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IS : 2099 - 1986

0.5 The dimensions of the porcelain bushings and their related parts have
been covered separately as follows:

a) Porcelain transformer bushings for normal and lightly polluted
atmospheres in Section 1 of each IS : 3347 (Part 1) to ( Part 7)%,

b) Porcelain transformer bushings for heavily polluted atmospheres in
IS : 8603-19771,

¢) Oil impregnated paper insulated condenser bushings — IS under
preparation, and

d) Ceramic bushings for terminals in IS : 10314-1982}.

0.6 In the preparation of this standard, assistance has been derived from
IEC publication 137 ( 1984,) ‘Bushings for alternating voltages above 1000 V
( third edition )’, issued by the International Electrotechnical Commissior
(IEC).

0.7 For the purrose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expressing
the result of a test, shall be rounded off in accordance with IS : 2-1960§.
The number of significant places retained in the rounded off value should
be the same as that of the specified value in this standard.

1. SCOPE

1.1 This standard covers rated values, performance requirements and tests
for bushings for three-phase alternating current systems, having rated voltage
above 1 000 volts and frequencies between 15 and 60 Hz.

1.2 This standard applies to bushings which are supplied separately, intend-
ed for use in electrical apparatus and installations for three-phase alternat-

ing current system having rated voltages above 1 000 volts and frequencies
between 15 to 60 Hz.

Nore 1 — The application of this standard to bushings for other than three-phase

;ystems shall be subject to special agreement between the purchaser and the manu-

Nots 2 — This standard does not apply to bushings for use with rectifiers, rotati
machines, testing transformer, dc eggv’;rter transformers, or terminals fo:op:w?

cables ( pot heads ). Such b shall be subject to
(Mandtheznanuf ushlnp subject to special agreement between the

*Dimensions for porcelain transformer b for in i
poltund atmosphempo ushings use in normal and lightly

tDimensions for 'poroelain transformer bushings for use in heavily polluted atmos-
zmmenaiom for ceramic bushings for terminals.

Rules for rounding off numerical values ( revised ),
4



IS :2099 - 1986

Norte 3 — Moreover, this standard is not applicable to insulating structures similar
to bushings which are used as support insulators inside metal enclosed switchgear.

Note4 —Ifa bushix:lg, due to its design or use, cannot be tested separately under
the conditions speci in this standard, the test procedure is to be agreed upon
between the p! and the manufacturer.

2. TERMINOLOGY

2.0 For the purpose of this standard, the following definitions shall apply.

2.1 Bushing — A structure carrying one or several conductors through a

rtition such as a wall or tank, and insulating it or them therefrom,
incorporating the means of attachment ( flange or other fixing device ) to
the partition.

The conductor may form an integral part of the bushing or be drawn
through.

2.2 Liquid Filled Bushing — A bushing in which the space between the inside
surface of the insulating envelope and the solid major insulation is filled
with oil or another insulating liquid.

2.3 Liquid Insulated Bushing — A bushing in which the major insulation
consists of oil or another insulating liquid.

Note — The definitions in 2.2 and 2.3 also include bushings which are intended to
form an integral part of liquid insulated equipment, the liquid of the equipment being
in communication with that of the bushing.

2.4 Gas Filled Bushing — A 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 or higher pressure.

Note — The definition includes bushings which are intended to form an integral
part of gas insulaied equipment, the gas of the equipment being in communication
with that of the bushing.

2.5 Gas Insulated Bushing — A bushing in which the major insulation
consists of gas ( other than ambient air ) at atmospheric or higher pressure,

NotE 1 — 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.

Note 2 — A bushifig which contains solid insulating materials other than the enve-
lope containing the gas (for example, support for conducting layers or insulating
cylinder ) is a composite bushing ( see 2.11). ,

2.6 Oil Impregnated Paper Bushing — A bushing in which the major insula-
tion consists of a core wound from untreated paper and subsequently
impregnated with an insulating liquid, generally the transformer oil. The

5
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core is contained in an insulating envelope; the space between the core and
the insulating envelope being filled with the same insulating liquid as that
used for impregnation.

2.7 Resin Bonded Paper Bushing — A bushing in which the major insulation
consists of a core wound from resin coated paper. During the winding

rocess, each paper layer is bonded to the previous layer by its resin coat-
ing and the bonding is achicved by curring the resin.

Nots — A resin bonded paper bushing may be provided with an insulating ¢nve-
lope, in which case the nlx’:tervenin; space may be filled with an insulating liquid or

apother insulating medium.
2.8 Resin Impregnated Paper Bushing — A bushing in which the major
insulation consists of a core wound from untreated paper and subsequently

impregnated with a curable resin.

NoTte — A resin impregnated paper bushing may be provided with an insulati
envelope, in which cagn the intervening space may be filled with an insulating llquli)s

or another insulating medium.

2.9 Ceramic, Glass or Anslogous Inorganic Material Bushing — A bushing in
which the major insulation consists of a ceramic, glass or analogous inorganic

material.

2.10 Cast Resin Insulated Bushing — A bushing in which the major insula-
tion consists of a cast organic material with or without an inorganic filler.

2.11 Composite Bushing — A bushing in which the major insulation consists
of a combination of different insulating materials.

2.12 Capacitance Graded Bushing — A bushing in which metallic or non-
metallic conducting layers are arranged within the insulating material for
the purpose of controlling the distribution of the electric field of the bushing.

mgdor:flo ;—e m&y‘.o major insulation of a capacitance graded bushing is consti-
a) Oil impregnated paper,

b) Resin bonded paper,

¢) Resin impregnated paper,

d) Cast resin,

¢) Gas or other insulating fluid, and

f) Composite.

lo:mi'n 2 - iAhuﬁttagx:e i:mded bushing may be bgrovidedi tviv‘ith ai::m ixrlt:‘l:ting ﬁve-
whic tervening space may be filled n insula
another insulating medium. pace iy Te el witL 8 s llauid or

6
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2.13.'Indoqr Bushing — A bushing, both ends of which are intended to be in
ambient air but not exposed to external atmospheric conditions.

Note | — In indoor installations, moisture condensation on the surface of the
bushing is to be prevented, if necessary by ventilation or heating.

Note 2 — This definition includes bushings operating in air at temperatures above
ambient, such as occurs with air-insulated dggtsm‘pe " pe

2.14 Outdoor Bushing — A bushing, both ends of which are intended to
be in ambient air and exposed to external atmospheric conditions.

2.15 Outdoor-Indoor Bushing — A bushing, both ends of which are intended
to be in ambient air. One end is intended to be exposed to external atmos-
pheric conditions and the other end is intended not to be so exposed ( see
also notes under 2.13 ).

2.16 Indoor-Immersed Bushing — A bushing, one end of which is intended

to be in ambient air but not exposed to external atmospheric conditions and

the other end to be immersed in an insulating medium other than ambient
ir ( for example, oil or gas ) ( see also notes under 2.13 ).

2.17 Qutdoor-Immersed Bushing — A bushing, one end of which is intended
to be in ambient air and exposed to external atmospheric conditions and
the other end to be immersed in an insulating medium other than air ( for
example, oil or gas ).

2.18 Completely Inmersed Bushing — A bushing both ends of which are
intended to be immersed in insulating media other than ambient air ( for
example, oil or gas ).

2.19 Rated Voltage ( Uy ) — The highest rms phase-to-phase voltage for
which the equipment is designed in respect of its insulation as well as other
characteristics which relate to thiz voltage in the relevant equipment
standard.

This voltage is the maximum value of the highest voltage of the system
for which the equipment is used.

2.20 Rated Phase-to-Earth Voltage — The highest rms value of the voltage
which the bushing can withstand continuously between the conductor and
flange or other fixing device, under the operating conditions specified in 6.

2.21 Rated Current ( /y ) — The rms value of current which the bushing
can carry continuously under the operating conditions specified in 6.

2.22 Rated Thermal Short Time Current ( Iin) — The rms value of sym-
metrical current which the bushing can withstand thermally .for the rat_ed
duration ( #, ), immediately following continuous operation at Iy with

7
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maximum temperatures of ambient air and immersion media in accordance
with 6.4.

2.23 Rated Dynamic Current ( /5 ) — The peak value of current which the
bushing shall withstand mechanically.

2.24 Temperature Rise — The 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 8 ).

2.25 Rated Frequency — The frequency by which the bushing is designated.

2.26 Rated Density of Insulating Gas — The density assigned by the supplier
at which the bushing is intended to be operated in service.

2.27 Minimum Operating Density of Insulating Gas — The density assigned
by the supplier below which the rated values of insulating level no longer

apply.
2.28 Maximum Operating Pressure — The maximum permissible pressure

when the bushing is in operation carrying nominal current at the highest
temperature given in 6.4.

2.29 Leakage Rate of Gas Filled and Gas Insulated Bushings — The permis-
sible annual escape of gas expressed as a percentage of the total gas quantity
in the bushing.

2.30 Insulating Envelope — An envelope of inorganic or organic material,
such as ceramic or cast resin, placed round the whole or part of a bushing.

2.31 Creepage Distance — The shortest distance ( or the sum of the shortest
distances ) along the contour of the external insulating surface between the
metal parts which normally have the operating voltage between them.

Note — A semi-conducting layer of high resistance on the external surface of the
insulating envelope should be included while measuring the creepage distance.

2.32 Arcing Distance — The shortest distance ( or the sum of the shortest
distances ) outside the bushing between metal parts which normally have
the operating voltage between them.

2.33 Test Tap — A connection, insulated from the flange or other fixing
device, made to one of the outer conducting layers of a capacitance graded
busl;ling in order to allow measurements whilst the flange of the bushing is
earthed.

Note — This connection is earthed directly when it is not being used to carry out
measurements. The tap is accessible from outside the bushing.

2.34 Voltage Tap — A connection, insulated from the flange or other fixing
device, made to one of the outer conducting layers of a capacitance graded

8



bushing in order to provide a voltage source whilst the bushing is in
operation.

Norte — This connection is generally earthed directly when it is not being used to
Carry out measurements or as a voltage source. The tap is accessible from outside

the bushing.

2.35 Rated Voltage of the Voltage Tap — The highest voltage at which the
tap is designed to supply the associated equipment, with the rated load
connected thereto, when the rated phase-to-earth voltage of the bushing is
applied to the bushing, at the nominal frequency.

2.36 Type Test — Tests carried out to prove conformity with the specifica-
tion. These are intended to prove the general qualities and design of a
given type of bushing.

2.37 Acceptance Test — Tests carried out on samples taken from a lot for
the purpose of acceptance of the lot.

2.38 Lot — All the bushings of the same type and design, manufactured
under similar conditions of production, offered for acceptance; a lot may
consist of whole or a part of the quantity offered.

2.39 Routine Test — Tests carried out on each bushing to check require-
ments which are likely to vary during production.

3. REFERENCE ATMOSPHERIC CONDITIONS

3.1 The reference atmospheric conditions at which the bushing characteri-
stics shall be expressed for the purpose of comparison shall be as given
in 3.5.2 to 3.5.2.2 of IS : 2071 ( Part 1 )-1974%,

Note 1 — A pressure of 1013 mbar is equivalent to a pressure of 760 mm in a
mercury barometer at 0°C. If the height of the barometer is H mm of mercury and
temperature £°C, the atmospheric pressure in millibar is:

103H
760

Note 2 — The standard reference temperature 27°C and corresponding humidity

have not been specified because of the non-availability of the test voltages and correc-

tion factors for these conditions, These conditions will replace those specified above
when the corresponding test voltages and correction factors are available.

Nore 3 — Except by agreement between the manufacturer and the purchaser, tests
shall not be made if the relative humidity exceeds 85 percent.

Note 4 — Correction of test voltage for atmospheric conditions differing from
3.1 shall be applied 1n accordance with Appendix A,

b= (1—18 x10%)

*Methods of high voltage testing: Part 1 General definitions and test requirements
first revision ).
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4. GENERAL REQUIREMENTS

4.1 The porcelain ( ceramic ) components ( see 11.1,1) shall comply with
the requirements laid down in IS : 5621-1980*.

4.2 The design of the bushing shall be such that stresses due to expansion
and contraction in any part of the bushing shall not lead to deterioration.

4.3 Cement used in the construction of a bushing shall not cause fracture
by expansion or Joosening by contraction. Cement thickness shall be as
small and even as practicable.

4.4 The surface finish for ferrous parts shall be hot-dip galvanizing accord-
ing to IS : 4759-19841 or zinc plating according to IS : 1573-1970% or
cadmium plating with chromate passivation Cd8Cr according to IS : 1572-
1968§ or any other surface finish subject to agreement between the manu-
facturer and the purchaser.

4.5 The surface finish for non-ferrous parts shall be electrotinning according
to IS:1359-1977| subject to agreement between the manufacturer and the
purchaser,

5. RATED VALUES

5.1 Rated Voltage ( Uy ) — The values of Uy of a bushing shall be chosen
from the standard values of the highest voltage ( in kilovolts ) for equip-
ment ( Um ) and installation as given below:

36, 72, 12, 17°5, 24, 36, 52, 72'5, 123, 145, 245 and 420.

8.2 Rated Current ( /y ) — The values of Iy of a bushing shall be chosen
from the standard values ( in amperes ) given below:

100, 250, 315, 400, 500, 630, 800, 1 000, 1250, 1 600, 2 000, 2 500,
3 150, 4 000, 5000, 6 300, 8 000, 10000, 12 500, 16 000, 20 000, 25 000,
31 500 and 40 000.

Note 1 — Incase of transformer bushings with the conductor drawn into the
central tube, the manufacturer shall at least indicate the value of the cross section,
ma;erial of the conductor and the level of oil in the central tube which corresponds
to

No

*Specification for hollow insulators for use in electrical equipment (first revision ).

{Specification for hot-dip zinc coatings on structural steel and other allied products
( second revision ).

{Specification for electroplated coatings of zinc on iron and steel ( first revision ).
§Specification for electroplated coatings of cadmium on iron and steel (first revision).
ISpecification for electroplated coatings of tjn ( second revision ).
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Note 2 — Iy of the bushing need not necessarily be identical to the rated current of
the complete apparatus. It may be higher or lower, depending on how the actual
operating conditions deviate from the standard test conditions for the bushing. The

neral rule for the permissible operating current should be that the temperature
ﬁemits should be in accordance with 8.

Norte 3 — Bushings for transformers selected with Iy not less than 120 percent of
rated current of the transformer are considered to be able to withstand the overload
conditions according to IS : 6600-1972* without further clarification or tests,

5.3 Rated Thermal Short Time Current ( /;» ) — Unless otherwise stated,
the standard value of Iia shall be 25 times Iu, 1:) being 1 second. For bush-
ings with Iy greater than or equal to 4 000 A, I;» shall always be 100 kA.
1., shall always be 2 seconds for transformer bushings.

5.4 Rated Dynamic Current ( /s ) — The standard value of J; shall have an
amplitude of the first peak of 2'5 times the values of /:a according to 5.3.

5.5 Minimum Withstand Values of Cantilever Load — Unless otherwise
specified, the bushings shall withstand the following cantilever test load for
60 s, applied to the midpoint of the terminal or terminals, perpendicular to
the bushing axis:

Un (kV) CANTILBVER TEST LOAD (N) Iy (A)

P .
(4

] |

800 and | Above 1 000 | 2000and | 3150 and
Below and Up to 2 500 Above

1 600
52 and below 1 000 1250 2 000 3150
72'5 and 123 1 000 1250 2 000 4 000
145 and 245 1 250 1 600 2 500 4 000
420 2 500 2 500 3150 5 000

5.5.1 The maximum permanent cantilever load in operation, including
wind, which the bushing shall withstand in any direction should be limited
to:

a) 50 percent of the test values when the bushing is installed at any
angle not exceeding 30° from the vertical, or

*QGuide for loading of oil-immersed transformers.
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b) 30 percent of the test values when the bushing is installed at any
angle exceeding 30° from the vertical.

6. OPERATING CONDITIONS

6.1 Temporary Overvoltages — In normal operation the maximum phase-
to-earth voltage of the system should not exceed Uy divided by 4/73,

Bushings shall be able to operate at phase-to-earth voltage equal to Us
for bushings of which Uy is equal to or less than 145 kV and 07 Uy
for bushings of which Uws is equal to or above 245 kV for periods not
exceeding 8 hours in any 24 hours and of which the total period does not
exceed 125 hours per year.

For systems in which overvoltages in excess of this may occur, it may
be advisable to choose a bushing with a higher Uy. In such cases the
manufacturer’s advice should be sought.

6.2 Angle of Mounting — Unless otherwise stated, it shall be assumed that
bushings according to 2.13, 2.14, 2.15 and 2.18 are designed for mounting
at any angle of inclination and that bushings according to 2.16 and 2.17
are designed for mounting at any angle of inclination not exceeding 30°
from the vertical.

6.3 Altitude — Unless otherwise stated, it shall be assumed that bushings
of which one or both ends are intended to be in ambient air are suitable
for operation at altitudes not exceeding 1 000 metres.

Norte — The air density at high altitudes is lower than that at sea level. The dielec-
tric strength of the air is thus reduced and arcing distances may be insufficient.

6.3.1 The puncture strength and the flashover voltage in the immersion
medium of a bushing are not affected by altitude.

6.3.2 Although the insulation level refers to sea level, bushings correspond-
ing to this standard are suitable for operation at any altitude not exceeding
1 000 metres. In order to ensure that the external withstand voltages of
the bushing are sufficient at altitudes exceeding | 000 metres, the arcing
distance normally required must be increased by a suitatle amount. It is not
necessary to adjust the radial thickness of the insulation or the clearance of
the immersed end.

6.3.3 The arcing distance of a bushing intended for operation at altitudes
exceeding 1 000 metres shall be such that if the bushings could be tested at
an altitude below 1000 metres, the arcing distance would withstand the
application of higher test voltages.

_ 6.3.4 Owing to the limitations of puncture strength and flashaver voltage
in the immersion medium, it may not always be possible to check the

12
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adequacy of the increased arcing distance by actual tests at any altitude
lower than that of operation. In such a case the manufacturer may demons-
trate by any other means that the arcing distance is adequate.

6.3.5 For general guidance, the amount by which the insulation level on
which the arcing distance is based, should be increased is 1-0 percent for
cach 100 metres in excess of 1 000 metres above sea level.

Example :

Altitude of installation = 2800 m
Increase in insulation level = (28—10) x 10
= 18 percent

Preferably, the next higher standard insulation level should be selected.

6.4 Temperature of Ambient Air and Immersion Media — Unless otherwise
stated, it shall be assumed that bushings are designed for operation at
temperatures ( in degree Celsius ) not exceeding the following limits:

a) Ambient air Maximum 50°C
Maximum daily mean 40°C
Maximum annual mean 32°C

Minimum -~5°C
b) Oil in transformers ( see Note 1 ) Maximum 100°C

Maximum daily mean 90°C
c) Other media ( gaseous and See Note 2

non-gaseous )

6.4.1 The daily mean temperature of the immersion medium may be
calculated by averaging 24 consecutive hourly readings.

Note 1 — The values for oil in transformers are in accordance with the various
parts of IS : 2026-1977* and are applicable to all transformers bushings,

NoTE 2 — In the absence of other iriformation, reference should in principle be made
to the relevant equipment standard for which the bushing is intend:d whereby parti-
cular attention should be paid to bushings one end of which is to be immersed in gas.

NotEe 3 — By agreement between the purchaser and the manufacturer, other tempe-
rature ranges may be adopted.

7. CREEPAGE DISTANCE

7.1 The minimum specific creepage distance (in millimetres per unit of Uy )
for bushings, one or both ends of which are intended to be outdoors, shall
be as given below:

a) For lightly polluted atmospheres 16 mm/kV

*Specification for power transformers,
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b) For medium polluted atmospheres 20 mm/kV
c) For heavily polluted atmospheres 25 mm/kV
d) For very heavily polluted atmospheres 31 mm/kV

7.1.1 The value of creecpage distance in the rain shadow at an angle of
precipitation of 90° to the bushing axis should generally not exceed 50 per-
cent of the total creepage distance

Note — The definition for the various pollution classes is under consideration.

8. TEMPERATURE LIMITS

8.1 The temperature limits commonly used under usual operating condi-
tions of maximum daily mean ambient air temperature according to 6.4
shall be as given below:

a) 120°C for resin bonded and resin impregnated paper, and
b) 105°C for oil impregnated paper.

8.2 Consequently, the temperature rise above ambient air temperature of
the hottest spot of metal parts shall not exceed the values given below:

a) 80°C where in contact with resin bonded and resin impregnated
paper, and

b) 65°C where in contact with oil impregnated paper.

NoTE 1 — In case of other insulating materials, the temperature limits shall be as
agreed between the purchaser and the manufacturer.

Note 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 also be made to the notes under 5.2.

9. STANDARD INSULATION LEVELS

9.1 The standard values of insulation level of a bushing shall be as
given in Table 1.

9.2 Maximum Values of Capacitance and Dielectric Dissipation Factor of the
Test Tap on Transformer Bushings

9.2.1 In view of its use for partial discharge measurements on trans-
formers, the values for the test tap shall not exceed:

a) a capacitance of 5 000 pF with respect to earth, and

b) a dielectric dissipation factor (tan 8 ) of 0'1 measured at power
frequency.

14
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Note 1 — A lower maximum value of test tap capacitance with respect to earth
may be agreed between the manufacturer and the purchaser.

Note 2 — At the request of the purchaser, the manufacturer should indicate the
values of diclectric dissipation factor for the insulating material of the tap at frequen-
cies used for partial discharge measurement on transformers.

Note 3 — The bushing shall not incorporate substantial capacitances to earth which
may divert the partial discharge current and so give rise to incorrect or misleading
partial discharge measurements on the transformer.

TABLE }§ STANDARD INSULATION LEVELS
( Clauses 9.1, 11.1.2,11.1.2.1 and 11.13.3)

RATED VOLTAGE DRrY LIGHTNING  PoweR FREQUENCY  SWITCHING IMPULSE
(UN) Ivputse WiTH-  WrtHSTAND VoLT-  WiTHSTAND VOLT-
STAND VOLTAGE AGE, DrRY AND WET  AGE, DRY AND WET
1-2/50 us 250/2 500 us
kV (rms) kV ( peak ) kV (rms) kV ( peak)
(1) ) 3) C))
36 40 10 —_—
72 60 20 —
12 75 28 —
17§ 9s 38 —
24 125 50 —
36 170 70 —
52 250 95 -—
72'S 325 140 —
123 550 230 —
145 650 275 —_
245 1050 460 -
420 1425 630* 1 050

*Wet power frequency test is not applicable to 420 kV bushings,

10. MARKING
10.1 Each bushing shall carry the following markings:
a) Manufacturer’s name or trade-mark;
b) Year of manufacture and serial number or type;
c¢) Rated volitage, Uy ( see 2.19 );
d) Rated phase-to-earth voltage ( see 2.20 );
¢) Rated frequency;
f) Lighting impulse and switching impulse or power frequency with-
stand test voltages;
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g) Rated current, Iy ( see 2.21 );
h) Type of insulating gas and minimum operating density, if applicable;
j) Mass, if above 100 kg; and

k) Maximum angle of mounting.

NotEe — It may be difficult to include all the above markings on smaller bushings.
In this case, marking of 10.1 (a) and (b) shall be mandatory; other markings may be
agreed between the manufacturer and the purchaser,

10.1.1 The product may also be marked with Standard Mark.

10.1.2 The use of the Standard Mark is governed by the provisions of the
Burcau of Indian Standards Act. 1986 and the Rules and Regulations made
thercunder. The details of conditions under which the licence for the use of
Standard Mark may be granted to manufactures or producers may be obtained
from the Bureau of Indian Standards.

11. TESTS
11.1 General

11.1.1 As far as tests on insulating envelopes of ceramic material are
applicable to this standard, IS : 5621-1980* shall be followed.

11.1.2 The values of the applicable withstand test voltages for newly
manufactured bushings are indicated in Table 1.

11.1.2.1 For bushing which have been in service, the dry power fre-
quency withstand test voltages shall be reduced to 85 percent of the values
indicated in Table 1.

11.1.2.2 The bushing shall not be damaged by the tolerated flashovers
in air when tested according to 11.3, 11.4, 11.5 and 11.12, However slight
marks remaining on the surface of the insulating parts shall be acceptable.
Marks on cast resin bushings shall be a matter of agreement between the
manufacturer and the user.

11.1.3 Unless otherwise stated, during all tests the temperature of the
ambient air and immersion media, if any, shall be between 10 and 40°C.

11.1.4 While conducting dielectric tests ( see 11.3 to 11.5), the corrections
of test voltage for atmospheric conditions differing from 3.1 shall be applied
in accordance with Appendix A.

— e —— ———— m— A v

‘Speciﬁcation for holk;w insulators for use in electrical equipment (first revision ).
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11.1.5 The supplier shall provide the detailed type test certificate at the
request of the purchaser. The tests shall have been carried out on bushings
of a design that does not differ from that offered to the purchaser in any
way which may improve the features to be checked by a type test. Repeti-
tion of a type test i1s only mandatory when specified in a particular contract.

11.2 Classification of Tests

bc111.2.1 Type Tests — The following shall constitute type tests (see Note 1
ow ).

a) Wet power frequency voltage withstand test ( see 11.3 ),

b) Dry lightning impulse voltage withstand test ( see 11.4 ),

c) Dry or wet switching impulse voltage withstand test ( see 11.5),
d) Thermal stability test ( see 11.6 ),

e) Temperature rise test ( see 11.7 ),

f) Thermal short time current withstand test ( see 11.8 ),

g) Dynamic current withstand test ( see 11.9 ),

h) Cantilever load withstand test ( see 11.10 ), and

j) Tightness test on liquid filled and liquid insulated bushings ( see
11.11).

Note 1 — The bushing which has passed the routine test given in 11.2.2 shall be
tested for type tests.

Note 2 — The order of possible combination of tests shall be at the discretion of
the manufacturer unless otherwise agreed between the manufacturer and the user.

NoTte 3 — Before and after the thermal and diclectric tests, measurements of tan 3
and capacitance ( 11.12 ) and partial discharge quantity ( 11.14 ) shall be carried out
in order to check whether a puncture or other significant damage has occurred.

Nots 4 — If, at the request of purchaser, the lightning and/or switching impulse
voltage withstand tests should be carried out as routine tests to check the  internal
insulation of the bushings, only three impulses of negative polarity shall be applied.

11.2.2 Acceptance Tests — A separate list of acceptance tests is not consi-
dered necessary but tests given in 11.2.3 may be conducted on assembled
bushings. Similarly, no sampling plan is considered for inclusion in this
standard as the number of bushings in a single order is not large.

11.2.3 Routine Tests — The following shall constitute routine tests:

a) Measurement of dielectric dissipation factor tan § and capacitance
at ambient temperature (see 11.12 ),

17
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b) Dry power frequency voltage withstand test ( see 11.13 ),
¢) Measurement of partial discharge quantity ( see 11.14),

d) Tests of tap insulation ( see 11.15 ),
e) Pressure test of gas filled and gas insulated bushings ( see 11,16 ),

f) Tightness test on gas filled and gas insulated bushings ( see 11.17),

g) Pressure test on liquid filled and liquid insulated bushings ( see
11.18 ), and

h) Tightness test at flange or other fixing device ( see 11.19).

11.3 Wet Power Frequency Voltage Withstand Test

11.3.1 The test shall be applicable to outdoor, outdoor-indoor and out-
door-immersed bushings of which Uy is up to 245 kV. Duration of the test
shall be 60 seconds.

11.3.2 The test shall be conducted in accordance with IS : 2071 (Part 2)-
1976*. Before the commencement of the test, the bushings shall be exposed
to the atmospheric conditions specified in 1S : 2071 (Part 1)-1974+. The
conditions of the bushing during the test are given in Appendix B.

11.3.3 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; 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.

11.4 Dry Lightning Impulse Voltage Withstand Test
11.4.1 The test shall be applicable to all types of bushings.

11.4.2 The test shall be conducted in accordance with IS : 2071 ( Part
2)-1976*. The bushing shall be subjected to fifteen full wave impulses
of positive polarity followed by fifteen full wave impulses of negative pola-
rity of the standard wave form 1:2/50 us.

11.4.3 It shall be permissible to apply some impulses of minor amplitude
before the application of the test impulses.

*Methods of high voltage testing: Part 2 Test procedures (first revision ).

tMethods of high voltage testing: Part 1 General definitions and test requirements
(first revision ).
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11.4.4 The time intervals between consecutive applications of the voltage
shall be sufficient to avoid effects from the previous application of voltage.

11.4.5 The bushing shall be considered to have passed the test if no
puncture occurs and if the number of flashovers at either polarity does not
exceed two, except for transformer bushings for which not more than two
flashovers at positive polarity and one flashover at negative polarity shall
be permitted.

Note 1 — Impulse voltage records are normally made.

Note 2 — By special agreement between the purchaser and the manufacturer, chop-
ped wave impulse test may be carried out. In such cases, the method of the test
should be agreed between the purchaser and the supplier.

11.5 Dry or Wet Switching Impulse Voltage Withstand Test
11.5.1 The test shall be applicable to bushings of Uy equal to 420 kV.

11.5.1.1 A wet test only is applicable to outdoor, outdoor-indoor and
outdoor-immersed bushings of Uy equal to 420 kV.

11.5.1.2 A dry test only is applicable to non-outdoor bushings and
completely immersed bushings of Uy equal to 420 kV.

11.5.2 The test shall be conducted in accordance with IS : 8269-1976*.
The bushing shall be subjected to fifteen impulses of positive polarity
followed by fifteen impulses of negative polarity of the standard wave form
250/2 500 us.

11.5.3 It shall be permissible to apply some impulses of minor amplitude
before the application of the test impulses.

11.5.4 The time intervals between consecutive applications of the voltage
shall be sufficient to avoid effects from the previous application of voltage.

11.5.5 The bushing shall be considered to have passed the test if no
puncture occurs at either polarity and if the number of flashover at either
polarity does not exceed two, except for transformers bushings for which
not more than two flashovers at positive polarity and one flashover at
negative polarity are permitted.

Nots — Impulse voltage records are normally made.
11,6 Thermal Stability Test

11.6.1 The test shall be applicable to indoor-immersed, outdoor-immersed
and completely immersed bushings, the major insulation of which consists of

*Methods for switching impulse tests on high-voltage insulators.
19



IS : 2099 - 1986

an organic material, intended for apparatus filled with an insulating medium
the operating temperature of which is equal to or above 60°C and of which
Uy is greater than 245 kV for oil and resin impregnated paper bushings
and equal to or greater than 145 kV for other types of bushings. For oil
impregnated paper bushings having Uy greater than 245 kV, the test can,
however, be omitted if it can be demonstrated that; based on the results of
comparative tests, the thermal stability of the bushing is assured.

11.6.2 The ends of bushings which are intended for immersion in oil or
another liquid insulating medium shall be immersed in oil.

11.6.3 The temperature of the oil shall be maintained at the operating
temperature of the apparatus + 2°C, except for transformer bushing where
the oil temperature shall be 90 4+ 2°C. This temperature shall be measur-
ed by means of thermometers immersed in oil about 3 cm below the surface
and about 30 cm from the bushing.

11.6.4 The test volta% shall be equal to Uy for bushings of which Uy is
equal to or below 145 kV and 0-7 Uy for all other bushings.

11.6.5 The test shall not be started until thermal equilibrium between the
oil and bushing has been reached.

11.6.6 During the test, the dielectric dissipation factor shall be measured
frequently and the ambient air temperature shall be recorded at each
measurement.

11.6.7 The bushing shall be considered to have reached thermal stability
when its dielectric dissipation factor shows no appreciable rising tendency
with respect to ambient air temperature for a period of five hours.

11.6.8 The bushing shall be considered to have successfully passed the
test if it has reached thermal stability and if it has withstood a repetition of
routine tests according to 11.12 and 11.14 without significant change from
the previous resuits.

No1e — If the bushing cannot be tested according to 11.6, the test procedure shall
be agreed upon between the purchaser and the manufacturer,

11.7 Temperature Rise Test

11.7.1 The test shall be applicable to bushings of all types unless it can
be demonstrated by a calculation based on comparative tests that the speci-
fied temperature limits will be complied with.

11.7.1.1 The bushing shall be considered to have passed the test if the

permissible temperature rise limits specified in 8 are met and if there is no
visible evidence of damage.
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11.7.2 Test Procedure

11.7.2,1 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 50 + 2°C above the
ambient air. The level of the oil shall be maintained at least up to the
mounting flange of the bushing.

11.7.2.2 The ends of bushings which are intended for immersion in a
gascous insulating medium other than air at atmospheric pressure shall
normally be appropriately immersed in gas at minimum operating density,
the gas being at ambient temperature at the beginning of the test,

11.7.2.3 Gas insulated bushings shall be at ambient air temperature at
the beginning of the test. '

11.7.2.4 The test shall be carried out at Iy + 2 percent, all parts of the
bushing being substantially at earth potential.

11.7.2.5 Bushings with a conductor drawn into the central tube shall
be assembled with an appropriate conductor, the cross section of which
shall correspond with Iy.

11.7.2.6 Temporary external connections used for this test shall be of
such dimensions that they do not contribute unduly to the cooling or the
heating of the bushing under test. These conditions are assumed to be
fulfilled if the temperature difference between the bushing termination and
a point at 0-5 m distance along the connection does not exceed 2°C.

11.7.2.7 The test shall be continued until the temperature rise is sensi-
bly constant. This is considered to be the case if temperature does not vary
by more than 4-2°C during two hours.

11.7.3 Measurement of Temperature

11.7.3.1 Temperature of metal parts — The temperature of the hottest
spot of metal parts of the bushing shall be measured by means of thermo-
couples or equivalent devices.

An appropriate number of measuring devices shall, as far as possible,
be placed along the bushing conductor, central tube and other current
carrying parts, as well as possibly on the flange or other fixing device so as
to determine the hottest spot of the bushing metal parts in contact with
insulating material with reasonable accuracy.

To avoid destruction of the insulation in case of bushings with the
conductor embedded in the insulation material, the temperature of the
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hottest spot may be determined as follows:

| ('lrge maximum conductor temperature 0, is deduced by the relations
an

[3 (——+94)-"‘2‘“"‘°i—93]"‘[°1x021

3 x[zR’:c (T*"" )-—7&— ~—-0,.——Oz] (1)

M____[3 Rc(_l___+04)—.3_—01—6,]—05, . (2)

If the result M of the relation ( 2 ) is positive, the higher temperature
of the conductor is 6y and it is situated in any point of the conductor
between the two extremities. If the result M is negative or zero, the higher
temperature of the conductor is 6,

The point of maximum conductor temperature lies at a distance Ly
from the cooler end given by:

1 M—O.
i V OM_" 01
where

6x = maximum temperature of conductor, in degree Celsius;
R, = resistance between the ends of the conductor at uniform tem-

perature 0 4;

Rc = resistance of conductor carrying Iy after stabilization of
temperature,

a = temperature coefficient of resistance at which conductor resis-

tance R, is measured;
84 = uniform reference temperature of conductor, in degree Celsius ;

6, = measured temperature at cooler end of conductor, in degree
Celsius;

0, = :éxelasured temperature at hotter ¢nd of conductor, in degree
elsius;

L = length of conductor; and

Ly == distance from cooler end of conductor to point of highest
temperature,
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11.7.3.2 Temperature of ambient air — The ambient air temperature
shall be measured with lagged thermometers placed around the bushing at
mid-height and at 1 to 2 m distance from it.

. Note — A satisfactory degree of lagging is obtained by placing the thermometers
in oil filled containers with a volume of approximately 05 litre.

11.7.3.3 Temperature of the oil or gas — The temperature of the oil or
gas shall be measured by means of thermometers placed 30 cm distant from
the bushing and in the case of oil 3 cm below the surface of the oil.

11.8 Thermal Short Time Current Withstand Test

11.8.1 Unless otherwise agreed between the purchaser and the manu-
facturer, the ability of the bushing to withstand the standard value of I,

shall be demonstrated by the following calculation :
- _In?
0,~90+aS¢S;~XtM

where
8, = final temperature of the conductor, in degree Celsius;

8, = temperature of the conductor, in degree Celsius, under conti-
nuous operation with Iy at an ambient temperature of 40°C;

a = 08 (°C/s)/( kA/cm?)? for copper, and
1-8 ( °C/s )/( kA/cm? )2 for aluminium;

I = standard value as specified above in kiloamperes;
S: = total cross-section in square centimetres corresponding to Iy;
Se == equivalent cross-section taking account of skin effect; and

to = rated duration as specified above, in seconds.

The bushing shall be considered to be able to withstand the minimum
value of Iy if 0, does not exceed 180°C.

11.8.2 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 which shall be carried out as given in 11.8.2.1 and 11.8.2.2.

11.8.2.1 The bushing shall be installed as indicated in Fig. 1. A current
of Ita and duration of ¢, in accordance with 5.3 shall be passed through the
conductor, the cross-section of which shall correspond with Iy.

Before the test, the bushing shall carry a current which produces the
same stable conductor temperature as the nominal current at maximum

ambient temperature.
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FLEXIBLE

D = Length of the longest end of the bushing.

FiG. 1 ARRANGEMENT FOR THERMAL AND DyYNAMIC CURRENT
WITHSTAND TESTS

11.8.2.2 The bushing shall be considered to have passed the test if there
is no visual evidence of damage and if it has withstood a repetition of all
routine tests without significant change from the previous results.

NotE — This test is not applicable to bushings delivered without conductor.
11.9 Dynamic Current Withstand Test — Under consideration.
11.10 Cantilever Load Withstand Test
11.10.1 This test shall be applicable to bushings of all types.
11.10.2 The test values shall be in accordance with §.5.

11.10.3 The bushing shall be completely assembled and, if applicable,
filled with the insulating medium specified. Unless otherwise stated, the
bushing shall be installed vertically and its flange rigidly fixed to a suitable
device. A pressure equal to 10 + 0°1 bar above the maximum operating
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pressure shall be applied inside the bushing and also inside the central tube
in the case of a bushing with a hollow stem with a gasketted joint, at the
terminal to be tested.

11.10.4 The load shall be applicd perpendicular to the axis of the bushing
at the mid-point of the terminal for one minute. It shall be applied only
to one terminal at a time. It is generally sufficient to apply the load only
to the terminal which will cause the highest stresses at the critical parts of
the bushing in normal operation.

11.10.5 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 routine tests as given in 11.12 and 11.14 without
significant change from previous test results.

11.11 Tightness Test on Liquid Filled and Liquid Insulated Bushings

11.11.1 Either of two test methods given in 11.11.1.1 and 11.11.1.2 may
be used to check the requirement as given in 11.11.2.

11.11.1.1 The bushing shall be mounted on a tank filled with oil,
maintained at a temperature of 90°C for a period of 12 hours.

11.11.1.2 The bushing shall be placed in a suitably heated enclosure
maintained at a temperature of 75°C for 12 hours.

11.11.2 The bushing shall be considered to have passed the test if there
is no evidence of leakage of the internal filling at the end of the test.

11.12 Measurement of Dielectric Dissipation Factor ( tan 3 ) and Capacitance
at Ambient Temperature

11.12.1 The measurement is only applicable to cast resin insulated, com-
posite and capacitance graded bushings.
Nots — This measurement is not applicable as a routine test to non-capacitance

aded bushings of rated voltage below 52 kV and is carried out only by agreement
tween the purchaser and the manufacturer,

During this test, the bushing conductor shall not carry current; the
measurement shall be made at ambient temperature prevailing at the time
of test.

11.12.2 Measurement of the Dielectric Dissipation Factor ( tan 8 ) — The
measurement of the dielectric dissipation factor ( tan 8 ) shall be made as
a function of voltage by means of a Schering bridge or another equivalent
method. The measurement of tan 3 shall be made at least at:

a) for bushings of Uy < 36 kV:
1:05 Un/+/ 3 ( approximately 0°6 Uy )
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b) for bushings of Uy » 52 kV:
05 — 1:05 — 1:5 Un/+/ 3 ( approximately 0'3 — 0:6 — 0'85 Uy ).

Nore — It is recommended to carry out measurements at a voltage between 2-5 kV
anld 10KV as a reference value for measurements carried out later when the bushing
is in operation.

11.12.3 Maximum Values of tand — The maximum values of tan 8,
measured at 105 Ux/4/ 3 shall be as follows:

a) Capacitance graded bushings:

— oil impregnated paper 0-007
— resin bonded paper 0-015
-~ resin impregnated paner 0015
— cast resin 0-015
— insulating gas 0-010
— composite and other see Note

b) Non-capacitance graded bushings:
~— cast resin 0-02
— composite and other see Note

Nots — The manufacturer shall indicate the maximum values of tan 3 for com-
posite and other bushings.

11.12.4 Permissible Values for Increase of tan 8 on Capacitance Graded
Bushings — The permissible values for increase of tan 8 of bushings men-
tioned under 11.12.3(a) shall be as follows:

From 0'5 to 105 Un/A/ 3 : Max 0-001
From 0'5 to 1:50 Un/A/ 3 : Max 0:003

11.12.5 Measurement of Capacitance— The capacitance of the bushing
shall be measured at 1:05 Uy/4/3. The capacitance measured at the end
of the series of type and routine dielectric tests should not differ by more
than the an.. -t attributable to the puncture of one layer.

Note — In some cases, it may be necessary to wait severa] hours before repeating
the capacitance measurement at the end of the series of dielectric type and routine
tests.
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11.13 Dry Power Frequency Voltage Withstand Test

11.13.1 The test shall be applicable to bushings of all typcs except gas
insulated bushings. :

Note -— The dry power frequency voltage withstand test may be carried out as a
type test only on gas insulated bushings which are intended to be used as an inte
gart of a gas insulated apparatus of which the gas filling is common to that of the

ushing provided the insulating envelope of the bushing has been subjected to an
adequate electrical test ( for example, wall test of the porcelain ) before assembly.

11.13.2 The test duration shall be one minute.

11.13.3 The values of dry power frequency withstand voltage shall be as
given in Table 1.

11.13.4 The bushing shall be considered to have passed the test it no
flashover or puncture occurs. If there is a puncture, the bushing shall be
considered to have failed the test. If a flashover occurs, the test shall be
repeated once only. If during the repetition of the test no flashover or
puncture occurs, the bushings shall be considered to have passed the test.

11.14 Measurement of Partial Discharge Quantity

11.14.1 The tests shall be carried out on bushings of various types as
given below. Test shall be made in accordance with IS : 6209-1982*,

Type of Bushing Insulation Discharge Quantity in 10-12C
At 105 Uy/v/3 At 1:5UNA/3
Oil and resin impregnated paper 10 10
Resin bonded paper 100 250
Cast insulation ( see Note 6 ) 10 -
Gas 10 10
Composite See Note 7

Note 1 — On resin bonded paper bushings with metallic layers, the discharge quan-
tity at 1:05 Un/4/ 3 should not exceed 300 x 10-** C and at 1'5 Uny4/ 37it should

be agreed upon between the manufacturer and the user.

Nots 2 — The values at 1'5 Unj4/T apply only to bushings for use on trans-
formers or reactors.
Note 3 — When mear . partial discharges by means of meters giving the quad-

ratic rate, expressed in co...mb square per second, the minimum measurable arge
quantity shall be ten times smaller than the permissible quantity.

*Methods for partial discharge measurements ( first revision ).
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The maximum permissible values of the partial discharge quantity on descending
voltage with reference to the terminals shall be agreed between the purchaser and the
manufacturer except for resin bonded paper capacitance graded bushings for which the
values shall be as follows :

Type of Layer Quadratic Rate in CY/s

1005 UNJV/ T 1'SUNVY
Non-metallic 10to 18 10 to 16
Metallic 10to 16 10tv 15

No7e 4 — When as a substitute for the measurement of partial discharge quantity,
the radio interference voltage, expressed in microvolts, is measured by means of a
radio interference meter the permissible value, as well as the minimum measurable

value, shal] be agreed between the purchaser and the supplier.

Note § — The measurement may be carried out as a type test only on gas insulated
bushings which are intended to be used as an integral of a gas insulated appara-
tus of which the gas filling is common to that of the bushing provided the insulation
envelope of the bushing has been subjected to an adequate electrical test ( for
example, wall test of the porcelain ) before assembly.

NotEe 6 — On cast insulation bushings, the discharge quantity at 1:05 Uy must not
exceed 100 pC.

Note 7 — Composite bushings shall be subjected to partial discharge test only
when agreed between the purchaser and the supplier. The maximum permissible
values of the discharge quantity shall also be subjected to agreement between the

purchaser and the supplier.
11.14.2 Unless otherwise stated, the elements of the test circuit shall be -
chosen so that:

a) the background noise quantity does not exceed 50 percent of the
specified permissible discharge quantity.

b) the sensitivity of the measuring circuit itself is such as to detect
20 percent or less of the specified permissible discharge quantity.

11.14.3 The measurement shall be made at 1-05 Un/+/ 3 ( approx 0:6 Uy )
and/or at 1'5 Un/+4/ 3, depending on the type of bushing insulation as given
below, on ascending voltage and again on descending voltage after the
voltage has been raised to at least Uy.

11.15 Tests of Tap Insulation

11.15.1 The following power frequency voltage' withstand test with
respect to earth shall be applicable to all taps. The test duration shall be

one minute.
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Test tap ( see 2.33) At least 2 kV

Voltage tap ( see 2.34 ) 2 times the rated voltage of the voltage
tap but at least 2 kV

Before and after the power frequency voltage withstand test on voltage
talis, the capacitance with respect to earth shall be measured at rated
voltage.

11.15.2 After the power frequency voltage withstand test, the capacitance
with respect to earth shall be measured at 0'5 kV at least on all test taps.

11.15.3 After the power frequency voltage withstand test on test taps
on transformer bushings, the capacitance with respect to earth and dielec-
tric dissipation factor shall be measured at 0-5 kV at least and the results
shall be in accordance with 9.3.

11.16 Pressure Test of Gas Filled and Gas Insulated Bushings

11.16.1 The test shall be applicable only to gas filled and gas insulated
bushings.

11.16.2 The bushing, coaiplete as for normal operation, shall be filled
with gas or liquid at the choice of the manufacturer.

11.16.3 A test pressure 1'5 times the maximum operating gauge pres-
sure 4 01 bar shall be produced inside the bushing and maintained for 15
minutes at ambient temperature,

11.16.4 The bushing shall be considered to have passed the test if there
is no evidence of mechanical damage such as deformation and rupture.

Note 1 — In case of bushings of which the insulating envelope is of poreelain and
intended to be under pressure in operation, the porcelain shall be tested alone, before
assembly, at a pressure not less than 3 times the maximum operating gauge
pressure,

NotEe 2 — The pressure test requirements of gas filled equipment are at present
under consideration

11.17 Tightness Test on Gas Filled and Gas Insulated Bushings
11.17.1 The test shall be applicable to gas filled and gas insulated bushings.

11.17.2 The bushing shall be assembled as for normal service and filled
with the gas specified at maximum operation pressure ( see 2.28) at ambient
temperature.

The bushing shall be considered to have successfully passed the test if
the leakage observed ( see 2.29 ) is equal to or lower than the value agreed
upon between the purchaser and the manufacturer.
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It is advisable to carry out a preliminary tightness test on such com-
ponents as is considered useful.

11.18 Pressure Test on Liquid Filled and Liquid Insulated Bushings — The
pressure test for leakage of internal filling is applicable only to bushings
defined in 2.2 and 2.3 except for those bushings of which the liquid filling
has a viscosity equal to or above 5§ x 10~¢ m?s at 20°C. Any one of the
two alternative test procedures given in 11.18.1 and 11.18.2 may be used at
the choice of the supplier.

Norte — If the design of the bushing is such that the tests as specified below are
impracticable, the test procedure shall be subject to agreement between the purchaser
and the manufacturer.

11.18.1 Test with Oil or Insulating Liquid at Ambient Temperature —
The bushing complete as for normal service shall be filled to the normal
level with oil or insulating licgleid of the quality specified by the manufac-
turer. The bushings shall be placed in air at ambient temperature of not
less than 10°C. The temperature of the oil or insulating liquid shall be
ambient temperature.

The following testing pressure shall be produced inside the bushings
and maintained for at least 12 hours:

a) For bushings operating at To be tested at a pressure of
a pressure above the atmos- 1'0 4 0°1 bar above the maxi-
pheric pressure between 06 mum operating pressure
and 2 bar

b ) For bushings operating at a To be tested at a pressure of
pressure above the atmos- 10 4- 0'1 bar above atmosphe-
pheric pressure between 0 ric pressure
and 06 bar

The bushing shall be considered to be effectively sealed if there is no
evidence of leakage of oil or insulating liquid.

11.18.2 Test with Compressed Gas — The bushing. complete as for nor-
mal service, shall be filled with air or any suitable gas maintained at a
pressure of 10 + 0-1 bar above the maximum operating pressure, . The
bushings shall be in air at an ambient temperature of not less than 10°C.
The duration of the test shall be 15 minutes. ’

The bushing shall be considered effectively sealed if there is no evid-
ence of leakage of gas.
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11.19 Tightness Test at Flange or Other Fixing Device

11.19.1 The test shall be applicable to all bushings of indoor-immersed,
outdoor-immersed and completely immersed types, intended to be used as
an integral part of an apparatus, such as switchgear or transformer, where
the bushings contribute to the sealing of the complete apparatus.

11.19.2 The bushing shall be assembled as far as necessary for the test.
The end for immersion shall be mounted on a tank as for normal opera-
tion. The tank shall be filled with air or any suitable gas at a gauge pres-
sure of 1°5 4+ 0'1 bar and maintained for 15 minutes.

11.19.3 The bushing shall be considered to have passed the test if there
is no evidence of leakage.

Nots — The test shall be a type test only in the case of bushings with ?askets
of which the final placing is not carried out, for example, the top tap gasket of draw-
through conductor transformer bushings.

The test may be omitted for transformer and circuit breaker bushings,
fitted with a one-piece metal flange, provided the flange has been subjected
to a preliminary tightness test and the bushing has been tested according
to 11.11 ( for example, oil impregnated paper bushings) or 11.17 if the end
to be immersed does not include any gaskets.

12. INFORMATION TO BE FURNISHED WITH ENQUIRIES AND
ORDERS

12.1 The information given in Appendix C shall be furnished when
enquiring or ordering bushings conforming to this standard,

APPENDIX A
( Clauses 3.1 and 11.1.4)

CORRECTION OF TEST VOLTAGE FOR ATMOSPHERIC
CONDITIONS

A-1. GENERAL

A-1.1 Variations in barometric pressure and humidity of the atmosphere
cause variation in electric strength of air and hence also in flashover voltage
of bushings exposed to air; flashover and puncture strength are not signifi-
cantly affected by these changes under oil.
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A-2. CORRECTION FACTORS

A-2.1 When the atmospheric conditions in the neighbourhood of the
bushing during the test differ from the reference conditions, adjustments
should be made to correct the test voltages by the application of air density
correction factor, k;, and humidity correction factor, ka, as given below
[ see also 1S : 2071 ( Part 1 )-1974* ] for bushings for which the electrode
configuration of rod-plane gapis valid:

Clause Test Correction of Test Voltage
Reference
11.3 Wet power frequency voltage Multiply by ks
withstand test
11.4 Dry lightning impulse voltage Multiply by ks/ks in the condi-
withstand test tions indicated in A-2.2
11.5 Dry switching impulse voltage Multiply by ka/ks in the condi-
withstand test tions indicated in A-2.2
11.5 Wet switching impulse voltage Multiply by ks in the condi-
withstand test tions indicated in A-2.2
11.6 Thermal stability test None
11.12 Measurement of dielectric None
dissipation factor and
capacitance
11.13 Dry power frequency voltage None
withstand test
11.14 Measurement of partial None
discharge quantity
11,15 Tests of tap insulation None

A-2.2 Incase of impulse test when the correction leads to a test voltage
value lower than that specified, such correction shall be made on the
polarity for which the external withstand voltage is the most critical one
w:lercas the opposite polarity shall be applied with at least the full voltage
value.

When the correction factor is greater than 1, the correction applies ‘to
both polarities but if the correction factor is greater than 1'05, the

*Methods of high voltage testing: Part 1 General definitions and test requirements
( first revision ).
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purchaser and the manufacturer shall agree as to whether the test shall or
shall not be continued.

Nore 1 — As the dielectric routine tests ( see 11.2.3 ) are intended to check the
internal insulation only, it is permissible practice to screen the external metal parts
of the bushing during these tests.

Nots 2 — A bushing is normally tested in an arrangement having sufficient clear-
ance to surrounding earthed parts to avoid direct flashover to them through the
ambient air or the immersion medium,

Note 3 ~ Normally ‘transformer bushings are tested in vertical position; other
test arrangements must be agreed between the purchaser and the supplier.

Note 4 — The angle of mounting of the bushing for the wet power frequency volt-
age withstand test may be the subject of special agreement between the purchaser and

the supplier. In certain cases, it may be necessary to extend the vol range above
that specified in 11.3, y it

At the request of the purchaser, the supplier shall furnish any
information concerning the bushing necessary for determining the minimum
clearances to earthed parts in the operating arrangement.

The purchaser may use the bushing for a simulation test to prove the
adequacy of the operating arrangement.

On request the supplier should be willing to carry out such a simula-
tion test, possibly, in conjunction with the type test of the bushing itself.

APPENDIX B
(Clause 11.3.2)

HIGH VOLTAGE TESTS

B-1. CONDITION OF BUSHINGS DURING DIELECTRIC AND
THERMAL TESTS

B-1.1 Dielectric and thermal tests shall be carried out only on bushings
complete with their fixing flanges or other fixing devices and all accessories
with vy}lich they will be fit*~d when in use but without protective arcing
gaps, if any,

B-1.2 Test tappings and voltage tappings shall be either earthed or held
near earth potential.
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B-1.3 Liquid filled and liquid insulated bushings shall be filled to the
normal level with insulating liquid of the quality specified by the supplier.

B-1.4 Gas filled and gas insulated bushings shall be filled with the type of
gas specified by the manufacturer and raised to the minimum operating
density of insulating gas. The density may be expressed as the pressure 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 to correspond
with the required density.

Bushings according to 2.16, 2.17 and 2.18 shall normally be immersed
in an immersion medium which is as similar as possible to that used in
normal operation except for the following:

a) Bushing for which the immersion medium is gas, the immersion
medium may be replaced by oil for the dielectric routine tests, by
agreement between the supplier and the purchaser.

b) Bushings for which the immersion medium is neither oil nor gas,
the immersion medium may be replaced by oil or gas for all dielec-
tric and thermal tests by agreement between the supplier and the
purchaser.

B-1.5 The applicable atmospheric conditions for dielectric and thermal
tests are given in IS : 2071 ( Part 1 )-1974%,

APPENDIX C
( Clause 12.1)

INFORMATION TO BE FURNISHED WITH ENQUIRIES AND
ORDERS

C-1. ENUMERATION OF CHARACTERISTICS

C-1.1 When specifying, the purchaser should furnish as much of the
following information as necessary and any additional information needed
to determine clearly the required characteristics:

a) Application — Application, including type of apparatus for which
the bushing is intended and the relevant Indian Standard. Attention

*Methods of high voltage testing: Part 1 General definjtions and test requirements
(first revision ).
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should be drawn to any features (including tests) of the complete
apparatus which may affect the design of the bushing.

b) Class(ﬁcation — The classification of bushings shall be as given in
2.2t0 2.18.

¢) Ratings
i) Rated voltage ( Uy ) ( see 2.19 );
ii) Rated phase-to-earth voltage ( see 2.20 );
iif) Standard insulation level ( see 9 );
iv) Rated current ( Iy ) ( see 2.21 );

v) Rated thermal current /;» and rated duration ta, if deviating
from the values indicated in 5.3;

vi) Rated frequency ( see 2.25 );
vii) Rated density of insulating gas ( see 2.26 ) ( relevant only to

bushings according to 2.4 and 2.5 when the gas of the equip-
ment is in communication with that of the bushing );

viii) ggntile;er withstand load, if exceeding the value indicated in
.5; an

ix) Maximum value of test tap capacitance, if lower than the
value indicated in 9.2.

d) Operating Conditions
i) Temporary overvoltages, if applicable ( see 6.1 );

ii) Altitude, if exceeding 1 000 metres ( see 6.3 ) ( relevant only
to bushings according to 2.13 to 2.17 );

iii) Class of minimum ambient air temperature (see 6.4) ( rele-
vant only to bushings according to 2.13 to 2.17 );

iv) Type of immersion medium ( relevant only to bushings accor-
ding to 2.16 to 2.18 );

v) Minimum level of immersion medium ( relevant only to bush-
ings according to 2.16 to 2.18 );

vi) Maximum operating pressure of immersion media ( relevant
only to bushings according to 2.16 to 2.18 );

vii) Type of insulating gas ( relevant only to bushings according to
2.4 and 2.5 when the gas of the equipment is in communica-
tion with that of the bushing );
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viii) Minimum operating density of insulating gas ( see 2.27 ) ( rele-
vant only to bushings according to 2.4 and 2.5 when the gas
gf ht.he )cqnipmcnt 1S In communication with that of the

ushing );

ix) Maximum operating pressure ésee 2.28) (relevant only to
bushings according to 2.4 and 2.5 when the gas of the equip-
ment is in communication with that of the bushi

x) Angle of mounting ( see 6.2 );

xi) Minimum specific creepage distance ( see 7 ) ( relevant only to
bushings according to 2.14, 2.15 and 2.17 ); and

xii) Unusual climatic conditions.
e¢) Design

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

ii) Particular dimensional requirements, if any;
ili) Test tap or voltage tap, if required ( see 2.33, 2.34 and 2.35 );

iv) The length of earthed sleeve located next to the flange or other
fixing device, if any;

v) General information concerning the position of the bushing in
relation to the earthed parts of the apparatus for which the
bushing is intended;

vi) Whether protective gaps are to be fitted or not;

vii) Special requirements for corrosion protection of metallic parts;
and

viii) Oil level in central tube of bushing.

ng );
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