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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATED BUSHINGS FOR ALTERNATING
VOLTAGES ABOVE 1 000V

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all |national electrotechnical committees (IEC National Committees). The object of IEC is to, promote
intefnational co-operation on all questions concerning standardization in the electrical and electronic-fi¢lds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refesred, to ds “IEC
Pubjication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested
in the subject dealt with may participate in this preparatory work. International, governmental afjd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with €onditions determ|ned by
agrgeement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as neatly, as possible, an interpational
congensus of opinion on the relevant subjects since each technical commitiee has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international use”and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to-ensure that the technical contenf of IEC
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or [for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
transparently to the maximum extent possible in their national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indig¢ated in
the Jatter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide copformity
assessment services and, in some areas, acces§ to IEC marks of conformity. IEC is not responsible [for any
ser\ices carried out by independent certification,bodies.

6) Al

7) No |iability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committees-and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

sers should ensure that they have the latest edition of this publication.

8) Attdntion is drawn to the-Normative references cited in this publication. Use of the referenced publicqtions is
indigpensable for the cercect application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEG, shall not be held responsible for identifying any or all such patent rights.

This rledline.version of the official IEC Standard allows the user to identify the changes
made|tothe previous edition. A vertical bar appears in the margin wherever a change

has been-made.-Additions-are ingreen-text,deletions-are in strikethrough red text.
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International Standard IEC 60137 has been prepared by sub-committee 36A: Ins
bushings, of IEC technical committee 36: Insulators.

ulated

This seventh edition cancels and replaces the sixth edition, published in 2008, and constitutes
a technical revision.

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

e Resin-impregnated synthetic (RIS) bushings has been introduced.

e B
e T
clg

° Inf
U,

n

e The altitude correction procedure has been revised ( > 1 000 m).

e An

hals been included.

The tg

Full information on the voting for the approval of\this International Standard can be fo

the re

This d

use to 3.4.

roducing dry lightning impulse testing as a routine test for all transformeér_bushing
>72,5kV.

explanation about Very Fast Transient (VFT) phenomenon and its impact on bu

xt of this International Standard is based on the following‘documents:
FDIS Repofton voting
36A/187/FDIS 36A7189/RVD

bort on voting indicated in the above table:

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

5hings

ind in

The committee has decided that the‘contents of this document will remain unchanged until the

stabili

the sp|
e re
o Wi
e re

e amended.

The c

y date indicated on the |[EC,website under "http://webstore.iec.ch" in the data rels
ecific document. At this' date, the document will be

confirmed,
hdrawn,

blaced by asrevised edition, or

pntents of the corrigendum of May 2018 have been included in this copy.

ted to

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

In the preparation of the current edition of this standard further consideration has been given
to the test requirements for power transformers as described in IEC 60076-3:2000 2013.
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INSULATED BUSHINGS FOR ALTERNATING
VOLTAGES ABOVE 1 000 V

1 Scope

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

curren
of 15

Subje
in part
e bu
e bu
e bu

e bu

atus, machinery, transformers, switchgear and installations for three-phase alte

t systems, having highest voltage for equipment above 1 000 V and power/frequ
1z up to and including 60 Hz.

ct to special agreement between purchaser and supplier, this standard. may be ajf
or as a whole, to the following:

5hings used in other than three-phase systems;

shings for high-voltage direct current systems;

shings for testing transformers;

5hings for capacitors.

Special requirements and tests for transformer bushings in this standard apply also to r|

bushirn

This s
of an
the ap

2 N

The fq
conter
cited §
any ar

gs.

tandard is applicable to bushings madeland sold separately. Bushings which are
apparatus and which cannot be tested according to this standard should be teste
paratus of which they form part.

brmative references

llowing documents arefeferred to in the text in such a way that some or all

t constitutes requirements of this document. For dated references, only the
pplies. For undated references, the latest edition of the referenced document (inc
hendments) applies.

IEC 60038:14983:/EC standard voltages

Amend

ment21997)

ctrical
ating
Bncies

pplied,

pactor

a part
d with

their
dition
luding

IEC 60050-212:4990 2010, International Electrotechnical Vocabulary — Part 212: Electriq

al

insulating solids, liquids and gases

IEC 60059, IEC standard current ratings

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

IEC 60068-2-17:1994, Basic environmental testing procedures — Part 2-17: Tests — Test Q:

Sealin

g

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules

IEC 60076-5, Power transformers — Part 5: Ability to withstand short circuit
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IEC 60076-7, Power transformers — Part 7: Loading guide for oil-immersed power
transformers

IEC 60216-2, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

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

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 6(l)376, Specification of technical grade sulfur hexafluoride (SF¢) for use in_eldctrical
equipment

IEC 60422, Mineral insulating oils in electrical equipment — Supervision.@hd maintgnance
guidafce

IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SFg) takeph from
electrical equipment and specification for its re-use

IEC 60505, Evaluation and qualification of electrical insulation systems

IEC T|S 60815-1, Selection and dimensioning of \high-voltage insulators intended for lse in
pollutéd conditions — Part 1: Definitions, information and general principles

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for lse in
pollutg¢d conditions — Part 2: Ceramic andglass insulators for a.c. systems

IEC TS 60815-3, Selection and dintensioning of high-voltage insulators intended for lse in
polluted conditions — Part 3: Palyoter insulators for a.c. systems

IEC 61099, Insulating liquids*— Specifications for unused synthetic organic esters for elgctrical
purpoges

IEC 61462, Compgasite hollow insulators —Hellew Pressurized and unpressurized inswlators
for use in-eutdoer-and-indoor electrical equipment with rated voltage greater than 1 000 V —
Definitions, test’methods, acceptance criteria and design recommendations

IEC TH.64463, Bushings — Seismic qualification

IEC 62155:2003, Hollow pressurized and unpressurized ceramic and glass insulators for use
in electrical equipment with rated voltages greater than 1 000 V

IEC 62217, Polymeric HV insulators for indoor and outdoor use-with-neminal-voltage-greater
than1-000-V/ — General definitions, test methods and acceptance criteria

IEC 6227 " High-vol . ! !
IEC 62271-1, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC Guide 109, Environmental aspects — Inclusion in electrotechnical product standards
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CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods

CISPR 18-2, Radio interference characteristics of overhead power lines and high-voltage
equipment — Parts 2: Methods of measurement and procedure for determining limits

3 Terms and definitions

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

ISO apd IEC maintain terminological databases for use in standardization at\the following
addregses:

o |EC Electropedia: available at http://www.electropedia.org/

e ISP Online browsing platform: available at http://www.iso.org/obp

3.1
bushipg
devicqg that enables one or several conductors to pass through a partition such as a wgll or a
tank,jnd insulates the conductors from it; the means of attachment (flange or fixing devjce) to
the pdfrtition forms part of the bushing

Note 1 [o entry: The conductor may form an integral part of the bushing or be drawn into the central tubg of the
bushing.

[SOURCE: IEC 60050-471:2007, 471-02-01]

3.2
liquidHfilled bushing
bushing in which the space between the inside surface of the insulating envelope and the
solid major insulation is filed. with mineral oil or other insulating liquid

3.3
comppund-filled bushing
bushing in whieh.the space between the inside surface of the insulating envelope and the
solid major insulation is filled with an insulating compound

3.4
liquidki
bushing in which the major insulation consists of mineral oil or another insulating liquid,
enclosed by an insulating envelope

Note 1 to entry: These bushings are often of an open design which require proper processing after installation in
order to avoid trapped air and subsequent partial discharges during testing or in service.

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 1 to entry: 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.
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3.6

gas-insulated bushing

bushing in which the major insulation consists of gas (other than ambient air) at atmospheric
pressure or higher

Note 1 to entry: 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 to entry: A bushing which contains solid insulating materials other than the envelope containing the gas
(e.g. support for conducting layers or insulating cylinder), is a combined insulation bushing (see 3.14).

Note 3 to entry: A bushing in which the desired voltage grading is obtained by an arrangement of conducting or
semi-conducting layers incorporated in an insulating material (e.g. plastic film) is referred to as a gas insulated

condenfer capacitance graded bushing.

3.7
gas-impregnated bushing
bushing in which the major insulation consists of a core wound from paper or_plastic film (GIF)
and suibsequently treated and impregnated with gas (other than ambient aijr)’at atmospheric
pressyre or higher

Note 1 fo entry: the core is contained in an insulating envelope. The space betweenh the core and the ingulating
enveloge being filled with the same gas as used for the impregnation.

3.8
oil-impregnated paper bushing
o]
bushing in which the major insulation consists of a cofe)wound from paper and subseduently
treatefl and impregnated with an insulating liquid, generally-transfermer mineral oil

Note 1 fo entry: The core is contained in an insulating enveélope, the space between the core and the inpulating
enveloge being filled with the same insulating liquid as that’'used for impregnation.

3.9
resin-bonded paper bushing
RBP
bushing in which the major insulation’consists of a core wound from resin-coated paper

Note 1 [o entry: During the winding.process, each paper layer is bonded to the previous layer by its resin|coating
and the|bonding achieved by cuging. the resin.

Note 2 fo entry: A resin-bonded paper bushing can be provided with an insulating envelope, in which cpse the
intervenjing space can beffilled with an insulating liquid or another insulating medium.

3.10
resindmpregnated paper bushing
RIP
bushing in.which the major insulation consists of a core wound from untreated pap¢r and
subsepuently impregnated with a curable resin T

Note 1 to entry: 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.

3.1

resin-impregnated synthetics bushing

RIS

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

Note 1 to entry: A resin-impregnated synthetics 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.

Note 2 to entry: If not otherwise stated by the manufacturer, bushings in accordance with 3.11 shall be
considered as RIP bushings according 3.10.
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3.12

ceramic, glass or analogous inorganic material bushing

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

3.13

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

3.14

combjmred-insutationbushing
bushing in which the major insulation consists of a combination of at least two~different
insulafing materials

3.15
capaditance graded bushing
bushing, in which a desired voltage grading is obtained by an arrangement of conduciing or
semicpnducting layers incorporated into the insulating material

[SOURCE: IEC 60050-471:2007, 471-02-03]

3.16
indoof bushing
bushing, both ends of which are intended to be in ambient air at atmospheric pressuie, but
not exjposed to outdoor atmospheric conditions

[SOURCE: IEC 60050-471:2007, 471-02-05]

3.17
outdofor bushing
bushing, both ends of which are inténded to be in ambient air at atmospheric pressufe and
exposgd to outdoor atmospheric egnditions

[SOURCE: IEC 60050-471:2007, 471-02-07]

3.18
outdoor-indoor bushing
bushing, both ends\of which are intended to be in ambient air at atmospheric pressurg. One
end is|intended t0-be exposed to outdoor atmospheric conditions, and the other end not to be
exposgd to outdoor atmospheric conditions

[SOUREE~ IEC 60050-471:2007, 471-02-09]

3.19

indoor-immersed bushing

bushing, one end of which is intended to be in ambient air but not exposed to outdoor
atmospheric conditions and the other end to be immersed in an insulating medium other than
ambient air (e.g.-eil liquid or gas)

Note 1 to entry: This definition includes bushings operating in air at temperatures above ambient, such as occur
with air-insulated ducting.

[SOURCE: IEC 60050-471:2007, 471-02-06]
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3.20

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.-ei liquid or gas)

[SOURCE: IEC 60050-471:2007, 471-02-08]

3.21

completely immersed bushing
bushing, both ends of which are intended to be immersed in an insulating medium other than
ambieprt=it (c.g.—v'r'r trerorteot yaa)

[SOURCE: IEC 66050-471:2007, 421-02-04]

3.22
plug-in type bushing

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

[SOURCE: IEC 60050-471:2007, 471-02-02]

3.23
highept voltage for equipment
Um
highegt r.m.s. value of phase-to-phase voltage forf'\which the equipment is designed in ;Tspect
of its |insulation as well as other characteristics which relate to this voltage in the relevant
equipment standard

[SOURCE: IEC 60050-614:2016, 614-03~01]

3.24
rated phase-to-earth voltage
maximum r.m.s. value of the ‘voltage which the bushing withstands continuously betwegn the
conductor and the earthed ‘flange or other fixing device, under the operating conditions
specifled in Clause 5

3.25
rated [current
Ir
maximum (r.m.s. value of current which the bushing can carry continuously undér the
operaling’ conditions specified in Clause 5, without exceeding the temperature rise| limits

of Table-2

3.26

rated thermal short-time current

Itn

r.m.s. value of a symmetrical current which the bushing withstands thermally for the rated
duration (#;,,) immediately following continuous operation at rated current with maximum
temperatures of ambient air and immersion media in accordance with 5.3

3.27

rated dynamic current

Iy

peak value of a current which the bushing withstands mechanically
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3.28

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)

3.29
rated frequency

fr

frequency at which the bushing is designed to operate

[SOURCE: IEC 60050-421:1990, 421-04-03, modified ("transformer or reactor" replaced by

[T

"bushi T /1

3.30
rated filling pressure of gas for insulation
the pressure in Pascal (Pa) for insulation referred to the standard atmospheri¢ conditipns of
+20 °¢ and 101,3 kPa (or density), which may be expressed in relative or absolute terms, to
which[the bushing is filled before being put into service, or automaticallysreplenished

3.31
maximum internal operating gas pressure
pressyre, when the bushing is in operation, carrying rated current at the highest temperptures
in accprdance with 5.3

3.32
maximum external operating gas pressure
maximum pressure of the gaseous insulating medium in which the bushing is partially or
completely immersed when in operation

3.33
desigh pressure (of the enclosure)
pressure used to determine the thickness of the enclosure

(seelE

3.34
leak rate (of gas-filled, gas:insulated, gas-impregnated and gas-immersed bushings)
quantity of dry gas at'a_given temperature that flows through a leak per unit of time gnd for
a known differenceof-pressure across the leak

Note 1 fo entry: (The basic Sl unit for leak rate is “Pascal cubic metre per second (Pa x m3/s)’. The derivgd units
“Pa x cn®/s” and\"bar x cm3/s” are used in this standard, as they better conform to the orders of magnitude [used in
commoh ind(strial practice. It should be remembered that: 1 Pa x m3/s = 108 Pa x cm3/s = 10 bar x cm?/s.

[SOURCEHEC-60068-2-47+4004—-4

3.35
hollow insulator
insulator which is open from end to end, with or without sheds

Note 1 to entry: An insulating envelope may consist of one insulator unit or two or more permanently assembled
insulator units.

[SOURCE: IEC 60050-471:2007, 471-01-8, modified (removal of "including end fittings",
modified Note 1 to entry)]

3.36
creepage distance
shortest distance along the surface of an insulator between two conductive parts
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Note 1 to entry: The surface of cement or of any other non-insulating jointing material is not considered as
forming part of the creepage distance.

Note 2 to entry: 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.

[SOURCE: IEC 60050-471:2007, 471-01-04]

3.37

arcing distance

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

Note 1 fo entry: The terms “dry arcing distance” or “taut string distance” are also used.

Note 2 |to entry: The arcing distance may be shorter than the values for external clearances i air s{ated in
IEC 60(76-3.

[SOURCE: IEC 60050-471:2007, 471-01-01, modified (Notes to entry added)]

3.38

test tap
measEring tap
tan 6 tap

conneftion, accessible from outside the bushing, insulated from the flange or other|fixing
devicd, made to one of the outer conducting layers of a,capacitance graded bushing in| order

to allgw measurements of dissipation factor, capacitance and partial discharge whilst the
flange| of the bushing is earthed

Note 1 fo entry: This connection should be earthed directly when it is not used.

Note 2 fo entry: When the test tap is used for conditien monitoring, in service, care should be taken to avoid an
open cifcuit.

3.39
voltage tap
potential tap
capagitance tap
conneftion, accessible from “eutside the bushing, insulated from the flange or other|fixing
devicd, made to one of the outer conducting layers of a capacitance graded bushing in| order
to proyide a voltage sogrce whilst the bushing is in operation

Note 1 fo entry: Thissconhection should be earthed directly when it is not used.

Note 2 o entry; ( This tap can also be used for the measurement of dissipation factor, capacitance and partial
discharge.

3.40
rated voitageof-thevottagetap
maximum 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 is applied to the bushing
at the rated frequency

3.41

composite bushing

bushing with an insulating envelope consisting of a resin impregnated fibre tube with or
without a-rubber polymeric compound covering

Note 1 to entry: For bushings defined in 3.9 to 3.13, the-rubber polymeric compound may be applied directly on to
the bushing major insulation.

3.42
capacitance (of bushing)
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3.421

main capacitance C,

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

3.42.2

tap capacitance C,

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

3.42.3

capagitance€
capac|tance between the high-voltage conductor and the mounting flange of a bushing\ithout
a voltgge tap or test tap

4 Ratings

4.1 |Standard-values—of Rated highest voltage for equipment (U,;})

The vplues 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/kitevolts:

36-7.2-12-17,5-24—-36—-52—72,5—-100 — 123 — 145 — 170 — 245 — 300 — 362 1 420
~ 550|800 — 1100 — 1 200 kV.

NOTE |Fhevalues 5254\ and 765k arealseused- For stagdard three phase systems the rated phase-jo-earth
voltagelis U, / V3.

4.2 |Standard-values—of Rated current (/)

The values of /. of a bushing shall be:chosen from the-standard values as given belpw, in
amperfes:

100 —[250 — 315 — 400 — 500 <630 — 800 — 1 000 — 1 250 — 1 600 — 2 000 — 2 500 — 3|150 —
4 000(- 5000 - 6 300 — 8000"— 10 000 — 12 500 — 16 000 — 20 000 — 25 000 — 31|500 —
40 000 A.

The above series of currents are in accordance with the values indicated in IEC 60059.

In the|case of transformer bushings with the conductor drawn into the central tube (draw lead),
the supplier shall indicate the value of the cross-section, the maximum diameter, the mpterial
of thel conductor and the material and thickness of insulation, which correspond tg 7. in
accordance with 4.8.

r

Bushings for transformers selected with 7, not less than 120 % of rated current of the
transformer and with maximum temperature and maximum daily mean temperature in
accordance with Table 4 are considered to be able to withstand the overload conditions
according to IEC 60076-7 without further clarification or tests.

4.3 Standard-values—of Rated thermal short-time current (Iy,)

Unless otherwise specified, the-standard value of Iy, shall be 25 times I, fy, being 1s. For
bushings with /, equal to or greater than 4 000 A, /, shall always be 100 kA.

For transformer bushings, #, shall be 2s, unless otherwise stated, with reference to
IEC 60076-5.
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For durations of t,, greater than 1 s, the relationship between current and time is assumed to
be in accordance with

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 to the
requirements of 8.8.

4.4 [Standard-Vvalges—or Rated dynamic current (1)

The sfandard value of I shall have an amplitude of the first peak of 2,5 times the valug of I,
in accprdance with 4.3.

NOTE In some cases, values greater than 2,5 times the value of [, indicated in 4.3 may be
necespary with respect to the transformer characteristics. The transformer manufgcturer
should stipulate such requirements in the bushing ordering information“(see 6.1.4).

4.5 Minimum withstand values of cantilever load

The bushings shall withstand the cantilever load given in-Table 1, Level | or Il. Levgl | is
normal load and shall be generally applied, unless a purchaser specifies a heavy lpad of
Level |I.
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Table 1 — Minimum values of cantilever withstand load (see 4.5 and 8.10)

Highest voltage Rated current

for equipment A
Un <800 1000 2 000 >3 150
kV 1 600 2 500

Cantilever operating load
N

Bushing installed < 30° from the vertical

<36 500 500 625 625 1000 1000 1575 1575

52 500 800 625 800 1000 1250 1575 1575
72,5 to 100 500 1 000 625 1000 1000 1575 2000 2000
1R3 to 145 625 1575 800 1575 1250 2 000 2000 2000
1f70 to 245 625 2 000 800 2 000 1250 2 500 2 000 4500
> 300 1250 2 000 1250 2 000 1575 2 500 2 500 2500

Cantilever test load
N
| 1 | 1l I 1l | 1

<36 1 000 1 000 1250 1250 2.000 2 000 3150 3150

52 1 000 1600 1250 1600 2 000 2 500 3150 3150
72,5 to 100 1000 2 000 1250 2.000 2 000 3150 4 000 4000
1R3 to 145 1250 3150 1600 3150 2 500 4 000 4 000 4000
170 to 245 1250 4 000 1600 4 000 2 500 5 000 4 000 g 000
> 300 2 500 4 000 2 500 4 000 3150 5000 5000 g 000

NOTE} Cantilever operating loads include terminal load and wind pressure (70 Pa), reference IEC TS 61463.

NOTER For bushings operating at an_angle >30° to the vertical, the effect of bushing self-load should be
considered when selecting test load and procedure. The values given above correspond to vertical bushings that
are to pe tested in a vertical position:lfa tilted or horizontal bushing is to be tested vertically, then an equfvalent
force ghould be added to achieve the bending moment at the flange, caused by the weight of the bushing in its
operat|ng position. If a verticalibushing is to be tested horizontally, then the test load can be reduced in thg same
mannefr.

NOTE Level | = normal load, Level Il = heavy load.
NOTE4 For bushings where upper and lower insulating envelopes are assembled by clamping force pn the

central fixing condictor, it is recommended to choose the cantilever test load, taking into account the thermal
expangion of the‘eonductor due to the rated current flow.

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 considered a vertical bushing.
A bushing operating at an angle equal to or greater than 70° from the vertical is considered a horizontal bushing. A
bushing operating at any other angle is considered a tilted bushing (see 6.1.5).

4.7 Minimum nominal creepage distance

Unless otherwise agreed between purchaser and supplier, or demonstrated by a test, the
creepage distance for—ceramic insulating envelopes shall be in accordance with IEC TS
60815-2 or IEC TS 60815-3.
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If artificial pollution tests are required, they shall be performed in accordance with IEC 60507.

NOTE 1 The actual value of creepage distance can
be substantially longer, but not shorter, than what is stated in IEC 62155.

- IEC TS 60815-1

defines the Unlfled SpeC|f|c Creepage Dlstance as the total creepage dlstance d|V|ded by the highest operating
line-to-ground voltage according to 3.24. Previously the line-to-line voltage was used for calculating the specific
creepage distance. This means there is a ratio of V3 between the two.

ormal

4.8 Temperature limits and temperature rise

The temperature limits of metal parts in _contact with inqnlating material under

operaling conditions are as follows:

— 10p °C for oil-impregnated paper: Class A;

— 12D °C for resin-bonded and resin-impregnated paper, as well as reSin-impreg
sypthetics: Class E;

— 13p °C for gas-insulated: Class B.

The tgmperature rise above maximum daily mean ambient air temperature in accordang

5.3 (3P °C) of the hottest spot shall not exceed the values given,in Table 2. In the ¢

other jnsulating materials, the temperature limits shall be stated by the supplier. Refg

shall he made to IEC 60216-2 and IEC 60505.

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

Bushipgs used as an integral part of apparatus, such as switchgear or transformers
the thermal requirements for the relevant apparatus. For transformer bushings,

meet
refere

Tempg¢rature of ambient air and immersief media are defined in Table 4.

For b

hce shall be made to 4.2.

ushings operating in liquid-immersed power transformers using high-tempe

nated

e with
hse of
rence

shall

rature

insulation materials accordingldEC 60076-14, the temperature limits for bushings shall be
agreedl between parties.

NOTE For gaskets in contact with metallic parts, special attention should be paid to the |ability
of the|material to withstand the temperature rise.

4.9 |Standapddnsulation levels

The-sfandard values of insulation level shall be chosen from Table 3.

The S cbificu' oidﬂddid Vdiucb Uf illbuidiiull iCVUi dalc ill dbbUlUldlll.ab' WI“I iEC 6003 and

IEC 60071-1.
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Table 2 — Maximum values of temperature and temperature rise
above ambient air (see 4.8)

Maximum .
Maximum a
. temperature Comments
Description of component rise temperature
°C
K
Spring contacts Copper and copper alloys, uncoated: d
—in air 45 75
—in SFg 60 65 90 95 b
—in oil 50 80
Tinned in air, SF, or oil f 60 90
Silver/nickel-plated:
—in air or SFy 75 105 b
—in oil 60 65 90 95
Screwgd contacts Copper, aluminium and their alloys,
uncoated:
—in air 60 90
—in SFg 75 105
—in oil 70 100 b
Tinned: f
—inair or SFy 75 105
—in ail 70 100 bl
Silver/nickel-plated:
—in air or SFy 85 115 b
—in oil 70 100
Termirjals to be Copper, aluminium and their alloys:
conneg¢ted to
exteridr conductors |~ qncoatfed 60 90 g
by scréws or bolts —tinned " 75 105
— silver or nickel-plated 75 105
Currer]t carrying Insulation class:
and ndn-current
carryirlg metallic - A (OIP) 75 105
parts ip contact with |~ E (RBP, RIP, RI$) 9e0 150
— (GIF)
- SFy 100 130
— Oil 85 €115 b.p
110 140 "
a8 The temperature_rise.values are based on IEC 60943 with a maximum daily mean temperature of 30 °C. For
furfher information.reference should be made to IEC 60943, Table 6.
b Qillin the tablé above refers to mineral oil. For-synthetic other insulating liquids, e. g. silicone, natfiral or
synthetic ester, higher values may be agreed between purchaser and supplier.
¢ If Heavy oxidation is to be expected, the temperature rise shall be limited to 50 K.
d A dom . . . I . ‘ _ o

¢ The temperature limits shall be stated by the supplier.

Tinned contacts must not exceed the given max temperature of 105 °C, if so very rapid or immediate
destruction will occur.

9 Applicable to liquid-insulated bushings according to 3.4.

Applicable to transformer bushings with a conductor (solid or flexible) drawn into the central tube.

NOTE A and E refers to thermal class according to IEC 60085.
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Table 3 — Insulation levels for highest voltage for equipment (U,,)

- 23—

(see 4.9, 8.2, 8.4, 8.5, 9.3 and 9.4)

Highest Rated Rated
voltage for lightning switching
equipment impulse impulse Power-frequency withstand voltagef
withstand withstand
Um voltage (BIL) voltage (SIL)
kv kV kv kV
(r.m.s. (peak value) (peak value) (r.m.s. value)
value)
Transformer GIS Other All
boshings*® bustrimgs® bostings*© bustrings®
(dry) (dry) (dry) (wet)
<1 20 10 10 1
3 40 11 10 1
7, 60 22 20 2
12 75 30 28 2
17,5 95 42 38 3
24 125 55 50 5
k 170 77 70 7
g 250 105 95 9%
72,5 325 155 140 140
1bo 380 165 150 150
450 205 185 185
1b3 450 205 185 185
550 255 230 230
450 205 185 185
145 550 255 230 230
650 305 275 275
550 255 230 230
170 650 305 275 275
750 355 325 325 325
650
950 750 435 435 395 395
245 850
1,050 750 505 460 460 440
850
3po 1050 850 505 460 460 -
1050 850 505 460 460 -
3p2 950
75 950 560 526 516 =
1300 1050 625 595 570 -
420 1425 1050 695 650 630 -
1550 1175 750 - 680 -
1425 1050 695 650 630 -
1175
550¢ 1550 1175 750 710 680 -
1675 1175 750 - 680 -
1800 1300 870 - 790 -
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Highest Rated Rated
voltage for lightning switching
equipment impulse impulse Power-frequency withstand voltagef
withstand withstand
Um voltage (BIL) voltage (SIL)
kV kV kV
(r.m.s. (peak value) (peak value) (r.m.s. value)
value)
Transformer GIS Other All
bushings? bushings® | bushings® bushings®
(dry) (dry) (dry) (wet)
1 300 -
1 800 1425 870 830 790 .
1 550 .
800°
1950 1 550 915 960 830 -
2100 1425 970 960 880 -
2 400 1 550 1075 960 975 -
2 250 1 800
1100 2 400 1950 12009 1100 - .
2 250 1 800
1200 2 550 1950 13209 1200 - .

a8 Vdlues in accordance with IEC 60071-1 and IEC60076-3 enhanced by~10 % in accordance with 9.4.

b vdlues in accordance with IEC 62271-1.
¢ V4glues in accordance with IEC 60071-1 and IEC 62271-1.

d  v4lues in accordance with IEC 60071-1.

¢ The values of highest voltage for equipment are in accordance with IEC 60038, Amendment 2 ([|997).

f Thle power-frequency withstand voltages quoted.are the minimum required based on the BIL of the sysfem or
equipment to which the bushing is applied. For transformer applications when a bushing is selected jwith a
higher BlL-class, the bushing may be tested ‘in accordance with column 6, provided the requirement o{ 10 %
higher power-frequency withstand test vpltage than its transformer is met.

Th test duration shall be 300 s\ir accordance with [IEC 60076-3.

4.10

A test|tap according to 3.38 shall be provided on all capacitance graded transformer bu

of_U_ l-equalltelorgreater—than—72;5-Kv according to 3.15. In view of its use for

dischgrge measurements on transformers, the values for the test tap shall not exceed:

a gapdcitance to earth of 10 000 pF;

Test tap on transformer bushings

5hings
partial

a dielectric dissipation factor (tan 6) of 0,05 measured at power-frequency.

Other values of test tap capacitance to earth may be agreed between purchaser and supplier.

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.
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5 Operating conditions

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

- Uy, 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.

ose a

Although the insulation level refers to sea level, bushings corresponding, tolthis standard are
declared suitable for operation at any altitude not exceeding 1 000 m. }p_'order to ensufe that
the exXternal withstand voltages of the bushing are sufficient at altitudes exceeding 1 (00 m,
the aifcing distance normally required shall be increased by a suitable amount. It |is not
necespary to adjust the radial thickness of insulation or the clearance of the immersed end.
The ppuncture strength and the flashover voltage in the immetsion medium of a bushipg are
not affected by altitude.

For ingtallations at an altitude higher than 1 000 m, _thé arcing distance under the standard
reference atmospheric conditions shall be determined in order to withstand the voltages
obtained by multiplying the withstand voltages required at the service location by a factqr k-

(H-1000)
ka = e 8150

where
H is the altitude (in meters),\not’exceeding 4000 meters.
m = 1| for lightning impulse withstand voltage

m = 1] for power-frequengy” withstand voltage where U, < 245 kV. For higher U, &ftitude
correction is nofapplicable because bushings are tested with switching impulse
already corregted/for altitude.

m according {oNFigure 1 for switching impulse withstand voltage.
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m for switching impulse
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Figure 1 — Factor m on the co-ordi@tion switching impulse withstand voltagq
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valid without further testing. \{:\'
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5.3 Temperature of ambient air and immersion media

Bushings shall be designed for operation at temperatures not exceeding the limits given in
Table 4. Considerations should be given to the operating conditions—ef outside the limits in
Table 4 and its effect of the current rating; some example are completely immersed bushings
and, bushings operating in high temperature ambient air conditions, or air-insulated ducting.

Moisture condensation on the surface of the indoor part of the bushing is to be prevented, if
necessary by ventilation or heating.
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Table 4 — Temperature of ambient air and immersion media{see-5-3)

Subject Tempféature
Ambient air:
— maximum 40
— maximum daily mean (open air) 30
— maximum daily mean (air-insulated ducting) 70
— maximum annual mean 20
— minimum
e |ndoors @ -5
=15
-25
e Putdoors ? -10
-25
-40
Minergl oil in transformers:
— maximum
¢ for normal loading P 100
e for short- and long-term emergency-duty loading ° 115
— maximum daily mean 90
Other media:
(gasequs and non-gaseous) ¢

2 Un|ess otherwise specified the minimum ambient, air'temperature is =5 °C for indoors and -25 °C for oJtdoors
bughings.

b The values in transformers are in accordance with IEC 60076-1 and IEC 60076-2 and related to mingfral oil.
Fof other insulating liquids, e. g. siliconey natural or synthetic ester, higher values may be agreed bgtween
pufchaser and supplier. The value for short- and long-term emergency-duty loading are in accordande with
IE¢ 60076-7.

¢ In |the absence of other infofmation, reference should be made in principle to the correspondirjg IEC
apparatus standard for which the bushing is intended, whereby particular attention should be paid to
bughings one end of which is to be immersed in gas.

NOTE|1 The daily mean-—temperature of the immersion medium should be calculated by averaging 24
consegutive hourly readings.

NOTE|2 By agreement between purchaser and supplier, other temperature ranges may be adopted.

5.4 [Seismic conditions

When seismic qualification is required, reference should be made to IEC TS 61463.

5.5 Very fast transients (VFT)

In the case of unusual transient stresses to capacitance graded bushings connected to gas-
insulated switchgears, special investigations may be agreed upon between purchaser and
supplier to cover the behaviour of the bushings.

Tests are only meaningful as long as all parties understand the limitations of how closely the
test arrangements simulates the service conditions.

It is not the steep front of the very fast voltage step generated at a VFT test that is dangerous
to the bushing. It is the resonant ringing voltage occurring over the bushing that may feed
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internal resonance circuits inside the bushing to high overvoltages. A VFT test will therefore
only test the bushing for the ringing frequencies determined by the setup.

5.6

Transformer insulating liquid

Transformer bushings according to this standard are normally intended for use in transformers
filled with mineral oil complying with the requirements of IEC 60296 and 60422.

Where other insulating liquids are used details shall be given by the transformer manufacturer.

6 O

6.1
6.1.1

When
as we

The n
immer
the va
may a

6.1.2

Applid

corregponding |IEC apparatus standard shall be(given.

Attent

may affect the design of the bushing (see 7.3).

6.1.3

Classification according to 3.2.to 3.22.

6.1.4

The rdtings shall beras follows:

e h

e rafed phase-to-earth voltage (see 3.24);

e stdnddrd insulation level (see 4.9) and the induced and/or applied test voltage level

tra

ghest voltage for equipment (U,,,) (see 3.23);

lering inf . | marki

Enumeration of characteristics
General

ordering, the purchaser shall furnish as much of the following information as nece
| as any additional information needed to determine clearly the required character

inimum distance to earthed parts of the end of the bushing’which is intended
sed in insulation liquid shall be provided by the supplief,Mn case distances are
lues for the standard arrangements indicated in suppliers*documentation, the purg
so provide the necessary geometry to evaluate the,paiticular set-up.

Application

ation, including type of apparatus for “which the bushing is intended, an

on shall be drawn to any features-(including tests) of the completed apparatus

Classification of bushings

Ratings

ssary,
stics.

to be
below
haser

d the

which

of the

nsformer (if applicable) (see 9.4);

o rated current (/) (see 3.25);

o rated thermal short-time current (/;;,) and rated duration (z,), if deviating from the values
given in 4.3;

o rated dynamic current (/y), if deviating from the value given in 4.4;

o rated frequency (see 3.29);

e mi

nimum withstand values of cantilever load in accordance with 4.5;

e maximum value of test tap capacitance, if lower value is required, in accordance with 4.10.

6.1.5

Operating conditions

The operating conditions shall be as follows:
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e temporary overvoltages, if applicable (see 5.1);

e altitude, if exceeding 1 000 m (see 5.2) (relevant only to indoor and outdoor bushings
according to 3.16 to 3.20);

e ambient air and immersion media temperature if deviating from normal values (see 5.3 and

Ta

ble 4) (relevant to bushings according to 3.16 to 3.22);

e type of immersion medium (relevant only to partly or completely immersed bushings
according to 3.19 to 3.22);

e minimum level of immersion medium (relevant only to partly or completely immersed
bushings according to 3.19 to 3.22);

(] m I\;IIIUIII UlJUIGt;IIs pIUOOUIU Uf ;IIIIIIUIO;UII |||cd;a (IC:CVGIIt UII:_Y tU palt:y Ul UUITI Ietely
immersed bushings according to 3.19 to 3.22);

o type of insulating gas (relevant only to gas-filled, gas-insulated and gas-impregnated
bughings according to 3.5 to 3.7 when the gas of the equipment is in communication with
that of the bushing);

o rafed filling pressure of gas for insulation (see 3.30) (relevant only to gas-filled] gas-
inqulated and gas-impregnated bushings according to 3.5 to 3.7 when the gas pf the
equipment is in communication with that of the bushing);

e maximum internal operating gas pressure (see 3.31) (relevant only to gas-filled] gas-
injulated and gas-impregnated bushings according to 3% to 3.7 when the gas pf the
equipment is in communication with that of the bushing);

¢ maximum external operating gas pressure (see 3.32)\(relevant only to partly or completely
gap-immersed bushings according to 3.19 to 3.21);

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

e mipimum nominal specific creepage distance,(see 4.7) (relevant only to the outdoor part of
buphings according to 3.17, 3.18 and 3.20),

e unpsual climatic conditions (extreme high and low temperatures, tropical humidity, §evere
coptamination, high wind);

e se|smic conditions, if qualification-is required (see 5.4).

6.1.6 Design

The—design—shalcoversplirchaser should provide requirements about the following, where

applicpble:

o for bushings.supplied without a conductor: diameter, type (cable, solid or hollow gtem),

DN;

e D
o teg

mjterial andposition of the conductor with which the bushing will be fitted in operati

rticular-dimensional requirements, if any;

t.tdp or voltage tap if required (see 3.38 and 3.39);

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

e general information concerning the position of the bushing in relation to the earthed parts

of

the 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 metallic parts;

e bushings for transformers shall be designed to withstand a typical transformer test
sequence (works, acceptance and possible repeat tests);

e oil liquid level in central tube of a transformer bushing with the conductor drawn into the

ce

ntral tube, if lower than one-third of the height of the external part (see 8.8);

e provision of an-e# liquid sample valve.
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Bushings using liquid or gas for insulation should refer to the relevant-herizontal standards:

6.2

IEC 60376 for-new-SFsorlEC 680480-forused technical grade SFg.
IEC 60480 for re-use of SFg

IEC 60296 for mineral insulating oil, or

IEC 60836 for silicone insulating liquids-er
IEC 60867 for synthetic-fluid aromatic hydrocarbons
IEC 61099 for synthetic organic esters

Each
bushif
bushif

Thi

S S

having

ind
| ]

ica

Su

i o : ifiad 0.2
Lb-clause applies to capacitance-graded bushings of all voltages, @nhd*to other bu

ed W are sufficient:

pplier's name or trade mark;

ye

r of manufacture and serial number;

supplier’s type designation;

country and location of manufacturer shall be directh/identifiable;

highest voltage for equipment (U,,) (see 3.23).0r rated phase-to-earth voltage (see

an

rated frequency (see 3.29);

rafed current (7,) (see 3.25). If the bushing is supplied without conductor, the con
seftion shall be specified by the supplier (see 4.2);

mass if above 100 kg;

ligh
vol

bud

tning impulse (BIL) and switching impulse (SIL) and power-frequency withstan
ages (AC) (see 4.9);

routine tests;

typ

*—M3

mir

ma

For ex

NOTE 1

b of insulating gastand rated filling pressure (see 3.30), if applicable;
5s-H-above-1Q04g;
imum gas_éperating pressure at 20 °C, if applicable;

Kimum._angle of mounting if exceeding 30° from vertical (see 4.6).

1gsfor

Markings
Wm@q&@%%ﬁ%@%w—smu%ww@mm
fU - . o = triciont. Mavki

Ehings

Uy 72,5 kV and above. For other bushings having U, 100 kV and below, mdrkings

3.24)

ductor

d test

hing capacitance (see( 3,42) and dielectric dissipation factor as measured by factory

amples of marking plates, see Figures 2 to 4.

Capacitance and dielectric dissipation factor measurements made on site may differ from factory values
given on the nameplate.-ltisrecommended-to-makereference-measurements—atinstallation-

NOTE 2 Non capacitance-graded bushings of highest voltages for equipment equal to or less than 52 kV are
addressed in Clause 10.
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MANUFACTURER Country and location
Year ...ccooeennen. Type designation:................... NO. i,
U, oo, kV I A o Hz
BIL it kV SIL i kV AC i kV
Mass ....oooiiiii kg Max. angle to vertical ... degree
Capacitance ................... pF Dissipation factor .................. %
In additier—fergasfilled—gas—instated—gas—immersed-and-gas—impreghrated-bushings
L e LCIKe Ll = LT PP P s S
Rated gas filling pressure at 20 ®C ... e bar-gadge kPa absplute
Minimym gas pressure at 20 “C .ot bar-gauge kPa abdolute
IEC
Figure 2 — Marking plate for bushings for rated highest voltage
for equipment (U,,,) greater than 100 kV
MANUFACTURER Country and location
Year .Jooooienennn. Type designation:......... NN ... NO. i
U, oo kV I @ A S Hz
IEC
Figure 3 — Marking plate for bushings for rated highest voltage for equipment (¥,
equal to or less than 100 kV, except for bushings for which Figure 4 is applicahle
MANUFACTURER Country and location
Year L. Uy oo kv Lo A
IEC
Figure 4 — Marking plate for bushings for rated highest voltage for equipment ({/,)
equakto or less than 52 kV made of ceramic, glass or inorganic materials,
resin or combined insulation (see 10.3)
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7 Test requirements

7.1

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 IEC 62155. Tests on insulators of composite material shall be carried out
in accordance with IEC 61462 and IEC 62217. All high-voltage tests, in accordance with 8.2 to

8.5, 9.

3 and 9.4 shall be carried out in accordance with IEC 60060-1.

r.—The

ffarad
Herea

compdg
stress
test is

At the
minim
The v
indica
voltag
The b
in acc

porcel

A def

definitjon 212-11-47 and 212-11-49,\tespectively.

7.2
7.2.1

Tableg

For bu
glass
tests

s available. In case of different designs the supplier shall provide g ‘statem
rison between the tested and supplied designs. All electrical, mechahital and tk
s of the supplied design shall be covered by the evidence of test/\Ré&petition of
only mandatory when specified in a particular contract.

im clearances to earthed parts in the operating arrangement.

ed in Table 3. For bushings, which have been ifyoperation, the routine withstar
s shall be reduced to 85 % of the values indicated in the table.

ishings shall tolerate and not be damaged by-the-tolerated flashover in air when
brdance with 8.2, 8.4, 8.5, 9.3 and 9.4,but slight marks remaining on the surface
i insulating parts are acceptable.

nition of the terms “flashover’ and “puncture” is given in IEC 60050-212:4990

Test classification

General

shings of\highest voltages for equipment equal to or less than 52 kV, made of ce

foIIOW|ng tests.

to ,check dielectric, thermal and mechanical properties of bushings compris

5, 6,10 and_ 14_show the applicability of the tests to the various types of bushings.

Type
5 type
ent of
ermal

p type

request of the purchaser, the supplier shall furnish any- information concerning the

blues of the applicable withstand test voltages for newly manufactured bushings are

d test

tested
of the

2010,

ramic,

br inorgariic materials, resin or composite insulation, see Clause 10. For other bushings,

e the

7.2.2

Type tests

e dry or wet power-frequency voltage withstand test (see 8.2);

e long duration power-frequency voltage withstand test{ACLD)} (see 8.3);

e dry lightning impulse voltage withstand test (see 8.4);

e dry or wet switching impulse voltage withstand test (see 8.5);

e thermal stability test (see 8.6);

e electromagnetic compatibility test (see 8.7);

e temperature rise test (see 8.8);

e Ve

e (Ca

rification of thermal short-time current withstand (see 8.9);

ntilever load withstand test (see 8.10);
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e tightness test on liquid-filled, compound-filled and liquid-insulated bushings (see 8.11);

e internal

(see 8.12);

o external pressure test on partly or completely gas-immersed bushings (see 8.13);

o verification of dimensions (see 8.14).

Table 5 —

Applicability of type tests (see 7.2.2,

excluding bushings according to Clause 10)

pressure test on gas-filled, gas-insulated and gas-impregnated bushings

Bushing defined

Subclatse Shert-tite———1————Applieable-te-bushing-type Th subclauke

8.2 AC dry All indoor, indoor immersed and completely 3.16, 3.19,°8.21
immersed-<300-kV, U _ < 245 kV

8.2 AC wet All outdoor=<300-kV, U_ < 245 kV 3.1713.18, 3.20

8.3 ACLD All transformer bushings, U 2170kV 3.19; 3.20, 3.21

8.4 Lightning All

8.5 Switching All, U, 2300 kV

—dry — indoor, indoor immersed and completely 3.16, 3.19, 3.21
immersed and all transformer bushings;
- wet U, 2245kV 3.17, 3.18, 3.20

— outdoor

8.6 Thermal stability All partly or completely immersed, immersion 3.19, 3.20, 3.21
medium 260 °C and

U,, >300 kV for O|P;and RIP
U,, 2145 kV forgthers

8.8 Temperature rise All-except liquid-insulated-as-in-3.4

8.9 Thermal short-time All, if calcujated temperature is too high

8.10 Cantilever All

8.11 Tightness All liquid-filled and insulated, except with highly | 3.2, 3.4
viscous filling

8.12 Pressure All containing gas of >1 | and >0,5 bar gauge 3.5, 3.6, 3.7

8.13 External pressure All partly or completely immersed in gas, gas 3.19, 3.20, 3.21
pressure >0,5 bar gauge

8.14 Dimensions All

7.2.3 Routine tests

e me¢asurement of dielectric

te

dissipation factor (tan §) and capacitance at arlnbient

perature (see 9 2):
Lud \ 77

e dry lightning impulse voltage

withstand test (see 9.3);

e dry power-frequency voltage withstand test (see 9.4);

e measurement of partial discharge quantity (see 9.5);

o tests of tap insulation (see 9.6);

e internal pressure test of gas-filled, gas-insulated and gas-impregnated bushings (see 9.7);

e tightness test on liquid-filled, compound-filled and liquid-insulated bushings (see 9.8);

e tightness test on gas-filled, gas-insulated and gas-impregnated bushings (see 9.9);

e tightness test at the flange or other fixing device (see 9.10);

e visual inspection and dimensional check (see 9.11).
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Table 6 — Applicability of routine tests (see 7.2.3,
excluding bushings according to Clause 10)

Subclause Short title Applicable to bushing type B?:T:Sc?::isneed

9.2 tand / capacity All capacitance graded 3.15

9.3 Lightning All transformer bushings,-BH-—=245k\/
U, >72,5kV

9.4 AC dry All

9.5 Partial discharges All

9 Tap All with a tap

97 Internal pressure All gas-containing 3.5, 3.6::3J

98 Tightness for liquid All liquid-containing, except with highly viscous 3.2-3.4
filling

99 Tightness for gas All gas-containing with some exceptions 3.5,3.6,3)]

3.19, 3.20, 3(21

9.10 Tightness at flange All partly or completely immersed in-eit liquidiar 3.19, 3.20, 3} 21
gas with some exceptions

9.1 Visual and dimensions | All

7.2.4 Special tests

Special tests are only performed when contractually. agreed upon between purchasg

suppli

e Se

e SW

o artlficial pollution test for porcelain insulators (reference to IEC 60507).

NOTE
applica

7.3

During
betwe
compl
will be
taps s

er. Examples of such special tests are:

smic test (reference to IEC TS 61463);

itching impulse test for voltage classgs not included as routine- or type test

If the insulator is designed todEC TS 60815-1, and IEC TS 60815-2 or IEC TS 60815-3 which
ble, no artificial pollution test-is\required.

Condition of bushings during dielectric and thermal tests

all tests, thestemperature of the ambient air and immersion media, if any, sh
en 10 °C and 40 °C. Dielectric and thermal tests shall be carried out only on bu
bte with theirfixing flanges or other fixing devices, and all accessories with whic
fitted when in use, but without protective arcing gaps, if any. Test taps and v
hall be-either earthed or held near earth potential.

r and

ever is

all be
5hings
h they
pltage

HiiNed and Liquid-insulat hin rding to 3.4, shall fill to the norm

Lieui

with the insulating liquid of the quality specified by the supplier.

I level |

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 3.30, 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 3.19, 3.20 and 3.21, 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. In the case of
bushings for direct connection between GIS and transformers it is permitted to increase the
pressure in the gas enclosure during routine dielectric tests to compensate for differences in
withstand requirements for GIS and transformers bushings (see Table 3).
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The purchaser may request a simulation test as a special test to prove the adequacy of the
bushing in a specific 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.

NoTE For transformer bushings special consideration should be given to the clearances under
oit liquid, for example with a larger diameter than the intended transformer turret, to satisfy
the requirements of 9.4 without any contingent breakdown in-eil liquid.

As the dielectric routine tests (see 7.2.3) are intended to check the internal insulation only, it

ts.

\Lnding
rsion

Normally, GIS and transformer bushings are tested in the vertical position, with the flange
earthgd or held near to earth potential.

The apgle of mounting of the bushing for the wet power-frequeney voltage withstand tegt and
wet spwitching impulse voltage withstand test may be the“sUbject of special agregment
betwegn purchaser and supplier.

Beforg commencing dielectric tests, the insulator shall be clean and dry and in thermal
equiligrium with the ambient air.

If the pctual atmospheric conditions deviate from the values given in IEC 60060-1, corfection
shall e made as given in Table 7.

Table 7 — Correction of test voltages (see 7.3)

Clause Test Correction 0 ¢
8.2 Dry power-frequency Yoltage withstand test Multiply by &, x k, in the conditions indicated below
8.9 Wet power-frequency voltage withstand test Multiply by &,
8.3 Long duration(power-frequency withstand test | None
8.4 Dry lightning-impulse voltage withstand test Multiply by &, x k, in the conditions indicated below
8.9 Dry switching impulse voltage withstand test | Multiply by k, x k, in the conditions indicated below
8.9 Wet.switching impulse voltage withstand test | Multiply by &, in the conditions indicated below
8.4 Thermal stability test None
8.1 Electromagnetic compatibility tests None
9.2 Measurement of dielectric dissipation factor None
and capacitance
9.4 Dry power-frequency voltage withstand test None
9.5 Measurement of partial discharge quantity None
9.6 Tests of tap insulation None

@ k, and k, shall be determined according to IEC 60060-1.

In the case of impulse tests 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,
whereas the opposite polarity shall be applied with at least the full voltage value.

When the correction factor is higher than 1, the correction applies to both polarities, but if the correction
factor is higher than 1,05 the purchaser and supplier shall agree as to whether the test shall or shall not be
performed.



https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

IEC 60137:2017 RLV © |IEC 2017 - 37 -

8 Type tests

8.1

General

The order or possible combination of the tests is at the discretion of the supplier, except the
impulse voltage withstand tests which shall be made before the dry power-frequency voltage
withstand test (see 9.4). Before and after the series of type tests, measurements of dielectric
dissipation factor and capacitance (see 9.2) and of partial discharge quantity (see 9.5) shall
be carried out in order to check whether damage has occurred.

8.2

Dry or wet power-frequency voltage withstand test

8.2.1

The d
subjeq

The W
which

8.2.2

The
indep
1100 K

8.2.3

The b
there
grade
the te
to the
If duri
consid

8.3
8.3.1

The tg

8.3.2

Applicability

ted to a routine test (see 9.4).

U, istess-than-orequalte 245 kV and below.

Test method and requirements

ndent of test frequency, except for transformer bushings with U, equal to or
V where the test duration is 300 s.

Acceptance

I bushings it is assumed that a puncture has occurred if the capacitance measure

ered to have passed the tést.

Long duration power-frequency voltage withstand test (ACLD)
Applicability

st is applicable to all transformer bushings-rated with U,, 170 kV and above.

Test-method and requirements

The voltage shall be following the profile given in Figure 5;

ry test is applicable to all bushings according to 3.16, 3.19 and 3.21, which are not

et test is applicable to all outdoor bushings according to 3.17, 348-and 3.20, and for

agnitude of the test voltage is given in Table 3. The test duration shall be| 60 s,

above

Ishing shall be considered to have passed the test if no flashover or puncture ocqurs. If
s a puncture, the bushing shall be considered to have failed the test. For capaditance

j after

5t raises above the capacitance_previously measured by about the amount attributable
capacitance of one layer. If a~flashover occurs, the test shall be repeated oncg only.
ng the repetition of the test no flashover or puncture occurs, the bushing shall be

e rai
e rai

L] ral

seto 1,1 U, / N3 and held for a duration of 5 min. Measure partial discharge;

ised to U, = 1,5 U, / ¥3 and held for a duration of 5 min. Measure partial discharge;

ised to Uy = U, and held for a duration of 1 min;

e immediately after the test time, reduced without interruption to U, and held for a duration
of at least 60 min—wher—¥t,,—=2300-kV—er30—min—Ffort,—<300-kVto—measure—partial
discharges. The duration of the test shall be independent of the test frequency. Partial
discharge shall be monitored during the whole application of test voltage and shall be
recorded at 5 min intervals;

e reducedto 1,1 U,/ V3 and held for a duration of 5 min. Measure partial discharge;
e reducedto 0 V.
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A 60 minutes

Ustart Y / Y < Usta rt

IEC

Figure 5 — Voltage profile for long duration test-ACLD
where| Ugi,,t is the switch-in voltage for test equipment.

8.3.3 Acceptance

The bushing shall be considered to have passed the test if no flashover, 'or puncture gccurs.
For cppacitance graded bushings it is assumed that a puncture™ has occurred [if the

capac|tance measured after the test raises above the capacitance)previously measufed by
about [the amount attributable to the capacitance of one layer.

The maximum acceptable values of partial discharge quantity, according to the type of
bushing, at any stage in the test shall be as given in Table 9.

8.4 |Dry lightning impulse voltage withstand test-(Bl.-)
8.4.1 Applicability

The tgst is applicable to all types of bushings.

8.4.2 Test method and requirements
The mlagnitude of the test voltage is given in Table 3. The bushing shall be subjected to

— 15|full lightning impulses of'positive polarity, followed by
— 15|full lightning impulses of negative polarity

of thestandard lightning impulse 1,2/50 pus.

Bushings for tfansformers of U,, greater than 72,5 kV shall be subjected to

— 15|full lightning impulses of positive polarity, followed by

— 1 {ulklightning impulse of negative polarity at 110 % of the rated-Bll withstand voltage,
followed by

— 5 chopped lightning impulses of negative polarity at 121 % of the rated-Bit withstand
voltage, and by

— 14 full lightning impulses of negative polarity at 110 % of the rated-Bi= withstand voltage.

The time to sparkover on the chopping device shall be between 2 us and 6 ps.

It is permissible, after changing polarity, to apply some impulses of minor amplitude before
the application of the test impulses. The time intervals between consecutive applications of
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the voltage shall be sufficient to avoid effects from the previous applications of voltage.
Voltage records shall be made for each impulse.

8.4.3 Acceptance

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

— nojpuncture accurs at either pnlarify1 and

— thg number of flashovers in air does not exceed two for each series of 15 impulsges;
excepl for transformer bushings for which

— nofeil-end flashover on liquid immersed parts,
— nol more than two flashovers in air at positive polarity, and

— nolflashover in air at negative polarity

are pgrmitted.

For ggs-insulated bushings

— th¢ number of disruptive discharges shall not exceed two for each series of 15 impul

24

€s;

— noldisruptive discharges on non-self-restoring insulation shall occur.

This ig verified by at least five impulses withoutiisruptive discharge following that impulse out
of the|series of 15 impulses of each polarity; which caused the last disruptive dischafge. If
this impulse is one of the last five out of the series of 15 impulses of each polarity, additional
impuldes shall be applied.

If disrliptive discharges occur and for any reason evidence cannot be given during testing that
the d|sruptive discharges were_on self-restoring insulation, after the completion of the
dielecjric tests the bushing(shall be dismantled and inspected. If punctures of nop-self-
restoring insulation are observed, the bushing has failed the test.

8.5 |Dry or wet switching impulse voltage withstand test(Si-)
8.5.1 Applicability

The tgst 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 bushings,
according to 3.16, 3.19 and 3.21.

The wet test is applicable to outdoor bushings, according to 3.17, 3.18 and 3.20.

In addition a dry test is applicable to all transformer bushings of U, equal to or greater than
245 kV.

8.5.2 Test method and requirements

For these tests, IEC 60060-1 may be used. To simulate service conditions, the bushing shall
be mounted on an earthed plane, radially extended from the axis of the bushing at least 0,4 L
in every direction, L being the dry arcing distance of the bushing. The high-voltage connection
shall extend in line with the axis of the bushing to a point at least 0,4 L above the top of the
bushing. In the case of bushings where one end is immersed, the details of immersion shall
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be subject to agreement. For bushings for gas insulated switchgear a smaller earth plane may
be used subject to agreement.

The magnitude of the test voltage is given in Table 3.

The bushing shall be subjected to

— 15 impulses of positive polarity, followed by
— 15 impulses of negative polarity

of the standard switching impulse 250/2 500 ps.

For trlnsformer bushings-the-dry;hegative-polarity-test-shall- beat-110-%of therated-H- U,

equal [to or greater than 245 kV the additional dry test shall be 15 impulses“Of nelgative
polarify at 110 % of the rated withstand voltage.

It is permissible, after changing polarity, to apply some impulses of minér“amplitude pefore
the application of the test impulses. The time intervals between consetutive applicatipns of
the voltage shall be sufficient to avoid effects from the previous application of voltage.

Voltage records shall be made of each impulse.

8.5.3 Acceptance
The blishing shall be considered to have passed the {est'if

— no|puncture occurs at either polarity, and if

— th¢ number of flashovers in air at either~polarity does not exceed two in the sefies of
15|impulses;

excepf for transformer bushings for whigh

— noteil-end flashover on liquid immersed parts, and
— nol more than two flashovers.in air at positive polarity, and
— nolflashover in air at negative polarity

are pgrmitted.

For ggs-insulated bushings

— th¢ number-of disruptive discharges shall not exceed two for each series of 15 impulses;
— noldisruptive discharges on non-self-restoring insulation shall occur.

This is"verified by at least five impulses without disruptive discharge Tollowing that impulse out
of the series of 15 impulses of each polarity, which caused the last disruptive discharge. If
this impulse is one of the last five out of the series of 15 impulses of each polarity, additional
impulses shall be applied.

If disruptive discharges occur and for any reason evidence cannot be given during testing that
the disruptive discharges were on self-restoring insulation, after the completion of the
dielectric tests the bushing shall be dismantled and inspected. If punctures of non-self-
restoring insulation are observed, the bushing has failed the test.
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8.6 Thermal stability test
8.6.1 Applicability

The test is applicable to all partly or completely immersed bushings, according to 3.19, 3.20
and 3.21. 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-, resin-impregnated paper bushings
and resin-impregnated—paper synthetics bushings, and equal to or greater than 145 kV for
other types of bushings.

The test may, 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.

8.6.2 Test method and requirements

The epds of the bushings, which are intended for immersion in mineral oil. ‘o5 another [iquid-
insulating medium, shall be immersed in—eil liquid. The temperature of the‘éil liquid shall be
maintained at the operating temperature of the apparatus *2 K, exeept for transformer
bushings-where-the intended for use in mineral oil the temperature shalt be 90 °C + 2 °Q. This
tempefrature shall be measured by means of thermometers, immersed in-e# liquid abouf 3 cm
below]|the surface, and about 30 cm from the bushing.

The epds of the bushings, which are intended for immersigh'in a gaseous insulating mledium
other than air at atmospheric pressure, shall be appropriately immersed in insulating pas at
minimpm pressure as defined in 3.30. The gas shall-be/maintained at a temperature ggreed
upon lbetween purchaser and supplier.

The cpnductor losses corresponding to I, sh@ll be simulated by appropriate means. One
methold is to wrap a resistive insulated wireharound a conductor dummy and to feed it by a
suitable supply. The resistance of the wireland the current shall be adjusted in such a way as
to profluce the same losses as the final\conductor.

The tgst voltage shall be

— Uy for bushings of U, equal‘to or less than 170 kV,
- 0,8 Uy, for bushings of\U,,, greater than 170 kV.

The tgst shall not be started until thermal equilibrium between the—eil liquid and the blishing
has bgen reached.

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

The bushimghas Teachedthermatstabitity whenits—dietectric dissipation factor—shows—ho
Foslo—re] [ i S rises no more than

8.6.3 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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8.7 Electromagnetic compatibility tests (EMC)
8.7.1 Emission test
8.7.1.1 Applicability

This test is applicable for all indoor and outdoor bushings having highest voltage for
equipment (U,,) equal to and above 123 kV.

8.7.1.2 Test method and requirements

The bushing shall be installed as stated in 7.3.

The fILnge and other normally earthed parts shall be connected to earth. Care ShOlIA|d be
taken [to avoid influencing the measurements by earthed or unearthed objects“near fo the
bushinjg and to the test and measuring circuits.

The bushing shall be dry and clean and at approximately the same temperdature as thg room
in which the test is made. It should not be subjected to other dielectric, tests within 2 h grior to
the present test.

The tgst connections and their ends shall not be a source of radio interference voltage of
highenl values than those indicated below. The high-voltage, connections shall extend |n line
with the bushing axis to a point at least 0,2 L above the top of the bushing, where L|is the
arcing| distance of the bushing. The maximum diameter<of this connection shall be half the
diameter of the bushing head.

tuned |to a frequency within 10 % of 0,5 MHz.'but other frequencies in the range 0,5 MIHz to
2 MHZ may be used, the measuring frequency'being recorded. The results shall be expressed
in micfovolts.

The measuring circuit shall comply with CISPR 18:2. The measuring circuit shall preferq‘bly be

If medsuring impedances different from those specified in CISPR publications are used, they
shall be not more than 600 Q nor less than 30 Q, in any case the phase angle shall not
exceefl 20°. The equivalent radio interference voltage referred to 300 Q can be calcdylated,
assunfing the measured voltage to be directly proportional to the resistance, excgpt for
bushings of large capacitance, for which a correction made on this basis may be inacqurate.
Therefore, a 300 Q resistance is recommended for bushings with earthed flanges.

The filter F shall.have a high impedance at the measuring frequency, so that the impeldance
between the high-voltage conductor and earth is not appreciably shunted as seen frdm the
bushing under-test. This filter also reduces circulating radio-frequency currents in the test
circuit} generated by the high-voltage transformer or picked up from extraneous sourges. A
suitable’value for its impedance has been found to be 10 000 Q to 20 000 Q at the meafsuring
frequ nCy-

It shall be ensured by suitable means that the radio interference background level (radio
interference level caused by external field and by the high-voltage transformer when
magnetised at the full test voltage) is at least 6 dB and preferably 10 dB below the specified
radio interference level of the bushing to be tested. Calibration methods for the measuring
instrument and for the measuring circuits are given in CISPR 16-1 and CISPR 18-2
respectively.

As the radio interference level may be affected by fibres or dust settling on the insulators, it is
permitted to wipe the insulators with a clean cloth before taking a measurement. The
atmospheric conditions during the test shall be recorded. It is not known what correction
factors apply to radio interference testing but it is known that tests may be sensitive to high
relative humidity and the results of the test may be open to doubt if the relative humidity
exceeds 80 %.
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The following test procedure shall be followed:

A voltage of 1,1 U, / J3 shall be applied to the bushing and maintained for at least 5 min,
U,, being the highest voltage for equipment. The voltage shall then be decreased by steps
down to 0,3 Uy, / J/3 , raised again by steps to the initial value and finally decreased by steps
to 0,3 Uy, / /3 . At each step radio interference measurement shall be taken and the radio

interference level, as recorded during the last series of voltage reductions, shall be plotted
versus the applied voltage; the curve so obtained is the radio interference characteristic of the

bushing. The amplitude of voltage steps shall be approximately 0,1 U, / V3.

8.7.1.3 Acceptance

The bushing shall be considered to have passed the test if the radio interference Iqvel at
1,1 U,/ /3 does not exceed 2 500 pV.

If it cgn be shown that the bushing, without external shielding, is partidl, discharge frde, i.e.
there |is no discharge above the background noise level specified-in 9.5.2, it chn be
considered to pass the emission test.

8.7.2 Immunity test

No tedt is required.

8.8 |Temperature rise test

8.8.1 Applicability

The tgst is applicable to all types of bushings—excluding-tiguid-insulated-bushi .

te—3-4, unless it can be demonstrated by a calculation based on comparative tests that
specifled temperature limits are met.

8.8.2 Test method and requirements

Bushings, one or both ends (ofywhich are intended to be immersed in mineral oil or apother
liquid-insulating medium, shall be appropriately immersed in-eil liquid at ambient temperature,
excepf for transformer_bushings intended for use in mineral oil, where the oil shjall be
maintained at a temperature of 60 K £ 2 K above the ambient air. If the transformer ig§ filled
with apother liquid-insdlation medium, the temperature shall be subject to agreement.

NOTE-} In some) applications using mineral oil (e.g. generator transformer), the transformer
top-oil|l temperature is often restricted to values below the normal IEC limits. Subject to
agreement.between manufacturer and purchaser, the standard oil temperature rise of 60 K
may b ‘reduced to reflect the real transformer top oil temperature.

Bushings with a conductor drawn into the central tube shall be assembled with an appropriate
conductor, the cross-section of which shall conform to 7.. When the transformer-eit liquid is in
communication with the bushing central tube, the-eil liquid level shall not exceed one-third of
the height of the external part.

The end of bushings, which are intended for immersion in a gaseous insulating medium other
than air at atmospheric pressure, shall normally be appropriately immersed in an enclosure
insulated with gas at minimum pressure, according to 3.30, the gas being at ambient
temperature at the beginning of the test.

Gas-insulated bushings shall be at ambient temperature at the beginning of the test.
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For transformer bushings operating in air-insulated ducting, the air side shall be enclosed in
an appropriate chamber. During the test, the air in the chamber shall be heated to 40 K+ 2 K
above ambient air, either by self-heating or indirectly.

An appropriate number of thermocouples or other 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-hottestspot-of-the

bushing—metal-parts—in—contact—with—insulating—material temperature rise of the bushing

components in relation to the values given in table 2 with reasonable accuracy.

The ambient air temperature shall be measured with lagged thermometers placed around the

b h n ol HO e ] 4 (Hh | % oY £ h
usnir Y Aal TTIU=Trieiyime arid at a uiotalivc Ul T 11T U 2 11T TTOUTTT L.

NOTE-4 A satisfactory degree of lagging is obtained by placing the thermometers in-eil liquid-filled €ontaingrs with
a volunje of approximately 0,5 I.

The tgmperature of the-eil liquid or gas shall be measured by means of thermometers placed
at a d{stance of 30 cm from the bushing and, in the case of-eil liquid, 3 em.below the surface
of the{eil liquid.

st shall be carried out at /. + 2 % at rated frequency, all- parts of the bushing|being
substgntially at earth potential. If the frequency at the test differs from the rated freqliency,
the current may be adjusted to achieve equivalent losses.

Temporary external connections used for this test shallk'be of such dimensions that they do
not contribute unduly to the cooling of the bushing ufider test. These conditions are assumed
to be [fulfilled if the temperature decrease from the bushing termination to a point &t 1 m
distanpe along the connection does not exceed 5K; or the thermal gradient along the external
conduftor is 5 K per metre for short connections.

The tgst shall be continued until the temperature rise is sensibly constant. This is consjdered
to be {he case if the temperature does not vary more than £ 1 K during 1 h.

In order to provide data for .thermal modelling of bushings, e.g. GIS-outdoor bushings,
operaling under different geurrent loading and ambient temperature conditions,| it is
recommended by agreementto carry out overload tests and to record time functions| of all
tempefrature readings.

To avoid destruction ‘of the insulation in the case of bushings with the conductor embedgded in
the insulating material, the temperature of the hottest spot may, by agreement bgtween
purchaser and-stpplier, be determined by suitably validated finite element calculations| (See
also Annex Axfer an approximate method.)

8.8.3 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.

8.9 Verification of thermal short-time current withstand
8.9.1 Applicability

The verification is applicable to all types of bushings.

8.9.2 Verification method and requirements

The ability of the bushings to withstand the standard value of I, shall be demonstrated by the
following calculation:
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I
0s = 0o +aS XIth

t Ve

(1)

where
(& is the final temperature of the conductor, in degrees Celsius;
(A is the temperature of the conductor in degrees Celsius, under continuous operation with
I, at an ambient temperature of 40 °C;
a is 0,8 (K/s)/(kAlcm?2)2 for copper, 1,8 (K/s)/(kA/cm?2)2 for aluminium;
4,  is the rated duration as specified, in seconds;
Iy § the standard value as speciiied above, In Kiloamperes,
Se s the equivalent cross-section, in square centimetres, taking account of skin_effecy;
St s the total cross-section, in square centimetres corresponding to /..
For other materials the value of « used may be derived from the formula given‘below:
__P
“= cxo (2)
where
p is the resistivity of conductor, in pQ-cm
¢ is the specific heat of conductor, in J/(g-K)
& is the density of the conductor, in g/cm3.
Values of p, ¢ and ¢ used in Equation (2) sheould be correct at an average temperature of
160 °C.
In cirdqular conductors of diameter D (cm?, the equivalent cross-section shall take skin|effect
into agcount. The skin effect may be.determined by considering a depth of penetration d of
current derived from the formula given below:
3
d :ix ﬂ cm (3)
2n f
where|f'is the rated\frequency, in hertz.
Therefore:
Se =nd(D —d) (4)
8.9.3 Acceptance
The bushing shall be considered to be able to withstand the standard value of I, if 6; 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 /i, and of duration #,, in accordance with 4.3,
shall be passed through the conductor, the cross-section of which shall conform to the

rat

ed current /.
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Before the test, the bushing shall carry a current that produces the same stable conductor
temperature as the rated current at maximum ambient temperature.

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.

8.10 Cantilever load withstand test
8.10.1 Applicability

The test.is npplir‘nhln to the air side of hnehinge

8.10.2 Test method and requirements

The test values shall be in accordance with Table 1. For bushings according to| 3.22,
cantilgver withstand load test values shall be restricted to:

300 N for I, <800 A
1000N for/ >800A

The Bushing shall be completely assembled and, if applicable, filled with the insdilating
medium specified. Unless otherwise stated, the bushing shall be installed vertically gnd its
flangel rigidly fixed to a suitable device.

A pregsure equal to 1 bar = 0,1 bar above the maximum operating pressure shall be applied
inside|the bushing, and also inside the centralitube in the case of a bushing with a hollow
stem Wwith a gasket joint at the terminal to be*tested.

For byshings with internal bellows, the.préssure shall be stated by the supplier.

For byshings according to 3.5, 3:6-and 3.7 the test shall be performed with an internpl gas
pressyre equal to the rated fillingpressure.

For safety reasons on bushings with porcelain envelope the test may be performed without
internal gas pressure_and the relevant mechanical stress shall be replaced by an equivalent
additignal moment calculated in accordance with IEC 62155:2003, Annex D.

The Igad shali~be applied perpendicular to the axis of the bushing at the mid-point jof the
terminfal for.860"s. The load shall be in the direction which will cause the highest strgss at
the crillical 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.

Bushing types as defined in 3.5, 3.6 and 3.7 shall pass the leakage test according to 9.8 after
the cantilever test.

8.10.3 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.
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8.11 Tightness test on liquid-filled, compound-filled and liquid-insulated bushings
8.11.1 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.

8.11.2 Test method and requirements

The bushing shall be assembled as for normal operation, filled with the liquid specified and
placed in a suitably heated enclosure, maintained at a temperature of 75 °C for 12 h. For
bushings where this is not possible, alternative methods may be agreed between purg¢haser
and supplier.

A mirlimum pressure of 1 bar £ 0,1 bar above the maximum internal operating pre¢ssure
according to 3.31, shall be maintained inside the bushing during the test.

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

8.11.3 Acceptance

The bushing shall be considered to have passed the test ifcthere is no evidence of legkage.
The mlethod of detection shall be the one described in IEC 60068-2-17:1994, Clause C.4.

8.12 |Internal pressure test on gas-filled, gas-insulated and gas-impregnated bushings
8.12.1 Applicability

The tgst is applicable to all gas-filled, gas-insulated and gas-impregnated bushings, accprding
to 3.5| 3.6 and 3.7, where the insulating-envelope is of ceramic or composite material and
intended for use with a permanent gas pressure higher than 0,5 bar gauge, having an internal
volump equal to or greater than 1 | (1-000 cm?3).

8.12.2 Test method and requirements

A4

The test is performed on .the insulating envelope in accordance with IEC 61462 and
IEC 62217 or IEC 62155%where appropriate.

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

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

Other components should be tested to their appropriate standards.

8.12.3 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.

8.13 External pressure test on partly or completely gas-immersed bushings
8.13.1 Applicability

The test is applicable to all gas-immersed bushings, according to 3.19 to 3.21, intended for
use at a permanent gas pressure higher than 0,5 bar gauge.


https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

- 48 — IEC 60137:2017 RLV © |IEC 2017

8.13.2 Test method and requirements

The test shall be carried out before the tightness test according to 9.10. The bushing shall be
assembled as far as necessary for the test, but there shall not be any internal gas pressure.
The end for immersion shall be mounted in a tank as for normal operation at ambient
temperature. The tank shall be completely filled with an appropriate liquid. A pressure of three

times

the external maximum operating pressure (see 3.32) shall be applied for 1 min.

8.13.3 Acceptance

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

dama

e (e.g. deformation, rupture).

8.14
8.14.1

This v

8.14.2 Acceptance

The d

particdllarly with regard to any dimensions to which special {olerances apply and to

affecti

9 R

9.1

The o
tests

frequgncy voltage withstand test (see\'9.4). Before and after the dielectric routine
measyrements of dielectric dissipation factor (tan 6) and capacitance (see 9.2) shall be ¢

out in
quanti

9.2

9.2.1

The mleasurement is only applicable to capacitance-graded bushings according to 3.15.

9.2.2

Verification of dimensions
Applicability

erification is applicable to all types of bushings.

mensions of the bushing under test shall be in accordance with the relevant dra

hg interchangeability.

butine tests

General

der or possible combination of the tests is at the discretion of the supplier, excep
nclude impulse voltage withstandctests, which shall be made before the dry g

order to check whether datmage has occurred. The measurement of partial disq
ty (see 9.5) shall be made before the last measurement of tan ¢.

temperature

Applicability

vings,
jetails

if the
ower-
tests,
arried
harge

Measurement of dielectric dissipation factor (tan §) and capacitance at ambient

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:

— 1,05 Uy, / /3 for bushings of Uy, < 36 kV;

- 1,05 Uy, / +/3 and U, for bushings of Uy, > 52 kV.

The measurement shall not be made at a voltage exceeding the dry power-frequency
withstand voltage.

A measurement of tan 6 and capacitance at a voltage between 2 kV and 20 kV shall be carried
out as a reference value for measurements carried out later when the bushing is in operation.
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9.2.3

Acceptance

The maximum permissible values of tan ¢ and for the increase of tan § with voltage are given in
Table 8. If the values are not acceptable, it is permitted to wait for 1 h before repeating the

test.

The actual temperature during the measurement shall be stated in the test report.

Table 8 — Maximum values of tan § and tan J increase (see 9.2)

Maximum value of tan ¢?
Type of bushing insulation Value at Increase betwegn
1,050 13 1,05 U/ V3 apnd p, P

Oil-impregnated paper 0,007 0,001
Resinq4mpregnated paper 0,007 0,001
Resin-fmpregnated synthetics 0,007 0,001
Resin-ponded paper 0,015 0,004
Gas injpregnated film 0,005 0,001
Gas 0,005 0,001
Combiped be
Other e
a8 Buphings require full thermal stability at all service conditions ‘while considering both the ohmic losses as well

as|the dielectric losses. For a properly designed bushing a lower dissipation factors does not necefssarily

contribute to the service life.
b No} applicable to bushings where U, <36 KkV.
® ¢ The supplier shall indicate the values.

9.3
9.3.1

The tIst as a routine test is applicable only for transformer bushings with U, ,—equal

9.3.2
The t¢g

— fiv

Dry lightning impulse voltage withstand test{(BlL)
Applicability
> 72,5kV.

Test method and requirements

st valties shall be as follows:

p\full lightning impulses of negative polarity at 105 % of the rated withstand v

shall be applied.

Or alternatively by contractual agreement:

pltage

— one full lightning impulses of negative polarity at 105 % of the rated withstand voltage

fol

lowed by:

— two chopped lightning impulses of negative polarity at-448 115 % of the-full-wavevalue

rat

ed withstand voltage, followed by:

— two full lightning impulses of negative polarity at 105 % of the rated withstand voltage

shall be applied.

For test conditions, 8.4 shall be followed.
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9.3.3 Acceptance

For criteria, 8.4 shall be followed.

9.4 Dry power-frequency voltage withstand test
9.4.1 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 off the porcelain) before assembly.

9.4.2 Test method and requirements

The tgst shall be made or repeated after any impulse voltage withstand test)\if requirgd in a
series|of tests.

The njagnitude of the test voltage is given in Table 3. Bushings_for ‘transformers sHhall be
tested| at least at 110 % of the induced and/or applied test voltage‘level of the transformer. If
the trgnsformer test level is not stated the bushing may be tested’at the other bushing$ level
given |n Table 3.

The test duration shall be 60 s, independent of frequenCy, except for transformer bughings
with U}, equal to or above 1100 kV where the test duratien is 300 s.

9.4.3 Acceptance

The bshing shall be considered to have passed the test if no flashover or puncture ocqurs. If
there |s a puncture, the bushing shall be-Gonsidered to have failed the test. For capaditance
graded bushings it is assumed that a puncture has occurred if the capacitance measurefl after
the test rises above the capacitance previously measured by about the amount attributgble to
the cgpacitance of one layer. If a flashover occurs the test shall be repeated once oply. If,
during the repetition of the test; no flashover or puncture occurs, the bushing shjall be
considered to have passed the test.

9.5 |[Measurement of-partial discharge quantity
9.5.1 Applicability

The measurement shall be carried out on all types of bushings, except for bushings accprding
to 3.6|/and 3.4137 for which this test shall be a type test only, provided the insulating enyelope
of thg busShing has been subjected to an adequate electrical test (e.g. wall test pf the
porcellain) before assembly.

9.5.2 Test method 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.

The measurement shall be made after the dry power-frequency withstand voltage test
(see 9.4) at the values given in Table 3 during the decrease of the voltage from the dry
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power-frequency withstand test level;-depending-on-test facilities;theveltage level could be

Fedﬁeed—m—}ym4#§%+ag4eeﬁwn%between—m&manuiaaﬂ¥e#aﬂd—pwetm.

NOTE The system for detecting partial discharge quantity does not have to be continuously connected at voltage
above U, during this test.

9.5.3 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 9.

When

suppli
allowg

Partia

purpose only, and are not subject to guarantee.

d limits. If the partial discharge at the end of the period is within limits, then the b
shall e accepted.

Table 9 — Maximum values of partial discharge quantity;(see 8.3 and 9.5)

discharge measurements before dielectric tests may be requested-for inforfnation

Maximum/discharge quantity

pC
measured at

Combiped

Other

Type of bushing insulation m 1,5U, 13 b 1,050, 1 J§
and
110,/ VE e
Oil-impregnated paper 10 10 5
Resinqmpregnated paper 10 10 5
Resin-fmpregnated synthetics 10 10 5
Resin-bonded paper © - 250 100
— with metal layers d d 300°
Gas-impregnated film 10 10 5
Gas - 10 5
Cast apd moulded resin - 10 5

a

b

Only applieable to transformer bushings.

Fof switchgear bushings, the discharge quantities may be measured at a lower voltage, based on agrg

be{ween purchaser and supplier.

ement

For resin-bonded paper bushings for use on power transformers, lower discharge quantities may be agreed

between purchaser and supplier.

The maximum permissible values of discharge quantity shall be agreed between purchaser and supplier.

The value at 1,1 U, / V3 refers to 8.3 only.

NOTE The values for partial discharges are under consideration by the IEC and may be changed in coming
revisions.
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9.6 Tests of tap insulation
9.6.1 Applicability and test requirements

The following power-frequency voltage withstand test with respect to earth shall be applied to
all taps:

— test tap (see 3.38): at least 2 kV;
— voltage tap (see 3.39): twice the rated voltage of the voltage tap but at least 2 kV.

The test duration is 60 s, independent of frequency.

After the test tan § and capacitance with respect to earth shall be measured at least at 1 kV.

9.6.2 Acceptance

The tgdp shall be considered to have passed the test if no flashover or puncture occurs.
For tept taps the values of tan § and capacitance shall be in accordancé.with 4.10.

9.7 |[Internal pressure test on gas-filled, gas-insulated and gas-impregnated bushings
9.71 Applicability

The tgst is applicable to all gas-filled, gas-insulated and\gas-impregnated bushings accprding
to 3.5/ 3.6 and 3.7.

9.7.2 Test method and requirements

The blushing, complete as for normal operation, shall be filled with gas at the choice |of the
supplier. A pressure of (1,5 x maximum @perating pressure) bar £ 0,1 bar shall be produced
inside|the bushing and maintained for 15 min at ambient temperature.

In the| case of bushings where the insulating envelope is made of ceramic or comlposite
materjal and intended to be operated under pressure, the unassembled insulating enyelope
shall e previously tested in aecordance with IEC 62155 or IEC 61462 and IEC 62217, where
appropriate. Other compohents should be tested to their appropriate standards.

NOTE |It is allowed to remaove the pressure relief devices during the test.
9.7.3 Acceptance

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

9.8 Tightness test on liquid-filled, compound-filled and liquid-insulated bushings
9.8.1 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.

9.8.2 Test method and requirements

The bushing shall be assembled as for normal operation, filled with the liquid specified at
ambient temperature of not less than 10 °C, except bushings for transformers, which shall be
filled with the liquid having a minimum temperature of 60 °C. A pressure of 1 bar £ 0,1 bar
above the maximum operating pressure shall be applied inside the bushing as soon as
possible after filling and maintained for at least 12 h.
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For bushings with internal bellows, the pressure shall be stated by the supplier.

9.8.3 Acceptance

The bushing shall be considered to have passed the test if there is no evidence of leakage.
The method of detection shall be as described in IEC 60068-2-17:1994, Clause C.2.

It is advisable to carry out a preliminary tightness test on components for which the test is
considered useful. Special consideration may be necessary for bushings, one or both ends of
which are intended to be immersed in a gaseous medium.

9.9

9.91 Applicability

The tgst is applicable to all gas-filled, gas-insulated and gas-impregnated bushings, accprding
to 3.5|to 3.7 and 3.18 to 3.21.

For ggs-insulated bushings, intended to form an integral part of gas-insulated equipmerjt, and
of which assembly is intended to be achieved on site, it is permitted.to replace the tigitness
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 agreeq upon
betwegen purchaser and supplier.

9.9.2 Test method and requirements

The bushings shall be assembled as for normal @peration and filled with gas at makximum
operaling 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
measyred twice at an interval equal to or greater than 2 h.

Alterngtive methods of leakage detection may be used by agreement between purchasgr and
suppliger.

It is aflvisable to carry out a preliminary tightness test on such components as is consjdered
useful

9.9.3 Acceptance

The bpshing shall:be considered to have passed the test if the calculated escape of gas is
equal [to or less<than 0,5 % per year of the equivalent amount of gas contained insifle the
bushing in service.

9.10 |Tightness test at the flange or other fixing device

9.10.1 Applicability

The test is applicable to all partly or completely immersed bushings, according to 3.19 to 3.21
intended to be used as an integral part of an apparatus, such as switchgear or transformers,
where the bushings contribute to the sealing of the complete apparatus.

The test shall be a type test only in the case of bushings with gaskets of which the final
placing is not carried out by the supplier, for example the top cap gasket of draw-through
conductor transformer bushings.

The test may be omitted for transformer bushings fitted with a one-piece metal flange,
provided the flange has been subjected to a preliminary tightness test, and the bushing has
passed the type test in accordance with 8.11 (for example oil-impregnated paper bushings) or
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the routine test in accordance with 9.8, or the end to be immersed does not include any
gaskets.

9.10.2 Test method and requirements

The bushing shall be assembled at least as far as necessary for the test. The end for
immersion shall be mounted on a tank as for normal operation at ambient temperature.

For—eil liquid-immersed 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-eil liquid 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 pr¢ssure
at ampient temperature. The external part of the bushing shall be enclosed in an-envglope,
where| necessary. Liquid-containing bushings shall remain empty and shall have an opening
for frge gas circulation within the envelope. The concentration of gas in theair insige the
envelgpe shall be measured twice at an interval equal to or greater than 2 h.

9.10.3 Acceptance

An-eilf liquid-immersed bushing shall be considered to have passed the test if there|is no
eviderce of leakage detected by visual inspection (see IEC 60068-2-17:1994, Clause C.R).

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

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

— fon all parts of a liquid-containing bushing\, ‘especially liquid-insulated and oil-impregnated
paper bushings, where the leak gas penetrates into the inside of the bushing,
the calculated total leak rate (see 3233) is equal to or less than 0,05 Pa x cmi/s x |
(5 10-7 bar x cm3/s x I), “I” being the quantity of liquid inside the bushing in litres;

— fonall parts of a bushing, thesather end of which is designed for a transformer, where the
legk gas penetrates directly.into the transformer, the calculated total leak rate (seq 3.34)
is gqual to or less than 10.Pa x cm3/s (10~4 bar x cm3/s).

9.11 |Visual inspectiontand dimensional check
9.11.1 Applicability

The inspections¥are applicable to all types of bushings and shall be made on the complete
bushings before'release. The visual inspection shall be made on each bushing.

9.11.2 \Acceptance

No surface defects shall be tolerated which could affect the satisfactory performance in
service.

Dimensions of parts for assembling and/or interconnection shall be in accordance with the
relevant drawings, checked by sampling.
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10 Requirements and tests for non-capacitance graded bushings of rated

highest voltages for equipment-equalteo-orless-than up to and including

52 kV-radeolfecramlicclass orinerganiermateriale resin e comblned
insulation

10.1 General
ThIS clause is appllcable to aII non- capacnance graded bushmgswhea:e%h&ma}emsamﬂen

eemmM&Meﬂ—a&deime&w%%% |ncIud|ng 3.4, 3. 12 to 3. 14

10.2 [Temperature requirements

Bushings that may be required to withstand the drying process of the apparatus on)which they
are mpunted, shall be able to withstand a temperature of 140 °C for 12 h witheut mechanical
or ele¢trical damage, provided that no external forces are applied.

10.3 |Level of immersion medium

For transformer bushings, the supplier shall specify the minimum depth of immersion mgdium.

10.4 |Markings
Each bushing shall carry the following marking:

e supplier's name or trade mark;
o yepr of manufacture;
e type or minimum nominal creepage distancé’or highest voltage for equipment (U,,,);

e raled current (Z;) or maximum current ifithe bushing is supplied without conductor.

NOTE It may sometimes be difficult to provide all the above markings on small bushings and, in |
this cgse, other markings may be agreed between supplier and purchaser.

An example of a marking plate is'given in Figure 4.

10.5 [Test requirements
10.5.1 General

The tgst conditiofis and requirements shall be equivalent to Clauses 7, 8 and 9. Refergnce is
made [in parenthesis to the relevant sub-clause.

10.5.2 \\Type tests

The following tests are applicable to all bushings:

e dry or wet power-frequency voltage withstand test (8.2);
e dry lightning impulse voltage withstand test (8.4);

e temperature rise test (8.8);

e verification of thermal short-time current withstand (8.9);

e cantilever load withstand test (8.10);

e verification of dimensions (8.14).
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For bushings according to 3.22, precautions shall be taken to ensure that the end, which is
designed to receive the movable part, will withstand the relevant test voltage, where

applicable.

Table 10 — Applicability of type tests for bushings according to Clause 10 (see 10.5.1)

Bushing defined

Short title Applicable to bushing type in subclause
AC dry Indoor, outdoor immersed and completely immersed | 3.12
AC wet All outdoors 3.4,3.12t0 3.14
Lightning All 3.4, 3.12 t0 3.14, 3.22
Tempenlature rise All Ditte 3.4, 3.12 to 3.14, 3.22

Thermdl short time

Cantileyer

Dimengdions

All, if calculated temperature is too high
All (reduced requirement for type defined in 3.22)
All

Ditte 3.4, 3.12 to 3.14 38-22
Ditte 3.4, 3.12 to 8.4, 3.22
Ditte 3.4, 3.1210.8.14, 3.22

NOTE |For fully dimensionally standardized bushing according to clause 3.4 with-proven long service exp

type teqdting may be excluded.

10.5.3 Routine tests

brience,

The fgllowing tests are applicable to all bushings except for liquid-insulated bushingg (3.4)
and deramic, glass or analogous inorganic material Yushings (3.12), where only |visual
inspedtion and dimensional checks are applicable:
e dry power-frequency voltage withstand test (9:4);
e measurement of the partial discharge quantity (9.5);
o tests of tap insulation (9.6), if applicabte;
e viqual inspection and dimensional.check (9.11).
Tables 10 and 11 show the applicability of the tests to the various types of bushings.
Table 11-—Applicability of routine tests for bushings
according to Clause 10 (see 10.5.3)
Short title Applicability to bushing type B?:I;i:gc?ae:?,ed

AC dry All, except except for liquid-insulated bushings (3.4) 3.13, 3.14, 3.22

and ceramic, glass or analogous inorganic material

bushings (3.12)
Partiall disCharge Ditto Ditte 3.13, 3.14,/3.22

Tap

Visual and dimensions

Ditto, with a tap
All

Ditte 3.13, 3.14, 3.22
3.4,3.12t0 3.14, 3.22

11 Recommendations for transport, storage, erection, operation and

maintenance

11.1 General

It is essential that the transport, storage and installation of bushings, as well as their
operation and maintenance in service, be performed in accordance with instructions given by

the manufacturer.
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Consequently, the manufacturer should provide instructions for the transport,

storage,

installation, operation and maintenance of bushings. The instructions for the transport and
storage should be given at a convenient time before delivery, and the instructions for the
installation, operation and maintenance should be given by the time of delivery at the latest.

It is impossible, here, to cover in detail the complete rules for the installation, operation and
maintenance of each one of the different types of apparatus manufactured, but the following
information is given relative to the most important points to be considered for the instructions

provided by the manufacturer.

11.2 Conditions during transport, storage and installation

A spgcial agreement should be made between manufacturer and user if the-sgrvices
conditjons defined in the order, cannot be guaranteed during transport and storage.

precalitions may be essential for the protection of insulation during transport, stora

install
snow

instrug¢tions should be given.

Gas i

maintain positive pressure during transportation. A factory filling-préssure of 1,3 x 103

20 °C

the bushing during transportation it should comply with IEC 60376.

11.3

For egch type of bushing the instructions provided by the manufacturer should at least i
the items listed below.

11.4

Requi

and pgsitioning devices necessary should be given.

At the
the m

11.5
11.51

When
marke

tion, and prior to energising, to prevent moisture absorption due, for instance, t
or condensation. Vibrations during transport should be considered. Apprd

mpregnated and gas-insulated bushings should be filled tota pressure suffici

is appropriate for all temperature categories. If sulphurhexafluoride is used for

Installation

Unpacking and lifting

ed Information for unpacking and"lifting safely, including details of any special

arrival on site and befere-the final filling, the bushing should be checked accorg

Assembly
General

the bushing is not fully assembled for transport, all transport units should be

d..Drawings showing assembly of these parts should be provided with the bushing].

pecial
e and
D rain,
priate

ent to
Pa at
filling

hclude

lifting

ing to

lanufacturer instructions For gas impregnated and gas insulated bushings, the gas
pressuyre measured at ambient temperature should be above the atmospheric pressure.

Clearly

11.5.2 Mounting

Instructions for mounting of bushing, these instructions should indicate:

e the total mass of the bushing;

e the mass of the bushing (or heaviest part if to be assembled on site) if exceeding 100 kg;

e the centre of gravity.

The gas impregnated and gas insulated bushings should be filled with the specified gas, for
example new sulphur hexafluoride complying with IEC 60376. The pressure of the gas at the
end of filling, at the standard atmospheric air conditions (20 °C and 101,3 kPa), should be the
rated filling pressure.
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11.5.3 Connections
Instructions should include information on:

e connection of conductors, comprising the necessary advice to prevent overheating and
unnecessary strain on the bushing and to provide adequate clearance distances;

e connection of any auxiliary circuits;
e connection of liquid or gas systems, if any, including size and arrangement of piping;

e connection for earthing.

11.5.4__ Final installation inspection

Instrug¢tion should be provided for inspection and tests that should be made after the bjAshing
has b¢en installed and all connections have been completed.

Thesel instructions should include:

e a schedule of recommended site tests to establish correct operation§

e propcedures for carrying out any adjustment that may be necessary to obtain qorrect
opleration;

e regommendations for any relevant measurements that should be made and recorgled to
hellp with future maintenance decisions;

e ingtructions for final inspection and putting into service.

The rgsults of the tests and inspection should be regorded in a commissioning report.

Gas impregnated and gas insulated bushings’ should be submitted to the following final
checking:

— Msgasurement of gas pressure — thepressure of the gas measured at the end of filling and
stgndard atmospheric air conditions (20 °C and 101,3 kPa) should be not less thtn the
miphimum functional pressure_and not greater than the rated filling pressure of gas for
inqulation.

— Magasurement of the dew\point — the gas dew point at rated filling pressure should not
exgeed -5°C when measured at 20 °C. Adequate corrections should be applied for
measurement at the-ether temperatures.

— Enlclosure tightness check — The check should be performed with the probing method for
clgsed pressurised systems as specified for the routine test (see 9.9). The check ghould
be| started atdteast one hour after the filling of the bushing in order to reach a stabilised
legkage flow. The check can be limited to gaskets, over pressure device, Valves,
tefminalsy; manometers, temperature sensors, using a suitable leak detector.

11.6 |Operation

The instructions given by the manufacturer should contain the following information:

e a general description of the equipment with particular attention to the technical description
of its characteristics and all operation features provided, so that the user has an adequate
understanding of the main principles involved,;

e a description of the safety features of the equipment and their operation;

e as relevant, a description of the action to be taken to manipulate the equipment for
maintenance and testing.
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11.7
11.7.1

Maintenance

General

The effectiveness of maintenance depends mainly on the way instructions are prepared by the
manufacturer and implemented by the user

11.7.2

Recommendation for the manufacturer

a) The manufacturer should issue a maintenance manual including the following information:

1)
2)

schedule maintenance frequency;

detailed dner‘ripfinn of the maintenance work:

etc.);

— procedures for inspection, diagnostic tests, examination, overhaulfunction
out (e.g. limits of values and tolerances);

— reference to drawings;

— reference to part numbers (when applicable);

— use of special equipment or tools (cleaning and degreasing agents);
— precautions to be observed (e.g.; cleanliness).

clear identification (part number and description),of assemblies, sub-assemblig
significant parts;

— recommended place for the maintenance work (indoor, outdoor, in factory;~op site,

check

comprehensive drawings of the details of the bushing important for maintenance, with

s and

o
D
D
[oR

b) The manufacturer should inform the users of a particular type of bushing about corr

ended detail drawina—which—indicatethe relahivre position—of components—in—assembh
Ragec—aetaH—arawig—wHHeh—hatcat th Fetathre SHioh t mpoRerts—Hh—assembt

P

for storage;
estimate of active scheduled mainténance time;

consideration environmental requirements.
ions required by possible systematic defects and failures.

hilability of recommended spare parts required for maintenance for a period ng
n 10 years from“the date of the final manufacture of the bushing.

Recommendations for the user

he user wishes to carry out his own maintenance, he should ensure that his stg
ficient qualification as well as a detailed knowledge of the bushing.

the serial number and the type of bushing;
the date when the bushing is put in service;

list of recommended spare-parts (deseription, reference number quantities) and advice

how to proceed with the equipment at the end of its operating life, takinp into

ective

ailability of sparesiThe manufacturer should be responsible for ensuring the conftinued

t less

ff has

the results of all measurements and tests including diagnostic tests carried out during

the life of the bushing;
dates and extent of the maintenance work carried out;

the history of service, records of the bushing measurements during and following a

special operating condition (e.g. fault and post fault operating state);

references to any failure report.
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c) In case of failure and defects, the user should make a failure report and should inform the
manufacturer by stating the special circumstances and measures taken. Depending upon
the nature of the failure, an analysis of the failure should be made in collaboration with the
manufacturer.

d) In case of disassembling for reinstallation in the future, the user must record the time and
the storage conditions.

11.7.4 Failure report

The purpose of the failure report is to standardise the recording of bushing failures with the
following objectives:

— to describe the failure using a common terminology;
— to provide data for the user statistics;

— to provide a meaningful feedback to the manufacturer;

The fgllowing gives guidance on how to make a failure report.

A failure report should include the following whenever such data is ayailable:

a) ldentification of the bushing, which failed:
— | substation name;
— | identification of the bushing (manufacturer, type, sefial number, ratings);
— | bushing family (oil, resin or SF6 insulation,);

— | location (indoor, outdoor).

Z
L

istory of the Bushing:

— | history of the storage;

— | date of commissioning of the equipment

— | date of failure/defect;

— | date of last maintenance;

— | date of the last visual(Cchecking of the-eil liquid level indicator

— | details of any changes made to the equipment since manufacture;

— | condition of _the bushing when the failure/defect was discovered (in segrvice,
maintenance, ‘etc.).

c) ldentification“of-the sub-assembly/component responsible for the primary failure/defgct:
— | high-voltage stressed components;
- | tapping;

othar caomponantc
StHe GO poreHtSs

d) Stresses presumed contributing to the failure/defect
— environmental conditions (temperature, wind, snow, ice, pollution, lightning, etc.);
— grid conditions (switching operations, failure of other equipment...);
— others.
e) Classification of the failure/defect
— major failure;
— minor failure;
— defect.
f) Origin and cause of the failure/defect

— origin (mechanical, electrical, tightness etc.);
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cause in the opinion of the person having established the report (design, manufacture,

inadequate instructions, incorrect mounting, incorrect maintenance, stresses b
those specified, etc.).

g) Consequences of the failures or defect

equipment down-time;
time consumption for repair;
labour cost;

spare parts cost.

eyond

A fai]jrn report may. include the fnlln\n/ing information:

— drawings, sketches;

— ph

— SINn

— req

— references to maintenance manual.

btographs of defective components;
gle-line station diagram;

ords or plots;

12 Safety

12.1 |General

High-Joltage equipment can be safe only when installed in accordance with the reflevant
installptions rules, and used and maintained .in*“accordance with the manufacjurer’s
instrugtions.

High-yoltage equipment is normally only accessible by instructed persons. It shodld be
operaled and maintained by skilled persons. When unrestricted access is availaple to
bushings, additional safety features may-be required.

The fgllowing specifications of this_standard provide personal safety measures for equipment

againg
12.2

— ing
- ea

- IP
12.3

t various hazards:

Electrical aspects
ulation of the isolating distance
rthing (indirect contact)

coding (direct contact)

Mechanical aspects

- prefssurised components

— mechanical impact protection

12.4

Thermal aspects

— flammability

13 Environmental aspects

The need to minimise the impact of the natural environment of bushings during all phases of
their life is now recognised.

IEC Guide 109 gives guidance in this respect in term of life cycle impacts and recycling and
disposal at the end of life.
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The manufacturer should specify information regarding the relation between operation during
service life, dismantling of the equipment and environmental aspects.
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The m

Annex A
(informative)

Determination of the hottest spot in bushings
with conductors embedded in the insulation material

aximum conductor temperature 6, is deduced by equations (A.1) and (A.2):

If the
it is s
negati

The p

where

{'2 (ﬁcx1+ﬁ,ﬂ_3_ﬁ1 )
A o a

O =

A a

M [3 {R—CxlmAinfm 92}0,\,,
R o

esult M of equation (A.2) is positive, the higher temperature of the conductor is 6
tuated in any point of the conductor between the two “extremities. If the resul
ve or zero, the higher temperature of the conductoy is*6,.

bint of maximum conductor temperature lies at distance L), from the cooler end.

L

Mo w02
dy |[ZMZ7 2
Om—01

is the temperature cogfficient of resistance at which conductor resistance
measured;

is the measured temperature at the cooler end of the conductor, in degrees Celsi
is the measured.temperature at the hotter end of the conductor, in degrees Celsi
is the uniform reference temperature of the conductor, in degrees Celsius;

is the maximum temperature of conductor, in degrees Celsius;

is the-tength of conductor;

isithe distance from the cooler end of the conductor to the point of highest tempe

(A1)

(A.2)

1, and
I M is

(A.3)

ature;

is the resistance between the ends of the conductor at uniform temperature 6.
is the resistance of the conductor carrying I, after stabilisation of temperature.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATED BUSHINGS FOR ALTERNATING
VOLTAGES ABOVE 1 000 V

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all

inte
this
Tec

hational electrotechnical committees (IEC National Committees). The object of IEC is to
national co-operation on all questions concerning standardization in the electrical and electronic-fig

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred, to 4

romote
Ids. To

end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,

s “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested

in t
gov

with| the International Organization for Standardization (ISO) in accordance with €onditions determ
agrgement between the two organizations.

2) The
con
inte

3) IEC

Pub)
mis

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
pparently to the maximum extent possible in their national and regional publications. Any divérgence

tran
bet
the

5) IEC
ass

ser\ices carried out by independent certification bodies.

6) All dsers should ensure that they have the latest edition of this publication.

7) No

he subject dealt with may participate in this preparatory work. International, governmental ar
brnmental organizations liaising with the IEC also participate in this preparation. |IEC collaborates

Eensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

nterpretation by any end user.

een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, acces$ to |IEC marks of conformity. IEC is not responsible

iability shall attach to IEC or its directors, employees, servants or agents including individual expe

d non-
closely
ned by

formal decisions or agreements of IEC on technical matters express, as neatly, as possible, an interpational

rom all

Publications have the form of recommendations for international tse”and are accepted by IEC National
Conpmittees in that sense. While all reasonable efforts are made to.ensure that the technical content
ications is accurate, IEC cannot be held responsible for the ‘way in which they are used or ffor any

of IEC

cations

ated in

formity
for any

rts and

members of its technical committees-and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and

exp
Pub)

8) Atteg
indi
9) Atte
patq

Intern
bushirn

This s
a tech

bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot}
ications.

Epensable for the corcect application of this publication.

nt rights. IEC,shall not be held responsible for identifying any or all such patent rights.

gs, ©Of,IEC technical committee 36: Insulators.

er IEC

ntion is drawn to the-Normative references cited in this publication. Use of the referenced publications is

ntion is drawn to the possibility that some of the elements of this IEC Publication may be the supject of

ptional \Standard IEC 60137 has been prepared by sub-committee 36A: Insulated

€ventn edition cancels and replaces the sixth edition, published in 2008, and cons
nical revision.

itutes

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

e Resin-impregnated synthetic (RIS) bushings has been introduced.
e Bushings with U, = 1,1kV, U, =1 100 kV and U,, =1 200 kV have been introduced.

e Temperature rise testing has been included for liquid-insulated bushings according to
clause to 3.4.

e Introducing dry lightning impulse testing as a routine test for all transformer bushings with
Unp > 72,5 kV.

e The altitude correction procedure has been revised ( > 1 000 m).


https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

-8 - IEC 60137:2017 © IEC 2017

e An explanation about Very Fast Transient (VFT) phenomenon and its impact on bushings
has been included.

The text of this International Standard is based on the following documents:

FDIS Report on voting
36A/187/FDIS 36A/189/RVD

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

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

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch” in thédata relgted to
the specific document. At this date, the document will be
e regonfirmed,

e withdrawn,

o replaced by a revised edition, or

e anpended.

The copntents of the corrigendum of May 2018 have beenlincluded in this copy.
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INTRODUCTION

In the preparation of the current edition of this standard further consideration has been given
to the test requirements for power transformers as described in IEC 60076-3:2013.
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INSULATED BUSHINGS FOR ALTERNATING
VOLTAGES ABOVE 1 000 V

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

. bushings—as—definedir athSt -----
apparatus, machinery, transformers, nd installations for three-phase aliernnating

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

e bushings for capacitors.

Special requirements and tests for transformer bushings in this standard apply also to reactor
bushings.

This standard is applicable to bushings madéeland sold separately. Bushings which are |a part
of an ppparatus and which cannot be tested according to this standard should be tested with
the apparatus of which they form part.

2 Noprmative references

The following documents are“referred to in the text in such a way that some or all their
content constitutes requirements of this document. For dated references, only the g¢dition
cited applies. For undated references, the latest edition of the referenced document (indluding
any amendments) applies.

IEC 60038, IEG.standard voltages

IEC 60050-212:2010, International Electrotechnical Vocabulary — Part 212: Electrical
insulating-/solids, liquids and gases

IEC 60059, IEC standard current ratings
IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements

IEC 60068-2-17:1994, Basic environmental testing procedures — Part 2-17: Tests — Test Q:
Sealing

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 60076-5, Power transformers — Part 5: Ability to withstand short circuit

IEC 60076-7, Power transformers — Part 7: Loading gquide for oil-immersed power
transformers
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IEC 60216-2, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

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

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60376, Specification of technical grade sulfur hexafluoride (SFg) for use in electrical
equipment

IEC 6(I)422, Mineral insulating oils in electrical equipment — Supervision and maihtgnance
guidafce

IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SFgz) takeph from
electrical equipment and specification for its re-use

IEC 60505, Evaluation and qualification of electrical insulation systems

IEC TS 60815-1, Selection and dimensioning of high-voltage{insulators intended for lse in
pollutged conditions — Part 1: Definitions, information and general principles

IEC T]S 60815-2, Selection and dimensioning of highéveltage insulators intended for lise in
polluted conditions — Part 2: Ceramic and glass insulafors for a.c. systems

IEC TS 60815-3, Selection and dimensioning of “high-voltage insulators intended for lse in
polluted conditions — Part 3: Polymer insulators-for a.c. systems

IEC 61099, Insulating liquids — Specifications for unused synthetic organic esters for elgctrical
purpoges

IEC 61462, Composite hollow inSulators — Pressurized and unpressurized insulators for|use in
electrical equipment with rated" voltage greater than 1 000 V — Definitions, test mefhods,
acceplance criteria and design recommendations

IEC TP 61463, Bushings'— Seismic qualification

IEC 62155:2003,/Hollow pressurized and unpressurized ceramic and glass insulators fpr use
in elegtrical equipment with rated voltages greater than 1 000 V

IEC 62247, Polymeric HV insulators for indoor and outdoor use — General definition$, test
methods—arrt au.,cptallbc criteria

IEC 62271-1, High-voltage switchgear and controlgear — Part 1: Common specifications
IEC Guide 109, Environmental aspects — Inclusion in electrotechnical product standards

CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods

CISPR 18-2, Radio interference characteristics of overhead power lines and high-voltage
equipment — Parts 2: Methods of measurement and procedure for determining limits
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

bushihg
devicqg that enables one or several conductors to pass through a partition such as a wgll or a
tank, and insulates the conductors from it; the means of attachment (flange or fixing-devjce) to
the padrtition forms part of the bushing

Note 1 fo entry: The conductor may form an integral part of the bushing or be drawn into the central tubg¢ of the
bushind.

[SOURCE: IEC 60050-471:2007, 471-02-01]

3.2
liquidifilled bushing
bushing in which the space between the inside surface,of'the insulating envelope and the
solid major insulation is filled with mineral oil or other insulating liquid

3.3
comppund-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

3.4
liquidtinsulated bushing
bushing in which the major insulation consists of mineral oil or another insulating [liquid,
encloged by an insulating envelope

Note 1 fo entry: These bushings are often of an open design which require proper processing after installlation in
order tq avoid trapped air and subsequent partial discharges during testing or in service.

3.5
gas-fijled bushing
bushing in which the space between the inside surface of the insulating envelope and the
solid majorinsulation is filled with gas (other than ambient air) at atmospheric presspure or
highen

Note 1 to entry: 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 ambient air) at atmospheric
pressure or higher

Note 1 to entry: 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 to entry: A bushing which contains solid insulating materials other than the envelope containing the gas
(e.g. support for conducting layers or insulating cylinder), is a combined insulation bushing (see 3.14).

Note 3 to entry: A bushing in which the desired voltage grading is obtained by an arrangement of conducting or
semi-conducting layers incorporated in an insulating material (e.g. plastic film) is referred to as a gas insulated
capacitance graded bushing.
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3.7

gas-impregnated bushing

bushing in which the major insulation consists of a core wound from paper or plastic film (GIF)
and subsequently treated and impregnated with gas (other than ambient air) at atmospheric
pressure or higher

Note 1 to entry: the core is contained in an insulating envelope. The space between the core and the insulating
envelope being filled with the same gas as used for the impregnation.

3.8
oil-impregnated paper bushing
olIP
bushifg Th whnich the major Insulation consists ol a core wound ifom paper and subsequently
treatefl and impregnated with an insulating liquid, generally mineral oil

Note 1 fo entry: The core is contained in an insulating envelope, the space between the core and the ingulating
enveloge being filled with the same insulating liquid as that used for impregnation.

3.9
resinbonded paper bushing
RBP
bushing in which the major insulation consists of a core wound from‘resin-coated paper

Note 1 fo entry: During the winding process, each paper layer is bonded to‘the previous layer by its resin|coating
and the|bonding achieved by curing the resin.

Note 2 fo entry: A resin-bonded paper bushing can be provided<with an insulating envelope, in which cpse the
interverjing space can be filled with an insulating liquid or anothet insulating medium.

3.10
resindimpregnated paper bushing
RIP
bushing in which the major insulation cofisists of a core wound from untreated pape¢r and
subsepuently impregnated with a curablefesin

Note 1 fo entry: A resin-impregnated paper‘bushing can be provided with an insulating envelope, in whigh case
the intefvening space can be filled with antinsulating liquid or another insulating medium.

3.11
resindmpregnated synthetics bushing
RIS
bushing in which thelmajor insulation consists of a core wound from synthetics subseduently
impregnated with.a\curable resin

Note 1 fo entrysMNA' resin-impregnated synthetics bushing can be provided with an insulating envelope, ih which
case thg intervening space can be filled with an insulating liquid or another insulating medium.

Note 2 [to'ehtry: If not otherwise stated by the manufacturer, bushings in accordance with 3.11 shall be
considefed as RIP BUSNINGS according 3. 10.

3.12

ceramic, glass or analogous inorganic material bushing

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

3.13

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
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3.14

combined insulation bushing

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

3.15

capacitance graded bushing

bushing, in which a desired voltage grading is obtained by an arrangement of conducting or
semiconducting layers incorporated into the insulating material

[SOURCE: IEC 60050-471:2007, 471-02-03]

3.16
indoofr bushing
bushing, both ends of which are intended to be in ambient air at atmospheric\pressure, but
not exposed to outdoor atmospheric conditions

[SOURCE: IEC 60050-471:2007, 471-02-05]

3.17
outdopr bushing
bushing, both ends of which are intended to be in ambient air“at atmospheric pressufe and
exposgd to outdoor atmospheric conditions

[SOURCE: IEC 60050-471:2007, 471-02-07]

3.18
outdopr-indoor bushing
bushing, both ends of which are intended to“be in ambient air at atmospheric pressurg. One
end is|intended to be exposed to outdoorsatmospheric conditions, and the other end nof to be
exposgd to outdoor atmospheric conditions

[SOURCE: IEC 60050-471:2007, 471-02-09]

3.19
indoor-immersed bushing
bushing, one end of_which is intended to be in ambient air but not exposed to olitdoor
atmospheric conditions' and the other end to be immersed in an insulating medium othgr than
ambiept air (e.g. liguid or gas)

Note 1 fo entry:\Fhis definition includes bushings operating in air at temperatures above ambient, such gs occur
with airtinsulated ducting.

[SOURCE: IEC 60050-471:2007, 471-02-06]

3.20

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. liquid or gas)

[SOURCE: IEC 60050-471:2007, 471-02-08]

3.21

completely immersed bushing

bushing, both ends of which are intended to be immersed in an insulating medium other than
ambient air (e.g. liquid or gas)
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[SOURCE: IEC 66050-471:2007, 421-02-04]

3.22

plug-in type bushing

bushing for separable connector

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

[SOURCE: IEC 60050-471:2007, 471-02-02]

3.23

highept voltage for equipment
Um

highegt r.m.s. value of phase-to-phase voltage for which the equipment is designed-in réspect
of its [insulation as well as other characteristics which relate to this voltage in the relevant
equipment standard

[SOURCE: IEC 60050-614:2016, 614-03-01]

3.24
rated phase-to-earth voltage
maximum r.m.s. value of the voltage which the bushing withstands continuously betwegn the
condurtor and the earthed flange or other fixing device;yunder the operating conditions
specifled in Clause 5

3.25
rated jcurrent
II’
maximum r.m.s. value of current which the bushing can carry continuously undeér the
operaling conditions specified in Clausel5, without exceeding the temperature rise| limits
of Table 2

3.26
rated thermal short-time current
Tin
r.m.s.|value of a symmetrical current which the bushing withstands thermally for the| rated
duratipn (z;,,) immediately* following continuous operation at rated current with maximum
tempefratures of ambjent/air and immersion media in accordance with 5.3

3.27
rated dynamic current
Iy
peak VJalue-of a current which the bushing withstands mechanically

3.28

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)

3.29
rated frequency

fr

frequency at which the bushing is designed to operate

[SOURCE: IEC 60050-421:1990, 421-04-03, modified ("transformer or reactor" replaced by
"bushing")]
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3.30

rated filling pressure of gas for insulation

the pressure in Pascal (Pa) for insulation referred to the standard atmospheric conditions of
+20 °C and 101,3 kPa (or density), which may be expressed in relative or absolute terms, to
which the bushing is filled before being put into service, or automatically replenished

3.31

maximum internal operating gas pressure

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

3.32
maxir]'num external operating gas pressure
maximum pressure of the gaseous insulating medium in which the bushing is~paftially or
completely immersed when in operation

3.33
desigh pressure (of the enclosure)
pressuyre used to determine the thickness of the enclosure

3.34
leak rate (of gas-filled, gas-insulated, gas-impregnated and gassimmersed bushings)
quantity of dry gas at a given temperature that flows through a leak per unit of time gnd for
a known difference of pressure across the leak

Note 1 fo entry: The basic Sl unit for leak rate is “Pascal cubic fetre per second (Pa x m3/s)”. The derivgd units
“Pa x cfn’/s” and “bar x cm3/s” are used in this standard, as, théy better conform to the orders of magnitude |used in
commof industrial practice. It should be remembered that: 17°Pa x m3/s = 10% Pa x cm®/s = 10 bar x cm3/s.

[SOURCE: IEC 60068-2-17:1994, 1.1)

3.35
hollow insulator
insulator which is open from end to-end, with or without sheds

Note 1 fo entry: An insulating envelepe may consist of one insulator unit or two or more permanently asgembled
insulatgr units.

[SOURCE: IEC 60050-471:2007, 471-01-8, modified (removal of "including end fitfings",
modified Note 1 to entry)]

3.36
creep;lage distance

shortgst,distance along the surface of an insulator between two conductive parts

Note 1 to entry: The surface of cement or of any other non-insulating jointing material is not considered as
forming part of the creepage distance.

Note 2 to entry: 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.

[SOURCE: IEC 60050-471:2007, 471-01-04]

3.37

arcing distance

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

Note 1 to entry: The terms “dry arcing distance” or “taut string distance” are also used.
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Note 2 to entry: The arcing distance may be shorter than the values for external clearances in air stated in
IEC 60076-3.

[SOURCE: IEC 60050-471:2007, 471-01-01, modified (Notes to entry added)]

3.38

test tap
measuring tap
tan 6 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 earihed

Note 1 fo entry: This connection should be earthed directly when it is not used.

Note 2 fo entry: When the test tap is used for condition monitoring, in service, care should be“taken to gvoid an
open cifcuit.

3.39
voltage tap
potential tap
capagditance tap
conneftion, accessible from outside the bushing, insulated \from the flange or other|fixing
devicd, made to one of the outer conducting layers of a capacitance graded bushing in| order
to proyide a voltage source whilst the bushing is in operation

Note 1 fo entry: This connection should be earthed directly wheniit is not used.

Note 2 [to entry: This tap can also be used for the measurement of dissipation factor, capacitance and partial
discharpe.

3.40
rated voltage of the voltage tap
maximum voltage at which the tap is.designed to supply the associated equipment, wi{th the
rated |oad connected thereto, when“the rated phase-to-earth voltage is applied to the byishing
at the[rated frequency

3.41
comppsite bushing
bushing with an insulating envelope consisting of a resin impregnated fibre tube with or
withoyt a polymeric.compound covering

Note 1 fo entry: (For bushings defined in 3.9 to 3.13, the polymeric compound may be applied directly on to the
bushind major.insufation.

3.42
capacitanee{ofbushing)

3.421

main capacitance C,

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

3.42.2

tap capacitance C,

capacitance between the test tap or the voltage tap and the mounting flange of a capacitance-
graded bushing
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3.42.3

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

4 R

4.1

atings

Rated highest voltage for equipment (U,,)

The values of U, of a bushing shall be chosen from the 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 -1 100 — 1 200 kV.

NOTE [For standard three phase systems the rated phase-to-earth voltage is U, / V3.

4.2 |Rated current (1)

The values of /. of a bushing shall be chosen from the values as given below, in ampereg:

100 —-)250 — 315 — 400 — 500 - 630 — 800 — 1 000 — 1 250 < N\600 — 2 000 — 2 500 — 3|150 —
4 000|- 5000 — 6 300 — 8000 — 10 000 — 12500 — 16 000 — 20 000 — 25 000 — 31|500 —
40 000 A.

The above series of currents are in accordance with:the values indicated in IEC 60059.

In the |case of transformer bushings with the eonductor drawn into the central tube (draw lead),
the supplier shall indicate the value of the eross-section, the maximum diameter, the mpterial
of the] conductor, and the material and>thickness of insulation, which correspond t¢ 7, in
accordance with 4.8.

Bushings for transformers selegted with /. not less than 120 % of rated current pf the
transformer and with maximum temperature and maximum daily mean temperatyire in
accordance with Table 4 are“considered to be able to withstand the overload conditions
according to IEC 60076-7 without further clarification or tests.

4.3 |Rated thermalshort-time current (Iy,)

Unles$ otherwise specified, the value of I, shall be 25 times I, t;, being 1 s. For bughings
with /Jequal to-or greater than 4 000 A, /i, shall always be 100 kA.

For tfansformer bushings, #, shall be 2s, unless otherwise stated, with refererjce to
IEC 60076-5.

For durations of t,, greater than 1 s, the relationship between current and time is assumed to
be in accordance with

12th Xty = constant

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 to the requirements of

8.8.
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4.4 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.

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 6.1.4).

4.5 Minimum withstand values of cantilever load

The W&MMMM@&MWI I is
normal load and shall be generally applied, unless a purchaser specifies a heavy\lpad of

Level |I.
Table 1 — Minimum values of cantilever withstand load (see 4.5 and.8.10)
HigHest voltage Rated current
forlequipment A
Un <800 1000 2 000 >3 150
kv 1600 2(500
Cantilever oserating load
Bushing installed <-30° from the vertical
| 1 | 1 1 1 | 1
<36 500 500 625 625 1000 1000 1575 1575
52 500 800 625 800 1000 1250 1575 1575
72,5 to 100 500 1000 625 1000 1000 1575 2 000 2000
1R3 to 145 625 1575 800 1575 1250 2 000 2 000 2000
1f70 to 245 625 2 000 800 2 000 1250 2 500 2 000 4500
> 300 1250 2 000 1250 2 000 1575 2 500 2 500 24500
Cantilever test load
N
| 1 | 1l | 1l | 1
<36 1 000 1000 1250 1250 2 000 2 000 3150 3150
52 1 000 1600 1250 1600 2 000 2 500 3150 3150
72,5 to 100 1000 2 000 1250 2 000 2 000 3150 4 000 4000
1R3 to 145 1250 3150 1600 3150 2 500 4 000 4 000 4000
1f70cto 245 1250 4 000 1600 4 000 2 500 5000 4 000 g 000
>300 2-566 4666 2-566 4666 3456 5666 5-666 5000

Cantilever operating loads include terminal load and wind pressure (70 Pa), reference IEC TS 61463.

For bushings operating at an angle >30° to the vertical, the effect of bushing self-load should be considered
when selecting test load and procedure. The values given above correspond to vertical bushings that are to be
tested in a vertical position. If a tilted or horizontal bushing is to be tested vertically, then an equivalent force
should be added to achieve the bending moment at the flange, caused by the weight of the bushing in its
operating position. If a vertical bushing is to be tested horizontally, then the test load can be reduced in the same
manner.

Level | = normal load, Level Il = heavy load.
For bushings where upper and lower insulating envelopes are assembled by clamping force on the central fixing

conductor, it is recommended to choose the cantilever test load, taking into account the thermal expansion of the
conductor due to the rated current flow.
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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 considered a vertical bushing.
A bushing operating at an angle equal to or greater than 70° from the vertical is considered a horizontal bushing. A
bushing operating at any other angle is considered a tilted bushing (see 6.1.5).

4.7 Minimum nominal creepage distance

Unles?mmwwmmmmwm the
creepage distance for insulating envelopes shall be in accordance with IEC TS 6081p-2 or

IEC TH 60815-3.

If artiflcial pollution tests are required, they shall be performed in accordance-with IEC 6p507.

NOTE {1 The actual value of creepage distance can be substantially longer, but not shorter,” than what is stated in
IEC 62155.

NOTE 2 IEC TS 60815-1 defines the Unified Specific Creepage Distance as the(total creepage distance|divided
by the highest operating line-to-ground voltage according to 3.24. Previously the, line-to-line voltage was {sed for
calculafing the specific creepage distance. This means there is a ratio of Y¥3_between the two.

4.8 |Temperature limits and temperature rise

The temperature limits of metal parts in contactwith insulating material under normal
operaling conditions are as follows:

— 10p °C for oil-impregnated paper: Class A;

— 12D °C for resin-bonded and resin-impregnated paper, as well as resin-impregnated
synthetics: Class E;

— 13p °C for gas-insulated: Class B.

The tgmperature rise above maximum daily mean ambient air temperature in accordande with
5.3 (3P °C) of the hottest spotshall not exceed the values given in Table 2. In the case of
other jnsulating materials, the temperature limits shall be stated by the supplier. Refeérence
shall e made to IEC 60216-2 and IEC 60505.

For byshing terminal§ 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,
referepce shall be made to 4.2.

Temp rature or amplent alr ana Immersion medilia are defined in rable 4.

For bushings operating in liquid-immersed power transformers using high-temperature
insulation materials according |IEC 60076-14, the temperature limits for bushings shall be
agreed between parties.

For gaskets in contact with metallic parts, special attention should be paid to the ability of the
material to withstand the temperature rise.

4.9 Insulation levels

The values of insulation level shall be chosen from Table 3.

The specified values of insulation level are in accordance with IEC 60038 and IEC 60071-1.
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Table 2 — Maximum values of temperature and temperature rise

- 21 -

above ambient air (see 4.8)

Maximum

9  Applicable to liquid-insulated bushings according to 3.4.

NOTE A and E refers to thermal class according to IEC 60085.

d A don . . L I . " . o

¢ The temperature limits shall be stated by the supplier.

Maximum a
. temperature Comments
Description of component rise temperature
°C
K
Spring contacts Copper and copper alloys, uncoated: d
—in air 45 75
—in SFg 65 95 b
—in oil 50 80
Tinned in air, SF, or oil f 60 90
Silver/nickel-plated:
—in air or SFy 75 105 b
—in oil 65 95
Screwgd contacts Copper, aluminium and their alloys,
uncoated:
—in air 60 90
—in SFg 75 1+05
—in oil 70 100 b
Tinned: f
—in air or SFy 75 105
—in ail 70 100 bl
Silver/nickel-plated:
— in air or SF 85 115 b
—in oil 70 100
Termirjals to be Copper, aluminium and their alloys:
conneg¢ted to
exteridr conductors |~ qncoatfed 60 90 g
by scréws or bolts —tinned " 75 105
— silver or nickel-plated 75 105
Currer]t carrying Insulation class:
and ngn-current
carryirlg metallic - A (OIP) 75 105
parts iph contact with | ~ E (RBP, RIP, RIS) ge0 150
- (GIF)
- SFy 100 130
— Oil 85 115 b.p
110 140 4
a8 The temperature_rise.values are based on IEC 60943 with a maximum daily mean temperature of 30 °C. For
furfher information.reference should be made to IEC 60943, Table 6.
b Qillin the table above refers to mineral oil. For other insulating liquids, e. g. silicone, natural or syhthetic
esfer, highervalues may be agreed between purchaser and supplier.
¢ If Heavy oxidation is to be expected, the temperature rise shall be limited to 50 K.

f Tinned contacts must not exceed the given max temperature of 105 °C, if so very rapid or immediate
destruction will occur.

Applicable to transformer bushings with a conductor (solid or flexible) drawn into the central tube.
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(see 4.9, 8.2, 8.4, 8.5, 9.3 and 9.4)

Highest Rated Rated Power-frequency withstand voltagef
voltage for lightning switching
equipment impulse impulse
withstand withstand
Un voltage (BIL) voltage (SIL)
kv kV kv kV
(r.m.s. (peak value) (peak value) (r.m.s. value)
value)
Transformer GIS Other All
boshings*® bustrimgs® bostings*© bustrings®
(dry) (dry) (dry) (wet)
<f1 20 10 10 19
3 40 11 10 1
7, 60 22 20 2
12 75 30 28 2
17,5 95 42 38 3
24 125 55 50 5
k 170 77 70 7
g 250 105 95 9%
72,5 325 155 140 140
1bo 380 165 150 150
450 205 185 185
1b3 450 205 185 185
550 255 230 230
450 205 185 185
145 550 255 230 230
650 305 275 275
550 255 230 230
170 650 305 275 275
750 355 325 325 325
650
950 750 435 435 395 395
245 850
1,050 750 505 460 460 440
850
3po 1050 850 505 460 460 -
1050 850 505 460 460 -
3p2 950
75 950 560 526 516 =
1300 1050 625 595 570 -
420 1425 1050 695 650 630 -
1550 1175 750 - 680 -
1425 1050 695 650 630 -
1175
550¢ 1550 1175 750 710 680 -
1675 1175 750 - 680 -
1800 1300 870 - 790 -
1300 -
1800 1425 870 830 790 -
800°
1550 -
1950 1550 915 960 830 -



https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

IEC 60137:2017 © IEC 2017 -23 -
Highest Rated Rated Power-frequency withstand voltagef
voltage for lightning switching
equipment impulse impulse
withstand withstand
Un voltage (BIL) voltage (SIL)
kv kV kv kV
(r.m.s. (peak value) (peak value) (r.m.s. value)
value)
Transformer GIS Other All
bushings? bushings® | bushings® bushings®
(dry) (dry) (dry) (wet)
2 100 1425 970 960 880 -
2 400 1550 1075 960 975 -
2 250 1800
1100 2 400 1950 12009 1100 - .
2 250 1800
1 200 2 550 1950 13209 1200 - .

a8 Vdlues in accordance with IEC 60071-1 and IEC60076-3 enhanced by 10 % in accordance with 9.4.

b Vglues in accordance with IEC 62271-1.

¢ Vdlues in accordance with IEC 60071-1 and IEC 62271-1.

4 vgues in accordance with IEC 60071-1.

¢ Thie values of highest voltage for equipment are in accordance with (EC 60038, Amendment 2 (1997).

f Thie power-frequency withstand voltages quoted are the minimum‘required based on the BIL of the sysfem or
equipment to which the bushing is applied. For transformer”applications when a bushing is selected jwith a
higher BlL-class, the bushing may be tested in accordance with column 6, provided the requirement of 10 %
higher power-frequency withstand test voltage than its transformer is met.

9 Thie test duration shall be 300 s in accordance with IEC 60076-3.

4.10 |(Test tap on transformer bushings

A test|tap according to 3.38 shall be“provided on all capacitance graded transformer bughings
according to 3.15. In view of its tse for partial discharge measurements on transformefs, the
valueqd for the test tap shall n6texceed:

— a gapacitance to earth.of 10 000 pF;

— a (ielectric dissipation factor (tan ¢) of 0,05 measured at power-frequency.

Other|values of test'tap capacitance to earth may be agreed between purchaser and sugplier.
The bushing:shall not incorporate substantial capacitances to earth which may divgrt the
partial|l diseharge current and so give rise to incorrect or misleading partial disgharge
measyrements on the transformer.

5 Operating conditions

5.1 Temporary overvoltages

The maximum phase-to-earth voltage of the system may exceed U, divided by \/§ For
periods not exceeding 8 h in any 24 h, and of which the total period does not exceed 125 h

per ye

— Um

ar, bushings shall be able to operate phase-to-earth at a voltage of

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

- 0,8 Uy, 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.

For installations at an altitude higher than 1 000 m, the arcing distance under the standard

reference atmospheric conditions shall be determined in order to withstand the voltages
obtained by multiplying the withstand voltages required at the service location by a factdr .

(H—-1000)
k, = e’ =150
where
H is the altitude (in meters), not exceeding 4000 meters.

m = 1| for lightning impulse withstand voltage

m = 1] for power-frequency withstand voltage where U, < 24§ kV. For higher U, &ftitude
correction is not applicable because bushings are.i€sted with switching impulse
already corrected for altitude.

m according to Figure 1 for switching impulse withstand voltage.

m for switching imptlse
A s

NS
'

0,4 -

0,3

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

USIL (kV)
IEC

Figure 1 — Factor m on the co-ordination switching impulse withstand voltage

If the increased arcing distance is based on a verified arcing distance it can be considered
valid without further testing.
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5.3 Temperature of ambient air and immersion media

Bushings shall be designed for operation at temperatures not exceeding the limits given in
Table 4. Considerations should be given to the operating conditions outside the limits in
Table 4 and its effect of the current rating; some example are completely immersed bushings,
bushings operating in high temperature ambient air conditions, or air-insulated ducting.

Moisture condensation on the surface of the indoor part of the bushing is to be prevented, if
necessary by ventilation or heating.

Table 4 — Temperature of ambient air and immersion media

Subject Tempoeé'atJre
Ambignt air:
— maximum 40
— maximum daily mean (open air) 30
— maximum daily mean (air-insulated ducting) 70
— maxXimum annual mean 20
— minjmum
e |ndoors @ -5
-15
-25
e pPutdoors @ -10
-25
-40
Mineral oil in transformers:
— maximum
e for normal loading P 100
e for short- and long-term emergedcy loading ° 115
— maximum daily mean 90
Other media:
(gasequs and non-gaseous) ¢
a8 Un|ess otherwise.specified the minimum ambient air temperature is -5 °C for indoors and -25 °C for oytdoors
bughings.
b Thg values\in_transformers are in accordance with IEC 60076-1 and IEC 60076-2 and related to mingral oil.
Fof otherinsulating liquids, e. g. silicone, natural or synthetic ester, higher values may be agreed bgtween
ﬂg ngg%?@ supplier. The value for short- and long-term emergency loading are in accordance with

¢ In the absence of other information, reference should be made in principle to the corresponding IEC
apparatus standard for which the bushing is intended, whereby particular attention should be paid to
bushings one end of which is to be immersed in gas.

NOTE 1 The daily mean temperature of the immersion medium should be calculated by averaging 24
consecutive hourly readings.

NOTE 2 By agreement between purchaser and supplier, other temperature ranges may be adopted.

5.4 Seismic conditions

When seismic qualification is required, reference should be made to IEC TS 61463.
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Very fast transients (VFT)

In the case of unusual transient stresses to capacitance graded bushings connected to gas-
insulated switchgears, special investigations may be agreed upon between purchaser and
supplier to cover the behaviour of the bushings.

Tests are only meaningful as long as all parties understand the limitations of how closely the
test arrangements simulates the service conditions.

It is not the steep front of the very fast voltage step generated at a VFT test that is dangerous
bushing. It is the resonant ringing voltage occurring over the bushing that may feed

to the

i t Al racananan ~lraiite tnoidA tha hiichina ta hinh ~AvAarualtia~nne A \/ET tnct vl th
interna-resenance—sireuits—inside—the—bushirg-te—high-evervelages—AVFT—test-wilth

refore

only tg

5.6

Transf
filled

Wherqg

6 O

6.1
6.1.1

When
as we

The nj
immer
the va
may a

6.1.2

Applicjation, including ,type of apparatus for which the bushing is intended, an
corregponding |IEC ‘apparatus standard shall be given.

Attent
may a

st the bushing for the ringing frequencies determined by the setup.

Transformer insulating liquid

ormer bushings according to this standard are normally intended for ase’in transfg
vith mineral oil complying with the requirements of IEC 60296 and 60422.

other insulating liquids are used details shall be given by the-transformer manufg

rdering information and markings

Enumeration of characteristics
General

ordering, the purchaser shall furnish as much of the following information as nece
| as any additional information needed*to determine clearly the required character

inimum distance to earthed partsof the end of the bushing which is intended
sed in insulation liquid shall b@) provided by the supplier. In case distances are
lues for the standard arrangements indicated in suppliers documentation, the purg
so provide the necessary.géometry to evaluate the particular set-up.

Application

on shall.be drawn to any features (including tests) of the completed apparatus
ffect-the design of the bushing (see 7.3).

rmers

cturer.

ssary,
stics.

to be
below
haser

d the

which

6.1.3

Classi

6.1.4

o1 Freati fbushi
fication according to 3.2 to 3.22.

Ratings

The ratings shall be as follows:

e highest voltage for equipment (U,,,) (see 3.23);

o rated phase-to-earth voltage (see 3.24);

o standard insulation level (see 4.9) and the induced and/or applied test voltage level of the
transformer (if applicable) (see 9.4);

e rated current (/,) (see 3.25);
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o rated thermal short-time current (/) and rated duration (), if deviating from the values
given in 4.3;

e rated dynamic current (1), if deviating from the value given in 4.4;

o rated frequency (see 3.29);

e mi

nimum withstand values of cantilever load in accordance with 4.5;

e maximum value of test tap capacitance, if lower value is required, in accordance with 4.10.

6.1.5

Operating conditions

The operating conditions shall be as follows:

e al
ac

. tet/inporary overvoltages, if applicable (see 5.1);
i

tude, if exceeding 1 000 m (see 5.2) (relevant only to indoor and outdoer bu
cording to 3.16 to 3.20);

5hings

e ambient air and immersion media temperature if deviating from normal;values (s¢e 5.3

an

o tyf
ac

e mi
bu

H Table 4) (relevant to bushings according to 3.16 to 3.22);

e of immersion medium (relevant only to partly or completely immersed bu
cording to 3.19 to 3.22);

5hings according to 3.19 to 3.22);

e maximum operating pressure of immersion media (relevant only to partly or com

im
o tyf

bu
tha

e ra
ins
€q

mersed bushings according to 3.19 to 3.22);

e of insulating gas (relevant only to gas-filled, gas-insulated and gas-impreg
shings according to 3.5 to 3.7 when the gas_of the equipment is in communicatio
t of the bushing);

ed filling pressure of gas for insulation (see 3.30) (relevant only to gas-filled
ulated and gas-impregnated bushings according to 3.5 to 3.7 when the gas
Lipment is in communication with.that of the bushing);

e maximum internal operating gas-pressure (see 3.31) (relevant only to gas-filled

ing
€q

ulated and gas-impregnated bushings according to 3.5 to 3.7 when the gas
Lipment is in communication with that of the bushing);

o m

ximum external operating gas pressure (see 3.32) (relevant only to partly or com

gap-immersed bushings according to 3.19 to 3.21);

¢ angle of mounting_if exceeding the standard values (see 4.6);

e minimum nominal specific creepage distance (see 4.7) (relevant only to the outdoor
bughings acteording to 3.17, 3.18 and 3.20);

e unfusuat elimatic conditions (extreme high and low temperatures, tropical humidity, s
coptamination, high wind);

5hings

himum level of immersion medium (relevant only to partly or completely imnmersed

bletely

nated
n with

gas-
pf the

gas-
pf the

bletely

part of

evere

e Se

6.1.6

ISmIC conditions, It qualiication 1s required (see 5.4).

Design

The purchaser should provide requirements about the following, where applicable:

o 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;

e pa

rticular dimensional requirements, if any;

o test tap or voltage tap if required (see 3.38 and 3.39);

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

e general information concerning the position of the bushing in relation to the earthed parts

of

the apparatus for which the bushing is foreseen (see 7.1);
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whether protective gaps are to be fitted or not;

sp

ecial requirements for corrosion protection of metallic parts;

bushings for transformers shall be designed to withstand a typical transformer test

se

quence (works, acceptance and possible repeat tests);

liquid level in central tube of a transformer bushing with the conductor drawn into the

ce

ntral tube, if lower than one-third of the height of the external part (see 8.8);

provision of an liquid sample valve.

Bushings using liquid or gas for insulation should refer to the relevant standards:

e |E
o |E
o |E
o |E
6.2
This s
having
indica
B su
B ye
H su
H co
B hig

an
B ra

se
|

IE
IE

mass if above 100 kg;

C 60376 for technical grade SFg

C 60480 for re-use of SFg

C 60296 for mineral insulating oil, or

C 60836 for silicone insulating liquids

C 60867 for synthetic aromatic hydrocarbons

C 61099 for synthetic organic esters

Markings

ub-clause applies to capacitance-graded bushings of @l voltages, and to other bu
ed W are sufficient:

pplier's name or trade mark;

ar of manufacture and serial number;

pplier’s type designation;

untry and location of manufacturershall be directly identifiable;

hest voltage for equipment (U,3) (see 3.23) or rated phase-to-earth voltage (seg
d rated frequency (see 3.29);

ed current (I,) (see 3.25). If the bushing is supplied without conductor, the con
ction shall be specified by the supplier (see 4.2);

lig
v

htning impulsé_(BIL) and switching impulse (SIL) and power-frequency withstarn
ltages (AC).(see 4.9);

5hings

Uy 72,5 kV and above. For other bushings having U, 100 kV and below, markings

3.24)

ductor

d test

bushing capacitance (see 3.42) and dielectric dissipation factor as measured by flactory

rqutineests;

tyjpe of-insulating gas and rated filling pressure (see 3.30), if applicable;

m

m

Iimum gas operating pressure at 20 “C, If applicable,

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

For examples of marking plates, see Figures 2 to 4.

NOTE 1

Capacitance and dielectric dissipation factor measurements made on site may differ from factory values
given on the nameplate.

NOTE 2 Non capacitance-graded bushings of highest voltages for equipment equal to or less than 52 kV are
addressed in Clause 10.
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MANUFACTURER Country and location
Year ...ccooeennen. Type designation:................... NO. i,
U oo, kV I A Jr Hz
BIL toveiieieieeieeeee e kV SIL it kV AC oo, kV
Mass ....oooiiiii kg Max. angle to vertical ... degree
Capacitance ................... pF Dissipation factor .................. %
In adolition, for gas-filled, gas-insulated, gas-immersed and gas-impregnated bushings:
L LCIKe Ll = LT UTPI AU SPTTP
Rated pgas filling pressure at 20 °C ... A kPa absolute]
Minimdym gas pressure at 20 “C ..ot N kPa absolute
IEC
Figure 2 — Marking plate for bushings for rated/highest voltage
for equipment (U,,,) greater than 100 kV
MANUFACTURER Country and location
Year . fooiiiiiinns Type designation:..............%... NO. e
Uy oo kv I N A S Hz
IEC
Figure 3 — Marking plate for bushingsifor rated highest voltage for equipment (¥,,)
equal to or less than 100 kV, excepi'for bushings for which Figure 4 is applicahle
MANUFACTURER Country and location
Year J....ocoone... U oo, KV I A
IEC
Figure 4 — Marking-plate for bushings for rated 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)
7 Test 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 IEC 62155. Tests on insulators of composite material shall be carried out
in accordance with IEC 61462 and IEC 62217. All high-voltage tests, in accordance with 8.2 to
8.5, 9.3 and 9.4 shall be carried out in accordance with IEC 60060-1.

The supplier shall provide a detailed type test certificate at the request of the
purchaser. Type tests shall be performed on the supplied bushing design unless evidence of
previous type tests is available. In case of different designs the supplier shall provide a
statement of comparison between the tested and supplied designs. All electrical, mechanical
and thermal stresses of the supplied design shall be covered by the evidence of test.
Repetition of a type test is only mandatory when specified in a particular contract.
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At the request of the purchaser, the supplier shall furnish any information concerning the
minimum clearances to earthed parts in the operating arrangement.

The values of the applicable withstand test voltages for newly manufactured bushings are
indicated in Table 3. For bushings, which have been in operation, the routine withstand test
voltages shall be reduced to 85 % of the values indicated in the table.

The bushings shall tolerate and not be damaged by flashover in air when tested in
accordance with 8.2, 8.4, 8.5, 9.3 and 9.4, but slight marks remaining on the surface of the
insulating parts are acceptable.

A deflinition of the terms “flashover” and “puncture” is given in [EC 60050-212

definit
7.2

7.2.1

Tableq

For bl
glass
tests

on 212-11-47 and 212-11-49, respectively.

Test classification

General

shings of highest voltages for equipment equal to or less than 52 kV, made of ce

to check dielectric, thermal and mechanical properties of bushings compris

follow{ng tests.

7.2.2
e dr

Type tests

or wet power-frequency voltage withstand‘t{est (see 8.2);

e long duration power-frequency voltage withstand test (see 8.3);

e dr
e dr

lightning impulse voltage withstand-test (see 8.4);

or wet switching impulse voltage*withstand test (see 8.5);

e the

o celg
o te
e ve
e ca
o tig

. ve

rmal stability test (see 8.6);

ctromagnetic compatibility-test (see 8.7);

perature rise test (see 8.8);

ification of thermal‘short-time current withstand (see 8.9);
tilever load withstand test (see 8.10);

htness test‘on liquid-filled, compound-filled and liquid-insulated bushings (see 8.1

ernal pressure test on gas-filled, gas-insulated and gas-impregnated bu

5, 6,10 and 11 show the applicability of the tests to the various types of bushings.

2010,

ramic,

br inorganic materials, resin or composite insulation, see Clause 10. For other bushings,

e the

1);
shings

rification of dimensions (see 8.14).
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Table 5 — Applicability of type tests (see 7.2.2,
excluding bushings according to Clause 10)

. . . Bushing defined
Subclause Short title Applicable to bushing type in subclause
8.2 AC dry All indoor, indoor immersed and completely 3.16, 3.19, 3.21
immersed, U, < 245 kV
8.2 AC wet All outdoor, U, < 245 kV 3.17, 3.18, 3.20
8.3 ACLD All transformer bushings, Um > 170kV 3.19, 3.20, 3.21
8.4 Lightning All
8.5 Switching All ”m 300 k\/
—dry — indoor, indoor immersed and completely 3.16, 3.19, 3:29
immersed and all transformer bushings,
U, > 245kV
— outdoor 3.17,8.18, 3.20
- wet
8.6 Thermal stability All partly or completely immersed, immersion 3:19, 3.20, 3.21
medium > 60 °C and
U,, > 300 kV for OIP and RIP
U, =z 145 kV for others
8.8 Temperature rise All
8.9 Thermal short-time All, if calculated temperature jis tobo high
8.10 Cantilever All
8.11 Tightness All liquid-filled and insulated, except with highly | 3.2, 3.4
viscous filling
8.12 Pressure All containing gasyof >1 | and >0,5 bar gauge 3.5,3.6,3.7
8.13 External pressure All partly or completely immersed in gas, gas 3.19, 3.20, 3.21
pressure >0;8 bar gauge
8.14 Dimensions All
7.2.3 Routine tests
o me¢asurement of dielectric dissipation factor (tan ¢) and capacitance at ammbient
temperature (see 9.2);
e dry lightning impulse”’voltage withstand test (see 9.3);
o dry power-frequency voltage withstand test (see 9.4);
e measurement of partial discharge quantity (see 9.5);
o tests of tap insulation (see 9.6);

e interndl pressure test of gas-filled, gas-insulated and gas-impregnated bushings (se¢ 9.7);

o tightness test on liquid-filled, compound-filled and liquid-insulated bushings (see 9.8);

e tightness test on gas-filled, gas-insulated and gas-impregnated bushings (see 9.9);

o tightness test at the flange or other fixing device (see 9.10);

e visual inspection and dimensional check (see 9.11).
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excluding bushings according to Clause 10)

IEC 60137:2017 © IEC 2017

Subclause Short title Applicable to bushing type B?:T:Sc?::isneed

9.2 tand / capacity All capacitance graded 3.15

9.3 Lightning All transformer bushings, U > 72,5 kV

9.4 AC dry All

9.5 Partial discharges All

9.6 Tap All with a tap

9|7 Internal pressure All gas-containing 3.5, 3.6, 3.

9|8 Tightness for liquid All liquid-containing, except with highly viscous 3.233.4
filling

9|9 Tightness for gas All gas-containing with some exceptions 3.5, 3.6, 3.f

3.19, 3.20, 3|21

9.110 Tightness at flange All partly or completely immersed in liquid or 3.19, 3.20, 3|21
gas with some exceptions

9.1 Visual and dimensions | All

7.2.4 Special tests

Special tests are only performed when contractually¢agreed upon between purchasg

suppli

br. Examples of such special tests are:

e sejsmic test (reference to IEC TS 61463);
e switching impulse test for voltage classes.not included as routine- or type test

r and

ever is

all be
5hings
h they
oltage

th the

o arlificial pollution test for porcelain ingulators (reference to IEC 60507).

NOTE |[If the insulator is designed to IEC.FS 60815-1, and IEC TS 60815-2 or IEC TS 60815-3 which
applicable, no artificial pollution test is required.

7.3 |Condition of bushings _during dielectric and thermal tests

During all tests, the temperature of the ambient air and immersion media, if any, sh
betwepn 10 °C and 40\2C. Dielectric and thermal tests shall be carried out only on bu
complete with their fixing flanges or other fixing devices, and all accessories with whic
will beg fitted when:in use, but without protective arcing gaps, if any. Test taps and v
taps shall be either earthed or held near earth potential.

Liquidtinsulated bushings, according to 3.4, shall be filled to the normal level wi
insulating-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 3.30, 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 3.19, 3.20 and 3.21, 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. In the case of
bushings for direct connection between GIS and transformers it is permitted to increase the
pressure in the gas enclosure during routine dielectric tests to compensate for differences in
withstand requirements for GIS and transformers bushings (see Table 3).
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The purchaser may request a simulation test as a special test to prove the adequacy of the
bushing in a specific 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.

For transformer bushings special consideration should be given to the clearances under liquid,
for example with a larger diameter than the intended transformer turret, to satisfy the
requirements of 9.4 without any contingent breakdown in liquid.

As the dielectric routine tests (see 7.2.3) are intended to check the internal insulation only, it
o X A ) ts.

\Lnding
rsion

Normally, GIS and transformer bushings are tested in the vertical position, with the flange
earthgd or held near to earth potential.

The apgle of mounting of the bushing for the wet power-frequeney voltage withstand tept and
wet spwitching impulse voltage withstand test may be the“sUbject of special agregment
betwegn purchaser and supplier.

Beforg commencing dielectric tests, the insulator shall be clean and dry and in thermal
equiligrium with the ambient air.

If the pctual atmospheric conditions deviate from the values given in IEC 60060-1, corfection
shall he made as given in Table 7.

Table 7 — Correction of test voltages (see 7.3)

Clause Test Correction 0 ¢
8.2 Dry power-frequency Yoltage withstand test Multiply by &, x k, in the conditions indicated below
8.9 Wet power-frequency voltage withstand test Multiply by &,
8.3 Long duration(power-frequency withstand test | None
8.4 Dry lightning-impulse voltage withstand test Multiply by &, x k, in the conditions indicated below
8.9 Dry switching impulse voltage withstand test | Multiply by k, x k, in the conditions indicated below
8.9 Wet.switching impulse voltage withstand test | Multiply by &, in the conditions indicated below
8.4 Thermal stability test None
8.1 Electromagnetic compatibility tests None
9.2 Measurement of dielectric dissipation factor None
and capacitance
9.4 Dry power-frequency voltage withstand test None
9.5 Measurement of partial discharge quantity None
9.6 Tests of tap insulation None

@ k, and k, shall be determined according to IEC 60060-1.

In the case of impulse tests 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,
whereas the opposite polarity shall be applied with at least the full voltage value.

When the correction factor is higher than 1, the correction applies to both polarities, but if the correction
factor is higher than 1,05 the purchaser and supplier shall agree as to whether the test shall or shall not be
performed.
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8 Type tests

8.1

General

The order or possible combination of the tests is at the discretion of the supplier, except the
impulse voltage withstand tests which shall be made before the dry power-frequency voltage
withstand test (see 9.4). Before and after the series of type tests, measurements of dielectric
dissipation factor and capacitance (see 9.2) and of partial discharge quantity (see 9.5) shall
be carried out in order to check whether damage has occurred.

8.2

Dry or wet power-frequency voltage withstand test

8.2.1

The d
subjeq

The W
which

8.2.2

The
indep
1100 K

8.2.3

The b
there
grade
the te
to the
If duri
consid

8.3
8.3.1

The tqg

8.3.2

Applicability

ted to a routine test (see 9.4).

U, 245 kV and below.

Test method and requirements

ndent of test frequency, except for transformer bushings with U, equal to or
V where the test duration is 300 s.

Acceptance

I bushings it is assumed that a puncture has occurred if the capacitance measure

ered to have passed the tést.

Long duration power-frequency voltage withstand test (ACLD)
Applicability

st is applicable to all transformer bushings with U, 170 kV and above.

Test-method and requirements

The voltage shall be following the profile given in Figure 5;

ry test is applicable to all bushings according to 3.16, 3.19 and 3.21, which are not

et test is applicable to all outdoor bushings according to 3.17, 348-and 3.20, and for

agnitude of the test voltage is given in Table 3. The  test duration shall be| 60 s,

above

Ishing shall be considered to have passed the test if no flashover or puncture ocqurs. If
s a puncture, the bushing shall be considered to have failed the test. For capaditance

j after

5t raises above the capacitance_previously measured by about the amount attributable
capacitance of one layer. If a~flashover occurs, the test shall be repeated oncg only.
ng the repetition of the test no flashover or puncture occurs, the bushing shall be

e rai

se to 1,1 Uy, / V3 and held for a duration of 5 min. Measure partial discharge;

o raisedto U, = 1,5 U, / Y3 and held for a duration of 5 min. Measure partial discharge;

e rai

sed to Uy = U, and held for a duration of 1 min;

e immediately after the test time, reduced without interruption to U, and held for a duration
of at least 60 min. The duration of the test shall be independent of the test frequency.
Partial discharge shall be monitored during the whole application of test voltage and shall

be

recorded at 5 min intervals;

o reduced to 1,1 U, / ¥3 and held for a duration of 5 min. Measure partial discharge;
e reducedtoQV.
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60 minutes

Usta rt Y < Ustart

where

8.3.3

The b

For c

capac
about

The maximum acceptable values of partial discharge quantity, according to the ty
bushing, at any stage in the test shall be as given in Table 9.

8.4

8.4.1

The tgst is applicable to all types of bushings.

8.4.2

The miagnitude of the test voltage is given in Table 3. The bushing shall be subjected to

15
15

of the

Bushings for tfansformers of U,, greater than 72,5 kV shall be subjected to

15

1
fol

IEC

Figure 5 — Voltage profile for long duration test
Ustart 1S the switch-in voltage for test equipment.
Acceptance
ishing shall be considered to have passed the test if no flashover, 'or puncture o
ppacitance graded bushings it is assumed that a puncture™ has occurred

tance measured after the test raises above the capacitance)previously measul
the amount attributable to the capacitance of one layer.

Dry lightning impulse voltage withstand test

Applicability

Test method and requirements

full lightning impulses of'positive polarity, followed by
full lightning impulses of negative polarity

standard lightning impulse 1,2/50 ps.

full lightning impulses of positive polarity, followed by

ccurs.
if the
ed by

pe of

i liahin . I ‘ . . 0% of | wi |
lowed by

ltage,

5 chopped lightning impulses of negative polarity at 121 % of the rated withstand voltage,

an

d by

14 full lightning impulses of negative polarity at 110 % of the rated withstand voltage.

The time to sparkover on the chopping device shall be between 2 us and 6 ps.

It is permissible, after changing polarity, to apply some impulses of minor amplitude before
the application of the test impulses. The time intervals between consecutive applications of
the voltage shall be sufficient to avoid effects from the previous applications of voltage.
Voltage records shall be made for each impulse.
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Acceptance

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

— no

puncture occurs at either polarity, and

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

except for transformer bushings for which

— no

flashover on liquid immersed parts,

— not more than two flashovers in air at positive polarity, and

— no

are pe

For g4
— thd

— no

This i
of the
this im
impulg

rlashover In air at negative polarity

rmitted.

s-insulated bushings

number of disruptive discharges shall not exceed two for each sefies of 15 impul
disruptive discharges on non-self-restoring insulation shall oceur.

verified by at least five impulses without disruptive discharge following that impul
series of 15 impulses of each polarity, which caused-the last disruptive discha
pulse is one of the last five out of the series of 15 impulses of each polarity, ad
es shall be applied.

If disrliptive discharges occur and for any reason evidence cannot be given during testir]

the d
dielec

sruptive discharges were on self-restoring, insulation, after the completion
ric tests the bushing shall be dismantled and inspected. If punctures of no

restor|ng insulation are observed, the bushing(has failed the test.

8.5
8.5.1
The t¢g

A dry
accorg

The w

In add

245 KY.

Dry or wet switching impulse voltage withstand test
Applicability

st is applicable to all bushings of U,, equal to or greater than 300 kV.

ing to 3.16, 3.19.and 3.21.
pt test is applicable to outdoor bushings, according to 3.17, 3.18 and 3.20.

ition-a dry test is applicable to all transformer bushings of U,, equal to or greatg

Se out
ge. If
itional

g that
pf the
h-self-

test is applicableto indoor, indoor-immersed and completely immersed bushings,

r than

8.5.2

Test method and requirements

For these tests, IEC 60060-1 may be used. To simulate service conditions, the bushing shall
be mounted on an earthed plane, radially extended from the axis of the bushing at least 0,4 L
in every direction, L being the dry arcing distance of the bushing. The high-voltage connection
shall extend in line with the axis of the bushing to a point at least 0,4 L above the top of the
bushing. In the case of bushings where one end is immersed, the details of immersion shall
be subject to agreement. For bushings for gas insulated switchgear a smaller earth plane may
be used subject to agreement.

The m

agnitude of the test voltage is given in Table 3.

The bushing shall be subjected to

- 15

impulses of positive polarity, followed by
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— 15 impulses of negative polarity

of the standard switching impulse 250/2 500 ps.

For transformer bushings U,, equal to or greater than 245 kV the additional dry test shall be
15 impulses of negative polarity at 110 % of the rated withstand voltage.

It is permissible, after changing polarity, to apply some impulses of minor amplitude before
the application of the test impulses. The time intervals between consecutive applications of
the voltage shall be sufficient to avoid effects from the previous application of voltage.

Voltage records shall be made of each impulse.

8.5.3 Acceptance
The blishing shall be considered to have passed the test if

— no|puncture occurs at either polarity, and if
— th¢ number of flashovers in air at either polarity does not exceed two in the sefies of
15|impulses;

excepf for transformer bushings for which

— no|flashover on liquid immersed parts, and
— nof more than two flashovers in air at positive polafity, and

— nolflashover in air at negative polarity

are pgrmitted.

For ggs-insulated bushings

— th¢ number of disruptive discharges shall not exceed two for each series of 15 impulses;

— no|disruptive discharges on ndoh-self-restoring insulation shall occur.

This ig verified by at least five.impulses without disruptive discharge following that impulse out
of the|series of 15 impulses: of each polarity, which caused the last disruptive dischafge. If
this impulse is one of thelast five out of the series of 15 impulses of each polarity, addjitional
impulges shall be applied.

If disrliptive diseharges occur and for any reason evidence cannot be given during testirng that
the disruptive._discharges were on self-restoring insulation, after the completion ¢f the
dielecjric tests the bushing shall be dismantled and inspected. If punctures of nop-self-
restor|ng’insulation are observed, the bushing has failed the test.

8.6 Thermal stability test
8.6.1 Applicability

The test is applicable to all partly or completely immersed bushings, according to 3.19, 3.20
and 3.21. 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-, resin-impregnated paper bushings
and resin-impregnated synthetics bushings, and equal to or greater than 145 kV for other
types of bushings.

The test may, 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.
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8.6.2 Test method and requirements

The ends of the bushings, which are intended for immersion in mineral oil, or another liquid-
insulating medium, shall be immersed in liquid. The temperature of the liquid shall be
maintained at the operating temperature of the apparatus +2 K, except for transformer
bushings intended for use in mineral oil the temperature shall be 90 °C +2 °C. This
temperature shall be measured by means of thermometers, immersed in liquid about 3 cm
below the surface, and about 30 cm from the bushing.

The ends of the bushings, which are intended for immersion in a gaseous insulating medium
other than air at atmospheric pressure, shall be appropriately immersed in insulating gas at

minimﬁwwwmwmw greed
upon between purchaser and supplier.

The cpnductor losses corresponding to I, shall be simulated by appropriate| means. One
methold is to wrap a resistive insulated wire around a conductor dummy and“o feed it by a
suitable supply. The resistance of the wire and the current shall be adjusted,'in such a way as
to profluce the same losses as the final conductor.

The tgst voltage shall be

— Uy for bushings of U, equal to or less than 170 kV,
- 0,8 U, for bushings of U,, greater than 170 kV.

The tgst shall not be started until thermal equilibrium between the liquid and the bushing has
been eached.

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

The bushing has reached thermal stability when its dielectric dissipation factor rises nq more
than 0,0002 over a period of 5 h.

8.6.3 Acceptance
The bpushing shall be considered to have passed the test if it reaches thermal stabilify and

subsefjuently withstands..dielectric routine tests without significant change from previous
resultg.

8.7 |Electromagnetic compatibility tests (EMC)

8.7.1 Emission test

8.7.1. Applicability

This test is applicable for all indoor and outdoor bushings having highest voltage for
equipment (U,,,) equal to and above 123 kV.

8.7.1.2 Test method and requirements

The bushing shall be installed as stated in 7.3.

The flange and other normally earthed parts shall be connected to earth. Care should be
taken to avoid influencing the measurements by earthed or unearthed objects near to the
bushing and to the test and measuring circuits.

The bushing shall be dry and clean and at approximately the same temperature as the room
in which the test is made. It should not be subjected to other dielectric tests within 2 h prior to
the present test.
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The test connections and their ends shall not be a source of radio interference voltage of
higher values than those indicated below. The high-voltage connections shall extend in line
with the bushing axis to a point at least 0,2 L above the top of the bushing, where L is the
arcing distance of the bushing. The maximum diameter of this connection shall be half the
diameter of the bushing head.

The measuring circuit shall comply with CISPR 18-2. The measuring circuit shall preferably be
tuned to a frequency within 10 % of 0,5 MHz, but other frequencies in the range 0,5 MHz to
2 MHz may be used, the measuring frequency being recorded. The results shall be expressed
in microvolts.

If me aulillg ;Illpculdllbcb different-fromthose apcbificd mESPR pu'u“uatiuua are-uscq, they
shall be not more than 600 Q nor less than 30 Q, in any case the phase angle “shall not
exceefl 20°. The equivalent radio interference voltage referred to 300 Q can be calcylated,
assunfing the measured voltage to be directly proportional to the resistance, ‘excgpt for
bushings of large capacitance, for which a correction made on this basis may“be inacqurate.
Therefore, a 300 Q resistance is recommended for bushings with earthed flahges.

The filter F shall have a high impedance at the measuring frequency, ‘'so that the impeldance
betwekn the high-voltage conductor and earth is not appreciably (shunted as seen frdm the
bushing under test. This filter also reduces circulating radio-frequency currents in the test
circuitf generated by the high-voltage transformer or pickedup-from extraneous sourges. A
suitable value for its impedance has been found to be 10 000.Q to 20 000 Q at the meafsuring
frequgncy.

interfgrence level caused by external field and:by the high-voltage transformer|when
magngtised at the full test voltage) is at least 6 dB and preferably 10 dB below the specified
radio |nterference level of the bushing to be(tested. Calibration methods for the meafsuring
instrument and for the measuring circuits are given in CISPR 16-1 and CISPR 18-2
respegtively.

It sha{ be ensured by suitable means that the radio interference background level |(radio

As thq radio interference level may bé affected by fibres or dust settling on the insulatogs, it is
permifted to wipe the insulators: with a clean cloth before taking a measuremen{. The
atmospheric conditions during,the test shall be recorded. It is not known what cornfection
factor$ apply to radio interferénce testing but it is known that tests may be sensitive tp high
relative humidity and thelresults of the test may be open to doubt if the relative hymidity
exceefls 80 %.

The fgllowing test ‘procedure shall be followed:

A voltage ©f\M,1 Uy, / \/§ shall be applied to the bushing and maintained for at least b min,
U,, bging the highest voltage for equipment. The voltage shall then be decreased by|steps

down to 0,3 Uy, / \/3, raised again by steps to the initial value and finally decreased by steps

to 0,3 U, / V3 . At each step radio interference measurement shall be taken and the radio

interference level, as recorded during the last series of voltage reductions, shall be plotted
versus the applied voltage; the curve so obtained is the radio interference characteristic of the

bushing. The amplitude of voltage steps shall be approximately 0,1 U, / \/5
8.7.1.3 Acceptance

The bushing shall be considered to have passed the test if the radio interference level at
1,10,/ 3 does not exceed 2 500 pV.
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If it can be shown that the bushing, without external shielding, is partial discharge free, i.e.
there is no discharge above the background noise level specified in 9.5.2, it can be
considered to pass the emission test.

8.7.2

Immunity test

No test is required.

8.8
8.8.1

Temperature rise test

Applicability

The tqg
based

8.8.2

on comparative tests that specified temperature limits are met.

Test method and requirements

Bushipgs, one or both ends of which are intended to be immersed in mineral oil or a

liquid-
excep
maintg
with a

In sorj
tempe
betwe

nsulating medium, shall be appropriately immersed in liquid at ambient tempe

hother liquid-insulation medium, the temperature shall be,subject to agreement.

he applications using mineral oil (e.g. generator fransformer), the transformer
rature is often restricted to values below the normial IEC limits. Subject to agre

reduced to reflect the real transformer top oil temperature.

st is applicable to all types of bushings, unless it can be demonstrated by a calcllation

hother
ature,

for transformer bushings intended for use in mineral oil{"where the oil shpall be
ined at a temperature of 60 K + 2 K above the ambient air.\If the transformer ig filled

fop-oil
ement

en manufacturer and purchaser, the standard)'eil temperature rise of 60 K mjay be

Bushings with a conductor drawn into the ceniral tube shall be assembled with an apprqpriate

condu
comm
height

The e
than 4§
insula
tempe

Gas-ir

Ctor, the cross-section of which shall ‘eonform to 7.. When the transformer liqui
Lnication with the bushing central tube, the liquid level shall not exceed one-third
of the external part.

rature at the beginning-of the test.

sulated bushings shall be at ambient temperature at the beginning of the test.

For transformer.bushings operating in air-insulated ducting, the air side shall be enclo

an ap
above

ambient air, either by self-heating or indirectly.

1 is in
of the

nd of bushings, which are intended for immersion in a gaseous insulating mediunm other
ir at atmospheric pressure; shall normally be appropriately immersed in an enclosure
ed with gas at minimum pressure, according to 3.30, the gas being at ambient

5ed in

bropriate-chamber. During the test, the air in the chamber shall be heated to 40 K + 2 K

An appropriate number of thermocouples or other 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 temperature rise of the
bushing components in relation to the values given in table 2 with reasonable accuracy.

The ambient air temperature shall be measured with lagged thermometers placed around the
bushing at mid-height and at a distance of 1 m to 2 m from it.

NOTE A satisfactory degree of lagging is obtained by placing the thermometers in liquid-filled containers with

a volum

e of approximately 0,5 I.

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

liquid.
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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.

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 1 m
distance along the connection does not exceed 5 K, or the thermal gradient along the external
conductor is 5 K per metre for short connections.

The test shall be continued until the temperature rise is sensibly constant. This is considered
to be i + i

In order to provide data for thermal modelling of bushings, e.g. GIS-outdoer~bushings,
operaling under different current loading and ambient temperature conditions,| it is
recommended by agreement to carry out overload tests and to record time\functions| of all
tempefrature readings.

To avoid destruction of the insulation in the case of bushings with the.conductor embedded in
the injsulating material, the temperature of the hottest spot may; by agreement begtween
purchaser and supplier, be determined by suitably validated finite)element calculations| (See
also Annex A for an approximate method.)

8.8.3 Acceptance

The bpshing shall be considered to have passed the ‘test if the permissible temperature limits
in accprdance with 4.8 are met, and if there is no visible evidence of damage.

8.9 Verification of thermal short-time current withstand
8.9.1 Applicability

The verification is applicable to all types of bushings.

8.9.2 Verification method and requirements

The ability of the bushingsito withstand the standard value of I, shall be demonstrated py the
follow|ng calculation:

]thz (1)
Of =0+ Xt
f=% St x Se th

where

Qf s the final temperature of the conductor, In degrees Celsius;

7 is the temperature of the conductor in degrees Celsius, under continuous operation with

I, at an ambient temperature of 40 °C;
a is 0,8 (K/s)/(kA/cm?2)2 for copper, 1,8 (K/s)/(kA/cm?2)2 for aluminium;
4,  is the rated duration as specified, in seconds;

(o]

Iy,  is the standard value as specified above, in kiloamperes;
is the equivalent cross-section, in square centimetres, taking account of skin effect;
Sy is the total cross-section, in square centimetres corresponding to /..

For other materials the value of « used may be derived from the formula given below:
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p is the resistivity of conductor, in pQ-cm

¢ is the specific heat of conductor, in J/(g-K)

& is the density of the conductor, in g/cm3.

(2)

Values of p, ¢ and § used in Equation (2) should be correct at an average temperature of

160 °C.
In cirdular conductors of diameter D (cm), the equivalent cross-section shall take skin|effect
into agcount. The skin effect may be determined by considering a depth of pengiration d of
current derived from the formula given below:
3
_ 1 /ﬂ cm (3)
2n f

where|f'is the rated frequency, in hertz.
Therefore:

Se =nd(D - d) (4)
8.9.3 Acceptance
The bpushing shall be considered to be able to withstand the standard value of Iy, if 6 does

not ex

If the
standg

— the

- a
sh

rated current /..

Before

temperature_as-the rated current at maximum ambient temperature.

ceed 180 °C.

rd value of I, shall be demonstrated by a test. The test shall be carried out as fol

bushing can be installed in any position;

urrent of at least.the standard value of /i, and of duration #,,, in accordance wi
bll be passed through the conductor, the cross-section of which shall conform

the test,dhe bushing shall carry a current that produces the same stable con

The b

calculated temperature exceeds this limit, the ability of the bushing to withstanpd the

OWS:

h 4.3,
to the

ductor

ushing shall be considered to have passed the test if there is no visual evide

nce of

damage and it it has withstood a repefition of all routine tests without significant change from
the previous results.

8.10
8.10.1

Cantilever load withstand test

Applicability

The test is applicable to the air side of bushings.

8.10.2

Test method and requirements

The test values shall be in accordance with Table 1. For bushings according to 3.22,
cantilever withstand load test values shall be restricted to:

300 N for 7, <800 A
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1000 N fori >800A

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 1 bar + 0,1 bar above the maximum operating 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 gasket joint at the terminal to be tested.

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

For b|I|shings according to 3.5, 3.6 and 3.7 the test shall be performed with an internpl gas
pressure equal to the rated filling pressure.

For safety reasons on bushings with porcelain envelope the test may becperformed without
internal gas pressure and the relevant mechanical stress shall be replaced”by an equivalent
additignal moment calculated in accordance with IEC 62155:2003, AnnexoD.

The Igad shall be applied perpendicular to the axis of the bushing at the mid-point jof the
termir1tal for 60 s. The load shall be in the direction which will ' Cause the highest strgss at
the critical parts of the bushing in normal operation.

For byshings with more than one air side terminal, it is(generally sufficient to apply the Ipad to
one terminal only.

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

Bushing types as defined in 3.5, 3.6 and 3:# shall pass the leakage test according to 9.8 after
the cantilever test.

8.10.3 Acceptance

The blshing shall be considéred 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.

8.11 |Tightness teston liquid-filled, compound-filled and liquid-insulated bushingp

8.11.1 Applicability

The test, is japplicable 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 < 10 4m2/sat20~°C:

8.11.2 Test method and requirements

The bushing shall be assembled as for normal operation, filled with the liquid specified and
placed in a suitably heated enclosure, maintained at a temperature of 75 °C for 12 h. For
bushings where this is not possible, alternative methods may be agreed between purchaser
and supplier.

A minimum pressure of 1 bar £ 0,1 bar above the maximum internal operating pressure
according to 3.31, shall be maintained inside the bushing during the test.

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

The bushing shall be considered to have passed the test if there is no evidence of leakage.
The method of detection shall be the one described in IEC 60068-2-17:1994, Clause C.2.

8.12
8.12.1

Internal pressure test on gas-filled, gas-insulated and gas-impregnated bushings

Applicability

The test is applicable to all gas-filled, gas-insulated and gas-impregnated bushings, according
to 3.5, 3.6 and 3.7, where the insulating envelope is of ceramic or composite material and
intended for use with a permanent gas pressure higher than 0,5 bar gauge, having an internal

volump equal to or greater than 11 (1 000 cm?).

8.12.

The test is performed on the insulating envelope in accordance with(\NEC 6146
IEC 62217 or IEC 62155 where appropriate.

The insulating envelope shall be equipped with its fixing devices and-fittings, preferably

the in

The in
increa

Other

8.12.3
The in
neithe|

above
beyon

8.13
8.13.1

The tqg
use af]

8.13.2

The t¢

Test method and requirements

nded application, and with additional plates with valve and. pféssure gauge for th

sulator shall be completely filled with an appropriate. médium. The pressure sh
sed steadily without producing any shock.

components should be tested to their appropriate standards.

Acceptance
sulator shall be considered to have passed the test if there is no evidence of ¢
I in the ceramic nor composite nofin the fittings. Where there is no evidence

the test is considered satisfactory even though the fittings may have been st
d their yield point.

External pressure test-on partly or completely gas-immersed bushings
Applicability
a permanent\gas pressure higher than 0,5 bar gauge.

Test'method and requirements

P and
as in
b test.

all be

racks,
of the
essed

st is applicable to’ all gas-immersed bushings, according to 3.19 to 3.21, intended for

assem

st/shall be carried out before the tightness test according to 9.10. The bushing S?Lall be
bled as far as necessary for the test, but there shall not be any internal gas pressure.

The end for immersion shall be mounted in a tank as for normal operation at ambient
temperature. The tank shall be completely filled with an appropriate liquid. A pressure of three
times the external maximum operating pressure (see 3.32) shall be applied for 1 min.

8.13.3

Acceptance

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

8.14

8.141

Verification of dimensions

Applicability

This verification is applicable to all types of bushings.
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8.14.2 Acceptance

The dimensions of the bushing under test shall be in accordance with the relevant drawings,
particularly with regard to any dimensions to which special tolerances apply and to details
affecting interchangeability.

9 Routine tests

9.1

General

The order or possible combination of the tests is at the discretion of the supplier, except if the

tests

frequgncy voltage withstand test (see 9.4). Before and after the dielectric routine

measlu

out in

quanti

9.2

9.2.1

ty (see 9.5) shall be made before the last measurement of tan ¢.

Measurement of dielectric dissipation factor (tan §) and capacitance at ambie
temperature

Applicability

The mleasurement is only applicable to capacitance-graded bushings according to 3.15.

9.2.2

During

made
or oth

- 1,0
- 1,0

The 1

withst

A meqd
out as|

9.2.3

The m

Table
test.

Test method and requirements
this test, the bushing conductor shall notsearry current. The measurement sh

at an ambient temperature of between 10.°€ and 40 °C by means of a Schering |
br similar equipment, at least at:

5Uy,/ /3 for bushings of Upn, < 367KV,

5U,/ V3 and U, for bushings' of U, > 52 kV.

a reference yalue for measurements carried out later when the bushing is in oper

Acceptance

aximum permissible values of tan 6§ and for the increase of tan 6 with voltage are g
8.4 the values are not acceptable, it is permitted to wait for 1 h before repeati

nclude Impulse voltage withstand tests, which shall be made before the dry, power-

tests,

rements of dielectric dissipation factor (tan 6) and capacitance (see 9.2) shall-be garried
order to check whether damage has occurred. The measurement of partial disgharge

all be
ridge,

neasurement shall not-be” made at a voltage exceeding the dry power-frequency
bnd voltage.
surement of tan.é and capacitance at a voltage between 2 kV and 20 kV shall be g

arried
ation.

ven in
ng the

The actual temperature during the measurement shall be stated in the test report.
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Table 8 — Maximum values of tan 6 and tan §increase (see 9.2)

Maximum value of tan ¢?
Type of bushing insulation Value at Increase between
1,05 U, 1 3 1,05 U, 1 V3 and U, b

Oil-impregnated paper 0,007 0,001
Resin-impregnated paper 0,007 0,001
Resin-impregnated synthetics 0,007 0,001
Resin-bonded paper 0,015 0,004
Gas impregratedfitm 8-006 8-004
Combiped ©

Other ¢

a8 Buphings require full thermal stability at all service conditions while considering both the ohmic losses s well
as|the dielectric losses. For a properly designed bushing a lower dissipation factors-does not necefssarily
comtribute to the service life.

b No} applicable to bushings where U, <36 KkV.

¢ The supplier shall indicate the values.

9.3 |Dry lightning impulse voltage withstand test
9.3.1 Applicability

The tgst as a routine test is applicable only for transformer bushings with U, > 72,5 kV.

9.3.2 Test method and requirements

The tgst values shall be as follows:

— five full lightning impulses of negative polarity at 105 % of the rated withstand vpltage
shall be applied.

Or alt¢rnatively by contractual-agreement:

— ong full lightning impulses of negative polarity at 105 % of the rated withstand vpltage
followed by:

— twp chopped lightning impulses of negative polarity at 115 % of the rated withstand
vo[tage, followed by:

1%

— two full lighthing impulses of negative polarity at 105 % of the rated withstand voltag

shall Qe applied.

4 it QA4 |y Ll
For test conaitonS, o5 Sramr e

£o11 pu |
TUTTUVWTU.

9.3.3 Acceptance

For criteria, 8.4 shall be followed.

9.4 Dry power-frequency voltage withstand test
9.4.1 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.
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9.4.2 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 magnitude of the test voltage is given in Table 3. Bushings for transformers shall be
tested at least at 110 % of the induced and/or applied test voltage level of the transformer. If
the transformer test level is not stated the bushing may be tested at the other bushings level
given in Table 3.

The test duration shall be 60 s, independent of frequency, except for transformer bushings
with Umequatto-erabove 1004 where-thetestdurationis300-s-

9.4.3 Acceptance

The byshing shall be considered to have passed the test if no flashover or puneture ocqurs. If
there |s a puncture, the bushing shall be considered to have failed the test. - For capaditance
graded bushings it is assumed that a puncture has occurred if the capacitance measurel after
the te$t rises above the capacitance previously measured by about the amount attributgble to
the cgpacitance of one layer. If a flashover occurs the test shall be)repeated once oply. If,
during the repetition of the test, no flashover or puncture oecurs, the bushing shjall be
considered to have passed the test.

9.5 |Measurement of partial discharge quantity
9.5.1 Applicability

The measurement shall be carried out on all types.of bushings, except for bushings accprding
to 3.6|land 3.13, for which this test shall be a type test only, provided the insulating enyelope
of thg bushing has been subjected to an<adequate electrical test (e.g. wall test pf the
porcelgin) before assembly.

9.5.2 Test method and requirements

The tgst shall be made in accordance with IEC 60270.

When| as a substitute for the measurement of partial discharge quantity, the radio| inter-
ferenge 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.

Unles$ otherwisge-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 2p % of
the splecifie value to be detected, whichever value is higher.

The m A , ~ test
(see 94) at the values given in Table 3 during the decrease of the voltage from the dry
power-frequency withstand test level.

NOTE The system for detecting partial discharge quantity does not have to be continuously connected at voltage
above U, during this test.

9.5.3 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 9.

When the measured values at 1,5 Uy, / /3 are greater than those indicated in Table 9, the
supplier may extend the test for a period of up to 1 h to check if the values return to the
allowed limits. If the partial discharge at the end of the period is within limits, then the bushing
shall be accepted.
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Partial discharge measurements before dielectric tests may be requested for information
purpose only, and are not subject to guarantee.

Table 9 — Maximum values of partial discharge quantity (see 8.3 and 9.5)

Maximum discharge quantity
pC
measured at

Type of bushing insulation U,? 1,50, 1 Ja b 1,050, / J3
and
Py \g e
Oil-impregnated paper 10 10 5
Resinq4mpregnated paper 10 10 5
Resinqmpregnated synthetics 10 10 5
Resin-bonded paper © - 250 100
— with metal layers d d 300°¢
Gas-impregnated film 10 10 5
Gas - 10 5
Cast apd moulded resin - 10 5
Combiped :
Other

2  Only applicable to transformer bushings.

b Fof switchgear bushings, the discharge quantities maytbe)measured at a lower voltage, based on agrdement
be{ween purchaser and supplier.

¢ Fof resin-bonded paper bushings for use on powér-transformers, lower discharge quantities may be agreed
be{ween purchaser and supplier.

4 The maximum permissible values of discharge-quantity shall be agreed between purchaser and supplief.

€  The value at 1,1 U, | N3 refers to 8.3 only.

NOTE |The values for partial discharges are under consideration by the IEC and may be changed in|coming
revisior]s.

9.6 |Tests of tap insulation
9.6.1 Applicability and test requirements

The fgllowing=power-frequency voltage withstand test with respect to earth shall be applied to
all tap:

— testtap (See€ 3.38); at least Z KV,
— voltage tap (see 3.39): twice the rated voltage of the voltage tap but at least 2 kV.

The test duration is 60 s, independent of frequency.
After the test tan § and capacitance with respect to earth shall be measured at least at 1 kV.

9.6.2 Acceptance

The tap shall be considered to have passed the test if no flashover or puncture occurs.

For test taps the values of tan § and capacitance shall be in accordance with 4.10.
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9.7

9.71

Internal pressure test on gas-filled, gas-insulated and gas-impregnated bushings

Applicability

The test is applicable to all gas-filled, gas-insulated and gas-impregnated bushings according
to 3.5, 3.6 and 3.7.

9.7.2

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.

In the| case of bushings where the insulating envelope is made of ceramic or.\com

mater

al and intended to be operated under pressure, the unassembled insulating en

shall e previously tested in accordance with IEC 62155 or IEC 61462 and |IEC 62217,

appro

NOTE

9.7.3
The b

priate. Other components should be tested to their appropriate standards.
It is allowed to remove the pressure relief devices during the test.
Acceptance

ishing shall be considered to have passed the test if there is no evidence of mech

damage (e.g. deformation, rupture).

9.8
9.8.1

The t

Applicability

pst is applicable to all liquid-filled ors¢empound-filled and liquid-insulated bu

according to 3.2 and 3.4, except those bushings where the liquid filling has a viscosity
to or dreater than 5 x 10~4 m2/s at 20 °C,

9.8.2

The b
ambie
filled

above

Test method and requirements

ht temperature of not less than 10 °C, except bushings for transformers, which s
with the liquid having a minimum temperature of 60 °C. A pressure of 1 bar % (
the maximum operating pressure shall be applied inside the bushing as so

possifjle after filling and maintained for at least 12 h.

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

9.8.3

The b

Acceptance

Tightness test on liquid-filled, compound-filled)and liquid-insulated bushingp

posite
elope
where

anical

5hings
equal

ushing shall be assembléd” as for normal operation, filled with the liquid specilied at

all be
,1 bar
on as

L ool _lo ial ol 4 o ol bl 4 L Ll : HN| £
USTITITY STTall T CUTISTUTTTU TU TTaVvVe PadsSoSTU UTT 1TOoU 1T UNTTT 15 TTU TVIUTTIVLT UT 1T

The method of detection shall be as described in IEC 60068-2-17:1994, Clause C.2.

kage.

It is advisable to carry out a preliminary tightness test on components for which the test is
considered useful. Special consideration may be necessary for bushings, one or both ends of

which

9.9

9.9.1

are intended to be immersed in a gaseous medium.

Tightness test on gas-filled, gas-insulated and gas-impregnated bushings

Applicability

The test is applicable to all gas-filled, gas-insulated and gas-impregnated bushings, according

to 3.5

to 3.7 and 3.18 to 3.21.
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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.

9.9.2 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.

Alterngtive methods of leakage detection may be used by agreement between purchaser and
suppliger.

It is aflvisable to carry out a preliminary tightness test on such components as is consjdered
useful

9.9.3 Acceptance

The bpshing shall be considered to have passed the test if the calculated escape of gas is
equal [to or less than 0,5 % per year of the equivalent amount of gas contained insifle the
bushing in service.

9.10 |Tightness test at the flange or other fixing device
9.10.1 Applicability

The tgst is applicable to all partly or completely immersed bushings, according to 3.19 tp 3.21
intended to be used as an integral part of<an apparatus, such as switchgear or transfofmers,
where|the bushings contribute to the sealing of the complete apparatus.

The test shall be a type test only- in the case of bushings with gaskets of which the final
placing is not carried out by_the’supplier, for example the top cap gasket of draw-through
condugtor transformer bushings.

The test may be omitted for transformer bushings fitted with a one-piece metal flange,
provided the flange has been subjected to a preliminary tightness test, and the bushing has
passefl the type testin accordance with 8.11 (for example oil-impregnated paper bushirlgs) or
the routine test.in accordance with 9.8, or the end to be immersed does not include any
gaskeis.

9.10.2 .“Test method and requirements

The bushing shall be assembled at least as far as necessary for the test. The end for
immersion shall be mounted on a tank as for normal operation at ambient temperature.

For liquid-immersed 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 liquid 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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9.10.3 Acceptance

An liquid-immersed bushing shall be considered to have passed the test if there is no
evidence of leakage detected by visual inspection (see IEC 60068-2-17:1994, 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

ca
Cco

Iculated total escape of gas is equal to or less than 0,5 % per year of the amount of gas
ntained in the adjacent switchgear compartment;

— for all parts of a liquid-containing bushing, especially liquid-insulated and oil-impregnated

pa ar huchinac whara thao
T TGS wWHere—me

laal aac noanaotratac  inta tha inoid~ ~f tha Wy h|n
bushi leak—gas—penetrates—into—the—inside—of—the—b g,

the calculated total leak rate (see 3.33) is equal to or less than 0,05 Pa x emY/s x |

(5

x 10~7 bar x cm3/s x I), “I” being the quantity of liquid inside the bushing in litres’,

— fon all parts of a bushing, the other end of which is designed for a transformer, where the

]

9.11

9.11.1 Applicability

legk gas penetrates directly into the transformer, the calculated total ledk\rate (seq 3.34)

bqual to or less than 10 Pa x cm3/s (104 bar x cm3/s).

Visual inspection and dimensional check

The injspections are applicable to all types of bushings and shall be made on the complete

bushings before release. The visual inspection shall be made on each bushing.

9.11.2 Acceptance

No syrface defects shall be tolerated which could affect the satisfactory performanmce in

servic

=)

E .

Dimensions of parts for assembling andfor interconnection shall be in accordance with the

relevant drawings, checked by sampling,

10 R

10.1

highest voltages for equipment up to and including 52 kV

bquirements and tests for non-capacitance graded bushings of rated

General

This clause is applicable to all non-capacitance graded bushings including 3.4, 3.12 to 3] 14.

10.2

Temperature requirements

Bushings that may be required to withstand the drying process of the apparatus on which they
are mtuntgc_j, 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.

10.3

Level of immersion medium

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

10.4

Markings

Each bushing shall carry the following marking:

e SuU

L[] ye

pplier's name or trade mark;

ar of manufacture;

e type or minimum nominal creepage distance or highest voltage for equipment (U,,);
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e rated current (/;) or maximum current if the bushing is supplied without conductor.

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

An example of a marking plate is given in Figure 4.

10.5 Test requirements
10.5.1 General

The test conditions and requirements shall be equivalent to Clauses 7 8 and 9 Reference is
made |in parenthesis to the relevant sub-clause.

10.5.24 Type tests
The fdllowing tests are applicable to all bushings:

e dry or wet power-frequency voltage withstand test (8.2);
e dry lightning impulse voltage withstand test (8.4);

e temperature rise test (8.8);

e verification of thermal short-time current withstand (8.9);
o cantilever load withstand test (8.10);

e verification of dimensions (8.14).

For byshings according to 3.22, precautions shall be taken to ensure that the end, which is
designed to receive the movable part, will\"'withstand the relevant test voltage, |where
applicable.

Table 10 — Applicability of type tests for bushings according to Clause 10 (see 10.5.1)

Short title Applicable to bushing type Bl;:f;i:gccli::isr:ed
AC dry Indoor, outdoor immersed and completely immersed 3.12
AC wef All outdoors 3.4,3.12to0 3.14
Lightning All 3.4,3.12t0 3.14, 3.22
Tempgrature rise All 3.4,3.12 to 3.14, 3.22
Thermpl short time All, if calculated temperature is too high 3.4,3.12 to 3.14, 3.22
Cantilgver All (reduced requirement for type defined in 3.22) 3.4, 3.12 t0 3.14, 3.22
DimenFions All 3.4, 3.12 to 3.14, 3.22

NOTE For fully dimensionally standardized bushing according to clause 3.4 with proven long service experience,
type testing may be excluded.

10.5.3 Routine tests

The following tests are applicable to all bushings except for liquid-insulated bushings (3.4)
and ceramic, glass or analogous inorganic material bushings (3.12), where only visual
inspection and dimensional checks are applicable:

e dry power-frequency voltage withstand test (9.4);

e measurement of the partial discharge quantity (9.5);

o tests of tap insulation (9.6), if applicable;

e visual inspection and dimensional check (9.11).
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Tables 10 and 11 show the applicability of the tests to the various types of bushings.

Table 11 — Applicability of routine tests for bushings
according to Clause 10 (see 10.5.3)

Short title Applicability to bushing type

Bushing defined
in subclause

Partial

and ceramic, glass or analogous inorganic material
bushings (3.12)

AC dry All, except except for liquid-insulated bushings (3.4) 3.13, 3.14, 3.22

discharge Ditto 3.13, 3.14, 3.22

Tap

Visual

Ditto, with a tap 3.13, 3.14, 3.
and dimensions All 3.4,3.12t0n3.14

P2
3.22

11 R
m

111

It is
operaf

bcommendations for transport, storage, erection, operation' and
aintenance

General

essential that the transport, storage and installation~of” bushings, as well as
ion and maintenance in service, be performed in accerdance with instructions gi

the manufacturer.

Cons¢g
install
storag
install

It is in
maintg

quently, the manufacturer should providexinstructions for the transport, st
htion, operation and maintenance of bushings. The instructions for the transpo
e should be given at a convenient time>before delivery, and the instructions f
pation, operation and maintenance should be given by the time of delivery at the laf

npossible, here, to cover in detail\the complete rules for the installation, operatig
nance of each one of the different types of apparatus manufactured, but the fol

infornttion is given relative to the most important points to be considered for the instru
d

provi

11.2

A sp¢g
condit

d by the manufacturer.

Conditions during«ransport, storage and installation

cial agreement ‘should be made between manufacturer and user if the se

precalitions may,be essential for the protection of insulation during transport, storag

install
snow
instrug

htion, anpd\'prior to energising, to prevent moisture absorption due, for instance, t
or cendensation. Vibrations during transport should be considered. Apprg
tions should be given.

their
en by

brage,
rt and
or the
est.

n and
owing
ctions

rvices

ons definedin the order, cannot be guaranteed during transport and storage. Special

e and
D rain,
priate

Gas impregnated and gas-insulated bushings should be filled to a pressure sufficient to
maintain positive pressure during transportation. A factory filling pressure of 1,3 x 10° Pa at
20 °C is appropriate for all temperature categories. If sulphur hexafluoride is used for filling

the bu

11.3

shing during transportation it should comply with IEC 60376.

Installation

For each type of bushing the instructions provided by the manufacturer should at least include

the ite

11.4

ms listed below.

Unpacking and lifting

Required Information for unpacking and lifting safely, including details of any special lifting
and positioning devices necessary should be given.
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At the arrival on site and before the final filling, the bushing should be checked according to
the manufacturer instructions. For gas impregnated and gas insulated bushings, the gas
pressure measured at ambient temperature should be above the atmospheric pressure.

11.5 Assembly
11.5.1 General

When the bushing is not fully assembled for transport, all transport units should be clearly
marked. Drawings showing assembly of these parts should be provided with the bushing.

11.5. nllnfing

Instrugtions for mounting of bushing, these instructions should indicate:

e th¢ total mass of the bushing;
¢ the mass of the bushing (or heaviest part if to be assembled on site) if exceeding 10D kg;

o the centre of gravity.

The ghs impregnated and gas insulated bushings should be filled(with the specified gas, for
example new sulphur hexafluoride complying with IEC 60376. The pressure of the gas|at the
end of filling, at the standard atmospheric air conditions (20 °C«and 101,3 kPa), should pe the
rated {filling pressure.

11.5.3 Connections
Instru¢tions should include information on:

e cohnection of conductors, comprising the-fecessary advice to prevent overheating and
unnecessary strain on the bushing and to‘provide adequate clearance distances;

e copnection of any auxiliary circuits;
e copnection of liquid or gas systens, if any, including size and arrangement of piping

e cophnection for earthing.
11.5.4 Final installation inspection

Instrugtion should be provided for inspection and tests that should be made after the blishing
has bgen installed and,all connections have been completed.

These| instructions-should include:

e a schedule of recommended site tests to establish correct operation;

e prpcedures for carrying out any adjustment that may be necessary to obtain qorrect
operation;

e recommendations for any relevant measurements that should be made and recorded to
help with future maintenance decisions;

e instructions for final inspection and putting into service.

The results of the tests and inspection should be recorded in a commissioning report.

Gas impregnated and gas insulated bushings should be submitted to the following final
checking:

— Measurement of gas pressure — the pressure of the gas measured at the end of filling and
standard atmospheric air conditions (20 °C and 101,3 kPa) should be not less than the
minimum functional pressure and not greater than the rated filling pressure of gas for
insulation.
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Measurement of the dew point — the gas dew point at rated filling pressure should not
exceed -5°C when measured at 20 °C. Adequate corrections should be applied for
measurement at the other temperatures.

Enclosure tightness check — The check should be performed with the probing method for
closed pressurised systems as specified for the routine test (see 9.9). The check should
be started at least one hour after the filling of the bushing in order to reach a stabilised
leakage flow. The check can be limited to gaskets, over pressure device, valves,
terminals, manometers, temperature sensors, using a suitable leak detector.

11.6 Operation

11.7 |Maintenance

11.7.1 General

a general description of the equipment with particular attention to the technical descfiption
of lits characteristics and all operation features provided, so that the user has an-adgquate
uniderstanding of the main principles involved,;

a description of the safety features of the equipment and their operation;

as| relevant, a description of the action to be taken to manipulate' the equipmgnt for
maintenance and testing.

The effectiveness of maintenance depends mainly on theday instructions are prepared py the

manufiacturer and implemented by the user

11.7.22 Recommendation for the manufacturer

a)

THe manufacturer should issue a maintenance manual including the following information:
1)| schedule maintenance frequency;
2)| detailed description of the maintenance work;

— recommended place for, the maintenance work (indoor, outdoor, in factory, op site,
etc.);

— procedures for inspéection, diagnostic tests, examination, overhaul, function |check
out (e.g. limits of values and tolerances);

— reference to(drawings;
— reference to’part numbers (when applicable);
— use of/special equipment or tools (cleaning and degreasing agents);

— précautions to be observed (e.g.; cleanliness).

3)| comprehensive drawings of the details of the bushing important for maintenancg, with
clear identification (part number and description) of assemblies, sub-assemblijs and
significant parts;

4) list of recommended spare-parts (description, reference number quantities) and advice
for storage;

5) estimate of active scheduled maintenance time;

6) how to proceed with the equipment at the end of its operating life, taking into
consideration environmental requirements.

The manufacturer should inform the users of a particular type of bushing about corrective
actions required by possible systematic defects and failures.

Availability of spares: The manufacturer should be responsible for ensuring the continued
availability of recommended spare parts required for maintenance for a period not less
than 10 years from the date of the final manufacture of the bushing.
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Recommendations for the user

a) If the user wishes to carry out his own maintenance, he should ensure that his staff has
sufficient qualification as well as a detailed knowledge of the bushing.

b) The user should record the following information:

the serial number and the type of bushing;
the date when the bushing is put in service;

the results of all measurements and tests including diagnostic tests carried out during

the life of the bushing;
dates and extent of the maintenance work carried out;

c) In
m4
the
m4

d) In
the

11.7.4 Failure report

The p

following objectives:

- to
- to
- to

The fd

a) Id

S
I

id
9

A faih.lre report should include thesfollowing whenever such data is available:

the history of service, records of the bushing measurements during and folloy
special operating condition (e.g. fault and post fault operating state);

references to any failure report.

case of failure and defects, the user should make a failure report and should info
nufacturer by stating the special circumstances and measures takeh!,Depending
nature of the failure, an analysis of the failure should be made inycollaboration w
nufacturer.

case of disassembling for reinstallation in the future, the userfC’must record the tim
storage conditions.

Lirpose of the failure report is to standardise the recording of bushing failures w

describe the failure using a common terminology;
provide data for the user statistics;
provide a meaningful feedback to thetmanufacturer;

llowing gives guidance on how_.to make a failure report.

ntification of the bushing, which failed:

substation name;

identification ‘ef'the bushing (manufacturer, type, serial number, ratings);
bushingdfamily (oil, resin or SF6 insulation,);

location-(indoor, outdoor).

tory.of the Bushing:

ving a

m the
upon
th the

e and

th the

Ristory-of-the-storage;

date of commissioning of the equipment

date of failure/defect;

date of last maintenance;

date of the last visual checking of the liquid level indicator

details of any changes made to the equipment since manufacture;

condition of the bushing when the failure/defect was discovered (in service,

maintenance, etc.).

c) ldentification of the sub-assembly/component responsible for the primary failure/defect:

high-voltage stressed components;

tapping;
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other components.

d) Stresses presumed contributing to the failure/defect

environmental conditions (temperature, wind, snow, ice, pollution, lightning, etc.);
grid conditions (switching operations, failure of other equipment...);
others.

e) Classification of the failure/defect

maijor failure;

minor failure;

dafant
UCTTC U

f) Or

A\~ A i v]

gin and cause of the failure/defect
origin (mechanical, electrical, tightness etc.);

cause in the opinion of the person having established the report (design; manufg
inadequate instructions, incorrect mounting, incorrect maintenance,/stresses b
those specified, etc.).

nsequences of the failures or defect
equipment down-time;
time consumption for repair;
labour cost;

spare parts cost.

- d
_ph

=

— Sin

— req

A faih.lre report may include the following information:

wings, sketches;

btographs of defective components;
gle-line station diagram;

ords or plots;

— references to maintenance manual.

12 Safety

12.1 |General

High-yoltage equipment can be safe only when installed in accordance with the reg
installgtions .fules, and used and maintained in accordance with the manufac
instrugtions.

High-\

cture,
eyond

levant
urer’s

oo Ao s ant mally _aonly oncsncoihla KWy inctriintad ~Aarcanco

PN HPS 1+ _chos Id be
oo gt C o P T e T T o ooy Oy o CoCooToTC— oy — ot aCtCO—pP CTooOTo—Tt—oT1O0T

operated and maintained by skilled persons. When unrestricted access is available to
bushings, additional safety features may be required.

The following specifications of this standard provide personal safety measures for equipment
against various hazards:

12.2

Electrical aspects

— insulation of the isolating distance

— earthing (indirect contact)

- IP
12.3

coding (direct contact)

Mechanical aspects

— pressurised components
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— mechanical impact protection

12.4 Thermal aspects
— flammability

13 Environmental aspects

The need to minimise the impact of the natural environment of bushings during all phases of
their life is now recognised.

IEC Guide_109 gi\/pq gnidnnr-n in this respect in term of life r‘yr‘ln impar"rc and rnryrlirg and
dispodal at the end of life.

The manufacturer should specify information regarding the relation between operation during
servicg life, dismantling of the equipment and environmental aspects.
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Annex A
(informative)

Determination of the hottest spot in bushings
with conductors embedded in the insulation material

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

If the
it is s
negati

The p

where

12

z

_'a (Ricleﬁ)A\_i_m. —0, | —[0.x0,]
a

9M=_

M {3 [R—Cxl+9AJ—3—e1 —92}—9,\,,
Rp «a a

esult M of equation (A.2) is positive, the higher temperature of the conductor is 6
tuated in any point of the conductor between the two“extremities. If the resul
ve or zero, the higher temperature of the conductop is*-6,.

pint of maximum conductor temperature lies at distance L), from the cooler end.

is the temperature coefficient of resistance at which conductor resistance
measured;

is the measured temperature at the cooler end of the conductor, in degrees Celsi
is the measured temperature at the hotter end of the conductor, in degrees Celsi
is the uniform .reference temperature of the conductor, in degrees Celsius;

is the maximum temperature of conductor, in degrees Celsius;

is the-tength of conductor;

is(the distance from the cooler end of the conductor to the point of highest tempe

(A1)

(A.2)

1, and
I M is

ature;

is the Tesistance between the ends of the conductor at uniform temperature .
is the resistance of the conductor carrying I, after stabilisation of temperature.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TRAVERSEES ISOLEES POUR TENSIONS
ALTERNATIVES SUPERIEURES A 1 000 V

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation

2)

3)

4)

5)

6)

7) Aucyne responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mand

8)

9)

La Nofme“internationale IEC 60137 a été établie par le sous-comité 36A: Traversées is

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEG
objgt de favoriser la coopération internationale pour toutes les questions de normalisation dans |es~dg
de l|électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes_interna
des|Spécifications techniques, des Rapports techniques, des Spécifications accessibles au publi¢, (PAS
Guigles (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & des comités d'étud
travpux desquels tout Comité national intéressé par le sujet traité peut participer~ Les organ
intefnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égalem|
travpux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), se
conflitions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniques_teprésentent, dans la
du possible, un accord international sur les sujets étudiés, étant donné que\les Comités nationaux (
intéfessés sont représentés dans chaque comité d’études.

Les|Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts rdisonnables sont entrepris afin qy

a pour
maines
ionales,
et des
es, aux
sations
ent aux
on des

mesure
e I'lEC

hgréées
e I'lEC

s'asisure de I'exactitude du contenu technique de ses publicationsy|'lEC ne peut pas étre tenue responsable de

I'événtuelle mauvaise utilisation ou interprétation qui en est faite-par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans
megure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications na
et rggionales. Toutes divergences entre toutes Publicatiohs de I'lEC et toutes publications nation
régipnales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de<eonformité. Des organismes de certification indép
fourhissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mard
conformité de I'lEC. L’IEC n'est responsable.dfaucun des services effectués par les organismes de cert
indgpendants.

TouE les utilisateurs doivent s'assurer qu'ils sont en possession de la derniere édition de cette publicatid

y cdmpris ses experts particuliers\é{fes membres de ses comités d'études et des Comités nationaux d
pouf tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de

natyre que ce soit, directe_ou  indirecte, ou pour supporter les colts (y compris les frais de justice
déppnses découlant de la_publication ou de I'utilisation de cette Publication de I'IEC ou de touf]
Publication de I'l[EC, ou au\crédit qui lui est accordé.

L'atfention est attirée'sur les références normatives citées dans cette publication. L'utilisation de publ
référencées est obligatoire pour une application correcte de la présente publication.

L’atfention est-attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvdq

oute la
ionales
bles ou

bndants
ues de
fication

=}

ataires,
e 'lEC,
luelque
et les
e autre

cations

nt faire

I'objet de dreits/de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de Qrevets'€t"de ne pas avoir signalé leur existence.

olées,

du comite d’etudes 36 de I'EC: Isolateurs.

Cette septieme édition annule et remplace la sixieme édition parue en 2008. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Ajout de traversées en matiere synthétique imprégnée de résine (RIS — resin-impregnated

synthetics).
Ajout de traversées dont U,, < 1,1 kV, U,, =1 100 kV et U, =1 200 kV.

Intégration de I'essai d'échauffement pour les traversées a isolation liquide selon 3.4.
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e Ajout de I'essai de choc de foudre a sec en tant qu'essai individuel de série pour toutes
les traversées de transformateurs dont U, > 72,5 kV.

e La procédure de correction d’altitude a été révisée ( > 1 000 m).

e Ajout d’une explication sur le phénoméne des transitoires trés rapides (VFT — Very Fast
transient) et sur leur impact sur les traversées.

Le texte de cette norme internationale est issu des documents suivants:

FDIS Rapport de vote

36A/187/FDIS 36A/189/RVD

Le ragport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote| ayant
aboutila I'approbation de cette Norme internationale.

Ce dofument a été rédigé selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilifé indiquée sur le site web de I''EC sous "http://webstore.i€c.ch" dans les données
relatives au document recherché. A cette date, le document sera
e ret¢onduit,

e supprimé,

. rilnplacé par une édition révisée, ou
e anpendé.

Le contenu du corrigendum de mai 2018 a été pris en considération dans cet exemplairg.
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INTRODUCTION

L’élaboration de la présente édition de I'|EC 60137 a accordé une plus grande attention aux
exigences d’essai pour les transformateurs de puissance spécifiées dans I'lEC 60076-3:2013.
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TRAVERSEES ISOLEES POUR TENSIONS
ALTERNATIVES SUPERIEURES A 1 000 V

1 Domaine d'application

La présente Norme internationale spécifie les caractéristiques et les essais applicables aux
traversées isolées.

La prgsente norme s'applique aux traversées, telles qu'elles sont définies a I’Arllicle 3,
destinges a étre utilisées dans les dispositifs électriques, les machines, les transformgteurs,
les appareillages de connexion et les installations pour des systémes a courant altprnatif
triphasé possédant une tension plus élevée pour le matériel dépassant.-N000 V ¢t des
fréqugnces industrielles comprises entre 15 Hz et 60 Hz (inclus).

Sous féserve d’'un accord spécifique entre I'acheteur et le fournisseur;. cette norme pelit étre
appliguée, en partie ou en totalité, aux éléments suivants:

e trgversées utilisées dans d’autres systémes que ceux a codrant alternatif triphasé;
o trgversées pour les systémes a courant continu haute tension;

e trgversées pour les transformateurs d’essai;

e trgversées pour les condensateurs.

Les dgxigences spéciales et les essais concernant les traversées de transformpteurs
spéciflées dans la présente norme s’appliquéent également aux traversées pour b¢bines
d'induftance.

La présente norme s'applique aux traversées fabriquées et commercialisées séparément. I
convignt que les traversées qui font<partie intégrante d'un appareillage, et qui ne peuvent étre
soumiges a l'essai selon la présente norme, soient soumises a l'essai avec l'appareillage dont
elles fpnt partie.

2 Reéférences normatives

Les dpcuments suivants cités dans le texte constituent, pour tout ou partie de leur coptenu,
des ¢gxigences<du présent document. Pour les références datées, seule [I'édition| citée
s’appllque. Rour les références non datées, la derniére édition du document de réf¢rence
s'appllquesy.compris les éventuels amendements).

C aan- T H Il J ] Va¥ e ]
IE 6UUJU, FCrisStorts Tiorrriadrcs uc id UL

IEC 60050-212:2010, Vocabulaire Electrotechnique International — Partie 212: Isolants
électriques solides, liquides et gazeux

IEC 60059, Caractéristiques des courants normaux de la CEI

IEC 60060-1, Technique des essais a haute tension — Partie 1. Définitions et exigences
générales

IEC 60068-2-17:1994, Essais fondamentaux climatiques et de robustesse mécanique -
Partie 2-17: Essais — Essai Q: Etanchéité

IEC 60071-1, Coordination de l'isolement — Partie 1: Définitions, principes et régles
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IEC 60076-5, Transformateurs de puissance — Partie 5: Tenue au court-circuit

IEC 60076-7, Transformateurs de puissance — Partie 7: Guide de charge pour transformateurs
immergés dans I'huile

IEC 60216-2, Matériaux isolants électriques — Propriétés d'endurance thermique — Partie 2:
Détermination des propriétés d'endurance thermique de matériaux isolants électriques —

Choix

de criteres d'essai

IEC 60270, Techniques des essais a haute tension — Mesures des décharges partielles

IEC 6d)296, Fluides pour applications électrotechniques — Huiles minérales isolantes\n

pour t

IEC 60376, Spécifications de la qualité technique de ['hexafluorure de solfre (SFg

utilisa

IEC 6
la mai

IEC 60480, Lignes directrices relatives au contrble et au {traitement de ['hexafluory

soufre

IEC 60505, Evaluation et qualification des systémes d'fsolation électrique

IECT
pollute
anglais

IECT
pollutg

anglais

IECT

ransformateurs et appareillages de connexion

ion dans les appareils électriques

422, Huiles minérales isolantes dans les matériels électriques »Lignes directrice
ntenance et la surveillance

(SFg) prelevé sur le matériel electrique et spécification.en vue de sa réutilisation

5 60815-1, Selection and dimensioning of:high-voltage insulators intended for
d conditions — Part 1: Definitions, information and general principles (disponi
seulement)

5 60815-2, Selection and dimensioning of high-voltage insulators intended for
d conditions — Part 2: Ceramic and glass insulators for a.c. systems (disponi
seulement)

5 60815-3, Selection and dimensioning of high-voltage insulators intended for

euves

pour

S pour

re de

ise in

ble en

Ise in
ble en

ise in

polluted conditions — Part 3: Polymer insulators for a.c. systems (disponible en anglais
seulenpent)

IEC 61099, Liquides ‘isolants — Spécifications relatives aux esters organiques de symthese
neufs [destinés_aux matériels électriques

IEC 61462, jsolateurs composites creux — Isolateurs avec ou sans pression interng pour
utilisation dans des appareillages électriques de tensions nominales supérieures a 1 000 V —
Définitiorrs, mrethrodes o essars, criteres o acceptation et recommamdations decornception

IEC TS 61463, Traversées — Qualification sismique

IEC 62155:2003, Isolateurs creux avec ou sans pression interne, en matiére céramique ou en
verre, pour utilisation dans des appareillages prévus pour des tensions nominales supérieures
a1o000vVv

IEC 62217, Isolateurs polymériques & haute tension pour utilisation & l'intérieur
I'extérieur — Définitions générales, méthodes d’essai et critéres d’acceptation

IEC 62271-1, Appareillage a haute tension — Partie 1: Spécifications communes

ou a
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Guide IEC 109, Aspects liés a Il'environnement — Prise en compte dans les normes
électrotechniques de produits

CISPR 16-1 (toutes les parties), Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques

CISPR 18-2, Caractéristiques des lignes et des équipements a haute tension relatives aux
perturbations radioélectriques — Partie 2: Méthodes de mesure et procédure d’établissement
des limites

3 Termes-et-définitions
Pour Ies besoins du présent document, les termes et définitions suivants s'appliquént’

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destiné€s a étre ut|lisées
en nolimalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e ISD Online browsing platform: disponible a I’'adresse http://www'iso.org/obp

3.1
travernsée
dispoditif servant a faire passer un ou plusieurs conducteurs a travers une paroi, telle|qu’un
mur o une cuve, en isolant le(s) conducteur(s) de cette paroi; les moyens de fixation|(bride
ou aufre dispositif) sur la paroi font partie de la traversée

Note 1 p I'article: Le conducteur peut étre solidaire de latraversée ou démontable.

[SOURCE: IEC 60050-471:2007, 471-02-01]

3.2
traversée a remplissage de liquide
traversée dont I'espace entre la surface intérieure de I'enveloppe isolante et l'isolation |solide
principale est rempli d'huile minérale ou d'un autre liquide isolant

3.3
travernsée a remplissage de mélange
traversée dont I'espace entre la surface intérieure de I'enveloppe isolante et l'isolation |solide
princigpale est repmipli'd'un mélange isolant

3.4
travensée'd’isolation liquide
traverséevdont l'isolation principale est assurée par de I'huile minérale ou par un autre liquide
isolant, delimitée par une enveloppe isolante

Note 1 a l'article: Ces traversées, souvent ouvertes, exigent un traitement approprié aprés installation afin
d'éviter tout emprisonnement de l'air et les décharges partielles ultérieures lors d'essais ou en fonctionnement.

3.5

traversée a remplissage de gaz

traversée dont I'espace entre la surface intérieure de I'enveloppe isolante et I'isolation solide
principale est rempli de gaz (autre que I'air ambiant) a une pression supérieure ou égale a la
pression atmosphérique

Note 1 a l'article: Cette définition comprend les traversées destinées a faire partie intégrante d'un matériel a
isolation gazeuse pour lequel le gaz du matériel communique avec celui de la traversée.


http://www.iso.org/obp
https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

IEC 60137:2017 © IEC 2017 -73 -

3.6

traversée a isolation gazeuse

traversée dont l'isolation principale est assurée par un gaz (autre que I'air ambiant) a une
pression supérieure ou égale a la pression atmosphérique

Note 1 a l'article: Cette définition comprend les traversées destinées a faire partie intégrante d'un matériel a
isolation gazeuse pour lequel le gaz du matériel communique avec celui de la traversée.

Note 2 a I'article: Une traversée qui comporte des matériaux isolants solides autres que I'enveloppe contenant le
gaz (par exemple un support pour des couches conductrices ou un cylindre isolant) est une traversée a isolation
composite (voir 3.14).

Note 3 a l'article: Une traversée dans laquelle la répartition de tension souhaitée est obtenue par la disposition
de cou - : S - o — e —
désignde par une traversée a isolation gazeuse a répartition capacitive.

3.7
traversée a imprégnation gazeuse
travergée dont l'isolation principale est assurée par un corps enroulé en-~papier ou gn film
plastique (GIF) et ensuite traité et imprégné d'un gaz (autre que I'air amhjant) a une pression
supérieure ou égale a la pression atmosphérique

Note 1 [a l'article: Le corps est contenu dans une enveloppe isolante. L'espace’entre le corps et I'enjeloppe
isolantq est rempli du méme gaz que celui employé pour I'imprégnation.

3.8
traversée en papier imprégné d'huile
olIP
travergée dont l'isolation principale est assurée par un corps enroulé en papier ultérieurement
traité ¢t imprégné d'un liquide isolant, généralement.de I'huile minérale

Note 1 p I'article: Le corps est placé dans une enveloppe’isolante, I'espace entre le corps et I'enveloppe |solante
étant rgmpli du méme liquide isolant que celui employé pour I'imprégnation.

Note 2 [a l'article: L’abréviation «OIP» est dérivée du terme anglais développé correspondant «oil-impr¢gnated
paper»|

3.9
travensée en papier enduit de.résine
RBP
traversée dont l'isolation tprincipale est assurée par un corps enroulé en papier enduit de
résine|
Note 1 p I'article: Laors\de I'enroulement, chaque couche de papier est liée a la précédente par I'enduit d¢ résine

et la copésion obtenue'par le durcissement de la résine.

Note 2 p I'articles~Une traversée en papier enduit de résine peut comporter une enveloppe isolante. Dans|ce cas,
I'espacg intefmédiaire peut étre rempli d'un liquide isolant ou d'un autre milieu isolant.

Note 3 |a Wdrticle: L’abréviation «RBP» est dérivée du terme anglais développé correspondant «resin{bonded
paper»

3.10

traversée en papier imprégné de résine

RIP

traversée dont l'isolation principale est assurée par un corps enroulé en papier non traité et
ensuite imprégné de résine durcissable

Note 1 a l'article: Une traversée en papier imprégné de résine peut comporter une enveloppe isolante. Dans ce
cas, I'espace intermédiaire peut étre rempli d'un liquide isolant ou d'un autre milieu isolant.

Note 2 a I'article: L’abréviation «RIP» est dérivée du terme anglais développé correspondant «resin-impregnated
paper».
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3.11

traversée en matiére synthétique imprégnée de résine

RIS

traversée dont l'isolation principale est assurée par un corps enroulé en synthétique et
ensuite imprégné de résine durcissable

Note 1 a l'article: Une traversée en matiére synthétique imprégnée de résine peut comporter une enveloppe
isolante. Dans ce cas, I'espace intermédiaire peut étre rempli d'un liquide isolant ou d'un autre milieu isolant.

Note 2 a I'article: Sauf indication contraire du fabricant, les traversées conformes a 3.11 doivent étre considérées
comme des traversées RIP selon 3.10.

Note 3 a l'article: L’abréviation «RIS» est dérivée du terme anglais développé correspondant «resin-impregnated
synthet|cs».

3.12
traversée en matiére céramique, en verre ou en matiére inorganique analogue
traversée dont l'isolation principale est assurée par de la céramique, du verre ou par une
matiéne inorganique analogue

3.13
travernsée a isolation en résine coulée ou moulée
travergée dont l'isolation principale est assurée par une matiére(organique coulée ou noulée
avec qu sans addition d'une charge en matiére inorganique

3.14
traversée a isolation combinée
traversée dont l'isolation principale est assurée par_ufie association d'au moins deux isjolants
différents

3.15
traversée a répartition capacitive
travergée dans laquelle une répartition.déterminée des potentiels est obtenue au moyen de
couchps conductrices ou semi-conductrices disposées dans le matériau isolant

[SOURCE: IEC 60050-471:2007,(471-02-03]

3.16
traversée d'intérieur
travergée dont les deux extrémités sont destinées a étre dans l'air ambiant a la pression
atmosphérique mais non soumises aux conditions atmosphériques extérieures

[SOURCE: IEC 60050-471:2007, 471-02-05]

3.17
traversée-d'extérietr
traversée dont les deux extrémités sont destinées a étre dans l'air ambiant a la pression
atmosphérique et soumises aux conditions atmosphériques extérieures

[SOURCE: IEC 60050-471:2007, 471-02-07]

3.18

traversée d'extérieur-intérieur

traversée dont les deux extrémités sont destinées a étre dans l'air ambiant a la pression
atmosphérique. L’'une est destinée a étre soumise aux conditions atmosphériques extérieures
et 'autre ne I'est pas

[SOURCE: IEC 60050-471:2007, 471-02-09]
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3.19

traversée immergée d'intérieur

traversée dont I'une des extrémités est destinée a étre dans I'air ambiant mais non soumise
aux conditions atmosphériques extérieures et l'autre a l'immersion dans un milieu isolant
autre que l'air ambiant (par exemple, liquide ou gaz)

Note 1 a l'article: Cette définition comprend les traversées utilisées dans I'air a une température supérieure au
milieu ambiant, comme cela se produit avec les conduits isolés a Iair.

[SOURCE: IEC 60050-471:2007, 471-02-06]

3.20

traversée immergée d'extérieur
travergée dont I'une des extrémités est destinée a étre dans l'air ambiant et soumige aux
conditjons atmosphériques extérieures et 'autre a l'immersion dans un milieu isolant] autre
que I'gir ambiant (par exemple liquide ou gaz)

[SOURCE: IEC 60050-471:2007, 471-02-08]

3.21
travernsée immergée totalement
travergée dont les deux extrémités sont destinées a l'immersign-dans un milieu isolan{ autre
que I'gir ambiant (par exemple liquide ou gaz)

[SOURCE: IEC 60050-421:2007, 471-02-04]

3.22
travernsée de type embrochable

travergée pour connecteur séparable
travergée dont I'une des extrémités est imniergée dans un milieu isolant et l'autre congue
pour recevoir un connecteur séparable_de' cable isolé sans lequel la traversée ne peyt pas
fonctignner

[SOURCE: IEC 60050-471:2007,-471-02-02]

3.23
tensign la plus élevée pour le matériel
Um
valeur| efficace la plus-€levée de la tension entre phases pour laquelle le matériel est spécifié
en ce qui concerne son isolement ainsi que certaines autres caractéristiques quj sont
rattachées a cefte tension dans les normes de matériel applicables

[SOURCELIEC 60050-614:2016, 614-03-01]

3.24

tension phase-terre assignée

valeur efficace maximale de la tension que la traversée supporte en permanence entre son
conducteur intérieur et sa bride ou autre dispositif de fixation mis a la terre, dans les
conditions de service spécifiées a I'Article 5

3.25

courant assigné

Ir

valeur efficace maximale du courant par lequel le conducteur de la traversée peut étre
parcouru en service continu, dans les conditions de service spécifiées a I'Article 5, sans que
I'échauffement excéde les limites données dans le Tableau 2
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courant thermique de courte durée assigné

Ity

valeur efficace du courant symétrique que la traversée supporte thermiquement pendant la
durée assignée (th), immédiatement aprés un service permanent au courant assigné, avec
des températures maximales de I'air ambiant et des milieux d'immersion conformes a 5.3

3.27

courant dynamique assigné

Iy
valeur

de créte du courant que la traversée supporte mécaniquement

3.28
échau

différgnce entre la température mesurée au point le plus chaud des piéces métalliqueg

traver

3.29

fréquénce assignée

fr

fréque

[SOUR

ou la bobine d'inductance» par «la traversée»)]

3.30

press
pressi
de +2
laquel

3.31

press
pressi
tempé

3.32

press
pressi
partiel

3.33
press

ffement

Eée en contact avec un matériau isolant et la température de I'air ambiant\(voir 4.8

nce a laquelle la traversée est destinée a fonctionner

RCE: IEC 60050-421:1990, 421-04-03, modifiée (remplacement de «le transforn

on assignhée de remplissage du gaz isolant

de la

~

nateur

bn en pascal (Pa) pour I'isolement, rappertée aux conditions atmosphériques nofmales

D °C et 101,3 kPa (ou densité), qui peut €tre exprimée en termes relatifs ou absq
e la traversée est remplie avant sa mise en service, ou regarnie automatiquement

on maximale interne de service du gaz
bn, lorsque la traversée (est en service et parcourue par le courant assignéd
ratures maximales, conformément a 5.3

on maximale externe de service du gaz
bn maximale, du milieu gazeux isolant dans lequel la traversée est imm
lement outotalement lorsqu'elle est en service

on,de calcul (de I'enveloppe)

lus, a

aux

ergée

pn.utilisée pour déterminer I'épaisseur de I'enveloppe

pressi

3.34

taux de fuite (des traversées a remplissage de gaz, a isolation gazeuse, a imprégnation

gazeuse et a immersion gazeuse)
quantité de gaz sec, a une température donnée, qui traverse une fuite par unité de temps et
pour une valeur connue de la différence de pression a travers la fuite

Note 1 a l'article:

L'unité de base du taux de fuite dans le systeme Sl est le «pascal x métre cube par seconde

(Pa x m3/s)». Les unités dérivées «Pa x cm3/s» et «bar x cm3/s» sont utilisées dans la présente norme, du fait
qgu’elles correspondent mieux aux ordres de grandeur employés dans la pratique industrielle courante. Il convient

de rapp

eler que: 1 Pa x m3/s = 10% Pa x cm3/s = 10 bar x cm?/s.

[SOURCE: IEC 60068-2-17:1994, 1.1)


https://iecnorm.com/api/?name=89bfc78ca03ca1ceda9bc725628b426c

IEC 60137:2017 © IEC 2017 -77 -

3.35
isolateur creux
isolateur creux, ouvert de part en part, muni ou non d'ailettes

Note 1 a l'article: Une enveloppe isolante peut étre constituée d'un dispositif d'isolation ou de deux ou plusieurs
dispositifs d'isolation assemblés d’'une fagon permanente.

[SOURCE: IEC 60050-471:2007, 471-01-8, modifiée (suppression de «incluant les armatures
d’extrémité», Note 1 a I'article modifiée)]

3.36
ligne de fuite
distange la plus courte, le long de la surface d'un isolateur, entre deux parties conductri¢es

Note 1 g I'article: La surface du ciment ou de toute autre matiére de scellement non isolante n’est pas considérée
comme|faisant partie de la ligne de fuite.

Note 2 p I'article: Si un revétement a haute résistance est appliqué sur certaines parties isolantes d’un isplateur,
ces pafties sont considérées comme surfaces isolantes effectives et la distance mesdree” a la surface|de ces
parties st incluse dans la ligne de fuite.

[SOURCE: IEC 60050-471:2007, 471-01-04]

3.37
distarce d'arc
plus dourte distance dans l'air a I'extérieur de l'isolateur entre les parties métalliqués sur
lesquglles on applique normalement la tension de service

Note 1 p I'article: Les termes «distance d’arc a sec» ou «distance sur fil tendu» sont également utilisés.

Note 2 f l'article: La distance d'arc peut étre plus courte’ que les valeurs applicables aux distances d'isplement
dans I'qir indiquées dans I'lEC 60076-3.

[SOURCE: IEC 60050-471:2007, 471-01-01, modifiée (ajout de Notes a I'article)]

3.38
prise de mesure
prise de dimensions
prise de tan &
conneiion accessible de\l'extérieur de la traversée, isolée de la bride ou autre dispogitif de
fixatioh, reliée a une ;des couches conductrices extérieures d'une traversée a répa3rtition
capacltive pour permettre des mesures du facteur de dissipation, de la capacité ¢t des
décharges partiglles, lorsque la bride de la traversée est reliée a la terre

Note 1 p l'article=™ 1l convient de mettre cette connexion directement a la terre lorsqu'elle n'est pas employée.

Note 2 [a\]*article: Lorsque la prise de mesure est utilisée pour une surveillance d’état, en fonctionnement, il
convientdevetteraéviterumrcircuitouvert:

3.39

prise de tension

prise de potentiel

prise capacitive

connexion accessible de l'extérieur de la traversée, isolée de la bride ou autre dispositif de
fixation, reliée a une des couches conductrices extérieures d'une traversée a répartition
capacitive de fagon a obtenir une source de tension lorsque la traversée est en service

Note 1 a I'article: Il convient de mettre cette connexion directement a la terre lorsqu'elle n'est pas employée.

Note 2 a I'article: Cette prise peut étre également employée pour mesurer le facteur de dissipation, la capacité et
les décharges partielles.
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tension assignée de la prise de tension
tension maximale pour laquelle la prise est congue en vue d'alimenter le matériel qui lui est
associé, lorsqu'elle est connectée a la charge assignée et lorsque la traversée est soumise a
sa tension phase-terre assignée a la fréquence nominale

3.41

traversée composite
traversée possédant une enveloppe isolante constituée d’un tube de fibres imprégnées de

résine avec ou sans revétement en mélange polymeére

Note 1 ptartiete—Reurtles-traversées—définies—de—3-9-a-3-3—te—mélangepotymere—peut-eire—apphaué—eir
sur l'isdlation principale de la traversée.

3.42

capagdité (de traversée)

3.42.1
capac
capac
de meg

3.42.2
capac
capac
tensio

3.42.3
capac
capac
tensio

4 C

4.1

Les valeurs de U, d‘une traversée doivent étre choisies parmi les valeurs de la tens

plus é

3,6 -
- 550

ité principale C,
té d’une traversée a répartition capacitive entre le conducteup haute tension et I3
sure ou la prise de tension

ité de prise C,

té d'une traversée a répartition capacitive entre’ la prise de mesure ou la pr
h et la collerette de montage

ité C

té d’'une traversée sans prise de tension ou prise de mesure entre le conducteur

h et la collerette de montage

Aractéristiques assignées

Tension assignée la plus élevée pour le matériel (U,,)

evée pour leumatériel, définies dans I'lEC 60038 et indiquées ci-aprés, en kilovolt

— 800%=*1 100 — 1 200 kV.

(,2 -12(—)17,5-24 -36 -52-72,5—-100 - 123 — 145 - 170 — 245 — 300 — 362 +

tement

prise

se de

haute

ion la

420

NOTE

4.2

Lartension nhase-terre assignée est I/ /3 nour les réseaux trinhasés normaux
™ =) T T ™

Courant assigné (1)

Les valeurs de /. d'une traversée doivent étre choisies parmi les valeurs indiquées ci-aprés,

en am

peres:

100 — 250 — 315 - 400 - 500 - 630 — 800 — 1 000 — 1 250 — 1 600 — 2 000 — 2 500 — 3 150 —
4 000 — 5000 — 6 300 — 8000 — 10 000 — 12 500 — 16 000 — 20 000 — 25 000 — 31 500 —
40 000 A.

La série de courants susmentionnée est conforme aux valeurs indiquées dans I'lEC 60059.

Dans le cas des traversées de transformateurs avec le conducteur introduit dans le tube
central (conducteur démontable), le fournisseur doit indiquer la valeur de la section efficace,
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le diamétre maximum, le matériau du conducteur, ainsi que le matériau et I'épaisseur
d'isolation, correspondant a I, conformément a 4.8.

Les traversées de transformateurs dont /. est au moins égal & 120 % du courant assigné du
transformateur, et dont la température maximale et la température moyenne quotidienne
maximale sont conformes au Tableau 4, sont considérées comme étant capables de
supporter les surcharges conformes a I'lEC 60076-7 sans d'autres éclaircissements ou essais.

4.3 Courant thermique de courte durée assigné (1)

Sauf spécification contraire, la valeur de It doit étre de 25 fois I, t;, étant de 1 s. Dans le cas
la

o I oct ounnr.nur o—aaal n 4000 A daoit touiaorre A re de
S ©St TP e uT—ou—Ccgat LI ~A~A~ Ay o v ltn SOTt—toujouTs

deS trv-n:nv-onno DO Inonnn!

ersees—potrtesque
100 kA\.

Dans (le cas des traversées de transformateurs, #, doit étre de 2s, sauf| spécification
contrajire, conformément a I'lEC 60076-5.

Pour ¢les durées de f, supérieures a 1s, par hypothese, la relationrentre le courant et le
temps|est conforme a

Izth Xty = constante

Dans [e cas des traversées de transformateurs pour _lésquelles le conducteur est infroduit
dans |le tube central, la section efficace du conducteur correspondant au courgnt de
fonctignnement peut étre inférieure a celle indiquée.en 4.2. Dans un tel cas, il convient que le
couranmt de fonctionnement et la section efficace soieént conformes aux exigences de 8.8

4.4 |Courant dynamique assigné (1)

La valeur normale de I, doit avoir ungiXamplitude de la premiére créte égale a 2,5 fois la
valeurde I;;, conformément a 4.3.

Dans tertains cas, des valeurs:supérieures a 2,5 fois la valeur de Ith indiquée en 4.3 pguvent
étre récessaires en fonction ydes caractéristiques du transformateur. Il convient que le
fabricant du transformateur ‘stipule de telles exigences dans les renseignements a fournir lors
de la gommande des traversées (voir 6.1.4).

4.5 |Valeurs minimales de la tenue a la charge de flexion

Les trpversées doivent supporter la charge de flexion donnée dans le Tableau 1, Niveau |
ou ll. [Le Niveau |l est une charge normale et doit généralement étre appliqué, spuf si
I'achefeur'spécifie une charge plus sévere de Niveau Il.
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Tableau 1 — Valeurs minimales de la tenue a la charge de flexion (voir 4.5 et 8.10)

Tension la plus Courant assigné
élevée pour le A
matériel (U,,) < 800 1,000 2 000 >3 150
kv 1600 2 500

Charge de flexion de service
N

Traversée installée < 30° par rapport a la verticale

<36 500 500 625 625 1000 1000 1575 1575
52 500 800 625 800 1000 1250 1575 1575
7R,5 a 100 500 1000 625 1000 1000 1575 2 000 2000
123 a 145 625 1575 800 1575 1250 2 000 2 000 2000
170 a 245 625 2 000 800 2 000 1250 2 500 2 000 2500
> 300 1250 2 000 1250 2 000 1575 2 500 2 500 2500
Charge d'essai de flexion
N
| 1 | 1 1 1 | 1

<36 1000 1 000 1250 1250 27000 2 000 3150 3150
52 1000 1600 1250 1600 2 000 2 500 3150 3150
7R,5 a 100 1000 2 000 1250 2 000 2 000 3150 4 000 4000
123 a 145 1250 3150 1600 3150 2 500 4 000 4 000 4000
170 a 245 1250 4 000 1600 4 000 2 500 5 000 4 000 g 000
> 300 2 500 4 000 2 500 4 000 3150 5000 5000 g 000

Les chigrges de flexion de service comprennentl'éffort sur les bornes et la pression du vent (70 Pa), se repprter a
I'"EC T[S 61463.

Pour lgs traversées fonctionnant avec unlangle > 30° par rapport a la verticale, il convient de prendre en gompte
I'effet ju propre poids de la traversée'lors de la sélection de la charge et de la procédure d'essai. Les Yaleurs
donnégs ci-dessus correspondent(a des traversées verticales, qui doivent étre soumises a I'essai en pposition
verticle. Lorsqu’une traversée inclinée ou horizontale doit étre soumise a I'essai verticalement, il convier]t alors
d'ajoufler une force équivalenté pour réaliser le moment de flexion au niveau de la bride, du fait du poid$ de la
traverdée dans sa position\de fonctionnement. Si une traversée verticale doit étre soumise a |[lI'essai
horizoptalement, la charge 'd’essai peut alors étre réduite de la méme maniére.

Niveay | = charge normale, Niveau Il = charge élevée.
Pour Igs traversées pour lesquelles les enveloppes isolantes supérieure et inférieure sont montées par effort de

serragg sur leceonducteur de fixation central, il est recommandé de choisir la charge d'essai de flexion en|tenant
compt¢ de la dilatation thermique du conducteur due au passage du courant assigné.

4.6 Angle de montage

Toutes les traversées doivent étre congues pour un montage avec un angle d'inclinaison ne
dépassant pas 30° par rapport a la verticale. Tout autre angle de montage doit faire I'objet
d'un accord entre 'acheteur et le fournisseur.

NOTE Une traversée fonctionnant avec un angle d’inclinaison inférieur ou égal a 30° par rapport a la verticale est
considérée comme verticale. Une traversée fonctionnant avec un angle d’inclinaison supérieur ou égal a 70° par
rapport a la verticale est considérée comme horizontale. Une traversée fonctionnant avec tout autre angle est
considérée comme étant inclinée (voir 6.1.5).
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4.7 Ligne de fuite nominale minimale

Sauf accord contraire entre I'acheteur et le fournisseur, ou a moins d'une démonstration par
essai, la ligne de fuite pour les enveloppes isolantes doit étre conforme a I'lEC TS 60815-2 ou
al'lEC TS 60815-3.

Si des essais sous pollution artificielle sont nécessaires, ils doivent étre effectués
conformément a I'lEC 60507.

NOTE 1 La valeur réelle de la ligne de fuite peut étre nettement supérieure, mais non inférieure, a la valeur
indiquée dans I'lEC 62155.

NOTE I T'TEC TS 60815-T définit Ta Tigne de fuite spécifique unifiee comme Ta Tigne de fuile totale diviséf par la
tension| phase-terre de fonctionnement la plus élevée selon 3.24. La tension entre phases“pefmettait
précédg¢mment de calculer la ligne de fuite spécifique. Cela signifie que le rapport entre les deux valeurs dle ligne
de fuite| est de 3.

4.8 |Limites de température et échauffement

Les limites de température des pieéces métalliques en contact avec le-matériau isolani dans
les conpditions de service normales sont les suivantes:
— 10p °C pour le papier imprégné d'huile: Classe A;

— 12D °C pour le papier enduit de résine ou imprégné de{résine, ainsi que la matiére
synthétique imprégnée de résine: Classe E;

— 13p °C pour l'isolation gazeuse: Classe B.

L'échguffement au-dessus de la température maximale journaliére moyenne de l'air afbiant
conforime a 5.3 (30 °C), du point le plus chauds.ne doit pas dépasser les valeurs données
dans le Tableau 2. Dans le cas d'autres matériaux isolants, les limites de température doivent
étre spécifiées par le fournisseur. Il doit étre.fait référence a I'lEC 60216-2 et a I'lEC 60505.

Pour Ies bornes et les connexions des traversées, les limites d'échauffement sont également
donnéles dans le Tableau 2.

Les traversées faisant partie intégrante d'un appareil, tel qu'un appareillage de connexfon ou
des tfansformateurs, doivent jsatisfaire aux exigences thermiques de I'appareil pfis en
considération. Pour les traversées de transformateurs, il doit étre fait référence a 4.2.

La température de ('aif ambiant et celle des milieux d'immersion sont définies dans le
Tableau 4.

Dans |e cas‘des traversées fonctionnant dans des transformateurs de puissance imnjergés
dans |du (liquide utilisant des matériaux isolants haute température conformément a
I''EC 60076-14, les limites de température des traversées doivent étre convenues enfre les

parties-ceoncernees-

Pour les joints d'étanchéité en contact avec les parties métalliques, il convient d'accorder une
attention particuliére a la capacité du matériel a supporter I’échauffement.

4.9 Niveaux d'isolement

Les valeurs du niveau d'isolement doivent étre choisies dans le Tableau 3.

Les valeurs spécifiées du niveau d'isolement sont conformes a I'lEC 60038 et a I'lEC 60071-1.
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Tableau 2 — Valeurs maximales de la température et de I'échauffement
au-dessus de la température de I'air ambiant (voir 4.8)

Echauffement Température i
Description du composant maximal maximale Commentaires
K °C

Contacts a ressort Cuivre et alliages en cuivre, nus: d
— dans l'air 45 75
—dans le SFy 65 95 b
— dans I'huile 50 80
Etamés, dans l'air, dans le SF4 ou 60 90
dans I'huile f
Argentés ou nickelés:
— dans |'air ou dans le SF, 75 105 b
— dans I'huile 65 95

Contactp vissés Cuivre, aluminium et leurs alliages,
nus:
— dans l'air 60 90
—dans le SFy 75 105
— dans I'huile 70 100 b
Etamés: |
— dans I:air‘ou dans le SFg 75 105
— dans I'huile 70 100 s
Argentés ou nickelés:
— dans l'air ou dans le SFg 85 115 [
— dans I'huile 70 100

Bornes p raccorder | Cuivre, aluminium et leurs alliages:

a des cgnducteurs

extériedrs par des | ~Ues 60 90 d

vis ou des boulons | — €tamees . ] 75 105

— argentées ou nickelées 75 105

Pieces métalliques Classe d'isolation:

conductfices et non

conductfices en - A (OIP) 75 105

contact lavec - E (RBP, RIP, RIS) 9e0 1%0

- (GIF)

- SFy 100 130

— Huile 85 115 .
110 140 4

a8 Les |valeurs d'échauffement sont basées sur I'lEC 60943 avec une température maximale journaliére nmfoyenne
de 30 °C. Pour d‘autres informations, il convient de se référer au Tableau 6 de I'l[EC 60943.

b L'hujle mentidnnée dans le tableau ci-dessus fait référence a I'huile minérale. Pour les autres liquides [isolants
(par|exemplesssilicone, ester naturel ou synthétique), des valeurs plus élevées peuvent faire I'objet d'ur] accord
entre I'acheteur et le fournisseur.

¢ S'il doit.se produire une forte oxydation, I'échauffement doit étre limité a 50 K.

d  Un contact & ressort est une connexion maintenue par la pression d'un ressort, par exemple un contact
embrochable.

¢ Les limites de température doivent étre indiquées par le fournisseur.

f Latempérature des contacts étamés ne doit pas dépasser la température maximale indiquée de 105 °C. Dans le
cas contraire, une destruction trés rapide ou immédiate se produit.

9 Applicable aux traversées a isolation liquide selon 3.4.

h Applicable aux traversées de transformateurs avec un conducteur (solide ou flexible) introduit dans le tube
central.

NOTE A et E font référence a la classe thermique conformément a I'lEC 60085.
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Tableau 3 — Niveaux d'isolement pour la tension la plus élevée pour le matériel (U,,)
(voir 4.9, 8.2, 8.4, 8.5, 9.3 et 9.4)

Tension la Tension de Tension de Tension de tenue a fréquence industrielle
plus élevée | tenue assignée tenue assignée
pour le aux chocs de aux chocs de
matériel foudre (BIL) manceuvre (SIL)
Um
kv kV kv kv
(valeur (valeur de créte) | (valeur de créte) (valeur efficace)
efficace)
Traversées de Traversées Autres Toutes les
transformateurs 2 GIS traversées © traversées
(a sec) (a sec) dp(lsuc::)s
<11 20 10 10 10
3,6 40 11 10 10
7,2 60 22 20 20
12 75 30 28 28
17,5 95 42 38 38
24 125 55 50 50
36 170 77 70 70
52 250 105 95 95
72,5 325 155 140 140
100 380 165 150 150
450 205 185 185
123 450 205 185 185
550 255 230 230
450 205 185 185
145 550 255 230 230
650 305 275 275
550 255 230 230
170 650 305 275 275
750 355 325 325 325
650
950 750 435 435 395 395
245 850
1 050 750 505 460 460 460
850
300 1050 850 505 460 460 -
1050 850 505 460 460 -
362 950
175 950 560 520 510 -
1300 1050 625 595 570 -
420 1425 1050 695 650 630 -
1550 1175 750 - 680 -
1425 1050 695 650 630 -
1175
550 ¢© 1550 1175 750 710 680 -
1675 1175 750 - 680 -
1800 1300 870 - 790 -
1300 -
1800 1425 870 830 790 -
800 ¢
1550 -
1950 1550 915 960 830 -
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Tension la Tension de Tension de Tension de tenue a fréquence industrielle f
plus élevée | tenue assignée tenue assignée
pour le aux chocs de aux chocs de
matériel foudre (BIL) manceuvre (SIL)
Um
kV kV kV kV
(valeur (valeur de créte) | (valeur de créte) (valeur efficace)
efficace)
Traversées de Traversées Autres Toutes les
transformateurs 2 GIsbt traversées ¢ | traversées
(a sec) (a sec) ? (sous
pluie)
2 100 1425 970 960 880 -
2 400 1 550 1075 960 975 -
2 250 1 800
1100 2 400 1950 12009 1100 4 -
2 250 1 800
1 200 2 550 1950 13209 1200 - -

2  Valeyrs conformes a I'l'EC 60071-1 et a I'lEC 60076-3, augmentées de 10 %, conformément & 9.3.
b Valeyrs conformes a I'IEC 62271-1.

¢ Valeyrs conformes a I'lEC 60071-1 et a I'lEC 62271-1.

Valeyrs conformes a I'lEC 60071-1.

¢ Les paleurs de la tension la plus élevée pour chaque matériel s§ont conformes a I'Amendement 2 (1997) de
I''EC|60038.

Les fensions de tenue a fréequence industrielle indiquées sont/les valeurs minimales exigées basées sjur le BIL du
systéme ou du matériel auquel la traversée est appliquée. Pour les applications de transformateurs darjs lesquelles
une tfaversée est choisie avec une classe de BIL plus élevée, la traversée peut étre soumise a I'essai c¢gnformément
a la golonne 6, a condition que I'exigence d’une tension_d’essai de tenue a fréquence industrielle de 10 % supérieure
a celle de son transformateur soit satisfaite.

9 La dyrée d'essai doit étre de 300 s conformément.a I'lEC 60076-3.

4.10 |Prise de mesure des traversées de transformateurs

Une prise de mesure conforme a 3.38 doit étre fournie sur toutes les traverséps de
transformateurs a répartition capacitive selon 3.15. Afin de pouvoir utiliser la prise de mesure
pour les mesurages des.décharges partielles sur les transformateurs, les valeurs qui Iyi sont
applicpbles ne doivent(pas dépasser:

— unp capacité a la.terre de 10 000 pF;

— un|facteur dedissipation diélectrique (tan 6) de 0,05 mesuré a la fréquence industrie|le.

Les alitres valeurs de capacité a la terre de la prise de mesure peuvent étre déterminégs par
accord entre I'acheteur et le fournisseur.

La traversée ne doit pas comprendre de capacités importantes a la terre qui peuvent dériver
le courant d0 aux décharges partielles et rendre ainsi incorrects ou erronés les mesurages
des décharges partielles sur le transformateur.

5 Conditions de service
5.1 Surtensions temporaires

La tension maximale phase-terre du systeme peut dépasser U, divisée par \/5 Pour les
durées ne dépassant pas 8 h par période de 24 h et dont la durée totale ne dépasse pas
125 h par an, les traversées doivent pouvoir supporter une tension phase-terre de

— Uy pour les traversées dont U, est inférieure ou égale a 170 kV;
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- 0,8 U, pour les traversées dont U, est supérieure a 170 kV.

Dans les réseaux avec lesquels des surtensions supérieures a cette valeur peuvent se
présenter, il est conseillé de choisir une traversée avec une valeur de U,, plus élevée.

5.2

Altitude

Bien que le niveau d'isolement fasse référence au niveau de la mer, les traversées qui
correspondent a la présente norme sont déclarées adaptées a une utilisation a toute altitude
ne dépassant pas 1 000 m. Pour s'assurer que les tensions de tenue extérieures de la
traversée sont suffisantes a des altitudes supérieures a 1000 m, la distance
normalement nécessaire doit étre augmentée selon une valeur appropriée. |l n'est pas

d'arc

néces
La tern
traver

Pour

condit
tensio
par un

m=1
m=1
m

Saire d'adapter I'épaisseur radiale de l'isolation ni la dimension de I'extrémité imm
sion de perforation et la tension de contournement dans le milieu d'immersion
5ée ne sont pas affectées par laltitude.

brgée.
d'une

des installations a une altitude supérieure a 1 000 m, la distanee.d’arc daps les

el aux

ons atmosphériques normales de référence doit étre déterminéenafin de résist
hs obtenues en multipliant les tensions de tenue exigées a l'emplacement de service
facteur k,.
(H-1000)
k, = g™ Eis0

est I'altitude (en métres), ne dépassant pas 4 000 métres.
pour la tension de tenue aux chocs de foudre

pour la tension de tenue a fréquence_industrielle pour laquelle U, < 245 k\|.

correction d'altitude n'est pas applicabile pour des valeurs U, plus élevées,
donné que les traversées sont soumises a l'essai avec des chocs de manceuvre
déja fait I'objet d'une correction dialtitude.

est conforme a la Figure 1 pour ta tension de tenue aux chocs de manceuvre.

Une
étant
ayant
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m pour les chocs de manceuvres

1,1+

1,0 1

0,9

0,8
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Figyre 1 — Facteur m de la tension de tenue aux chocs de manceuvre de coordina
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Une djstance d'arc augmentée effectivement basée sur une distance d'arc vérifiée pelit étre
considérée comme valable sans essai supplémentaire.

5.3 |Température de I'air ambiant et des milieux d'immersion

Les traversées doivent.-étre congues pour étre utilisées a des températures qui ne dépassent
pas lep limites données-dans le Tableau 4. Il convient de prendre en compte les conditipns de

service en dehorstdes limites données dans le Tableau 4, ainsi que leur influence

sur le

couramt assigné- ‘Exemples de traversées de ce type: traversées immergées totalgment,
travergées fonctionnant dans des conditions d'air ambiant a température élevée ou traversées

fonctignnant-dans des conduits isolés a I'air.

La copdensation d'humidité a la surface de la partie de la traversée située a l'intérielir doit

étre évitée, si nécessaire par ventilation ou par chauffage.
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Tableau 4 — Température de I'air ambiant et des milieux d'immersion

Sujet Tempoérature
Cc
Air ambiant:
- maximale 40
— maximale journaliére moyenne (en plein air) 30
— maximale journaliére moyenne (dans des conduits isolés a I'air) 70
— maximale annuelle moyenne 20
— minimale
o | Traversées d'intérieur @ -5
-15
125
o | Traversées d'extérieur @ -10
-25
-40
Huile|minérale dans les transformateurs:
— mhpximale
e | pour un régime de charge normal ® 100
e | pour un régime de charge de secours de courte et de longué\durée © 115
— mpximale journaliére moyenne 90
Autres milieux:
(gazepux et non gazeux) ¢

2 Sauf indication contraire, la température minimale de l'air ambiant est de -5°C pour les traversées
d'|ntérieur et de -25 °C pour les traversées d'extérieur.

b Lds valeurs applicables aux transformatelirs sont conformes a I'lEC 60076-1 et a I'lEC 60076-2 e{ sont
agsociées a I'huile minérale. Pour les~autres liquides isolants (par exemple, silicone, ester natufel ou
synthétique), des valeurs plus élevées.peuvent faire I'objet d'un accord entre I'acheteur et le fournigseur.
Lgs valeurs applicables au régime-de charge de secours de courte et de longue durée sont conforpes a
I'EC 60076-7.

¢ En l'absence d'autres informations, il convient en principe de se référer a la norme d'appareil$ IEC
cqrrespondante pour laguelle la traversée est prévue. Il convient par ailleurs d'accorder une att¢ntion
particuliére aux traversées dont une des extrémités doit étre immergée dans le gaz.

NOTH 1 Il convient de‘calculer la température journaliére moyenne du milieu d'immersion par un calcul|de la
moyehne de 24 releves-horaires consécutifs.

NOTH 2 D'autres “plages de températures peuvent étre adoptées par un accord entre l'acheteur |et le
fournisseur.

5.4 Conditions sismiques

Il convient de se référer a I'lEC TS 61463 lorsque la qualification sismique est exigée.

5.5 Transitoires trés rapides (VFT — very fast transients)

Dans le cas de contraintes transitoires inhabituelles observées dans les traversées a
répartition capacitive connectées a des appareillages de connexion a isolation gazeuse, des
analyses particuliéres peuvent étre convenues entre l'acheteur et le fournisseur afin de
prendre en compte le comportement des traversées.

La signification des essais est avérée uniquement tant que toutes les parties concernées
appréhendent les limites dans lesquelles le dispositif d'essai simule au mieux les conditions
de service.
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