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Foreword

The text of document 17C/405/FDIS, future edition 1 of IEC 62271-209, prepared by SC 17C,
High-voltage switchgear and controlgear assemblies, of IEC TC 17, Switchgear and controlgear, was
submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as EN 62271-209 on
2007-10-01.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2008-07-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2010-10-01

Annexes ZA and ZB have been added by CENELEC.

Endorsement notice

The text of the International Standard |IEC 62271-209:2007 was approved by CENELEC as a European
Standard without any modification.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV —
Fluid-filled and extruded insulation cables —
Fluid-filled and dry-type cable-terminations

1 Scope

This standard covers the connection assembly of fluid-filed and extruded cables to gas-
insulated metal enclosed switchgear (GIS), in single- or three-phase arrangements where the
cable-terminations are fluid-filled or dry type and there is a separating insulating barrier
between the cable insulation and the gas insulation of the switchgear.

The purpose of this standard is to establish electrical and mechanical interchangeability
between cable-terminations and the gas-insulated metal-enclosed switchgear and to
determine the limits of supply. It complements and amends, if necessary, the relevant IEC
standards. For the purpose of this standard the term "switchgear" is used for "gas-insulated
metal enclosed switchgear”.

It does not cover directly immersed cable terminations, as described in CIGRE brochure 89.

2 Normative references

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

|EC 60038:1983, /EC standard voltages 1
Amendment 1 (1994)
Amendment 2 (1997)

IEC 60141 (all parts), Tests on oil-filled and gas-pressure cables and their accessories

IEC 60141-1:1993, Tests on oil-filled and gas-pressure cables and their accessories — Part 1:
Oil-filled, paper-insulated, metal-sheathed cables and accessories for alternating voltages up
to and including 400 kV

IEC 60141-2:1963, Tests on oil-filled and gas-pressure cables and their accessories — Part 2:
Internal gas-pressure cables and accessories for alternating voltages up to 275 kV

IEC 60694:1996, Common specifications for high-voltage switchgear and controlgear
standards

IEC 60840:2004, Power cables with extruded insulation and their accessories for rated
voltages above 30 kV (Uyn = 36 kV) up to 150 kV (Un = 170 kV) — Test methods and
requirements

1 There exists a consolidated version (2002) including Amendment 1 and 2.
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|IEC 62067:2001, Power cables with extruded insulation and their accessories for rated
voltages above 150 kV (Uyn = 170 kV) up to 500 kV (Uyn = 550 kV) — Test methods and
requirements Amendment 1 (2006)

IEC 62271-203:2003, High-voltage switchgear and controlgear — Part 203: Gas-insulated
metal-enclosed switchgear for rated voltages above 52 kV

Report of CIGRE WG 23-10, ELECTRA 151, December 1993, Earthing of GIS — An
Application Guide

CIGRE brochure 89: Accessories for HV Extruded Cables, CIGRE WG 21.06, 1995, Chapter
2.1.5 Directly Immersed Metal Enclosed GIS Termination

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

cable-termination

equipment fitted to the end of a cable to ensure electrical connection with other parts of the
system and to maintain the insulation up to the point of connection. Two types are described
in this standard.

3.1.1

fluid-filled cable-termination

cable-termination which comprises of a separating insulating barrier between the cable
insulation and the gas insulation of switchgear. The cable-termination includes an insulating
fluid as part of the cable connection assembly.

3.1.2

dry-type cable-termination

cable-termination which comprises an elastomeric electrical stress control component in
Intimate contact with a separating insulating barrier (insulator) between the cable insulation
and the gas insulation of the switchgear. The cable-termination does not require any
insulating fluid.

3.2

main-circuit end terminal

part of the main circuit of a gas-insulated metal enclosed switchgear forming part of the
connection interface

3.3

cable connection enclosure

part of the gas-insulated metal-enclosed switchgear which houses the cable-termination and
the main-circuit end terminal

3.4

cable connection assembly

combination of a cable-termination, a cable connection enclosure and a main-circuit end
terminal, which mechanically and electrically connects the cable to the gas-insulated metal
enclosed switchgear
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3.5

design pressure

pressure used to determine the thickness of the enclosure and the componenis of the cable
termination subjected to that pressure (according to IEC 62271-203:2003)

3.6
fluid/insulating fluid
the term "fluid" means a liquid or a gas for insulation purposes

3.7
cable system
a cable with installed accessories

4 Limits of supply

4.1 General

The limits of supply of gas-insulated metal-enclosed switchgear and the cable-termination
shall be in accordance with Figure 2 for fluid-filled cable terminations and Figure 4 for dry-
type cable-terminations.

4.2 Over-voltage protection

If a metallic earth connection between parts 6 or 11 and part 13 of Figure 2 for fluid-filled
cable terminations and Figure 4 for dry-type cable-terminations is not feasible, non-linear
resistors (part 15) may be connected across the insulated junction to limit the voltage under
transient conditions. The number and characteristics of the non-linear resistors shall be
determined and supplied by the cable termination manufacturer, taking into consideration the
requirements of the user and the switchgear manufacturer. For further details refer to report
of CIGRE WG 23-10: ELECTRA 151, 1993.

5 Rating

5.1 General

When dimensioning the cable connection assembly, the following rated values shall apply:

£

the rated voltage;

o

the number of phases in one enclosure;

o o

the rated normal current and temperature rise;

40

)
)
) the rated insulation level;
)
)

the rated short-time and peak withstand currents;

—h

) the rated duration of the short circuit.

5.2 Rated voltage

The rated voltage for the equipment (U,) of the cable connection is equal to the lowest of the
values for the cable and the gas-insulated metal-enclosed switchgear and shall be selected
from the following standard values:

72,5 kV — 100 kV — 123 KV — 145 kV — 170 kV — 245 kV — 300 kV - 362 kV — 420 kV — 550 kV

For cables, the rated voltage U, corresponds to the highest voltage for equipment Un,.
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5.3 Rated insulation level

The rated insulation level for the cable connection assembly shall be selected from the values
given in IEC 60038 (IEC standard voltages) as well as I[EC 62271-203:2003.

5.4 Rated normal current and temperature rise

The connection interface of the main circuit shown in Figures 2 and 3 for fluid-filled cable-
terminations and Figures 4 and 5 for dry-type cable-terminations is applicable at rated normal
currents up to 3 150 A. The normal current-carrying contact surfaces of the connection
interface shall be silver- or copper-coated or solid copper.

For full interchangeability of the cable-termination, the connection interface shall be designed
so that at a current equal to the cable rated current corresponding to a maximum temperature
of 90 °C, no heat transfer from the GIS main circuit end terminal to the cable-termination will
occur.

NOTE As the maximum conductor temperature for cables is limited by the maximum operating temperature for the
insulation, there are certain cable dielectrics which cannot withstand the maximum temperature specified for gas-
insulated metal-enclosed switchgear if there is heat transfer across the connection interface to the cable
terminations.

For cases when the design value of 90 °C at rated normal current of the cable system cannot be achieved, the
manufacturer of the switchgear should provide the necessary data on temperature rise of the main-circuit end
terminal and of the insulating gas (SFg) as a function of current.

5.5 Rated short-time and peak withstand currents and rated duration of short circuit

Short-time and peak withstand currents as well as the duration of short circuit shall refer to
the levels provided by the cable system, not exceeding the values given in IEC 60694.

5.6 Rated filling pressure of insulating gas in the cable connection enclosure

If SFgis used as the insulating gas, the minimum functional pressure for insulation pme used

to determine the design of the cable-termination insulation shall not exceed pme= 0,35 MPa
(absolute) at 20 °C for maximum rated voltages up to 300 kV. For maximum rated voltages
exceeding 300 kV the minimum functional pressure for insulation pme used to determine the
design of the cable-termination insulation shall not exceed pme 0,4 MPa (absolute) at 20 °C.

The rated filling pressure pre 0f gas for insulating is assigned by the switchgear manufacturer
but shall in no case be lower than pme. If a gas other than SFg is used, the minimum
functional pressure shall be chosen to give the same dielectric strength while being lower
than the maximum recommended operating pressure as per 6.1.
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0,35/0,40 Y Pme
(see NOTE)
-
IEC 1267/07

Pre rated filling pressure of gas for insulating (not lower than pme)

Pme minimal functional pressure for insulation

NOTE 0,35 MPa for voltages up to 300 kV

0,40 MPa for voltages exceeding 300 kV

Figure 1 — Operating pressure of the gas insulation in the cable connection enclosure

6 Design and construction requirements

6.1 Pressure withstand requirements

The design pressure (absolute) for the outside of the cable termination is 0,85 MPa at 20 °C.
The cable-termination shall be capable of withstanding the vacuum conditions when the cable
connection enclosure is evacuated as part of the gas filling process.

6.2 Mechanical forces on cable-terminations

The manufacturer of the cable-termination in a three-phase connection shall take into account
the total dynamic forces generated during short-circuit conditions. These forces consist of
those generated within the cable-termination and those coming from the main circuit of the
switchgear. The maximum additional force applied from the switchgear to the connection
interface (Figure 2 or 4) transversely and then being transferred from the main circuit end
terminal shall not exceed 5 kN. For single-phase connections, taking into account lack of
symmetry, it is considered that this additional force is small. However, a total mechanical
force of 2 kKN applied to the connection interface transversely, should be assumed. It is the
responsibility of the manufacturer of the switchgear to ensure that the specified forces are not
exceeded.

For both single-phase and three-phase connections, additional forces and movements from
the switchgear can be experienced due to temperature variations and vibrations in service.
These forces can act on both switchgear and cable-termination and depend largely on the
switchgear layout, termination installation, cable design and the methods of mechanical
support. The design of any support structure shall take into account these forces and
movements. It is particularly important that the support for the switchgear shall not be affixed
to the insulator collar and/or clamping flange, parts 9 and 11 of Figure 2 or 4.
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7 Standard dimensions

7.1 Fluid-filled cable-terminations

Standard dimensions for fluid-filled cable connection enclosures, main circuit end terminals
and cable-terminations applied to single-phase enclosures are shown in Figure 3. With the
given four standard sizes, the voltage range (U;) from 72,5 kV to 550 kV is covered.

7.2 Dry-type cable-terminations

Standard dimensions for dry-type cable-connection enclosures, main-circuit end terminals and
cable-terminations applied to single-phase enclosures are shown in Figure 5. The given four
standard sizes cover the voltage range (U;) from 72,5 kV to 550 kV. Figure 4 shows the two
types of dry-type cable-termination. Type A incorporates an elastomeric electrical stress
control component inside the insulating barrier. For type B, the elastomeric electrical stress
control component is located externally.

NOTE 1 In case the dry-type termination dimensions for 245 kV to 300 kV are in excess of those specified in
Figure 5, the termination may be fitted into the housing for fluid filled terminations of this voltage class. In this case
it is the cable termination manufacturer’s responsibility to meet the dimensions of the cable termination enclosure
for 245 kV to 300 kV as per Figure 3. It falls further within the responsibility of the cable termination manufacturer
to clearly notify all invelved party about his intent to rely on the stipulations of this note.

NOTE 2 For a full interchangeability of both fluid-filled and dry-type cable-terminations, a suitable connection
interface extension, if required, should be supplied by the cable-termination manufacturer.

7.3 Three-phase cable-termination enclosure

The minimum dimensions of the 3-phase cable-termination enclosure are defined by the
minimum phase to phase distance arising out of dig and the minimum phase to ground
distance arising out of d5/2.

8 Tests

8.1 General

The testing of the cable-termination and the gas-insulated metal-enclosed switchgear is to be
performed for cable-terminations in accordance with IEC 60141-1:1993 for oil-filled cables,
IEC 60141-2:1963 for gas-filled cables, |IEC 60840:2004 or |EC 62067:2001 (and its
amendment 1:2006) for cables with extruded insulation, IEC 62271-203:2003 for switchgear.
In addition, this standard gives recommended arrangements for dielectric tests and for the
tests after cable installation.

In case the insulator for cable termination is pre-installed during GIS manufacturing, this
insulator is subject to the GIS routine tests specified in IEC 62271-203:2003.

As such the insulator shall be designed to withstand these routine tests. The GIS
manufacturer shall follow the handling and/or assembling instructions for test preparation
provided by the cable termination manufacturer.
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8.2 Dielectric type tests of cable-terminations
8.2.1 General

The dielectric type tests of the cable-termination fitted with a representative cable shall be
performed in an enclosure as per 8.2.2, filled with insulating gas at the pressure not
exceeding pme+0,02 MPa as specified in 5.6. If a shield is an integral part of the cable-
termination design, it shall be mounted in its service position during the test.

An additional test shield may be used to screen the exposed connection interface, if required
by the cable-termination manufacturer, provided it does not overlap the connection interface
by more than the distance Iz in Figure 3 for fluid-filled cable-terminations and Figure 5 for dry-
type cable-terminations.

8.2.2 Dielectric type test of cable-terminations in a single phase enclosure

The cable-termination is surrounded by a metal cylinder connected to earth, the maximum
internal diameter is equal to ds for the four standard sizes of cable connection enclosures (ds
in Figure 3 for fluid-filled cable-terminations and Figure 5 for dry-type cable-terminations). The
minimum length of the metal cylinder shall be in accordance with the dimension |5 given in
Figures 3 and 5.

8.2.3 Dielectric type test of cable-termination in a three phase enclosure

The single phase test arrangement using the single phase cable termination enclosure from
the GIS covers the test requirements of the cable-termination in a three phase enclosure as it
iImposes the most severe dielectric stress to the test object. It is therefore the referenced type
test arrangement.

8.3 Tests after cable system installation

If required by the user of the switchgear, the manufacturer shall make special provisions for
the testing of the cable system, such as disconnecting facilities, earthing facilities and/or
increasing gas pressure within the given design limits of the cable connection enclosure. This
applies also if parts of the switchgear directly connected to the cable connection assembly
cannot withstand the test voltage specified in IEC 60141 and |IEC 60840 or IEC 62067 for the
cable test at rated gas density. It also applies if in the judgment of the switchgear
manufacturer, it is not acceptable to apply the test voltage to the affected switchgear
components.

If required by the user, the switchgear manufacturer shall provide the location for a suitable
test bushing and provide the user with all necessary information for mounting such a bushing
to the cable connection enclosure.

For cases where electrical clearances are inadequate, the term bushing shall include a
suitable insulated connection and test terminal. The requirement for the test bushing shall be
specified by the user in the enquiry.

NOTE It should be noted that increasing the gas pressure is not a reliable method of improving the electrical
strength at the surface of an insulator when tested with DC voltage. The AC test voltages of extruded cables after
installation according to IEC 60840 and IEC 62067 are normally not critical for GIS insulators if the level is below
the site test voltages of GIS according to |IEC 62271-203 Subclause 10.2.101.1.4.
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9 Information to be given with enquiries, tenders and orders

Refer to IEC 60840:2004 or IEC 62067:2001 (and its amendment 1:2006), IEC 60141-1:1993
and IEC 62271-203:2003. In addition, the user and the manufacturers shall consider the
installation requirements of the equipment. Manufacturers shall state the specific
requirements for civil, electrical and installation clearances applicable to the switchgear,
cable-termination and cable. Information shall be provided in particular and if required in
relation to switchgear/cable termination installation sequence as well as positioning and
temporary fixing of the relevant components.

10 Rules for transport, storage, erection, operation and maintenance

Refer to IEC 60694:1996, Clause 10.

The cable-termination manufacturer should ensure that during manufacture, handling, storage
and installation of the cable-termination, provisions should be made to ensure that the
requirements given in 5.2 of IEC 60694:1996 can be satisfied after final assembly of the
connection. The cable-termination manufacturer should supply the necessary information to
enable these requirements to be satisfied, if the cable-termination is to be installed by others.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NMOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year
|[EC 60038 (mod) 1983 1989
Al 1994 + corr. February 2002
A2 1997
IEC standard voltages " HD 472 S1
|[EC 60141 Series Tests on oil-filled and gas-pressure cables  — -
and their accessories
IEC 60141-1 1993 Tests on oil-filled and gas-pressure cables  — -

and their accessories -

Part 1: Qil-filled, paper- insulated, metal-
shealthed cables and accessories for
alternating voltages up to and including
400 kV

IEC 60141-2 1963 Tests on oil-filled and gas-pressure cables  — —
and their accessories -
Part 2: Internal gas-pressure cables and
accessories for alternating voltages up to

275 kV
IEC 60694 1996 Common specifications for high-voltage EN 60694 1996
switchgear and controlgear standards + corr. May 1999
IEC 60840 2004 Power cables with extruded insulation - -

and their accessories for rated voltages above
30 kV (U, = 36 kV) up to 150 kV

(Un= 170 kV) - Test methods and
requirements

IEC 62067 2001  Power cables with extruded insulation - -
At 2006 and their accessories for rated voltages above

150 kV (U,,= 170 kV) up to 500 kV

(Un= 550 kV) - Test methods and

requirements

IEC 62271-203 2003 High-voltage switchgear and controlgear - EN 62271-203 2004
Part 203: Gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV

CIGRE WG 23-10 1993 Earthing of GIS - An Application Guide - -
Report,
ELECTRA 151

CIGRE Brochure 89,1995 Accessories for HV Extruded Cables - = -
WG 21.06 Chapter 2.1.5: Directly Immersed Metal
Enclosed GIS Termination




1) The title of HD 472 S1 is: Nominal voltages for low voltage public electricity supply systems.
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Annex ZB
(informative)

A-deviations

A-deviation: National deviation due to regulations, the alteration of which is for the time being outside the
competence of the CENELEC national member.

This European Standard does not fall under any Directive of the EC.

In the relevant CENELEC countries these A-deviations are valid instead of the provisions of the European
Standard until they have been removed.

Clause Deviation

1 Italy

(DM 1 December 1980 and DM 10 September 1981 published in Gazzetta Ufficiale no. 285
dated 16.10.1981)

For insulation-enclosed switchgear and controlgear containing gas-filled compartments, the
design pressure is limited to a maximum of 0,5 bar (gauge) and the volume is limited to a
maximum of 2 m°. Gas filled compartments having a design pressure exceeding 0,5 bar
(gauge) or a volume exceeding 2 m° shall be designed according to the Italian pressure
vessel code for electrical switchgear.
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international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that they possess the latest amendments or
editions.

It is the constant aim of BSI to improve the quality of our products and services.
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Information on standards
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Service. Various BSI electronic information services are also available which give
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Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Email: info@bsi-global.com.
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http://www.bsi-global.com.
Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the
UK, of the publications of the international standardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means — electronic, photocopying, recording or otherwise — without prior written
permission from BSI.

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BS| must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager.
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553.
Email: copyright@bsi-global.com.




