© 8z 3%
O 29 g2
D wan mE
3 sz T Y
o £ Vs, :
w o %, 2
— rmo =
\Q 0
.br.v g
Y0 3
®
5,
- 5 "y
A 2
Z 5
O
ol 2 4 53
< <«
MD 8%
il
EN 2 >
T £t
c D
Z 0 i :
=) 28

(u9)ATH 80-8102:95109 O3


https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The Intgrnational Electrotechnical Commission (IEC) is the leading global organization that prepares and ppblishes

Internatonal Standards for all electrical, electronic and related technologies.

About IEC publications

The tecpnical content of IEC publications is kept under constant review by the IEC. Please make §ure'that you have the

latest edlition, a corrigenda or an amendment might have been published.

IEC Catplogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliogrgphical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documefts. Available for PC, Mac OS, Android Tablets and
iPad.

IEC puljlications search - webstore.iec.ch/advsearchform
The adJanced search enables to find IEC publications by a
variety |of criteria (reference number, text, technical
committge,...). It also gives information on projects, replaced
and withjdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up|to date on all new IEC publications. Just Published
details @ll new publications released. Available online and
also onde a month by email.

Electropedia - www.electropédia-org
The world's leading online “dictionary of electropic and
electrical terms containing:21 000 terms and defirfitions in
English and French, swith~equivalent terms in 16 gdditional
languages. Also known/as the International Electrofechnical
Vocabulary (IEV) anline.

IEC Glossary ¢ std.iec.ch/glossary
67 000 electrotechnical terminology entries in English and
French._extracted from the Terms and Definitions dause of
IEC publications issued since 2002. Some entries hgve been
collected from earlier publications of IEC TC 37, 77| 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/cstc
If you wish to give us your feedback on this publi¢ation or
need further assistance, please contact the Customef Service
Centre: sales@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

IEC 60156

Edition 3.0 2018-08
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

Insujating liquids — Determination of the breakdown voltage at power

freqyiency — Test method

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 29.040 ISBN 978-2-8322-5987-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

-2 - IEC 60156:2018 RLV © IEC 2018

CONTENTS

FOREW O R DD . ..ottt ettt et e aaans 4
INTRODU CTION .. e e e e 6
1 ST o o 1= 7
2 NOIMAtIVE FEIEIENCES. ... ..o 7
3 Terms and defiNitioNS ..o, 7
4 Electrical apparatus .. ..o i 7
4.1 cereret—m——m—m——— 7
4.2 Voltage regulator... ... 8
4.3 Step-up transformer ... ST 8
4.4 Switching system ... N 8
4.5 Current-limiting resistors .........cocooeiiiiiiiiie O 9
4.6 Measuring-deviee system ... O e 9

5 TSt @SSEMbIY .o N e e 9
5.1 General. ..o 9
5.2 TestCell.oii e e e 9
5.3 Electrodes. ..o S e 12
5.4 Stirring device{optional) ......coovviiiiiii i 12

6 Plreparation of electrodes...........coooiiiiiiiii i OO e 13
Test assembly preparation ... ... e e 13

S TS == o ] o] 11 o S P P 14
Qondition-ef- the-sample e e

9 TSt ProCeAUIe ..o e e e 14
9.1 Sample preparation ... . ... oo e 14
9.2 Filling of the cell..... ..ol 15
10  Alpplication of the voltage st e e 15
T REP O e e e 15
12 Test data dispersignrand reproducCibility .......ooooiiiii e 16
121 Testdata @igpersion . ... e 16
12 ReprodBeibility ... e 17
AnneX A (informative) Improved test method ... 18
A.1 Fest procedure for improved test method ... 18
A.2 RO PO e | 19
Annex B (informative) Special test Metnods 10T [OW VOIUME SaMPIES ..o ossee e eeeene 20
B.1 Low volume sample teSt ... 20
Annex C (informative) Representative material for a performance test......................ool. 22
Bl O G AP Y e 23

Figure 1 — Examples of test cells with spherical electrodes 12,5 mm to 13,0 mm
(o [F=Y 0 g T= ] (= 12

Figure 2 — Examples of test cells with partially spherical electrodes with 25 mm radius
and diameter Of 36 MM ... . e 12


https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

IEC 60156:2018 RLV © IEC 2018 -3-

Figure 3 — Graphical representation of coefficient of variation-{standard-deviation/mean
ratio) versus mean breakdown vOItage ..o 17

Figure A.1 — Example of a sequence of breakdown shots for determination of the
DreakdOWn VOITAGE ... .. e 19

Figure B.1 — Example of low volume test cell, fixed electrode distance of 2 mm with
2 ml active volume under dieleCtriC StreSs .. ... 20

Figure B.2 — Example of low volume test cell, fixed electrode distance of 2,5 mm
QSO I 2 Y o T2 010 I 3o T PRSP 21



https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

-4 - IEC 60156:2018 RLV © IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING LIQUIDS — DETERMINATION OF THE BREAKDOWN
VOLTAGE AT POWER FREQUENCY - TEST METHOD

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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end and in addition to other activities, IEC publishes International Standards, Technical Specifi

ernmental organizations liaising with the IEC also participate in this preparation. IEC. collaborates

withl the International Organization for Standardization (ISO) in accordance with conditions determ
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter

con
inte

3) IEC

Con|

sensus of opinion on the relevant subjects since each technical commitiee’ has representation
ested IEC National Committees.

national co-operation on all questions concerning standardization in the electrical and electronic fig¢lds. To

Cations,

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd~to ds “IEC
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Comimittee inferested
he subject dealt with may participate in this preparatory work. International, governmental and non-

closely
ned by

hational
rom all

Publications have the form of recommendations for international us€_ and are accepted by IEC National
mittees in that sense. While all reasonable efforts are made to €nsure that the technical contenf of IEC

Pubjications 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 natienal and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢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, access to' IEC marks of conformity. IEC is not responsible [for any
seryJices carried out by independent certification.bodies.

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

7) No liability 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 fe

exp

Publications.

8) Atte

indi

Epensable for the correct application of this publication.

9) Attegntion is drawn to ‘the possibility that some of the elements of this IEC Publication may be the su
patgnt rights. IEC«shall not be held responsible for identifying any or all such patent rights.

This redline-version of the official IEC Standard allows the user to identify the ch

made
has b

to - the previous edition. A vertical bar appears in the margin wherever a ¢
ben/made. Additions are in green text, deletions are in strikethrough red text

ps) and

bnses arising out of the pyblication, use of, or reliance upon, this IEC Publication or any other IEC

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

bject of

aAnges
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International Standard IEC 60156 has been prepared by IEC technical committee TC 10:

Fluids

for electrotechnical applications.

This third edition cancels and replaces the second edition published in 1995. This edition
constitutes a technical revision and, mainly, confirms the content of the previous edition even
if some advances are included. The test method has not been changed for practical reason
due to the very large number of instrumentation disseminated around the world, although the
use of stirring is now recommended.

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

Full in
the re

This d

The c
stabili

FOTS Reporton voting

10/1061/FDIS 10/1065/RVD

formation on the voting for the approval of this International Standard-can be fo
pbort on voting indicated in the above table.

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

y date indicated on the IEC website under "http://webstere’iec.ch" in the data relg

und in

pbmmittee has decided that the contents of this document willremain unchanged until the

ted to

the splecific document. At this date, the document will be

e re¢onfirmed,

e wilthdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside’logo on the cover page of this publication indjcates
that if 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

As normally applied, breakdown voltage of insulating liquids is not a basic material property
but an empirical test procedure intended to indicate the presence of contaminants such as
water and solid suspended matter and the advisability of carrying out a drying and filtration
treatment.

The AC breakdown voltage value of insulating liquids strongly depends on the particular set of
conditions used in its measurement. Therefore, standardized testing procedures and
equipment are essential for the unambiguous interpretation of test results.

of insulating liquids, or testing of treated liquids prior to or during filling into. eldctrical
equipment, or to the monitoring and maintenance of oil-filled apparatus in servicex It specifies
rigoroys sample-handling procedures and temperature control that should be adhered td when
certifixd results are required. For routine tests, especially in the field)) less stringent
procedlures may be practicable and it is the responsibility of the user to determine their|effect
on the results.

The r:Eathod described in this document applies to either acceptance tests on new deliveries

AnneAq A (informative) describes, for comparison, an alternative_test method which copld be
introdyiced in the future. Annex B (informative) describes spgcial test methods, using cells
which|may include low volume samples. Annex C (informative)describes a reference mpterial
for a gerformance test and check according to IEC 60060-3fM.

1 Numbers in square brackets refer to the Bibliography.
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INSULATING LIQUIDS — DETERMINATION OF THE BREAKDOWN
VOLTAGE AT POWER FREQUENCY - TEST METHOD

1 Scope

This document specifies the method for determining the dielectric breakdown voltage of
insulating liquids at power frequency. The test-pertion—coentained procedure is performed in a

specified_apparatus _where the oil sample is subjected to an increasing AC electrical field-by
meang—of-a—constantrate—of voltage-—rise until breakdown occurs. The method applieg to all
types |of insulating liquids of nominal viscosity up to 350 mm2/s—* at 40 °C. It is apprqpriate
both for acceptance testing on unused liquids at the time of their delivery and for ‘éstablishing
the condition of samples taken in monitoring and maintenance of equipment.

2 Nprmative references

The fgllowing documents are referred to in the text in such a way)that some or all their
content constitutes requirements of this document. For dated\réferences, only the eédition
cited 1pp|ies. For undated references, the latest edition of the teferenced document (indluding
any amendments) applies.

IEC 80052 1060 accommendations for voltage meaywemaent hvy meane nf enhearoa-aank (one
M=o Uy VYue TV UU, TYCUUITITITUITUUITUTTO  TUT VUMW U TITUEH QU FUTITUTTU I y TITUUTTO UT " OPTTUT U U v (UiTe
spherg-earthed)

IEC 60060, High ! i

IEC 60475:4974, Method of sampling insglating liquids-dielectries

3 Terms and definitions

No tefims and definitions are listed in this document.

ISO apd IEC maintajn(terminological databases for use in standardization at the following
addregses:

C Electropedia: available at http://www.electropedia.org/

O Opntire browsing platform: available at http://www.iso.org/obp

4.1
The el

1) vo

lectrical apparatus

General
ectrical apparatus consists of the following units:

Itage regulator,

2) step-up transformer,

3) switching system,

@—%e#g-y—”m-l-t-lﬂg—d-ewee-s—. i i O

4) cu

rrent-limiting resistors,

5) measuring device.

Two o

r more of these units may be integrated in any equipment system.
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Voltage regulator

nduction roanlatar
~J

4)
e

The te
rate ¢
source should be free from harmonics.

i i

f rise. The device should not introduce harmonics disturbances (< 3%) and t

st voltage shall be increased with an automatic control of the required uniform v

Step-up transformer

st voltage is obtained by using a step-up or resonant transformer supplied from
using-{ 48 Hz to 62 Hz) (sinusoidal waveform)

oots or transients. Incremental increases (produced, for example, by a variable
brmer or an amplifier) shall not exceed 2 % of the“expected breakdown voltage.

oltage
he AC

an AC
dually

. The voltage source value is constantly increased% The controls of the variable low-

ithout
auto-

The cé¢ntre-point of the secondary winding@,of the transformer should be connected to eaf

4.4
344

The d

electrpdes occurs and(the voltage between the electrodes collapses to a voltage les$

500 V.

opera

Basi .
ircuit shall be opehed automatically if-an—established a sustained arc betwegn the

break

Switching system

The primary(circuit of the step-up transformer shall be fitted with a circuit-b
ed by the current sensing device, resulting from the breakdown of the sample an

the voltage W|th|n 10 ms#he—eweuﬂ—may—be—epened—man&%Ly—#—a—t#&n&en%

than
reaker
i shall

-spark

-limiting

cut-off

A cut-off time of < 100 ps, as given in the previous edition of this document, is needed to
perform multiple breakdowns on silicone liquids.
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curren

The short-circuit current of the transformer and associated circuits shall be within’the ra

own of liquids such as silicone or ester liquids, a resistance limiting the brea
t-may shall be inserted in series with the test cell.

ant of
Kdown

ge of

10 mA to 25 mA for all voltages higher than 15 kV. This may be achieved by‘a combinalion of
resistgrs in either or both the primary and secondary circuits of the high-voltage transformer.
4.6 |Measuring-device system

For the purposes of this document, the magnitude of the test/voltage is defined as itg peak
value Hivided by /2 .

Thic vhltaae mav he maacurad hy maeane of 9 nask-valtmeataer or by meance aof anothar tne of
Lol fploeorro b mooonrne o mmoone o o snnlo v lhandia s on by caoone o cnoltbor ron of
velisagior comaoeioc e the lmondt o cuviont slele of e tootioe fooocfocoonr oo do o docclsl
windirlg-provided thereon; the instrument then used shall be calibrated against a standprd-up

The o

system consisting of a voltage divideinét a measuring winding of the step-up trans
couplgd with a peak-voltmeter. The~measuring system shall be calibrated up to the

scale

the ude of a transfer standard. This is an auxiliary measuring device which is conned

place
imped
separ

VRS ED Leco alee [0 200 (2] [D]

5 Test assembly

5.1

The

voltage to be measured. A method of calibration which has been found satisfac

of the test cell between the high-voltage terminals to which it presents-the-—sa{
nce-as-the-filed-test-cell similar to the one of the sample liquid. The auxiliary de

tely calibrated against a primary standard,for-example;—a-sphere—gap—in—-accod

General

utput voltage of the step-up transfetmer may be measured by means of a mealsuring

ormer
upper
ory is
ted in
me an
vice is
dance

o 4
C

rasled s g
TCanRTuowr— vortayg’c

routine test.

5.2

Test cell

The volume of the cell shall be between 350 ml and 600 ml.

as a

The cell shall be made from electrically insulating materials, that are not hygroscopic. The cell
shall be transparent and chemically inert, resistant to the insulating liquid and to the cleaning
agents that-may shall be used. A glass cell is the preferred option.

The cell shall be provided with a cover and shall be designed to permit easy removal of the
electrodes for cleaning and maintenance. To improve homogenization of the test liquid, a
rounded bottom shape of the cell is recommended. Containers and covers shall be cleaned by
washing with a suitable solvent or clean insulating liquid to remove residues of an earlier
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sample. After cleaning, containers shall be immediately capped and kept closed until used
again. Electrodes shall be stored in clean insulating liquids.

NOTE It is preferable, in the case of esters, to use similar liquid to store the electrodes.

Examples of suitable cell designs are given in Figures 1 and 2.

110 Résine époxyde - 5
100 Epoxy resin
l o
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1 N
S ‘@-\. @ gl o $
‘ =T \E | Nipw N
&2 / o \
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g\’ 1 1 1 ) .
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Dimensions in mill
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device position and Vernier shifter are reported only as reference.

Figure 1 — Examples of test cells with spherical electrodes
12,5 mm to 13,0 mm diameter

Piménsions in mil

]

NOTE
stirring

5.3

The e
be po
Figurg
axis o
of the
Any p

L

i panasnRRll

7

[

e
Jpealonnn Donnaliny

se). The

imetres

device position and Vernier shifter are reported dnly as reference.

Figure 2 — Examples of test'Cells with partially spherical electrodes
with 25 mmmadius and diameter of 36 mm

Electrodes

ectrodes shall be made either of brass, bronze or austenitic stainless steel. The
ished and, in shape, either spherical (12,5 mm to 13,0 mm diameter) as shq
1 or in partially ;spherical shape (25 mm % 0,25 mm radius) as shown in Figure

f the electrode system shall be horizontal and shall be at least 40 mm below the s
test liquids

brt of thé gell or stirrer shall not influence the electric field between the electrode

gap between-the electrodes shall be 2,50 mm + 0,05 mm.

IEC

The stirring device can be mounted on the top{(right side figure) or on the bottom (left side figue). The

shall
wn in
P. The
urface
5. The

The 4

maintained or replaced as soon as such damage is observed.

lecfrodes shall be examined frequently for pitting or other damage and shiall be

NOTE The electrodes can be replaced or refurbished typically after 5 000 single breakdowns. The surface of the
electrodes can be polished with a maximum grain diameter of 10 um. The limit of the arithmetical mean deviation of
the roughness profile of the electrodes can be Ra < 0,5 ym, according to ISO 4287[4].

5.4

Stirring device-(optional)
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The use of an automatic stirring device is recommended, to be used at all times throughout

the test.

The stirrer shall be mounted in the test cell in order to maximize the homogenizatioh |of the
liquid.| It shall be designed so that it is easily cleaned. Stirring shall be achieved by\mejns of
a two-pladed or appropriate stirrer of effective diameter 25 mm to 35 mm, axial depth 5 mm to
10 mnp, rotating at a speed of 200 r/min to 300 r/min. The stirrer shall not produge air bubbles.
It shall be fully immersed in the liquid sample. Examples of stirring systemS mounted |n test
cells dre reported in Figures 1 and 2.

NOTE To avoid bubbles between the electrodes the stirrer can rotate preferably {(f\such a direction that pubbles
can be femoved [5].

NOTE 2 The stirring device can be mounted on the top or on the bottom, 4w Figures 1 and 2, the stirrind device
positior] is reported only as reference.

NOTE § A magnetic stirring device can be also used.

6 Preparation of electrodes

New ¢lectrodes;

consig

electrpdes shall be according to the following procedure:

- C

fon

g

— after polishing, clean with petroleum spirit (reagent quality: boiling range of-60°C

40

- as
be

— be
This p

lerable-time shall be cleaned-by and\ fulfil the requirements of 5.3. Preparation

an all surfaces with a suitable ‘volatile solvent and allow the solvent to evaporate;

ish with fine abrasive powder (for example, jeweller’s rouge) or abrasive paper or
example crocus cloth (see 5.3);

°C to 80 °C) followed by acetone (reagent quality);

tested;

fore the fifst breakdown test, raise the voltage until breakdown 24 times.

roc€dyre shall be repeated after each cleaning or change of electrodes.

of the

cloth,

about

semble the electrodes in the cell, fill with a clean, unused insulating liquid of the type to

7 Test assembly preparation

It is recommended that a separate test cell assembly be reserved for-each different insulating
liquid types.

Test assemblies shall be stored in a dry place, covered and filled with dry insulating liquid of
the type in regular use in the cell.

On change of the type of liquid under test, remove all residues of the previous liquid with an
appropriate solvent, rinse the assembly with a clean, dry liquid of the same type as-that the

one to

be tested, drain and refill.
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8 Sampling

arliar csamnle  Containers shall next he rinsed with acetone
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usually at the lowest point of the container holding it.

~
S
e,

A

@)

Q; carried out, unless otherwise specified, on the sample as received without [drying

oot

SALLC K

Contalners and ecans shall he cleaned by washina with 3 cuitabhle csolvent to rnmr\\ln**irhlne

UG CTo ot oap o oo o0 CIiCanCO Oy waoTthitg vwit o ountaiortC— o0V ot to—Tom

of an

oT—atrt

Samnlina of new and used insulating liauids shall he r\orrin.r(.r\nf in full comnliane

vV o oot Pty COTmati o oo thia— o T a oot T

oSHHPHHG—OH
Whenlsampnlinag

Lnlaect
oHES

Sampling shall be carried ou@éccordance with [EC 60475.

NOTE |Breakdown voltage i
particulpte matter. Special
trained |personnel and ex
likely tqd be most cont

8 C|
The te
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9 Test procedure

Sample preparation

9.1

Immediately before filling the test cell, the sample container is gently agitated and turned over
several times in such a way as to ensure, as far as possible, a homogeneous distribution of

the impurities contained in the liquid without causing the formation of air bubbles.



https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

IEC 60156:2018 RLV © IEC 2018 - 15—

A possible method is an automatic rotation of the sample container horizontally for 1 min with
a recommended speed of 30 r/min.

Equilibrate the sample to room temperature. Unnecessary exposure to the ambient air of the
sample shall be avoided.

9.2 Filling of the cell

Immediately before commencing the test, drain the test cell and rinse the walls, electrodes
and other component parts, with the test-sample liquid. Drain and slowly fill with the test
sample liquid avoiding the formation of air bubbles.

Measure and record the temperature of the liquid.

Positiba.tl 0 : | he stirrer if .

10 Application of the voltage
At the|time of test, the temperatures shall be maintained at room temperature (20 °C + § °C).

Adjusi the electrode gap distance to 2,5 mm £ 0,05 mm witf\a vernier or other system and
start the stirrer. The stirrer, if used, shall run continuously thindoughout the test.

Metalljc gauges can damage the surface of the electrodes; hence, they have to be avoided.

The fifst application of voltage is started approximately 5 min after completion of filling and
check|ng that no air bubbles are visible in the~electrode gap. Apply voltage to the elecfrodes
and upiformly increase voltage from zero at“the rate of 2,0 kV/s + 0,2 kV/s until breakdown
occurg.

Apphlvoltacge to—the electrodes uniformlyv_increase voltaae from——zero—at the rkhte of

pPpry1votage—tothe—etectroaesaga—uhHory—thcrease—votage—+Hom—Zeroatthe—rpgte—o1

2.0-kMs—+£0.2 ks unti-bfeakdown—occurs- The breakdown voltage is the makimum
h

voltagf reached at the time, the circuit is opened either automatically (established grc) or
lly (visible or audible discharge detected).

Recorfd the value in kilovplts.

Carry jout six breakdowns on the same cell filling allowing a pause of at least 2 min aftef each
breakgown before re-application of voltage. Check that no gas bubbles are present within the

electrode gap —F—e—ctrrericveed it challruncontinueuchrthrenghout the tect

Calculate“the mean value of the six breakdowns-inkilovelts, standard deviation and related
coefficient of variation (ratio between standard deviation and mean breakdown voltage).

For insulating liquids having a nominal viscosity higher than 15 mmZ2/s (40°C), the resting time
before application of the voltage shall be increased in the range of 15 min to 30 min. In
addition, the resting time between two consecutive shots shall also be increased accordingly.

11 Report

The report shall-atse include:

— sample identification, possibly including the type of insulating liquids;

— value of each individual breakdown in kilovolts;
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— mean breakdown value;

— type of electrodes used;

— temperature of the liquid (in the test cell);
— coefficient of variation (%) (optional);

— frequency of the test voltage (optional);
—the-use-ofa-stirrer{if-any);

— stirring arrangement (optional).

In the case where the individual breakdown voltage is above the maximum equipment voltage

capabr%he—m&%ha#—be—mﬁeﬁed—a%n%—ma*ﬁmmﬁekage—eaﬁ ability
(exampple: > 80 kV). QY

12 Test data dispersion and reproducibility r\(b

. . N
12.1 |Test data dispersion s\&

The gfaphical representation of Figure 3 in es the values of the coefficient of vafiation
and it} mean value which have been found i+ large body of test data in several laboratories
using [transformer liquids. The solid line ih’the graph shows the distribution of the coefficient
of vafiation as a function of the me@n breakdown value. The dotted lines indicafe the
expecfed 2,5 % (0,025) to 97,5 % (0\@75) range of values of standard deviation (SD)/m¢an as
a function of the value of the meaq..
QS

N
Typicdl coefficients of variage?n reported in Figure 3 are for information only and do not
repregent an acceptance_éritéria for the obtained results.

C)O

O =
D
\@C)
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12.2
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Figure 3 — Graphical representation of coefficient
of variation-(standard-deviation/mean-ratio) versus mean breakdown voltage

Reproducibility

ence has shown that the reproducibility of individual-gielectric breakdown value
hge of +30 %.

s

is in
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Annex A
(informative)

Improved test method

Test procedure for improved test method

Annex A describes an improved test method, believed to be able to reduce the scatter of the
results of breakdown voltage, which may be used [5],[6],[7]. The results obtained using both
methods around the world during the following years will assist in a future choice when this

docunjent is revised. A

Use t
proce

NOTE

1)
2)
3)

4)
5)

6)

For

beforg
additiq

TH

chiecking that the liquid under test is free from air bubbles.

Aq
2

me same instrument and prepare the test according to Clauses 4 to 9. 45 ad
'Q

ure described in Clause 10, follow the procedure described hereafter (Fi

The software of the device can be aligned with the procedure described in Annex (l/

e first application of voltage is started at least 5 min after com&téﬂ)n of filling an

ply voltage to the electrodes uniformly and increase theégpge from zero at the

M

0,2 kV/s until a breakdown occurs.
THe breakdown voltage shall be recorded at the r‘@?mum voltage reached.

C4rry out 10 breakdowns on the same filling, wmg a pause of at least 1 min afte
breakdown before re-application of the tgst' voltage. Record each single break
C4qlculate the test results as the ave and coefficient of variation (ratio be

st
dig
W
up
re
of
of
re

in

V/s £ 0,2 kV/s until 10 kV is reached. s\
h@

intain the 10 kV level for 10 s, then continue wi rate of voltage rise of 2

ndard deviation and mean breakd@wn voltage) of the remaining six resultq
regarding the two highest and twgdowest results.

hen the coefficient of variationof the test result (mean breakdown voltage) excee
per limit (Figure 3), the test procedure should proceed for the other 10 breakd
beating the procedure fr ) to 6) with the same sample liquid. Record also the

variation of the re@iﬁing 12 results after disregarding the four highest and four

bults.
O

s@évmg a nominal viscosity higher than 15 mm?/s (40°C), the restin
the voltage shall be increased in the range of 15 min to 30
g time between two consecutive shots shall also be increased accord

>ulat|ng I|qU|

e A.1):

of the

l after

ate of

V/s %

I each
down.
tween

after

ds the
owns,
esults

these additional break ns. Calculate the test results as the average and coefficient

owest

g time
in. In
ngly.
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Report

lause 11.

mple, shots 1 and 8 are the highest and shots 7 and 9 are the lowest).

Figure A.1 — Example of a sequence of breakdown shots for determination

of the breakdown voltage

ded (in
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Annex B
(informative)

Special test methods for low volume samples

B.1 Low volume sample test

The special test method reported in this annex is suggested for use with low sample volumes.
A limited body of data has shown that the results obtained are comparable to the results
obtained from the method described in the main body of this document. Examples of the

reduceéd volume test cell are shown in Figures B.1 and B.2.

A fast|test on-site may require small portable testers, able to measure the brea %
of insplating liquids (in either direct current or alternating current). An

instruments is a Cockcroft-Walton generator, which utilizes a small elec @e gap cqg

A

wn V]
ple of

oltage
such
Il and

measyring instrumentation. The cell in such an instrument also requwes% small qugntities

of tesf liquid.

NOTE |The results obtained with such portable instruments cannot be used f&)g@gnosnc purposes. Res

differ significantly unless comparability has been established.

—

‘\\61:
C) IEC
Key @
partfally spherical ele@s rounded disk electrode, 50 mm diameter, 2 mm gap

oil fijled cup, test @\HV insulation

covgr Q
elecfrode d@ ce control

samp

oD A W N =

samplésoutlet

Llts can

Figure B.1 — Example of low volume test cell, fixed electrode distance of 2 mm with

2 ml active volume under dielectric stress
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Dimensions in millimetres

[N} —
l s i [ T E
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3l 8 —— PP
s \
\ LA o
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A \ — -
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R15 2,5 Section A-A
> —

1EC

Figure B.2 — Example of low volume test cell, fixed electrode distance“of 2,5 mm
(150 ml to 200 ml)
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Annex C
(informative)

Representative material for a performance test

The reference analysis may be used as a performance check to prove that the test system is

fit for use according to IEC 60060-3.

The representative material shall be unused, filtered and degassed mineral, silicone or ester
liquids. The minimum quality requirement of the liquid shall be according to IEC relevant

standa+ds-

If the |[test result does not reach the required > 70 kV value, check the functio

equipment, or prepare a fresh representative material sample and carréb ut 4
N

performance check.

ity

of the
new
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Figure B.1 — Example of low volume test cell, fixed electrode distance of 2 mm with
2 ml active volume under dieleCtric SIreSS .....oouviiiiii

Figure B.2 — Example of low volume test cell, fixed electrode distance of 2,5 mm

(150 ml to 200 ml)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING LIQUIDS — DETERMINATION OF THE BREAKDOWN
VOLTAGE AT POWER FREQUENCY - TEST METHOD

FOREWORD

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

9)

all

inte
this
Tec

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

in
gov

withl the International Organization for Standardization (ISO) in accordance with conditions determ
agr¢ement between the two organizations.
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con
inte

IEC
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In qrder to promote international uniformity, IEC National Ceommittees undertake to apply IEC Publ
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between any IEC Publication and the corresponding national‘or regional publication shall be clearly indi
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All ysers should ensure that they have the latest edition of this publication.
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members of its technical committees«and 1EC National Committees for any personal injury, property dan
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
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Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicd
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Attgntion is drawn to ‘the possibility that some of the elements of this IEC Publication may be the su
patgnt rights. IEC«shall not be held responsible for identifying any or all such patent rights.

Intern
Fluids

This thi

tional 1 £3 t3 Inn. 1 Mm.&& III:f‘ l\l & Bl mm.&& Y 'I'In b £l -‘ II:f‘
HetoaT TE-EtFOt

romote

TTooT CTOTTITTIT o T \u oTTaT TIIIT =l u. TT =4 I.

national co-operatlon on all questions concerning standardlzatlon in the electrlcal and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd~to 3

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

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical commitiee’ has representation
ested IEC National Committees.

nterpretation by any end user.

sparently to the maximum extent possible in their natienal and regional publications. Any div
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constltutes a technlcal revision and mainly, conflrms the content of the prewous edltlon even
if some advances are included. The test method has not been changed for practical reason
due to the very large number of instrumentation disseminated around the world, although the
use of stirring is now recommended.

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

FDIS Report on voting
10/1061/FDIS 10/1065/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.
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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
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

As normally applied, breakdown voltage of insulating liquids is not a basic material property
but an empirical test procedure intended to indicate the presence of contaminants such as
water and solid suspended matter and the advisability of carrying out a drying and filtration
treatment.

The AC breakdown voltage value of insulating liquids strongly depends on the particular set of
conditions used in its measurement. Therefore, standardized testing procedures and
equipment are essential for the unambiguous interpretation of test results.

of insjulating liquids, or testing of treated liquids prior to or during filling into. eldctrical
equipment, or to the monitoring and maintenance of oil-filled apparatus in servicex It specifies
rigoroyis sample-handling procedures and temperature control that should be adhered td when
certifiId results are required. For routine tests, especially in the field)) less stringent
procedlures may be practicable and it is the responsibility of the user to determine their|effect
on theg results.

The r:Eathod described in this document applies to either acceptance tests on new deliveries

Annex A (informative) describes, for comparison, an alternative_test method which copld be
introdyiced in the future. Annex B (informative) describes special test methods, using cells
which|may include low volume samples. Annex C (informative).describes a reference mpterial
for a gerformance test and check according to IEC 60060-3[4}.

1 Numbers in square brackets refer to the Bibliography.
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INSULATING LIQUIDS — DETERMINATION OF THE BREAKDOWN
VOLTAGE AT POWER FREQUENCY - TEST METHOD

1 Scope

This document specifies the method for determining the dielectric breakdown voltage of
insulating liquids at power frequency. The test procedure is performed in a specified

maint

The fdq

own occurs. The method applies to all types of insulating liquids of nominal_vig
350 mm?2/s at 40 °C. It is appropriate both for acceptance testing on unusedliqt
e of their delivery and for establishing the condition of samples taken in monitorin
nance of equipment.

brmative references

cited
any a

IEC 60475, Method of sampling insulating liquids

3 Terms and definitions

No ter

ISO a

conte{t constitutes requirements of this document. For dated\réferences, only the

llowing documents are referred to in the text in such a way)that some or all

until
cosity
ids at
g and

their
dition

pplies. For undated references, the latest edition of thereferenced document (indluding

endments) applies.

Ims and definitions are listed in this_ document.

nd IEC maintain terminological) databases for use in standardization at the fol
ESes:

C Electropedia: available at http://www.electropedia.org/

D Online browsing.platform: available at http://www.iso.org/obp
ectrical apparatus

General

ectrical apparatus consists of the following units:

addre
e |E
e |S
4 E
4.1

The e
1) vo

IltTage regulator,

2) step-up transformer,

3) switching system,

4) cu

rrent-limiting resistors,

5) measuring device.

Two o

4.2

r more of these units may be integrated in any equipment system.

Voltage regulator

owing

The test voltage shall be increased with an automatic control of the required uniform voltage
rate of rise. The device should not introduce harmonics disturbances (< 3%) and the AC
source should be free from harmonics.
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4.3 Step-up transformer

The test voltage is obtained by using a step-up or resonant transformer supplied from an AC
source using 48 Hz to 62 Hz (sinusoidal waveform). The voltage source value is constantly
increased. The controls of the variable low-voltage source shall be capable of varying the test
voltage smoothly, uniformly and without overshoots or transients. Incremental increases
(produced, for example, by a variable auto-transformer or an amplifier) shall not exceed 2 %
of the expected breakdown voltage.

The centre-point of the secondary winding of the transformer should be connected to earth.

4.4 Switehing-system

The cfrcuit shall be opened automatically if a sustained arc between the electrodes ¢ccurs
and the voltage between the electrodes collapses to a voltage less than 500 V., The pfimary
circuit| of the step-up transformer shall be fitted with a circuit-breaker operated by the qurrent
sensir|g device, resulting from the breakdown of the sample and shall breakythe voltage|within
10 ms

The sensitivity of the current or voltage sensing element depends) on the energy-limiting
devicg employed and only approximate guidance can be given.

A cutqoff time of < 100 us, as given in the previous edition_of this document, is needed to
perform multiple breakdowns on silicone liquids.

4.5 |Current-limiting resistors

To prgtect the equipment and to avoid excessive decomposition at the instant of breakdpwn of
liquidq such as silicone or ester liquids, a resistance limiting the breakdown current shall be
inserted in series with the test cell.

The short-circuit current of the transformer and associated circuits shall be within the rahge of
10 mA to 25 mA for all voltages higher than 15 kV. This may be achieved by a combinafion of
resistars in either or both the primary and secondary circuits of the high-voltage transformer.

4.6 |Measuring system

For thle purposes of this)document, the magnitude of the test voltage is defined as itg peak
value divided by \/E

The optput vgltage of the step-up transformer may be measured by means of a meafsuring
system conSjsting of a voltage divider or a measuring winding of the step-up transformer
couplgdwith a peak-voltmeter. The measuring system shall be calibrated up to the [upper
scale [voltage to be measured. A method of calibration which has been found satisfacjfory is
the use of a transfer standard. This is an auxiliary measuring device which is connected in
place of the test cell between the high-voltage terminals to which it presents an impedance
similar to the one of the sample liquid. The auxiliary device is separately calibrated against a
primary standard [2],[3].

5 Test assembly

5.1 General

The breakdown voltage test is performed following the method described herewith as a
routine test.
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5.2 Test cell

The volume of the cell shall be between 350 ml and 600 ml.

The cell shall be made from electrically insulating materials, that are not hygroscopic. The cell
shall be transparent and chemically inert, resistant to the insulating liquid and to the cleaning
agent that shall be used. A glass cell is the preferred option.

The cell shall be provided with a cover and shall be designed to permit easy removal of the
electrodes for cleaning and maintenance. To improve homogenization of the test liquid, a
rounded bottom shape of the cell is recommended. Containers and covers shall be cleaned by
washipg—with—a—suitable—selrenter—elean—irswlatingtiguid—to—remeve—residues—efan—earlier
sample. After cleaning, containers shall be immediately capped and kept closed unti| used
again|Electrodes shall be stored in clean insulating liquids.

NOTE |[It is preferable, in the case of esters, to use similar liquid to store the electrodes.

Examples of suitable cell designs are given in Figures 1 and 2.

Dimensions in millimetres

a3
N

NOTE |The stirring device can be mounted on . the top (right side figure) or on the bottom (left side figuije). The
stirring |[device position and Vernier shifter are reported only as reference.

EC

Figure 1 — Examples of test cells with spherical electrodes
12,5 mm to 13,0 mm diameter

Dimensions in millimetres

]

[

IEC

NOTE The stirring device can be mounted on the top (right side figure) or on the bottom (left side figure). The
stirring device position and Vernier shifter are reported only as reference.

Figure 2 — Examples of test cells with partially spherical electrodes
with 25 mm radius and diameter of 36 mm

5.3 Electrodes

The electrodes shall be made either of brass, bronze or austenitic stainless steel. They shall
be polished and, in shape, either spherical (12,5 mm to 13,0 mm diameter) as shown in
Figure 1 or in partially spherical shape (25 mm % 0,25 mm radius) as shown in Figure 2. The
axis of the electrode system shall be horizontal and shall be at least 40 mm below the surface
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of the test liquid. Any part of the cell or stirrer shall not influence the electric field between the
electrodes. The gap between the electrodes shall be 2,50 mm + 0,05 mm.

The electrodes shall be examined frequently for pitting or other damage and shall be
maintained or replaced as soon as such damage is observed.

NOTE The electrodes can be replaced or refurbished typically after 5 000 single breakdowns. The surface of the
electrodes can be polished with a maximum grain diameter of 10 um. The limit of the arithmetical mean deviation of
the roughness profile of the electrodes can be Ra < 0,5 ym, according to ISO 4287[4].

5.4  Stirring device

The upe of anm automatic StiTTiNg device 1S recommended, 10 be used at att times throgghout
the tesgt.

The stirrer shall be mounted in the test cell in order to maximize the homogenization |of the
liquid.| It shall be designed so that it is easily cleaned. Stirring shall be achieved by mepns of
a two-bladed or appropriate stirrer of effective diameter 25 mm to 35 mm,. axial depth 5 mm to
10 mn, rotating at a speed of 200 r/min to 300 r/min. The stirrer shall ngt\produce air bubbles.
It shall be fully immersed in the liquid sample. Examples of stirring-systems mounted |n test
cells dre reported in Figures 1 and 2.

NOTE To avoid bubbles between the electrodes the stirrer can rotate preféerably in such a direction that pubbles
can be femoved [5].

NOTE 2 The stirring device can be mounted on the top or on the-bgttom. In Figures 1 and 2, the stirring device
positior] is reported only as reference.

NOTE 3§ A magnetic stirring device can be also used.

6 Preparation of electrodes

New electrodes shall be cleaned and*fulfil the requirements of 5.3. Preparation pf the
electrodes shall be according to the.following procedure:

— clgan all surfaces with a suitable volatile solvent and allow the solvent to evaporate;

— polish with fine abrasive.powder (for example, jeweller’s rouge) or abrasive paper or cloth,
forl example crocus cloth (see 5.3);

— after polishing, clean/with petroleum spirit (reagent quality: boiling range of about 4(Q °C to
80|°C) followedby-acetone (reagent quality);

— aspemble thelelectrodes in the cell, fill with a clean, unused insulating liquid of the flype to
be|tested;

— before(the first breakdown test, raise the voltage until breakdown 24 times.

Th|S ocaedure-shall hg raneated after each cleanin
o8 atHe-SHa—bet+epeateaaeeach-6reahH

7 Test assembly preparation

It is recommended that a separate test cell assembly be reserved for different insulating liquid
types.

Test assemblies shall be stored in a dry place, covered and filled with dry insulating liquid of
the type in regular use in the cell.

On change of the type of liquid under test, remove all residues of the previous liquid with an
appropriate solvent, rinse the assembly with a clean, dry liquid of the same type as the one to
be tested, drain and refill.
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8 Sampling

Sampling shall be carried out in accordance with IEC 60475.

NOTE Breakdown voltage is extremely sensitive to the slightest contamination of the sample by water and
particulate matter. Special precautions can be implemented to avoid contamination of the sample and the need for
trained personnel and experienced supervision. Unless otherwise required, the sample is taken where the liquid is
likely to be most contaminated, usually at the lowest point of the container holding it.

The test is carried out, unless otherwise specified, on the sample as received without drying
or degassing.

9 Test procedure

9.1 |Sample preparation
Immediately before filling the test cell, the sample container is gently agitated-and turned over

several times in such a way as to ensure, as far as possible, a homogeneous distribufion of
the imjpurities contained in the liquid without causing the formation of air bubbles.

A possible method is an automatic rotation of the sample container horizontally for 1 min with
a recgmmended speed of 30 r/min.

Equilibrate the sample to room temperature. Unnecessaty exposure to the ambient air|of the
sample shall be avoided.

9.2 |Filling of the cell

Immediately before commencing the test, drain the test cell and rinse the walls, electrodes
and other component parts, with the test\liquid. Drain and slowly fill with the test|liquid
avoidipg the formation of air bubbles.

Measure and record the temperature-of the liquid.

10 Application of the voltage
At the|time of test, the temperatures shall be maintained at room temperature (20 °C £ § °C).

Adjusi the electfede gap distance to 2,5 mm + 0,05 mm with a vernier or other system and
start the stirrer. )The stirrer, if used, shall run continuously throughout the test.

MetalljcQauges can damage the surface of the electrodes; hence, they have to be avoidled.

The first application of voltage is started approximately 5 min after completion of filling and
checking that no air bubbles are visible in the electrode gap. Apply voltage to the electrodes
and uniformly increase voltage from zero at the rate of 2,0 kV/s + 0,2 kV/s until breakdown
occurs.

The breakdown voltage is the maximum voltage reached at the time the circuit is opened
either automatically (established arc) or manually (visible or audible discharge detected).

Record the value in kilovolts.

Carry out six breakdowns on the same cell filling allowing a pause of at least 2 min after each
breakdown before re-application of voltage. Check that no gas bubbles are present within the
electrode gap.
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Calculate the mean value of the six breakdowns, standard deviation and related coefficient of
variation (ratio between standard deviation and mean breakdown voltage).

For insulating liquids having a nominal viscosity higher than 15 mm?2/s (40°C), the resting time
before application of the voltage shall be increased in the range of 15 min to 30 min. In
addition, the resting time between two consecutive shots shall also be increased accordingly.

11 Report

The report shall include:

In the
capab
(exam|

sa

va
me
tyq
ten
co
fre
sti

vvvvvv y—hetuding-the-typ gHatids;

ue of each individual breakdown in kilovolts;

an breakdown value;

e of electrodes used;

hperature of the liquid (in the test cell);

efficient of variation (%) (optional);

quency of the test voltage (optional);

'ring arrangement (optional).

case where the individual breakdown voltage is above the maximum equipment v

lity, the result shall be reported as greater than the maximum voltage caqg
ple: > 80 kV).

12 Teést data dispersion and reproducibility
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Faphical representation of Figure\3 indicates the values of the coefficient of va

ed 2,5 % (0,025) to 97;5% (0,975) range of values of standard deviation (SD)/m
tion of the value of the ‘mean.

| coefficients ‘of) variation reported in Figure 3 are for information only and ¢
ent an accepfance criteria for the obtained results.

iation

5 mean value which have been\found in a large body of test data in several laboratories
transformer liquids. The salid line in the graph shows the distribution of the coefficient
iation as a function of\the mean breakdown value. The dotted lines indicaje the

an as

0 not
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12.2
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Figure 3 — Graphical representation of coefficient of variation versus
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Annex A
(informative)

Improved test method

Test procedure for improved test method

Annex A describes an improved test method, believed to be able to reduce the scatter of the
results of breakdown voltage, which may be used [5],[6],[7]. The results obtained using both
methods around the world during the following years will assist in a future choice when this

docunjent is revised.

Use tme same instrument and prepare the test according to Clauses 4 to 9. Instead
ure described in Clause 10, follow the procedure described hereafter (Figure A.1):

proce

NOTE

1) The first application of voltage is started at least 5 min after completion of filling an

ch

2) Agply voltage to the electrodes uniformly and increase the yéltage from zero at the

2
3) M

0,2 kV/s until a breakdown occurs.
4) THhe breakdown voltage shall be recorded at the maximum voltage reached.

5) Carry out 10 breakdowns on the same filling,callowing a pause of at least 1 min afte
breakdown before re-application of the test voltage. Record each single break
Calculate the test results as the average and coefficient of variation (ratio be

st

digregarding the two highest and two{owest results.

6) W

uplper limit (Figure 3), the test procedure should proceed for the other 10 breakd

re
of
of
re

For in

beforq application-of the voltage shall be increased in the range of 15 min to 30
addition, the resting time between two consecutive shots shall also be increased accord

The software of the device can be aligned with the procedure described in AnnexA.
ecking that the liquid under test is free from air bubbles.

V/s £ 0,2 kV/s until 10 kV is reached.
intain the 10 kV level for 10 s, then continue with @ rate of voltage rise of 2

ndard deviation and mean breakdawn voltage) of the remaining six resultg

nen the coefficient of variationof the test result (mean breakdown voltage) excee
peating the procedure froni 2) to 6) with the same sample liquid. Record also the

variation of the remaining 12 results after disregarding the four highest and four
Bults.

sulating liquids“having a nominal viscosity higher than 15 mm?2/s (40°C), the restin

of the

1 after

ate of

V/s %

I each
down.
tween

after

ds the
owns,
esults

these additional breakdowns. Calculate the test results as the average and coefficient

owest

g time
in. In
ngly.
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In the gverage calculation, the results of four outliers (two highest and two lowest valu€s)-have to be discafded (in

this exgmple, shots 1 and 8 are the highest and shots 7 and 9 are the lowest).

A.2 |Report

See Cllause 11.

Figure A.1 — Example of a sequence of breakdown shots for determination

of the breakdown voltage
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Annex B
(informative)

Special test methods for low volume samples

Low volume sample test

The special test method reported in this annex is suggested for use with low sample volumes.
A limited body of data has shown that the results obtained are comparable to the results
obtained from the method described in the main body of this document. Examples of the

reduceéd volume test cell are shown in Figures B.1 and B.2.

A fast
of ins|

instruments is a Cockcroft-Walton generator, which utilizes a small electrede gap ce
ring instrumentation. The cell in such an instrument also requires very small qugntities

meas\
of test

NOTE
differ si

Key

part
oil fi
cov{
elec]

sam

test on-site may require small portable testers, able to measure the breakdewn v
ulating liquids (in either direct current or alternating current). An example of

liquid.

The results obtained with such portable instruments cannot be used for diagnostic purposes. Res
gnificantly unless comparability has been established.

IEC

ally spherical electrodes, rounded disk electrode, 50 mm diameter, 2 mm gap
led cup, test eell"HV insulation

r

rode distance control

plesinlet

oltage
such
Il and

Lits can

o A W N =

sam

lesoutlet

Figure B.1 — Example of low volume test cell, fixed electrode distance of 2 mm with

2 ml active volume under dielectric stress
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Dimensions in millimetres

)
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] E 1A e “I | [\ E
/ i \
/ uu] ‘ \ { '_'yU \
3l 8 — — &
Q ‘ \ I
\ ) B
{ |
& L \ - B
J | See
R15 2,5 Section A-A
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Figure B.2 — Example of low volume test cell, fixed electrode distance of 2,5 mm
(150 ml to 200 ml)
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Annex C
(informative)

Representative material for a performance test

The reference analysis may be used as a performance check to prove that the test system is
fit for use according to IEC 60060-3.

The representative material shall be unused, filtered and degassed mineral, silicone or ester
liquids. The minimum quality requirement of the liquid shall be according to IEC relevant
standa+rds-

If the [test result does not reach the required > 70 kV value, check the functiopality [of the
equipment, or prepare a fresh representative material sample and carry ‘out 3 new
performance check.
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Figure B.1 — Exemple de cellule d’essai

- 21 -

de faible volume, distance fixe entre

électrodes de 2 mm avec 2 ml de volume actif sous contrainte diélectrique..........................

Figure B.2 — Exemple de cellule d’essai
électrodes de 2,5 mm (150 ml & 200 ml)

de faible volume, distance fixe entre



https://iecnorm.com/api/?name=9fa08cc62c6b8a1c75d0b05f5f6fe169

- 22 - IEC 60156:2018 © IEC 2018

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ISOLANTS LIQUIDES — DETERMINATION DE LA TENSION DE CLAQUAGE

A FREQUENCE INDUSTRIELLE — METHODE D’ESSAI

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation

&l L 1 £3 t3 T LC

compesée—de-tensemble—des—eemités—éleetrotechniques—hatiorat—(Comités—hationrat—detHEG—HEG
objdqt de favoriser la coopération internationale pour toutes les questions de normalisation dans les dd
de ['électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des
intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications @ceé€ssi
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration @st confié
conjités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité_peut particig
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, pa
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de/Normalisatio
selgn des conditions fixées par accord entre les deux organisations.

2) Les|décisions ou accords officiels de I'lEC concernant les questions techniques~représentent, dans la
du possible, un accord international sur les sujets étudiés, étant donné que(jles’ Comités nationaux
intéfessés sont représentés dans chaque comité d’études.

3) Les|Publications de 'lEC se présentent sous la forme de recommandations internationales et sont
conlme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin q
s'assure de I'exactitude du contenu technique de ses publications; I'lE€' ne peut pas étre tenue respons
I'événtuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans le but d'encourager l'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

elle-méme ne fournit aucune attestation descenformité. Des organismes de certification indép
issent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marg

les utilisateurs doivent s'assurer qulits sont en possession de la derniere édition de cette publicatig

7) Aucpne responsabilité ne doit étre(_imputée a I'lEC, a ses administrateurs, employés, auxilia
marjdataires, y compris ses experts;particuliers et les membres de ses comités d'études et des
natipnaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de to
donlmage de quelque nature que-Ce soit, directe ou indirecte, ou pour supporter les colts (y compris |
de justice) et les dépensestdécoulant de la publication ou de l'utilisation de cette Publication de I'lE
toute autre Publication de-FIEC, ou au crédit qui lui est accordé.

8) L'atjention est attirée(surles références normatives citées dans cette publication. L'utilisation de publ
référencées est obligatoire pour une application correcte de la présente publication.

9) L’atjention est dttirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvdq
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Cette troisiéeme édition annule et remplace la deuxiéme édition parue en 1995. Cette édition
constitue une révision technique et valide essentiellement le contenu de I’édition précédente
méme si elle comporte certaines améliorations. La méthode d’essai n'a pas été modifiée pour
des raisons pratiques et du fait du trés grand nombre de dispositifs de mesure utilisés au

niveau international, méme si I'emploi de I'agitateur est maintenant recommandé.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
10/1061/FDIS 10/1065/RVD
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Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Ce document 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
stabilite indiquée sur le site web de I'IEC sous «http://webstore.iec.ch» dans les données
relatives au document recherché. A cette date, le document sera

e reconduit,

e supprimé,
e remplacé par une édition révisée, ou

e anjendé.
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INTRODUCTION

La tension de claquage des isolants liquides, telle qu’elle est généralement appliquée, n’est
pas une propriété fondamentale du matériau, mais une procédure d’essai empirique destinée
a révéler la présence de produits contaminants comme I'eau ou des matiéres solides en
suspension, et permettre ainsi de décider de l'opportunité d’effectuer un traitement de
séchage et de filtration.

La valeur de la tension de claquage sous courant alternatif des isolants liquides dépend
beaucoup de I'ensemble des conditions particulieres appliquées pour son mesurage. En
conséquence, des procédures d'essai et un équipement normalisés sont essentiels pour
interpfefer sans ambiguiie les resultats d essail.

La méthode décrite dans le présent document s’applique soit aux essais de réception de
nouvelles livraisons d'isolants liquides, soit aux essais de liquides traités, avantiou pendant le
remplissage de matériels électriques, soit a la surveillance et a la maintenafnce des appareils
remplis d’huile en service. Elle spécifie des méthodes rigoureuses de Imanipulation des
échantillons et de vérification des températures auxquelles il convient de'se conformer [quand
des rgsultats certifiés sont exigés. Pour les essais de routine, notamment sur le terraip, des
procédlures moins rigoureuses peuvent étre appliquées et il revient alors a I'utilisateur de
déterminer leurs effets sur les résultats obtenus.

L'’Anngxe A (informative) décrit, a titre de comparaison,~une autre méthode d’esshi qui
pourrgit étre adoptée a l'avenir. L'’Annexe B (informative) décrit des méthodes d’essai
spécigles utilisant des cellules qui peuvent contenir des échantillons de faible v@lume.
L’Anngxe C (informative) décrit un matériau de référence pour un essai de déterminatign des
caractéristiques ou un controle de caractéristiques‘conformément a I'lEC 60060-3[1]1.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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ISOLANTS LIQUIDES — DETERMINATION DE LA TENSION DE CLAQUAGE

A FREQUENCE INDUSTRIELLE — METHODE D’ESSAI

1 Domaine d’application

Le présent document spécifie la méthode de détermination de la tension de claquage
diélectrique des isolants liquides a fréquence industrielle. La procédure d’essai est réalisée

dans
altern
types
aussi
des éd

2 R

Les d
des €
s’appl
s'appl

tif croissant jusqu’a I'obtention du claquage. La méthode est applicable a_to
d’isolants liquides de viscosité nominale allant jusqu’a 350 mm2/s a 40 °C. Elle co
bien pour les essais de réception de liquides neufs a la livraison que pour ‘défini
hantillons prélevés lors de la surveillance et de la maintenance des matériels.

bférences normatives

bcuments suivants cités dans le texte constituent, pour tout‘ou partie de leur co
xigences du présent document. Pour les références, datées, seule I'édition

que (y compris les éventuels amendements).

IEC 60475, Méthode d'échantillonnage des liquides isolants

3 Termes et définitions

Aucun

L’1SO
en no

e |E
e |S

4 A

4.1

terme n'est défini dans le présent document.

et I'IEC tiennent a jour des basés de données terminologiques destinées a étre ut
malisation, consultables aux.adresses suivantes:

C Electropedia: disponible ‘a I'adresse http://www.electropedia.org/

D Online browsing.platform: disponible a I’'adresse http://www.iso.org/obp
ppareillage.électrique

Généralités

L’app

reillage électrique se compose des éléments suivants:

triqgue
s les
nvient
- I’état

htenu,
citée

que. Pour les références non datées, la derniére édition du document de réfg¢rence

lisées

1) régutateur de tension,

2) transformateur élévateur,

3) disjoncteur,

4) résistances de limitation de courant,

5) dispositif de mesure.

Deux de ces éléments ou plus peuvent étre réunis dans un systéme de mesure intégré.

4.2

Régulateur de tension

La tension d’essai doit étre augmentée a l'aide d’un réglage automatique de la vitesse

uniforme exigée de montée en tension.

Il convient que le dispositif ne crée pas de

perturbations harmoniques (< 3 %) et que la source de tension alternative soit exempte
d’harmonique.
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4.3 Transformateur élévateur

La tension d’essai est obtenue au moyen d'un transformateur élévateur ou a résonance
alimenté a partir d'une source de tension alternative dans la plage de fréquences comprise
entre 48 Hz et 62 Hz (forme d’onde sinusoidale). La valeur de la source de tension est
augmentée de fagon continue. Les commandes de la source basse tension variable doivent
étre capables de faire varier la tension d’essai sans a-coups, d’'une maniére uniforme, et sans
oscillations ni transitoires de tension. L'incrémentation (obtenue, par exemple, a I'aide d’un
autotransformateur variable ou d’un amplificateur) ne doit pas dépasser 2 % de la tension de
claquage attendue.

Il convi int mili lement
terre.

4.4 |Disjoncteur

Le circuit doit étre automatiquement ouvert quand un arc maintenu se~produit enfre les
électrodes et quand la tension entre les électrodes chute jusqu’a une-valeur inférigure a
500 V| Le circuit primaire du transformateur élévateur doit étre équipé d’'un disjoncteur
fonctignnant sous I'action du détecteur du courant qui résulte du claguage de I’échantijlon et
doit cquper la tension en moins de 10 ms.

La sepsibilité des dispositifs détecteurs de courant ou dectension dépend du dispoditif de
limitatjon d’énergie utilisé et seules des recommandations approximatives peuvent étre
fournigs.

Un temps de coupure < 100 pus, tel qu'indiqué dans\l'édition précédente du présent docyment,
est nécessaire pour réaliser plusieurs claquages ‘'sur les liquides silicones.

4.5 Résistances de limitation de courant

Afin de protéger le matériel et pour.éviter une décomposition excessive au momegnt du
claquage des liquides (par exemple,diquides silicones ou esters), une résistance de limfitation
du codyrant de claquage doit étre insérée en série avec la cellule d’essai.

Le coprant de court-circuit,dw’ transformateur et de ses circuits associés doit étre compris
entre 10 mA et 25 mA podur ‘toutes les tensions supérieures a 15 kV. Ce résultat peydt étre
obtenli par une combinaison de résistances placées dans I'un ou l'autre des circuits primaire
ou se¢ondaire du trafisformateur haute tension ou dans les deux circuits.

4.6 |Systeme)de mesure

Dans |e cadre du présent document, 'amplitude de la tension d'essai est définie par sa jvaleur
de cré|te divisée par \/E

La tension de sortie du transformateur élévateur peut étre mesurée au moyen d'un systéme
de mesure comprenant un diviseur de tension ou un enroulement de mesure du
transformateur élévateur relié a un voltmetre de créte. Le systéme de mesure doit étre
étalonné jusqu’a la tension maximale a mesurer. L'utilisation d'un étalon de transfert est une
méthode d'étalonnage qui s'est révélée satisfaisante. Il s'agit d’'un dispositif de mesure
auxiliaire placé entre les bornes haute tension, a la place de la cellule d'essai, et présentant
une impédance identique a celle du liquide en essai. Ce dispositif auxiliaire est étalonné
séparément a partir d'un étalon primaire [2],[3].
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