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60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.
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base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATED BUSHINGS FOR ALTERNATING VOLTAGES
ABOVE 1 000 V

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, fechnisal Specifications,
Technical Reports, and Guides (hereafter referred to as “IEC Publication(s)”). Thei i
technical committees; any IEC National Committee interested in the subject deal€ wi y ipate in this
preparatory work. International, governmental and non-governmental organiza iai { e IEC also
participate in this preparation. IEC collaborates closely with the International 3 S

2) The formal deC|S|ons or agreements of IEC on technlcal matters express as hearhywa it ah international

3) IEC Publications have the form of recommendations for interfationa c e pted by IEC National
Committees in that sense. While all reasonable efforts are/madg g technical content of IEC

Publications is accurate, hey are used or for any
misinterpretation by any end user

4) In order to promote international uniformy C Nationaf” Committ updertake to apply IEC Publications
transparently to the maximum extent possjble % e|r national\and regional publications. Any divergence
between any IEC Publication and the correspogding ar regional pdblication shall be clearly indicated in
the latter

5) IEC provides no markmg procedure to |n|cat al and cannot be rendered responsible for any

6) All users should ensure that\they

7) No liability shall attach 3 i in S servants or agents including individual experts and
members of its technlca commii S ommittees for any personal injury, property damage or
other damage of 4 2 3 ther direct or indirect, or for costs (including legal fees) and
expenses arisin D of (the pud I|cat Qn, or reliance upon, this IEC Publication or any other IEC
Publications.

9) Attention is dfawn ibility that some of the elements of this IEC Publication may be the subject of
patent rights, S esponsible for identifying any or all such patent rights.

Internatiqna ) C 60137 has been prepared by sub-committee 36A: Insulated
bushings, 0 committee 36: Insulators.

This fifth edition can€els and replaces the fourth edition, published in 1995, and constitutes
a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

« standard values of highest voltage for equipment of 550 kV and 800 kV to replace 525 kV
and 765 kV;

« consideration of the development in the use of non-ceramic insulating envelopes and to
special requirements for bushings used in air-insulated ducting;

e special requirements for bushings fitted to transformers.
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The text of this standard is based on the following documents:

FDIS Report on voting
36A/111/FDIS 36A/114/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until 2003.

At this date, the publication will be

* reconfirmed;
« withdrawn;
¢ replaced by a revised edition, or

¢ amended.

N
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INTRODUCTION

To reflect the current usage of the term “composite bushing”, the definition has been changed
to mean a bushing with an insulating envelope consisting of a resin impregnated fibre tube
with rubber compound covering. The previous definition of a multi-dielectric bushing is given
the term “combined insulation bushing”.

For bushings operating in air-insulated ducting, locally high ambient air temperatures have a
significant effect on their current rating. This edition defines a limit to this temperature and
specifies corresponding test conditions.

The term “highest voltage for equipment” is introduced into this standagrd~i
“rated voltage”. This change is in line with other equipment standards.

preference to

Gas-insulated and gas-impregnated bushings have become a ma
gas insulated switchgear. Limiting values for temperature rise a i
have therefore been introduced.

The dynamic current withstand test( is g in the text, because insufficient

experience has so far been:collected to, des
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INSULATED BUSHINGS FOR ALTERNATING VOLTAGES
ABOVE 1000 V

1 Scope
This International Standard specifies the characteristics and tests for insulated bushings.

This standard is applicable to bushings, as defined in Clause 3, intended for use in electrical
apparatus, machinery, transformers, switchgear and installations for three-phase alternating
current systems, having highest voltage for equipment above 1000 V and powerfrequencies
of 15 Hz up to and including 60 Hz.

Subject to special agreement between purchaser and supplier
in part or as a whole, to the following:

be” applied,

¢ bushings used in other than three-phase systems;
* bushings for high-voltage, direct current systems;
e bushings for testing transformers;

« terminals for power cables (potheads)

* bushings for capacitors.

Special requirements and tests for tra
bushings.

IEC 60038:19 IEC standard voltages
Amendment 2 (199

IEC 60050(212):1990, International Electrotechnical Vocabulary (IEV) — Chapter 212: Insul-
ating solids, liquids and gases

IEC 60059:1999, IEC standard current ratings

IEC 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60068-2-17:1994, Basic environmental testing procedures — Part 2: Tests — Test Q:
Sealing
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IEC 60071-1:1993, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 60076-5:2000, Power transformers — Part 5: Ability to withstand short circuit

IEC 60216-2:1990, Guide for the determination of thermal endurance properties of electrical
insulating materials — Part 2: Choice of test criteria

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements

IEC 60354:1991, Loading guide for oil-immersed power transformers

IEC 60505:1999, Evaluation and qualification of electrical insulation syste

IEC 60507:1991, Artificial pollution tests on high-voltage insulator,
systems

electrical equipment — Definitions, test methods, acceptante_critexia\an
ations

IEC 61463:1996, Bushings — Seismic qualificatiop

3.1
bushing

NOTE 2 The bushing may bewef the types as prescribed in 3.2 to 3.21.

3.2
liquid-filled bushing

bushing in which the space between the inside surface of the insulating envelope and the
solid major insulation is filled with oil

3.3

compound-filled bushing

bushing in which the space between the inside surface of the insulating envelope and the
solid major insulation is filled with an insulating compound
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3.4
liquid-insulated bushing
bushing in which the major insulation consists of oil or another insulating liquid

3.5

gas-filled bushing

bushing in which the space between the inside surface of the insulating envelope and the
solid major insulation is filled with gas (other than ambient air) at atmospheric pressure or
higher

NOTE This definition includes bushings which are intended to form an integral part of gas-insulated equipment,
the gas of the equipment being in communication with that of the bushing.

3.6

gas-insulated bushing
bushing in which the major insulation consists of gas (other than
pressure or higher

NOTE 1 This definition includes bushings which are intended to form an int&
the gas of the equipment being in communication with that of the bushing«

3.7
gas-impregnated bushing
bushing in which the major insulation paper or plastic film (GIF)
and subsequently treated and impregn e ambient air) at atmospheric
pressure or higher, the space betwee ¢ ve insulating envelope being filled with
the same gas

3.8
oil-impregnated pape
oIP

bushing in whic 3j
treated and impr :

NOTE The core is conta
being filled with the seme i

3.9

resin-boptd
RBP
bushing in
NOTE 1 During the
the bonding achieved b

inding process, each paper layer is bonded to the previous layer by its resin coating and
¢uring the resin.

NOTE 2 A resin-bonded paper bushing can be provided with an insulating envelope, in which case the intervening
space can be filled with an insulating liquid or another insulating medium.

3.10

resin-impregnated paper bushing

RIP

bushing in which the major insulation consists of a core wound from untreated paper and
subsequently impregnated with a curable resin

NOTE A resin-impregnated paper bushing can be provided with an insulating envelope, in which case the
intervening space can be filled with an insulating liquid or another insulating medium.

3.11

ceramic, glass or analogous inorganic material bushing

bushing in which the major insulation consists of a ceramic, glass or analogous inorganic
material
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3.12

cast or moulded resin-insulated bushing

bushing in which the major insulation consists of a cast or moulded organic material with or
without an inorganic filler

3.13

combined insulation bushing

bushing in which the major insulation consists of a combination of at least two different
insulating materials

3.14

capacitance graded bushing
bushing, in which a desired voltage grading is obtained by an arrangemkg
semiconducting layers incorporated into the insulating material

[IEV 471-02-02, modified]

onducting or

3.15

indoor bushing
bushing, both ends of which are intended to be in a
not exposed to outdoor atmospheric conditions

[IEV 471-02-03]

gric pressure, but

3.16

outdoor bushing
bushing, both ends of which are intended to be
exposed to outdoor atmospheric condition

[IEV 471-02-04]

ient air at atmospheric pressure and

3.17
outdoor-indoor bysh
bushing, both e

3.18

indoor-imm L

bushing, ohe_end ¢ ich is intended to be in ambient air but not exposed to outdoor
atmospheric co and the other end to be immersed in an insulating medium other than

ambient air (e.g. oibor’ gas)
[IEV 471-02-06]

NOTE This definition includes bushings operating in air at temperatures above ambient, such as occur with air-
insulated ducting.

3.19

outdoor-immersed bushing

bushing, one end of which is intended to be in ambient air and exposed to outdoor
atmospheric conditions and the other end to be immersed in an insulating medium other than
ambient air (e.g. oil or gas)

[IEV 471-02-07]
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3.20

completely immersed bushing

bushing, both ends of which are intended to be immersed in an insulating medium other than
ambient air (e.g. oil or gas)

[IEV 471-02-08, modified]

3.21

bushing for separable connector

plug-in type bushing

bushing, one end of which is immersed in an insulating medium and the other end designed to
receive a separable insulated cable connector, without which the bushing cannot function

3.22

highest voltage for equipment

Um

highest r.m.s. value of phase-to-phase voltage for which the eqdipme 3 de respect

of its insulation as well as other characteristics which relate e relevant

equipment standard
[IEV 604-03-01]

3.23

rated phase-to-earth voltage
maximum r.m.s. value of the voltage 4
conductor and the earthed flange or o
specified in Clause 5

3.24

rated current
Il’
maximum r.m.s. valug

operating conditj
of Table 2

3.25

bushing can carry continuously under the
without exceeding the temperature rise limits

r.m.s. value of a symymatric urrent which the bushing withstands thermally for the rated

duratio following continuous operation at rated current with maximum
temperatu Fambient gif and immersion media in accordance with 5.3

3.26

rated dynamic current

Iy
peak value of a current which the bushing withstands mechanically

3.27

temperature rise

difference between the measured temperature of the hottest spot of the metal parts of the
bushing which are in contact with insulating material and the ambient air temperature
(see 4.8)

3.28
rated frequency

fr

frequency at which the bushing is designed to operate

[IEV 421-04-03, modified]
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3.29

minimum operating pressure of gas for insulation

minimum pressure, referenced to 20 °C, assigned by the bushing supplier, at which the rated
insulating level applies

3.30

maximum internal operating gas pressure

pressure, when the bushing is in operation, carrying rated current at the highest temperatures
in accordance with 5.3

3.31

maximum external operating gas pressure

maximum pressure of the gaseous insulating medium in which the b partially or
completely immersed when in operation

3.32
design pressure (of the enclosure)
pressure used to determine the thickness of the enclosure

(see IEC 60517)

3.33

quantity of dry gas at a given tempec
a known difference of pressure across

(see IEC 60068-2-17)

3.34

insulating envelope
hollow insulator whj«

NOTE 1 The surface™
the creepage distance.

gment or of any other non-insulating jointing material is not considered as forming part of

NOTE 2 If high-resistance coating is applied to parts of the insulating part of an insulator, such parts are
considered to be effective insulating surfaces and the distance over them is included in the creepage distance.

[IEV 471-01-08]

3.36

arcing distance

shortest distance in air external to the insulator between metallic parts which normally have
the operating voltage between them

NOTE The terms “dry arcing distance” or “taut string distance” are also used.
[IEV 471-01-07, modified]
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3.37

test tap

measuring tap

tan ¢ tap

connection, accessible from outside the bushing, insulated from the flange or other fixing
device, made to one of the outer conducting layers of a capacitance graded bushing in order
to allow measurements of dissipation factor, capacitance and partial discharge whilst the
flange of the bushing is earthed

NOTE 1 This connection should be earthed directly when it is not used.

NOTE 2 When the test tap is used for condition monitoring, in service, care should be taken to avoid an open
circuit.

3.38

voltage tap
potential tap
capacitance tap
connection, accessible from outside the bushing, insulated
device, made to one of the outer conducting layers of a ca

NOTE 1 This connection should be earthed directly when it is nofused.

3.39
rated voltage of the voltage tap

at the rated frequency

3.40
composite bushing

bushing with an jqsula
without a rubber
NOTE For bushings defj i

capacitance between/the high-voltage conductor and the test tap or the voltage tap of
a capacitance-graded bushing

3.41.2
tap capacitance
&

capacitance between the test tap or the voltage tap and the mounting flange of a capacitance-
graded bushing

3.41.3

capacitance

C

capacitance between the high voltage conductor and the mounting flange of a bushing without
a voltage tap or test tap
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4 Ratings

4.1 Standard values of highest voltage for equipment (U

m)

The values of U, of a bushing shall be chosen from the standard values of the highest
voltage for equipment, defined in IEC 60038 as given below, in kilovolts:
36-72-12-175-24-36-52-72,5-100- 123 - 145 -170 — 245 - 300 — 362 — 420
— 550 — 800 kV.

NOTE The values 525 kV and 765 kV are also used.

4.2 Standard values of rated current (/)

The values of I, of a bushing shall be chosen from the standard
amperes:

4 000 — 5000 — 6 300 — 8000 — 10000 — 12500 — 16
40 000 A.

For transfo
IEC 60078

hall be 2s, unless otherwise stated, with reference to

be in accordance

]Zth Xt = constant

NOTE For transformer bushings, where the conductor is drawn into the central tube, the conductor cross-section
corresponding to the operating current may be less than that indicated in 4.2. In such a case, the operating current
and cross-section should conform with the requirements of 8.6.

4.4 Standard values of rated dynamic current (1)

The standard value of /4 shall have an amplitude of the first peak of 2,5 times the value of I,
in accordance with 4.3.

NOTE In some cases, values greater than 2,5 times the value of I, indicated in 4.3 may be necessary with
respect to the transformer characteristics. The transformer manufacturer should stipulate such requirements in the
bushing ordering information (see 6.1.3).
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