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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 60247:2004, Insulating liquids - Measurement
of relative permittivity, dielectric dissipation factor (tan &) and d.c. resistivity, 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 60247 is printed in English and French version. However, only the English
version is retained for this Malaysian Standard; and

d) Clause/Subclause Modifications
Figure 1 Refer to the new figure below
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NATIONAL FOREWORD (continued)

Explanation: Correction of typographical error.

e) 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 liquid
dielectrics dielectrics

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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MS IEC 60247:2012 - vi-—

1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING LIQUIDS -
MEASUREMENT OF RELATIVE PERMITTIVITY,
DIELECTRIC DISSIPATION FACTOR (TAN 9
AND DC RESISTIVITY

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60247 has been prepared by IEC technical committee 10: Fluids for
electrotechnical applications.

This third edition cancels and replaces the second edition published in 1978. This edition
constitutes a technical revision.

The main changes deal with the preferred measurement method.

© STANDARDS MALAYSIA 2012 - All rights reserved
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The text of this standard is based on the following documents:

FDIS Report on voting
10/573/FDIS 10/575/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged until
2015. At this date, the publication will be

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
*+ amended.
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INTRODUCTION

Health and safety

General caution. This International standard does not purport to address all the safety
problems associated with its use. It is the responsibility of the user of the standard to establish
appropriate health and safety practices and determine the applicability of regulatory limitations
prior to use.

Environment

This standard gives rise to insulating liquids, chemicals, used sample containers and oil
contaminated solids. The disposal of these items should be carried out according to local
regulations with regard to their impact on the environment. Every precaution should be taken to
prevent the release into the environment of these liquids.

© STANDARDS MALAYSIA 2012 - All rights reserved
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INSULATING LIQUIDS -
MEASUREMENT OF RELATIVE PERMITTIVITY,
DIELECTRIC DISSIPATION FACTOR (TAN 9
AND DC RESISTIVITY

1 Scope

This International standard describes methods for the determination of the dielectric dissipation
factor (tan ), relative permittivity and d.c. resistivity of any insulating liquid material at the test
temperature.

The methods are primarily intended for making reference tests on unused liquids. They can
also be applied to liquids in service in transformers, cables and other electrical apparatus.
However the method is applicable to a single phase liquid only. When it is desired to make
routine determinations, simplified procedures, as described in Annex C, may be adopted.

With insulating liquids other than hydrocarbons, alternative cleaning procedures may be
required.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60093, Methods of test for volume resistivity and surface resistivity of solid electrical
insulating materials

IEC 60250, Recommended methods for the determination of the permittivity and dielectric
dissipation factor of electrical insulating materials at power, audio and radio frequencies
including metre wavelengths

IEC 60475, Method of sampling liquid dielectrics

IEC 61620, Insulating liquids — Determination of the dielectric dissipation factor by measure-
ment of the conductance and capacitance — Test method

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

3.1

permittivity (relative)

the relative permittivity of an insulating material is the ratio of capacitance C, of a capacitor in
which the space between and around the electrodes is entirely and exclusively filled with the
insulating material in question, to the capacitance C, of the same configuration of electrodes in
vacuum.

The capacitance C, of the configuration of electrodes in air can normally be used instead of C,
to determine the relative permittivity with sufficient accuracy

© STANDARDS MALAYSIA 2012 - All rights reserved
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3.2
dielectric dissipation factor (tan 9)
DDF

dielectric dissipation factor, DDF, (tan J) of an insulating material is the tangent of the loss
angle.

The loss angle is the angle by which the phase difference between applied voltage and the
resulting current deviates from 12 rad when the dielectric of the capacitor consists exclusively
of the insulating material

NOTE For practical purposes, measured values below 0,005 for tan d and power factor are essentially the same.
A simple conversion can be used to convert one to the other. The power factor is the sine of the loss angle and the
relationship between power factor and dielectric dissipation factor can be expressed as follows:

pr=—_DPPF 1)

J1+(DDF)?

3.3

d.c. resistivity (volume)

the volume resistivity of an insulating material is the quotient of a d.c. electrical field strength
and the steady state current density within the material

NOTE The unit of resistivity is the ohmmetre (Qm).
4 General

Permittivity, tan J and resistivity, either separately or together, are important indicators of the
intrinsic quality and degree of contamination of an insulating fluid. These parameters may be
used to interpret the deviation from desired dielectric characteristics and the potential influence
on performance of equipment in which the fluid is used.

4.1 Permittivity and dielectric dissipation factor (tan d)

The permittivity and the dielectric dissipation factor (tan &) of electrical insulating liquids
depend to a considerable extent on the test conditions under which they are measured, in
particular on the temperature and on the frequency of the applied voltage. Permittivity and
dissipation factor are the measurements of dielectric polarization and conductivity of the
material.

At power frequency and sufficiently high temperature, as recommended in these methods, the
losses may be attributable exclusively to the conductivity of the liquid, that is, to the presence
of free charge carriers in the liquid. Measurements of the dielectric properties of high purity
insulating liquids are therefore of value as an indication of the presence of contaminants.

The dielectric loss factor is usually inversely proportional to the measuring frequency and
varies with the viscosity of the medium. The value of the test voltage when measuring the
dissipation factor is less important and often governed by the sensitivity of the measuring
bridge. However, it must be borne in mind that too high a voltage stress results in secondary
phenomena at the electrodes, dielectric heating, discharges etc.

While relatively large amounts of impurities produce a comparatively small change in
permittivity, the tan ¢ of insulating liquids may be strongly affected by traces of dissolved
contaminants or colloidal particles. Some liquids are much more sensitive to contamination
than hydrocarbon liquids due to their higher polarity, which results in turn in higher solvent
power and dissociation capability. Therefore, they require comparatively greater care in
handling than hydrocarbon liquids.

© STANDARDS MALAYSIA 2012 - All rights reserved
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Since the initial value is thought to be representative of the actual conditions of the liquid, it
appears most desirable that tan J should be measured as soon as temperature equilibrium has
been reached. Tan Jis very sensitive to changes of temperature. Its increase, with increases in
temperature is generally exponential. It is therefore, necessary to carry out measurements,
under sufficiently precise temperature conditions. The procedure described below allows the
test specimen to attain temperature equilibrium with the test cell in minimum time.

4.2 Resistivity

The conventional resistivity as measured by this standard is generally not the true resistivity.
Application of a d.c. voltage will change the initial characteristics of the liquid with time, due to
charge migration. The true resistivity can only be obtained at low voltage, immediately after
application of the voltage. This standard uses a relatively high voltage for an extended time
and the result will generally be different from that from IEC 61620.

Measurements of resistivity of liquids to this standard, depends on a number of test conditions,
namely:

a) Temperature

Resistivity is very sensitive to changes of temperature, its dependence on the inverse of the
temperature, expressed in Kelvin, (1/K) is generally exponential. It is therefore necessary to
carry out measurements under sufficiently precise temperature conditions.

b) Magnitude of the electrical field

The resistivity of a given specimen may be influenced by the applied stress. For results to
be comparable, measurements shall be made with approximately equal voltage gradients
and with the same polarity. The gradients and the polarity shall be noted.

c) Time of electrification

Upon the application of d.c. voltage, the current flow through the specimen decreases due
to the sweep of charge carriers to the electrodes. The conventional arbitrary time of
electrification is 1 min. Variation in the time of electrification can result in appreciable
variation in the test results. (Some high viscosity fluids may require considerably longer
electrification time (see 14.2).)

4.3 Sequence of determinations

Application of d.c. voltage to a specimen can modify the results of a subsequent a.c.
determination of tan &.

When permittivity, tan J and resistivity measurements have to be made consecutively on the
same specimen, the a.c. determination shall always be made before applying the d.c. voltage
to the specimen. The cell electrodes should be short-circuited for a minimum of 1 min after the
a.c. tests, before beginning the resistivity measurements.

4.4 Factors leading to erroneous results

Only gross contamination is likely to affect permittivity. However, DDF and resistivity can be
strongly affected by minute amounts of contamination.

Unreliable results usually originate from contamination due to improper sampling or handling of
liquid specimens, from incomplete cleaning of the cells or from the absorption of water, and
especially from the presence of undissolved water.

© STANDARDS MALAYSIA 2012 - All rights reserved
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Extended exposure to light during storage may lead to deterioration of dielectric character-
istics. Standardized procedures for the storage and transfer of the liquid samples and for the
construction and cleaning of test cells are recommended so that errors caused by contami-
nation are minimized.

5 Apparatus

51 Test cell

The same test cell can be used for measurements of permittivity, tan o and d.c. resistivity.
A cell suitable for these purposes shall meet the following general requirements.

5.1.1 The design of the cell shall be such as to allow easy dismantling for cleaning of all its
parts and reassembling without significantly changing the capacitance of the empty cell. The
design shall also permit the use of the cell at the required constant temperature and shall
provide means to measure and control the temperature of the liquid to the required accuracy.
This may be achieved by means of an externally heated oven/bath or alternatively by internal
electrical heating of the cell.

5.1.2 The materials used in constructing the cell shall be non-porous and capable of
withstanding the required temperature satisfactorily. The alignment of the electrodes shall not
be influenced by change of temperature.

5.1.3 The surfaces of the electrodes in contact with the liquid under test shall have a smooth
finish to make their cleaning easier. There should be no chemical interactions between the
liquids under test and the electrodes. These should also be unaffected by the cleaning
materials. Cells made of stainless steel have been found satisfactory for testing all types of
insulating liquids. Aluminium or its alloys should not be used because they may be attacked by
alkaline detergents.

NOTE Generally, plated surfaces have been found less satisfactory than solid metal electrodes. However,
surfaces plated with gold, nickel or rhodium have been found satisfactory provided they are well plated and remain
undamaged. Rhodium-plated invar has been found satisfactory and has the additional advantage of low thermal
expansion. Nickel or gold-plated brass and nickel-plated stainless steel have also been used.

5.1.4 Solid insulating materials used to support the electrodes shall have a low tan J and a
high resistivity. They should not absorb, or be adversely affected by, reference liquids, test
liquids or cleaning materials.

NOTE Fused silica is generally considered to be a suitable material for use as an insulating material in the cell. As
a consequence of the difference between the coefficients of linear expansion of usual metals and of fused silica, a
sufficient radial clearance is necessary between the joints. This clearance may decrease the accuracy of electrode

gap spacing.

5.1.5 The distance across the surface of the liquid and across the solid insulating material,
between the guard electrode and the measuring electrode, shall be great enough to withstand
the test voltage used.

5.1.6 Any cell which meets the requirements given in 5.1.1 to 5.1.5 may be used. Examples of
cells (not exclusive or exhaustive) which may be used with low viscosity liquids and up to
2 000 V are shown diagrammatically in Figures 1 to 5.

In the three-terminal cells, provision is made for an efficient electrical guard system which
adequately shields the measuring electrode. Three-terminal cells shall be preferred when the
most accurate determinations of permittivity are to be made. If necessary, in the case of
measurements for which special screening is required, a removable screening cup can be
added and electrically bonded to the appropriate conductor of the coaxial cable used for the
connection to the bridge (see Figure 2).

© STANDARDS MALAYSIA 2012 - All rights reserved
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With two-terminal cells, the shield on the lead usually connected to the guard electrode shall be
securely clipped to the cable insulation in order to prevent contact with any other surface.
When these cells are used for resistivity measurements it should be established that the
resistance across the insulators, with the cell empty, is at least 100 times the resistance which
is measured through the liquid. For a.c. measurements corresponding values for tan J shall be
established.

For highly insulating liquids, the additional losses due to the insulators that support the
electrodes may alter the measurement. For this reason, it is recommended to use test cells in
which there is no bridge made from any solid insulating material between the two measurement
electrodes. The dissipation factor of such an empty cell should be lower than 10-6 at 50 Hz.

To minimize the effect of contaminants from the surfaces in contact with the liquid, it is recom-
mended to use cells with a low ratio of electrode surface area to liquid volume (for example,
<5 cm).

5.2 Test equipment
Test equipment shall be adequate to maintain the test cell with +1 °C of the prescribed

temperature and shall provide screened electrical connections to the cell. The test cell shall be
properly insulated from the earthed enclosure of the test equipment.

5.3 Glassware
Borosilicate laboratory glassware such as beakers, graduated cylinders, pipettes, etc., shall be

used. All glassware used in handling samples shall be cleaned at least to the standard
specified in Clause 6, and carefully dried.

5.4 Measuring instrument for permittivity and tan

Any a.c. capacitance and tan ¢ measuring device capable of a measuring precision and
resolution appropriate to the samples to be tested can be used.

Examples of a.c. capacitance bridges and testing circuits may be found in IEC 60250.

5.5 Measuring instrument for d.c. resistivity

Suitable instruments and test circuits are described in IEC 60093. Any apparatus with the
precision and resolution appropriate to the samples to be tested may be used.

5.6 Time-measuring device

A time-measuring device, accurate to 0,5 s, shall be used for measuring the time of
electrification.

5.7 Safety

DANGER - Ensure that equipment safety devices are functioning properly.

© STANDARDS MALAYSIA 2012 - All rights reserved
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6 Cleaning solvent

Solvents for cleaning the test cell shall have a purity at least corresponding to the requirements
for technical grades and shall have been shown to have no influence on test results. Solvents
shall be stored in brown glass bottles.

If the solvent is delivered in drums, any particulate matter shall be removed by filtration and the
filtered solvent stored in properly marked brown glass bottles.

Hydrocarbon solvents such as petroleum spirit (boiling range 60 °C to 80 °C), n-heptane,
cyclohexane and toluene are suitable for hydrocarbon oils. Ethanol is recommended for organic
esters and toluene for silicone liquids. Other insulating liquids may require special solvents.

7 Cleaning the test cell

The cleanliness of the test cell is of paramount importance when measuring dielectric
properties because of the extreme susceptibility of insulating liquids to the influence of the
most minute contamination.

The cell shall always be cleaned immediately before use in a reference test.

It is strongly recommended that cells in continuous use for routine measurements are regularly
cleaned.

Cleaning need not precede a routine measurement made subsequent to one in which the
property measured was within the limiting value specified and the liquid was of a similar
chemical type. Prior to the next test, the cell shall be flushed with a volume of the next sample
corresponding to at least three fillings of the cell.

When cells are to be regularly used for testing fluids with similar chemical type and having
similar electrical properties, they may be stored filled with a clean sample of the fluid and
simply flushed with a volume of the next sample corresponding to at least three fillings of the
cell.

Many different types of cleaning procedure can be used provided that they have been proved to
be efficient.

Examples of alternative procedures are given in Annexes A and B.
The following reference procedure shall be used in the case of dispute between laboratories.

CAUTION: Appropriate precautions against fire and toxic effects on personnel shall be
observed when using solvents.

71 Trisodium phosphate cleaning procedure

Dismantle the cell completely.

Wash all the component parts thoroughly with two portions of the solvent (see Clause 6). Rinse
all parts with acetone and then wash them with a mild abrasive soap or mild abrasive
detergent.

Abrasive particles and rubbing action should be such as to cause no deterioration of the
smooth finish of metal surfaces.

© STANDARDS MALAYSIA 2012 - All rights reserved
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Boil all parts for at least 5 min in 5 % trisodium phosphate solution in distilled or de-ionized
water, followed by several rinses with distilled or de-ionized water.

Boil all parts in distilled or de-ionized water for at least 30 min.

Thoroughly dry the component parts in an oven heated at 105 °C to 110 °C for no longer than
120 min because certain materials may deteriorate. Drying time depends on the design of the
cell but usually 60 min to 120 min is satisfactory to remove any moisture.

Reassemble the test cell while hot, ensuring that any surfaces that will be wetted by the liquid
are not touched with bare hands.

7.2 Storage of cell

When the cell is not in use, it is recommended that it remains filled with either a clean sample
of the insulating liquid normally used, or, where different liquids are tested, with a solvent which
has no detrimental effect on the cell.

Cells not in regular use shall be cleaned, dried, assembled and stored in a dry and dust free
cabinet.

Alternatively, follow the manufacturer’s recommendations.

8 Sampling

Insulating liquids for use in these tests shall be sampled in accordance with the method
described in IEC 60475.

Samples shall be stored and transported in their original containers and shielded from light.

9 Preparation of samples

Unless specifically required by the specification relevant to the liquid under test, no treatment,
such as filtration, drying, etc., shall be applied.

If it is necessary to preheat the sample, this shall be done whenever possible in the original
sample container after removal of sufficient samples for other tests. Sufficient space should be
left for the expansion of the liquid to avoid breakage of the container.

Where samples have to be transferred to other containers these shall be covered glass
beakers or glass-stoppered Erlenmeyer flasks cleaned at least to the standard of Clause 7.

If the test has to be carried out at ambient temperature, the original container shall be allowed
to stand in the room in which the test is to be made until the sample attains ambient
temperature. Where tests are to be carried out at an elevated temperature and the sample
cannot be heated in the test cell, the sample container or the auxiliary receptacles shall be
stoppered, ensuring there is an appropriate volume in the containers to allow for expansion of
the liquid. The containers are then heated in an oven to a temperature 5 °C to 10 °C above the
required test temperature.
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With liquids that are susceptible to oxidation, the heating period shall not exceed 1 h.

If the liquid has to be heated in a separate oven, it may be found desirable to restrict the use of
an oven to a particular class of liquid to prevent contamination effects.

In order that representative specimens may be obtained, the sample is homogenized by tilting
the container and gently swirling the liquid several times immediately prior to taking a sample
for test.

Wipe the mouth of the container with a clean lint-free cloth and pour off a small portion of the
liquid to wash the external surface.

10 Conditioning and filling the test cell

10.1 Cell conditioning

After the electrodes have been cleaned and dried, take care not to touch their surfaces with
bare hands. Pay attention also to the cleanliness of surfaces on which cell components are
placed. Do not expose them to contamination from vapours or dust.

To eliminate any influence of the cell cleaning procedures on subsequent tests, it is essential
to pre-condition a dry cleaned cell with two cell fillings of the next liquid to be tested. High
viscosity liquids may need a longer pre-conditioning time.

10.2 Filling the cell

Rinse the cell three times with a portion of the oil sample, drain and discard the liquid. If the
inner electrode(s) need to be removed to perform this, avoid resting them on any surface and
avoid the collection of dust particles on wetted surfaces of the cell.

Refill the cell, taking care to avoid entrapment of air bubbles. Bring the cell and contents to the
required test temperature. The time required to reach the test temperature will depend on the
heating method and may typically vary from 10 min to 60 min. Measurement must be started
within 10 min of reaching a temperature within £1 °C of the required test temperature

Great care should be taken to avoid contact of the liquid or the cell parts with any source of
contamination.

It may be found desirable to restrict the use of a cell to a particular class of liquid.
Contaminants that are benign in one liquid could be active in another with the possibility of
transfer of the contaminants.

Ensure the environmental atmosphere is, as far as possible, free of any vapours or gases
liable to affect the quality of the liquid.

11 Test temperature

These test methods are suitable for testing insulating liquids over a wide range of
temperatures. Tests should be carried out at 90 °C unless otherwise specified by the appro-
priate specification for the particular liquid application.

Temperature measurement shall be capable of resolving to within 0,25 °C.
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12 Measurement of dissipation factor (tan J)

12.1 Test voltage

The a.c. voltage shall be such as to subject the liquid to an electrical stress between
0,03 kV/mm and 1 kV/mm. The voltage shall be sinusoidal at a frequency between 40 Hz and
62 Hz.

NOTE Generally, within the above frequency range, conversion of results from one frequency to another can be
made using the formula:

tand,q = (tan Or2 )% )
f1

12.2 Measurement

Where cells are not automatically heated, carry out the dissipation factor measurement within
10 min of reaching a temperature within +1 °C of the required test temperature. Apply voltage
only during the measurement. On completing the initial measurements (including permittivity
and resistivity if required), drain the cell. Refill with a second specimen of the sample following
the same procedure and exercising the same precautions used in making the first filling, but
omitting rinsing. Repeat the measurement. The two values of tan J should not differ from each
other by more than 0,0001 plus 25 % of the higher of the two values.

NOTE Requirement for a repeat measurement should be qualified for only low values of tan J. Routine tests do not
need to repeat measurements.

If this requirement is not met, continue with further fillings until two consecutive values for tan o
are obtained which agree to within 0,0001 plus 25 % of the higher value of the two values being
compared. These shall be accepted as valid measurements.

12.3 Report

Report the dissipation factor (tan Jd) of the sample as the mean of the two valid measurements.

The report shall also include:

a) the electrical stress;
b) the frequency of applied voltage;
c) the temperature of test.

13 Measurement of relative permittivity

13.1 Measurement

Measure the capacitance of the clean test cell, first with dry air as the dielectric and then after
filling with a liquid of known relative permittivity &,. Calculate the “electrode constant” C. and
the correction capacitance C, from:

= =G
e =t 3)
C,=C, - C, (4)

where

C, is the capacitance of the cell filled with the calibration liquid having the relative
permittivity &,;

C, is the capacitance of the cell with air as the dielectric.
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Measure the capacitance C, of the cell filled with the liquid under test and calculate the relative
permittivity &, from

(5)

Repeat the test until two consecutive measurements differ by no more than 5 % of the higher
value. These shall be accepted as the valid measurement.

NOTE 1 Maximum accuracy is obtained if values Cy, Cy and &, are known at the temperature for which the value

Cx is determined.

NOTE 2 When well designed, previously checked three-terminal cells are used or where lower accuracy is
acceptable, the term Cg may be neglected, and the relative permittivity may be calculated from the simplified
formula:

Ex =—— (6)

13.2 Report

Report the relative permittivity of the sample as the mean of the valid measurements.

The report shall also include:

a) the type of cell used and its capacitance with air as the dielectric;
b) the electrical stress;

c) the frequency of applied voltage;

d) the temperature of test.

14 Measurement of d.c. resistivity

14.1 Test voltage

The d.c. test voltage shall be such as to subject the liquid to an electrical stress of 250 V/mm
unless otherwise specified.

14.2 Time of electrification

The conventional arbitrary time of electrification is (60 * 2) s. Variation in the time of
electrification can result in appreciable variation in the test results.

14.3 Measurement

If the dissipation factor has been measured on the test specimen, the electrodes should be
short-circuited for 60 s, and resistivity measurement started immediately afterwards.

If only resistivity is to be measured, start the determination as quickly as possible, and not
more than 10 min after achieving a temperature within £1 °C of the required test temperature

Establish electrical connections to the measuring apparatus and to the voltage supply so that
the inner electrode of the cell is connected to earth. Apply d.c. voltage to the outer electrode
and, at the end of the electrification time, record the current and voltage readings.
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NOTE 1 Alternatively, instruments reading resistance may be used, provided the other requirements (for example.
a stress of 250 V/mm) are complied with.

Short-circuit the cell electrodes for a period of 5 min.

Discard the liquid in the cell, pour in a second specimen from the sample and repeat the
measurements.

Calculate the resistivity in ohmmetres by means of:

-xY
p_K 7 (7)
where
U is the reading of the test voltage, in volts;
I is the reading of the current, in amperes;
K is the cell constant, in metres.

The cell constant K is calculated from the capacitance according to:

K (m) = 0,113 x capacitance (pF) of the empty cell
NOTE 2 0,113 is 10-12 times the reciprocal of the permittivity of free space.

Direct reading apparatus that performs the calculation automatically may be used.

The measurements on two consecutive fillings shall not differ from each other by more than
35 % of the highest of the values. If this requirement is not met, continue with further fillings
until values of resistivity from consecutive samples agree to within 35 % of the highest values.

These shall be accepted as valid measurements.

NOTE 3 A second measurement on each filling, made with the polarity of the applied voltage reversed, may
provide information on the cleanliness of the cell and other phenomena. In order to avoid erroneous results, care is
necessary with certain electronic instruments that do not have a switch for such reversal.

14.4 Report

Report resistivity of the sample as the mean of the valid measurements.

The report should also include:

a) the electrical stress;
b) the time of electrification;

c) the temperature of test.
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Annex A
(informative)

Example of an alternative procedure for cleaning the test cell -
Ultrasonic procedure

Dismantle the cell completely.
Wash all the component parts thoroughly with two portions of solvent (see Clause 6).

Immerse all parts of the cell, excluding any glass and rubber ‘O’ rings, in the solvent in a
suitable ultrasonic cleaning bath for approximately 10 min.

Remove the cell parts from the bath and wash with clean solvent.

Allow solvent to evaporate in a dust free environment. To ensure complete evaporation, place
cell parts in an oven heated at 105 °C to 110 °C for no longer than 120 min.

Reassemble the test cell while hot, ensuring that any surfaces that will be wetted by the liquid
are not touched with bare hands.
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Annex B
(informative)

Example of a simplified cleaning procedure for a test cell

Dismantle the cell completely, wherever possible.
Wash all the component parts thoroughly with two portions of solvent (see Clause 6).

Rinse all parts first with acetone and then with hot tap water followed by several rinsings of
distilled water.

Thoroughly dry the component parts in an oven heated at 105 °C to 110 °C for no longer than
120 min because certain materials may deteriorate. Drying time depends on the design of the
cell but 60 min to 120 min is usually satisfactory to remove any moisture.
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Annex C
(informative)

Alternative procedures for routine testing of dielectric dissipation factor
and resistivity of insulating liquids

C.1 General

These simplified procedures are of value when testing a group of samples to ascertain whether
the dissipation factor and resistivity of hydrocarbon and other liquids in service in electrical
equipment, as well as of unused insulating liquids, are worse than certain specified values.

The test methods described in this annex are less precise than those previously described but
they allow for a greater rapidity of measurement with a level of accuracy still quite acceptable.

C.2 Test cell

Test cells modified to allow the replacement of the liquid without opening the cell may also be
used.

It may be found desirable to restrict the use of one cell to a particular class of liquid.

C.3 Test chamber

A forced draught air oven, a heating jacket or an oil- (or glycerol-) filled bath able to maintain
the test cell at a sufficiently uniform temperature so that the required test temperature and the
temperature of the inner electrode agree within 2 °C. The use of a hot plate is less satisfactory
because variations of temperature throughout the cell may lead to unreliable results.

C.4 Test temperature

Measurements may be made when test specimens are within +2 °C of the desired temperature.

C.5 Cleaning the test cell

Where the cleaning procedures described in Clause 7 cannot be used, it is imperative that
each laboratory evolves a good cleaning procedure for the cell used so that results obtained
are repeatable and reasonably consistent with those obtained in accordance with the more
elaborate procedure described in Clause 7.

The precautions on choice of solvents in Clause 6 should equally be followed.
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The following procedure will often suffice for testing hydrocarbon liquids:

— Dismantle the cell completely, whenever possible.
— Wash all the component parts thoroughly with two portions of solvent (see Clause 6).

— Rinse all parts first with acetone and then with hot tap water followed by several rinsings
with distilled water.

— Dry the component parts thoroughly in an oven at 105 °C to 110 °C for no longer than
90 min. Actual drying time depends on the design of the cell but 60 min to 90 min is usually
satisfactory to remove any moisture.

When a number of samples of the same type of unused liquid have to be tested consecutively,
the same test cell may be used without intermediate cleaning, provided that the value of the
property for the sample previously tested is better than the specified value. If the value of the
last sample tested is worse than the specified value, the test cell shall be cleaned before being
used for further tests.

C.6 Preparation of specimens and filling the test cell
Samples should be stored and handled by following the precautions outlined in Clause 9.

Specimens of unused liquids shall be prepared, preheated and poured into the cell as
described in Clauses 9 and 10. Preheating on a hot plate is permissible but the sample shall be
continuously stirred to avoid local overheating.

An alternative procedure for low-viscosity hydrocarbon liquids, and particularly mineral oil,
consists in filling the cool cell with an oil specimen at room temperature and placing it in the
heating chamber maintained at the desired temperature. The heating rate shall allow the liquid
in the cell to attain the test temperature within 1 h after heating has been started.

Test cells continuously used without intermediate cleaning between tests on different samples
should always be flushed with a volume of the next sample corresponding to at least three
fillings of the cell.

Aged hydrocarbon oils may sometimes require special precautions to avoid further oxidation
during heating or retention at a high temperature.

Information about the effect of suspended foreign matter can be obtained by testing before and
after filtration through a fritted glass filter of porosity grade 4.

C.7 Test voltage

Dissipation factor tests should be made with a stress in the range 0,03 kV/mm to 1 kV/mm.
The actual stress shall not be so high as to cause secondary phenomena at the electrodes.

The d.c. test voltage chosen for resistivity measurements shall be such as to subject the liquid
to an electrical stress of 50 V/mm to 250 V/mm.
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C.8 Measurement

When the liquid is not heated in the cell, the reading should be made after a standing period in
the cell of 10 min to 15 min and when the temperature of the inner electrode is within +2 °C of
the prescribed temperature.

If heating is carried out in the cell, the liquid should reach the test temperature within 1 h (the
tolerance of 2 °C still applies) and the measurement then made.

When a.c. tests are required these shall always be made before applying d.c. voltage.

A single specimen may be tested for each sample.
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Volume of liquid is approximately 45 cm3.
All surfaces in contact with liquid shall have a smooth finish.

Dimensions in millimetres

Figure 1 — Example of a three-terminal cell for measurements on liquids
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Figure 2 — Example of screening for the cell of Figure 1
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Figure 3 — Example of assembling drawing of cell
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Quantity of liquid required to fill cell: 15 cm3 approximately.
Dimensions in millimetres

Figure 4 — Example of a two-terminal cell for measurements in liquids
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Figure 5 — Example of a test cell designed for low-loss dielectric liquids
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