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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on Insulation Oils for Electrical Equipment under the authority of the Industry
Standards Committee on Generation, Transmission and Distribution of Energy.

This Malaysian Standard is identical with IEC 60156:1995, Insulating liquids - Determination
of the breakdown voltage at power frequency - Test method, published by the International
Electrotechnical Commission (IEC). However, for the purposes of this Malaysian Standard,
the following apply:

a) inthe source text, "this International Standard" should read "this Malaysian Standard";

b) the comma which is used as a decimal sign (if any), to read as a point;

c) the basis IEC 60156 is printed in English and French version. However, only the English
version is retained for this Malaysian Standard; and

d) reference to International Standards should be replaced by corresponding Malaysian
Standards as follows:

Referenced International Standards Corresponding Malaysian Standards

IEC 60475, Method of sampling liquid MS IEC 60475, Method of sampling liquia
dielectrics dielectrics

In 1997, the IEC introduced a new numbering system for all of its International Standards,
guides and technical reports. The new number of the IEC Standard is IEC 60156:1995.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International
Standard or is identical in technical content and structure although it may contain the minimal editorial changes
specified in clause 4.2 of ISO/IEC Guide 21-1.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING LIQUIDS - DETERMINATION OF
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY -

TEST METHOD

FOREWORD

The [EC {International Electratechnical Commission) is a werldwide organization for standardization comprising
all national electrotechrical commitiees (IEC National Committess). The object of the IEC is to promota
international cooperation on all guastions concerning standardization in the electrical and elactronic fislds, To
this end and in addition to other activities, the IEC publishes international Standards. Their preparation is
entrusted to technical committees; any IEC National Commitiee interested in the subject dealt with may
partlcipate In this preparatory work. International, governmental and nop-governmental organizations liaising
with the [EC also participate in this preparation, The IEC collaborates closely with the International Organization
for Standardization (ISQ) in accordance with caonditions determined by agreemant between the two
organizations.

The formal decisions or agreements of the 1EC on technical matiers, prepared by technical committees on which
all the National Committees having a special interest therein are represenied, express, as nearly as possible, an
international consensus of opinion on the subjects dealt with.

They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the Natlonal Committees In that sense.

In order to promote international unification, IEC Mationai Committeas undertake to apply IEC [nternaticnal
Standards transparently to the maximum extent possible in their national and regional standards. Any

divergence between the |IEC Standard and the corresponding national er regicnal standard shall be clearly

indicated in the [atter.

international Standard 1EC 156 has been prepared by 1EC technical committee 10: Fluids for
electrotechnical applications.

Th-is second edition cancels and replaces the first edition published in 1963 and constitutes a
technical revision.

The text of this standard is based on the following documents:

DIs . HReport on voting

10/338/DIS 10/346/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above tabie, :




156 ® |EC:1995 -7-

INTRODUCTION

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

The breakdown veoltage value. of insulating liquids strongly depends on the particular set of
conditions used in its measurementi. Therefore, standardized testing procedures and equip-
ment are essential for the unambiguous interpretation of test results,

The method described in this [nternational Standard applies to either accepiance tests on new
deliveries of insulating liguids, or testing of treated liquids prior to or during filling into electrical
equipment, or to the monitoring and maintenance of oil-filled apparatus in service. it specifies
rigorous sample-handling procedures and temperature control that should be adhered to when
certified results are required. For routine tests, especially in the field, less stringent procedures
may be practicable and it is the responsibility of the user to determine their effect on the
results.
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INSULATING LIQUIDS — DETERMINATION QF
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY -

TEST METHOD

1 Scope

This International Standard specifies the method for determining the dielectric breakdown
voltage of insufating liquids at power frequency. The test portion, contained in a specified
apparatus, is subjected to an increasing a.c. electrical field by means of a constant rate of
voltage rise until hreakdown occurs.

The method applies to all types of insulating liquids of nominal viscosity up to 350 mm2s-! at
40 °C. [t is appropriate both for acceptance testing on unused liquids at the time of their
deiivery and for establishing the condition of samples {aken in monitoring and maintenance of
equipment.

2 Normative references

The foliowing normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties fo
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative dacuments indicated below. Members of
tEC and 150 maintain registers of currently valid Infernational Standards.

IEC 52: 1960, Recommendations for voltage measurement by means of sphere-gaps {one
sphere earthed)

[EC 60, High-voltage test tachniques
IEC 475: 1874, Method of sampling liquid dislectrics

3 Electrical apparatus
The electrical apparatus consists of the following units:
a) Voltége regulator
D) Step-up transformer
¢) Switching system
d} Energy limiting devices

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

3.1 Voltage regulator

Uniform increase of voltage with time by manual means is difficult and, for this reason,
automatic control is essential.
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Voltage control may be achieved by one of the following methods:

a} Variable ratio auto-transformer
b) Electronic regulator

¢) Generator-field regulation

d} Induction regulator

e} Resistive type voltage divider

3.2 Step-up ransformer

The test voltage is obtained by using a step-up transformer supplied from an a.c. (48 Hz to 62
Hz) voltage source whose value is gradually 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)
shall not exceed 2 % of the expected breakdown voltage.

The voltage applied to the electrodes of the liquid-filled cell shall have an approximaiely
sinusoidal waveform, such that the peak facter is within the following limits: 1,41 = 0,07,

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

3.3 Current-limiting resistors

To protect the equipment and to avoid excessive decomposition of the liquid at the instant of
breakdown, a resistance limiting the breakdown current may be inserted in series with the test
cell. '

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

3.4 Switching system
3.4.1 Basic requirements

The circuit shall be opened automaticaily i an established arc occurs. The primary circuit of the
step-up transformer shall be fitted with a circuit-breaker operated by the current resulting from
the breakdown of the sample, and shall break the veltage within 10 ms. The circuit may be
opened manually if a transient spark (audible or visible) occurs betwean the electrodes.

NOTE — The sensitivity of the current-sensing element depends on the energy-limiting device employed and
only approximate guidance can be given. Normally, triggering of cut-off by a current of 4 mA maintained for
5 ms is acceptable, while fast energy-limiting {see 3.4.2) triggering by a transient current of 1 A maintained
ior 1 ps has been found satisfactory.

3.4.2 Special requirements for silicone liquids

Silicone ligquids can give rise to solid decomposition products through the action of electric
discharges, which may cause gross errors in the observed results. In such cases, all feasible
steps shall be taken to minimize the energy available for dissipation in the’ breakdown
discharge.
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Whilst current limiting as above, combined with isolation of the step-up transformer primary
within 10 ms, is adequate for hydrocarbons. More satisfactory performance for silicane liquids
is obtained by shert circuiting of the primary circuit of the transformer by a low-impedance or by
use of a low-voltage device for detection of breakdown acting within a few microseconds. This
device may be of either analogue (for example, modulating amplifier} or switching (for example,
thyristor} type. By the use of this device, the output voltage of the step-up transformer shail be
reduced to zero within 1 ms of detection of breakdown, and shall not thereafter increase again
until the next step of the test sequence is commenced.

3.5 Measuring device

For the purpose of this standard, the magnitude of the test voltage is defined as its peak vaue
divided by ./ 2.

This voltage may be measured by means of a peak-voltmeter or by means of another type of
voltmeter connected to the input or output side of the testing transformer, or fo a special
winding provided thereon; the instrument then used shall be calibrated against a standard upto
the full voltage which it is desired to measure.

A method of czlibration 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 hetween the
high-voltage terminals to which it presents the same impedance as the filled test cell. The
auxiliary device is separately calibrated against a primary standard, for example, a sphere gap
in accordance with [EC 52 (see aiso |[EC 60}.

4 Test assembly

4.1 Test cell

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

The cell shall be made of material that is electrically insufating, transparent and chemically
inert, resistant to the insulating liguid and the cleaning agents which may be used.

The cell shall be provided with a cover and shall be designed to parmit easy removal of the
- electrodes for cleaning and maintenance.

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

4.2 Electrodes

The electrodes shall be made either of brass, bronze or austenitic stainiess steel. They shallbe
polished and, in shape, either spherical (12,5 mm to 13,0 mm diameter} as shown in figure 1or
partially spherical of the shape and dimensions given in figure 2. The axis of the electrode
system shall be horizontal, and at least 40 mm below the surface of the test liquid in the cell.
No part of the electrode shall be closer than 12 mm to the cel[ wall or stlrrer The gap between
the electrodes shall be 2,560 mm + 6,05 mm.
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The electrodes shall be éxamined frequently for pitting or other damage, and shall be
maintained or replaced as soon as such damage is observed.

4.3 Stirring (optional)

The test may be conducted with or without stirring. Differences between tests with or without
stirring have not been found statistically significant. A stirrer, however, may be convenient
especially with apparatus capable of automatic operation.

Stirring may be achieved by means of a two-bladed impeller of effective diameter 20 mm to 25
mm, axial depth 5 mm to 10 mm, rotating at a speed of 250 r.p.m to 300 r.p.m. The impelier
shall not entrain air bubbles and preferably rotate in such a direction that the resulting liquid
flow is directed downward. It shall be constructed so that it is easily cleaned.

Stirring by means of a magnetic bar (20 mm to 25 mm in length and 6§ mm to 10 mm in
diameter) is an acceptable alternative when there is no risk of removing magnetic particles.

The dimensions of the stirring device shall conform to the clearance requirements in 4.2.

5 Preparation of electrodes

New electrodes, pitted electrodes, electrodes which have not been propetly stored for a
considerable time shall be cleaned by the foliowing 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 example, crocus cloth);

- after polishing, clean with petroleum spirit (reagent quality: boiling range 60 °C - 80 °C)
followed by acetone (reagent quality);

— assemble the electrodes in the cell, fill with a clean, unused insulating liguid of the type
to be tested next, and raise the electrode voltage to breakdown 24 fimes.

6 Test assembly preparation

It is recommended that a separate test cell assembly be reserved for each insulating liquid
lype. i
Test assemblies shall be stored in a dry place, covered and filled with dry insulating fiquid 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 clean, dry liguid of the same type as that to be
tested, drain and refill.



156 @ IEC:1985 -17 -

7 Sampling

7.1 Sample containers

Sample size should be approximately three times the capacity of the test cell.

Appropriate sample containers shall comply with IEC 475. An amber glass bottle is the
preferred container. Clear glass bottles may be used but they shall be shielded from direct fight
until ready to be tested. Plastic containers which are not attacked by the liquid to be tested
may be used, but these shall not be used more than once. For sealing, screw caps with
polyalefine or polytetrafluoroethylene insert are preferred.

Containers and caps shall be cleaned by washing with a suitable solvent to remove residues of
an earlier sample. Containers shall next be rinsed with acetone, traces of which shall be
removed by blowing with warm air,

After cleaning, containers shall be immediately capped and kept sealed until used.

7.2 Sampiing technique

Sampling of new and used insulating Hguids shall be carried out in full compliance with
procedures detailed in IEC 475.

When sampling, containers shoutd be almost filled with sample, leaving about 3 % of the
container volume as free air space.

Breakdown voltage is extremely sensitive to the slightest contamination of the sample by water

and particulate matters. Special reference is made to precautions necessary o avoid
contamination of the sample and the need for trained personnel and experienced supervision,

Unless otherwise required, the sample fs taken where the liquid is likely to be most
contaminated, usually at the lowest point of the container holding it

8 Condition of the sample

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

At the time of fest, the temperatures of the test liquid and ambient air shall not differ by more
than 5 °C and for referee tests the liquid temperature shall be 20 °C = 5 °C.

9 Test procedure

8.1 Sample preparation

Immadiately before filling the test cell, the sample container is gently agit‘ated 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.

Unnecessary exposure to the ambient air of the sample shall be avoided.
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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. Drain and slowly fill with the test sample avoiding
the formation of air bubbles.

Measure and record the temperature of the liguid.
Position the cell in the test equipment and start the stirrer if used.

9.3 Application of voltage

The first application of voliage is started approximately 5 min after completion of filling and
checking that no air bubbles are visibie in the electrode gap.

Apply veltage to the electredes and uniformly increase voltage from zero at the rate of
2,0kVs! + 0,2 kV s~ until breakdown occurs. The breakdown voltage is the maximum
voliage reached at the time the circuit is opened either automatically (established arc) or
manually {visible or audible discharge detected).

Record the value.

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. H a stirrer is used, i shall run continuously throughout the test.

Calculate the mean value of the six breakdowns in kilovolts.

10 Report
Report the mean value, in kilovolts, of the six breakdowns as the test result.

The report shall also include: the sample identification, the value of each individual breakdown,
the type of electrodes used, the frequency of the test voltage, the temperature of the liquid, the
use of a stirrer {if any).

11 Test data dispersion

The scatter of individual breakdown voltages has been found to be very dependent on the
value of the result. The graphical representation of figure 3 indicates the values of standard
deviation/mean ratio which have been found in a large body of test data in several laboratories
using transformer oil.

The full line in the graph shows the distribution of the median value of 8D/mean as a function
of the value of the mean. The dotted lines indicate the expected 895 % range of values of
SD/mean as a function of the value of the mean.
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Example of suitable ¢ell and partially spherical electrodes
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