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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con

nprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
co-gperation on all questions concerning standardization in the electrical and electronic fields. To, this'ée

ina
Pub)

idition to other activities, IEC publishes International Standards, Technical Specifications, Technieal H
icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publjcation(s)”

preparation is entrusted to technical committees; any IEC National Committee interested in the 'subject dg
may| participate in this preparatory work. International, governmental and non-governmental(organizations|
with| the IEC also participate in this preparation. IEC collaborates closely with the International Organizg

Sta

The
con
inte

IEC

dardization (ISO) in accordance with conditions determined by agreement between~the two organizg

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

Committees in that sense. While all reasonable efforts are made to ensufe that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for the .way in which they are used or
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their national‘and regional publications. Any divergence |

any

IEC
ass

itself does not provide any attestation of conformity.“Independent certification bodies provide co
pssment services and, in some areas, access to lEC marks of conformity. IEC is not responsible

seryices carried out by independent certification bodies.

All ysers should ensure that they have the latest-edition of this publication.

No

iability shall attach to IEC or its directors,” employees, servants or agents including individual exp4g

members of its technical committees and(lEC National Committees for any personal injury, property darn
othdgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp
Pub)

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

Attelntion is drawn to the Normative references cited in this publication. Use of the referenced publicd

indi
IEC
patg

Epensable for the correctiapplication of this publication.
draws attention to (the "possibility that the implementation of this document may involve the us

respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
may| be requiredAo\implement this document. However, implementers are cautioned that this may not re]

the
sha

atest information, which may be obtained from the patent database available at https://patents.iec.
| not be held responsible for identifying any or all such patent rights.

This redline versmn of the off|C|aI IEC Standard allows the user to |dent|fy the ch
made
wherever a change has been made. Addltlons are in green text, deletions are in
strikethrough red text.

IEC Publication and the corresponding national or regional publication shall be clearly indicated in thp

ational
nd and
eports,
. Their
alt with
liaising
tion for
tions.

hational
rom all

Publications have the form of recommendations for international use ‘and are accepted by IEC National

of IEC
for any

cations
etween
latter.

formity
for any

rts and
hage or
ps) and
er IEC

tions is

b of (a)

nt(s). IEC takes nlo position concerning the evidence, validity or applicability of any claimed patent fights in

, which
present
ch. IEC

nges
argin


https://iecnorm.com/api/?name=dde36377dc6a2ebd396b8ef3d9f7c901

IEC 60156:2025 RLV © IEC 2025

IEC 60156 has been prepared by IEC technical committee 10: Fluids for electrotechnical

applications. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2018. This edition

consti

tutes a technical revision.

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
reasons, due to the very large number of instrumentations disseminated around the world.

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

Full in

Draft

Report on voting

10/1241/FDIS

10/1256/RVD

the ablove table.

The language used for the development of this International Standard is English.

This d
accorq
at ww
descri

ocument was drafted in accordance with ISO/IEC Directives, Part 2, and develo
ance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
w.iec.ch/members_experts/refdocs. The main document types developed by IHC are
bed in greater detail at www.iec.ch/publications.

formation on the voting for its approval can be found in the report 6n ¥voting indicated in

bed in

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

stabili
specif

e red

onfirmed,

e withdrawn, or

e e

ised.

y date indicated on the IEC website under webstore.iec.ch in the data related
¢ document. At this date, the document will be

to the
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INTRODUCTION

2025

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 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.

The method described in this document applies to either acceptance tests on new deliveries of

insula

or to the monitoring and maintenance of-eil-filed insulating liquid-filled apparatus in\ser

specif]

to thn certified results are required. For routine tests, especially in the field,"less st

proce
on theg

Annex
future

samples. Annex C describes a reference material for a performance test and check acc

to IEC

ing liquids or testing of treated liquids prior to or during filling into electrical equig
es rigorous sample-handling procedures and temperature control that shouldde ag

ures may be practicable, and it is the responsibility of the user to detérmine their
results.

A describes, for comparison, an alternative test method which €euld be introduced
Annex B describes special test methods, using cells whichomay include low V

60060-3 [1]".

ment,
ice. It
hered
ngent
effect

in the
olume
prding

T 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 apparatus,

where

The method applies to all types of insulating liquids of nominal viscosity up to 350-m

40 °C/| It is appropriate both for acceptance testing on unused liquids at the time of theird
and fpr establishing the condition of samples taken in monitoring and maintenarn
equipment.

2 Nprmative references

The following documents are referred to in the text in such a way that'some or all of their c

consti
For u

utes requirements of this document. For dated references, ‘oenly the edition cited a
ndated references, the latest edition of the referencéd document (includin

amendments) applies.

IEC 60475, Method of sampling insulating liquids

3 Teérms and definitions

No terms and definitions are listed in this.doecument.

ISO gnd IEC maintain terminology‘databases for use in standardization at the fol
addresgses:
o |EC Electropedia: available at https://www.electropedia.org/

e |S
4 E

4.1
The e

1) vo

D Online browsing<platform: available at https://www.iso.org/obp

ectrical apparatus

General

ectrical apparatus consists of the following units:

livery
ce of

bntent
bplies.
J any

owing

tage 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

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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https://www.iso.org/obp
https://iecnorm.com/api/?name=dde36377dc6a2ebd396b8ef3d9f7c901

-8 - IEC 60156:2025 RLV © IEC 2025

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 Switching-system

The circuit shall be opened automatically if a sustained arc between the electrodes-oceufs and

the voltage between the electrodes collapses-te-a-voltage-less-than-500-\V.

NOTE |Typically, voltage collapse is detected in the range of 500 V.

The primary circuit of the step-up transformer shall be fitted with a circuitsbreaker operated by
the cdrrent sensing device, resulting from the breakdown of the sampte and shall brepk the
voltage within 10 ms.

The s¢nsitivity of the current or voltage sensing element depends on the energy-limiting flevice
employed and only approximate guidance can be given.

A cutioff time of < 100 uys, as given in the previous“edition of this document, is—needed
necespary to perform multiple breakdowns on silicone liquids.

4.5 |[Current-limiting resistors

To prqgtect the equipment and to avoid excessive decomposition at the instant of breakd¢pwn of
liquidgd, 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 thetransformer 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 combination of
resistgrs in either or both the'primary and secondary circuits of the high-voltage transformer.

4.6 |Measuring system

For thg purposefef-this document, the magnitude of the test voltage is defined as its peall value
dividel by /2

The optput voltage of the step-up transformer may be measured by means of a measuring
system consisting of a voltage divider or a measuring winding of the step-up transformer
coupled with 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 satisfactory 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 liquids. 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-glasscell-is-the-preferred-option- Whilst glass is a commonly used
material, other suitable materials such as plastics or polymers are appropriate, provided they
have high chemical resistance to the insulating liquids (including mineral oils, ester liquids,
etc.).

round¢d 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 parlier
sample. After cleaning, containers shall be immediately capped and kept closed unti| used
again.|Electrodes shall be stored in clean insulating liquids.

NOTE 1 It is preferable, in the case of esters to use a similar liquid to store the electrodes.

Differgnt shapes of electrodes give different results. The partially hefaispherical electrod¢ shall
be usgd, unless otherwise stated.

NOTE 4 If the difference in the shape of electrodes is minimal, the results difference is also minimal.

Examples of suitable cell designs are given in Figure A~and Figure 2.

Dimensions in millimetres

IEC

NOTE The stirring device can be mounted on the top or on the bottom.

Figure 1 — Example of test cell with spherical electrodes
12,5 mm to 13,0 mm diameter
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Dimensions in millimetres

z

)
iy
: %ﬁ

—————— IEC

IEC

NOTE |The stirring device can be mounted on the top or on the bottem,

Figure 2 — Example of test cell with partially hemispherical electrodes
with 25 mm radius and. 36 mm diameter

5.3 Electrodes

The electrodes shall be made either of bfass, bronze or austenitic stainless steel. They shall
be poljshed and, in shape, either spherical (12,5 mm to 13,0 mm diameter) as shown in Figure 1
or in gartially hemispherical shape (25 mm £ 0,25 mm radius) as shown in Figure 2. The axis
of the [electrode system shall be harizontal and shall be at least 40 mm below the surface|of the
test liquid. No part of the cell ©r stirrer shall influence the electric field between the electrodes.
The gap between the electrodés shall be 2,50 mm + 0,05 mm.

The electrodes shall berexamined frequently for pitting or other damage and shall be maingained
or replaced as soon as’such damage is observed.

NOTE |The electrodes can be replaced or refurbished typically after 5 000 single breakdowns. The surfacg of the
electrodes cancbe polished with a maximum grain diameter of 10 ym. The limit of the arithmetical mean devijation of
the roughness profile of the electrodes can be Ra< = < 0,5 ym, according to+S6-4287 ISO 21290-2 [4].

5.4 IStirring device

The use of an automatic stirring device is recommended, to be used at all times during the test.

The stirrer shall be mounted in the test cell-in-orderto-maximize-the-homogenizationof-the

lguid. It shall be designed so that it is easily cleaned. Stirring shall be achieved by means of a
two-bladed or appropriate stirrer of effective diameter 25 mm to 35 mm, axial depth 5 mm to
10 mm, rotating at a speed of 200 r/min to 300 r/min. The stirrer shall not produce air bubbles.
It shall be fully immersed in the liquid sample.-Examples—of-stirring-systems—-mounted-intest
oo e s e

NOTE 1 To avoid bubbles between the electrodes, the stirrer can rotate preferably in such a direction that bubbles
can be removed [5].

NOTE 2 The stirring device can be mounted on the top or on the bottom.-trFigures—+-and-2,-the-stirring-device
Lo ‘ _
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NOTE 3 A-magneticstirring-device—canbe-alse—used—Stirring by means of a magnetic bar (20 mm to 25 mm in

length and 5 mm to 10 mm in diameter) is an acceptable solution, taking into consideration the collecting of magnetic
particles from the fluid on the magnetic bar.

6 Preparation of electrodes

New electrodes shall be cleaned and fulfil the requirements of 5.3. Preparation of the electrodes
shall follow the following procedure:

— clean 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,

for, nvompln crocus-cloth (cnn R_Q);

— after polishing, clean with petroleum spirit (reagent quality: boiling range of about4( °C to
80|°C) followed by acetone (reagent quality);

— asgemble the electrodes in the cell, fill with a clean, unused insulating liquid'of the type to
be|tested;

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

This procedure shall be repeated after each cleaning or change of elegtrodes.

7 Test assembly preparation

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

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

On chgnge of the type of liquid under test,' remove all residues of the previous liquid wWith an
appropriate solvent, rinse the assemblyiwith a clean, dry liquid of the same type as the pne to
be tesfted, drain and refill.

8 Sampling
Sampling shall be carried out in accordance with IEC 60475.

NOTE |Breakdown veltage is extremely sensitive to the slightest contamination of the sample by water and
particulpte matter. Special precautions can be implemented to avoid contamination of the sample and the reed for
trained | personnél ‘anhd experienced supervision. The sample is taken where the liquid is likely to be most
contam|nated,«usually at the lowest point of the container holding it, unless otherwise specified.

The tgstiis.carried out on the sample as received without drying or degassing, unless otherwise
specifted:

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 distribution of the
impurities 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 recommended speed of 30 r/min.
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Equilibrate the sample to room temperature. Unnecessary exposure to the ambient air of the
sample shall be avoided. The sample liquid is exposed to ambient air only during pouring from
the sampling vessel to the test cell.

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 avoiding the
formation of air bubbles.

Measure and record the temperature of the liquid.

Close(the test cell directly after filling.

9.3 |Application of the voltage

At theltime of test, the temperatures shall be maintained at room temperature (2022 °C |5 °C).

Adjusi the electrode gap distance to 2,5 mm + 0,05 mpn~lsing an adjustment device angl start
the stifrer. If the gauge is used to verify the gap distdnce, it must be ensured that no dgmage
to the|electrodes surface is introduced.

The fifst application of voltage is started approkimately 5 min after completion of filling and
check|ng that no air bubbles are visible in the*electrode gap.

The sfirrer, if used, shall run continuously throughout the test.

Apply |voltage to the electrodes.and uniformly increase voltage from zero at the rate of 2,p kV/s
1+ 0,2 kV/s until breakdown ocCurs.

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

Recorf the valuélin kV (kilovolts).

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

de - aan
a8-gap-

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 kinematic 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-36
60 min. In addition, the resting time between two consecutive shots shall-alse be increased

accordingly to 6 min.
10 Report

The report shall include:

— sample identification, possibly including the type of insulating liquids;
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— value of each individual breakdown in kV (kilovolts).
— mean breakdown value;

— typeshape of electrodes used;

— temperature of the liquid (in the test cell);

— coefficient of variation (%).

Other optional information includes:

— frequency of the test voltage (optional);

— stirring arrangement (optional).

In the|case where the individual breakdown voltage is above the maximum equipmentwvpltage
capabjlity, the result shall be reported as greater than the maximum voltage.-cagability
(examiple: > 80 kV).

11 Test data dispersion and reproducibility

11.1 [Test data dispersion

The graphical representation of Figure 3 indicates the values of the coefficient of variati¢n and
its mepn value which have been found in a large body of testidata in several laboratorieq using
transformer liquids. The solid line in the graph shows the)distribution of the coefficient of
variatipn as a function of the mean breakdown value. Fhe dotted lines indicate the exrected
2,5 %|(0,025) to 97,5 % (0,975) range of values of co€fficient of variation (i.e. relative stgndard
deviatjon (SD) divided by mean, expressed in pergentage) as a function of the value [of the
mean.

Typical coefficients of variation reported invFigure 3 are for information only and do not
repregent an acceptance criterion of the gbtained results.

L A
S 50 . _ -
£ _ ]
@
>
5 40 -
c
Q
30 SO SR Y DU SURRR
Q ! ‘ F
o]
© 975% ! '
20 ..... ? 0/ ..... \<\ ................... .
50 %/ AN
’)’l-'\ 0,
0 : -
0 20 40 60 80 100

Mean breakdown voltage (kV)
IEC

Figure 3 — Graphical representation of coefficient of variation versus
mean breakdown voltage

11.2 Reproducibility

Experience has shown that the reproducibility of individual dielectric breakdown values is in the
range of +30 %.
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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 in the years to come will assist in a future choice when this document

is revi

Use th
the pr

NOTE

5ed.

e same instrument and prepare the test according to Clause 4 to Clause 8% Inst

The software of the device can be aligned with the procedure described in this Anhex'A.

1T

e first application of voltage is started at least 5 min after completion of filling an

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

2) Apply voltage to the electrodes uniformly and increase the yaltage from zero at the
2 KV/s £ 0,2 kV/s until 10 kV is reached.

3) Magintain the 10 kV level for 10 s, then continue with a raté of voltage rise of 2 kV/s £ 0,
until a breakdown occurs.

4) The breakdown voltage-shall should be recorded at the maximum voltage reached.

5) Cqrry out 10 breakdowns on the same filling,callowing a pause of at least 1 min afte
br¢akdown before re-application of the test voltage. Record each single break

C
de
tw

Iculate the test results as the average and coefficient of variation (ratio between sts3
viation and mean breakdown voltage)\of the remaining six results after disregardi
b highest and two lowest results.

6) When the coefficient of variation ©of the test result (mean breakdown voltage) excee

up

per limit (Figure 3), the test procedure should proceed for another 10 breakd

repeating the procedure from.2) to 6) with the same sample liquid. Record also the 1

of
va
reg

For in

these additional breakdowns. Calculate the test results as the average and coeffic|
fiation of the remaining 12 results after disregarding the four highest and four
ults [7].

sulating liquids“having a nominal kinematic viscosity higher than 15 mmZ2/s (40 °(

resting time beforerapplication of the voltage shall be increased in the range of 15 min

60 min
accorq

. In additien, the resting time between two consecutive shots shall also be incH
ingly.

bcedure described in Clause 9, follow the procedure described hereafterc(Figure Al

pad of

1):

l after
ate of

P kV/s

F each
down.
ndard
ng the

ds the
owns,
esults
ent of
owest

L), the
to-30
eased
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Shot 1
80 Shot 8
Shot 5
70 Shot 4
Shot 2
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Shot 10
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10s - £
20 it >
101 | Initial resting § &
time >3 min & 1 min N
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5s Time [min)
IEC
In the alverage calculation, the results of four outliers (two highest and two lowest values)-h@ye-te shall be discarded

(in this pxample, shots 1 and 8 are the highest and shots 7 and 9 are the lowest).

A.2

See C

Report

lause 10.

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 method for low volume samples

quire D o-me oM
b
of instiatina liauids (in either direct current or alternatina—current)  An aexamnle of -such
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: liauid O
NOTE 1The results obtained with such nortable instruments cannot be used fo hnncl‘ nnnnnnnnnnn Rasiilts can
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64 -
236
|
@
2]
m,
|
=2

A spetial test method is suggested for use with low volume samples.Q'\(Q
The results obtained with these low volume testers cannot €)compared with the fesults
obtained with the test procedure described in the main body of\this document.

A fast|test on-site can require small portable testers, 8 measure the breakdown vpltage
of insplating liquids (in either direct current or al ting current). An example of such
instruments is a Cockcroft-Walton generator, whi tilizes a small electrode gap cdqll and
measyring instrumentation. These testers should;{§1ire very small quantities of test liqtiid.

%
NOTE |The results obtained with such portable instrU&ts cannot be used for diagnostic purposes. Res{lts can
differ significantly unless comparability has been est&hlished.

¥
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Annex C
(informative)

Representative material for a performance test

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

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

If tha It
H—te{t
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The

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con

nprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
co-gperation on all questions concerning standardization in the electrical and electronic fields. To, this'ée

ina
Pub)

idition to other activities, IEC publishes International Standards, Technical Specifications, Technieal H

preparation is entrusted to technical committees; any IEC National Committee interested in the 'subject dg
may| participate in this preparatory work. International, governmental and non-governmental(organizations|
with| the IEC also participate in this preparation. IEC collaborates closely with the International Organizg

Sta

The
con
inte

IEC

dardization (ISO) in accordance with conditions determined by agreement between~the two organizg

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

Committees in that sense. While all reasonable efforts are made to ensufe that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for the .way in which they are used or
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their national‘and regional publications. Any divergence |

any

IEC
ass

IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation of conformity.“Independent certification bodies provide co
pssment services and, in some areas, access to lEC marks of conformity. IEC is not responsible

seryices carried out by independent certification bodies.

All ysers should ensure that they have the latest-edition of this publication.

No

iability shall attach to IEC or its directors,” employees, servants or agents including individual exp4g

members of its technical committees and(lEC National Committees for any personal injury, property darn
othdgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp
Pub)

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

Attelntion is drawn to the Normative references cited in this publication. Use of the referenced publicd

indi
IEC
patg

Epensable for the correctiapplication of this publication.
draws attention to (the "possibility that the implementation of this document may involve the us

respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
may| be requiredAo\implement this document. However, implementers are cautioned that this may not re]

the
sha

IEC 6
applicgtions. It is an International Standard.

atest information, which may be obtained from the patent database available at https://patents.iec.
| not be held responsible for identifying any or all such patent rights.

156-has been prepared by IEC technical committee 10: Fluids for electroted

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publjcation(s)”].

ational
nd and
eports,
Their
alt with
liaising
tion for
tions.

hational
rom all

Publications have the form of recommendations for international use “and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
er IEC

tions is

b of (a)

nt(s). IEC takes nlo position concerning the evidence, validity or applicability of any claimed patent fights in

, which
present
ch. IEC

hnical

This fourth edition cancels and replaces the third edition published in 2018. This edition
constitutes a technical revision.

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
reasons, due to the very large number of instrumentations disseminated around the world.
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The text of this International Standard is based on the following documents:

Draft Report on voting

10/1241/FDIS 10/1256/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and deveIoLJed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed™by IHC are
descriped in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remajm-unchanged until the
stabilify date indicated on the IEC website under webstore.iec.ch in,the data related [to the
speciflc document. At this date, the document will be
e reg¢onfirmed,

e witlhdrawn, or

e reyised.
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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 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.

The method described in this document applies to either acceptance tests on new deliveries of

insula

or to the monitoring and maintenance of insulating liquid-filled apparatus in service. it sp
rigorolis sample-handling procedures and temperature control that should be adhéred to
certified results are required. For routine tests, especially in the field, less stringenbt procg
may bg practicable, and it is the responsibility of the user to determine their effect'on the r

Annex
future

samples. Annex C describes a reference material for a performancé_test and check acc

to IEC

ing liquids or testing of treated liquids prior to or during filling into electrical equig

A describes, for comparison, an alternative test method which could be introduced
Annex B describes special test methods, using cells which(may include low V]

60060-3 [1]".

ment,
bcifies
when
dures
psults.

in the
olume
brding

T 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 apparatus,

where

The method applies to all types of insulating liquids of nominal viscosity up to 350-m

40 °C/| It is appropriate both for acceptance testing on unused liquids at the time of theird
and fpr establishing the condition of samples taken in monitoring and maintenarn
equipment.

2 Nprmative references

The following documents are referred to in the text in such a way that'some or all of their c

consti

For undated references, the latest edition of the referencéd document (includin
amendments) applies.

IEC 60475, Method of sampling insulating liquids

3 Teérms and definitions

No terms and definitions are listed in this.doecument.

ISO gnd IEC maintain terminology‘databases for use in standardization at the fol
addresgses:
o |EC Electropedia: available at https://www.electropedia.org/

e |S
4 E

4.1
The e

1) vo

utes requirements of this document. For dated references, ‘oenly the edition cited a

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

General

ectrical apparatus consists of the following units:

livery
ce of

bntent
bplies.
J any

owing

tage 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

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 Switching-system

The circuit shall be opened automatically if a sustained arc between the electrodes-oceufs and
the voltage between the electrodes collapses.

NOTE |Typically, voltage collapse is detected in the range of 500 V.

The primary circuit of the step-up transformer shall be fitted with a circuitsbreaker operated by
the cdrrent sensing device, resulting from the breakdown of the sampte and shall brepk the
voltage within 10 ms.

The s¢nsitivity of the current or voltage sensing element depends on the energy-limiting flevice
employed and only approximate guidance can be given.

A cut-pff time of < 100 us, as given in the previous €dition of this document, is necesgary to
perform multiple breakdowns on silicone liquids.

4.5 |[Current-limiting resistors

To prqgtect the equipment and to avoid excessive decomposition at the instant of breakd¢pwn of
liquidg, 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 combination of
resistqrs in either or both the'primary and secondary circuits of the high-voltage transformer.

4.6 [Measuring system

For the purposefoef-this document, the magnitude of the test voltage is defined as its peal value
dividefl by /2

The optput voltage of the step-up transformer may be measured by means of a measuring
system consisting of a voltage divider or a measuring winding of the step-up transformer
coupled with 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 satisfactory 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 liquids. 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. Whilst glass is a commonly used material, other suitable materials
such as plastics or polymers are appropriate, provided they have high chemical resistance to
the insulating liquids (including mineral oils, ester liquids, etc.).

The cell shall be provided with a cover and shall be designed to permit easy removal of the
electred S arg—and—mairterance—to—improve—homogenization—ofthe—te fquid, a
round¢d bottom shape of the cell is recommended. Containers and covers shall be cleamed by
washing with a suitable solvent or clean insulating liquid to remove residues of,"an parlier
sample. After cleaning, containers shall be immediately capped and kept closed unti| used

again.|Electrodes shall be stored in clean insulating liquids.

NOTE 1 |Itis preferable, in the case of esters to use a similar liquid to store the electrodes:

Differgnt shapes of electrodes give different results. The partially hemispherical electrod¢ shall
be used, unless otherwise stated.

NOTE 4 If the difference in the shape of electrodes is minimal, the results difference is also minimal.

Examples of suitable cell designs are given in Figure 1 aid Figure 2.

Dimensions in millimetres

IEC

NOTE |The stirring device can be mounted on the top or on the bottom.

Eigure 1 — Example of test cell 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 or on the bottom.

Figure 2 — Example of test cell with partially hemispherical electrodes
with 25 mm radius and 36 mm diameter
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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 hemispherical 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 of the
test liquid. No part of the cell or stirrer shall 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 surfacg of the
electrodes can be polished with a maximum grain diameter of 10 ym. The limit of the arithmetical mean,devijation of
the roughness profile of the electrodes can be Ra = < 0,5 ym, according to ISO 21290-2 [4].

5.4 [Stirring device

The use of an automatic stirring device is recommended, to be used at allfimes during thle test.

The sfirrer shall be mounted in the test cell. It shall be designed sp;that it is easily clganed.
Stirring shall be achieved by means of a two-bladed or appropriate,stirrer of effective digmeter
25 mn to 35 mm, axial depth 5 mm to 10 mm, rotating at a speed of 200 r/min to 300 r/mih. The
stirrer|shall not produce air bubbles. It shall be fully immersed in the liquid sample.

NOTE 1 To avoid bubbles between the electrodes, the stirrer can fotate preferably in such a direction that pubbles
can be femoved [5].

NOTE 4 The stirring device can be mounted on the top or on, the bottom.

NOTE 3 Stirring by means of a magnetic bar (20 mm\te;25 mm in length and 5 mm to 10 mm in diametgr) is an
acceptgble solution, taking into consideration the collecting of magnetic particles from the fluid on the magngtic bar.

6 Preparation of electrodes

New e]ectrodes shall be cleaned and fulfil the requirements of 5.3. Preparation of the elecfrodes
shall fpllow the following procedure:

— cldan 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) followed by acetone (reagent quality);

— aspgemble the electrodes in the cell, fill with a clean, unused insulating liquid of the type to
be|tested;

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

This procedure shall be repeated after each cleaning or change of electrodes.

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.
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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.

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. The sample is taken where the liquid is likely to be most
contam[hated, usually at the Towest point o the container nolding It, unless otherwise specnied. | |

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

9 Test procedure

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

severgl 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.

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

Equilirate the sample to room temperature..Unnhecessary exposure to the ambient air|of the
sample shall be avoided. The sample liquid.isvexposed to ambient air only during pourinfy from
the sampling vessel to the test cell.

9.2 |Filling of the cell

Immediately before commencing.the test, drain the test cell and rinse the walls, electrod¢s and
other gomponent parts, with the' test liquid. Drain and slowly fill with the test liquid avoidihg the
formation of air bubbles.

Measyre and record the temperature of the liquid.
Close|the test.cell directly after filling.

9.3 |Application of the voltage

At the Time of test, the temperatures shall be maintained at room temperature (ZZ "C £ 5 °C).

Adjust the electrode gap distance to 2,5 mm + 0,05 mm using an adjustment device and start
the stirrer. If the gauge is used to verify the gap distance, it must be ensured that no damage
to the electrodes surface is introduced.

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.

The stirrer, if used, shall run continuously throughout the test.

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.
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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 kV (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.

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

For inpulating liquids having a nominal kinematic viscosity higher than 15 mmZ2/s (40-°C¢), the
resting time before application of the voltage shall be increased in the range of 15 mint6 60 min.
In addfition, the resting time between two consecutive shots shall be increased t6-6 min.

10 Report

The rgport shall include:

— sample identification, possibly including the type of insulating\liquids;
— value of each individual breakdown in kV (kilovolts).

— mgan breakdown value;

— shape of electrodes used,;

— temperature of the liquid (in the test cell);

— coegfficient of variation (%).
Other joptional information includes:

— frejguency of the test voltage (optional);

— stifring arrangement (optional).

In the|case where the individuakbreakdown voltage is above the maximum equipment vpltage
capabjlity, the result shall- be reported as greater than the maximum voltage cagability
(exampple: > 80 kV).

11 Test data dispersion and reproducibility

11.1 [Test data dispersion

The graphical representation of Figure 3 indicates the values of the coefficient of variati¢n and
its mebpvalue-which-have beenfound-inalarge-body of test data-in-severallaboratoried using
transformer liquids. The solid line in the graph shows the distribution of the coefficient of
variation as a function of the mean breakdown value. The dotted lines indicate the expected
2,5 % (0,025) to 97,5 % (0,975) range of values of coefficient of variation (i.e. relative standard
deviation (SD) divided by mean, expressed in percentage) as a function of the value of the
mean.

Typical coefficients of variation reported in Figure 3 are for information only and do not
represent an acceptance criterion of the obtained results.
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Figure 3 — Graphical representation of coefficient of variation versus
mean breakdown voltage

11.2 |Reproducibility

Experlence has shown that the reproducibility of individual dielectric breakdown values is|in the
range|of £30 %.
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A1

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 in the years to come will assist in a future choice when this document

is revi
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checking that the liquid under test is free from air bubbles.

2) Apply voltage to the electrodes uniformly and increase the yaltage from zero at the
2 KV/s £ 0,2 kV/s until 10 kV is reached.
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In the average calculation, the results of four outliers (two highest and two lowest values)'shall be discarded (in this
examplg, 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
A.2 |Report
See Clause 10.
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Annex B
(informative)

Special test method for low volume samples

A special test method is suggested for use with low volume samples.

The results obtained with these low volume testers cannot be compared with the results

obtain

ed with the test procedure described in the main body of this document.
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Annex C
(informative)

Representative material for a performance test

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

The representative material shall be an unused, filtered and degassed mineral oil, silicone or
ester liquid. The minimum quality requirement of the liquid shall be according to IEC relevant
standgréds-
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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 composée
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I'éldctricité et de I’électronique. A cet effet, 'IEC — entre autres activités — publie des Normes jntérrat

des

Guigles (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des comites d’étud
travpux desquels tout Comité national intéressé par le sujet traité peut participer™ Lés organ

inte

travpux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), se
conflitions fixées par accord entre les deux organisations.

2) Les

possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC int

son

3) Les
com

ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a pour g
riser la coopération internationale pour toutes les questions de normalisation dans les doma
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Bressés

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont @gréées

me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin g

e I'lEC

s’agsure de I'exactitude du contenu technique de ses publicationsyI'l[EC ne peut pas étre tenue responsiable de

I’événtuelle mauvaise utilisation ou interprétation qui en est faite-par un quelconque utilisateur final.

4) Dans le but d’encourager 'uniformité internationale, les Comités nationaux de I'lEC s’engagent, dans
medure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications na

et
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mpris ses experts particuliers“é{fes membres de ses comités d’études et des Comités nationaux d
tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de
re que ce soit, directe oy indirecte, ou pour supporter les colts (y compris les frais de justice) et les dé
bulant de la publicationiouvde I'utilisation de cette Publication de I'lEC ou de toute autre Publication d
u crédit qui lui est accordé.

ention est attirée‘sur les références normatives citées dans cette publication. L’utilisation de publ
Fencées est ohligatoire pour une application correcte de la présente publication.

C attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisat
e plusieuts/brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité

de brevet revendiqué a cet égard. A la date de publication du présent document, I''EC n'a p
icatian/qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il
ertit les responsables de la mise en application du présent document que des informations plus r

oute la
ionales
bles ou

Endants
ues de
fication

n.

ataires,
e I'IEC,
juelque
penses
e I'lEC,

cations

on d'un
de tout
S recgu
y a lieu
Bcentes

son
L’IE

rHN do—fi & la b dad 4 dah 4 H HN | ‘od it e 4 4
St CEePHOreS— e gt e e ST a0 a3ttt o3 E0rEvetST— G SPOOre a8 aGrEeSSt PSS PatefitS

C ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

.iec.ch.

L'IEC 60156 a été établie par le comité d’études 10 de I'lEC: Fluides pour applications
électrotechniques. Il s'agit d'une Norme internationale.

Cette quatriéme édition annule et remplace la troisiéme édition parue en 2018. Cette édition
constitue une révision technique.

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

Projet Rapport de vote
10/1241/FDIS 10/1256/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est I'anglais.

Directlves ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponible§ sous
www.ipc.ch/members_experts/refdocs. Les principaux types de documents développgs par
I'lEC gont décrits plus en détail sous www.iec.ch/publications.

Ce dofument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé Se%én les

Le corhité a décidé que le contenu de ce document ne sera pas modifié avant.la date de sfabilité

indiqﬁre sur le site web de I'lEC sous "webstore.iec.ch" dans les ‘données relatives au
document recherché. A cette date, le document sera

e re¢onduit,
e supprimé, ou

e réyisé.
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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 dest

inée a

révéler la présence de produits contaminants comme I'eau ou des matiéres solides en

suspension, et permettre ainsi de décider de 'opportunité d’effectuer un traitement de sé
et de filtration.

chage

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

interpfeter sans ambiguite 1es resultats d essal.

La mgthode décrite dans le présent document s’applique soit aux essais de récept
nouvelles livraisons d’isolants liquides, soit aux essais de liquides traités, avaptou penq
remplissage de matériels électriques, soit a la surveillance et a la maintenafce des ap
remplis d’isolant liquide en service. Elle spécifie des méthodes rigoureuses” de manip
des é¢hantillons et de vérification des températures auxquelles il conyient de se con
quand| des résultats certifiés sont exigés. Pour les essais individuels-de série, notammg

on de
ant le
areils
lation
ormer
nt sur

le terfain, des procédures moins rigoureuses peuvent étre appliquées et il revient dlors a

'utilisateur de déterminer leurs effets sur les résultats obtenus.

L'Anng¢xe A décrit, a titre de comparaison, une autre méthode d’essai qui pourrait étre ag

optée

a I'avenir. L'Annexe B décrit des méthodes d’essai spéciales utilisant des cellules qui pguvent

contenir des échantillons de faible volume. L'Annexe Cidecrit un matériau de référence p
essai fe détermination des caractéristiques et un cantrdle de caractéristiques conformer
I'EC 60060-3 [1] 1.

bur un
hent a

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

1 D

A FREQUENCE INDUSTRIELLE — METHODE D’ESSAI

omaine 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
d’isol
bien
échan

2 R

Les dq
de le|
I’éditiq
référe

tif croissant jusqu’a I'obtention du claquage. La méthode est applicable a tous.es

nts liquides de viscosité nominale allant jusqu’a 350 mmZ2/s & 40 °C. Elle convienf
our les essais de réception de liquides neufs a la livraison que pour définir I'ét
illons prélevés lors de la surveillance et de la maintenance des matériels,

éférences normatives

cuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou
r contenu, des exigences du présent document. Pouy les références datées,
n citée s’applique. Pour les références non datées, la derniére édition du docum
hce s’applique (y compris les éventuels amendements),

IEC 60475, Méthode d'échantillonnage des liquides isolants

3 T

Aucun

L’1SO
en nof

e |E
e IS

prmes et définitions
terme n’est défini dans le présent document.

et 'IEC tiennent a jour des bases de données terminologiques destinées a étre ut
malisation, consultables auxX-adresses suivantes:

C Electropedia: disponiblé a 'adresse https://www.electropedia.org/

D Online browsing«platform: disponible a I'adresse https://www.iso.org/obp

4 Appareillage.électrique

4.1

Généralités

L’app

reillage électrique se compose des éléments suivants:

partie
seule
bnt de

lisées

1

cserz

a

régulateur de tension,
transformateur élévateur,

systéme de commutation,
résistances de limitation de courant,

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 pour une vitesse de
montée en tension uniforme exigée. 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
permettre de faire varier la tension d’essai sans a-coups, d’une maniere uniforme, et sans
dépassements 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 convient que le point milieu de I'’enroulement secondaire du transformateur soit relié a la terre.

4.4 Systéme de commutation

Le cirguit doit s’ouvrir automatiquement quand un arc maintenu se produit entrg les élecfrodes
et quand la tension entre les électrodes chute.

NOTE |En régle générale, une chute de tension est détectée dans la plage de 500 V.

Le cirguit primaire du transformateur élévateur doit étre équipé d’un disjoncteur fonctionnant
sous llaction du détecteur du courant qui résulte du claquage de\l'’échantillon et doit coyper la
tension en moins de 10 ms.

La sepsibilité des dispositifs détecteurs de courant oude tension dépend du dispositif de
limitatjon d’énergie utilisé et seules des recommandations approximatives peuvent étre
fournigs.

Un temps de coupure < 100 us, tel qu’indiqué,dans I’édition précédente du présent document,
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 moment du claguage
des liquides (par exemple des.liquides silicones ou esters), une résistance de limitatjon du
couramt de claquage doit étre.insérée en série avec la cellule d’essai.

Le coyrant de court-circuit du transformateur et de ses circuits associés doit étre comprig entre
10 mA et 25 mA pour teltes les tensions supérieures a 15 kV. Ce résultat peut étre obtehu par
une cqmbinaison derésistances placées dans I'un ou I'autre des circuits primaire ou secopdaire
du trapsformatedi-haute tension ou dans les deux circuits.

4.6 Systéme de mesure

Dans le_cadre du Inréapnf document I’ampli‘rudp de la tension d’essai est définie par sa valeur

de créte divisée par J2.

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 voltmétre 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 des liquides en essai. Ce dispositif auxiliaire est étalonné séparément a partir d’un étalon
primaire [2], [3].
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5 Dispositif d’essai

5.1 Généralités

L’essai de tension de claquage est réalisé selon la méthode décrite ci-aprés comme essai

individuel de série.

5.2 Cellule d’essai

Le volume de la cellule doit étre compris entre 350 ml et 600 ml.

La celfufedo

piques.

La cellule doit étre transparente, chimiquement inerte et résistante a I'isolant liquide ainsiqu’au

produit de nettoyage qui doit étre utilisé. Quoique le verre soit un matériau couramment

itilisé,

d’autrgs matériaux appropriés (comme les plastiques ou les polymeres) conviennént'a condition

gu’ils présentent une résistance chimique élevée aux isolants liquides (notamment les
minérales, les esters liquides, etc.).

huiles

La cellule doit étre équipée d’'un couvercle et doit étre congue de-maniére a permettre le

démontage facile des électrodes pour leur nettoyage et leur mdintenance. Pour am
I’lhomagénéisation du liquide en essai, il est recommandé d’utiliser une cellule a fond a
Les récipients et les couvercles doivent étre nettoyés avec un‘solvant approprié ou un

Bliorer
rondi.
solant

liquidg propre afin d’éliminer toute trace d’un échantillonxantérieur. Aprés nettoyage, les
récipignts doivent étre immédiatement couverts et rester fermés jusqu’a ce qu’ils soient Utilisés

a nouyeau. Les électrodes doivent étre stockées dans des isolants liquides propres.

NOTE 1 |l est préférable, dans le cas des esters, d’utiliser un\liquide similaire pour stocker les électrodes.

Des électrodes de différentes formes donnent d&s résultats différents. Sauf indication contraire,

I’électfode partiellement hémisphérique doit étre utilisée.

NOTE 3 Sila différence de forme des électrodes‘est minime, la différence dans les résultats I’est égaleme
La Figure 1 et la Figure 2 présentent'des exemples de cellules appropriées.

Dimensions en mil

ht.

imétres

IEC

NOTE L’agitateur peut étre monté sur le dessus ou dans le fond de la cellule.

Figure 1 — Exemple de cellule d’essai avec des électrodes sphériques de diamé
compris entre 12,5 mm et 13,0 mm

tre
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