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1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATED BUSHINGS FOR ALTERNATING VOLTAGES
ABOVE 1 000 V

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
onal electrotechnical committees (IEC National Committees). The object of IEC is to promote

all nati

|nternat|ona| co- operatlon on all questlons concernlng standardlzatlon in the electrical

e e o €

nd_electronic fields. To

this en;g sat—Spegcifications,
Technigal Reports and Guides (hereafter referred to as “IEC Publlcatlon(s) ) Thei gntrusted to
technical committees; any IEC National Committee interested in the subject de bate in this
prepardtory work. International, governmental and non-governmental organiza e |[EC also
particippte in this preparation. IEC collaborates closely with the International dardization
(1SO) irf

2) The for international
conseng ion from all
interestied IEC National Committees.

3) IEC Pu C National
Commi ent of IEC
Publicafions is accurate or for any
misintefpretation by any end user

4) In orde ublications
transpal divergence
betwee ndicated in
the latt¢r.

5) IEC pr ible for any
equipment declared to be in

6) All users should ensure that\they

7) No liabllity shall attach xperts and
membefs of its technlca comp S damage or
other damage of 4 2 3 fees) and
expenses arising D of (the pud I|cat Qn) or reliance upon, thls IEC Publication or any| other IEC
Publications.

8) Attentign is drawn 5 i nees cited in this publication. Use of the referenced pulflications is
indispe tion of/his publication

9) Attentig that some of the elements of this IEC Publication may be thg subject of
patent fights, esponsible for identifying any or all such patent rights.

Internatiq C 60137 has been prepared by sub-committee 36A: |[nsulated

bushings committee 36: Insulators.

This fifth| edition cantels and replaces the fourth edition, published in 1995, and cclmstltutes

a technicatTevisiom:

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

speci

speci

al requirements for bushings used in air-insulated ducting;

al 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 upch@ged until 2003.

At this daterthepublicatiomwittbe

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« withdrawn;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

e amended.

g
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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 standgrd~in preference to

“rated vo|

Gas-insu
gas insul
have the

tage”. This change is In line with other equipment standards.

ated and gas-impregnated bushings have become a ma
ted switchgear. Limiting values for temperature rise a i
efore been introduced.

The spegial requirements addressed for bushings fitted

consider
level of i
flashover
transform
applicatiq

The dyn
experien

amic current withstand test( is { in the text,

because in

} use in
h factor

hot been
s. A high
f internal
evels for
range of
+3, is not

sufficient
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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
apparatu‘ machine an Qrme Al ngae and in allation O a .'mi.. o ternating
current s ad powerdrequencies
of 15 Hz

up to and including 60 Hz.

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

applied,

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

« bushings for testing transformers;

« termipals for power cables (potheads)

* bushings for capacitors.

Special requirements and tests for tra
bushings

This stan re a part

of an apy sted with
the appa
2 Nor
The following enced o 9 pcument.

For dated reft st edition

Amendment2-(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 systeys\

IEC 605(7:1991, Artificial pollution tests on high-voltage insulator, \u\s\id on a.c.
systems

IEC 6081
IEC 61462:

electrica
ations

d indoor
bmmend-

IEC 61443:

IEC 6215 s for use

in electri

3 Tern

For the p

3.1

bushing
device th
tank, and i
to the paftiti
[IEV 4711
NOTE 1
NOTE 2 T

wall or a
ing device)

bushing.

3.2
liquid-filledbushing

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


https://iecnorm.com/api/?name=b852e37e38389a4f0d8e5ae0096be823

60137 O IEC:2003 -19 -

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 fhe equipment being in communication with that of the bushing«

equipment,

NOTE 2 A bushing which contains solid insulating materials other tha ining the gas (e.g.
support for[conducting layers or insulating cylinder), is a combined insulatjo )

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

3.8
oil-impregnated pape
oIP

bushing in whic 3j
treated apd impr :

NOTE The core is co
being filled|with the

sequently

g envelope

3.9
resin-bo
RBP
bushing i
NOTE 1 Quripg_th
the bonding achieved b

insulation consists of a core wound from resin-coated paper

process, each paper layer is bonded to the previous layer by its resin ¢oating and
ring the resin.

NOTE 2 resin-bonded paper bushing can be provided with an insulafing 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 AN
bushing, |in which a desired voltage grading is obtained by an arrang nt of conducting or
semiconducting layers incorporated into the insulating material

[IEV 471102-02, modified]

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 presisure, 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 pregsure and

3.17
outdoor{indoor
bushing, both e

NOTE On
to outdoor

[IEV 471]

a)

-

be exposed

3.18

indoor-
bushing,
atmospheric ¢
ambient air(e:g. oi

[IEV 471-02-06]

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

ich is intended to be in ambient air but not exposed tq outdoor
itions and the other end to be immersed in an insulating medium other than

gas)

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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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 wt function

3.22

highest Yoltage for equipment

U

m
highest rim.s. value of phase-to-phase voltage for which the eqdipme
of its inslulation as well as other characteristics which relate

equipment standard
[IEV 604103-01]

3.23

rated phpse-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 cufrent
Il‘

maximun
operating

of Table
3.25

Iy,
r.m.s. va

duratior
temperat

3.26
rated dy

if and immersion media in accordance with 5.3

'?respect

relevant

ween the
onditions

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

urrent which the bushing withstands thermally for the rated
following continuous operation at rated current with maximum

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]


https://iecnorm.com/api/?name=b852e37e38389a4f0d8e5ae0096be823

60137 O IEC:2003 - 25—

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 VAN
maximum pressure of the gaseous insulating medium in which the hing\grtially 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
ngs
quantity pf dry gas at a given tempec e and for

a known [difference of pressure across
(see IEC|60068-2-17)

NOTE Th units “Pa x
cm?/s” and S de used in
common in ) m3/s = 108 Pa x cm3/s = 10 bar x cm?3fs.

3.34

insulatin
hollow in
[IEV 471

NOTE Anl|i
units.

one insulator unit or two or more permanently assembled insulator

3.35

shortest distangeralong the surface of an insulator between two conductive parts

NOTE 1 The/surface™
the creepage‘distance.

gment or of any other non-insulating jointing material is not considered as forrhing 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 {ap

potentialjtap

capacitance tap

connection, accessible from outside the bushing, insulated
device, made to one of the outer conducting layers of a ca
to provid

NOTE 1 T
NOTE 2 T

her fixing
ing in order

scharge.

3.39
rated voltage of the voltage tap
maximun
rated loa
at the rated frequency

with the
bushing

3.40
composite bushing

bushing with an jqsula e €% ing of a resin impregnated fibre tubg with or
without a rubber‘p

NOTE Fo hsulation.

bushings defj

3.41
capacita

e tap of

capacita{ra

a capacitance-graded bushing

3.41.2

tap capacitance

G

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 (7,)

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

%Iow, in

100 - 25 + 3150 -
4 000 - 31 500 —
40 000 A

The aboy 0.

In the cése of transformer bushings witk i ube, the
supplier tor which
correspo

Bushings
transforni
IEC 6035

of rated current of the
brding to

4.3 Str

Unless o
bushings

1s. For

For tran
IEC 6002

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

For durafi r than 1 s, the relationship between current and time is aspumed to
be in acg i

Izth 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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4.5 Minimum withstand values of cantilever load

The bushings shall withstand the cantilever load given in Table 1, Level | or Il. Level | is
normal load and shall be generally applied, unless a purchaser specifies a heavy load of

Level Il.

4.6 Angle of mounting

All bushings shall be designed for mounting at any angle of inclination not exceeding 30° from
the vertical. Any other angle of mounting shall be subject to agreement between purchaser

and supplier.

NOTE A bushing operating at an angle up to and including 30° from the vertical is consi
A bushing fperaiing at an angle equal to or greater
bushing opgrating at any other angle is considered a tilted bushing (see 6.1.4).

4.7 Minimum nominal creepage distance

Unless dtherwise agreed between purchaser and supplier,
creepagq distance for ceramic insulating envelopes i
determingd by

where

d.s is thg minimum nominal specific
pollution levels are

I light: 16 mm/ kV
Il medium:
Il heavy:
IVvery heavy:
kp is thg corre
classes of whichr'gr

<300

If artificig

NOTE 1 T
stated in |

a vertical bushing.
bushing. A

test, the
C 60815 is

B various

e averaged diameter D, of the insulator, the

C 60507.

tolerances

NOTE 2 Requirements for composite insulators are under consideration by TC 36: Insulators.

4.8 Temperature limits and temperature rise

The temperature limits of metal parts in contact with insulating material under normal

operating conditions, are as follows:

— 105 °C for oil-impregnated paper: Class A;
— 120 °C for resin-bonded and resin-impregnated paper: Class E;

— 130 °C for gas-impregnated film: Class B.
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The temperature rise above maximum daily mean ambient air temperature in accordance
with 5.3 (30 °C) of the hottest spot shall not exceed the values given in Table 2. In the case of
other insulating materials, the temperature limits shall be stated by the supplier. Reference
shall be made to IEC 60216-2 and IEC 60505.

For bushing terminals and connections, the temperature rises are also given in Table 2.

Bushings used as an integral part of apparatus, such as switchgear or transformers, shall
meet the thermal requirements for the relevant apparatus. For transformer bushings,
reference shall be made to 4.2.

NOTE For gaskets in contact with metallic parts, special attention should be paid to the}bili& of the material to
withstand the temperature rise

4.9 Standard insulation levels

The standard values of insulation level of a bushing having ¥ 300 kW'shall be

chosen fiom the values given in Table 7.

The standard values of insulation level of a bushing-ha > ater than

300 kV s

The spe 038 and
IEC 60071-1.

410 T

A test tI former bushings of U,, equal to or

greater than 72,5 kV. In x ! idcharge measurements on trangformers,
the valugs for the test ta 3

— a capfacitance
- a dielrctric d i 05 measured at power-frequency.

Other values of test\ts bg €arth may be agreed between purchaser and supplier.

The bushi INCe ate substantial capacitances to earth which may divert the
partial d so give rise to incorrect or misleading partial discharge
measure]

5 Ope

5.1 Temporary overvoltages

The maximum phase-to-earth voltage of the system may exceed U, divided by \/5 For
periods not exceeding 8 h in any 24 h, and of which the total period does not exceed 125 h
per year, bushings shall be able to operate phase-to-earth at a voltage of

- U, for bushings of which U, is equal to or less than 170 kV;

- 0,8 U, for bushings of which U,, is greater than 170 kV.

For systems in which overvoltages in excess of this may occur, it is advisable to choose a
bushing with a higher U,.
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5.2  Altitude

Although the insulation level refers to sea level, bushings corresponding to this standard are
declared suitable for operation at any altitude not exceeding 1 000 m. In order to ensure that
the external withstand voltages of the bushing are sufficient at altitudes exceeding 1 000 m,
the arcing distance normally required shall be increased by a suitable amount. It is not
necessary to adjust the radial thickness of insulation or the clearance of the immersed end.
The puncture strength and the flashover voltage in the immersion medium of a bushing are
not affected by altitude.

Owing to the limitations of puncture strength and flashover voltage in the immersion medium,
it may not always be p033|ble to check the adequacy of the mcreased arcing dlstance by
actual te ot < ,

demonst

For gene|
each 10(
applied.

EXAMPLE Altitude of installation 2 800 m:

1%x@&m{1§<§m 18@

(o]

Increaselin arcing distance

10Q
For altitufdes in excess of 3 000 m aboye sea leve tion factors shall be agreed| between
purchaser and supplier. %
5.3 Temperature of,hambient a
Bushings e i ion at\temperatures not exceeding the limits| given in

Table 3. i g i e operating conditions of completely immersed
bushings ) N air-ing

Moisture i ¢ of the indoor part of the bushing is to be preyented, if
necessar [ i

5.4 Sdis

When se|smi ification is required, reference should be made to IEC 61463.

6 Ordering information and markings

6.1 Enumeration of characteristics

When ordering, the purchaser shall furnish as much of the following information as necessary,
as well as any additional information needed to determine clearly the required characteristics.

6.1.1 Application

Application, including type of apparatus for which the bushing is intended, and the
corresponding IEC apparatus standard shall be given.

Attention shall be drawn to any features (including tests) of the completed apparatus which
may affect the design of the bushing (see 7.3).
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6.1.2 Classification of bushings

Classification according to 3.2 to 3.21.

6.1.3 Ratings

The ratings shall be as follows:

6.1.4 Dperating conditions

The operpting conditions shall be as fofows:

highest voltage for equipment (U,,,) (see 3.22);
rated phase-to-earth voltage (see 3.23);

standard insulation level (see 4.9) and if necessary the induced and/or applied test
voltage level of the transformer (see 9.3);

rated|current (/,) (see 3.24);

rated|thermal short-time current (I;;,) and rated duration (#;,), it’d
given|in 4.3;

viatingdr tr>values

rated[dynamic current (), if deviating from the value given\n 4.4

rated|frequency (see 3.28);

minir:l;um withstand values of cantilever load in ac

maxi
4.10.

um value of test tap capacitance, if lo , in accordgnce with

temporary overvoltages,\

altitugle, if exceeding ™ ) \ ; bushings
accolding to 3.15 tp'8 N

ambiént air and_i
and Table 3) e

(see 5.3

type bushings
accofdi

mini mmersed
bushings

maxffaunm~operati pbmpletely
imm Shi

type |of sinsulati regnated
bushingsaccording to 3.5 to 3.7 when the gas of the equipment is in communication with
that of the bushing);

minimum operating pressure of gas for insulation (see 3.29) (relevant only to gas-filled,
gas-insulated and gas-impregnated bushings according to 3.5 to 3.7 when the gas of the
equipment is in communication with that of the bushing);

maximum internal operating gas pressure (see 3.30) (relevant only to gas-filled, gas-
insulated and gas-impregnated bushings according to 3.5 to 3.7 when the gas of the
equipment is in communication with that of the bushing);

maximum external operating gas pressure (see 3.31) (relevant only to partly or completely
gas-immersed bushings according to 3.18 to 3.20);

angle of mounting if exceeding the standard values (see 4.6);

minimum nominal specific creepage distance (see 4.7) (relevant only to the outdoor part
of bushings according to 3.16, 3.17 and 3.19);
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« unusual climatic conditions (extreme high and low temperatures, tropical humidity, severe

contamination, high wind);

e seismic conditions, if qualification is required (see 5.4).

6.1.5 Design

The design shall cover:

« for bushings supplied without a conductor: diameter, type (cable, solid or hollow stem),
material and position of the conductor with which the bushing will be fitted in operation;

» particular dimensional requirements, if any;

. test t POt vu:tayc tap if |cqu;|cd (acc 3-3Fatrd 338),
* the Igngth of earthed sleeve located next to the flange or other fixj

* general information concerning the position of the bushing in r
of thg apparatus for which the bushing is foreseen (see 7.1);

e whether protective gaps are to be fitted or not;
e special requirements for corrosion protection of metalli

« oil leyel in central tube of a transformer bushing
tube,|if lower than one-third of the height of the exte(nal part(see

e provision of an oil sample valve.

6.2 Markings

e central

Each bughing of U, equal to or greater tkan 3 Il carry the following markfings. For

bushings| of U, equal to an Y i indicated B are sufficient. [Markings

for bushipgs according to X iy

B supplier's name orftra 8

B year pf man eri N

B highdst voltage for equi y see 3.22) or rated phase-to-earth voltage ($ee 3.23)
and rpted frequ® :

® rated e bushing is supplied without conductor, the maximum

« type ofiiisulating’gas and minimum pressure (see 3.29), if applicable;

and switching impulse (SIL) and power-frequency withsfand test

* mass if above 100 kg;

< maximum angle of mounting if exceeding 30° from vertical (see 4.6).

For examples of marking plates, see Figures 1 and 2.

NOTE Capacitance and dielectric dissipation factor measurements made on site may differ from factory values

given on the nameplate. It is recommended to make reference measurements at installation.
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requirements

71 General requirements

All tests shall be carried out in accordance with the relevant IEC publication referred to in the
particular clause. Tests on insulating envelopes of ceramic material shall be carried out in
accordance with |[EC 62155. Tests on insulators of composite material shall be carried out

in accord

ance with IEC 61462.

All high-voltage tests, in accordance with 8.1, 8.2, 8.3, 9.2 and 9.3 shall be carried out in

accordan

ce with IEC 60060-1.
AN

The supp
tests sha
to the pu
Repetitio

At the rd
minimum

The values of the applicable withstand test voltag

indicated
withstand

The bus
accordan
porcelain

A definiti
and |IEV |

7.2 Test clas i

Tables 1

For bush
glass or
tests tod
following

7.21

lier shall provide a detailed type test certificate at the reques
Il have been carried out on bushings of a design that does
rchaser in any way that may improve the features to bg
h of a type test is only mandatory when specified in a paxt

P12-01-38, res

of the tests to the various types of bushings.

5, for equipment equal to or less than 52 kV, made of
esin or composite insulation, see Clause 10. For other
thermal and mechanical properties of bushings com

haser. The

p\u*c\t
that offered

e test.

rning the

actured bushings are

X Q_in operation, thg routine
test voltages shall be reduce ted in the tables
ashover in air when tested in
arks remaining on the surfagce of the
bn of the ter 12-01-37

ceramic,
bushings,
brise the

* dry or wet power-frequency voltage withstand test (see 8.1);

e dry lightning impulse voltage withstand test (see 8.2);

e dry or wet switching impulse voltage withstand test (see 8.3);

e thermal stability test (see 8.4);

* temperature rise test (see 8.5);

« verification of thermal short-time current withstand (see 8.6);

e cantil

ever load withstand test (see 8.7);

« tightness test on liquid-filled, compound-filled and liquid-insulated bushings (see 8.8);
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e internal pressure test on gas-filled, gas-insulated and gas-impregnated bushings (see
8.9);

e external pressure test on partly or completely gas-immersed bushings (see 8.10);

« verification of dimensions (see 8.11).

7.2.2 Routine tests
e measurement of dielectric dissipation factor (tan J) and capacitance at ambient
temperature (see 9.1);

e dry lightning impulse voltage withstand test (see 9.2);

. dry pwwpr-frpqnpnr‘y voltage withstand test (QPP 9 '%)'

* measjurement of partial discharge quantity (see 9.4);
« tests|of tap insulation (see 9.5);
e internal pressure test of gas-filled, gas-insulated and gas-impregna
« tightness test on liquid-filled, compound-filled and liquid-

- tightness test on gas-filled, gas-insulated and gas-i

« tightress test at the flange or other fixing device (se

e visua| inspection and dimensional check (se

7.2.3 Special tests

Special tests are only performed wh¢
supplier.

reed upon between purchpser and

e seisn

* artific

7.3 Cg

shall be
and thermal tests shall be carried out only on |bushings
complete es or other fixing devices, and all accessories with which they
will be fi L ithout protective arcing gaps, if any. Test taps ang voltage
taps shaf or held near earth potential.

During a
between

Liquid-fill liguig-insulated bushings, according to 3.2 and 3.4, shall be fillgd to the
normal lgvelwith the ihsulating liquid of the quality specified by the supplier.

Gas-filled, gas-insulated and gas-impregnated bushings, according to 3.5, 3.6 and 3.7, shall
be filled with the type of insulating gas specified by the supplier and raised to the minimum
pressure according to 3.29, at the reference temperature of 20 °C. If, at the beginning of the
test, the temperature differs from 20 °C, the pressure shall be adjusted accordingly.

Partly or completely immersed bushings, according to 3.18, 3.19 and 3.20, shall normally be
immersed in an immersion medium which is as similar as possible to that used in normal
operation. Other media shall be agreed between purchaser and supplier.
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The purchaser may use the bushing for a simulation test to prove the adequacy of the
operating arrangement. In particular, in the case of bushings intended for use on gas-
insulated switchgear and transformers, tests may be required with simulation of adjacent
metal parts on the GIS or transformer side. Such tests shall be the subject of previous
agreement between purchaser and supplier.

As the dielectric routine tests (see 7.2.2) are intended to check the internal insulation only, it
is permissible practice to screen the external metal parts of the bushing during these tests.

A bushing is normally tested in an arrangement having sufficient clearance to surrounding
earthed parts to avoid direct flashover to them through the ambient air or the immersion

medium. S~
M?Le flange

test and
Jreement

Normally] GIS and transformer bushings are tested in the vertical pQsitio
earthed gr held near to earth potential.

The angle of mounting of the bushing for the wet power-frequé
wet switching impulse voltage withstand test may be e
between |purchaser and supplier.

Before cbmmencing dielectric tests, the insulator(sha s ‘ thermal
equilibrium with the ambient air.

If the acxal atmospheric conditions de orrection

shall be made as given in Table 4.

8 Type tests

xcept the
y voltage
dielectric
D.4) shall

The order or possible

impulse yoltage wjthst
withstand test (.
dissipatign factor\arig

be carriefd out in orde

8.1 Dr|

8.1.1
4

The dry (e
subjecte(

The wet testTs—appticabtetoaftoutdoor bushimgs—accordingto- 37163717 anmd—3718, and for
which U, is less than 300 kV.

8.1.2 Test method and requirements

The magnitude of the test voltage is given in Table 7. The test duration shall be 60 s,
independent of frequency.


https://iecnorm.com/api/?name=b852e37e38389a4f0d8e5ae0096be823

60137 O

IEC:2003 - 47 -

8.1.3 Acceptance

The bushing shall be considered to have passed the test if no flashover or puncture occurs. If
there is a puncture, the bushing shall be considered to have failed the test. For capacitance
graded bushings it is assumed that a puncture has occurred if the capacitance measured after
the test raises above the capacitance previously measured by about the amount attributable
to the capacitance of one layer. If a flashover occurs, the test shall be repeated once only.
If during the repetition of the test no flashover or puncture occurs, the bushing shall be
considered to have passed the test.

8.2 Dry lightning impulse voltage withstand test (BIL)

8.2.1

The test

8.2.2

The mag
successi

Applicability AN

s applicable to all types of bushings.

Test method and requirements

nitude of the test voltage is given in Table 7 or 8 halMbe ¢

ely to

- 15 ful
- 15 ful

of the stz

Bushings
to

- 15 ful
- 1 full
- 5cho
- 14 ful

The time

It is per
the appli
the volta

| lightning impulses of positive polarity, follotved by

| lightning impulses of negative polarity G

ndard lightning impulse 1,2/50 psy

for transformers of U,, equal 3 kV shall be subjected suc

pped li ing\N
| lightningAmPus

In the c4

subjected

cessively

[he peak

e before
ations of

se.'of bushings for gas-insulated switchgear, special test requirements for

chopped

lightning test may be agreed upon between purchaser and supplier to cover the behaviour of

the bushi

Voltage r

ng concerning very fast transient voltage.

ecords shall be made for each impulse.

8.2.3 Acceptance

The bushings shall be considered to have passed the test, if

- nopu

ncture occurs at either polarity, and

— the number of flashovers in air does not exceed two for each series of 15 impulses;

except fo

r transformer bushings for which
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- no oil-end flashover,
- not more than two flashovers in air at positive polarity, and

- no flashover in air at negative polarity

are permitted.

8.3 Dry or wet switching impulse voltage withstand test (SIL)
8.3.1 Applicability

The test is applicable to all bushings of U,, equal to or greater than 300 kV. A dry test is
applicable to indoor, indoor-immersed and completely immersed bushlngs/(ac\ordmg to 3.15,
3.18 and[3720"

The wet {est is applicable to outdoor bushings, according to 3.16,

NON When a wet
test is made, a dry test is not necessary. 5

The dry pwitching impulse withstand test for transformer bus less“thap 300 kV

switching impulse may be applied subject to agreement.

8.3.2 Test method and requirements

For thes¢ tests, IEC 60060-1 may be ditions, the bushing shall
be mounted on an earthed plane, rad exté i$~0f the bushing at Igast 0,4 L
in every jlrectlon L bemg the dry arcing.diste ing. The high-voltage connection

@ iS 'mm rsed, the deta|ls of immersion shall

bushing.
be subje

In the case of bushings whefe o

The maghi

The bushi
- 15im
- 15im
of the stz
It is pern afterchahging polarity, to apply some impulses of minor amplitude before

the applicati test impulses. The time intervals between consecutive appligations of
the volta sufficient to avoid effects from the previous application of voltage.

Voltage records shall be made of each impulse.

8.3.3 Acceptance
The bushing shall be considered to have passed the test if

— no puncture occurs at either polarity, and if

— the number of flashovers in air at either polarity does not exceed two in the series of
15 impulses;

except for transformer bushings for which

- no oil-end flashover, and
- not more than two flashovers in air at positive polarity, and

- no flashover in air at negative polarity are permitted.
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8.4 Thermal stability test
8.4.1 Applicability

The test is applicable to all partly or completely immersed bushings, according to 3.18, 3.19
and 3.20. The major insulation of these bushings consists of an organic material, intended for
apparatus filled with an insulating medium, the operating temperature of which is equal to or
above 60 °C and where U, is greater than 300 kV for oil- and resin-impregnating paper
bushings, and equal to or greater than 145 kV for other types of bushings.

The test can, however, be omitted if it can be demonstrated, based on the results of
comparative tests or calculations, that the thermal stability of the bushing is assured.

8.4.2 Test method and requirements

The ends ?ulating
medium, |shall be immersed in oil. The temperature of the oi 3 intai at the
operating § Shri re the oil
temperature shall be 90 °C £2 °C. This temperature heans of
thermomegters, immersed in oil about 3 cm below the s 18 from the
bushing.

The endg of the bushings, which are intended for\\mmers medium

g gas at
minimum| pressure as defined in 3.29 e agreed

upon betiween purchaser and supplier.

The conductor losses corresponding \to K pulated by appropriate means. One
method is to wrap a resi i i dit by a
suitable ch a way
as to pro

The test

U, fo
- 0,8

The test
been reg

hing has

During th ambient

air tempe

The bushing has reached thermal stability when its dielectric dissipation factor shows no
appreciable rising tendency, with respect to the ambient temperature, for a period of 5 h.

8.4.3 Acceptance

The bushing shall be considered to have passed the test if it reaches thermal stability and
subsequently withstands dielectric routine tests without significant change from previous
results.
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8.5 Temperature rise test
8.5.1 Applicability

The test is applicable to all types of bushings, excluding liquid-insulated bushings according
to 3.4, unless it can be demonstrated by a calculation based on comparative tests that
specified temperature limits are met.

8.5.2 Test method and requirements

Bushings, one or both ends of which are intended to be immersed in oil or another liquid-
insulating medium, shall be appropriately immersed in oil at ambient temperature, except for
transformer bushings, where the oil shall be maintained at a temperature of 8Q K + 2 K above

the ambignt air.
NOTE 1 Ip some applications (e.g. generator transformer), the transformer top-ojt'te restricted
to values below the normal IEC limits. Subject to agreement between manufacturekand\ptxcha >ﬂdard oil
temperaturg rise of 60 K may be reduced to reflect the real transformer top oil terapexatute.
Bushingq with a conductor drawn into the central tube shall & ad Wi propriate
conductor, the cross-section of which shall conform wit . W oil is in
communication with the bushing central tube, the oil 3 sxceed one-third of the
height of|the external part.
The end jof bushings, which are intendg inersion j aseoys insulating medium other
than air gt atmospheric pressure, shé y bnclosure
insulated| with gas at minimum pres ambient
temperatpre at the beginning of the tesj
Gas-insu]ated bushings sha
For trandformer bushings i irsinsy closed in
an appropriate chambe g air in the chamber shall be heated to 40 K+ 2 K
above ambient aif, eithe: elf-p i
An appropriate numpe possible,
be placedl alon 5, as well
as possibly o ixing device, so as to determine the hottest sgot of the
bushing meta ith insulating material with reasonable accuracy.

4 :
The amb yperature shall be measured with lagged thermometers placed afound the
bushing at midsheightand at a distance of 1 m to 2 m from it.
NOTE 2 satisfactory™~egree of lagging is obtained by placing the thermometers in oil-filled contpiners with
a volume oFeppreximeatety-0-6--

The temperature of the oil or gas shall be measured by means of thermometers placed at
a distance of 30 cm from the bushing and, in the case of oil, 3 cm below the surface of the oil.

The test shall be carried out at /, +2 % at rated frequency, all parts of the bushing being
substantially at earth potential. If the frequency at the test differs from the rated frequency,
the current may be adjusted to achieve equivalent losses.
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Temporary external connections used for this test shall be of such dimensions that they do
not contribute unduly to the cooling of the bushing under test. These conditions are assumed
to be fulfilled if the temperature decrease from the bushing termination to a point at 0,5 m
distance along the connection does not exceed 2 K.

The test shall be continued until the temperature rise is sensibly constant. This is considered
to be the case if the temperature does not vary more than + 2 K during 2 h.

To avoid destruction of the insulation in the case of bushings with the conductor embedded in
the insulating material, the temperature of the hottest spot may, by agreement between
purchaser and supplier, be determined as follows:

The maximum conductor temperature 6, is deduced by equations (1) and|(2):

(2)

If the res
is situatg

of the conductor is @, and it
o~ extremities. If the repult M is

negative
The poin
(3)
where
a is e Ry is
me
6, st 5ius;
o, is 5ius;
O, ist
Gy st temperature of conductor, in degrees Celsius;
L is the length of conductor;

Ly is the distance from the cooler end of the conductor to the point of highest temperature;
Rp is the resistance between the ends of the conductor at uniform temperature 6,.

Rc  is the resistance of the conductor carrying 7, after stabilization of temperature.

8.5.3 Acceptance

The bushing shall be considered to have passed the test if the permissible temperature limits
in accordance with 4.8 are met, and if there is no visible evidence of damage.
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8.6 Verification of thermal short-time current withstand
8.6.1 Applicability

The verification is applicable to all types of bushings.

8.6.2 Verification method and requirements

The ability of the bushings to withstand the standard value of I, shall be demonstrated by the
following calculation:

2
Or=0g+a [th Xtth AN (4)

Ot Xdg

where

& s the final temperature of the conductor, in degrees Celsiys;

, is the temperature of the conductor in degrees Celsius 3 operation with

I, gt an ambient temperature of 40 °C;
a is 4,8 (K/s)/(kAlcm?2)2 for copper, 1,8 (K/s)/(kA/cm
tth is the rated duration as specified, in seconds;

-

Ly ist
is t
St is t

fect;

For other

()

where

p is the
¢ is the
o0 is the

rature of

In circuldr condustors/of diameter D (cm), the equivalent cross-section shall take skin effect
into accqunt/ The sKin effect may be determined by considering a depth of penetration d of
current derived from the formula given below:

3
d=-x /ﬂ cm (6)
21 f

where f is the rated frequency, in hertz.

Therefore:

Se =md(D -d) (7)
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8.6.3 Acceptance

The bushing shall be considered to be able to withstand the standard value of I, if &; does
not exceed 180 °C.

If the calculated temperature exceeds this limit, the ability of the bushing to withstand the
standard value of I, shall be demonstrated by a test. The test shall be carried out as follows:

— the bushing can be installed in any position;

- a current of at least the standard value of /;;, and of duration #,, in accordance with 4.3,
shall be passed through the conductor, the cross-section of which shall conform with the
rated current /.

Before tHe test, the bushing shall carry a current which produces the/a onductor
temperatpre as the rated current at maximum ambient temperature.

The bushing shall be considered to have passed the test if dence of
damage and if it has withstood a repetition of all routine te \gnifi hange from
the previpus results.

8.7 Cantilever load withstand test

8.71 Applicability

The test |s applicable to the air side of‘\qushi

8.7.2 Test method and requirements

The test
cantileve|

. For bushings according|to 3.21,

The bus tely"assembled and, if applicable, filled with the insulating
medium ified 3 wise stated, the bushing shall be installed vertically and its
flange rigi '

g
A pressu + 0,1 bar above the maximum operating pressure shall bg applied
inside the bushi and also inside the central tube in the case of a bushing with|a hollow

stem with a‘gasket joint at the terminal to be tested.

For bushings with internal bellows, the pressure shall be stated by the supplier.

The load shall be applied perpendicular to the axis of the bushing at the mid-point of the
terminal for 60 s. The load shall be in the direction which will cause the highest stress at
the critical parts of the bushing in normal operation.

For bushings with more than one air side terminal, it is generally sufficient to apply the load to
one terminal only.

For wall bushings the test load shall be applied to each end of the bushing separately.


https://iecnorm.com/api/?name=b852e37e38389a4f0d8e5ae0096be823

60137 O IEC:2003 -61-

8.7.3 Acceptance

The bushing shall be considered to have passed the test if there is no evidence of damage
(deformation, rupture or leakage) and if it has withstood a repetition of all routine tests without
significant change from previous results.

8.8 Tightness test on liquid-filled, compound-filled and liquid-insulated bushings
8.8.1 Applicability

The test is applicable to all liquid-filed or compound-filled and liquid-insulated bushings,
according to 3.2 and 3.4, except those bushings where the liquid filling has a viscosity equal
to or greater than 5 x 10~4 m2/s at 20 °C.

8.8.2 Test method and requirements

The bushing shall be assembled as for normal operation, filleg~witt : i %ed and
placed in a suitably heated enclosure, maintained at a tempe 12 h. For
bushings| where this is not possible, alternative methods ma S urchaser
and supglier.

A minimpm pressure of 1 bar £ 0,1 bar above thg
according to 3.30, shall be maintained inside the byshing u@

operating |pressure

For bush by the supplier.

8.8.3 Acceptance

The bushing shall be conge evtest if there is no evidence of|leakage.
The method of detection shall ¢ in IEC 60068-2-17, Annex C, Clapse C.2.

8.9 Infernal prg
and gas-
8.9.1 Applicabiljt
The test |s ap ilted; gas-insulated and gas-impregnated bushings, according
to 3.5, 3 insulating envelope is of ceramic or composite material and

intended i ént gas pressure higher than 0,5 bar gauge, having ap internal
volume eatenthan 11 (1 000 cm3).

8.9.2

1 £ A . H ot el H =i wath 1O o1 4090 LB
The test is—perfermed-on—the—nstHatirgenvelopeinacecordance—with+HEG644620rH C 62155

where appropriate.

The insulating envelope shall be equipped with its fixing devices and fittings, preferably as in
the intended application, and with additional plates with valve and pressure gauge for the test.

The insulator shall be completely filled with an appropriate medium. The pressure shall be
increased steadily without producing any shock.

Other components should be tested to their appropriate standards.
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8.9.3 Acceptance

The insulator shall be considered to have passed the test if there is no evidence of cracks,
neither in the ceramic nor composite nor in the fittings. Where there is no evidence of the
above, the test is considered satisfactory even though the fittings may have been stressed
beyond their yield point.

8.10 External pressure test on partly or completely gas-immersed bushings
8.10.1 Applicability

The test is applicable to all gas-immersed bushings, according to 3.18 to 3.20, intended for
use at a permanent gas pressure higher than 0,5 bar gauge.

8.10.2 [fest method and requirements

khall be

The test [shall be carried out before the tightness test according
assembled as far as necessary for the test, but there shall nof bressure.
The end| for immersion shall be mounted in a tank as A< ambient
temperatpre. The tank shall be completely filled with an approphia id. A\pressurée of three
times theg external maximum operating pressure (see i

8.10.3 Acceptance

The bushing shall be considered to h& bchanical

damage (e.g. deformation, rupture).

8.11 Vj;ification of dimensions

8.11.1 pplicability

This verification is app

8.11.2 Accept@

The dimg
particula
affecting|i

irawings,
o details

9 Routi

The ordef or,'passihle combination of the tests is at the discretion of the supplier, exdept if the
tests inc[ude impulse voltage withstand tests, which shall be made before the dny power-
frequency voltage withstand test (see 9.3). Before and after the dielectric routine tests,
measurements of dielectric dissipation factor (tan &) and capacitance (see 9.1) shall be carried
out in order to check whether damage has occurred. The measurement of partial discharge
quantity (see 9.4) shall be made before the last measurement of tan é.
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9.1 Measurement of dielectric dissipation factor (tan d)
and capacitance at ambient temperature

9.1.1 Applicability

The measurement is only applicable to capacitance-graded bushings according to 3.14.

9.1.2 Test method and requirements

During this test, the bushing conductor shall not carry current. The measurement shall be
made at an ambient temperature of between 10 °C and 40 °C by means of a Schering bridge,
or other similar equipment, at least at:

AN

~ 1,05 {J,, /<3 for bushings of Uy, < 36 kV;

~ 1,05 U, /4/3 and U,, for bushings of U, = 52 kV.

The measurement shall not be made at a voltage exceef
withstand voltage.

requency

e carried
eration.

A measufement of tan ¢ and capacitance at a voltage b
out as a feference value for measurements carried g

9.1.3 Acceptance

The maximum permissible values of tan
Table 5.|If the values are not accept
the test.

e of tan & with voltage ar¢ given in
ifted to wait for 1 h before fepeating

The actual temperature during
9.2 Dry Iightr@i i
9.21 Applicability

The test
level equ

impulse

9.2.2 4

- five {
agreg

Ises of negative polarity shall be applied or, by cqntractual

- threelfulllightning impulses of negative polarity, and

- two chopped lightning impulses of negative polarity
shall be applied.

For test conditions, 8.2 shall be followed.

9.2.3 Acceptance

For criteria, 8.2 shall be followed.
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9.3 Dry power-frequency voltage withstand test
9.3.1 Applicability

The test is applicable to all types of bushings. For gas-insulated bushings according to 3.6,
which are intended to be used as an integral part of a gas-insulated apparatus, of which the
gas filling is common to that of the bushing, this test shall be a type test only, provided the
insulating envelope of the bushing has been subjected to an adequate electrical test (e.g. wall
test of the porcelain) before assembly.

9.3.2 Test method and requirements

The test shall be made or repeated after any impulse voltage withstand test\if required in a
series of [tests.

The maghitude of the test voltage is given in Tables 7 or 9. Bushings for 5 shall be
tested at|least 10 % above the induced and/or applied test vo sformer.
The leve|] shall be not lower than the values shown in Table§ 7 orS, i nation on
transformer test level is not provided by the purchaser, the/ ing shall be
in accordance with Tables 7 or 9.

The test duration shall be 60 s, independent of freq

9.3.3 Acceptance

The bush S bceurs. |If
there is @ puncture, the bushing shall Se considere bacitance
graded b ed if the capacitance measured after
the test rises above the capacita 2\ d by about the amount attriQutable to
the capagitance of one layer. e test shall be repeated onceg only. If,
during the repetition p ffover or puncture occurs, the bushing|[shall be

considered to have pas

9.4 MT:surem
9.4.1

The mea ted out on all types of bushings, except for bushings according
to 3.6 an i envelope
of the B 5t of the
porcelain

9.4.2 Test met and requirements

The test shall be made in accordance with IEC 60270.

When, as a substitute for the measurement of partial discharge quantity, the radio inter-
ference voltage, expressed in microvolts, is measured by means of a radio interference meter,
the method of calibration to be used is that described in IEC 60270.

Unless otherwise stated, the elements of the test circuit shall be such that background noise
and sensitivity at the measuring circuit enable a partial discharge quantity of 5 pC or 20 % of
the specific value to be detected, whichever value is higher.
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The measurement shall be made after the dry power-frequency withstand voltage test
(see 9.3) at the values given in Table 6 during the decrease of the voltage from the dry
power-frequency withstand test level; depending on test facilities, the voltage level could be

reduced at 2 U, /N3 by agreement between the manufacturer and purchaser.

9.4.3

Acceptance

The maximum acceptable values of partial discharge quantity, according to the type of
bushing after the last dielectric test, shall be as given in Table 6.

When the measured values at 1,5 U,,/</3 are greater than those indicated in Table 6, the
supplier may extend the test for a period of up to 1 h to check if the yatues return to the

allowed I[mits. Tf the partial discharge at the end of the period is within Ti

shall be

Partial d
purpose

9.5 Tests of tap insulation

9.5.1

The follo
all taps:

- test tap (see 3.37): at least 2 kV;

- voltage tap (see 3.38): twice the rafed %e 0
The test duration is 60 s, {dndeperdentQf\freq cy.

ccepted.

scharge measurements before dielectric tests may he teques
bnly, and are not subject to guarantee.

Applicability and test requirements

wving power-frequency voltage withsta

its, théwe bushing
i }rmation

pplied to

After the ctto earth shall be measured at least af 1 kV.
9.5.2

The tap s d.foRave passed the test if no flashover or puncture occurg.

For test t and capacitance shall be in accordance with 4.10.

9.6 Inﬁ t on gas-filled, gas-insulated and gas-impregnated buiishings
9.6.1

The test s—appticattetoattgas-fitted; gas=msutated—anmd—gas=impregmated-bustimgsaccording
to 3.5, 3.6 and 3.7.

9.6.2 Test method and requirements

The bushing, complete as for normal operation, shall be filled with gas at the choice of the
supplier. A pressure of (1,5 x maximum operating pressure) bar + 0,1 bar shall be produced
inside the bushing and maintained for 15 min at ambient temperature.
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In the case of bushings where the insulating envelope is made of ceramic or composite
material and intended to be operated under pressure, the unassembled insulating envelope
shall be previously tested in accordance with IEC 62155 or IEC 61462, where appropriate.
Other components should be tested to their appropriate standards.

9.6.3 Acceptance

The bushing shall be considered to have passed the test if there is no evidence of mechanical
damage (e.g. deformation, rupture).

9.7 Tightness test on liquid-filled, compound-filled and liquid-insulated bushings

9.71 pphcability

The test|is applicable to all liquid-filled or compound-filled and
according to 3.2 and 3.4, except those bushings where the liquid
to or greater than 5x10~4 m2/s at 20 °C.

ushings
ogity equal

A
Y
cé/
(on

9.7.2 Test method and requirements

pcified at
shall be
+ 0,1 bar
soon as

The bus
ambient
filled wit
above th
possible

For bush

9.7.3

The bush leakage.
The meth 2.

tightness test on components for which the test is
7 may be necessary for bushings, one or both ends of

It is advisable to;

considerId useful.
which ar 3

9.8.1

The test |s applica
to 3.5 to BuKand 3.

ble o all gas-filled, gas-insulated and gas-impregnated bushings, according
8 to 3.20.

For gas-insulated bushings, intended to form an integral part of gas-insulated equipment, and
of which assembly is intended to be achieved on site, it is permitted to replace the tightness
test on the assembled bushing by a tightness test on each component, completed by a
tightness test on each sealing assembly. The sealing assembly method shall be agreed upon
between purchaser and supplier.
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9.8.2 Test method and requirements

The bushings shall be assembled as for normal operation and filled with gas at maximum
operating pressure at ambient temperature. The bushing shall be enclosed in an envelope, for
example a plastic bag. The concentration of gas in the air inside the envelope shall be
measured twice at an interval equal to or greater than 2 h.

Alternative methods of leakage detection may be used by agreement between purchaser and
supplier.

It is advisable to carry out a preliminary tightness test on such components as is considered
useful. S~

9.8.3 lAcceptance

The bushing shall be considered to have passed the test if the ¢ es¢a gas is
equal to|or less than 0,5 % per year of the equivalent amou ontain side the
bushing in service.

9.9 Tithtness test at the flange or other fixing devi

9.9.1 pplicability
The test |s applicable to all partly or cg according to 3.18 to 3.20
intended|to be used as an integral paxt of a as switchgear or transformers,
where the¢ bushings contribute to the sealing of tk

56 ings with gaskets of which|the final
placing i not carried ouy’bthe Supphier, for gxamyle the top cap gasket of draw-through
conductor transformer bushing

The test| may be~o er bushings fitted with a one-piece metgl flange,
provided|the flaa jected tona preliminary tightness test, and the bughing has
passed the type te i

the routi

gaskets.

The test|shall be a type test only in\the

lude any

end for
immersio

P
e .

For oil-immeérsed bushings, the tank shall be filled with air or any suitable gas at a relative
pressure of 1,5 bar £ 0,1 bar and maintained for 15 min, or with oil at a relative pressure of
1 bar £ 0,1 bar maintained for 12 h.

For gas-immersed bushings, the tank shall be filled with gas at maximum operating pressure
at ambient temperature. The external part of the bushing shall be enclosed in an envelope,
where necessary. Liquid-containing bushings shall remain empty and shall have an opening
for free gas circulation within the envelope. The concentration of gas in the air inside the
envelope shall be measured twice at an interval equal to or greater than 2 h.
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9.9.3 Acceptance

An oil-immersed bushing shall be considered to have passed the test if there is no evidence
of leakage detected by visual inspection (see IEC 60068-2-17, Annex C, Clause C.2).

Gas-immersed bushings shall be considered to have passed the test, if:

— for all parts of a bushing where the leak gas escapes directly to the environment, the
calculated total escape of gas is equal to or less than 0,5 % per year of the amount of gas
contained in the adjacent switchgear compartment;

— for all parts of a liquid-containing bushing, especially liquid-insulated and oil-impregnated
paper bushings, where the leak gas penetrates into the insid/eﬁoi the bushing,
the c4lculated fofal Teak raie (see 3.33) is equal fo or less than m3/s x |
(5 x 10=7 bar x cm3/s x 1), “I” being the quantity of liquid inside the Lushi ;

- for al| parts of a bushing, the other end of which is designed fd
leak gas penetrates directly into the transformer, the calculated Y ee 3.33)
is eqyal to or less than 10 Pa x cm3/s (1074 bar x cm3/s).

9.10 ViLuaI inspection and dimensional check
9.10.1 pplicability

The insp
bushings

complete

9.10.2

No surfa éct the satisfactory performance in
service.

Dimensid with the

relevant

nt
ials,

hic, glass
5 defined

Bushings which may be required to withstand the drying process of the apparatus on which
they are mounted, shall be able to withstand a temperature of 140 °C for 12 h without
mechanical or electrical damage, provided that no external forces are applied.

10.2 Level of immersion medium

For transformer bushings, the supplier shall specify the minimum depth of immersion medium.
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10.3 Markings

Each bushing shall carry the following marking:

NOTE

supplier's name or trade mark;

year of manufacture;

type or minimum nominal creepage distance or highest voltage for equipment (U,,);

rated current (/,) or maximum current if the bushing is supplied without conductor.

markings may be agreed between supplier and purchaser.

An example-of-a marl{lng plafn is-givenin l:lgllrn 3

10.4 Telst requirements

The test conditions and requirements shall be equivalent to Cl s
made in parenthesis to the relevant subclause.

It may sometimes be difficult to provide all the above markings on small bushings and, in this case, other

10.4.1 [Type tests

The following tests are applicable to all bushings:

For bush

receive t

10.4.2

The follo
(3.11), w

Tables 11 and 13 show the applicability of the tests to the various types of bushings.

dry of wet power-frequency voltag
dry lightning impulse voltage withsta
temperature rise test (8.5);
verification of thermal short-time ¢
cantil

verifi

dry ppwer-frequency voltage withstand test (9.3):

gence is

signed to

bushings

measurement of the partial discharge quantity (9.4);
tests of tap insulation (9.5), if applicable;

visual inspection and dimensional check (9.10).


https://iecnorm.com/api/?name=b852e37e38389a4f0d8e5ae0096be823

60137 O IEC:2003 -79 -

MANUFACTURER
Year ............... No. .o,
U oo kV I A o Hz
BIL i kV SIL i kV AC kV
Mass ....coooiiiii kg Max. angle to vertical ..o degree
Capacitance ................... pF Dissipation factor ..................%

In addition—forgas=filled —gas-insulated —gas-immersed-and gas-impregnated hnM'
T P ) T T ~ Ll ~

IR/ o =T ) (¢ - T PUURPRRPZ Wb USRI \ ........

gauge

Minimur

IEC 2001/03

Year .....
Unp oo . Hz
IEC 2002/03
Figu s for highest voltage for equipment equal to
or les hings for which Figure 3 is applicable (seg 6.2)
4 MANUFACTURER
Year .|l N U KV I A

IEC 2003/03

Figure 3 — Marking plate for bushings for highest voltage for equipment equal to
or less than 52 kV made of ceramic, glass or inorganic materials,
resin or combined insulation (see 10.3)
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Table 1 — Minimum values of cantilever withstand load (see 4.5 and 8.7)

Highest voltage Rated current
for equipment A
Um < 800 1000 2 000 >3 150
kv 1600 2500
Cantilever operating load
N
Bushing installed <30° from the vertical
1 1l 1 1l 1 1l 1 1l
<36 500 500 625 625 1 000 1000 |~ 1575 1575
5p 500 800 625 800 1000 1 1\§§ 1575
72,5 o 100 500 1000 625 1000 1000 1Ng75 ( 000 2 000
123 tp 145 625 1575 800 1575 125 20 0 2 000
170 tp 245 625 2 000 800 2 000 1250 50 2 090 2 500
>300 1250 2 000 1250 2 000 {1\57\ “ 00 500 2 500
Canm ad\ \
N
| I TP f I I
<36 1000 1000 1250 A\ 11250 @oo > 2000 3150 3150
5p 1000 1600 1 0< 1N\600 200 2 500 3150 3150
72,5 o 100 1000 2 000 250 2°00 00 3150 4 000 4 000
123 tp 145 1250 3150 1 3 N30 2 500 4 000 4 000 4 000
170 tp 245 1 gzl 4 0Q0 2 500 5000 4 000 5000
=300 \< 00 00 3150 5000 5000 5000
NOTE 1 (antilever operafing Mj wind pressure (70 Pa), reference IEC 61463.
NOTE 2 For bus o the vertical, the effect of bushing self-load should be
considered when sebe t he values given above correspond to vertical bushings that are

to be testgd in a vertica

should be [added to a

position. If
NOTE 3
NOTE 4

er
c

ivalent force
its operating
manner.

at the flange, caused by the weight of the bushing in
rizontally, then the test load can be reduced in the same

ahd lower insulating envelopes are assembled by clamping force dn the central
ommended to choose the cantilever test load, taking into account the thermal

For bushings
fixing conductsy,
the condu \tc(du t

expansion of

OO
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