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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GAS-INSULATED METAL-ENCLOSED SWITCHGEAR
FOR RATED VOLTAGES OF 72,5 kV AND ABOVE

FOREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on
which all the National Committees having a special interest therein are reprasented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the National
Committeas in that sense.

3) In order to promote International unification, the IEC expre.-:ses the wish that all National Committees
should adopt the text of the IEC recommendation for thair national rules in so far as national conditions will
permit. Any divergence betweon the IEC racommaendation and the corresponding national rulas should, as
far as possible, be clearly indicated in the latter.

This standard has been prepared by Sub-Committee 17C: High-voltage enclosed switch-
gear and controlgear, of [EC Technical Committee No. 17: Switchgear and controlgear.
It replaces the second edition, issued in 1986.

The text of this standard is based on the following documents:

Six Months' Rule

Report on Voling

Two Months' Proéodurc

Report on Voling

17C(CO)48
17c{co)s1
17C(CO)63

17¢{C0O)53
17C{CO)56

17¢c({co)je7

17C{CO)80

17¢{CcO)6e

Full information on the voting for the approvél of this standard can be found in the Voting
Reports indicated in the above table.

The standard refers to IEC 694: Common clauses for high-voltage switchgear and control-
gear standards, which Is applicable unless otherwise specified in this standard. In order to
simplify the indication of corresponding requirements, the same numbering of clauses and
subclauses is used as in IEC 634. Amendments to these clauses and subclauses are
given under the same references whilst additional subclauses are numbered from 101.
Additional annexes are lettered AA, BB, etc.
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' The following IEC publications are quoted in this standard:

Publications Nos. 44-4 (1980):
50(151) (1978):
50(441) (1984):

56 (1987):

60-2 (1973):

129 (1984):
137 (1984):

141 (—):

270 {(1981):

298 (1990):
480 (1974);

529 (1989):
651 (1979):
- 694 (1980):

859 (1986):

Instrument transformers. Part 4: Measurement of partial discharges.

international Electrotechnical Vocabulary (IEV), Chapter 151: Electrical and
magnatic devices.

Intat.uatloﬁia Electrotechnical Vocabulary (IEV), Chapter 441: Switchgear,
controlgear and fuses,

High-voltage alternating-current circuit-breakers.

High-veitage test techniques, Part 2: Test procedures.

Alternating current disconnectors and earthing switches.
Bushings for alternating voltages above 1 €00 V.,

Tests on oil-filled and gas-pressure cables and their accessories.

Partial discharge maasuremants.

A.C. metal-enciosed switchgear and controlgear for rated voitages above
1 kV and up to and including 52 kv. '

Guide to the checking of sulphur hexafluoride (SFg) taken from electrical
equipment.

Degraes of protaection provided by enciosures (IP Code). .

Sou.nd level metars.
Commen clauses for high-voltage switchgear and controlgear standards.

Cable connections for gas-insulated metal-enclosed switchgear for rated
voltagaes of 72,5 kV and abovae.
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GAS-INSULATED METAL-ENCLOSED SWITCHGEAR
FOR RATED VOLTAGES OF 72,5 kV AND ABOVE

1 Scope

This standard specifies requirements for gas-insulated metal-enclosed swftchgear in which
the insulation Is obtained, at least partly, by an insulating gas other than air at atmos-
pheric pressure, for alternating current of rated voltages of 72,5 kV and above, for Indoor
and outdoor installation, and for service frequencies up to and including 60 Hz.

For the purpose of this standard the term “switchgear® is used for "gas-Insulated metal-
enclosed switchgear".

The gas-Insulated metal-enclosed switchgear covered by this standard consists of indi-
vidual components intended to be directly connected together and able to operate only in

this manner.

This standard completes and amends, If necessary, the various relevant standards applying
to the individual components constituting gas-insulated metal-enclosed switchgear.

Unless otherwise specified, the gas-insulated metal-enciosed switchgear Is designed to be
used under normal service conditions.

2 Normal and speclal service conditions
Refer to clause 2 of IEC 694, with the following modification:
At any altitude the dielectric characteristics of the Internal insulation are idantiéal with

those measured at sea-level. For this insulation, therefore, no requirements concerning
the altitude are applicable

- 3 Definltions

For the definitions of general terms used in this standard, reference is made to IEC
S0(441) and 50(151). The following definitions apply for the purpose of this standard:

3.101 Switchgear

A 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, enclosures and supporting struc-
tures, intended in principle for use in connection with generation, transmission, distribution
and conversion of electric energy (IEV 441-1 1-02).
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3.102 Metal-enclosed switchgear and controigear

Switchgear and controlgear assemblies with an external metal enclosure intended to be
earthed, and complete except for external connections (IEV 441-12-04).

3.103 Gas-insulated metal-enclosed switchgear

Metal-enclosed switchgear in which the Insulation Is obtained, at least partly, by an
Insulating gas other than air at atmospheric pressure (IEV 441-12-05).

NOTE - This tarm ganora-l[y applies to high-voltage switchgear and controlgear.

3.104 Transport unit

A part of gas-insulated switchgear suitable for shipment without being dismantled.

3.105 Enclosurae

A part of gas-insulated metai-enclosed switchgear retaining the insulating gas under the -
prescribed conditions necessary to maintain safely the rated insulation level, protecting
the equipment against external Influences and providing a high degree of protection to
personnel,

3.106 Compartment

A part of gas-insulated metal-enclosed switchgear, totally enclosed except for openings
necessary for interconnection and control.

NOTE - A compartment may be designated by the main component contained therein, e.g. circuit-breaker
compartment, busbar compartment.

3.107 Component -

An essential part of the main or earthing circuits of gas-insulated metal-enclosed
switchgear which serves a specific function (for example circuit-breaker, disconnector,
switch, fuse, instrument transformer, bushing, busbar, etc.).

3.108 Partition

A part of gas-insulated metal-enclosed switchgear separating one compartment from other
compartments (IEV 441-13-06).

3.109 Bushing

A structure carrying one or more conductors through an enclosure and insulating it there-
from, including the means of attachment.
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3.110 Main circuit

All the conductive parts of gas-insulated metal-enclosed switchgear included in a circuit
which is intended to transmit electrical energy (IEV 441-13-02),

3.111  Auxiliary circuit

All the conductive parts of gas-insulated metal-enclosed switchgear included in a circuit (other
**than the main circuit) intended to control, measure, signal and regulate (IEV 441-13-03).

NOTE - The auxiliary circuits of gas-insulated metal-anclosed switchgear include the control and auxiliary
circuits of the switching devices.

3.112 Rated value

A quantity value assigned, generally by a manufacturer, for a specified operating condition
of gas-insulated metal-enclosed switchgear (IEV 151-04-03).

NOTE - See clause 4 for individual rated values.

3.113 Ambient air tamperature (of gas-insulated metal-enclosed switchgear)

The temperature, determined under prescribed conditions, of the. air surrounding the
external enclosure of gas-insulated metal-enclosed switchgear.

3.114 Design temperature (of the enclosure)

The highest temperature which can be reached by the enclosure under service conditions.

3.11S Design pressure (of the enclosurs}

The pressuré used to determine the thickness of the enclosure,

3.116 Disruptive discharge

Phenomena associated with the failure of insulation under electric stress, in which the
discharge completely bridges the insutation under test, reducing the voltage betwsen the
electrodes to zero or aimost zero.

NOTES

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

2 A disruptive discharge in & sclid dielectric produces parmanent loss of dislectric strength {non-sel!-
restoring insulation); in & liquid or gaseous dislectric, the loss may be only temporary {seli-restoring
insulation), .

3  The term "sparkover” is used when a disruptive discharge occurs in a gaseous or liquid dielectric. The
torm “flashover” is used when e disruptive discharge occurs over the surface of a solid dielectric in a
gasaous or liquid medium. The term “puncture” is used when a disruptive discharge occurs through a solid
dielectric.
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4 Rating

The rating of gas-insulated metai-enclosed switchgear comprises the tollowing:

a) rated voltage and number of phases;

b) rated insulation level;

c) rated frequency;

d) rated normal current (for main circuits);

8) rated short-time withstand current (for main and earthing circuits);

f) rated peak withstand current (for main and earthing circuits);

g) rated duration of short-circuit;

h) rated values of the components forming part of gas-insulated metal-enciosed switch-
gear, including their operating devices and auxiliary equipment;

i) rated density of gas for insulation.

The co-ordination of rated voltages, rated short-time withstand currents, rated peak
withstand currents and rated normal currents of gas-insulated metal-enclosed switchgear
is under consideration.

4.1 Rated voltage
Referto 4.1 and 4.1.2 of IEC 694 with the addifion of the rated value 72,5 kV.

NOTE - Components forming part of the switchgear may have individual values of rated voltage in
accordance with the relavant standards. '

4.2 Rated insuiation leve! 7
Refer to 4.2 of IEC 634 with the addition of the following supplement:

The switchgear comprises components having a definite insulation level. Although internat
faults can largely be avoided by the cholice of a sultable insulation level, measures to limit
external overvoltages (surge arresters, protective sparkgaps) should be considered.

NOTES

1 Regarding the external parts of bushings (if any), refer to IEC 137. ]

2 The wavelorms are accepted lightning impulse and switching impdlse shapes, pending the rezults of
studies on the ability of this equipment to withstand other typos of impulses,

3 The choice betwaen alternative insulation levels for a particular rated voltage should be based on
insulation co-ordination studies taking into account also the self-generatad transient ovearvoltages due to

switching.
4
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4.3 Rated fraquency
Refer to 4.3 of IEC 694 with the addition of the following rated values:

16 /3 Hz and 25 Hz

4.4 Rated normal current and temperature rise
4.4.1 “Rated normal current

Refer to 4.4.1 of IEC 694 with the addition of the following paragraph:

Some main circuits of gas-insulated metal-enclosed switchgear (e.g. busbars, feeder
circuits, etc.) may have different values of rated normal current. They should preferably be

selected from the following values:

1250A—_2000A-3150A-4000A-—_6300A

4.4.2 Temperature rise

Refer to 4.4.2 of IEC 694 with the addition of the following supplement:

The temperature rise of componants contained in the switchgear which are subject to
standards not covered by the scope of IEC 694 shall not exceed the temperature-rise
limits permitted in the relevant standard for those components.

The temperature rise for accessible ‘enclosures shall not exceed 30 K. In the case of
enciosures which are accessible but need not be touched during normal operation, the
temperature-rise limit may be increased to 40 K. : _

NCTE - When applying a temperature rise equal to or higher than 65 K for parts of the enclosure not
accessible to the oparator, evary precaution is to be taken to ensure that no damage is caused to the
surrounding insulating matarials.

4.5 Rated short-time withstand current

Refer to 4.5 of IEC 694 with the addition of the following paragraph:

The rated short-time withstand current should preferably be selected from the foliowing
values:

25kA—31,5kA—40kA-50kA-63kA—80kA-100kA

4.6 Rated peak withstand current
Refer to 4.6 of IEC 694,

NOTE - In principle, the rated short-time withstand current and the rated peak withstand current of a main
circuit cannot exceed the corrasponding rated values of the weakest of its series connected companents,
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4.7 Rated duration of short-circuit

Refer to 4.7 of IEC £94.

4.8 Rated supply volitage of closing and opening devices and auxiliary circuits

Refer to 4.8 of IEC €94.

-

4.9 Rated supply frequancy of operating devices and auxiliary circuits

Refer to 4.9 of IEC 694 with the addition of the following paragraph:

The rated supply frequency of operating devices and auxiliary circuits Is the frequency at
which the conditions of operation and temperature rise of these devices and circuits are

determined.

4.10 Rated pressure of compressed gas supply for operating mechanisms

Reter to 4.10 of IEC 694 with the addition of the foliowing paragraph:

The pressure of the compressed gas supply Is understood to be the pressure measured in
the reservoir immediately before the operation.

4.101 Rated density of gas for insulation

The rated density of gas for insulation is the density assigned by the manufacturer at
which the switchgear is intended to be used in service.

The minlmum gas density is the value of the density assigned by the manufacturer at and
above which the rated insulation level applies.

Gas-insulated metal-enclosed switchgear may have several rated and minimum gas densi-
ties for insulation, differing from one compartment to another.

5 Deslgn and construction

Gas-insulated metal-enclosed switchgear shall be designed so that normal service,
Inspection and maintenance operations, earthing of connected cables, locating of cable
faults, voltage tests on connected cables or other apparatus and the elimination of
dangerous electrostatic charges, can be carried out safely,. Including the checking of
phase sequence after erection and extension.

The design of the equipment shall be such that the ‘agreed permitted movement of founda-
tions or thermal effects do not impair the assigned performance of the equipment.

All components of the same rating and construction which may need to be reptaced shall
be interchangeable.
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The various components contained within the enclosure are subject to their relevant
standards except where modified by this standard.

5.1 Requirements for liquids in switchgear and controlgear

Refer to 5.1 of {EC 694.

5.2 Requiremants for gases In switchgear and controlgear R

Refer to 5.2 of IEC 694.

NOTE - For checking of sulphur hexafluoride In service, refer to IEC 480.

5.3 Earthing
Refar o0 5.3 of |IEC 894.

5.3.101 Earthing of the main circuits

To ensure safety during maintenance work ail parts of the main circuits to which access
is required or provided shall be capable of being earthed. In addition, It shall be possibie,
after the opening of the enclosure, to connect earth electrodes for the duration of the

work.
Earthing may be made by:
a) earthing switches with a making capacity equal to the rated peak withstand current,

if there is no certainty that the circuit connected is not live;

b) earthing switches without a making capacity or with a making capacity lower than
the rated peak withstand current, if there is certainty that the clrcuit connected is
not live; '

¢} removable earthing devices, only by agreement between manutacturer and user.

=.3.102 Earthing of the enclosdre

‘The enclosures shail be capable of being connected to earth. All metal parts intended
to be earthed, which do not belong to a main or an auxiliary circuit, shall be connected to
earth. For the interconnection of enclosures, frames, etc., fastening (e.g. bolting or
weiding) is acceptable for providing electrical continuity. ' '

The continuity of the earthing circuits shall be ensured takin‘g-into account the thermal and
electrical stresses caused by the current they may have to carry.

5.4  Auxiliary equipment
Refer to 5.4 of IEC 694,

5.5 Dependent power closing

Reter to 5.5 of IEC 694.
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5.6 Stored energy closing
Refer to 5.6 of IEC 694.

5.7 Operation of releases

Refer to 5.7 of {EC 694.

5.8 Low and high pressure Interlocking devices

Refer to 5.8 of IEC 694 with the addition of the following supplement:

For gas-insulated metai-enclosed switchgear It is recommended that a signal be provided
when the gas density or gas pressure for insulation has fallen to the minimum value

(see 4.101).
5.9 Nameplates
'Refer to 5.9 of IEC 694 with the addition of the following supplement:

Gas-insulated metal-enclosed switchgear, all its operating devices and main components,
as agreed between manufacturer and user, shall be provided with durable and clearly
legible nameplates which shal! contain the following Information:

- manufacturer's name ot trade mark;
- type designation or serial number.

It is recommended that the following data are also given:

— rated voitage;

- rated normal currents for busbars and circuits;'
- rated frequency;

- rated short-time withstand current;

— rated pressure for o;}eration;

~ minimum gas density for insulation;

~ design pressure for enclosures.

The individual nameplates of the components can be simplified provided common informa-
tion for the switchgear is stated on one nameplate.

NOTE - The word “rated” need not appear on the nameplates.

5.101 Degree of protection
5.101.1 Degree of protection for the main circuits

‘No specification applies to the main circuit and parts directly connected thereto.
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5.101.2 Degree of protection for auxiliary circuits and moving parts

The degree of protection of persons against contact with live parts of auxiliary circuits and
with any moving part {other than smooth rotating shafts and moving linkages) shall be indi-
cated by means of ons of the designations specified in table .

The characteristic numeral indicates the degree of protection provided by the enclosurs
with respect toparsons, also to the equipment inside the enclosure.

Table [ gives detalls of objects which will be "exciuded” from the enclosure for each of the
degrees of protection.

The term "excluded” implies that a part of the body or an object held by a person, either
will not enter the enclosure or, if it enters, that adequate clearance wiil be maintained and

no moving part will be touched.

-

" Equipment for outdoor Installation provided with appropriate protection features shall be
indicated by the characteristic letter W placed immediately after the letters IP.

The relevant service conditions shall'be observed (see clause 2) in order to protect the
equipment against atmospheric agents.

" Table 1 — Degrees of protéction against Ingress of foreign solid objects
and against access to live or moving parts

Designation ' Definition

P2X Protected against sofid objocts greater than 12 mm in diameter and fingers or similar
objects not exceeding 80 mm in length ‘

P3X Protected against tools, wires, etc., of diameter or thickness greater than 2,5 mm and
: sofid objacts exceeding 2,5 mm in diameter

IP4X Protected against wires or strips of diametar or thickness greater than 1,0 mm and solid
objects exceading 1,0 mm in diameter .

IPsX Dust-protected; the ingress of dust is not totally pravented but dust does not interfere with
satisfactory operation of the equipment

NOTE - The designation of the degree of protection corresponds to I1EC 529, No degree of protaction for
auxiliary circuits against harmful ingress of watar is specified. In case of IP5X, category 2 is applicabla.

5.102 Internal fault
5.102.1 General

A tault leading to arcing within gas-insulated metal-enclosed switchgear built to this stan-
dard has a low order of probability. This results from the application of an insulating fiuid
other than air at atmospheric pressure which will not be altered by pollution, humidity or
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vermin. Further, the insulating qualities may be checked by dielectric tests on assembled
units in the factory and on site. While the probability of such a fauit is low, the probability
of a fault occurring with personnel present is even lower, especially since gas-insuiated
sub-stations are closed electrical operating areas, the access to which is permittad only to

authorized personnal.

Examples of measures to avoid arcing due to an intemal fault and to limit duration and
cansequences are: -

-~ Insulation co-ordination;

- gas-leakage limitation and control;

-~ high-speed protection;

- high-speed arc short-circulting devices;

~ interlocking of switching devices;

= remote controt;

— Internal and/or external pressure reliefs;

~ checking of workmanship on site.
Arrangements should also be made to minimize the effects of Internal faults leading to
arcing on the continued service capability of the switchgear. The effect of an arc should
be confined to. the compartment in which the arc has been initiated, or to the other
compartments in the faulty section, if pressure relief is used between compartments within

this section. After disconnection of the compartment or section, restoration of the normal
operation of the remaining equipment should be possible. ’

If, in spite of the measures taken, a test is agreed between manufacturer and user to
verify the effect of arcing due to an internal fault, this test should be In accordance

with 6,106.

Tests would normally not be necessary in the case of single-phase enclosed switchgear
installed in Isolated neutral or resonant earthed systems and equipped with a protection to
limit the duration of internal earth faults.

5.102.2 External effects of the arc

In order to provide a high protection to personnel the external effects of an arc shall
be limited (by a suitable protective system) to the appearance of a hole or tear in the
enclosure without any fragmentation.

The manutfacturer shall provide sufficient information regarding the protective system
empioyed. .

Manufacturer and user may agree upon a time during which an arc due to an Internal fauit
up to a given value of short-circuit current will cause no external effects.

5.102.3 Internal fault location

The manufacturer of the switchgear should propose appropriate measures for fault loca-
tion, if required by the user. : '
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5.103 Enclosures

5.103.1 General

The enclosure shall be of metal, permanently earthed and capable of withstanding the
normal and transient pressures to which it is subjected in sarvice.

While the enclosures of gas-filled equipment conforming to this standard are permanently
pressurtfed in service they are subjected to particular conditions of service which
distinguish them from compressed air receivers and similar storage vessels. These

conditions are:

—~ enclosures envelop the main circuit not only to prevent hazardous approach to live
or moving parts but are so shaped that when filled at or above the minimum gas density
for insulation (see 4.101) they ensure that the rated insulation level {see 4.2) for the
equipment is achieved (electrical rather than mechanical considerations predominate in

determining the shape and materials employed);

— enclosures are normally filled with a non-corrosive gas, thoroughly dried, stable and
inert; since measures to maintain the gas in this condition with only small fluctuations in
pressure are fundamental to the operation of the switchgear and since the enclosures
will not be subject to internal corrosion, there is no need to make allowances for these
factors in determining the design of the enclosures (however, the effect of possible
transmitted vibrations should be taken into account);

- the service pressure employed is relatively low.

For outdoor installation, the manufacturer shall take Into account the influence of climatic
conditions (see clause 2).

5.103.2 Design of enclosures

The wall thickness of the enclosure shall be based on the design pressure as well as the
following minimum withstand durations without burn-through:

- 0,1 s for currents of 40 kA and above;
- 0,2 s for lower currants.

Pending international agreement on a standard procedure, methods for the calculation of
the thickness and the construction of enclosures either by welding or casting may be
chosen from established pressure vessel codes based on the design temperature and
design pressure defined in this standard.

NOTE - When designing an enclosure, account should aiso be taken of the following:

a) the possibie evacuation of the enclosure as part of the normal filling process;
b) the full differential pressure possible across the enclosure walls or partitions;.

¢} the resulting pressure in the event of an accidental ieak between the compartments in the case of
adjacent compariments having differant service pressuras;

d) the possibility of the occurrence of an internal fault (see 5.102).
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" The design temperature of the enclosure is generally the upper limit of ambient air tem-
perature increased by the temperature rise due to the flow of rated normal current. Solar
radiations should be taken into account when they have a significant effect.

The design pressure of the enclosure is at least the upper limit of the pressure reached
within the enclosure at the design temperature.

In determining the design pressure of the enclosure, the gas temperature shall be taken
as the mean of the upper limits of the enclosure temperature and the main circuit
conductor temperature with rated normal current flowing unless the design pressure can
be established from existing temperature-rise test records.

For enclosures and parts thereot, the streagth of which has not been fully determined by
calculation, proof tests (see 6.104) shall be performed to demonstrate that they fuifil the

requirements. '

Materials used in the construction of enclosures shall be of known and certified minimum
physical properties on which calculations and/or proof tests are based. The manufacturer
shall be responsible for the selection of the materials and the maintenance of these
minimum properties, based on certification of the material supplier, or tests conducted by

the manufacturer, or both.

5.103.3 Gas tightness

Because compressed gas is used for insutation a high degree of tightness is required for
the enclosure. The permissible annual or daily escape of gas and the time between
refillings for each type of compartment and for the complete instaliation should be stated
- by the manufacturer in accordance with annex DD.

If requested by the user, in order to permit maintenance in a compartment when adjacent
compartments contain gas under pressure, the permissible gas leakage across partitions
shouid also be stated by the manufacturer.

5.104 Partitions

Gas-insulated metal-enclosed switchgear shall be divided into compartments in such a
manner that both the normal operating conditions are met and a limitation of the effects of
an arc inside the compartment is obtained (see 5.102.1),

For this purpose partitions are required to ensure that the dielectric characteristics in one
compartment are not substantially altered when an adjacent compartment is at reduced
pressure due to leaks or maintenance operations. They are generally of insulating material
but are not intended by themselves to provide electrical safety of personnel, for which
other means such as earthing of the equipment may be necessary; they shail, however,
provide mechanical safety against the normal gas pressure still present in the adjacent
compartment.

A partition separating a compartment filled with Insulating gas from a neighbouring
compartment filled with liquid, such as a cable box or a voltage transformer, shall not
show any leakage affecting the dielectric properties of the two media.
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5.105 Pressurs reliof

Pressure relief devices in accordance with this subclause shall be arranged so as to
_ Minimize the danger to an operator during the time he is performing his normal operating
duties in the gas-insulated substation if gases or vapours are escaping under pressure.

NOTE - The term “pressure reliaf devica® includes both: pressure relief valves, characterized by &n
opening pressure and a closing pressure; nen-reclosing pressure relief devices, such as diaphragms and

bursting disks.

5.105.1 Pressure relisf valves to limit maximum filling pressure

in the case of an enclosure permanently connected to a compressed gas supply, the
devices employed for pressure regulation cannot be relied upon to prevent overpressure.
Pressure relief valves of adequate size shall be fitted to prevent the pressure within the
enclosure from rising to more than 10 % above the design pressure in the event of failure

of the pressure regulation means.

In the case of enclosures not permanently connected to a compressed gas supply, a
pressure relief valve shall be fitted to the filling pipe to prevent the gas pressure from
rising to more than 10 % above the design pressure during the filling of the enclosurs.
Alternatively the valve may be fitted to the enclosure itself,

After an opening operation of g pressure relief valve, it shall reclose before the pressure
has fallen to 75 % of the design pressure.

The filling pressure should be chosen to take into account the gas temperature at the time
of filling, for example checking by temperature-compensated pressure gauges.

5.105.2 Pressure relief devices to limit pressure rise in the case of an internal fault

Since after an arc due to an internal fault the damaged enclosures wilt be replaced,
ressure relief devices need only be proportioned to limit the external effects of the arc
see 5,102.2), ' ' .

In some designs pressure relief may be achieved by allowing the arc to burn through the
enclosure at designated points. Where such means are employed the resultant hole is
deemed to be a pressure relief device and consequently should fufil the requirements
given in 5.105. '

NOTES
1 inthe ¢ase of an internal fault which causes yielding of the @nclosure, the adjacent enclosures should
be checked for absaence of distorsion. '

2  When bursting disks are used for pressure reliaf, due regard should be paid to their rupture pressure in
relation to the design Pressure of the enclosure (see 3.115) to reduce the possibility of unintentional
tupture of the disk,

5.106 Disconnectors and earthing switches

The devices for ensuring the isolating distance between high-voltage conductors are consi-
dered to be disconnectors which shall comply with IEC 129. Additionai requirements are
given in 6.102 and 7.104.
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The requirement of IEC 129, that it shall be Possible to know the operating position of the
disconnector or earthing switch, is met if the position of the disconnactor or earthing
switch is indicated by a reliable indicating device. ‘

The co-ordination of the insulation levels to earth and of the Isolating distance is not
necessarily obtained by the construction or design of the switchgear. Surge arresters or
other means are recommended to perform such a co-ordination. For this type of switch-
gear, there Is no additional requirement necessary apart from the Insulation level {or the
Isolating distance, which shall be in accordance with Item b) of 6.1.4.

It shall not be possible for the disconnector or earthing switch to-open or to close inadver-
tently due to forces which may occur In service, Including those due to a short-circutt.

5.1 07 .’nterlocfcs

Interlocks between different components of the equipment are provided for reasons of sa-
fety and for convenience of operation. The foltowing provisions are mandatory for main cir-
cuits: ’
-~ apparatus installed in main drcuits, which are used for ensuring isclating distances
during maintenance work, shall be secured against reclosure;

— earthing switches shall be secured against reopening.

It is recommended that earthing switches having a short-circuit making capacity less than
the rated peak withstand current of the circuit should be interlocked with the associated

disconnectors.

It is recommended that switches having a short-circuit making capacity less than the rated
peak withstand current, or g breaking capacity less than the rated normal current, and
disconnectors should be interlocked with the associated circuit-breaker to prevent opening
or closing of the switch or disconnector unless the assoclated circuit-breaker is open. If
the disconnectors are fitted with metallic screens, the interlock between contacts and
metallic screens shall prevent: :

- the metallic screen being interposed, if the contacts are not completely opsn;

— the contacts from being closed, if the metallic screen is not completely retracted.

The provision of additional or alternative interlocks shall be subject to agreemant betweeon
manufacturer and user. The manufacturer shall give all necessary information on the
purpose and function of Interlocks.

5.108 Noise

* During an operation, the leve! of noise emitted by the switchgear should not exceed a spe-
cified value. This value and the procedure of verification should be agreed between manu-
facturer and user (see IEC 651).
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5.109 Provisions for diglectric tests on cables

Those parts of the gas-insulated metal-enclosed switchgear which remain connected
to the cable shall be capable of withstanding the cable test voltages specified in the
relevant cable standards for the same rated voltage {for oii-filled and gas-pressure cabies

see IEC 141).

It it is not acceptable to apply d.c. cable test voltages to the switchgear, special provisions
for cable festing are to be made (e.g. disconnecting facilities and/or increasing of the gas

density for insulation).

- During dielectric tests on cables in general, the adjacent parts of the switchgear should be
de-energized and earthed, unless special measures are taken to prevent disruptive
discharges in the cable affecting the energized parts of the switchgear.

The location of suitable bushings for cable testing with d.c. and/or a.c. voitages should be
provided at the cable connection enclosure or at the switchgear itself (see IEC 859).

NOTE - Attention is drawn to the fact that practically no safety margin Is [oft in some casas between the
rated power frequency test voltage for the isolating distance and the resuiting voltage stress across the
isolating distance due to the application of the d.c. cable test voltage, while the other side of the Isolating
distance of the switchgear Is still alive.

6 Type tests
Refer to clause 6 of IEC 6§94 with the addition of the following:

Components contained in gas-insulated metal-enciosed switchgear which are subject to
standards not covered by the scope of IEC 694 shall comply with and be tested In
accordance with those standards, taking into account the conditions given in the following
subclauses.

As a general rule, tests on switchgear components are carried out in accordance with the
relevant standards of the apparatus.

In general type testing shall be carried out on a complete single-pole or three-pole
functiona! unit of a typical switchgear bay. Where this is impracticable, the type tests can
be made on representative assemblies or sub-assemblies.

Because of the variety of types, ratings and possible combinations of components, It
is impracticable to subject all arrangements of the switchgear to type tests. The per-
formance of any particular arrangement may be substantiated by test data of comparable
arrangements.
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The type tests and verifications comprise:

1) Normal type tests

a) Tests to verify the insulation level of the equipment including partial
discharge tests and dielectric tests on auxiliary circuits:

b) Tests to prove the temperature rise of any part of the equipment and
measurement of the resistance of the main circuit:

¢) Tests to prove the abliity of the main and earthing circuits to carry
the rated peak and the rated short-time withstand current:

d) Tests to verify the making and breaking capacity of the included
switching devices:

e) Tests to prove the satisfactory cperation of the Included switching
devices: '

f) Tests to verify the protection of persons against contact with live
parts and moving parts:

g) Tests to prove the strength of enclosures:

2} Special type tests (subject to agreement between manutacturer and user)

. h) Tests to verify the protection of the equipment against external
effects due to weather and atmospheric agents:

I} Tests to prove the radio interference voltage (RiV) level:

)] Tests to assess the effects of arcing due to an internal fault:
k} Tests to prove the thermal stability of solid insulation:

l) Tests to prove the satfsfactory operation at limit temperatures:

m) Gas tightness tests:

Subelause

6.1

kS

6.3and 6.4

6.5

6.101

6.102

6.103
6.104

6.105
6.2
6.106
6.107
6.108
6.109

NOTE - Some of the typae tests may impair the sultability of the tested parts for subsequent use in gervice.

6.1 Dislectric tests
6.1.1 Ambient air conditions during tests

Refer to 6.1.1 of IEC 694,
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6.12 Wet test procedure

Refer to 6.1.2 of IEC 694 with the addition of the following supplement:

A wet test is only necessary for outdoor bushings which have not been tested previously
under rain.

For rated voltages of less than 300 kV, the taétls,ha!l be a power frequency voltage test.

For rated voltages of 300 kV and above, the test shall be a switching impulse voltage test.

The test voitage and the test procedure shall be those specified in IEC 137.

6.1.3 Conditions of switchgear and controigear during dielectric tests

Refer to 6.1.3 of IEC 694 for those items which are applicable.

6.1.4 Application of test voltage and test conditions

Subclause 6.1.4 of IEC 694 Is not applicable. Because of the great variety of designs, it is
not teasible to give specific indication of the tests to be performed on the main circuit, but,
in principle, they shall cover the foliowing:

‘a) To earth and between phases:

The test voltages specified in 6.1.5 shall be applied connecting each phase conductor
of the main circuit in turn to the high-voltage terminal of the test supply. All other
conductors of the main circuit and the auxiliary circults are to be connected to the
earthing conductor or the frame and to the earth terminal of the test supply.

If an inspection window exists, a dielectric test is made with an earthed metal foll
covering the accessible side of the inspection window.

The dielectric tests shall be made with all switching devices (except earthing switches)
closed. Attention shall be given to the possibility that switching devices in their open
position may result in less favourable field conditions. Under such conditions, the test
shall be repeated. '

When each phase Is. individually encased in a metallic enclosure, only tests to earth,
and no test between phases, are carried out, unless bushings are used for external
connections.

b) Across the open position of switching devices:

Each switching device in the main circuit shall be tested in the open position with the
test voltages specified for circuit-breakers, switches or disconnactors in the respective
standards related to the rated insulation levels (see 4.2).

T i T o T e e 1
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If, in the gpen position of a disconnector, an earthed metallic screen is interposed
between the open contacts, this contact gap is not an isolating distance.

When voltage or power transformers forming an integral part of the gas-insulated metal-
enclosed switchgear have a reduced insulation level, they may be replaced during the
dieiectric tests by replicas reproducing the field configuration of the high voltage connec-
_tions. Overvoltage protection devices shall be disconnected or removed during the tests. _

==

When this procedure is adopted, the voltage or power transformers shall be separately
tested in accordance with the relevant standard.

6.1.5 Test voltages

The rated withstand voitages to earth and between phases (if any) shall be those specified
in 4.2 of {EC 694, tables 1, lIl and IV.

- 72,5 kV to 245 kV in coiumns (2) and (4);

- 300 kV to 765 kV in columns (2) and (3).

The rated withstand voltages across the isolating distance of disconnectors shall be those
'specified in IEC 694 for the pertinent rated insulation levels.

6.1.6 Lightning and switching Impulse voltage tests
Refer to 6.1.6 of [EC 694 with the addition of the following supplement:

Current transformer secondaries shall be short-circuited and earthed.

During the tests, the earthed terminal of the impulse generator shall be connected to the
enclosure of the switchgear except that during some of the tests in accordance with
item b) of 6.1.4 the enclosure shall, if necessary, be insulated from earth in order that the
voltage appearing between any of the live parts and the enciosure will not exceed the test
voltage specified in item a) of 6.1.4.

6.1.7 Power-frequency voltage tests on the main circuit

Refer to 6.1.7 of IEC 694 with the addition of the following supplement:

The main circuits of the switchgear shali be subjected to power-frequency voltage tests in
dry conditions only.

During the tests, one terminal of the test transformer shall be connected to earth and to the
enclosure of the switchgear, except that during the tests in accordance with item b) of 6.1.4
the mid-point or another intermediate point of the voltage source should be connected to
earth and to the enclosure in order that the voltage appearing between any of the live parts
and the enclosure will not exceed the test voltage specified in item a) of 6.1.4.
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6.1.8 Anificial poliution tests
Refer to 6.1.8 of IEC 694 with the addition of the following suppiement:

These tests 'appiy only to outdoor bushings of gas-insulated metal-enclosed switchgear
not previously tested and shall be performed only by special agreemen{ between manu-

facturer and user,

6.1.9 Partial discharge tests

The measurement of partial discharges s 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 degradation in the
dielectric strength of the equipment, especially of solid insulation. 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 gas-insulated metal-enclosed switchgear.

The measurement of partial discharges should be made as a type test to show, in correla-
tion with the other dielectric tests, if and where there are weak points with respect to the

dielectric strasses resulting from the design of the equipment.

The test may be carried out on assemblies or sub-assemblies of the equipment used for
all other dielectric tests, and should follow them.

The dielectric stresses during the measurement shall, as far as possibie, be repre-
sentative of those which would occur in the complete installation of gas-insulated metal-

enclosed switchgear.

6.1.9.101 Test circuits and measuring Instruments

The test circuits and measuring instruments recommended and methods of calibration are
given in IEC 270.

A measuring instrument which permits an evaluation of the individual discharges Is pre-
ferred. Additional information can be gained by measuring the quadratic rate expressed in
coulombs squared per second.

The elements of the test circuit and the measuring instrument should be chosen so that
the minimum measurable discharge intensity is not more than 50 % of the permissible
partial discharge intensity.

6.1.9.102 Test procadure

The applied power-frequency voltage is raised to a pre-stress value U_ and maintained at
that value for at least 10 s. Then, the voltage is decreased to the value U, tor measuring
the partial discharge intensity.

a} Equipment with single phase enclosures to be used on systems with solidly earthed
neutral. ‘

Uy = U Uy = 1.1 UNT
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b) Equipment with three-phase enclasures to be used on systems with solidly earthed
neutral.
The test may be made with a three-phase or with a single-phase test circuit.

Three-phase lest circuit .
The enclosure is connected to the neutral of the voltage supply.
The test voltage is measured between phases.

Up-1,3U U=110
Single-phase test circuit

For the single-phase test the following two methods apply:

1) With the manufacturer's agreement, each phase conductor of the main circuit shall
be connected in turn to the voltage supply, the conductors of the other phases being
earthed together with the enclosure:

U,=130U Uym 11U

2) The testis made with two voltage suppties having one terminal earthed (see figure 1).

667/90

Figure 1
The main supply Is connected to one phase conductor; the auxiliary sdpply is
connected to another phase conductor and its voltage shail be chosen so that the

voltage between these two phases is equal to ¥3 times the voltage of the main supply.
The third phase conductor is connected to the earthed enclosure. The main supply shall
be connected to each phase in turn.

‘The test voltage is measured between the two live phases.
Up=1,3U Uy=11U

c) Equipment with single-phase enclosures to be used on systems without solidly
earthed neutral. .

U, =13 U U=11U  andU,=1,1UNG

d) Equipment with three-phase enclosures to be used on systems without solidly
earthed neutral.

The test may be made with a three-phase or with a single;phése test circuit.
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Three-phase test circuit
The test voltage is measured between phases.

First, the enclosure and the neutral of the voltage supply are earthed, then the
enclosure and each phase conductor in tumn are earthed. :

For each case: Up =13U UYs=1,1U

Single-phase test circuit

Each phase conductor is connected in turn to the voltage suppiy, the conductors of the
other phases being earthed together with the enclosure.

U,=13U Ug=11U then U, = 1,1 UNG

NOTE - I possible, taking into account the actual background naise level, the partial discharge inception
&nd the partial discharge extinction voltages should be recorded as additional information.

6.1.9.103 Maximum permissible partial discharge intensity

The maximum permissible partial discharge intensity at 1,1 U~N3 and at 1,1 U corres-
ponding to the applied test circuit should not exceed the following values:

- cast resin insulated bushings and other insulators within

the equipment: 10x107'2¢

~ line terminal and transformer bushings: see IEC 137
- voltage transformers having the following types of insulation:

liquid immersed or solid: ' seé IEC 44-4

gas-impregnated paper or synthetic film: 10x107'2¢C

NOTE - No separate values are given for current transformers since the dasigns commonly utllized In gas
insulated switchgear do not contain solid primary insulation, other than the cast resin insulated bushings.

The above values apply to individual components as well as to-the sub-assemblies in
which they are contained. Any sub-assembly containing components with a permitted

partial discharge intensity greater than 10 x 10~12 ¢ shall be considered acceptable if the
discharge level does not exceed that of the component having the highest permitted
discharge intensity.

6.1.10 Dielectric tests on auxiliary circuits

Refer to 6.1.10 of IEC 694 which is applicable to all low voltage auxiliary circuits.

Current transformer secondaries shall be short-circuited and disconnected from earth.
Voltage transformer secondaries shall be disconnected.
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6.2 ARadio interference voltage (RIV) tasts

Refer to 6.2 of IEC 694 with the addition of the following supplement:

This test is made only if an external bushing exists, and shall be performed bf/ special
agreement between manufacturer and user.

kel

6.3 Temperature-rise lests
Reter to 6.3 of IEC 694 with the addition of the following supplement:

Where the design provides alternative components or arrangsments, the test shall be
performed with those components or arrangements for which the most severe conditions

are obtained.

The assembly or sub-assembly shall be mounted approximately as In normal service,
including ail normal enclosures and shall be protected against undue externat heating or

cooling.

Except in the case when each phésa is incased individually in a metallic enclosure, tha
tests shall be made with the rated number of phases and the rated normal current flowing
from one end of the busbars to the terminals provided for the connection of cables.

When a single-phase test is permitted and carried out, the current In the enclosure shall
‘represent the most severe condition.

When testing individual sub-assembligs, the neighbouring sub-assemblies should carry the -
currents which produce the power loss corresponding to the rated conditions. It is admis-
sible to simulate equivalent conditions by means of heaters or heat insulation, if the test

cannot be made under actual conditions.

The temperature rises of the ditferent components shall be referred to the ambient air
temperature. They shall not exceed the values specified for them in the relevant

standards. '

6.4 Measurement of the resistance of the main circuit
Refer to 6.4 of IEC 694 with the addition of the following supplement:

The requirements of [EC 694 apply only to the switching devices of gas-insulated metal-
enclosed switchgear before and after the temperature-rise test.

In addition, overall measurements are made on transport units in the factory as type test.
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6.5 Short-time and peak withstand current tests

Refar to 6.5 of IEC 654,

6.5.1 Arrangement of the switchgear and of the test circuit

Subclause 6.5.1 of IEC 694 is not applicable.
Gas-insulated metal-enclosed switchgear with three-phase enclosures shali be tested
three-phase. Switchgear with single-phase enclosures shall be tested single-phase with

the fuil return current in the enclosure.

NOTE - Careful attention should be given to the design of enclosures as the arrangement selected may
iead to more severe conditions. If the enciosure section is not electrically connected to the rest of the

switchgear a three-phase test should ba carried out.

6.5.2 Test currant and duration

Refer to 6.5.2 of IEC 6§94.

6.5.3 Behaviour of the switchgear during test

Subclause 6.5.3 of IEC 694 is not applicable.

6.5.4 Conditions of the switchgear after test

Subclause 6.5.4 of IEC 694 is not applicable.

6.5.101 Tests on the main circuits

Main circuits of gas-insulated metal-enclosed switchgear shall be tested to verify their
capability to withstand the rated short-time and peak withstand current under the intended
conditions of installation and use, lLe. they shall be tested as instalied in the switchgear
with all associated compenents influencing the performance or moditying the short-circuit
current and according to the standards for the principal switching devices included in the

circuits. '

During these tests, it is necassary to ensure that no overcurrent protection device
operates.

After the tests, no deformation or damage to components or conductors within the
enclosure which may impair good operation shall have been sustained.

Short connections to voltage transformers are not considered as parts ot the main circuit
in this respect.

6.5.102 Tests on earthing circuits

Earthing circuits of gas-insulated metal-enclosed switchgear which are factory assembled
and comprise earthing conductors, earthing connections and earthing devices shall be
tested to verify their capability to withstand the rated short-time and peak withstand
current under the neutral earthing condition of the system, i.e. they shall be tested as
installed in the switchgear with ail associated components which may influence the per-
formance or medify the short-circuit current.
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After the test, no deformation or damage to the components or conductors within the
enclosure which may impair good operation of the main circuit shall have been sustained.
Some deformation and degradation of the earthing conductor, earthing connections
or earthing devices is permissible, but the continuity of the earthing circuit shall be

preserved,

6.101 Verification of making and breaking capacities

Switching devices forming part of the main circuit of gas-insulated metal-enclosed switch-
gear shall be tested to verify their rated making and breaking capacities according to the
relevant standards and under the proper conditions of installation and use, i.e. they shall
be tested as normally installed in the switchgear with all associated components the
arrangement of which may influence the performance, such as connections, supports, etc.

NOTE - In determining which associated components are likely to influence the performance, speciai
altention should be given to mechanical forces due to the short-circult, to the possibility of disruptive
discharges, etc. itis recognized that, in some cases, such influences may be quite negligible.

For unit tests, see clauses 6 and 7 of IEC 56.

NOTE - Capacitance of the components existing between the terminals of the parts tested and the
external connections should be taken into account only for breaking tests. .

For circult-breakers using compressed gas, the pressures to be adopted for tests shall be
those specified by IEC 56. | :

6.102 Mechanical operation tests

Switching devices of gas-insulated metal-enclosed switchgear shall be submitted to-
mechanical endurance tests in accordance with their relevant standards, unless previously
tested separately. :

In addition, all switching devices fitted with interlocks shall be submitted to 50 operating
cycles in order to check the operation of the associated interlocks. Before each operation
the interlocks shall be set in the position Intended to prevent the operation of the switching
devices and one attempt shall then be made to operate each switching device. During
these tests only normal operating forces shall be employed and no adjustment shall be
made to the switching devices or interlocks. '

The tests are considered satisfactory if the switching devices and the interlocks are in
proper working order and if the forces required to operate the switching devices are practi-
cally the same before and after the tests.

The interlocks are considered satisfactory if the switching devices cannot be operated.
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8.103 Varification of the degree of protaction for auxiliary circuits and moving parts

The tests shall be perfermed in accordance with the requirements specified in clause 7 of
IEC 528 for the appropriate first characteristic numeral.

in the case of IPSX no dust shall accumulate in a quantity or in a location such as to
interfere with the correct operation of the equipment and no dust shall deposit on the

insulations affecting its safe operation.

The tests shall, however, be made only if there are doubts on the compliance with these
requirements.

6.104 Proof tests for enclosures

Proof tests are made when the strehgth of the enclosure or parts thereof is not calculated.
They are performed on individual enclosures before the internal parts are added with
testing conditions based on the design pressure stresses. A

Proof tests may be either a bursting pressure test or a non-destructive pressure test, as
appropriate to the material employed.

6.104.1 Bursting pressure test

In the case of a bursting pressure test, the pressure rise should not be faster than
400 kPa/min. The bursting pressure test requirements should be based on 3,5 times
-the design pressure for east enclosures and 2,3 times the design pressure for welded
enclosures. These factors are based on the minimum certified properties of the material

used.

Additional factors may be required taking into account the methods of construction.

Any enclosure remaining intact after these pressures have been reached shall be discarded.

6.104.2 Non-destructive pressure test

In the case of a non-destructive pressure test using a strain indication technique, the
following procedure should be applied:

Before the test, strain gauges capable of indicating strains to 0,00005 mm per millimetre
shall be affixed to the surface of the enclosure. The number of gauges, their position and
their direction shall be chosen so that principal strains and stresses can be determined at
.all points of importance to the integrity of the enclosure.

Hydrostatic pressure shall be applied gradually in.steps of approximately 10 % until the
standard test pressure for the expected design pressure (see 7.102) is reached or signi-
ficant yielding of any part of the enclosure occurs.

When either of these points is reached, the pressure shall not be increased further.
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Strain readings shall be taken during the increase of pressure and repeated during
unloading. :

Indication of localized pérmanent set may be disregarded provided there is no evidence of
general distortion of the enclosure.

Should the curve of the strain/pressure relationship show a non-linearity, the pressure
may be re-applied not more than five times until the loading and unloading curves corre-
sponding to two successive cycles substantially coincide. Should coincidence not be
attained, the design pressure and the test pressure shall be taken from the pressure range
corresponding to the linear portion of the curve obtained during the final unloading,

if the standard test pressure is reached within the linear portion of the strain/pressure
relationship, the expected design pressure shall be considered to be confirmed.

If the tinal test pressure or the pressure range corresponding to the linear portion of the
strain/pressure relationship (see above) is less than the standard test pressure, the design
pressure shall be calculated from the following equation:

1 fa
P=11% (p, p )
t
whera:
P is the design prassure

P, is the pressure at which significant yielding occurs or the pressure range corresponding to the {inear
pgrﬁon of the strain/pressure relationship of the most highly strained part of the enclosure during final un-

- loading (see above)

k is the standard test pressure factor (see 7.102)

h

’a is the permissible design stress at design temperature

is the parmissible design stress at test tamperature

Alternative procedures for non-destructive pressure tests may be agreed.

6.105 Weatherproofing test

When agreed between manufacturer and user a weatherproofing test shall be made on
gas-insulated metal-enclosed switchgear for outdoor use. A recommended method is
given in annex AA. This test also takes into account the effacts of wind-driven snow.

If an examination of the design shows the test to be unnecessary, it may be omitted.

6.106 Test under conditions of arcing dus to an internal fault

if such a test is agreed, the procedure shall be in accordance with the methods described
in annex BB.

The short-circuit current applied during the arcing test is to be stated by the manufacturer.

’
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Its values should correspond to the rated short-time withstand current or, in some appli-
cations of the switchgear in isolated neutral systems, it may be the earth fault current oc-

curring in such a system.

Two assessments are made: the first concerns the performance of the equipment during
the operation of the first stage (main) protection and the second concerns the case when
the fault Is cleared by the operation of the second stage (back-up) protection.

- The switchgear should be considered adequate If, during the test, no external effect other
than the operation of suitable pressure relief devices occurs within the times specified in
5.103.2 and no fragmentation of the enclosure results from a fault cleared in 0,3 s for
currents of 40 kA and above and in 0,5 s for lower currents unless otherwise agreed upon

between manufacturer and user. ‘

NOTE - For information, the fauit clearing time for the first stage protection is about 0,1 s for currents of
40 kA and above and 0,2 s for lower currents. The tima for the second stage protection normally does not
exceed 0,3 g for currants of 40 kA and above and 0,5 s for fower currents, .

By agreement, tests on a particular arrangement may be used to predict the performance
ot other arrangements either by calculation or inference or a combination of both.

6.107 Thermal stability test

This test is only applicable to parts (such as bushings) of gas-insulated metal-enclosed
switchgear, the major insulation of which consists of organic material, having a rated
voltage of 145 kV and above and is intended for components filled with a liquid cooling
medium the operating temperature of which is between 60 °C and 100 °C.

This test need not be carried out where the electric field in gas or liquld accounts for the
major part of the difference in potential betwean conducting parts.

The test procedure shall be that spacified for bushings in IEC 137.

6.108 Operation tests at limit temperatures
6.108.1 Operation test at high temperature

The switchgear or component tested shall be in the open or in the closed position (this
position being stated by agreement between manufacturer and-user} in a climatic housing,
the temperature of which shall be +40 °C for a duration of five days {120 h).

' For two full days, the switching devices shall not be operated,
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During one of the last three days. 10 operating cycles are carried out with a frequency of
one operating cycle every 4 min.

Towards the end of the test, the following shall be noted:

- the operating times;
~ the pressure of the gases contained in the enclosure;
- the gas leakage over a period of 24 h.

it shall be verified that these values remain within the ranges for which the manufacturer
guarantees the performance of the switchgear.

During the test, the operation of thermostats, if any, shall also be verified,

6.108.2 Operation test at Jow temperature

This test is Identical with the operation test at high temperature, the temperature of the
Aimatic housing being the minimum ambient air temperature specified for normal indoor or
outdoor service conditions respectively (see clause 2).

6.109 Gas tightness tests

Refer to annex DD,

The measurement of gas tightness shall be performed together with the tests of 6.102 and
6.108 with each type of compartment comprising characteristic sealings of gas-insulated
metal-enclosed switchgear as a type test to show that the leakage rate will not be changed
by influences caused by the mechanical and limit temperature type tests.

7 Routine tests

The routine tests shall be made with each transport unit and, whenever practicable, at the
" “nutacturer's works to ensure that the product Is in accordance with the equipment on
-..tich the type test has been carried out,

Refer to clause 7 of IEC 694 with the addition of the following routine tests:

Subcllause
d) Partial discharge measurement: 7.101
€) Pressure tests of enclosures: 7.102
f} Gas tightness tests: - -7.103
g) Mechanical operation tests: ' ' 7.104
h) Tests of auxiliary electrical, pneumatic and hydrar:nlic devices: 7.105
i} Verification of correct wiring: 7.106

NOTE - 1t may be necessary to verify the interchangeability of components of the same rating and
construction {see clause 5).
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7.1 Powsr-fraquency voitage tests on the main circuit

Refer to 7.1 of IEC 694 with the addition of the following supplement:

The power-frequency voltage test on the main circuit of gas-insulated metal-enclosed
switchgear shall be performed according to the requirements In 6.1.7 to earth, between
phases (if applicable) and across the open swiiching devices. The withstand voltages for
routine tests shall be those specified in IEC 694, table [, column 6, table [Il, column 4, and
tabie IV, column 7, for the respective rated voltages.

The tests shail be performed at minimum gas density of the insulating gas.

7.2 Dielactric tests on auxlliary and control circuits

Retfer to 7.2 of IEC 694.

7.3 Measurement of the resistance of the main circuit

Refer to 7.3 of IEC 6§34 with the addition of the following supplement:

Overall measurements are made on transport units in the factory.

The overall resistance measured with the switching devices in the closed position shall not
exceed 1,2 R, where A, Is the sum ot the corresponding resistances measured during the

type tests.

7.101 Partial discharge measurement

- The measurement of partial dischargés is recommended as a routine test to detect pos-
sibie material and manufacturing defects. It may also be used as an acceptance test but
only if agreed between manufacturer and user.

The test may be carried out in accordance with 6.1.9 but only on transport units or
components.

7.102 Pressure tests of enclosures

Pressure tests shall be made on all enclosures after manufacture.
The standard test pressure shall be k times the design pressure, where the factor kis:

1,3 for welded enclosures,

1,5 for cast enclasures.

No pressure tests are prescribed after erection on site.

7.103 Gas tightness tests

Refer to annex DD.
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- A gas tightness test as agreed between manufacturer and user shall be made to prove
compliance of the switchgear with the value of the permissible gas leakage rate prescribed
by the manufacturer. lf requested, gas tightness tests may be made also across the parti-

tions (see 5.103.3).
NOTE - For testing the tightness of a partition, one compartment may be evacuated while the adjacent

compartment is filled with gas at the rated density (see 4.101), measuring the pressure rise In the
evacuated compariment over a period of 24 h,

7.104 Maechanlical operation tests

Operation tests are made to ensure that the switching devices comply with the prescribed
operating conditions and that the mechanical interiocks work properly.

Switching devices of gas-insulated metal-enclosed switchgear shall be submitted to a
mechanical routing test in accordance with théir relevant standards, unless previously

tested separately. '

In addition, all switching devices fitted with interlocks shalt be submitted to five operating.

cycles in order to check the operation of the associated Interlocks. Before each opaeration
one attempt shall be made to operate each switching device as specified in 6.102.

During these tests, which are performed without voltage on or current in the main circuits,
it shall be verified in particutar that the switching devices open and close correctly within
the specified limits of the supply voltage and pressure of their operating devices.

7.105 Tests of auxiliaty electrical, pneumatic and hydraulic devices

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

The tests are considered to be satistactory, if the auxiliary devices have operated
- properly, if they are in good operating condition after the tests and If the force to opearate
the switching device is practically the same before and after the tests.

7.106 Verification of the correct wiring

it shail be verified that the wiring conforms with the diagram and the prescribed requirements.

7.107 Tests after eraction on site

After erection, before putting into service, the gas-insulated metal-enclosed switchgear
shall be tested to check the correct operation and the dielectric strength of the equipment.
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These tests and verifications comprise:

Subclause
a) Voltage tests on the main circuits: 7.107 .1
b) Dielectric tests on auxiliary circuits: 7.2
c) Measurement of the resistance of the main circuit: 7.107.4
d) Gas tightness tests: 7.103
e} Checks and verifications: _ 7.107.2
f} Measurement of gas condition: 7.107.3

For reasons given in 5.103.1 and to ensure minimum disturbance, and to reduce the risk
of moisture and dust entering enclosures so preventing correct operation of the switch-
gear, no obligatory periodic inspections or pressure tests are specified or recommended
when the gas-insulated substation Is in service.

A test should be made to prove the absence of dangerous circulating currents in the
enclosure and other metaliic parts, such as pipes and supporting structures, if these are
not intended for such currents.

7.107.1 Voltage tests on the main clrcuits

T107.1.1 General

Since It is exceptionally important for this kind of switchgear, the dielectric strength shall
be checked in order to eliminate fortultous causes (wrong fastening, damage during
handling, transportation, storage and erection, presence of foreign bodies, etc.) which
might in the future give rise to an internal fault.

Because of their different purpose, these tests shall not replace the type tests of the
routine tests carried out on the transport units and, as far as possible, In the factory. They
are supplementary fo the dielectric routine tests with the aim of checking the dielectric
integrity of the completed installation and of detecting Irregularities as mentioned above.
Normally the dielectric test shall be made after the switchgear has been fully erected and
gas-filled at the rated density preferably at the end of all site tests, when newly installed.
Such a dielectric test Is recommended to be performed also after major dismantling for
maintenance or reconditioning of compartments. These tests are to be distinguished from
the progressive voltage Increase performed in order to achieve a kind of electrical condi-
tioning of the equipment before commissioning.

The execution of such site tests is not always practicable and deviations from the
standards may be accepted. The aim of these tests being a final check before energizing.
It is very important that the chosen test procedure does not jeopardize sound parts of the
switchgear. i

In choosing an appropriate test method for each individual case a special agreement
may be necessary in the interest of practicability and economy, e.g. the electrical power
requirements, and the dimensions and weight of the test equipment may need to be
considered. .
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A detailed test programme for the dielectric tests on site shall be agreed between manu-
tacturer and user.

7.107.1.2 Test procedure

The switchgear shall be erected completely and gas-filled at its rated density.

Some parts may be disconnected for the test, either because of their high charging current
or because of their effect on voltage limitatiort, such as: '

- high voitage cables and overhead lines;
- power transformers and most voltage transformers;
- surge arresters and protective spark gaps.

NOTES

1 In determining the parts which could be disconnected attention is.drawn to the fact that the reconnec-
tion may introduce faults after the tests are finished.

2  In order to tast as much as possible of the switchgear, a removable fink may be included in the design
in each of the above-mentioned casas. Here a “link" is understood to be a part of the conductor which can
easlly be removed in order to isolate two parts of the switchgear from each other. This type of separation is
preforable rather than dismantling. .

Every newly erected part of gas-insulated metal-enclosed switchgear shall be subjected to
a dielectric test on site. .

in the case of extensions, in general, the adjacent existing part of the switchgear should

‘be de-energized and earthed during the dielectric test, unless special measures are taken

fo prevent disruptive discharges in the extension atfecting the energized part of the
existing switchgear. ' .

Application of the test voltage may be necessary after repair or maintenance of major

parts or after erection of extensions. The test voltage may then have to be apptied to
existing parts in order to test all sections inv,olveg_.’ In those cases the same procedure
should be followed as for newly erected switchgear. i

..107.1.3 Voltage waveforms

For the choice of an appropriate voltage waveform, IEC 60-2 should be taken into
consideration, however, similar waveforms are also permissible. An ideal voltage
waveform covering all requirements does not exist. Permissible deviations are indicated
below. Information concerning the generation of test voltages is given In clause CC1
of annex CC.

- 1) A.C. voitage tests

A.C. voltage tests are especially sensitive in detecting contaminations (e.g. conducting
particles), and are in most cases also sufficient in detecting abnormal field configurations.

The existing experfence refers to test frequencies of 50 Hz and 60 Hz. The test frequency
should be limited to the range of 10 Hz to 300 Hz.

NOTE - Attention should be given to the fact that for voltage lests with frequancies other than the rated
frequencies of 50 Hz and 60 Hz further experience with such tests has to be taken into account.

ety e
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2) Impuise voltage tests

&) Tests with lightning impulse voltages are especially sensitive in detacting abnormal
field configurations (e.g. damaged electrodes).

Based on the existing experience, lightning impulse voltages with a front time extended
up to 8 us are acceptable. When using osciliating lightning impulse voltages the front
time may be extended to approximately 15 ps. -

NOTE - Heflections dua to steop front waves in large Instailations should be taken inte account.

b) Tests with switchiﬁg impulse voltages are useful especially for higher rated voltages
to detect the presence of contaminations as well as abnormal field configurations with
relatively simple test equipment.

Based on existing experience, switching impulses with either aperiodic or osbillating
waveforms and with a time to crest in the range of 150 us to 10 ms are suitable.

3) D.C. voltage tests

A d.c. voltage test cannot be recommended. The existing test specifications for cables are
not applicable to gas-insulated metal-enciosed switchgear (refer to 5.109).

'7.107.1.4 Test voltages
Considering that:

— transport units have normalty been subjected to routine tests;

- the probability of disruptive discharges Is higher for the complete installation than
for individual functional units; '

- disruptive discharges In correctly erected equipment shall be avolded;

the test voltage for dielectric tests on site shall be:

-~ 80 % of the a.c. voltage applied for the routine test;
~ 80% of the voltage applied for lightning and switching impulse tests.
Where no switching impulse voltage is specified, the value of the switching impulse

voltage for dielectric tests on site shall be BO % of the lightning impulse test voltage
on site.

NOTE - Special attention should be given to the relative iovefity of nen-standardized waveforms the test
voltage value of which should be adjusted accordingly.

In certain circumstances, for technical or practical re'asons, dielectric tests on site may be’
carried out with reduced voltage values. Details are given In clause CC3 of annex CC.
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7.107.1.5 Dielactric test procedures

The test procedure should be agreed between manufacturer and user and be chosen from:

Procadure A

A.C. voltage test for a duration of 1 min at the specified value.

fr special cases this test may be complemented by an impulse voltage test consisting of
three Impulses of each polarity at the specitied value.

Procedure B

A.C. voltage test for a minimum duration of § min at a value not lower than UN3 for
earthed nreutral or U for isolated neutral or resonant earthed systems. This test is followed
by an impulse voltage test consisting of three impuises of each polarity at the spacified
value. '

Other tests may be acceptable based on service experience and the results of further
development (see clause CC3 of annex CC).

7.107.1.6 Voltage application

The specified test voltage shall be applied between each phase conductor, one at a time,
and the enclosure, the other phase conductors being connected to the earthed enclosure.
The insulation between phase conductors shall not be subjected to any other separate
dielectric test on site. :

The test voltage source may be connected to any convenient point of the phase conductor
under test. . :

It is often convenient to divide the whole installation of gas-insulated metal-enclosed
switchgear into sections by opening circuit-breakers and disconnectors for at least one of

*he following reasons:
~ to facilitate the location of disruptive discharges;
.=~ to limit the discharged energy if a disruptive discharge occurs;
- to limit the capacitive load on the test voltage sourcs.
The sections which in such cases are not being tested and which are isolated by a circuit-
breaker or a disconnector from the section under test shall be earthed. Unless dismantied

after routine test, no dielectric test across the open switching devices need be carried out
on site.

7.107.1.7 Assessment of the test

The switchgear shall be considered to have passed the test, if each section has withstood
the specified test voltage without any disruptive discharge.

B e e
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In the event of a disruptive discharge occurring d'uring dielectric tests on site, steps shall
be taken to ensure the dielectric strength of the equipment. This may be achieved either
by the inspection of the solid insulation, if practicable and if the location of the disruptive
discharge is known (see clause CC2 of annex CC), or it may be done by performing
additional dielectric tests according to an agreement between manufacturer and user
established before the site tests have startad. :

Guidelines on repetition tests are given in clause CC6 of annex CC.

7.107.2 Checks and verifications
The following shall be verified:

a) conformity of the assembly with the manufacturer's drawings and instructions;
b} sealing of all pipe junctions, and the tightness of bolts and connections;

¢) conformity of the wiring with the diagrams;

d) proper function of the electrical, pnéumatic and other interlocks;

€) proper function of the controi, measuring, protective and regulating equipment
including heating and lighting.

NOTE - If for whatever reasons cne or more routine tests are not performed at the manutacturer's works,
thay should be carried out on site combined with the tests after erection.

7.107.3 Measurement of gas condition

The moisture content of the insulating gas shall be determined, The content shall not
exceed the maximum limit permitted by the manufacturer.

If the switchgear is filled with sulphur hexafluoﬁ'de, for checking the condition of the gas
during service, reference is made to IEC 480. )

7.107.4 Measurement of the resistance of the main circuit

Overall measurements shall be i'nade on the complete installation, under conditions as si-
mitar as possible to those of the routine test on transport units.

The resistances measured shalt not exceed the maximum values permitted for the routine
tests on transport units (see 7.3), taking into account the differences of the two test
arrangements (number of devices, contacts and connections, length of conductors, etc.).

8 Guide to the selection of the swlichgear for service

For a given duty In service, gas-insulated metal-enclosed switchgear is selected by
considering the individua! rated values of its components fequired under normal load
conditions and in case of fault conditions,
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" The rated values should be chosen as suggested in this standard regarding the charac-
teristics of the system as well as its expected future development. The complete list of

rating is given in clause 4.

For external insulation only, other parameters such as local atmospheric and climatic
conditions and the use at altitudes exceeding 1 000 m are to be considered (see clause 2).

The duty imposed by fault conditions should be determined by calculating the fault
currents at the place where the switchgear is to be located in the system.

9 Information to be given with enquiries, tenders and orders

8.101 Information with enquiries and orders

When enquiring for or ordering an installation of gas-insulated metal-enclosed switchgear
the following information should be supplied by the enquirer: '

1) Particulars of the system

_ Nominal and highest voltage, frequency, type of system neutral earthing.

2} Service conditions

Minimum and maximum ambient air temperature; any condition deviating from the normal
service conditions or affecting the satisfactory operation of the equipment, for example,
unusual exposure to vapour, moisture, fumes, explosive gases, excessive dust or salt, the
risk of earth tremors or other vibrations due to causes external to the equipment to be
delivered, as well as possible movements of foundations. ;

3) Particulars of the installation and its components
a) indoor or outdoor installation:
b) number of phases (individually encased or in a common enclosure);
¢) number of busbars;
d) rated voltage;
e} rated insulation level;
f) rated normal currents of busbars and feeder circuits;
g) rated short-time withstand current (he)s
h) rated duration of short-circuit (if different from 1 s);
i) rated peak withstand current (if different from _2.5 W H
j} rated values of components;
k) degree of protection for auxiliary circuits and moving parts;
) circuit diagrams:
m} details of high-voitage cable connections.
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4) FParticulars of the operating devices
a) type of operating devices;
b) rated supply voltage (it any);
c) rated supply frequency (if any);
d) rated suppiy pressure (if any);
e) special interlocking requirements.

In addition to these items, the enquirer should indicate every condition which might
influence the tender or the order, as, for example, special mounting or erection conditions,

~ the locating of the external high-voltage connections or the rules for pressure vessels,

Information should be supplied if special type tests are required.

9.102 Information with tendars

The following information, if applicabie, should be given by the manufacturer with
descriptive matters and drawings:

1} Rated values and characteristics

Particulars of the installation are enumerated in section 3) of 9.101.

2) Further parricu!érs of the switchgear and its-.components

a) design pressure of enclosures;
b} design temperature of enclosures: _
€) type and rated density of gas for Insulation;
d) minimum gas density;
e} volume of gas for the different compartments;
- 1) limit values of moisture content and gas leakage;
g) details of appropriate measures for fauit location.,

3) Type test certificates or reports

When certificates are requested, in general the first pages containing the resuits may be
sufficient.

4} Constructional features
a) mass of the heavi.est transport unit;
b} overall dimensions of the switchgear;
¢) arrangement of the external connections;
d) provisions for transport to be taken by the user;
e) provisions for mounting to be taken by the user.,
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5} Particulars of the operating devices
a) types and rated values as enumerated in section 4) of 9.101;
b) current or power for operation;
¢) operating times;
d) quantity of free gas for operation.

6) Information about all matters to be subject to prior agreement batwesn manufacturer
and user

7) List of recommended spare parts

Spare parts should be procured by the user.

8) Instructions for operation and maintenance.

10 Rules for transport, storage, erection and maintenance
Refer to clause 10 of JEC 634.

10.1  Conditions during transport, storage and erection

Refer to 10.1 of [EC 694.

10.2 Eraction

Refer to 10.2 of IEC 694,

10.3 Maintenance

Refer to 10.3 of IEC 694.
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Annex AA
(normative)

Recommended method for the weatherproofing test for
outdoor gas-insulated metal-enclosed switchgear

The gas-insulated metal;enclosed switchgear to be tested shall be fully equipped and
complete with all top covers, screens, bushings, etc., and placed in the area to be

supplied with artificial precipitation.

The artificial precipitation shall be supplied by a sufficient number of nozzles to produce a
uniform spray over the surfaces under test. The various parts of the equipment may be
tested separately, provided that a uniform spray is simultaneously applied also to both of
.he following:

a) the top surfaces from nozzles located at a suitable hsight;

b} the floor for a distance of 1 m in front of the parts under test with the equipment
located at the minimum height above the fioor level specified by the manufacturer.

Where the width of the equipment exceeds 3 m, the spray may be applied to 3 m wide
sections in turn. Pressurized enclosures need not be submitted to artificial precipitation.

Each nozzle used for this test shall deliver a square-shaped spray pattern with uniform
spray distribution and shall have a capacity of 30 I/min + 10 % at a pressure of 4,6 bar
% 10 % and a spray angle of 60° to 80°. The centre lines of the nozzles shall be inclined
downwards so that the top of the spray is horizontal if it is directed towards the surfaces
being tested. It is convenient to arrange the nozzles on a vertical stand-pipe and space
them about 2 m apart (see test arrangement in figure AA1),

e pressure in the feedpipe of the nozzles shall be 4,6 bar + 10 % under flow conditions.
The rate at which water is applied to each surface under test shall be about § mm/min,
and each surtace so tested shall receive this rate of artificial precipitation for a duration of
5 min. The spray nozzles shail be at a distance between 2,5 m and 3 m from the nearest
vertical surface under test. A

NOTE - When a nozzle in accordance with figure AA2 is used, the quantity of water Is considered to ba in
accordance with this standard when the pressure is 4,6 bar £ 10 %.

After the test is completed, the equipment shall be inspected promptly to determine
whether the following requirements have been met:
‘@) no water shall be visible on the insulation of the auxiliary circuits;

b) no water shall be visible on electrical components or mechanisms of the equipment
except for bushings; '

¢} no significant accumulation of water shail be retained by the structure or other non-
insulating part (to minimize corrosion).

. S e
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Annex BB
{(normative)

Methods for testing gas-insulated metal-enclosed switchgear
under conditions of arcing due to an internal fault

"BB1 Introduction

The occurrence of an arc inside gas-insulated metal-enclosed switchgear due to an inter-
nal tault is accompanied by various physical phenomena.

For example, the energy resulting from an arc developing in the enclosure will cause inter-
nal overpressure and local overheating, which will result in mechanical and thermal
stressing of the switchgear. Moreover, the materials involved may produce hot decompo-
sition products which may be discharged into the atmosphere.

This annex takes into account the internal overpressure acting on the enclosure and the

thermal effects of the arc or its root on the enclosure. It does not cover all the effacts

which may constitute a risk, such as toxic gases.

BB2 Short-circult current arcing test

BB2.1 Test arrangements

When choosing the object to be tested, reference should be made to the design
documents for the switchgear. The compartments which appear to have the least
likelihood of withstanding the pressure and temperature rise In the event of arcing should

be selected.

In any case, the following points should be observed:

a) Each test may be carried out on a test object not previously subjected to arcing
tests. Test objects that have aiready undergone arcing tests should be restored so that
the conditions for further arcing tests are neither aggravated nor eased.

b} The test object shall be fully equipped and arranged to include any protection
device, such as pressure reliefs, short-circuiting devices, etc., provided by the
manufacturer for the limitation of the effects of the arc.

' "Mock-ups™ are permitted provided they have the same volume and external material
and would react in the same way as the original parts with respect to withstanding
arcing. .

c) The test object should be filled with normal insulating gas at rated density.

BB2.2 Current and voltage applied

Single-pole enclosures should be tested single-phase, and three-pole enciosures should
be tested three-phase.

-
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BB2.2.1 Voiftage

The test can be made with an applied voltage lower than the rated volitage of the test ob-
ject if the following conditions are met:

a) the arc current shall be practically sinusoidal;
b} the arc shall not extinguish prematurely.

BB2.2.2 Current

1) A.C. component

The a.c. component at the 'beginning of the test should lie within a +10 % and 0 % tolerance.
Within the duration of the first stage protection, the tolerance should be 10 % and within
the duration of the second stage protection the current should not fall below 80 % of the
specified value provided that the average a.c. component is not less than the stated short-
circuit current. '

NOTE - If the test plant does not permit this, the test duration may be extended by not more than 20%
with an appropriate adjustment to the times at which assessments are mada. -

2) D.C. component

The instant of short-circuit making should be chosen to ensure that the first loop of the
arc-current has a peak value of at least 1,7 times the r.m.s. value of the stated shori-
circuit current a.c. component. For three-phase tests, this applies to the current in at least
one phase.

BB2.2.3 Frequency

For 50 Hz or 60 Hz rated frequency, the frequency at the beginning of the test should lie
within the limits of 48 Hz and 62 Hz.

For 16 2/3 Hz or 25 Hz rated frequency, It is permissible to make tests with 25 Hz with a
tolerance of £10 %. The frequency at the beginning of the test may also lie within the
limits of 48 Hz and 62 Hz, if the test duration is at least 0,1s. ;

BB.2.2.4 Duration of the test

The current duration shall be such as to cover the second stage protecticn chosen on the
basis of the expacted duration as determined by the protection devices.

BB2.3 Test procedure

BB2.3.1 Test connections

The point of current infeed to be chosen is the one likely to result in the most onerous
condition.

Care should be taken in order tha't the connections do not ease the test conditions.
Generally, the enclosure is earthed on the same side of the test object into which the
current is fed. :

BB2.3.2 Arc initiation
The arc should be initiated by means of a metal wire of suitable diameter.

The point of initiation to be chosen is where the arc is likely to set up the highest
siresses in the test object. Generally, this will be achieved when the arc is initiated in
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the vicinity of a barrier furthest irom the point of infeed and the pressure relief device,
it fitted.
NOTE - The arc should not be initiated by perferating the solid insulation.

BB2.3.3 Mseasuremsent and recording of the test performance

The following parameters should be plotted and recorded:
- the current and its duration;
- the arc voltage;

- the pressure on onée or more points of the test object; in each compartment, if the
test object comprises more than one,

and, when applicable, .
— the instant of pressure relief (either by operation of the prassure relief device or
pertforation of the enclosure).

Phenomena such as pressure relief, enclosure perforation and external effects shouid be
observed and recorded by appropriate means, e.g. cameras, luminosity detectors.

BB2.4 Assessment of the test

The switchgear is considered adequate if, during the test, no external effect other than the
operation of suitable pressure reliet devices occurs within the times specitied in 5.103.2
and if gases or vapours escaping under pressure are directed so as to minimize the
danger to an operator performing his normal operating duties.

No fragmentation of the enclosure shall result from a fault cleared in 0,3 s for currents
of 40 kA and above and in 0,5 s for lower currents.

BB2.5 Test report

The following information should be given in the test report:

- rating and description of the test object, the materials of the enclosure and the
conductors, together with a drawing showing the main dimensions and the arrangement
of pressure relief devices;

-~ amangement of the test connections, the point of initiation of the arc and the
position of the transducers for pressure measurements;

- currents, voltages, energies, pressures and times derived from the oscillograms;
~ Pprecise description of the test results and observations;

— other relevant remarks;

— Pphotographs of the conditions before and after the test.

BB2.6 Extension of the test results

To extend the test results to other enclosures of similar design but of different size and
shape and/or to other test parameters, calculation methods may be agreed between
manufacturer and user.

BB3 Composite verification by calculation and separate tests

Under consideration.

-

— 2
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Annex CC
(informative)

Technical and practical considerations of site testing

CC1. Test voitage generators . ‘ :

=

Load capacitances of gas-insulated metal-enclosed switchgear installations are relatively
high, this means that:

- a.c. voltage tests especially at higher rated valtages require a high reactive power;

- impuise testing with standardized double exponential waveforms may be inefficient
due to the poor voltage utilization of the impulse generator.

- The following voltage generating equipment may be used:
1) A.C. voltage sources

The a.c. voltage may be produced by:

~ test sets with a test transformer;
~ test sets with a variable resonant reactor for constant frequency;
— ftest sets with a constant resonant reactor for variable frequency;

- energizing power or voltage transformers from the low-voltage side which entails no
dismantling after testing.

NOTE - Tha thermal stresses of the voltage source should be taken into account especially when using
voltage transformers.

2) Impulse voltage sources

For large installations and especially for high rated voltages, Impulse generators for il
double exponential waves are unwieldy. Oscillating impulses may be produced with an _ :
impulse generator and a high-voitage coil connected to the switchgear to be tested to form
a damped series resonant circuit. Oscillating switching impulses may be produced by ¢
discharging a capacitor into the fow-voltage side of a power, voltage or test transformer. |

CC2 Locating discharges

There are different phenomena caused by discharges which may be helpful in locating
them. Some of the possible means which may be tried are as follows:

~ detection of light emission;
- measurement of audible roise and vibrations;
- recording and evaluation of electromagnetic transients following discharge;

- chemical analysis of decomposition products of the gas.
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CC3 Special test procedures

In general, it is recommended that all testing should be performed at the specified test
voltage and rated gas density. However, in certain circumstances special test procedures
have been established which are not in general use but are worth mentioning for technical
and/or practical reasons.

CC3.1 Testing at reduced voltage
CC3.1.1 Simplified method for units transported without dismantling

In accordance with the practice in some countries gas-insulated metal-enclosed switch-
gear, or at least one bay or an equivalent part of the switchgear installation, may be
assembled completely at the factory and tested there at its full rated withstand voltages. If
the tested units are transported without dismantling or If dismantling is limited 1o very
simple connections, and subject to agreement between manufacturer and user, the site
test may be reduced to the following: '

— a.c. voltage test with 1,1 U~3 for earthed neutral systems or 1,9 U3 for isolated
neutral or resonant earthed systems; the time of voltage application shall be 10 min.

CC3.1.2 Deviations due to practical needs

In certain circumstances due to technical or practical reasons, an a.c. voltage test may be
performed at reduced voltage and for an extended duration, subject to agreement between
manufacturer and user.

[y

CC3.1.3 Application of service voltage

In some cases, it is impracticable to perform a dielectric test on site. Then special care
should be taken for shipment, transportation and storage and particular attention should
be given to the workmanship on site. The switchgear to be tested should be energized by
@ service voltage through the largest possible impedance in order to reduce damage
caused by a possibie disruptive discharge. The test period should be at least 30 min.

CC3.2 Testing at reduced gas density

Tests with reduced gas density are not generally advisable.

CC4 Partlal discharge measurements

Partial discharge measurements may be helpful in detecting certain kinds of faults during
site tests and in determining the need for maintenance of the equipment after a period in
service. They are therefore a useful complement to dielectric tests on site but are often
difficult to perform because of ambient disturbances.
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if such a test is possible and agreed the requirements given in 6.1.9 should be applied as
tar as possible. The measurements should be made at 1,1 UN3 after the powaer-frequency
voltage test, and at UAN3 for comparison with future measurements in service when

suitable systems have been developed. The particulars of partial discharge measurements
on site are undsr consgideration.

&CCS Electrical conditioning

The term "electrical conditioning” means a progressive application of an a.c. voltage either
by steps or continuously. It may be performed by the manufacturer as part of the gas-
filling process on site in order to move possible particles fowards areas with a low field
strength, where they become harmless.

Electrical conditioning is not a requirement and does not replace the a.c. voltage test
unless the test voltage is increased up to the specitied value. Nevertheless, a disruptive
discharge should be reported to the user as it may result in a weakening of the insulation.

r

CC6 Repetition tests
CC6.1 General

The procedure to be implemented following a disruptive discharge during dielectric tests
on site may depend on several factors which include:

~ kind of disruptive discharge (breakdown in self-restoring or non-self-restoring insula-
tion} if it can be identified (see clause CC2); '

~ magnitude of the arc energy dissipated during the discharge;
- shape and material of the solid insuiation;
- strategic importance of the installation.

Consideration of these and any other relevant factors should allow a procedure to be
- established and agreed between manufacturer and user. A recommended procedure is

ven below but should be treated only as a guide and variations may be acceptable
depending on the significance ot the factors involved.

CC6.2 Recommended procedure

a) I the disruptive discharge occurs along the surface of a solid insulation it is recom-
mended that wherever practicable the compartment should be opened and the
insulation carefully inspected for Impairments. After taking any necessary remedial
action the compartment should then be subjected to the specified dielectric test once
more.

b) A disruptive discharge in the gas may be due to contamination or a surface imper-
fection which may be burned away during the discharge. It may be acceptable therefore
that the test may be repeated at the specified test voltage. Another test voltage may be
agreed between manufacturer and user before the site tests have been started.

NOTE - It is assumed that the manufacturer can satisfy the user that the gaseous insulation may be
regarded as self-restoring for the arc energy dissipated in the discharge. .

If the repetition test fails again the procedure of item a) should be followed.
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Annex DD
(normative)

Gas tightness specifications and tests

Introduction

This annex DD is derived from a corresponding Appendix EE of IEC 56 (1987). At the
TC 17 mesting in Helsinki (October 1987) it was decided to transfer gas tightness speci-
fications and tests as a common clause to [EC 694 on the occasion of a future revision.

Meanwhiie the annexes shall be retained or introduced in the relevant standards {IEC 56;.

IEC 517; IEC 238).

The annex DD has been adapted to the conditions of gas-insulated metal-enclosed switch-
gear as far as necessary. Other moditications, e.g. to delete definitions which are not
relevant to this standard or to transfer definitions from the annex to the standard itselt,
have not been implemented in order to preserve the common character of the annex and
thus to facilitate a later transfer to IEC 694.

DD1 Scope and object

This annex applies to gas-insulated metal-enclosed switchgear which uses gas, other than

air at atmospheric pressure, as insulating or combined insufating and interrupting medium.
Its purpose is to deﬁng characteristics and test procedures relative to gas tightness.

DD2 Deflinltions
DD2.1 Controlied prassure system

An assembly which is automatically refiiled from an external or internal gas sourca.

DD2.2 Closed pressufe system

An assembly which is refilled only periodicaily by manual connection to an external gas’

source,
DD2.3 Sealed ,bressure systam

An assembly for which no further gas processing is required during its expected operating
life. ’

NOTE - Sealed pressure systems are completaly assembled and tested in the factory.
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DD2.4  Rated filling pressure, P (or density D)
The pressure in bars {(gauge) referred to the standard atmospheric air conditions of 20 °C

and 1 013 hPa (or density) to which the assembly is filled before being put into service or
automatically refilled.

-

DD2.5 Minimum functional pressure, P_ (or deasity D)
The gas pressure in bars {gauge) referred to the standard atmospheric air conditions of

20 °C and 1 013 hPa (or density) at and above which the rated values of the switchgear
are maintained and at which refilling becomes necessary.

DD2.6 Absolute leakage rate, F

.ne amount of 'gas escaped by time unit, expressed in bar-cm?¥/s at atmospheric pressure
1013 hPa.

DD2.7 Permissible feakage rate, Fp

The maximum permissible leakage rate specified by the manufacturer for a pant, or a
component, or g sub-assembly, or, by using the tightness‘coordination chart TC, for an
arrangement of parts, components or sub-assemblies connected together in one pressure
system.

DD2.8 Ralative leakage rate, F,

rel

The absoiute leakage rate related to the total amount of gas in the systam at rated filiing
pressure (or density).

LIS expressed in percentage per year or per day.

DD2.9 Time between refillings, T

The time elapsed between two refillings performed elther manually or automatically to
compensate the leakage rate F.

DD2.10 Number of refillings per day, N
The number of refillings to compensate the leakage rate F,

This value is appiicable to controlled pressure systems.
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DD2.11 Pressure drop, AP

The drop of pressure in a given time caused by the leakage rate F, without refilling.

E <l

DD2.12 Tightness coordination chart, TC
A survey document supplied by the manufacturer, used- when testing parts, or compo-

nents, or sub-assemblies, to demonstrate the relationship between the tightness of a
complete gas system and that of parts, components and/or sub-assemblies.

DD2.13 Cumulative leakage measurement

A measurement which takes into account all the leaks from a given assembly to determine
the leakage rate. .

DD2.14 Sniffing

_ The action of slowly moving a leakmeter sensing probe around an assembly to locate a leak.

DD3 Specifications for gas tightness
DD3.1 Controlied pressure systems
The tightness of controlled pressure systems is specified by the number of refillings per

day (N) or by the pressure drop per day (AP). The permissible values shall be given by the
rnanufac.turer.

DD3.2 Closed pressure systems

The tightness of closed pressure systems is specified by two quantities:

- relative leakage rate Fret

preferred values are 1 % and 3 % per year;
- time between refillings T;

preferred values are 3 years and 10 years.

DD3.3 Sealed pressure systems

The tightness of sealed pressure systems is specitied by their expacted operating life.

Preterred values are 10 years, 20 years and 30 years.
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DD4 Tests

The purpose of tightness tests is to demonstrate that the total systemn leakage rate F does
not exceed the specified value F’p.

If possible, the tests should be performed on a complete installation at P (or D,). It this is
not practical, the tests may be performed on parts, components or sub-assemblies. In
such cases, the leakage rate of tfie total system shall be determined by summation of the
component leakage rates using the tightness coordination chart TC (ses figure DD1).

The tightness test of thé enclosure confaining a mechanical switching device shall be
measured both in the closed and open pasitions of this device, unless the leakage rate is

independent of the position of the main contacts.

By agreement between the manufacturer and the user the leakage between compartments
may also be determined.

'n general, only cumulative leakage measurements allow calculation of leakage rates.

The type teét report should inciude such information as:
- a description of object under test, including its internal volume and the nature of the
filling gas; '
~ whether the object under test is in the closed or open position (if applicable);
~ the pressures and temperatures recorded at the beginning and end of the test and
the number pf refillings; ‘
- the cutin and cut off pressure settings of the pressure (or density) control or moni-
toring dev@ce;
— anirdication of the calibration of the meters;
- the results of the measurements;
— it applicable, the test gas and the conversion factor to assess the results.

ND4.1 Type tests of pressure systems

The tightness test shall be performed before and after the mechanical operation test and
during the operation tests at limit temperatures (see 6.102 and 6.108).

An increased leakage rate at extreme temperatures (if such tests are required in the
relevant standards) and/or during operations is acceptable, provided that this rate resets
to the initial value after the temperature is returned to normal ambient air temperature
and/or after the operations are performed. The increased temporary leakage rate shall not
exceed three times the specified permissible value Fp.

a) Controlled pressure systems

The relative leakage rate F.o Shall be checked by measuring the pressure drop AP over a
time period f that is of sufficient length to permit a determination of the pressure drop
(within the filling and refilling pressure range). A correction should be made to take into
account the variation of ambient air temperature. During this period the refilling device
shall be inoperative, .
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AP 24 o
Fral =—Pr X 5 X 100 (% per day)
AP 24
N o —— Y =
P, - Pm t

t = test duration (hours)

Alternatively, the number of refilling operations per day may be measured directty.
b)  Closed pressure systems and sealed pressure systems

Due to comparatively smiai! leakage rates of these systems, pressure drop measurements
are not applicable. Other methods (examples are given in Figure DD2) may be used to
Tneasure the leakage rate F, which is used in combination with the tightness coordination

- chart to calculate:

— the relative leakage rate F. o and the time between retillings T for closed pressure

I
systems;
=~ the expected operating life for sealed pressure systems.

if the test cbject is filled with a test gas different to the gas used in service and/or at a test
pressure different to the normal operating pressure, corrective factors defined by the ma-
nufacturer shall be used for calculations.

NOTE - Leakage rate measurements in practice may have an inaccuracy of £50 %,

. DD4.2 Routine tests of pressure systems

Routine tests shall be performed at normal ambient air temperature with the assembly
filled at the pressure (or density) corresponding to the manufacturer's taest practice.
liffing may be used under controlied conditions:

a) Controlled prassure systems

The test procedure cérresponds to item a) of DD4.1.

b) Closed pressure systems and sealed pressure systems
The test ‘procedure corresponds to item b) of DD4.1.

For closed pressure Systems, the test may be performed at several stages of the manu-
facturing process or of assembling on site, on parts, components and sub-assemblies,
‘according to the tightness coordination chart TC.
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Gas-insulated metal-enclosed switchgear, single-phase encapsulated, circuit-breaker
compartments of the three phases connected to the same gas system.

1tireg
Leakage rate of the system:

Compartment A 190 x 10~ bar x cm¥/s
Compartment B8 ‘ 190 x 10~ bar x cm¥/s
Compartment C 180 x 10~ bar x cmd/s

Control box D {including valves, gauges, monitoring devices) 23 x 107% bar x cm¥/s

Piping e 2x 107° bar x cmd/s
Piping f 2 x 10°% bar x cm¥/s
Piping g 2 x 10~° bar x cm¥/s
Complete system 7 599 x 10~¥ bar x cm¥/s
. Filling pressure P.: 6,0 bar (gauge)
. Minimum functional pressure . P.: 5.4 bar (gauge)
Total internal velume 270 dm?

599 x 10~ x 60 x 60 x 24 x 365
rel (6 + 1) x 270 x 102

- x 100 = 1,0 % per year

(6 - 5,4) x 270 x 10°
599 x 10~° x 60 x 60 x 24 x 365

= 8,5 years

Figure DD1 - Example for a tightness coordination char TC
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Publications de Ia CEI préparées
par e Comité d’Etudes n® 17

56 (1987T) Disjovcteurs & courant alteratif  baute teasion.
129 (1984) Scctionncurs et scctionneurs de torre A courant aiter-
natif.

158: — Apparcillage de commande i basse tension.

158-2(1982) Deuxidme partie: Coatacteurs i scmisonductcurs
(contacteurs statiques),

265: = Inwcrruptcurs i haute tensioa.

265-1(1983) Premidre partic: Interrupteure 3 haute teasion pour
tensions assignées supéricures & 1 KV et inféricurcs
A52LkV.
Modification n® 1 (1984).

265-2(1988) Deuxiéme partic: Interrupicurs & haute tersion dc

tenwion assignée égale ou supéricure & 52KV,

Apparcillage sous eavcloppe métallique pour courant

altcmatif de tensions assignées supcricurcs & 1 kV et

indéricures ou Egales & 52KV,

337: - Auxilisire de commsnde (apparcils de connexion & bassc
tension pom'dcscn-cum de commande et des circuits
anxilisires, y compris ks contacteurs auxilisires).

298 (1990}

420 (1990) Combinds interrupteurs-fusibles & haute tension pour
) courant alternatif. A
427 (1989) Earsis synthétiques des disjoncteurs & courant alter-
natif i hauze tepsion.

439: ~ Enscmbles d’appareiliages i basse tcasion,

439-1 (1985)  Premidre partic: R2gies pour kes cosembles de séric
et lcs enscmbles dérivés de séric.

439-2(1987) Deuxitme partie: Rigles particulitres pour kes cans-

lisations préfabriquéca.

Appartillage sous enveloppe isolantc pour courant

alternatif de tension assignée supéricure i 1 kV etin-

féricure ou égale d 38 kV.

Contacteurs haute tension 3 courant alternatif.

Modification n* 1 {1975).

Appurillage sous enveloppe méallique i isolation

gazcuse de tension assignée égale ou supéricure

ATL5KV,

Normalisation dimensionnclle des bomes de Pappa-

reillage & haute ension.

632 = Démarrcurs de motcurs i baate tension.

632-1(1978) Premidre particc Démareers directs (sous pleine
tension) en courant alterpatif.

466 (1987)

470 (1974)

517 (1990)

518 (1975)

694 (1980) Clauscs communes pour ks narmes de 1'apparciilage
4 haute tension.
Modification n® 1 (1985).

T15(1981) Dimensions de ['apparcillage 3 basse tension.

Montage normalisé swr profilés-supports pour le

support mécanique des apparcils éleciriques dans les

installations d'spparcillage & basse tension.
859 {1986) R 3 t de cibles pour apparcillage sous
caveloppe métallique & isolation gazcuse pour ten-
sion azsignde égake ou tupéricure A 725 KV,
Méthode de détermination par cxtrapolation des
échauffements pour fes ensembles d'apparcillage &
baxse tension Mrivés de sénic (EDS).

890 (1987)

{Suite gu verso}

IEC publications prepared
by Technical Committee No. 17

56 (1987) High-voltage alternating-current circuit breakers,

129 (1984) Alemating current  discoancctors  and carthing

soritches,
= Low-voltage controigear,

158-2(1982) Part 2: Scmiconductor
contactors).

265: — High-voltage switches,

265-1(1983) Part 1: High-voltage swiches for matcd voltages
above 1 kV and less than 52KV,

= (solid state

Amendment No. 1 {1984).
265-2(1988)  Part 2: High-voltage switches for rated voltages of
52KV and above.
A.C. metal-encloscd switchgear and controlgear
for rated voltages sbove 1 XV and up to and includ-
ing S2kV. .

337: = Control switches (low-voltage switching devices for control
and suxiliary circuits, including contactor relays).

298 (1990)

423 (1990} High-voltage alternating cumrent switch-fuse combi-
pations. .

427 (1989) Synthetic testing of high-voltage alternating curent
circuit-breakers.

439: — Low-voltage switchgear and coutrolgear asscmblics.

4£39-1(1985)  Part 1: Requirements for type-tested and partially
type-tested assemblics,

439-2(1987)  Part 2: Pasticular requirements for busbar trunking

systicms {(busways).

A.C. insulation-enclosed switchgesr and controlgear

for rated voltages above | KV and up 1o and includ-

ing 38 kV.

High-voltage altemating current contactors.

Amendment No. [ (1975)

517 (1990) Gas-imulated metal-caclosed switchgear for rated
voltages of 72,5 kY and above.

466 (198T)

470 (1974)

Dimcnsional standardization of temminals for. high-
voltage switchgear and controlgear,

632: = High-voltage motor stxrters,

632-1(1978)  Part I; Dircct-on-ine (full voltage) ac. starters,

518 (1975)

694 (1980) Common clauses for high-voltage switchgear and
controlgesr standards.
Ameodment No. t (1985).
C T15(1981) Dimeasions of low-voltage switchgear and control-

gear, Standardized mounting on rails for mechanical
support of electrical devices in switchgear and
" controlgear installations.
859 (1986) Csabic coanections for gas-insulated metal-enclosod
switchgcar for rated volieges of 725 kV and above.

890 (1987) A method of temperaturc-risc asscesment by extra-
polation for partially type-tested susemblics (FTTA)
of low-voltage switchgear and controlgear.

(Continued overleaf)



Publications de ia CEI préparées
par le Comité d’Etudes n® 17 (suire)

932(1988) Spéeifications complé pour I"sppareillage
sous caveloppe de 1 kV & 715 kV dexting & Etre
utilisf dans des conditions climatiques sévires.,

947: — Apparcillage i basse teosion. .

947-1(1988)  Premidre partic: Rigles générales,

947-2(1989)  Deuxidme partie: Disjoocteurs.

947-3(1990) Troisiime parte: Interrupteurs, sectionncurs,
interrupteurs-sect et combinés-fusibles.

9474-1(1990) Quatridme partic: Contacteurs et Kmamcurs de
motcurs - Sectica un: Contacteurs et démarreurs
Eloctromécaniques,

947-5-1 (1990} Cinquitme partie: Appuéih et é¥ments dc commu-
tation pour circuits de commande - Section wn:
Appareils  &lectroméeaniques  pour circuits de
commande,

947-6-1 (1989) Sixidme partie: Matéricls & fonctions multiples -
Scction wn: Matéricls de connexion de transfert
automatique.

947-7-1 (1989) ScptRme partic: Matériels acccssoires - Section ua:
Blocs de jonction pour conducteurs en cuivre.

Publicaton 517

IEC publicationsrprepared
by Technical Committee No. 17 (continued)

932 (1988) Additional requi ts for toeed switchgear and
controlgear from 1 kV to 725 kV to be used in
scvere climatic conditions.

947: «+ Lowsvoltage switchtcar and controlgesr.
947-1(1988)  Part 1: General ruies. oy
947.2 (1989)  Past 2: Circuit-breakers, )
947-3(1990)  Part 3: Switches, disconnectors, switch-disconnectors
] and fuse-combination units.
947.4-1 (1990) Part 4: Contactors and motor-starters - Section One:
Elkectromechanical contactors and motor-starters.

947-5-1(1990) Part 5 Conwol circuit devices and switching
clkements - Section One: Ekctromechanical control
circuit devices.

947-5-1 (1989) Part & Multiple function equipment - Section One:
Automatic transfer switching equipment.

947-7-1(1989) Part 7: Ancillary oquipment - Section One: Terminal
blocks for copper conductors.
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Révision de la présente publication

Le conteny technique des publications de la CEI est coas-
tamment revu par la Commission afin d'assurer qu’il reflZte biea
1'état actucl de la technique.

Les renseignemeats relatifs & co travail de révision. i
I’établissement des £ditions révisées et aux mises & jour peuvent
&re obtenus auprés des Comités naticnaux de la CEI et en
consultznt les documents ci-dessous:

Bulletindela CEX
Annuairedela CEI

Catalogue des publications de Ia CEI
Publié¢ annucllement

Terminologie

En ce qui conceme la terminologie générale, le lectour se
reportera & Ja Publication 50 de la CEI: Vocabulaire
Electrotechnique International (VEI), qui est éablic sous forme
de chapitres sfparés traitant chacun d'un sujet défini, I'Index gé-
néral éant publi€ séparément. Des détails complets sur le VEI
peuvent étre obtenus sur demande.

Les termes et définitions figurant dans la présente publication
ont &¢ soit repris du VEL soit spécifiquement spprouvés aux fins
de cette publication.

Symboles graphiques et littéraux

Pour les symboles graphiques, symboles littéraux et signes
d’usage général approuvés parla CE 1, le lecteur consultera:

= 12 Publication 27 de 1a CE1: Symboles Littéraux & utiliser cn
€lectrotechnigue; )

— 1a Publication 617 de la CEL: Symboles graphiques pour
schéma;.

Les symboles et signes contenus dans la p:éac;ltc publicatioa

ont &€ soit reprs des Publications 27 ou 617 de 1a CEJL soit
spécifiquement approuvés aux fins de cette publication.

Publications de la CEI établies par le méme
Comité d’Etudes

L’attention du lecteur est anirée sur le deuxitme fevillet de la
couverture, qui énumére les publications de 1a CEI préparfes
par le Comité d'Etudes qui a £tabli Ia présente publication.

Revision of this publication

The technical conteat of I E C publicatioas is kept under con-
stant review by the IEC, thus casuring that the content reflects

current technology.

Information on the work of revision, the issue of revised edi-
tions sad amendment sheets may be obtained from IEC
National Committees and from the following 1 E C sources:

IE CBalletin
IE C Yearbook

®  (Catalogue of 1E C Publications
Published yearly

Terminology

For geaeral temminology, readers are referred to IE C Publi-
cation 50: Intemational Elcctrotechnical Vocabulary (IEV),
which is issued in the form of separate chipters each dealing
with a specific field, the General Index being published as a se-
panate booklet. Full detaills of the JEV will be supplicd on
request. '

The terms and definitions contained in the present publication
have either been taken from the IEV or have been specifically
spproved for the purpose of this publication.

Graphical and letter symbols

For graphical symbols, and letter symbols and signs approved
by the IEC for general usc, readers are referred to:

— 1E CPublication 27: Letter symbols to be used in electrical
technology; | o

«~ IE CPublication 617: Graphical symbeols for diagrams. .
The symbols and signs contained in the present publication

have either been takea from IEC Publicaticar 27 or 617, or
have been specifically spproved for the purpese of this publication.

YE C publications prepared by the same
Technical Committee

The attention_of readers is dawn to the back cover, which
Lists JEC publications issued by the Technical Committee

* which has prepared the present publication.
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FOREWORD

This amendment has been prepared by sub-commiitee 17C: High-voltage enclosed
switchgear and controlgear, of [EC technical committee 17: Switchgear and controlgear.

The text of this amendment Is hased on the following documents:

s _ Raeport an vating

17C(CO)80 _ 17C(CO)84

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

Page 27
Replace the title and the text of subclause 5.101.1 by the following:

5.101.1  Protection of persons against access to hazardous parts and protectton of
the equipment against solid foreign objects

Reter to |IEC 694.

Page 29
Replace the title, the text and table 1 of subclause 5.101.2 by the following:
5.101.2  Protection against ingress of water

Refer to IEC 694.

Page 35

5.103.3 @Gas tightness

Add the following sentence:

Refer to IEC 694.

Replace the text of the first paragraph by the following:

Because compressed gas is used for insulation, a high degree of tightness is required for
the enclosure. The permissible annual or daily escape of gas and the time between replen-
ishments for each type of compartment and for the complete installation should be stated
by the manufacturer.
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Add the following sentence to the second paragraph:

In these conditions, the time between replenishments shall be not less than one month.

Page 41

6 Type tests

Replace, on page 43, in the list of normal type tests, item f) by the following:

f} Tests to verify the protection of persons against access to hazardous
parts and the protection of the equipment against solid foreign objects

Page 61
Replace the title and the text of subclause 6.103 by the following:
6.103 Verification of the IP-coding

Refer to IEC 694.

Page 63
6.105 Weatherproofing test

Replace the text of this subclause by the following:

Subclause
6.103

When agreed between manufacturer and user, a weatherproofing test shali be made on
gas-insulated metal-enclosed switchgear for outdoor use. A recommended method is

given in 1EC 694.

This test also takes into account the effects of wind-driven snow,

If an examination of the design shows the test to be unnécessary. it may be omitted.

Page 67
6.109 Gas'tightness tests
Replace the text of the first paragraph by the following:

Refer to IEC 694.
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~ Page 69
7.103 Gas tightness iests
Replace the text of the first paragraph by the following:

Refer to IEC 694,

-

Replace, on page 71, the second sentance of the first paragraph'by the following:

if requested, gas tightness tests may be made also on partitions if these are sealed off
between both adjacent gas compartments by gaskets.

Pages 105 toc 117

Delete the text of Annex DD.
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