-time withstand current and peak withstand current tests
Subcisuse 6.6 of IEC 60694 is applicable, with the following addition:

a) Test on main circuits

Main circuits of insulation-enclosed switchgear and controigear shail be tested to veri
pmr capabmty to mhquud thg rated short-time and peak withstand current under trg
gntcndgd conditions of' installation and use, i.e. they shall be tested as installed in the
insulation-enciosed switchgear and controigear with all associated components influencing
the performance or modifying the short-circuit current.
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For ghese tests, short connections to auxihary devices (such as voltage transformers,
a‘ux_nllary transformers, surge arresters. surge capacitors, voltage detection devices and
similar items) are not considered as parts of the main circunt

The short-tnme withstand current and peak withstand cutrent tests shall be carned out
according to the rated number of phases Current transformers and tripping devices that

may be present shall be installed as in normal service, but with the reiease made
inoperative.

Equipment which does not include any current-imiting device may be tested at any
convenient voltage. Equipment which incorporates a current-imiting device shail be tested
at the rated voltage of the switchgear and controlgear Other test voitages can be used, f
it can be demonstrated that both the applied peak current and resulting thermal eftects are
equatl or higher than those with rated voitage.

For equipment including current-limiting devices the prospective current (peak, rms
value and duration) shall not be less than the rated value

Seif-tripping circuit-breakers, if any, shall be set on their maximum tnpping vaiues

Current-limiting fuses, if any, shall be provided with fuse-links having the maximum rated
current specified.

After the test, no deformation or damage to components or conductors within the
enciosure, which may impair good operation of the main circuits, shall have been
sustained. The insulating properties of the insulation enclosure shall in particular be
unimpaired. It may be possible to detect the presence of cracks in the insulation of
insulation-embedded components by performing a partial discharge test (refer to 6 2 9)

Tests on earthing circuits

Earthing conductors, earthing connections and earthing devices of insulation-enciosed
switchgear and controlgear shall be tested to vernfy their capability to withstand the rated
short-time and peak withstand current under the neutral earthing condition of the system
That is, they shall be tested as installed in the insulation-enciosed switchgear and
controlgear with ali associated components influencing the performance or modifying the
short-circuit current.

The short-time withstand current and peak withstand current tests with earthing devices
shall be carried out according to the rated number of phases Further single-phase tests
may be necessary in order to verify the performance of ali the circuits that are intended to
provide the connection between the earthing device and earthing point provided

When there are removable earthing devices, the earthing connection between the fixed
part and the removable part shall be tested under earth fauit conditions. The earth fauit
current shall fiow between the earthing conductor of the fixed part and the earthing point
of the removable part. Where the earthing device in the switchgear or controigear can be
operated in alternative positions to the normal service position, for exampie, in double
busbar switchgear and controigear, a test shall be made in alternative positions

After the test some deformation and degradation of the earthing conductor, earthing
connections or earthing devices is permissibie, but the continuity of the circuit shali be
preserved.

Visual inspection shouid be sufficient to check that continuity of the circuit has been
preserved.

In case of doubt, if certain earth connections are (stil) adequate, the earthing shall be
verified testing with 30 A (d.c.) to the earthing point provided. The voltage drop shall be
lower than 3 V.
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6.6.1 Arrangement of the switchgear and controlgear and of the test circuit

Subciause 6 6 1 of IEC 60694 is applicable, with the following addition:

The equipment to be tested shail be arranged in such a way that the most onerous conditions
are obtained concerning the maximum lengths of unsupported busbar(s), configuration of the
conductors and connections within the equipment. in the case of switchgear and controlgear
incorporating double busbar systems and/or multi-tier designs, the tests shall be made with
the most onerous position(s) of the switching device.

The test connections to the terminals of the switchgear and contrcigear shall be arranged in
such a way as to avoid unrealistic stressing of, or support to, the terminals. The distance
between the terminals and the nearest supports of the test conductors on both sides of the
switchgear and controigear shall be in accordance with the instructions of the manufacturer
but taking into account the requirement above.

The switching devices shall be in the closed position and fitted with clean contacts in a new
condition.

Each test shail be preceded by a no-load operation of the mechanical switching device and,
with the exception of earthing switches, by measurement of the resistance of the main circuit.

The test arrangement shall be noted in the test report.

8.6.2 Test current and duration
Subclause 6.6 2 of IEC 60694 is applicable.

8.6.3 Behaviour of switchgear and controlgear during test
Subclause 6.6 3 of IEC 60694 is applicabie.

6.8.4 Condition of switchgear and controlgear after test
Subclause 6 6 4 of IEC 60694 is applicable.

8.7 Verification of the protection
6.7.1 Verification of the IP coding
Subclause 8 7. 1 of IEC 60694 is appiicable, with the following addition:

The mimmum degree of pfptecﬁon of the enclosure of the insulation-enclosed switchgear and
controigear shall be IP2X in accordance with IEC 60529 A higher degree of protection may
be specified in accordance with IEC 60529.

8.7.2 Mechanical impact test

Subclause 6.7.2 of IEC 60694 is applicable with the foliowing addition:
Uniess otherwise agreed between manufacturer and user, impacts of 1 J should be applied.

After the test the enclosure shall show no cracks. Superficial damage can be ignored.
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6.8 Tightness tests

Subclause 6.8 of IEC 60694 is applicable

6.9 Electromagnetic compatibility tests (EMC)

Subclause 6.9 of IEC 60694 is applicable, with exception of the radio interference voltage test

6.10 Additional tests on auxiliary and control circuits

IEC 60694 is applicable for 6.10.1, 6.10.2, 6.10.4t0 6.10.7

6.10.3 Tests on metallic parts of enclosures and compartments

|IEC 60694 is not applicable.

6.101 Verification of making and breaking capacities

Switching devices forming part of the main circuit and earthing switches of insulation-
enclosed switchgear and controigear shall be tested to verify their rated making and breaking
capacities according to the relevant standards and under the proper conditions of instaliation
and use. That is, they shall be tested as normally installed in the insulation-enclosed
switchgear and controlgear with all associated components, the arrangement of which may
influence the performance, such as connections, supports, provisions for venting, etc These
tests are not necessary if making and breaking tests have been performed on the switching
devices installed in insulation-enclosed switchgear and controigear with more onerous
conditions.

NOTE In determining which iated ponents are likely to infit the pert . special sftenti
should be given to mechanical forces due to the short circuit, the venting of arc products, the possibilty of
disruptive discharges, etc. It is recognized that, in some cases, such influences may be quite negligible

Where multi-tier compartments of a muiti-tier design are not identical but are designed to
accept the same switching device, the following tests/test-duties shali be repeated in each
compartment as appropriate to the requirements of the relevant standard.

Where switching devices have previously been tested for short-circuit performance to their
relevant standard within the enclosure of the insulation-enclosed switchgesr and controlgear
then no further tests may be required

Switchgear and controlgear, incorporating single or multi-tier design and/or doublo_bu'paf
systems, requires special consideration for the test procedures applicable for the verification
of their rated making and breaking capacities to cover combinations likely to be encountered
In service.

As it is not possible to cover all possibie configurations and designs of switching devices, tho'
following procedures shall be followed, the precise combination of tests being determined by
the characteristics and location of the particular switching device being considered.

a) The complete appropriate making and breaking current test series shall be made with the
switching device in one of the compartments. If other compartments are similar in design,
and also the switching device intended for use in the compartment is 1dentical, then the
tests referred to above are also valid for these compartments.
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b) Where the compartments are not similar but are designed to accept the same switching
device. the following testsitest duties are to be repeated in each of the other
compartments, as appropriate to the requirements of the relevant standard:

JEC 62271-100 Test duty T100s, T100a, and critical current tests (if any{) also taking into
account the requirements of 6 103.4 of the standard for the test connection arrangement,
where applicabie

IEC 62271-102 Short-circuit making operations according to class E1 or E2, as applicable.

IEC 60265-1 Ten CO operations with rated mainiy active load-breaking currgnt (Test
duty 1) Test duty 5 according to class E1, E2 or E3, as applicable, uniess the switch does
not have a rated short-circuit making capacity.

IEC 62271-105: Test duties TDl,., TDlymay @8"d TDlyranster-
IEC 60470 Verification of coordination with SCPDs to 6.106 of IEC 60470.

c) Where compartments are designed to accept more than one particular type or design of
switching device, each variant of switching device shall be fully tested in accordance with
the requirements of a) and also, where appropriate b) above.

8.102 Mechanical operation tests
6.102.1 Switching devices and removabie parts

Switching devices and withdrawable parts shall be operated 50 times, and removable parts
inserted 25 times and removed 25 times to verify satisfactory operation of the equipment.

If a withdrawable or removable part is intended to be used as a disconnector, then testing
shall be in accordance with |EC 62271-102.

6.102.2 Interlocks

The interiocks shall be set in the position intended to prevent the operation of the switching
devices and the insertion or withdrawal of removable parts. Fifty attempts shall be made to
operate the switching devices and 25 attempts shall be made to insert and 25 attempts to
withdraw the removable parts. During these tests only normal operating forces shall be
employed and no adjustment shall be made to the switching devices, removable parts or

interlocks in case of manually operated equipment, the normal manual operation handle shall
be used to perform the tests

The interiocks are considered satisfactory, if

a) the switching devices cannot be operated;
b) the insertion and withdrawal of the removable parts are prevented;

c) the switching devices, removable parts and the interlocks are in proper working order and
the effort to operate them is practically the same before and after the tests.
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6.103 Pressure withstand test for gas-filled compartments

6.103.1 :re§sure withstand test for gas.filled compartments with pressure relief
evices

Each Qesign of gas filled compartment shail be subjected to a pressure test according 10 the
following procedure.

— The relative pressure shall be increased in order to reach a value of 1,3 times the design

pressure of the compartment for a period of 1 min The pressure relief device shail not
operate.

~ Then the pressure shall be increased up to a maximum vaiue of 3 times the design
pressure. It is acceptable that the pressure relief device may operate. as designed by the
manufacturer, below this value. This opening pressure shail be recorded in the type test

report. After the test, the compartment may be distorted, but the compartment shail not
rupture.

NOTE The reiative withstand pressure of 3 times the design pressure may not be tested for the compartment
because it is not always possible to test without the presence of the pressure relief device or a dodicated rehef
area of the compartment wall.

6.103.2 Pressure withstand test for gas-filled compartments without pressure relief
devices

Each design of a gas-filled compartment shail be subjected to a pressure test according to the
following procedure

~ The relative pressure shail be increased up to 3 times the design pressure of the
compartment for 1 min. After the test, the compartment may be distorted. but the
compartment shall not rupture.

6.104 Tests to prove the protection of persons against electric shock

This clause applies to the insulation enclosure and to partitions (and shutters) intended for
protection from electric shock. When these partitions contain bushings, tests shail be carned
out under the appropriate conditions, i . with the primary parts of the bushings disconnected
and earthed.

The insulation enclosure and non-metallic partitions and shutters, made or partly made of
insulating material shall be tested as follows

6.104.1 Dielectric tests

a) The insulation between live parts of the main circuit and the accessibic surface of the
insulation enclosure and insulating partitions and shutters shall withstand the test
voitages specified in 4.2 of IEC 60694 for voitage tests to earth and between poles_ for
the test set up, refer to item a) of 6.2.5.

b) A representative sample of the insutating material shail withstand the power-frequency
test voitage specified in item a). The appropriate test methods given in {EC 60243-1
should be applied.

NOTE In the case of moulded conductors, this test is siready coversd by test 8) above

¢) The insulation between live parts of the main cycuit and the inner surface of insulating
partitions and shutters facing these shall be tested at 150 % of the rated voitage of the
equipment for 1 min. For the test, the inner surface of the2 partition o shutter shall be
earthed by applying a conductive layer of at least 100 cm?, at the most onerous point
The test setup shall be as specified in item c) of 625
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d) Compiementary tests (for protection grade PB1 only).

If the requirements of items e) or f) of 5.102.3 are applicable, evidence shall be given of
the required ability to withstand a power-frequency test-voitage of 150 % of the rated
voitage for 1 min

In the case of a second insulation layer, this layer shall be subjected to a power-frequency
test voltage of 150 % of the rated voltage fpor 1 min.

In the case of fiuid insulation, this fluid insulation shall be replaced by ambient air. Then
test c) above shall be repeated with the conductive layer of at least 100 cm?, at the
applicable points.

6.104.2 Measurements of leakage currents

For insulation-enclosed switchgear and controlgear, containing insulating partitions or
shutters as applicable, the following tests shall be made in order to check compliance with the
requirements in item d) of 5.102.3

The main circuit shall, at the discretion of the manufacturer, be connected either to a three-
phase supply of power-frequency voitage equal to the rated voltage of the insulation-enclosed
switchgear and controlgear, with one phase connected to earth, or to a single-phase supply of
a voitage equal to the rated voltage, the live parts of the main circuit being connected
together. For three-phase tests, three measurements shall be made with the different phases
of the supply successively connected to earth. in the case of single-phase tests, only one
measurement is necessary.

A metal foil shall be placed in the most unfavourable situation for the test on the accessibie
surface of the insulation providing the protection against contact with live parts. In case of
doubt about the most unfavourable situation, the test shall be repeated with different
situations.

The metal foil shall be approximately circular or square, having an area as large as possible
but not exceeding 100 cm2 and shall be connected to the earthing conductor. The leakage
current flowing through the metal foil to earth shall be measured with the insulation dry and
clean

If the value of the leakage current measured is more than 0,5 mA, the insulation surface does
not provide the protection required in this standard.

if, as indicated in item d) of 5.102 3, the continuous path over insulating surfaces is broken by
small gaps of gas or liquid, such gaps shall be shorted out electrically. If these gaps are
incorporated to avoid the passage of the leakage current from live parts to accessible parts of
insulsting partitions and shutters, the gaps shall withstand the test voitages specified in 4.2 of
IEC 60694 for voltage tests to earth and between poles.

NOTE This requirement can by its nature only apply to parts of the enclosure: it is essential that the remainder of
moneluwuMmﬂmvmomwhmmomdbumemmishhmdm:h. l

The ieakage current shall also be measured in conditions representing condensation and light
poﬂuho_n on the accessible surfaces of the insulation enclosure after the humidity test
according to 8.107, if such a test was agreed.

6.105 internal arcing test

This test is applicable to insulation-enciosed switchgear and control i

/ = . gear, intended to be
qualified as IAC classified with rapqct to personnel protection in the event of an internal arc.
TAhc ;nt shall be pcrformpd according to Annex A, in every compartment containing main
circuit parts of representative functional units (refer to Clause A.3).
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Compartments which are protected by type-tested current-limiting fuses shall be tested with
the fuse type that causes the highest cut-off current (let-through current) The actua! durstion
of the current flow will be controlled by the fuses The tested compartment will be designated

as ‘fuse-protected’. The tests shall be performed at the rated maximum voitage of the
equipment.

NOTE Application of suitable current limiting fuses in combination with switching devices can hmi the short-cucuit
current and minimize the fault duration. it is well documented that the arc energy transferred during such tests is
not predictable by {2t. In the case of current limiting fuses, the maximum arc energy may occur Bt current levels
below the maximum interrupting rating. Further, the effects of using cutrent-limiting devices that employ

pyr_otachnic means to commutate current to a current limiting fuse must be considered when evalusting designs
utilizing such devices.

Any device (for example protection relay) that may automaticaily trip the circuit before the end
of the prospective duration of the test shall be madé inoperative during the test
If compartments or functional units are equipped with devices intended to iimit the duration of
the arc itself by other means (for example, by transferring the current to a metaliic shorn
circuit), they shail be made inoperative during the test, uniess they are intended to be tested
In that case the compartment of the switchgear and controlgear may be tested with the device
operative;, but this compartment shall be qualified according to the actual duration of the arc
The test current shall be maintained for the rated short-circuit duration of the main circuit

This test covers the case of a fault resulting in an arc occurring in aif or in another insulaung
fiuid (liquid or gas) within the enclosure or within components having housings which form
part of the enclosure when the doors and covers are in the position required for normal
operating conditions (refer to Clause A 1)

The test procedure also covers the particular case of a fault occurring (n sohd insulation
where this insulation is applied during assembly on site of insulation-enclosed switchgear and
controlgear and does not comprise prefabricated type-tested insuiating parts (referto A5 2)

The validity of the results of a test carried out in a functional unit of & particular insulation-
enclosed design of switchgear and controlgear can be extended to another one (refer to 6 1)
provided that the original test was more onerous and the latter can be considered as s:milar to
the tested one in the following aspects

- dimensions,

~ structure and strength of the enclosure;
partition's architecture,

— performance of the pressure relief device, if any,

- insulation system.

6.106 Thermal stability test

Where the major part of the insulation between conductive parts consists of solid insulation,
the manufacturer shall provide evidence that the stability of the insulating maternals used will

not be impaired by dielectric stresses and thermal influences

This evidence can be given on the basis of tests on comparabie configurations, on the tasis,
of the properties of the insulating matenals (dielectric losses as a function of temperaturej ot
by carrying out a thermat stability test on the whole equipment or a representative part of it

This test is not necessary if gas or hquids form the major part of the insulation

37
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The thermal stability test consists of a 100 h test with a power-frequency voitage of_ 180 % of
the rated voltage at the temperature reached during a temperature-rise test according to 6 5
when the ambient air temperature is 40 °C.

The main circuit shall be energized by an earthed supply, using a three-phase supply with an
earthed-neutral for three-phase switchgear. The earthing conductor and any metal parts
intended to be earthed shall be connected to earth.

NOTE The test may be carried out teparately from the temperature-rise test at the highest temperature rise
measured during the temperature-rise test, increased by 40 °C.

If no disruptive discharge occurs, the insulation-enclosed switchgear and controlgear shall be
considered to have passed the test.

8.107 Humidity test

The humidity test shali be made if the enclosure is not completely covered by a conductive
coverliayer

With conductive cover/layer it is meant that the resistance, measured from any point on the

enclosure to the earthing point provided, is less than 96 kQ to keep the maximum touch
voltage below 48 V.

The test shall be performed according to Annex C.

7 Routine tests

The routine test shall be carried out on each transport unit and, whenever practicable, at the
manufacturer's works to ensure that the product is in accordance with the equipment on which
the type test has been carried out.

Refer to Clause 7 of IEC 60694 with the addition of the following routine tests:

- partial discharge measurement:.......................... 7.101
- mechanical operationtests. .. ... .. U 7.102
- pressure tests of gas-filled compartments (if applicable): ... ... 7.103
- tests of auxiliary electrical, pneumatic and hydraulic devices (if applicable):............... 7.104
- tests after erection on site: ... .. o S S R 83 Sy A et e RS 7.105
- measurement of fluid conditions after fillingonsite: ... ... 7.106

mfbmb;)‘mm‘“ to verify the interchangeability of components of the same rating and construction

7.1 Dielectric tests on the main circuit

Subclause 7.1 of IEC 60694 is applicable, with the following addition and exception:

There are two alternative procedures:

a) If the insulation-enclosed switchgear and controigear is an assembly of components which

have not been tested individually, all the tests ac i j
except for lightning impulse voltage tests cording to 6.2.5 shall be carried out



ISAEC 62271-201 : 2006

b) If the insulation-enclosed syvntchgear and controigear 1s an assembiy of components which
individually have been subjected to appropriate routine tests the tests according to this
subclause serve In principle to prove the interconnections and the insulation enclosure

The power-frequency vp_ltage test shall be performed according to the requirements in 6 2 6 1
The test voltage specified in Tables 1a and 1b, column 2 of IEC 80694 shall be appited
connecting each phase conductor of the main circuit in turn to the high-voitage terminai of the

tes? sqppl_y, with the other phase conductors connected to earth, and the continuity of the
main circuit assured (for example, by closing the switching devices or otherwise)

In order to check compliance with the requirement of item a) of 5103 3 the insulation
enclosure shall be covered, on the accessible side in the most unfavourable situation for the
test, with a metal foil not exceeding 100 cm? connected to earth

For gas-filed compartments the tests shall be performed at the rated filling pressure (or
density) of the insulating gas (refer to 4.10.1)

7.2 Tests on auxiliary and control circuits

Subclause 7.2 of IEC 60694 is applicable

7.3 Measurement of the resistance of the main circuit

IEC 60694 is not applicable. This test is subject to agreement between manufacturer and user

The d.c. voltage drop or resistance of each phase of the main circuit shall be measured under
conditions as close as possible to those under which the corresponding type test was carrnied
out. The measured value of the type test can be used to determine the limit of resistance value for
the routine test.

7.4 Tightness test

|EC 60694 is applicable.

7.5 Design and visual checks

|IEC 60694 is applicable.

7.101 Partial discharge measurement

The measurement of partial discharges shail be performed to detect possible matenal and
manufacturing defects.

Partial discharge measurements shall be in accordance with 6.2.9

7.102 Mechanical operation tests

Operation tests are made to ensure that the switching devices and removable parts comply
with the prescribed operating eonditions and that the mechanical interlocks work properly

During these tests, which are perfoymed wthout.voitage on or current in the main circuits, it
shalil be verified, in particulai, that the switching devices open qnd close correctly wvaithun the
specified limits of the supply voitage and pressure of their operating devices
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Each switching device, and each removable part shall be tested as specified in 6._102, but
substituting the 50 operations or attempts with 5 operations or attempts in each direction.

7.103 Pressure tests of gas-filled compartments

Pressure tests shall be made on all gas-filled compartments after manufgctureA Each
compartment shall be subjected to a test at 1,3 times the design pressure for 1 min.

This does not apply for sealed compartments with a rated filling pressure of 50 kPa (relative
pressure) and below.

After this test the compartments shall show no signs of distress or any distortion likely to
affect the operation of the switchgear and controlgear.

7.104 Tests of auxiliary electrical, pneumatic and hydraulic devices

The electrical, pneumatic and other interiocks together with control devices having a
predetermined sequence of operation shall be tested five times in succession in the intended
conditions of use and operation and with the most unfavourabie limit values of auxiliary supply.
During the test no adjustment shail be made.

The tests are considered to be satisfactory if the auxiliary devices have operated properly, if
they dre in good operating condition after the tests and if the effort to operate them is
practically the same before and after the tests.

7.105 Tests after erection on site

After erection, insulation-enciosed switchgear and controigear shall be tested to check correct
operation

For parts which are assembled on site and for gas-filled compartments which are filled on site
it 1s recommended to carry out the following tests.

a) Voltage test of the main circuit.

When agreed between manufacturer and user, power-frequency voltage tests in dry
conditions may be carried out on the main circuits of insulation-enclosed switchgear and
controigear after the erection on site in exactly the same manner as specified in 7.1 for the
routine test at the manufacturer's premises

The power-frequency test voitage shall be 80 % of the values indicated in 7.1 and shall be
applied to each phase conductor of the main circuit in succession with the other phase
conductors earthed For the tests, one terminal of the test transformer shali be connected
to the earthing system of the insulation-enclosed switchgear and controlgear.

if the voitage test after erection on site replaces the routine test at the manufacturer's
premises, the full power-frequency test voltage shall be applied.

NOTE Overvoltage protective devices should be di cted during diefectric site tests. This aiso applies
for voRage transformers, uniess the test frequency used for site test is high enough to prevent core saturation.

b} Tightness tests: subclause 7 4 is applicabie.
c) Measurement of fluid condition after filling on site: subciause 7.106 is applicable

7.1086 Measurement of fluid condition after filling on site

The condition of the fluid in fluid-filled compartments shall be determined and shall meet the
manufacturer's specification.
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8 Guid_e to the selection of insulation-enclosed switchgear and controlgear for
service

This standard provides for insulation-enclosed switchgear and controlgear which has either

- protection grade PB throughout for generally accessibie instaliations {operating areas), or

- pa_rtly protection grade PA and partly protection grade PB for instaliations accessible to
skilled operators only (closed electrical operating areas).

NOTE For the definitions of “operating area” and "closed electrical opersting area” refer to IEC 80621-1

insulation-enclosed switchgear and controlgear may be constructed in various forms that have
evolved with changing technologies and functional requirements. The selection of insulation-
enclosed switchgear and controlgear essentialiy involves an identification of the functional
requirements for the service installation and the form of internal partitioning that best meets
these requirements.

Such requirements should take account of applicable legisiation and user safety rules

Table 8.2 provides a summary of the considerations for specifying switchgear and controigear

8.1 Selection of rated values

For a given duty in service, insulation-enclosed switchgear and controlgear s selected by
considering the individual rated values of their components required by normat losd and fsult
conditions. The rated values of an assembly of switchgear and controlgear may differ from
those of its component parts.

The rated values shouid be chosen in accordance with this standard having regard for the
characteristics of the system as well as its anticipated future development A fist of ratings s
given in Clause 4.

Other parameters such as local atmospheric and climatic conditions and the use at altitudes
exceeding 1 000 m should aiso be considered.

The duty imposed by fault conditions should be determined by calculsting the fault currents at
the place where the insulation-enclosed switchgear and controigear is to be located in the
system. Reference is made to {EC 60909 in this regard

8.2 Selection of design and construction
8.2.1 General

Insulation-enciosed switchgear and controigear is normally identified by insulsting technology
(for example, solid material, air- or gas-insulated) and by fixed or withdrawable d«ngp The
extent to which individual components shouid be withdrawable, or removable, is primarly
dependent upon the requirement (it any) for maintenance and/or the provisions for testing

Development of switching devices with low maintenance requirement has reduced the need
for frequent attention to some items subject to arc erosion. However, theu remains a need for
accessibility to expendable items, for exampie, fuses ‘and for occasional inspection and
testing of cables. Lubrication and adjustment of mechanical parts may aiso be required, for
which reason some designs may make mechanical parts accessible outside the HvV

compartments.

4
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The extent to which access may be required for maintenance, and/or whether complete
switchgear and controigear shutdowns can be tolerated, may determine a user prefgrence for
solid material, air or fluid insutation and fixed or withdrawable pattern. If maintenance
demands are infrequent, as is often preferred practice nowadays, then assemblies equipped
with iow maintenance components, may provide a practical solution. Fixed pattern assemblies,
particuiarly those employing low maintenance components may provide a cost-effective
through-life arrangement.

In the case that a main circuit compartment is opened, safe operation of switchgear and
controlgear requires (irrespective of whether of fixed or withdrawable pattern) that the parts
on which work is to be carried out should be isolated from all sources of supply and earthed.
Furthermore, the disconnecting devices used to isolate shouyld be secured against re-
connection

8.2.2 Architecture and accessibility to compartments

The forms of internal partitioning defined in this standard attempt to balance such
requirements as service continuity and maintainability. In this subclause, some guidance is
given regarding the extent to which the different forms can provide maintainability.

NOTE 1 Temporarily inserted partitions, if required to prevent incidental contact with tive parts, while performing
certain maintenance procedures, are addressed in 10.4.

NOTE 2 if the user empioys aiternative int procedures, for e ple, the establishment of safety
distances and/or sefting-up and use of temporary barriers, these are outside the scope of this standard

Complete description of switchgear or controlgear shall inciude the list and type of compart-
ments, for example, busbar compartment, circuit-breaker compartment, etc., the type of
accessibility provided to each, and the pattern (withdrawabie/non-withdrawable).

There are four types of compartment; three are accessible to the user and one non-accessible

Accessible compartments. Three methods of controlling the opening of an accessible
compartment are defined

o the first i1s by use of interlocks to ensure that all live parts inside are dead and earthed
before opemng, designated an “interlock-controlled accessible compartment”;

« the second relies on user procedure and locking to ensure safety, the compartment being
supplied with facilities for padiocking or equivalent, this is designated a “procedure-based
accessibie compartment”,

e the third does not provide built-in feature to ensure electrical safety before opening They
need tools to be opened, this is designated a "tool-based accessibie compartment”.

The first two types of accessible compartment mentioned above are avaiiabie to the user
and are provided for normal operation and maintenance. Corresponding covers and/or
doors of these two types of accessibie compartments do not require toois for opening.

It a compartment requires tools for opening, then this is normally a clear indication that the
user shouid take other measures to ensure safety, and possibly to ensure performance
integrity, for example, insulating conditions, etc.
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‘Non-avccesssb!e compartment. No user access is provided and the operning may destroy the
integrity of the compartment. A clear indication not to open is provided on or by a feature of
the compartment, for exampie, a complete mould of solid insulation

8.2.3 Service continuity of the switchgear and controlgear

The insulation-enclosure is intended to provide a level of protection of persons against access
to hazardousA parts and protection of the equipment against ingress of solid foreign abjects
With appropriate sensing and auxiliary contro! devices, it i1s also possibie to provide a leve! of
protection against failure of insulation to earth (ground)

For switchgear and controlgear the loss of service continuity category (LSC) descrnibe the
extend to which other compartments and/or functional units may remain energized when a
main circuit compartment is opened.

Category LSC1: This form is not intended to provide service continuity duning maintenance (if
needed) and may require complete disconnection of the switchgear and controigear from the
system and making dead before accessing the interior of the enclosure

Category LSC2: This form is intended to allow maximum continuty of service of the network
during access to the compartments inside the switchgear and controigear

LSC2 has two recognized leveis:

LSC2A: When accessing compartments of one functional unit, the other functional units of
the switchgear and controlgear may be kept in service.

Example LSC2A for withdrawable designs In practical terms, this meens that the
incoming HV cables of that functional unit shall be made dead and earthed and the circuit
shall be disconnected and separated (physically and electrically) from the busbars
Busbars may be kept live. The term separation is used here rather than segregation to
avoid making a distinction at this stage between insulation and metaiic partitions and
shutters.

LSC2B: In addition to the above levei of service continuity LSC2A, in this category LSC2B the
incoming HV cables to the functional unit being accessed may be kept energized This means
that there is another point of disconnection and separation, i.e between switching device and
cables.

Example LSC2B for withdrawable designs: if the main switching device of each

functional unit of a LSC28 switchgear and controigear is fitted in its own accessible

compartment, maintenance may be performed on this main switching deyk_:e without de-

energizing the corresponding cable connection. As a consequence. a minimum 91 three

compartments for each functional unit is necessary in this exampie of LSC2B switchgear

and controlgear.

a) For each main switching device.

b) For components connected to one side of a8 main switching device, for exampie feeder
circuit.

¢) For components connected to the other side of the main switching dc\vu'cc,‘ for exampie
busbars, where more than one set of busbars is provided, each set being in a separate
compartment.
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8.3 Internal arc classification

When selecting an insulation-enclosed switchgear and controlgear. the Apossibﬂity .of the
occurrence of internal faults should be properly addrgssed, with the aim to p_rovnde an
acceptable protection level for operators and, where applicable, for the general public.

This protection 1s achieved by reducing the risk to a tolerable level. According to ISQIIEC
Guide 51, nsk is the combination of the probability of occurrence of a harm and the severity of
the harm. (Refer to Clause 5 of ISO/IEC Guide 51 on the concept of safety.)

Therefore, the selection of adequate equipment, in relation to internal arcing, should be
governed by a procedure to achieve a level of tolerable risk. Such a procedure is described in
Clause 6 of ISO/IEC Guide 51. This procedure is based on the assumption that the user has a
role to play in the nisk reduction

For guidance, Table 8.1 gives a list of locations where experience shows that faults are most
hkely to occur It also gives causes of failure and possible measures to decrease the
probabiiity of internal fauits If necessary, the user should implement those applicable to the
instaliation, commissioning, operation and maintenance.

Other measures may be adopted to provide the highest possible level of protection to persons
in case of an internal arc These measures are aimed to limit the external consequences of
such an event

The foliowing are some exampies of these measures.
Rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by a
differential busbar protection.

Application of suitable fuses in combination with switching devices to limit the let-through
current and fault duration

Fast ehmination of arc by diverting it to metallic short circuit by means of fast sensing and
fast closing devices (arc eiiminator)

Remote control
Pressure-reiief device

Transfer of a withdrawable part to or from the service position only when the front door is
closed

Subclause 5 102 5 considers the practicality of the shutters becoming part of the enclosure
when they are closed in positions defined in 3.128 to 3.131. The change of state when moving
from the position defined in 3 127 to 3. 129 (and vice versa) is not tested.

Failures can occur dunng the racking-in or racking-out of withdrawable parts. Such failures
are not necessarly due to change of electrical field by the closing of the shutters, although
this 1s one possibiity A more frequent failure is due to damage to, or distortion of, the

plugging contacts and/or the shutters such that a flashover to earth is initiated during the
racking process

in defining classification JAC, the following points have to be considered:

— not all switchgear and controigear will be {AC classified;
- not all switchgear and controlgear is of withdrawable design,

- not all smtchgear and controigear 1s fitted with a door which can be closed i iti
defined in 3 127 to 3 129 " thepasitions
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Table 8.1 - Locations, causes and examples of measures
to decrease the probability of internal faults

Locations where internal fauits
are most likely to occur

(1)

Possibie causes
of internai faults

(2)

Exampies of possible
preventive measures

(3)

Cable compartments

Inadequate design

Selection of adequate dimensions
Use of appropriate materiails

Fauity instaliation

Avoidance of crossed-cable connections
Checking of workmanship on site Correct
torque

Failure of solid or liquid insulation
(defective or missing)

Checking of workmanship and/or dielectric
test on site Regulsr checking of iquid
lovels, where applicable

Disconnectors Mis-operation Interiocks (refer to 5 11) Delayed
Switch reopening. Independent manual operation
wiicnes Making capacity for switches and sarthing

Earthing switches switches Instructions to personne!

Bolted connections and contacts | Corrosion Use of corrosion inhibiting costing and/or
greases Use of plating Encapsuistion,
where possible

Faulty assembly Checking of work hip by suitabh

means Correct torque Adequste locking
means

Instrument transformers

Ferro-resonance

Avoidance of these siectricel influences by
surtable design of the circuit

Short circuit on LV side for VT's

Avoid short circuit by proper means ¢ g
protection cover, LV fuses

Circuit breakers

Insufficient maintenance

Regular programmed maintanance

All locations

Error by personnet

Instructions to personnel

Limitation of by pe J
Insulation embedded hve ps

Instructions to personne!

Ageing under electric stresses

Partial discharge routine tests

Poliution, moisture ingress of dust,

Measures to ensure that the speciied

vermin, etc. service conditions sre schieved (refer to
Clause 2) Use of ges-filled compartments
Overvoitages Surge protection Adequate insulation co-

ordination. Dislectnic tests on site

As a guide for the selection of the adequate switchgear and controlgear with respect to
internal arcs, the following criteria may be used.

e Where the risk is considered negligible: insulation-enciosed switchgear and controigear
which is IAC classified is not necessary
e Where the risk is considered to be reievant: Only insulation-enciosed switchgear and
controlgear which are IAC classified should be used
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For the second case, the selection should be made by taking into account the foreseeable
maximum leve!l of current and duration of the fault, in comparison with the rated values of the
tested equipment In addition, the installation instructions of the manufacturer should be
foliowed (refer to Clause 10) In particular the location of personnel during an internal arc
event i1s important The manufacturer should indicate which sides of the switchgear and
controlgear are accessible, according to the testing arrangement and the user should fellow
the instruction carefully Allowing personnel to enter an area not designated as accessible
may lead to personnel injury

Ciassification IAC gives a tested level of protection of persons under nofmal operating
conditions as defined in Clause A 1 [t s concerned with personnel protection under these
conditions, 1t 1s not concerned with personnel protection under maintenance conditions nor
with service continuity

Table 8.2 - Summary of technical requirements, ratings and optional tests
for insulation-enclosed switchgear

Information Subclause of User to indicate re_quiremem
this standard as appropriate
Particulars of syst (not equip t rating)
Voltage kV
Frequency Hz

Number of phases

Type of neutral earthing

Switchgear charactenistics

Number of poles

Class ~ indoor (or special service 2
conditions)
Name of comparntment - 3107 (refer to Busbar comp. =
Busbar 51031 Main device comp =
Main device Cable comp =
Cable CT comp =
Ccr VT comp.=
VT Cable/CT comp =
{etc ) Main device/CT =
Type of compartment (specify type for each Other comp (state)=

HV compartment) f applicadle -
interiock controtled access compartment

31071
procedure-based access compartment 31072
tool-based access compartment 31073
non-accessible compartment 3107 4
Withdrawabie/non-withdrawable (main 3125 {withdrawable/non-withdrawable) =

device type)
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Information

Subclause of
this standard

User to indicate requitement
as appropriate

Loss of service continuity category (LSC)
LSC28
LSC2A
LSC1

31311
31311
31312

Rated voltage &,

3.6kV;7.2kV; 12 kV; 17,5kV; 24 kV; 36
kV; etc

and number of phases 1 20or 3

41

Rated insulation level:-

short-duration power-frequency withstand
voltage Ug4

lightning impuise withstand voltage Up

42

(Common value/Across the 1solsting distance!
a) !
b) /

Rated frequency 5

43

Rated normal current I
incomer:

Busbar

Feede:

44

a)
b)
€)

Rated short-time withstand current Iy
Main circuit (incomer/busbar/feeder)
Earth circuit

45

?)
b)

Rated peak withstand current Iy
Main circuit (incomer/busbar/feeder)
Earth circuit

48

)
b}

Rated duration of short circuit I
Main circuit (incomer/busbar/feeder)
Earth circuit

47

2)
b)

Rated supply voltage of closing and
opening devices and auxiliary and control
circuits Uy
a) Closing and tripping
b) Indication
c) Control

48

a)

2

Rated supply frequency of closing and
opening and of auxiliary circuits

49

Low- and high-pressure interiocking and
monitoring devices (state requirements, 'pr
example, lockout on iow-pressure indication,
etc.)

59

Interlocking devices
(state any additional requirements to 511)

511

47




ISAEC 62271-201 : 2006

User to indicate requirement

Information Subclause of ;
this standard as appropriate
Degrees of protection by enclosures 513 (see 5102 1
(f not IP2X) - and 5102 3)
With doors cicsed a)
With doors open b)
Artifficial poliution tests 628 Additional condensation and pollution
requirements:-

Oielectric tests on cabile testing circurts 62101 Agree with manufacturer the test vaiues
Partial discharge measurement 7.101
Internal fault IAC 6106 Y/N

Types of accessibility to Annex A A2

gear/controlg {for A and B, specify

for the side(s) that they are required)

A: restricted to authorized personne! only F for front side =

B unrestricted accessibility (inciudes L for lateral side =
public) See also R for rear side =

C: accessibiiity restricted by installation
out of reach

Classification test value in kA and
duration in s

examples in A8

Annex A, A3

Additional information
for ple. sp I requi

nts for cable testing

9 Information to be given with enquiries, tenders and orders

9.101

When enquinng about or ordering an installation of insulation-enclosed switchgear and

information to be given with enquiries and orders

controigear the foilowing information shouid be supplied by the enquirer.

1 Particulars of the system

Nominal and highest voitage, frequency, type of system neutral earthing

2 Service conditions if different from standard (refer to Clause 2)

Minimum and maximum ambient air temperature; any condition deviating from the normal
service conditions or affecting the satisfactory operation of the equipment, such as, for
exampie, unusual exposure to vapour, moisture, fumes, explosive gases, excessive dust
or sait, thermai radiation, for example, solar, the risk of earth tremors or other vibrations

due to causes external to the equipment to be delivered

3 Particulars of the instaliation and its components
a) protection grade PA or PB to be provided by the insulation enclosure,

b) number of phases;

¢} number of busbars, as shown in the single-line diagram;

d) rated voltage,
e) rated frequency,;

48
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rated insulation level;

rated normal currents of busbars and feeder circuits,

rated short-time withstand current (/k);

rated duration of short circuit (if different from 1 s),

rated peak withstand current (if different from 2.5 1K),

rated values of components;

degree of protection for the insulation enclosure and partitions,

circuit diagrams,

type of insulation-enclosed switchgear and controlgear (LSC1 or LSC2),
description by name and category of the various compartments, if required,
classification 1AC, if required, with corresponding Ik, Ip, 1 and FLR, ABC, as applicabte

4. Particulars of the operating devices:

a)
b)
c)
d)
e)

type of operating devices;

rated supply voltage (if any):
rated supply frequency (if any)
rated supply pressure (if any);
special interlocking requirements.

Beyond these items the enquirer should indicate every condition which might influence the
tender or the order, such as, for example, special mounting or erection conditions, the
location of the external high-voltage connections, the rules for pressure vessels, requirements
for cable testing.

Information should be supplied if special type tests are required

9.102

Information to be given with tenders

The following information, if applicable, should be given by the manufacturer with descriptive
material and drawings.

1. Rated values and characteristics as enumerated in item 3 of 9 101

2. Type test certificates or reports on request.

3. Constructional features, for exampie:

a)
b)
c)
d)
e)
f
9)
h)
i)
i)
k)
U

mass of the heaviest transport unit,

overall dimensions of the instailation;

arrangement of the external connections;

facilities for transport and mounting;

mounting provisions,

description by name and category of the various compartments,
accessible sides;

instructions for operation and maintenance,

type of gas-pressure or liquid-pressure system;

rated filling level and minimum functional level,

volume of liquid or mass of gas or liquid for the different compartments,

specification of gas or liquid condition.
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4 Particulars of the operating devices
a) types and rated values as enumerated in item 4 of 9.101,
b) current or power for operation,
c) operating times,
d) quantity of free gas for operation

5 List of recommended spare parts which should be procured by the user.
10 Rules for transport, storage, erection and maintenance
Refer to Clause 10 of IEC 60694.

10.1 Conditions during transport, storage and erection

Refer to 10 1 of iEC 60694

10.2 Installation

Refer to 10 2 of IEC 60694 with the addition of a new paragraph after the first paragraph of
1023

In case of ciassification IAC switchgear and controlgear, guidance on safe installation
condiions for the case of an internal arc shall be provided as well. The hazards of the actual
installation condition shall be assessed with respect to instailation conditions of the test
specimen dunng the internal arcing test (refer to Clause A 3). These conditions are
considered as minimum permissible conditions. Any installation condition less stringent and/or
providing more room is considered to be covered by the test

However, if the purchaser (user) considers that the risk is not relevant, the switchgear and
controlgear can be installed without the restrictions indicated by the manufacturer

10.3 Operation

Refer to 10 3 of 1EC 60694

10.4 Maintenance

Refer to 10 4 of IEC 60694 with the following addition:

If temporanly inserted partitions are required, while performing certain maintenance procedures,
to prevent accidental contact with live parts, then

* the manufacturer shall offer to supply the required partitions or their design,

e the manufacturer shall give advice direction as to the maintenance procedure and the
partitions use,

= when installed according to the manufacturer's instructions, the requirements 1P-2X
{according to IEC 60529) shail be met,

e such partitions shall meet the requirement of 5 103 3;

» the partitions and their supporfs shall have sufficient mechanical strength to avoid
incidental contact of live parts

NOTE Paritions and supports provided for mechanical protection only are not subject to this standard.

After a short-circuit event in service, the earthing circuit should be examined for potential
damage and replaced in whole or in part if needed
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11 Safety
Refer to Clause 11 of IEC 60694 with the following addition

11.101 Procedures

Suitable procedures shouid be put in place by the user to ensure that a procedute-based
access compartment may be opened only when the part of the main circuit contained in the
compartment being made accessible is dead and earthed, or in the withdrawn position with
corresponding shutters closed. Procedures may be dictated by legisiation of the country of
installation or by user safety documentation

11.102 Internal arc aspects

As far as the protection of persons is concerned, the correct performance of the insulation.
enclosed switchgear and controlgear in case of an internal arc is not only a matter of design
of the equipment itself, but also of the installation conditions and operating procedure for
instance, see 8.3.

Arcing due to an internal fault in the metal-enciosed switchgear and controigear may cause
overpressure within the switchgear room This effect is not within the scope of this standard
but it should be taken into consideration when designing the instailation

12 Influence of the product on the environment

The manufacturer shall be prepared to provide the following relevant information about the
environmental impact of the switchgear.

When fluids are used in switchgear and controlgear, instructions shall be provided in order to

— minimize the leakage rate,
- control the handling of the new and used fluids;
- indicate the possibility to recycle.

The manufacturer shall give guidance, concerning disassembly and end-of-life procedures for
the different materials of the equipment and disposal.
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Annex A
(normative)

internal fault — Method for testing the insulation-enclosgd switchgear
and controlgear under conditions of arcing due to an internal fault

A.1 Introduction

This annex applies to insulation-enclosed switchgear and controlgear of IAC classification
This classification is intended to offer a tested level of protection to persons in the vicinity of
the equipment in normal operating conditions and with the switchgear and controlgear in
normal service position, in the event of internal arc.

For the purpose of this annex, normal operating conditions means the conditions of insulation-
enclosed 'switchgear and controlgear required to carry out operations such as opening or
closing HV switching devices, connecting and disconnecting withdrawable parts, reading of
measuring instruments and monitoring equipment, etc. Therefore, if, to perform any of such
operations, any cover has to be removed and/or any door has to be opened, the test
described below shail be carried out with the cover and/or door removed.

Removing or replacing active components (for example, HV fuses or any other removable
component) are not considered to be normal operations, neither those required to carry out
maintenance work

Internal faults inside insulation-enclosed switchgear and controlgear can occur in a number of
locations and can cause various physical phenomena. For example, the arc energy resulting
from an arc developed in any insulating fluid within the enclosure will cause an internal
overpressure and iocal overheating which will result in mechanical and thermal stressing of
the equipment Moreover, the materials involved may produce hot decomposition products,
either gaseous or vaporous, which may be discharged to the outside of the enciosure.

The internal arc |AC classification makes allowance for internal overpressure acting on covers,
doors, inspection windows, ventilation openings, etc It also takes into consideration the
thermal effects of arc or its roots on the enclosure and of ejected hot gases and glowing
particles, but not damage to internal partition and shutters not being accessible in normal
operating conditions

NOTE Influences of internai src between compartments are not yet covered by this standard.

The internal arc test described below is intended to verify the effectiveness of the design in
the protection of persons in case of an internal arc. It does not cover all effects which may
constitute a hazard, such as the presence of gases with potential toxic characteristics that
may be present after the fauit. From this point of view, immediate evacuation and further
ventiiation of the switchgear room, before re-entering the site, is required.

Hazard of propagation of fire after an internal arc to combustible materials or eguipment

placed in the proximity of the insulation-enciosed switchgear and controlgear is not covered
by this test.
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A.2 Types of accessibility

A distinction is maQe between two types of accessibility to the insulation-enclosed switchgear
and controigear which are possible in the site of installation

Accessibility Type A: restricted to authorised personnel only
Accessibility Type B: unrestricted accessibility, including that of the general publiic

Corresponding to these two types of accessibility, two different test conditions are described
in Clause A 3.

The insulation-enclosed switchgear and controlgear may have different types of accessibility
on the various sides of its enclosure.

For identification purposes of the different sides of the enclosure (refer to Clauses A 7 and
A.8) the following code shall be used:

F for front side;
L for lateral side;
R for rear side.

The front side shall be clearly stated by the manufacturer

A.3 Test arrangements

A.3.1 General
The following points shall be observed:

* The test specimen shall be fully equipped. Mock-ups of internal components are permitted
provided they have the same volume and external material as the onginal items and they
do not affect the main and earthing circuits

e Each compartment of a functional unit, containing a main circuit component, shall be
tested. This does not apply to compartments where the main component i1s individually
embedded in solid insulating material (refer to 5 103.1) In the case of switchgear and
controlgear consisting of extensible (modular) stand-alone units, the test specimen shall
consist of two units connected together as in service Testing shall be made at |ea_:t n all
compartments of the end of the switchgear and controigear adjacent to the indicators
However, if there is a substantial difference (to be declared by the manufacturer) in
strength between the joining sides of adjacent units and the side forming the end of a
switchgear and controlgear, three units shall be used and the test of the different
compartments repeated in the central unit.

NOTE 1 A stand-alone unit is an assembly that may contain within 3 single common enclosure one or more
functional units in horizontal or vertical arrangement (tier).

e When the test specimen is earthed, it shail be at the point provided

e Tests shall be carried out on compartments not previously subjected to arcing. or if
subjected, being in a condition which does not affect the result of the test

® fluid-filled compartments (other than SF6), the test shail be made with the
cl;:i;?:alc?liiedoaft its rated ﬁmngpcondmons (210 %). it is permutted to replace SF6 with au at
the rated filling conditions (£10 %).
NOTE 2 If the test is carried out with air instead of SF6, the pressure rise will be different and care should be
exercised in the interpretation of the test results.
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Al.2 Room simulation

The room shall be represented by a floor, ceiling and two walls perpendicular to each other.
Where appropriate simulated cable access ways and/or exhaust ducts shall also be built.

Ceiling:

Unless the manufacturer states a larger minimum ciearance, the ceiling shall be located at a
distance of 600 mm + 100 mm from the upper part of the test specimen. However, the ceiling
shall be located at a distance of 2 m, from the floor as a minimum. This provision is applicable
when testing specimens of less than 1,5 m high.

The manutacturer may carry out an additional test with lower clearances tc the ceiling in order
to assess criteria for instailation conditions.

Lateral wall:

The lateral wall shall be piaced at 100 mm + 30 mm from the lateral side of the test specimen.
A lower clearance can be chosen provided that it can be demonstrated that any permanent
deformation of the lateral side of the test specimen is not interfered with or limited by the wall.

The manufacturer may carry out an additional test with higher clearances to the lateral wall, in
order to assess criteria for installation conditions.

Rear wall:
The rear wall shall be piaced as follows depending on the type of accessibility:

e Non-accessible rear side:

Uniess the manufacturer states a larger minimum clearance, the wall shall allow a
clearance to the rear of the test specimen of 100 mm + 30 mm. A iower clearance can be
chosen provided that it can be demonstrated that any permanent deformation of the rear
side of the test specimen is not interfered with or limited by the walil.

This test arrangement 18 deemed valid for an instaliation mounted closer to the wall than
the test arrangement, provided that two additional conditions are met (refer to Clause A.6,
Cniterton no 1)

if these conditions cannot be demonstrated, or the manufacturer requires direct
qualification of a wall-mounted design, a specific test without clearance to the rear wall

shall be carned out However, the vaiidity of such a test shall not be extended to any other
instailation condition

When the test i1s carried out at any larger clearance to the rear wall, as stated by the
manufacturer, this clearance shall be declared as a minimum admissible for the
installation instructions. The instructions shall also include guidance on the obligation to
adopt measures preventing persons to enter that area.

s Accessible rear side:

The rear wail shall leave a standard clearance of 800 ,"3 mm from the rear side of the
test specimen,

An additional test may be performed with lower clearances to prove the capability of the
switchgear _and. eontrqigur to operate correctly when reduced room is available (for
exampie, to justify the instailation close to a wall, in a no rear-accessibility arrangement).
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When the test is carried out at any larger clearance to the rear wall, as stated by the
manufacturer, this clearance shall be deciared as a minimum admissible for the
installation instructions. The instructions shail also include guidance on the obligation to
adopt measures preventing persons to enter that area.

Special case, use of exhausting ducts:

If the manufacturer claims that the design requires that cable access way and/or any other
exhausting duct needs to be used to evacuate gases generated during the internal arc,
their minimum cross-section dimensions, location and output features (flaps or grid, with
their characteristics) shall be stated by the manufacturer. The test shall be carried out with
simulation of such exhausting ducts. The output end of the exhausting ducts shait be at
least 2 m away from the switchgear and controlgear tested.

NOTE The possible effects of hot gases outside of the room contsining the switchg and roigest sre
not covered by this standard.

A.3.3 Indicators (for assessing the thermal effects of the gases)
A3.3.1 General

Indicators are pieces of black cotton cloth so arranged that their cut edges do not point
toward the test specimen.

Black cretonne (cotton fabric approximately 150 g/m2) or black cotton-interlining fawn
(approximately 40 g/m2) shall be used for indicators, depending on the accessibility condition

Care shall be taken to see that the vertica! indicators can not ignite each other This 18
achieved by fitting them in a frame of steel sheet, with a depth of 2 x 30-3 mm, refer to
Figure A.1.

With the horizontal indicators, care shall be taken that glowing plm'qln do not accumulate
This is achieved if the indicators are mounted without frame, refer to Figure A 2

The indicator dimensions shail be 150 mm x 150 mm (*'3 mm).

A3.3.2 Arrangement of indicators

Indicators shall be placed at each accessible side, on a mounting rack, at distances
depending on the type of accessibility.

Th nath of the mounting rack shall be larger than the test specimen to take into account
thee;::ssgi‘bility of hot gasesgescaping at angles of up to 45* from the surface under to"s‘t Tr::
means that the mounting frame on each side - if applicable ~ shall be 100 mm longer than the
unit under test in the case of accessibility type B, or 300 mm in the case on accepubdcty type
A, provided that the position of the wall in the arrangement of the room simulation does not

limit this extension.

indicators fitted vertically to the switchgesr and controigesr is measured

from the surface of the enclosure, disregarding protruding slements (for u:mmh;mm :;0:0 of u:p;ugus ;n:
50 on). If the surface of the switchgear and controlgear is not regular. et ot mm-q pbct" m:mmh.-
as realistically as possible the position that a person may usually adopt upment, abov

indicated distance, according 1o the type of accessibility.

NOTE in all cases the distance from the
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a)

b)

c)

Accessibility type A (authorized personnel)
Black cretonne (cotton fabric approximately 150 g/m?2) shall be used for the indicators

Indicators shall be fitted vertically at all accessible sides of the insulation-enclpsed
switchgear and controlgear up to a height of 2 m evenly distr}buted, arranged in a
checkerboard pattern, covering 40 % to 50 % of the area (refer to Figures A.3 and A.4).

The distance from the indicators to the switchgear and controlgear shall be 300 mm + 15
mm

Indicators shall also be arranged horizontally at a height of 2 m above the floor as
described in Figures A.3 and A4 and covering the whole area between 300 mm and
800 mm from the insulation-enclosed switchgear and controlgear. When the ceiling is
placed at a height of 2 m above the floor (refer to A.3.2a)) no horizontal indicators are
required. The indicators shall be evenly distributed, arranged in a checkerboard pattern,
covering 40 % to 50 % of the area (refer to Figures A.3 and A 4).

Accessibility type B (general public)
Black cotton-interlining lawn (approximately 40 g/m2) shall be used for indicators.

Indicators shall be fitted vertically at all accessible sides for the insulation enclosed
switchgear and controlgear up to 2 m above the floor. If the actual height of the specimen
is lower than 1,9 m, vertical indicators shall be fitted up to a height 100 mm higher than
the test specimen.

The indicators shall be evenly distributed, arranged in a checkerboard pattern, covering 40
% to 50 % of the area (refer to Figures A.3 and A.5).

The distance from the indicators to the switchgear and controlgear shall be 100 mm *
5mm

Indicators shall aiso be arranged horizontally at a height above the floor, as described in
Figure A5, and covering the whole area between 100 mm and 800 mm from the
insulation-enclosed switchgear and controigear. if the test specimen is lower than 2 m,
indicators shail be placed direct on the top covers as for accessible sides, at a distance of
100 mm ¢ 5 mm (refer to Figure A.6). They shall be evenly distributed, arranged in a
checkerboard pattern, covering 40 % to 50 % of the area (refer to Figures A 5 and A 6).

Special accessibility condition
Black cotton-interlining lawn (approximately 40 g/m?) shall be used for indicators.

Where normal operation requires persons to stand or walk upon the equipment, horizontal
indicators shall be placed above the upper accessible surface, as described in Figure A 6,
whatever the height of the switchgear and controlgear.

A.4 Current and voltage applied

A4.1 General

The tests on insulation-enciosed switchgear and controlgear shall be carried out three-phase
(for three-phase systems) The short-circuit current applied during the test corresponds to the
rated short-ime withstand current. it may be lower, if specified by the manufacturer

A test performed at a given voltage, current and duration is generally valid for all lower values
of current, voitage and duration. ’

NOTE Lower current level may influence the behaviour of the pressure-relie! devices and the burn-through
performance. For lower short-circuit current level than tested. care should be taken in the interpretation of the
resuits.
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A.4.2 Voltage

_The applied voltage pf the test circuit should be equal to the rated voltage of the
insulation-enclosed switchgear and controigear If the capability of the test plant does not

permit this, a lower voltage may be chosen provided the foliowing conditions are met for the
duration of the test:

a) the true r.m.s. current value as computed by a digital recording device compiies with
current requirements of A 4.3,

b) the arc is not extinguished prematurely in any of the phases 1n which it has been initiated

A.43 Current
A.4.3.1 AC component

The short-circuit current for which the insulation-enciosed switchgear and controigear 18
specified with respect to arcing shall be set within a ‘3 % tolerance If the applied voitage 1§
equal to the rated voltage, this tolerance applies to the prospective current

The current should remain constant. if the capability of the test plant does not permit this, the
test shal be extended until the integral of the a c. component of the current equals the vaiue

specified within a tolerance of “8 %. In this case, the current shall be equal to the specified

value at least during the first three half-cycles and shall not be less than S0 % of the specified
value at the end of the test.

A.4.3.2 Peak current

The instant of closing shall be chosen so that the prospective vaiue of the peak current, with a
tolerance of *8%, flowing in one of the outer poles is 2,5 times (for frequencies up to 50 Hz)

or 2,6 times (for 60 Hz) the r.m.s. value of the a.c component defined in A 4 3 1, and so that
a major loop also occurs in the other outer pole._ If the voitage 18 lower than the rated voitage.
the peak value of the short-circuit current for the insulation-enciosed switchgear and

controlgear under test shall not drop below 90 % of the rated peak vaiue

NOTE 1 For other, higher, d.c. time constants of the feeding network, 8 uniform value of 2.7 times the r m & vaiue
of the a.c. component should be used as a rated value for both 50 Hz and 80 Hz applicstions

NOTE 2 The major loop in the other outer pole generally has a lower pesk value than the stated values sbove

In case of two-phase initiating of the arc the instant of closing shall be chosen to provide the
maximum possible d.c. component.

Ad4 Frequency

{ the test shali be
At a rated frequency of 50 Hz or 60 Hz, the frequency at the bggmmng o
between 48 Hg andy62 Hz. At other frequencies it shall not deviate from the rated value by

more than 10 %.

Where the operation of fast-acting protective devices is .dependent on the frequency, the test
shall be performed with the rated frequency of these devices $10 %

A.4.5 Duration of the test

The test duration shall be stated by the manufacturer Standard recommended values are 1§
058 and0,1s.
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NOTE it is, in general, not possible to calculate the permissibie arc duration for a current which differs from that
used in the test. The maximum pressure during the test will generally not decrease wqh a shorter arcing time and
there is no universal rule according to which the permissible arc duration may be increased with a lower test
current.

A.5 Test procedure

AS1 Supply circuit

If applicable, the supply circuit shall be three-phase, except for tests on switchgear and
controlgear with segregated phases, if no mutual influence between the segregated phase
compartments is likely. The neutral point of the supply circuit may be either isolated or
earthed through an impedance, in such a way that the maximum earth current is less than
100 A. in this situation, the arrangement covers all situations of neutral treatment.

NOTE 1 Internal arc faults with a directly grounded neutral are less severe.

When the test is made on part of the switchgear and controlgear where phases are
segregated, the supply circuit shall be single-phase, one of the terminals earthed. The test
current shall be equal to the three-phase value stated in A.4.3.1.

Care shall be taken in order that the connections do not aiter the test conditions.

The feeding direction shall be as foilows:

+ for a cable compartment: supply from the busbar, through the main switching device;

» for a busbar compartment: the supply connections shall not introduce any opening in the
compartment under test. Supply shall be made through one barrier, if barriers are fitted to
create separated busbar compartments between functional units, or through the main
switching device located at one end of the switchgear and controlgear, if the busbar
compartment is common for the whole switchgear and controigear;

NOTE 2 In case of non-symmetrical designs of a busb partment, the most onerous internal arc initiation
should be considered, with respect to arc energy and burn-through.

e for the main switching device compartment. supply from the busbar, with the device in the
closed position,

« for a compartment w»th several main circuit components inside: supply through one
available set of incoming bushings, with all switching devices in the closed position,
except for earthing switches, if any, which shali be in the open position.

A.5.2 Arc initiation

The arc shall be initiated between all the phases by means of a metal wire of about 0,5 mm
diameter or, in the case of segregated phase conductors, between one phase and earthf

The point of initiation shall be located at the furthest accessible point from the supply within
the compartment under test

In functional units where the live parts are covered by solid insulatin [
, . ; g matenal, the arc shall
be initiated between two adjacent phases with a current vajue of 87 % of the rated current or

in the case of segregated phase conductors, between one phas ;
locations phase and earth at the foliowing
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a) at gaps or joining surfaces between the insulation of insulation-embedded parts,

b) by ;:jerforation at insulated joints made on site when prefabricated insulating parts are not
used.

Except for case b), solid insulation shall not be perforated. The supply circuit shatl be three-
phase to allow the fauit to become three-phase (if applicable)

A.5.2.1 Cable compartments with plug-in or site-made solid insulation connections

For cable compartments in which connections are always made wath plug-in connectors,
screened or not, or site-made solid insulation, the two phases under test shall be fitted with
plugs without insulation. The third phase shall be provided with a plug-in connector as can be
used in service, able to be energized.

NOTE Experience shows that the fault generally does not evoive towards a three-phase fault, therefcre the
choice of the fitting for the third phase is not critical.

In all these cases of phase-to-phase fault, the test current shall be the phase-to-phase fault
current of the three-phase supply circuit defined according to A 4 3 That means the actual
current value, unless the fault evolves towards a three-phase fauit, 18 reduced to
approximately 0,87 times the specified internal arc withstand current

In solidly earthed networks (non-floating neutral), or in networks with earth-fauit protection,
the single phase-to-earth short-circuit current, which is generally fower than the possible
two-phase fault current, will be switched off rapidly. For switchgear and controigesr only
intended for this restricted use, It is acceptable to test accordingly, instead of the two-phase
test described above. The arc will then be ignited as singie phase to ground, provided that the
other phases are energized to allow the arc to become three-phase As the specified internal
arc withstand current, the tested single-phase value applies

A.6 Acceptance criteria

Insulation-enclosed switchgear and controigear is qualified as classification |AC (according to
the relevant accessibility type) if the following criteria are met

Criterion No. 1

Correctly secured doors and covers do not open Deformations are accepted. provided that no
part comes as far as the position of the indicators or the walls (whichever 18 the closest)
in every side. The switchgear and controlgear does not need to comply with its P code after

the test.

To extend the acceptance criterion to an installation mounted closer 10 the wall than tested
(refer to A.3.2a)), two additional conditions shall be met

» the permanent deformation is less than the intended distance to the wali,

« exhausting gases are not directed to the wall
Criterion No. 2

* No fragmentation of the enclosure occurs within the time specified for the test
e Projections of smali-parts, up to a individual mass of 60 g, are accepted
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Criterion No. 3

Arcing does not cause holes in the accessible sides up to a height of 2 m.

Criterion No. 4

Indicators do not ignite due to the effect of hot gases.

Should they start to burn during the test, the assessment criterion may be regarded as having
been met, if proof is established of the fact that the ignition was caused by glowing particles
rather than hot gases. Pictures taken by high-speed cameras, video or any other suitable
means can be used by the test laboratory to establish evidence.

Indicators ignited as a result of paint or stickers burning are also excluded.

Criterion No. §

The enclosure remains connected to its earthing point. Visual inspection is generally sufficient
to assess compliance. in case of doubt, the continuity of the earthing connection shall be
checked, refer to 6.6b).

A.7T Test report
The following information shall be given in the test report:

- Rating and description of the test unit with a drawing showing the main dimensions,
details relevant to the mechanical strength, the arrangement of the pressure-relief flaps
and the method of fixing the insulation-enclosed switchgear and controlgear to the floor
and/or to the walls.

- Arrangement of the test connections
- Point and method of initiation of the internal fault.

- Drawings of test arrangement (room simulation, test specimen and mounting frame of
indicators) with respect to the type of accessibility (A or B), side (F, L or R) and
installation conditions

~ Apphied voitage and frequency
- For the prospective or test current.
a) rms value of the a c component during the first three half-cycles;
b) highest peak value,
c) average value of the a.c component over the actual duration of the test;
d) test duration
- Oscillogram(s) showing currents and voitages

- Assessment of the test resuits, including a record of the observations in accordance with
Clause A6

- Photographs of the object under test, before and after test.
- Other relevant remarks.
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A.8 Designation of IAC classification

In the case where the IAC classification is proven by the tests, according to 6 106, the
insulation enclosed switchgear and controlgear will be designated as follows

~ General: classification IAC (initials of internal arc classified)

- Accessibility: A or B (according to Clause A 2)

- Test values: test current in kA, and duration in seconds.

This designation shall be included in the namepliate (refer to 5 10)

Example 1: an insulation-enclosed switchgear and controigear tested for a fault current
(r.m.s.) of 12,5 kA, for 0,5 s, intended to be installed in a site of public accessibility and tested
with indicators placed in the front, lateral and rear sides, is designated as follows

Classification IAC BFLR
Internal arc: 12,5kA 0,5 s

Example 2. an insulation-enclosed switchgear and controlgear tested for a fault current
(r.m.s.) of 16 kA, for 1 s, intended to be instaiied in the following conditions

Front: public accessibility
Rear: restricted to operators
Lateral: not accessible

is designated as follows:
Classification IAC BF-AR
internal arc: 16 kA 1s.
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D ions in milimet

Figure A.1 - Mounting frame for vertical indicators

Figure A.2 - Horizontal indicator
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Accessibility ~ Type A Accessibisty ~ Type B

h22m h<2m h22m he2m

Figure A.3 - Position of indicators ()
Height of equipment (k)
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01 Indicators for lateral accessiility
02 indicators for rear accessibilty
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Figure A.4 - Room simuliation and indicator positioning for accessibility A,
functional unit at or above 1,5 m



- Simutated walls

Simulated ceiling

Horizontal indicators

Unit3 !

Unit1 | Unit2
L
required :
4 Simulated floor
Cables
Front elevation

ISAEC 62271-201 : 2006

01 Indicators for lateral sccessibilty
02 Indicators for rear accessibility
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Figure A.5 - Room simulation and Indicator positioning for accessibility B,
functional unit above 2m high
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01 indicators for iateral accessiility
02 Indicators for rear accessibility
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Figure A.6 - Room simulation and indicator positioning for accessibility B,
functional unit below 2 m high
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Annex B
(normative)

Partial discharge measurement

B.1 General

The measurement of partial discharges is a suitable means of detecting certain defects in the
equipment under test and is a useful complement to the dielectric tests Experience shows
that partial discharges may lead in particular arrangements to a progressive degradation !n
the dielectric strength of the insulation, especially of solid insulation, and fluid-filled
compartments.

On the other hand, it is not yet possible to establish a reliable relationship between the results
of partial discharge measurements and the life expectancy of the equipment owing to the
complexity of the insulation systems used in insulation-enclosed switchgear and controigear

B.2 Application

The measurement of partial discharges is in general appropriate for insuiation-enclosed
switchgear and controigear.

Because of the design variations a general specification for the test object cannot be given in
general, the test object should consist of assemblies or subassemblies with dielectrnic stresses
which are identical to those which would occur in the compiete assembly of the equipment

NOTE 1 Test objects consisting of a complete assembly are to be preferred In the case of integrated switchgess
and controlgear design, especially where various live parts and connections are embedded in solid insulstion, tests
are necessarily carried out on a complete assembly.

NOTE 2 In the case of designs consisting of a combination of conventional coq\pomnu {for mnstance instrument
transformers, bushings), which can be tested separately in accordance with their relevent standards. the purpose
of this partial discharge test is to check the arrang 1t of the ponents in the bly

NOTE 3 This test may be carried out on blies or sub. blies Care should be taken that externs! parhsi
discharges do not affect the measurement.

B.3 Test circuits and measuring instruments

The partial discharge tests shall be in accordance with IEC 60270
NOTE The partial discharge quantity is apparent charge that is expressed ususily in pocouiombds (pC)

Three-phase equipment is either tested in a single-phase test circuit or in a three-phase test
circuit (refer to Table B.1).

a) Singie-phase test circuit
Procedure A:
To be used as a general method for equipment designed for use in systems with or
without solidly earthed neutral.

For measuring the partial discharge quantities, each phase shall be connected to the test
voltage source successively, the other two phases and ail the parts earthed in service

being earthed.

Procedure B:

To be used only for equipment exclusively designed for use n systems with soldly
earthed neutral.
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For measuring the partial discharge quantities, two test arrangements shall be used.

At first, measurements shall be made at a test voltage of 1,1 U’ (U, is the rated voltage).
Each phase shall be connected to the test voltage source successively, the other two
phases being earthed It is aliowed to isolate or to remove all the metallic parts normally
earthed in service Also any conductive layer that is normally earthed in service, may be
isolated from earth for this test

An additional measurement shall be made at a reduced test voitage of 1,1 Ur /\/3 during

which the parts being earthed in service are earthed and the three phases connected to
the test voltage source are bridged

b) Three-phase test circuit

When suitable test facilities are available, the partial discharge tests may be carried out in
a three-phase arrangement.

Iin this case, it i1s recommended to use three coupling capacitors connected as shown in
Figure B.1 One discharge detector can be used which is connected successively to the
three measuring impedances.

For calhbration of the detector on one measuring position of the three-phase arrangement,
short-duration current pulses of known charge are injected between each of the phases
taken in turn on the one hand, and the earth and the other two phases, on the other hand
The calibration giving the lowest deflection is used for the determination of the discharge
quantity

In the case of equipment designed for use in systems without solidly earthed neutral, an
additional test shall be made (as type test only). For this test, each phase of the test
object and the corresponding phase of the voltage source shall be earthed successively,
refer to Figure B 2.

B.4 Test procedure

The power-frequency voltage applied is raised to a pre-stress value of at least 1,3 U, or
1,3 U, /\/5 in accordance with the test circuit (refer to Table B.1) and maintained at this
value for at least 10 8 2 Partal discharges occurring during this period shall be disregarded.

The voltage is then decreased without interruption to 1,1 ", or 1,1 U, /J§ in accordance with

the test circuit and the partial discharge quantity i1s measured at this test voltage (refer to
Table B 1)

As far as possible with respect to the actual background noise level, the partial discharge
inception and the partial discharge extinction voltages should be recorded for additional
information

in general, tests on assemblies or subassemblies should be made with the switching devices
in the closed position In the case of disconnectors where deterioration of the insulation
between the open contacts by partial discharges is conceivable, additional partial discharge
measurements should be made with the disconnector in the open position.

On flud-filled equipment the tests shall be carried out at the minimum functional level or the
rated filling level. whichever is most onerous For routine tests the rated filling level shall be-
applied

2 Ajternatively, the partiai discharge test may be performed while decreasing the voitage after the power-
frequency voltage tests 68



Table B.1 -~ Test circuits and procedures

Single-phase testing

Procedure A

Procedure B

Three-phase testing

Voltage source connected to

Each phase successively

Each phase successively

Three phases simultaneously

Three phases
(Figures B.1 and B.2)

Earth-connected elements

Both the other phases and all the
parts earthed in service

Both the other phases

All the parts earthed in service

All the parts earthed in service

Minimum pre-stress voltage

1,34,

13 U,

1.3 U3

13y, "

Test voltage

1.1 0,

110,

1,1 UN3

IR/

Basic disgram

L

648

XX
|u:|

"' Voitage between phases

21 Additionai test in the case of 8 system without solidiy earthed neutral (for type tests only)

© 102-1L229 J3vs!
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2y
—}———L
Z;
W ) o by
Z3
s ol3
_J Cx B Cx Cy
Test object
Zen Zm Zm
N
|
g——r—o)
Key
N Neutral connection
E Earth connection
Loty Terminats for the connection of the three-phase voltage source
2,.2,. 2, impedances of the test circuit
c, Coupling capecitor
Z, Measuring impedance
D Partisi discharge detector

Figure B.1 - Partial discharge test circuit (three-phase arrangement)
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2y
T F——ols
22
I
g " . oL2
Z3
{F—ols
Cx ICx xy
Test object
E = h
g—)—o)
Key
E Earth connection
Ly, Lo Ly Terminals for the connection of the three-phase voltage source
2y, 29. 2y Impedances of the test circuit
Cy Coupling capacitor
Za Measuring impedance
D Partial discharge detector

Figure B.2 - Partial discharge test circuit (system without earthed neutral)
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Annex C
(normative)

Humidity test

C.1 General

The object of the humidity test is to prove that the insulation-enclosed switchgear and
controigear is safe when touched on the accessible surface of the insulation enclosure, not
only in a dry state but also with condensation and light poliution.

Under normal service conditions the ambient air is not materially poliuted. This statement
does not exclude, however, the possibility of a certain degree of pollution occurring in the
course of time, depending on the frequency and quality of cleaning and reconditioning of the
insuiation surfaces.

This humidity test does not cover the security requirements relating to other influencing
factors. although the philosophy of this test may serve as a2 base for an ageing test in
connection with reliability in general.

The insulation-enclosed switchgear and controigear is exposed to a certain number of
identical humidity and temperature cycles in a test chamber, in which the humidity is
generated by fog formed from conductive water. During this test an a.c. power-frequency
voitage is continuously applied to the test object

C.2 Test procedure and test conditions

C.2.1 Test cycle and its duration

The test cycle should be chosen so that all the surfaces of the test object are wet during
about half of its duration and dry during the other haif To obtain this result the test cycle
consists of a period with a low ar temperature (7,,,.) and a period with a high air temperature
(Trmex) InSide the test chamber. Both periods shall be equal in time and the generation of fog
shail be maintained for the first half of the test cycle. The temperature variation between the
two periods shall be (10 + 2) K The value of the low air temperature (Tmin) shall be
approximately equal to the ambient air temperature outside the test chamber (see Figure C.1).

The beginming of fog generation (1,) coincides in principie with the beginning of the low air
temperature penod. However, to wet the vertical surfaces of materials with a high thermal
time constant, it may be necessary to start the fog generation later within the low air
temperature period

The duration of the test cycle depends on the thermal characteristics of the insulation-
enclosed switchgear and controigear and shall be sufficiently long both at high and low
temperatures to cause wetting or drying of all the insulation surfaces.

Preiminary cycles shall be carried out with the test object placed in the test chamber in order
to observe and to check these conditions.
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The tempgraturg and the relative humidity of the air in the test chamber shail be measured in
the immediate vicinity of the insulation enclosure and shall be recorded for the whote duration
of the test.

NOTE In order to achieve the required conditions, a duration of the test cycle of 8 h 13 generaily satistactory

c.2.2 Generation of fog

The fog is obtained by the continuous or periodical atomizing of 0.2dm? to 0.5 dm?
conductive water per hour and per cubic metre of test chamber volume The resistivity of the
water shall be 30 Qm with a tolerance of +10 % (equivalent to a conductivity of 0,033 S/m) at
the lower value of the test-cycle temperature.

The diameter of the droplets shall be less than 10 um. Such a fog may be achieved by
mechanical atomizers situated at the bottom of the test chamber and directed upwards in
such a manner that the insulation surfaces of the test object will not be sprayed direct No
water shall drop from the ceiling upon the test object.

During the fog generation the test chamber shall be closed and no additional forced air-
circulation is permitted.

NOTE t For the adjustment of the conductivity of the water, sodium chioride (NaCl) is added to distiled water If a
suitable supply of tap water is available, it may also be used.

NOTE 2 The relation between conductivity of the water and its temperature is given in {EC 60080-1

Cc.23 High air temperature period

The high air temperature is achieved with the aid of a heater in combination with forced air-
circulation inside the test chamber. This forced circulation shall not be directed at the test
object.

C.24 Test chamber

A proposal for an appropriate test chamber with thin walls 1s made in Figure C 2

The volume of the test chamber shall be at least five times the circumscribed volume of the
test object The test chamber shall not be higher than 2,5 m and the base dimensions shall
ensure that the test object placed on the bottom will have a minimum distance from the walil of
0,15 m and from the atomizer of 0,5 m.

] i i teriais having
NOTE 1 No special requirements are stated for the wali materiais of the test chamber However mal
a high heat conductivity and a low thermal inertia are recommended bouvun i this case the transition pcxﬂ:
between wetting and drying and between drying and wetting will not significantly influence the ime duning whic
the insulation surfaces of the test object are wet

NOTE 2 If the walls do not meet these conditions, special measures should be taken to ensure th;! the period
during which the insulation surfaces are wet is approximately equal to half the duration of one test cyc

C.2.5 Test object

The insulation-enclosed switchgear and controlgear to be tested shall be in a new c:mdmor;
with its outside insulation surfaces clean It shall be mounted in the test chamber in its usua‘t
upright position, complete with all insulating parts and the continuity of the mamin gm::e
ensured. Precautions shall be taken to ensure that no deposit of water accumulates inside
insuiation enclosure during the test
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C.2.6 Test voltage and voitage supply

During the humidity test the following power-frequency voltages shall be continuously applied
to the main circuit of the insulation-enclosed switchgear and controlgear:

- rated voltage U, between phases;
- L’,Iﬁ between phase and earth,
C.2.7  Total test duration |

The total duration during which the surfaces are wet shall be 120 h. Normally, the period of
fog generation equals the period of wet surfaces which shall pe approximately equal to half
the duration of one test cycle; thus the total duration of the humidity test will be a minimum of
240 h. ;

It during the preliminary cycles a considerable difference is observed between the period of
fog generation and the corresponding period during which the surfaces are wet, the test shall
be based on the total duration during which the insulation surfaces are wet.

C.3 Test criteria and evaluation

C.3.1 Criterion during the test

During the total duration of the humidity test, no flash-over shall occur either between phases
or between phase and easth

C.3.2 Criterion after the test

The humidity test shall be followed, without any cleaning, by a supplementary test cycie
During the wet surface period, the leakage current shaill be measured in accordance with
6 104 The leakage current to earth through the metal foil at any accessible place and at any
time of this period shall not exceed 0,5 mA. Further supplementary test cycles may be carried
out in order to verify the value of the leakage current with the metal foil attached to different
places of the accessible surfaces.

C.33 Evaluation of the test

if the criteria in C 3.1 and C 3 2 are met, the insulation-enclosed switchgear and controlgear
shall be considered to have passed the humidity test
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Figure C.1 - Test cycle
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Figure C.2 - Test chamber
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Annex D
(informative)

Protection grades

D.1 Protection grade PA

Protection grade PA has the following three different basic arrangements:

figure D.1.a figure D.1.b figure D.1.c.

Figure D.1a)

Figure D.1b)

Figure D.1¢c)

The solid insulation itself fulfils the requirements from items a), b), ¢) and d) of
5.102.3.

To be tested with 100 cm? metal foil at most unfavourable places: power-
frequency voitage test and lightning impulse voitage test (6.104.1a)).

The insulation fuifils the requirements from items a) and d) of 5.102.3.
To be tested with 100 cm?2 metal foil at most unfavourable places: power-
frequency voltage test and lightning impulse voltage test (6.104.1a)).

The solid insulation fulfiis the requirements of 5.102.3b).
Sample to be tested at power-frequency voltage test (6.104.1b)).

The fluid insulation fulfils the requirements of 5.102.3c).
To be tested with 150 % L, for 1 min to the inside of the solid insulation
(6 104.1C)).

Same as for Figure D.1a)

Figure D.1 - Possible designs for protection grade PA
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D.2 Protection grade PB

Protection grade PB, for those area’s that are liabl
| _ A e to be touch
different basic arrangements: S SR R Sl K

Sold
insulation

|
|

fluid

Insulating i Cof\duav-byﬁ

Second layer of
solid insulation

figD.2.a (PB1) fig D.2 b (PB1) fig D2 c (PB2)

Apart from the demands for protection grade PA, the following extra demands apply for the
protection grade PB:

PB1:
Figure D.2 a) The second layer of insulating material fulfils the requirements of 5 102 3d)
To be separately tested with 100 cm? metal foil at 150% 7, for 1 min

(6.104.1d)).

Figure D.2 b) The insulation fulfils the requirements from 5 102 3f)
To be tested with ambient air instead of insulating flurd, with 100 cm? metai foul

at the inside at 150 % U, for 1 min (6 104 1d))

PB2:
Figure D.2 ¢c) The conductive layer fulfils the requirements in 5 102 3g)
Resistance to be tested according to 6 4 101

Figure D.2 - Possible designs for protection grade PB
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