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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING MATERIALS -
INDUSTRIAL RIGID LAMINATED SHEETS
BASED ON THERMOSETTING RESINS
FOR ELECTRICAL PURPOSES -

Part 2: Methods of test

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual 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.

8) 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.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 60893-2:2003. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60893-2 has been prepared by IEC technical committee 15: Solid electrical insulating
materials. It is an International Standard.

This third edition cancels and replaces the second edition published in 2003. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) removal of reference to withdrawn specification IEC 60167:1964;

b) inclusion of reference to IEC 62631-3-3:2015, which supersedes |IEC 60167:1964. Details
in 6.3 have been updated accordingly. The actual performance of the test has not changed;

c) normative references have been updated.

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

Draft Report on voting

15/1017/FDIS 15/1023/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 developed 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 IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60893 series, published under the general title Insulating materials
— Industrial rigid laminated sheets based on thermosetting resins for electrical purposes, can
be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document is one of a series which deals with industrial rigid laminated sheets based on
thermosetting resins for electrical purposes.

This series consists of four parts:

e Part 1: Definitions, designations and general requirements (IEC 60893-1);
e Part 2: Methods of test (IEC 60893-2);

e Part 3: Specifications for individual materials (IEC 60893-3);

e Part 4: Typical values (IEC TR 60893-4).
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INSULATING MATERIALS -
INDUSTRIAL RIGID LAMINATED SHEETS
BASED ON THERMOSETTING RESINS
FOR ELECTRICAL PURPOSES -

Part 2: Methods of test

1 Scope

This part of IEC 60893 describes methods of test for the materials defined in IEC 60893-1
(referred to also as Part 1).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60112, Method for-determining
Lot c o sl nnclns mainl oo dlilio s 10D determ/nat/on of the proof and the comparat/ve

tracking indices of solid insulating materials

IEC 60212:49742010, Standard conditions for use prior to and during the testing of solid
electrical insulating materials

IEC 60216-1:20042013, Electrical insulating materials —Properties—of Thermal endurance
properties — Part 1: Ageing procedures and evaluation of test results

IEC 60243-1:49982013, Electric strength of-selid insulating materials — Test methods — Part 1:
Tests at power frequencies

IEC 60296:498220121,—Spescification—for-unused—mineral—insulating—oils—fortransformers—and
switchgear Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60587:498420072, Test—method—for—evaluating—resistance—to—tracking—and—erosion—of
electrical-insulating materials used under-severe ambient conditions Electrical insulating
materials used under severe ambient conditions — Test methods for evaluating resistance to
tracking and erosion

1 A fifth edition of this standard has been published in 2020.

2 A fourth edition of this standard has been published in 2022. Documents
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IEC 60695-11-10:49992013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal
and vertical flame test methods

IEC 60893-1, Insulating materials — Industrial rigid laminated sheets based on thermosetting
resins for electrical purposes — Part 1: Definitions, designations and general requirements®

IEC 60893-3 (all parts—3), Insulating materials — Industrial rigid laminated sheets based on
thermosetting resins for electrical purposes — Part 3: Specifications for individual materials

IEC TR 60893-4:2003, Insulating materials — Industrial rigid laminated sheets based on
thermosetting resins for electrical purposes — Part 4: Typical values

IEC 62631-3-3:2015, Dielectric and resistive properties of solid insulating materials — Part 3-3:
Determination of resistive properties (DC methods) — Insulation resistance

ISO 62:49992008, Plastics — Determination of water absorption

ISO 178:20042010%, Plastics — Determination of flexural properties

ISO 179-1:2000°, Plastics — Determination of Charpy impact properties — Part 1: Non-
instrumented impact test

ISO 179-2:19976, Plastics — Determination of Charpy impact properties — Part 2: Instrumented
impact test

ISO 180:20007, Plastics — Determination of Izod impact strength

ISO 527-1:499320128, Plastics — Determination of tensile properties — Part 1: General principles

ISO 527-4:19979, Plastics — Determination of tensile properties — Part 4: Test conditions for
isotropic and orthotropic fibre-reinforced plastic composites

ISO 604:2002, Plastics — Determination of compressive properties

ISO 1183-1:201210, Plastics — Methods for determining the density of non-cellular plastics —
Part 1: Immersion method, liquid pyknometer method and titration method

3__Use edition 2 when published.

4 A sixth edition of this standard has been published in 2019.

5 A third edition of this standard has been published in 2023.

6 A second edition of this standard has been published in 2020.

7 A fifth edition of this standard has been published in 2023.

8 A third edition of this standard has been published in 2019.

9 A third edition of this standard has been published in 2023.

10 A third edition of this standard has been published in 2019. Documents
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ISO 3611:49782010"1, Micrometer—callipers—for-external-measurement-Geometrical product

specifications (GPS) - Dimensional measuring equipment: Micrometers for external
measurements — Design and metrological characteristics

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

° ISO Online browsing platform: available at https://www.iso.org/obp

4 Conditioning of test specimens

Unless otherwise specified, test specimens shall be conditioned for at least 24 h in standard
| atmosphere B according to IEC 60212:2010 (temperature-23°C—=2 K 23 + 2 °C, relative
humidity (50 + 5) %).

Unless otherwise specified, each specimen shall be tested in the conditioning atmosphere and
at the conditioning temperature, or the tests shall commence within 3 min of removal of each
test specimen from the conditioning atmosphere.

Where testing at an elevated temperature is required in one of the specification sheets of
IEC 60893-3, test specimens shall be conditioned for 1 h at that elevated temperature
immediately before testing.

5 Dimensions

5.1 Thickness
51.1 General

Any method which enables the thickness of the laminated sheet to be measured at an
appropriate number of points may be used, provided that the equipment used and the method
of measurement are capable of a precision of 0,01 mm or better.

The following reference method has been shown to be suitable and shall be used in cases
of dispute.

5.1.2 Test apparatus for reference method

In case of dispute, an external screw type micrometer in accordance with ISO 3611 having faces
with diameters between 6 mm and 8 mm shall be used.

5.1.3 Procedure for reference method

Measure the thickness of the rigid laminated sheet as delivered to the nearest 0,01 mm at eight
points, two along each edge but not less than 20 mm from the edge.

11 A third edition of this standard has been published in 2023. Documents
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514 Results

Report the maximum and minimum measured values and the arithmetic mean of all measured
values in mm.

5.2 Flatness
5.2.1 General

This test is applicable to all sheets having a thickness of 3 mm or greater.

5.2.2 Test specimens

The test specimen shall be the whole sheet or panel under test in the ‘as received’ condition.

5.2.3 Test method

When any sheet of nominal thickness 3,0 mm or more is placed without restraint, concave side
up, on a flat surface, the departure at any point of the upper surface of the sheet from a light
straight edge 1000 mm or 500 mm in length, laid in any direction upon it, shall not exceed the
value given in the relevant sheet of IEC 60893-3 appropriate to the material, its thickness and
length of straight edge. The mass of the 1000 mm straight edge shall not exceed 800 g, and the
mass of the 500 mm straight edge shall not exceed 400 g.

5.24 Results

Report the maximum measured deviation from flatness in mm.

NOTE—In cases where the sheet deviates from flatness in two directions, is saddle-shaped,
measure both deviations and report the highest.

6 Mechanical tests

6.1 Flexural strength
6.1.1 General

The flexural strength is defined as the flexural stress at rupture. It shall be determined by the
method specified in ISO 178. Method A shall be used.

6.1.2 Test specimens

Cut the test specimens from the sheet to be tested with their major axes parallel to the sides of
the sheet. Test five test specimens in each direction, except for types with fibres aligned mainly
in the same direction. In such cases, cut five specimens only, with their long axis parallel to the
direction of the fibres.

If the nominal thickness of the sheet to be tested is more than 10 mm (20 mm in the case of
types PF WV), reduce the thickness of the test specimens to 10 mm (20 mm in the case
of PF WV).

When it is necessary to reduce the thickness of a test specimen, machine it, leaving one face
of the sheet intact. In such cases, test specimens shall be tested with the original surface of
the sheet in contact with the two supports.

6.1.3 Test method

The test shall be carried out with the load applied perpendicular to the plane of the laminations.
The test speed shall be 5 mm/min with a tolerance of +20 %. ocuments
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6.1.4 Results

Report the arithmetic mean of the results for each direction in MPa. Take the lower of the two
mean values as the minimum flexural strength of the sheet under test, except in cases where
the reinforcing fibres run mainly in one direction. In such cases, take the mean value obtained
in this direction.

6.2 Modulus of elasticity in flexure
6.2.1 General

The following test method shall be used in order to determine the modulus of elasticity in flexure.

6.2.2 Test specimens

The specimens shall be in the same form as described for the flexural strength test described
in 6.1.2 above.

6.2.3 Test method

Modulus of elasticity shall be determined by the method specified in ISO 178.

6.2.4 Results

Results shall be expressed in MPa.

6.3 Compressive strength
6.3.1 General

The following test method shall be used in order to determine the compressive strength.

6.3.2 Test specimens

Specimens shall be cut from the sheet under test as described in ISO 604.

6.3.3 Test method

Compressive strength shall be determined by the method specified in ISO 604 with the load
applied perpendicular to the plane of the laminations.

6.3.4 Results

Results shall be expressed in MPa.

6.4 Impact strength
6.4.1 General

This test is only applicable to sheets of nominal thickness equal to or greater than 5 mm.

6.4.2 Charpy Impact strength
6.4.2.1 Test specimens

Test specimens shall be cut from the sheet under test in accordance with Figure 1 a). Five
specimens, with a thickness between 5 mm and 10 mm, shall be tested in each direction, except
for types with fibres aligned mainly in the same direction. In such cases, cut five specimens
only, with their longitudinal axis parallel to the direction of the fibres.
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If the nominal thickness of the sheet to be tested is greater than 10 mm, reduce the thickness
of the test specimen to 10 mm by machining equal amounts from both faces of the sheet.

6.4.2.2 Test method

The Charpy impact strength shall be determined in the edgewise direction as described by the
method given in ISO 179-1 and ISO 179-2 except that the specimens shall be as described
above, and the span shall be 70 mm. The material shall be tested with the major axes in each
direction parallel to the sides of the sheet, except in the case of materials whose fibres lie
mainly in the same direction. For these materials only specimens with their longitudinal axis
parallel to the direction of the fibres shall be tested.

6.4.2.3 Results

Report the arithmetic mean of the results for each direction in kJ/m2. Take the lower of the two
mean values as the minimum Charpy impact strength of the sheet under test, except in cases
where the reinforcing fibres run mainly in one direction. In such cases, take the mean value
obtained in this direction.

6.4.3 Izod impact strength
6.4.3.1 Test specimens

The dimensions of the specimens shall be as described in Figure 1 b). Five specimens, with a
thickness between 5 mm and 10 mm, shall be tested in each direction, except for types with
fibres aligned mainly in the same direction. In such cases, cut five specimens only, with their
longitudinal axis parallel to the direction of the fibres.

If the nominal thickness of the sheet to be tested is greater than 10 mm, reduce the thickness
of the test specimen to 10 mm by machining equal amounts from both faces of the sheet.

6.4.3.2 Test method

The lzod impact strength shall be determined in the edgewise direction as described by the
method given in ISO 180. The material shall be tested with the major axes in each direction
parallel to the sides of the sheet, except in the case of materials whose fibres lie mainly in the
same direction. For these materials only, specimens with their longitudinal axis parallel to
the direction of the fibres shall be tested.

6.4.3.3 Results

Report the arithmetic mean of the results for each direction in kJ/m2. Take the lower of the two
mean values as the minimum lzod impact strength of the sheet under test, except in cases
where the reinforcing fibres run mainly in one direction. In such cases, take the mean value
obtained in this direction.

6.5 Shear strength parallel to laminations
6.5.1 General

The shear strength parallel to laminations test provides data that gives an indication of the
degree of bonding or adhesion between laminations. The test is only applicable to sheets
of nominal thickness greater than 5 mm.

6.5.2 Test specimens
Rectangular test specimens are cut with the following dimensions:

Length 20 mm £ 0,1 mm
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Width and thickness 5 ©

_o0,15 MM

Cut the test specimens from the sheet to be tested with their major axes parallel to the sides of
the sheet. Prepare five sets of test specimens for each direction, each set of specimens
comprising two pieces.

The two specimens in each pair shall have widths (dimension along the laminations orthogonal
to the length) identical within 0,01 mm.

6.5.3 Test method

Two test specimens are simultaneously subjected to shearing stress in the device shown in
Figure 2.

The test specimens shall be arranged so that the shearing stress acts in a plane parallel to the
laminations. The relative rate of movement of the cross head of the testing machine shall be
2 mm/min with a tolerance of +20 %.

6.5.4 Results

Calculate the shear strength by dividing the shear force through the total shear plane area
of 2 x 100 mm?2.

Report the arithmetic mean value of the results for each direction in MPa and take the lower
of the two mean values as the parallel shearing strength of the sheet under test.

6.6 Tensile strength
6.6.1 General

Tensile strength defined as tensile stress at maximum load shall be determined by the method
specified in ISO 527-4, in conjunction with ISO 527-1.

6.6.2 Test specimens

Specimens shall be cut from the sheet under test with the major axis in each direction parallel
to the sides of the sheet. Five specimens of nominal thickness between 1,5 mm and 10,0 mm
shall be prepared from each direction according to type 1 of ISO 527-4, except in the case of
materials whose fibres lie mainly in the same direction. For these materials, only specimens
with their longitudinal axis parallel to the direction of the fibres shall be tested.

If the sheet to be tested is more than 10 mm thick, reduce the thickness of the test specimens
to 10 mm by machining equal amounts from each face.

6.6.3 Test method

Carry out the test as described in ISO 527-4. The rate of separation of the jaws of the testing
machine shall be 5 mm/min with a tolerance of £20 %.

6.6.4 Results

Report the arithmetic mean of the results for each direction in MPa. Take the lower of the two
mean values as the minimum tensile strength of the sheet under test, except in cases where
the reinforcing fibres run mainly in one direction. In such cases, take the mean value obtained
in this direction.
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7 Electrical tests

71 Electric strength and breakdown voltage
711 General

Electric strength and breakdown voltage shall be determined by the methods specified in
IEC 60243-1, which describes both the step-by-step and 60 s proof tests. Either test method
may be used. Unless otherwise specified the test shall be carried out at-90°C+2 K 90 £ 2 °C
in mineral oil as described in IEC 60296:2012, which is reasonably free from decomposition
products. Immerse the specimens in oil maintained at that temperature for not less than 0,5 h
and not more than 1 h immediately before test.

7.1.2 Test specimens

For electric strength, test three specimens normal to laminations. For breakdown voltage, test
three specimens parallel to the laminations.

Test specimens shall be cut from the sheet under test. Specimen dimensions shall be as
described in IEC 60243-1.

7.1.3 Test method
7.1.31 General ‘

Test the material using either the 20 s step-by-step test as described in 10.2 of
IEC 60243-1:2013, or using the 60 s proof test as described in 10.6 of IEC 60243-1:2013. ‘

7.1.3.2 Electric strength perpendicular to laminations

For thicknesses not greater than 3 mm, the material shall be tested perpendicular to the
laminations. The upper electrode shall be 25 mm in diameter and the lower electrode shall be
75 mm in diameter according to IEC 60243-1.

NOTEThis test is usually not required for thicknesses above 3 mm, in the Part 3 series. When |
it is required, reduce the thickness of the specimens to 3 mm by machining one face according
to 5.2.1.4 of IEC 60243-1:2013, and use the requirement of the 3 mm thickness. ‘

7.1.3.3 Breakdown voltage parallel to laminations

For thicknesses above 3 mm and less than or equal to 10 mm, the material shall be tested
edgewise in accordance with 5.3.3 of IEC 60243-1:2013 (taper pin electrodes) or with 5.3.2.1
of IEC 60243-1:2013, (parallel plate electrodes), and for thicknesses above 10 mm in
accordance with 5.3.2.1 of IEC 60243-1:2013 (parallel plate electrodes). For types with their
fibres mainly in the same direction the test shall be carried out in the fibre direction.

7.1.3.4 Results

For each of the above tests, the arithmetic mean of the test results shall be taken as the result.
The minimum value shall also be reported. Results of the electric strength perpendicular to
lamination test shall be reported in kV/mm, and the results of the breakdown voltage test parallel
to laminations, shall be reported in kV.

7.2 Permittivity and dissipation factor
7.21 General requirements

Permittivity and dissipation factor may be determined by any one of the three methods given in
7.2.2. Unless otherwise indicated in the relevant clauses of IEC TR 60893-4, the specimens
shall be conditioned for (96 + 1) h in air at a temperature of-4105°C+ 5K 105 + épﬁQuments
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| relative humidity of less than 20 % (dry hot standard atmosphere according to IEC 60212:2010).
At the end of this time, allow the specimens to cool to room temperature in a desiccator. Apply
the electrodes, and/or otherwise make the measurements within 10 min of removal of each
specimen from the desiccator.

Where intimate electrodes are required, silver paint shall be painted centrally on the test
specimen. Conducting rubber, evaporated and sputtered electrodes shall not be used.

Unless otherwise specified, measurements shall be made at a temperature of-23°C=+2 K
23 + 2 °C at a power frequency between 48 Hz and 62 Hz or at a radio frequency of 1 MHz.

To ensure that the specimens, the electrodes and the immersion fluid are in thermal equilibrium
with their environment during the measurement, they should all be kept at the measurement
temperature for not less than 0,5 h immediately before the measurement. The test voltage shall
be high enough to provide the required sensitivity, but low enough to avoid dielectric heating
and discharges at the edges of the electrodes.

In all three methods, the test shall be carried out on two test specimens unless otherwise
specified. At all times, the specimens shall be handled with stainless steel flat-faced forceps
to minimize the likelihood of damage or contamination.

The average of the two determinations shall be taken as the result.

Reference to IEC 60250:1969 [1]12 should be made for additional guidance and clarification.

NOTE-+ |In total, the three methods described maycan be used for sheet materials in the thickness range 0,3 mm
to 12,0 mm, dependent upon the design of the specimen holders and electrodes, but the precision of each method
is influenced by specimen dimensions and properties.

7.2.2 Methods

Method A — A direct measuring method utilizing intimate electrodes
Method B — An air substitution technique without intimate electrodes
Method C — A two-fluid immersion technique without intimate electrodes

Method A is suitable for sheet materials of permittivity up to 10,0 and dissipation factors greater
than 50 x 10~6, having thicknesses in the range 0,3 mm to 12,0 mm, dependent upon the design
of the specimen holders. Method A requires an accurate knowledge of the specimen thickness
and may be used in all cases when this information is available. See 7.2.3.

Method B is suitable for sheet materials of permittivity up to 10,0 but-may can lack sufficient
precision for materials of dissipation factor below 250 x 10-6. Method B requires an accurate
knowledge of the specimen thickness and may be used in place of method A when this
information is available. Dependent upon the design of the specimen holders, specimens with
thicknesses in the range 0,3 mm to 12,0 mm can be tested.

Method C is suitable for materials of permittivity up to 10,0 but may show a lack of precision for
materials of dissipation factor below 250 x 10-6. If the thickness is not sufficiently accurately
known, method C may be used subject to the limitation that the method requires use of an inert
liquid of approximately the same permittivity as the specimen.

12 Numbers in square brackets refer to the Bibliography. Documents
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The immersion method, C, is capable of better precision for permittivity for sheet materials of
thickness 0,3 mm to 1,0 mm and has the advantage that accurate knowledge of the specimen
thickness is not required, but it is not suitable for materials with an open cell structure.

7.2.3 Principles of the methods

In the methods described, the electrode assembly is an integral part of the specimen holder
into which the specimen is placed. In method A, backing electrodes make contact with the
intimate electrodes and the properties of the specimen are measured with the specimen in the
form of a simple capacitor. The specific advantage of method A is that measurements may be
made at elevated temperatures, limited only by the thermal properties of the specimen.

In Methods B and C, the specimen and appropriate insulating fluid(s) are introduced into the
specimen holder, the capacitance and dissipation factor of the assembly being measured. Such
systems introduce smaller errors in measurement than those using intimately applied
electrodes, and facilitate the easier provision of guard electrodes that minimize electric field
distortions and stray capacitances.

Suitable electrode systems for each of the methods are described in 7.2.5.2, 7.2.6.2 and
7.2.7.2. Suitable measuring instruments are described in 7.2.4.

NOTE—The permittivity and dissipation factor of a dielectric-may can change considerably with
frequency, temperature and relative humidity. Accordingly, the measured values should only be
taken to indicate the dielectric properties of the specimen under conditions similar to those used
for the test.

7.2.4 Measuring instruments

Instruments of adequate sensitivity shall be used. Minimum detectable changes in capacitance
of 0,3 fF(= 0,3 x 10~'% F) and minimum detectable changes in dissipation factor of 0,000 01
(=10 x 1078) have been found to be acceptable.

NOTE 1 A variety of modes of output is offered by commercial measuring equipment. Some of the more
sophisticated offer a variety of outputs from the same instrument thus enabling the user to select the appropriate
output. This standard assumes that the output is in the form of capacitance (C, in pF) and dissipation factor (tano).
See Annex A for conversion of other forms of output to this format.

NOTE 2 The electrode systems described in methods A, B and C are of three terminal ‘guarded’ design. This
practically eliminates the influence of stray electric fields at the electrode edges and removes the need for ‘edge
capacitance’ corrections.

NOTE 3—GCare-should-be-takento-ensure-that-All measuring leads-are should be screened and
kept as short as possible, consistent with the instrument manufacturer’s instructions.

Some types of instruments require a ‘short’ and ‘open’ circuit calibration. The ‘short circuit’
should be established between the electrodes of the electrode system, in the position that the
specimen would occupy. Care should be taken to ensure that the short circuit used is of low
resistance and inductance and that it does not damage the surfaces of the electrodes. It is
essential also to ensure the micrometer zero is not altered. A smooth-edged U-shaped piece of
springy metal is suitable for use as a short circuit. The ‘open’ circuit is established by
disconnection of the electrodes at the end of the cables farthest from the capacitance meter,
so that allowance is again made for the effect of the measuring leads. Reference should be
made to the manufacturer’s instructions to determine whether it is necessary to link the outer
connections of the coaxial cables during this calibration and whether the error introduced by
omission of the electrode system is small and may be ignored. In any case it is preferable to
use a three terminal measuring instrument, for example with ‘high’, ‘low’ and ‘guard’
connections.

NoTE4—Many commercial instruments are now based on measurement of current, voltage and |
phase angle. These instruments are commonly of four (or five) terminal design.ﬁaf&ren
timients
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should be made to the manufacturer’s instructions concerning the preferred mode of connecting
a three terminal electrode system to such an instrument.

7.2.5 Method A: Direct measurement technique
7.2.51 Principle

After measurement of the specimen thickness, intimate electrodes are painted on to the
specimen that is then inserted into the guarded specimen holder and placed between
the backing electrodes. The separation of the backing electrodes is reduced until they
make contact with the intimate electrodes. Measurements of the specimen capacitance and
dissipation factor are made.

The permittivity of the test material is calculated from the measured capacitance and thickness.
The dissipation factor is usually read directly from the measuring instrument.

7.2.5.2 Electrode system

The electrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that rapid changes in ambient temperature do not significantly affect its dimensions. It shall
comprise a circular measuring electrode surrounded by a concentric coplanar guard electrode,
and a movable electrode whose separation from the measuring electrode is controlled by a
spring-loaded arrangement with a screw thread. Rotation of the screw drive mechanism allows
the spring-loaded electrodes to close on to the intimate electrodes. The screw rotation should
not be transmitted to the electrode.

Figure 3 illustrates a possible construction and means of connection to a three terminal
measuring instrument.

NoTFE—For connection to instruments having four or more terminals, reference should be made
to the manufacturer’s instructions.

7.2.5.3 Test specimens

The test piece shall be essentially flat and uniform in thickness and shall extend beyond the
unguarded electrode by at least 2 mm. Wherever possible, test specimens shall be used as
recommended by the manufacturer of the electrode system. For the electrode system shown
the test piece shall be either:

a) a flat circular sheet (61 £ 1) mm in diameter, or
b) a flat square sheet, 60 mm x 60 mm is sufficient but a rectangular sheet (61 £ 1) mm
by (100 + 1) mm is preferred to ease test specimen handling.

The thickness at any point shall not vary by more than 1 % from the mean value.

| NoTE—If possible, it is recommended that the specimen be of the same thickness and prepared
by the same process as the electrical insulating material under evaluation. If it is necessary to

| reduce its thickness,take-care-to-ensure-that its surfaces-are shall not be contaminated during
the process.

The maximum tolerance deviation from a straight edge placed along a diameter or diagonal on
the concave side, shall be less than 10 % of the thickness.

7.2.5.4 Determination of test piece thickness

Determine the test piece thickness with a micrometer conforming to 5.1.1. Measure four values
of thickness at points equally spaced around the periphery of the test piece, and a fifth value
centrally. Calculate the arithmetic mean thickness of each test piece as .
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7.2.5.5 Application of electrodes

Apply the silver paint electrodes using a masking technique and following the manufacturer’s
instructions. The outer diameter of the guarded electrode should be as specified by the
manufacturer of the measuring instrument and should be larger than the corresponding backing
electrode. The inner diameter of the guard electrode should be correspondingly smaller than
the backing guard electrode.

The outer diameter of the unguarded electrode should be approximately the same as the
diameter of the unguarded backing electrode.

7.2.5.6 Measurement of capacitance and dissipation factor

Place the specimen into the specimen holder and close the backing electrodes until they make
contact with the intimate electrodes on the specimen, ensuring that the intimate electrodes align
with the backing system.

Measure and record the specimen capacitance, dissipation factor, test frequency and humidity.
Repeat the measurements on a second specimen.

7.2.5.7 Calculations

Calculate the effective area of the test piece in cm?2:

A= (}j(dl +gf (™)

and the (relative) permittivity

_ 3,6nCt

(2)

where

C is the measured capacitance in pF;

t is the test piece thickness in cm;

d, is the diameter of guarded electrode in cm;

g is the width of gap between the guard and guarded electrodes in cm;

A is the effective electrode area in-m2 cm?2.

Determine the dissipation factor from the instrument reading.
Calculate the permittivity and the dissipation factor as the average from the two determinations.

7.2.5.8 Results

Record the result, the test frequency, temperature and humidity.
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7.2.6 Method B: Air substitution technique
7.2.6.1 Principle

The test piece is inserted into a guarded electrode system in which the electrode separation is
variable. Small air gaps are left between the sample and electrodes to ensure that the test piece
is not mechanically stressed. The capacitance and dissipation factor of the assembly are
measured.

The test piece is removed, and the electrode separation adjusted to give a capacitance reading
which is the same as the value measured with the specimen in place. The electrode movement
and the new value of dissipation factor are measured.

The permittivity and dissipation factor of the test material are calculated, as shown in 7.2.6.7,
from the test piece thickness, the change in electrode spacing and the change in observed
values of dissipation factor.

7.2.6.2 Electrode system

The electrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that rapid changes in ambient temperature do not significantly affect its dimensions. The system
shall comprise a circular measuring electrode surrounded by a concentric coplanar guard
electrode, and a movable electrode whose separation from the measuring electrode is
controlled by a micrometer head. The precision of the micrometer shall be 0,01 mm. Rotation
of the drive mechanism should not be transmitted to the electrode.

The electrode surfaces shall be flat and shall remain substantially parallel at all times.

Figure 4 illustrates a possible construction and means of connection to a three terminal
measuring instrument.

NOTE 1+ For connection to instruments with four or more terminals, reference should be made
to the manufacturer’s instructions.

NOFE2—-A more precise means of determining the changes in electrode spacing, e.g. a
displacement transducer, which will not disturb the electric field between the electrodes,-may
can be introduced.

7.2.6.3 Test specimens

The test piece shall be approximately flat and uniform in thickness and shall extend beyond the
unguarded electrode by at least 2 mm. Wherever possible, test specimens shall be used as
recommended by the manufacturer of the electrode system. For the electrode system shown,
the test piece shall be either:

a) a flat circular sheet (61 £ 1) mm in diameter, or
b) a flat square sheet, 60 mm x 60 mm is sufficient but a rectangular sheet (61 £ 1) mm by

(100 = 1) mm is preferred to ease test specimen handling.

The thickness shall be in the range appropriate for the specific test specimen holder. In most
cases this will be between 0,3 mm and 12,0 mm. The thickness at any point shall not vary
by more than 1 % from the mean value ¢, measured according to 7.2.6.4.

| NOTE—If possible, it is recommended that the specimen be of the same thickness and prepared
by the same process as the electrical insulating material under evaluation. If it is necessary to

| reduce its thickness-take-care-to-ensure-that, its surfaces-are shall not be contaminated during
the process.
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The maximum tolerance deviation from a straight edge placed along a diameter or diagonal
shall be less than 10 % of the thickness.

7.2.6.4 Determination of test piece thickness

Determine the test piece thickness with a micrometer conforming to 5.1.1. Measure four values
of thickness at points equally spaced around the periphery of the test piece, and a fifth value
centrally. Calculate the arithmetic mean thickness of each test piece as t.

7.2.6.5 Measurement of capacitance and dissipation factor

Insert the test piece between the electrodes and decrease the electrode gap until the upper
electrode just fails to touch the test piece.

NoTFE—Turn the micrometer screw until the upper electrode just touches the test piece, then turn
the micrometer screw in the reverse direction until no resistance is felt against a small lateral
movement of the sample.

Measure the capacitance and dissipation factor.

Record the value of the dissipation factor as tan ¢4, and the electrode spacing as m. Remove

the test piece and decrease the electrode gap until the capacitance is returned to the original
value. Record the new value of the dissipation factor as tan ¢, and the electrode spacing as ms.

Repeat this procedure for a further test piece.

Record the frequency, temperature and relative humidity at which the measurements were
made.

Calculate the values of permittivity and dissipation factor for each set of measurements as
shown in 7.2.6.7.

Calculate the means of these values as the permittivity and dissipation factor of the material
under test.

7.2.6.6 Symbols
tan d, is the dissipation factor of electrode assembly with test piece present;

tan J, is the dissipation factor of electrode assembly without test piece;

Atan ¢ = (tan d — tan d,);

my is the micrometer reading with test piece present, in mm;
moy is the micrometer reading without test piece, in mm;

Am = (mq — my) in mm;

t is the specimen thickness in mm;

tan 6 is the dissipation factor of material;

& is the (relative) permittivity of material.
7.2.6.7 Calculation of permittivity and dissipation factor

Permittivity:

Calculate the (relative) permittivity
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(3)

Ct—Am

Dissipation factor:

Calculate the dissipation factor

t—Am

tan & = Atan 5( i ] (4)

7.2.6.8 Expression of results

The result shall be the arithmetic mean of the determinations on individual test specimens.
Record all of the individual values.

7.2.7 Method C: Two fluid immersion technique
7.2.71 Principle

As with method B, the electrode spacing is only slightly greater than the test piece thickness.
Although, in principle, either or both of the fluids used in this method may be liquids or gases,
this standard permits only the use of a gas (usually air) as the first fluid, and a liquid as the
second fluid.

The test piece is inserted into a guarded electrode system, the electrode spacing adjusted, the
test piece removed and the capacitance and dissipation factor measured. The test piece is
replaced and the capacitance and dissipation factor of the electrode system are re-measured.
After removal of the test piece, the space between the electrodes is filled with the immersion
liquid and the capacitance and dissipation factor measured. The test piece is inserted and the
capacitance and dissipation factor re-measured. The permittivity and dissipation factor of the
test material are calculated as shown in 7.2.7.8.

7.2.7.2 Electrode system

The electrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that rapid changes in ambient temperature do not significantly affect its dimensions. The system
shall comprise a circular measuring electrode surrounded by a concentric coplanar guard
electrode, and a moveable electrode, the separation of which from the measuring electrode is
controlled by a micrometer head. The drive mechanism shall be linked with the electrodes so
that the electrode does not rotate with the drive mechanism. Both electrodes shall be mounted
vertically so that air bubbles dragged into the liquid with the specimen may escape.

The electrode surfaces shall be flat and shall remain substantially parallel at all times.

Figure 5 illustrates a possible construction and means of connection to a three terminal
measuring instrument.

| NOTE1—For connection to instruments with four or more terminals, reference should be made
to the manufacturer’s instructions.

| NOTE-2 The temperature of this cell-may can be controlled to +0,1-K °C by a liquid circulation system.
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NOoTE3—The electrodes are preferably made from stainless steel. If they are made from brass,
then all metal parts-must shall be plated with hard bright gold having a minimum thickness of
10 uym.

7.2.7.3 Immersion fluids

Suitable liquids of known permittivity values are listed in Annex B (see Table B.1). Liquids which
affect the properties of the test material, whether by swelling or by any other interaction shall
not be used. The immersion fluid shall not be reused if the value of the dissipation factor of the
cell fluid changes from its original value by more than 2 % or 10 x 10~8, whichever is the greater.

NOTESilicone fluid of viscosity 1 x 10-6 m2/s to 2 x 10-6 m2/s (1 ¢St to 2 cSt) is satisfactory
for use with many plastic materials, e.g. the polyolefins PE, PTFE, PET and polycarbonates.
Cyclohexane is an acceptable fluid for use with PTFE. Perfluorinated liquids are excellent as
they do not interact with most organic polymers. The liquid shall not be reused if the value of
the dissipation factor of the cell fluid has changed by more than 2 % or 10 x 10-6, whichever is
the greater.

7.2.7.4 Test specimens

For the electrode system shown, the test piece shall be a rectangular sheet (61 £ 1) mm x
(100 £ 1) mm. The thickness shall be between 0,3 mm and 1,0 mm.

NOTE—The precise specimen thickness is not required. However, it-may can be measured and |
used for comparison with that derived from the electrical measurements as a cross-check on

the procedure. Wherever possible, specimens should be used as prepared by the manufacturer.
However, if it is necessary to reduce their thickness,-take-care-that the surfaces-are shall not

be contaminated during the process.

7.2.7.5 Preparation of test cell

Prepare a cell by rinsing several times with warm de-ionized water and then rinse with acetone.

Dry the cell at 50 °C and allow to cool to the measuring temperature (see 7.2.1). After allowing

at least 1 h for stabilization, the dissipation factor shall be less than (10 x 10-6). Ensure that

the electrode assembly, the liquids and the test piece in the desiccator, are in thermal
equilibrium at the measuring temperature to within +0,1-K °C before commencing a test. Adjust |
the electrode spacing so that the specimen occupies at least 80 % of the gap but without filling

the gap completely so that it-may can be easily moved in and out.

7.2.7.6 Measurement of capacitance and dissipation factor

Connect the leads to the cell and follow the manufacturer’s instructions as to the initial bridge
calibration. Record the values of capacitance and dissipation factor as C4 and tan ¢, with air

between the electrodes.

Insert the specimen into the air-filled cell. Record the values of capacitance and dissipation
factor as C, and tan J,. Record the cell temperature to +0,1-K °C.

NOTE1+—H-is—essential-that The temperature of the test specimen and fluid-temperatures—are
shall be very close to that of the guard block.

Remove the specimen from the cell and fill the cell with the fluid chosen. Measure the
capacitance and dissipation factor and record the values as C5 and tan d5.

Insert the specimen into the cell. Measure the capacitance and dissipation factor and record
the values as C, and tan d,.
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Remove the specimen from the cell after this measurement and repeat the procedure for
a further test piece.

Calculate the values of permittivity and dissipation factor for each set of measurements as
shown in 7.2.7.8.

Calculate the mean values of permittivity and material dissipation factor. Record the frequency,
temperature and relative humidity at which measurements are made.

NOTE2For routine measurements, the following sequence, as shown in Table 1,-may can be
found more convenient, but in cases of dispute, the sequence of measurements given in the
main text shall be used:

Table 1 — Sequence employed for routine measurements

Test specimen Fluid Use reading as

None Air (Cy)4 (Cy),

1 Air (Cy);

2 Air (C3)y
None Liquid (C3)4 (C3),

1 Liquid (Cy)4

2 Liquid (Cy),
None Liquid (C3)s

7.2.7.7 Symbols

o is the cell capacitance with air alone in pF;

C, is the cell capacitance with specimen in air in pF;
C3 is the cell capacitance with fluid alone in pF;

Cy is the cell capacitance with specimen in fluid in pF;

ACp  =(Cy—Cq)in pF;
ACg  =(C4— C3)in pF;

tan 0 is the dissipation factor of specimen;

tano4D4 is the dissipation factor of cell in air;
tan6,D, is the dissipation factor with specimen in air;
Atan-d,={tan-o, —tan-o);

ADp  =(Dy—Dy);

A is the effective electrode area in m2;

& is the electric constant 8,8542 pF x m~1.

7.2.7.8 Calculation of permittivity and dissipation factor

Permittivity:

Calculate the (relative) permittivity
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C4ACA (G -C)

& = 5
r C1(C4ACA —CHACE) (5
Dissipation factor:
Calculate the dissipation factor from
CsAD
tan o = —2>—A (6)
ACy

where

C2Cy (G- Gr)

Ce =
® " (C4ACA — CoACE) (7)

NOTE The calculated specimen thickness, ¢, is given by:

ee9A
f = re0”

o (8)

This-may can be compared with the measured thickness as an accuracy check.
7.2.7.9 Expression of results

The result shall be the mean of the determinations on individual specimens. Record also the
individual values.

7.2.8 Test report
The following information shall be included in the test report:

a) reference to this standard and test method used, i.e. IEC 60893-2, Method A, B, or C;
b) type or designation of the insulating material and the form in which it was delivered;
c) method of fabrication of the specimen;

d) specimen thickness and information concerning the surface treatment (if any) at the
electrode contact areas of the specimens;

e) method and duration of conditioning of the specimens if not as specified;
f) measuring instrument;

g) electrode and specimen dimensions if not as specified;

h) temperature and relative humidity during the test;

i) testvoltage;

j) test frequency;

k) relative permittivity &,: arithmetic mean value, individual values;
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I) dielectric dissipation factor (tan ¢): arithmetic mean value, individual values;
m) date of test;
n) any unusual features noticed during the test.

7.3 Insulation resistance after immersion in water
7.3.1 General

Insulation resistance shall be determined using the method with taper pin electrodes, as
| specified in+EC-601467 |IEC 62631-3-3 and modified as described below. This test is applicable
only to sheets of nominal thickness up to 25 mm inclusive.

7.3.2 Test specimens

Test specimens shall be cut from the sheet under test. Dimensions of the specimens shall be
as described inHEC-80467 |[EC 62631-3-3:2015, Figure 1 a).

The holes in the test specimens shall be drilled with a suitable drill and then reamed with a
taper pin reamer so that the diameter of each hole at the larger end is not less than 4,5 mm and
not greater than 5,5 mm.

The material shall be tested with major axes in each direction, parallel to the sides of the sheet.
Two specimens shall be tested in each direction. The thickness of the specimen shall be the
thickness of the sheet under test.

7.3.3 Test method

Dry the test specimens in an oven at a temperature of 560°2C=+=2K 50 + 2 °C for (24 £ 1) h and
then immerse them in distilled or de-ionized water for (24 £ 1) h at a temperature of 23°C+=2K
23 + 2 °C. At the end of this time, remove the test specimens from the water and remove the
surface moisture by wiping with a clean dry cloth, absorbent paper or filter paper and insert the

| electrodes. Measure the insulation resistance at-26°2C=+=140-K 25 + 10 °C in an atmosphere of
not more than 75 % relative humidity. Complete each measurement within 1,5 min to 2 min after
removal from the water.

When it is possible to demonstrate that it does not affect the results, other drying conditions
| may be used (for example, drying for 1 h £ 5 min at-4662C=5¥K 105 + 5 °C) but in case of
dispute, the specified method shall be used.

The applied voltage shall be 500 + 10 V.

7.3.4 Results

Calculate the arithmetic mean of the measured values in each direction in MQ and take the lower
of the two arithmetic means as the insulation resistance after water immersion of the sheet
under test.

7.4 Comparative and proof tracking indices
7.4.1 General

Test in accordance with IEC 60112.

7.4.2 Test specimens

Test specimens shall be cut from the sheet under test and shall be not less than

15 mm x 15 mm x the thickness of the sheet under test. The specimen thickness shall be equal

or greater than 3 mm, which can be accomplished by stacking materials if necessarb
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7.4.3 Test method

Comparative and proof tracking indices shall be determined by the method specified in
IEC 60112. Test solution A shall be used.

7.4.4 Results

In the case of the Proof Tracking Index test, report pass or fail at the specified voltage as
described in IEC 60112, and the thickness of the specimens tested. In the case of Comparative
Tracking Index, report the value determined and the thickness of the specimens tested.

7.5 Tracking and erosion resistance
7.5.1 General

Test in accordance with IEC 60587.

7.5.2 Test specimens

Test specimens shall be cut from the sheet under test and shall be 50 mm x 120 mm x thickness
of the sheet under test.

7.5.3 Test method

Tracking and erosion resistance shall be determined in accordance with IEC 60587 using the
method specified in the relevant sheet of IEC 60893-3.

7.5.4 Results
Report pass or fail at the specified voltage as described in IEC 60587. Report also the thickness

of the specimen tested.

8 Thermal tests

8.1 Thermal endurance
8.1.1 General

Thermal endurance shall be determined by the method specified in IEC 60216-1, and the
relevant test specifications (i.e. IEC 60216-1 and ISO 178).

8.1.2 Test specimens

Specimens shall be cut from the sheet under test and their dimensions shall be as described
in 6.1.2.

8.1.3 Test method

The ageing procedure used shall be as described in 5.5 and 5.6 of IEC 60216-1:2013. Unless |
otherwise specified, thermal endurance shall be determined using flexural strength as the
distinguishing property (see 6.1) with 50 % reduction of the initial value as the end-point. Tests
shall be carried out at23°C+5K 23 + 5 °C. ‘

8.1.4 Results

The thermal endurance shall be expressed, as described in 6.2 of IEC 60216-1:2013, with the |
temperature index at 20 000 h.
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8.2 Flammability
8.2.1 General

Flammability shall be determined according to one of the methods given in IEC 60695-11-10,
as specified in the relevant sheet of IEC 60893-3.

8.2.2 Test specimens

Specimens shall be cut from the sheet under test and their dimensions shall be as described
in [IEC 60695-11-10. Ensure that the specimens are free from dust or contamination.

8.2.3 Test method

Carry out the tests in accordance with the relevant clause of IEC 60695-11-10.

8.2.4 Results

Report the assigned classification in accordance with IEC 60695-11-10.

9 Other tests

9.1 Density
9.1.1 General

The following test method shall be used in order to determine the density.

9.1.2 Test specimens

Specimens shall be cut from the sheet under test as described in ISO 1183-1.

9.1.3 Test method

Density shall be determined using method A specified in ISO 1183-1.

9.1.4 Results

Results shall be expressed in g/cm3.

9.2 Water absorption
9.21 General

Water absorption shall be determined in accordance with method 1 (6.2) of ISO 62:2008 and
as modified below.

9.2.2 Test specimens

Three specimens shall be tested. The specimen dimensions shall be (50 £ 1) mm x (50 £ 1) mm
x the thickness of the sheet under test except in cases where the nominal thickness of the sheet
under test is greater than 25 mm. In such cases, the thickness of the test specimens shall be
reduced to 22,5 mm £ 0,3 mm by machining one face only to a relatively smooth finish.

9.2.3 Test method

The test shall be performed as described in 6.2 of ISO 62:2008, maintaining the distilled or de-
ionised water at-23°C=+=0,5K 23 + 0,5 °C.
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9.2.4 Results

Results shall be expressed in mg in accordance with Clause 7 of ISO 62:2008. The arithmetic
mean of the three results shall be reported as the water absorption.

Dimensions in millimetres
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a) Test specimen for Charpy impact strength test
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b) Test specimen for lzod impact strength test

Figure 1 — Test specimens for impact strength test
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Dimensions in millimetres
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Figure 2 — Device for testing parallel shearing strength
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Dimensions in millimetres
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Figure 3 — Example of electrode system for method A
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Dimensions in millimetres
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Figure 4 — Example of electrode system for method B
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Dimensions in millimetres
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Figure 5 — Example of electrode system for method C
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