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

Foreword

This revision of this Part of this British Standard, which has
been published under the direction of the Plastics Standards
Committee and the Rubber Standards Committee,
supersedes Section 2 of BS 903 : Part C3 : 1956 and
Methods 205A-D and 206A-D of BS 2782 : 1970 which are
being withdrawn.

This standard includes information from IEC 250 : 1969.

The term ‘power factor’ used in the 1956 edition of

BS 903 : Part C3 has been replaced by ‘loss tangent’.

For loss tangents less than 0.14, the values of loss tangent
and power factor are the same to within 1 %.

Where technically possible the requirements for rubbers
and plastics have been harmonized. In particular,
attention is drawn to the period of conditioning.

In the rubber standards 1ISO 471 and BS 903 the period
is 16 h. The extension of this period to at least 88 h

as given for plastics in ISO 291 or 88 h to 96 h as given
in the introduction to BS 2782 is considered rarely to
be significant (true equilibrium may take months) and
the period of 16 h has been selected, with the rider that
the longer period may be required, particularly in cases
of dispute.

Warning note. This British Standard method does not
necessarily detail all the precautions necessary to meet
the requirements of the Health and Safety at Work etc.
Act 1974, Attention should be paid to any appropriate
safety precautions and the method should be operated
only by trained personnel.
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British Standard

BS 903

Methods of testing vulcanized rubber

Part C3. Determination of loss tangent and permittivity at power and

audio frequencies
British Standard

BS 2782

Part 2. Electrical properties

Methods of testing plastics

Methods 240A and 240B. Determination of loss tangent and permittivity at power

and audio frequencies

IMPORTANT NOTE. When using this method in order to test plastics, readers are reminded that the foreword, general introduction and
instructions to BS 2782 : Part 0 : 1982 contain important information on the testing of plastics. However, it should be noted that the
conditioning requirements given in clause 9 of this Part replace those in Part 0.

0. Introduction

The loss tangent and permittivity may change considerably
with frequency and temperature, and the results of this test
are valid for prediction of performance only for a narrow
band of frequencies and temperatures in the vicinity of
those adopted in the test. For material of a given
formulation, loss tangent at audio frequencies often shows
some correlation with other electrical properties. Use may
be made of this correlation by a manufacturer in
maintaining uniformity of electrical properties, since the
test is non-destructive and can, under certain circumstances,
be carried out on large sheets or tubes without cutting
special test pieces.

When apparatus is being purchased, it is necessary to
ascertain that the accuracy in both loss tangent and
permittivity is adequate when a test piece with a capacitance
of only 20 pF to 100 pF is being tested. Details of various
types of test equipment and of precautions in testing are
given in IEC 250. Bridge methods (transformer ratio arm
bridge or Schering bridge) are used in this British Standard.

1. Scope

This British Standard gives methods for the measurement
of loss tangent and relative permittivity at frequencies
between 45 Hz and 10 kHz, For audio frequency tests

1 kHz is preferred. The methods are not necessarily
suitable for thin films, for which a method is being
developed within the International Electrotechnical
Commission.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.
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3. Definitions

For the purposes of this British Standard the following
definitions apply.

3.1 relative permittivity (€,). 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, to the capacitance C, of the same
configuration of electrodes in vacuum, i.e.

Cx
Co

NOTE. The relative permittivity of dry air, free from carbon
dioxide, at normal atmospheric pressure, is 1.00053 so that in
practice the capacitance C, of the configuration of electrodes

in air can normally be used instead of C, to determine the
relative permittivity e, with sufficient accuracy. The prefix
‘relative’ is omitted for convenience in this standard. Its omission
will cause no confusion since relative permittivity is dimensionless
and absolute permittivity, measured in farads per metre

is 8.854 X 102 times this number.

(1)

€ =

3.2 loss tangent (tan § or dielectric dissipation factor).
The loss tangent of an insulating material is the tangent of
the loss angle, §, that is, the angle by which the phase
difference between applied voltage and resulting current
deviates from /2 rad when the dielectric of a capacitor
consists exclusively of that insulating material.

NOTE 1. For very high quality materials the loss angle itself,

in micro-radians, is commonly quoted.

NOTE 2. The power factor of an insulating material is the cosine
of the phase difference between applied voltage and current and
is therefore the sine of the loss angle §.

NOTE 3. The loss index €, of an insulating material is equal
to the product of its loss tangent and of its relative permittivity,
€.
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4. Reference to this test method

A reference to BS 903 : Part C3 or to BS 2782 :
Method 240 shall be accompanied by a statement of the
test frequency used or intended to be used.

For references in specifications for plastics materials or
products for test at either 50 Hz or in the range of

800 Hz to 1600 Hz, respectively, the following references
shall be used.

Method 240A. Determination of loss tangent and
permittivity at 50 Hz.

Method 240B. Determination of loss tangent and
permittivity at 800 Hz to 1600 Hz.

5. Form of test pieces

The test piece shall be a flat sheet or round tube of
sufficient area to accommodate the electrodes to be used.

Take care not to contaminate the test pieces. Choose the
combination of thickness and electrode area so as to give
a capacitance between the guarded and unguarded
electrodes of between 20 pF and 100 pF.

Tests on moulding materials shall be made on a sheet
moulded under the conditions specified in the relevant
British Standard for the material or as agreed between
the interested parties.

Tests on casting or laminating resin systems shall be made
on a sheet prepared as described in the relevant British
Standard for the material or as agreed between the
interested parties.

NOTE. Attention is drawn to BS 2782 : Part 9.

A test piece cut from a sheet shall be sensibly flat and
its thickness shall not vary by more than 0.1 mm for
rubbers and 0.025 mm for plastics.

Sheet material shall normally be tested in the thickness
supplied. If it is necessary to grind or machine the surface
in order to obtain a sensibly flat test piece, care shall be
taken to avoid altering significantly the ratio of layers of
different compositions.

6. Number of test pieces

Normally one test piece shall be used, but in the case of
dispute three test pieces shall be used.

7. Electrodes

7.1 Electrode dimensions and backing plates for flat test
pieces. Test pieces shall be fitted with coaxial circular

disk electrodes on opposite sides of the sheet. One of these
electrodes shall be provided with a coaxial annular guard
electrode on the same side of the sheet, the width of the
guard electrode being at least twice the test piece
thickness. The annular gap between the guard and guarded
electrodes shall be not more than 2 mm. The third
electrode shall be of diameter equal to or greater than

that of the guard electrode.

The electrode dimensions shall be such that the
capacitance between the guarded and unguarded
electrodes when applied to the test piece is between
20 pF and 100 pF. Suitable sizes are shown in figure 1.

Rigid backing plates of brass, copper or stainless steel*
shall be used to cover and make connection to the
electrodes. The plates for the guard and guarded electrodes

shall be annular and circular respectively and shall extend
to within 1 mm of the edges of their electrodes. That for
the other electrode shall be of at least the diameter of
the electrode. The plates shall be of thickness 2 mm to

4 mm and it is permissible for them to have bevelled
edges, if convenient,

Two electrode systems of suitable size are shown in
figure 1.

The electrodes shall be coaxial and shall be prepared by
one of the methods described in 7.2.1, 7.2.2, 7.2.3
or 7.2.4.

7.2 Types of electrodes for flat test pieces

7.2.1 Metal foil electrodes. Metal foil electrodes shall be
applied to the test piece by using the smallest possible
quantity of any suitable low-loss adhesive. The metal foil
may be of pure tin or lead or an alloy of these metals,

of thickness up to 100 pm, or of aluminium of thickness
less than 10 pm. Gold foil can also be used. In the case
of test pieces of soft rubber the period between
application of the adhesive and testing shall be as short
as possible.

The foils shall be pressed or rolled on to the surface and
smoothed down until all irregularities are removed.

7.2.2 Metal film electrodes. Metal films of adequate
thickness deposited in vacuo, either by sputtering or by
volatilization, shall be applied before conditioning.

These procedures shall not be used if the resultant stresses
either change or damage the insulating material, and if
the material emits excessive gas when subjected to
vacuum. The edges of any such electrodes shall be
sharply defined. ‘

NOTE. Certain metals will not adhere to rubber or may be
attacked by it.

7.2.3 Conducting paint electrodes. Conducting paint
electrodes shall be of high conductivity, and sufficiently
porous to allow the test pieces to be conditioned after
application of the electrodes.

NOTE 1. The paint has the disadvantage of not being ready for
use immediately after application. It usually requires overnight
air-drying or low-temperature baking to remove all traces of
solvent, which otherwise may increase both permittivity and

loss tangent.

The edges of any such electrodes shall be sharply defined.

NOTE 2. This may be difficult when the paint is brushed on,

but this limitation can usually be overcome by spraying the paint
and employing either clamp-on or pressure-sensitive masks.
NOTE 3. The electrical properties of materials which readily
absorb solvents may be affected by the paints.

7.2.4 Graphite electrodes. Graphite electrodes shall be
applied before conditioning in the form of a colloidal
suspension in water or alcohol.

NOTE 1. It is convenient to dilute the graphite suspension to the
consistency of drawing ink and then to draw the circular outlines
of the electrodes on the surface of the test piece, afterwards
painting the appropriate areas with the graphite suspension.
Alternatively, the colloidal graphite may be applied by spraying,
using suitable stencils,

NOTE 2. The electrical properties of materials which readily
absorb water or alcohol may be affected by the liquid in which
the graphite is suspended.

7.3 Electrodes for tube test pieces. Electrodes for tube
test pieces shall consist of an inner electrode and three
outer electrodes (see figure 2), all extending around the

complete circumference. Documents
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