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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

Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is'to pfomote interna
coloperation on all questions concerning standardization in the electrical and electronic'fields. To this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Publicly Available Specifications (PAS) and Guides (hereafter referred to as~*EC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee,interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely, with the International Organizat
Standardization (ISO) in accordance with conditions determined by agrgefment between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technieal committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pyblications is accurate, IEC cannot be held respofsible for the way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IE€ \National Committees undertake to apply IEC Publid
transparently to the maximum extent possible initheir national and regional publications. Any divergence bg
anl IEC Publication and the corresponding natiohal or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation*of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent.gertification bodies.

Alllusers should ensure that theyshave the latest edition of this publication.

Nd liability shall attach to IEC of its directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any jmature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out-‘ef/the publication, use of, or reliance upon, this IEC Publication or any othe
Pdblications.

At{ention is drawn~to the Normative references cited in this publication. Use of the referenced publicati
indispensable.for the correct application of this publication.

IEC draws-attention to the possibility that the implementation of this document may involve the use
patent(s).4/[EC takes no position concerning the evidence, validity or applicability of any claimed patent rig
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),

aising
on for
bns.

tional
bm  all

tional
bf IEC
r any

ations
tween
latter.

prmity
r any

s and
hge or
) and
r IEC

pns is

of (a)
hts in
which

mqy be€ required to implement this document. However, implementers are cautioned that this may not rep,

[esent

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) in

c) n

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

Full i
the 4

The |

This
acco
at w
desc

A list
— Ind
be fo

The
stabi
spec

—

q

° W

e g

ion—-of reference—to 6 20 hich 60 -1064 D

6.3 have been updated accordingly. The actual performance of the test has not cha

brmative references have been updated.

Draft Report on voting

15/1017/FDIS 15/1023/RVD

bove table.
anguage used for the development of this Internatiehal Standard is English.

document was drafted in accordance with ISQ/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. ThéZmain document types developed by IEC
ibed in greater detail at www.iec.ch/puhtications.

of all parts in the IEC 60893 series, published under the general title Insulating mat
ustrial rigid laminated sheets.based on thermosetting resins for electrical purposes
und on the IEC website.

hformation on the voting for its approval can be found in_thejreport on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and 1SO/IEC Directives, IEC Supplement, avajlable

are

brials
can

ommittee has decided that the contents of this document will remain unchanged unflil the

ity date indicated.on the IEC website under webstore.iec.ch in the data related t
fic document. At(this date, the document will be

confirmed,

ithdrawn;~0r

vised:

b the

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 Prt 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

2023

This
(refe

bcope

part of IEC 60893 describes methods of test for the materials defined inclEC 60§
red to also as Part 1).

2 Normative references

The following documents are referred to in the text in such a way thatisome or all of their co

93-1

htent

constitutes requirements of this document. For dated references; only the edition cited applies.
For undated references, the latest edition of the referehced document (including| any
amendments) applies.

IEC 60112, Method for-determining-the comparative—and-the proof-tracking-indices—of{solid
inswpting-materials-under-moist-conditions the deternination of the proof and the compaifative
trackfng indices of solid insulating materials

e poa e DE hinthede of tonl fop fhe clelomiinodion o the lnondation sonlaionen ofleolld
g .

IEC p0212:49742010, Standard conditions for use prior to and during the testing of |solid
electrical insulating materials

IEC p0216-1:20042013, Electrical insulating materials —Properties—of Thermal endunance
propegrties — Part 1: Ageing procedures and evaluation of test results

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

B e e
dissipation {factor of electrical insulating materials at power, audio and radio frequepcies
N !

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

trans

IEC 60587:498420072,

formers and switchgear

. : , , , , :

elestrical—inswtating—materials—used—under—severe—ambient—econditions 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.
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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
therm HEFE8HIS F : F 3

alao anl niirnaaona DA 4 LoD a

IEC $2631-3-3:2015, Dielectric and resistive properties of solid insulating materialsZ-Parf 3-3:
Detefmination of resistive properties (DC methods) — Insulation resistance

ISO 6$2:49992008, 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: Instruménted
impart test

ISO 180:20007, Plastics — Determination of Izod<impact strength
ISO $27-1:499320128, Plastics — Determination of tensile properties — Part 1: General pringdiples

ISO $27-4:19979, Plastics — Determination of tensile properties — Part 4: Test conditiorls for
isotrepic and orthotropic fibre-reinforced plastic composites

ISO $04:2002, Plastics — Determination of compressive properties

1ISO 1182:-1987
o HOO-1I0

T 1

eoliforaloatios

Dlactice Meathods for determininag the densitv and relative densitv oflnon
aASHES et oeGSFor— aeteriiHRgteGensity/anareativeaenst SHHAHOEA

ISO 1183-1:204230, Plastics — Methods for determining the density of non-cellular plasfics —
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.
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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:

BEC Electropedia: available at https://www.electropedia.org/

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

4 C(Conditioning of test specimens

Unless otherwise specified, test specimens shall be conditioned for@t-least 24 h in standard
atmogphere B according to IEC 60212:2010 (temperature-23°GC-&52 K 23 + 2 °C, relative
humifity (50 + 5) %).

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

Whefe testing at an elevated temperature is required in one of the specification shedts of
IEC $0893-3, test specimens shall be conditioned for 1 h at that elevated temperpture
immgdiately 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 mgthod
of mg¢asurement 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 qases
of digputes

5.1.2—Fest-apparatusforreference-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.
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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

The {est specimen shall be the whole sheet or panel under test in the ‘as received’ condit

5.2.3 Test method

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

5.2. Results

Repdrt the maximum measured deviation from flatness*in mm.

on.

side
light
d the
and
d the

NOTEl-In cases where the sheet deviates from ‘flatness in two directions, is saddle-shaped,

meagure both deviations and report the highest.

6 Mechanical tests

6.1 Flexural strength
6.1.1 General

The {lexural strength js.defined as the flexural stress at rupture. It shall be determined b
methpd specified indSO 178. Method A shall be used.

6.1.2 Test specimens

y the

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 m

ainly

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
of PF WV).

When it is necessary to reduce the thickness of a test specimen, machine it, leaving one

case

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 %.
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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 follawinatestmethod shall ha usad in order tao determine the-mad s of alasticitvin Flnvure
IeHOWHRg— HReHReG-SAaHBe-U G—+H-o+Geto-ae8teHHhReiReoa —He+aSHGHY-H-HBX .

6.2.2 Test specimens

The $pecimens 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:\lSO 178.

6.2.j 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

Spedimens shall be cut from thessheet 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. Results

Results shall'be expressed in MPa.

6.4

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.


https://iecnorm.com/api/?name=a968d76e7a52032d0b0d451c1cb90133

IEC 60893-2:2023 RLV © IEC 2023 -13 -

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

Repdrt the arithmetic mean of the results for each direction in kJ/m2. Take the lower of th¢ two
mearn values as the minimum Charpy impact strength of the sheet under test,(except in dases
wherg the reinforcing fibres run mainly in one direction. In such cases, take/ the mean yalue
obtaiped 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
thickpess between 5 mm and 10 mm, shall be tested i, each direction, except for types| with
fibre$ aligned mainly in the same direction. In such cases, cut five specimens only, with|their
longifudinal axis parallel to the direction of the fibres,

If thg 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@qual amounts from both faces of the sheet.

6.4.3.2 Test method

The |zod impact strength shall bexdetermined in the edgewise direction as described by the
methpd given in ISO 180. The material shall be tested with the major axes in each dirgction
paraEIIeI to the sides of the sheet; except in the case of materials whose fibres lie mainly ip the

samg direction. For these, materials only, specimens with their longitudinal axis parallel to
the djrection of the fibresishall be tested.

6.4.3.3 Results

Repdrt the arithimetic 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 dases
wherg the reinforcing fibres run mainly in one direction. In such cases, take the mean Yyalue
obtaiPed 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 shoyn in
Figure 2.

The fest specimens shall be arranged so that the shearing stress acts in a plane parallel tp the
lamirlations. The relative rate of movement of the cross head of the testingmachine shall be
2 mm/min with a tolerance of +20 %.

6.5. Results

Calclllate the shear strength by dividing the shear force through the total shear plane|area
of 2 ¥ 100 mm2.

Repdrt the arithmetic mean value of the results for eaech 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

Tensjle strength defined as tensile stress;at maximum load shall be determined by the mg¢thod
specffied in ISO 527-4, in conjunction-with ISO 527-1.

6.6.2 Test specimens

Spedimens shall be cut fromthe sheet under test with the major axis in each direction pdrallel
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 cage of
matefials whose fibres lie mainly in the same direction. For these materials, only specifnens
with their longitudinal axis parallel to the direction of the fibres shall be tested.

If thel 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°2C+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 gotmmore thanm T mmediatety before test:

7.1.2 Test specimens

For dlectric strength, test three specimens normal to laminations. For breakdown/voltage} test
threg specimens parallel to the laminations.

Test|specimens shall be cut from the sheet under test. Specimen_dimensions shall Qe as
descfibed 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 102 of
IEC §0243-1:2013, 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 fhicknesses not greater than 3 mm,\the material shall be tested perpendicular t¢ 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.

NOTEL-This test is usually not required for thicknesses above 3 mm, in the Part 3 series. \Vhen
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 tg¢sted
edgepwise in ageordance with 5.3.3 of IEC 60243-1:2013 (taper pin electrodes) or with 5.3.2.1
of IFC 60243-1:2013, (parallel plate electrodes), and for thicknesses above 10 mm in
accofdance with 5.3.2.1 of IEC 60243-1:2013 (parallel plate electrodes). For types with|their
fibreg 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-405°C<+5K 105+ 5 °C with a
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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 erLsure that the specimens, the electrodes and the immersion fluid are in thermal equiljrium
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 testyoltage(shall
be high enough to provide the required sensitivity, but low enough to avoid di¢lectric hejating
and discharges at the edges of the electrodes.

In all three methods, the test shall be carried out on two test specimens unless othefwise
specffied. At all times, the specimens shall be handled with stainless-steel flat-faced fofceps
to mihimize the likelihood of damage or contamination.

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

Refefence to IEC 60250:1969 [1]12 should be made for &dditional guidance and clarificatipn.

NOTE[+ In total, the three methods described maycan be usedfor sheet materials in the thickness range 03 mm
to 12,0 mm, dependent upon the design of the specimen holders and electrodes, but the precision of each njethod
is inflyjenced by specimen dimensions and properties.

NOTE]

7.2.2 Methods

Methpd A — A direct measuring method utilizing intimate electrodes
Methpd B — An air substitution’ technique without intimate electrodes
Methpd C — A two-fluid_immersion technique without intimate electrodes

Methpd A is suitable for sheet materials of permittivity up to 10,0 and dissipation factors grgater
than B0 x 1078 having thicknesses in the range 0,3 mm to 12,0 mm, dependent upon the dgsign
of th;Fspecimen holders. Method A requires an accurate knowledge of the specimen thicness

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.
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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 Mlthods B and C, the specimen and appropriate insulating fluid(s) are introduced intp the
spec|imen holder, the capacitance and dissipation factor of the assembly being measured. Such
systgms introduce smaller errors in measurement than those using intimately applied
electfodes, and facilitate the easier provision of guard electrodes that minimize”electric| field
distoftions 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.

NOTEl-The permittivity and dissipation factor of a dielectric-may ean change considerably with
frequency, temperature and relative humidity. Accordingly, thesmeasured values should only be
takern) to indicate the dielectric properties of the specimen, under conditions similar to those|used
for the test.

7.2.41 Measuring instruments
r

Instriments of adequate sensitivity shall be used. Minimum detectable changes in capaciiance
of 0,8 fF(= 0,3 x 10~1% F) and minimum détectable changes in dissipation factor of 0,000 01
(=10 x 10-8) have been found to be acceptable.

NOTE|1 A variety of modes of output,is)offered by commercial measuring equipment. Some of the| more
sophidticated offer a variety of outputs,from the same instrument thus enabling the user to select the apprqpriate
outpuf. This standard assumes that th€ output is in the form of capacitance (C, in pF) and dissipation factor {tanod).
See Ahnex A for conversion of other forms of output to this format.

NOTE| 2 The electrode systeéms‘described in methods A, B and C are of three terminal ‘guarded’ design. This
practi¢ally eliminates the ipfluence of stray electric fields at the electrode edges and removes the need for|‘edge
capacltance’ corrections,

NOTEl3—Care-should-be-taken-to-ensure-that-All measuring leads-are should be screened and
kept ps short.as possible, consistent with the instrument manufacturer’s instructions.

Some¢ types of instruments require a ‘short’ and ‘open’ circuit calibration. The ‘short circuit’
shou|d.be established between the electrodes of the electrode system, in the position that the
specimen woutd-occupy. Care shoutd be taken to ensure that the shortcircuit used 5 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. Reference
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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

1 1 ' £ + A
dISSI PpaAlivIT TAUIUTl AarTte T1Imauc.

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

7.2.5,.2 Electrode system

The glectrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that fapid changes in ambient temperature do not significantly affectits dimensions. It|shall
comgprise a circular measuring electrode surrounded by a concentrie;coplanar guard electfode,
and @ 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 a"‘lows
the spring-loaded electrodes to close on to the intimate electrodes. The screw rotation should
not ble transmitted to the electrode.

Figurde 3 illustrates a possible construction and.means of connection to a three terminal
meaguring instrument.

NoTEl-For connection to instruments having<four or more terminals, reference should be made
to th¢ manufacturer’s instructions.

7.2.5.3 Test specimens

The {est piece shall be essentially flat and uniform in thickness and shall extend beyong the
unguprded electrode by at least 2 mm. Wherever possible, test specimens shall be usgd as
recommended by the manufacturer of the electrode system. For the electrode system shown
the t¢st piece shall be either:

a) alflat circular sheet (61 £ 1) mm in diameter, or

al flat square~sheet, 60 mm x 60 mm is sufficient but a rectangular sheet (61 £ 1) mm
by (100 & 1y>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.

7.2.16 Measurement of capacitance and dissipation factor

Plac¢ the specimen into the specimen holder and close the backing electrodes until they make
contgct with the intimate electrodes on the specimen, ensuring that the intimate eléetrodesjalign
with {he backing system.

Meagure and record the specimen capacitance, dissipation factor, test freguéncy and huniidity.
Repgat the measurements on a second specimen.

7.2.5.7 Calculations

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

A= (}j(dl Ref (™)

and the (relative) permittivity

3,6mCt
E =

wherp
C i9 the measured capacitance in pF;

t igthe test.piece thickness in cm;

d, ig the(diameter of guarded electrode in cm;

g idthe width-of gap between the guard-and guarded-electrodes-in-cm-
J Ll ~J ~J L)

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 therew-vatte-of-dissipationfactoraremeastretd———

The permittivity and dissipation factor of the test material are calculated, as shownlin*7.2.6.7,
from[the test piece thickness, the change in electrode spacing and the changein obsgrved
valugs of dissipation factor.

7.2.6.2 Electrode system

The glectrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that fapid changes in ambient temperature do not significantly affectits dimensions. The syjstem
shall| comprise a circular measuring electrode surrounded by a concentric coplanar quard
electfode, and a movable electrode whose separation from the measuring electrode is
controlled by a micrometer head. The precision of the micremeter shall be 0,01 mm. Rofation
of the¢ drive mechanism should not be transmitted to theselectrode.

The ¢lectrode 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
meaguring instrument.

NOTEH—For connection to instruments\with four or more terminals, reference should be made
to th¢ manufacturer’s instructions.

NOTEl2—A more precise means of determining the changes in electrode spacing, elg. a
displpcement transducer, which will not disturb the electric field between the electrodes,may
can be introduced.

7.2.6.3 Test specimens

The fest piece §hall be approximately flat and uniform in thickness and shall extend beyond the
unguprded electrode by at least 2 mm. Wherever possible, test specimens shall be usged as
recommended by the manufacturer of the electrode system. For the electrode system sHown,
the t¢st’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

7.2.6

be less than 10 % of the thickness.

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

centr

7.2.6

ally. Calculate the arithmetic mean thickness of each test piece as t.

5 Measurement of capacitance and dissipation factor

Insern
elect

NOTE]

rode just fails to touch the test piece.

t the test piece between the electrodes and decrease the electrode gap until the dpper

L_Turn the micrometer screw until the upper electrode just touches the test piece, then turn

the nmpicrometer screw in the reverse direction until no resistance is felt agaipst)a small lateral

move§

Meagd

Reco

ment of the sample.
ure the capacitance and dissipation factor.

rd the value of the dissipation factor as tan ¢4, and the electrode spacing as m4. Re

the tg¢st piece and decrease the electrode gap until the capacitance is returned to the or

value

Rep¢g

Reca

madeg.

show

unde

7.2.6,

tan o

. Record the new value of the dissipation factor as tan.g, and the electrode spacing a
at this procedure for a further test piece.
rd the frequency, temperature and relative~humidity at which the measurements
Calcuylate the values of permittivity and>dissipation factor for each set of measuremen
nin7.2.6.7.
Calclilate the means of these values as the permittivity and dissipation factor of the ma
I test.
6 Symbols
L is the dissipation factor of electrode assembly with test piece present;
b is the disSipation factor of electrode assembly without test piece;

tan o
Atan

m4

0 = (tan\dq — tan d,);

is'the micrometer reading with test piece present, in mm;

nove
ginal
IS m2

were

S as

terial

s—theTmcrometer Teading withouttestpiece, fmmmT,
= (mq — my) in mm;

is the specimen thickness in mm;

tan 6 is the dissipation factor of material;

7.2.6

is the (relative) permittivity of material.

7 Calculation of permittivity and dissipation factor

Permittivity:

Calculate the (relative) permittivity
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Ct—Am

Dissipation factor:

Calculate the dissipation factor

14

(3)

7.2.6,

The
Reca

7.2.7
7.2.7

As w
Altho
this
seco

The fest piece is inserted into a guarded electrode system, the electrode spacing adjusteq

test

replaiced and the capacitance and dissipation factor of the electrode system are re-meas
removal of the test piece, the space between the electrodes is filled with the immefrsion

After
liquid
capa
test 1

7.2.7

N
tan d = Atan 5L —Z J
t—Am

8 Expression of results

result shall be the arithmetic mean of the determinations on individual test specimens.

rd all of the individual values.

Method C: Two fluid immersion technique
.1 Principle

th method B, the electrode spacing is only slightly«greater than the test piece thick
ugh, in principle, either or both of the fluids usgd\in this method may be liquids or g
tandard permits only the use of a gas (usuallytair) as the first fluid, and a liquid a
nd fluid.

biece removed and the capacitanceland dissipation factor measured. The test pige

and the capacitance and dissipation factor measured. The test piece is inserted an
Citance and dissipation fagtor re-measured. The permittivity and dissipation factor g
haterial are calculated as,shown in 7.2.7.8.

.2 Electrode system

ness.
hses,
5 the

, the
ce is
Ured.

d the
f the

The ¢lectrode system’'shall be of rigid mechanical design and of sufficient thermal capacity so
apid changestin ambient temperature do not significantly affect its dimensions. The s
comprisea circular measuring electrode surrounded by a concentric coplanar
fode, @and’a moveable electrode, the separation of which from the measuring electr

that 1
shall
elect

contrn
that
verti

olled by a micrometer head. The drive mechanism shall be linked with the electrod
hedelectrode does not rotate with the drive mechanism. Both electrodes shall be mo

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

stem
uard
de is
S SO
nted

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

NOTE 14— 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.

for upe with many plastic materials, e.g. the polyolefins PE, PTFE, PET and polycarbonates.
Cyclghexane is an acceptable fluid for use with PTFE. Perfluorinated liquids are_excellept as
they do not interact with most organic polymers. The liquid shall not be reused-if-the value of
the djssipation factor of the cell fluid has changed by more than 2 % or 10 x 0<%, whicheyer is
the greater.

NOTE] Silicone fluid of viscosity 1 x 1076 m2/s to 2 x 10-6 m2/s (1 ¢St to 2 cSt) is satisztory

7.2.7.4 Test specimens

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

NOTEl-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-cheg¢k on
the procedure. Wherever possible, specimens should be’used as prepared by the manufacfurer.
Howgver, if it is necessary to reduce their thickness,-take-care-that the surfaces-are shal not
be cqgntaminated 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 acefone.
Dry the cell at 50 °C and allow to cool to the measuring temperature (see 7.2.1). After allgwing
at legst 1 h for stabilization, the.dissipation factor shall be less than (10 x 10-6). Ensurg that
the ¢lectrode assembly, the.liquids and the test piece in the desiccator, are in thg¢rmal
equillbrium at the measuring.témperature to within +0,1-K °C before commencing a test. Adjust
the electrode spacing sohat the specimen occupies at least 80 % of the gap but without filling
the glap completely so-that it-may can be easily moved in and out.

7.2.7.6 Measurement of capacitance and dissipation factor

Conrlect the (eads to the cell and follow the manufacturer’s instructions as to the initial bridge
calibfation<Record the values of capacitance and dissipation factor as C4 and tan ¢4 with air

betwgen 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

foung—more r\nn\lnninnf’ but in cases of Hiepllfn’ the seguence of measiireaments gi\/nn in the

main|text shall be used:

Table 1 — Sequence employed for routine measurements

Test specimen Fluid Use reading as

None Air (C1)4 (O

1 Air (C3);

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 = Cyq) inpF;
ACg | =(C4 — Cg)iin pF;

tan J| is theissipation factor of specimen;

tano4D is the dissipation factor of cell in air;
tan64Dg 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 (G5 - ()
CL(CoACA —CACE)

Dissipation factor:

Calculate the dissipation factor from

(®)

wher!

NOTE|

This—
7.2.7
The

indiv
7.2.8
The f

a)

-

€

tan o = S580A
ACH

D

C2Cy (G- Gr)
(C4ACh — CHACE)

The calculated specimen thickness, ¢, is given by:

. &€pA
Cs

fay can be compared with the measuréd thickness as an accuracy check.
.9 Expression of results

esult shall be the mean of the determinations on individual specimens. Record als
dual values.

Test report
ollowing-itiformation shall be included in the test report:

ference to this standard and test method used, i.e. IEC 60893-2, Method A, B, or C;

b) ty

pe‘or designation of the insulating material and the form in which it was delivered;

(6)

(7)

(8)

b the

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

7.3.1

Insulation resistance after immersion in water

General

2023

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
as de

The
taper
not g

The naterial shall be tested with major axes in each direction,parallel to the sides of the s

Two
thick

7.3.3

Dry t
then
23 +
surfa
elect
not
remoj

When it is possible to demonstrate that it does not affect the results, other drying cond

may
dispU

The @pplied voltage shall be 500 £+ 10 V.

Test specimens

scribed inHEC-60467 IEC 62631-3-3:2015, Figure 1 a).

holes in the test specimens shall be drilled with a suitable drill andythen reamed W

reater than 5,5 mm.

specimens shall be tested in each direction. The thickness of the specimen shall b
ness of the sheet under test.

Test method

mmerse them in distilled or de-ionized water for (24 £ 1) h at a temperature of-232C-
2 °C. At the end of this time, remove,the test specimens from the water and remov
ce moisture by wiping with a clean dry cloth, absorbent paper or filter paper and inse
rodes. Measure the insulation resistance at-26°C=+=140-K 25 + 10 °C in an atmosphs
ore than 75 % relative humidity., ) Complete each measurement within 1,5 min to 2 min
val from the water.

be used (for example, drying for 1 h £ 5 min at-4862C=+5¥K 105+ 5 °C) but in ca
te, the specified(method shall be used.

7.3.
Calc

of th
unde

7.4
7.4.1

Test

7.4.2

Test

Results

late’the arithmetic mean of the measured values in each direction in MQ and take the

specimens shall be cut from the sheet under test. Dimensions of the specimens shall be

ith a

pin reamer so that the diameter of each hole at the larger end is@ab less than 4,5 mny and

heet.
B the

he test specimens in an oven at a temperature of- 50°C+=2K 50 + 2 °C for (24 £ 1) h and

=2 K
e the
't the
re of
after

tions
5e of

r test.

Comparative and proof tracking indices
General

in accordance with IEC 60112.

Test specimens

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 necessary.
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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 ppecimens shall be cut from the sheet under test and shall be 50 mim’'x 120 mm x thichness
of the sheet under test.

7.5.3 Test method

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

7.5.4 Results
Repdrt pass or fail at the specified voltage as déscribed in IEC 60587. Report also the thichness
of the specimen tested.

8 Thermal tests

8.1 Thermal endurance
8.1.1 General

Therpnal 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 descfibed
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 at-23°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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Flammability

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

Carry

8.2.4

Repd

Test method

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

Results

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

9 Other tests

9.1
9.1.1

The f
9.1.2
Sped
9.1.3

Deng

9.1.4
Resu
9.2

9.2.1

Wate

Density
General

ollowing test method shall be used in order tondetermine the density.

Test specimens

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

Test method

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

Results

lts shall be expFessed in g/cm3.

Water absorption

General

r'absorption shall be determined in accordance with method 1 (6.2) of ISO 62:200§

as modified below.

9.2.2

Test specimens

and

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

L2302,

y
1

Yo}

= o]

+ o

2 +l >
Y 2y / |~

.
/ 120 +2

Y

Radius of notch base
corners: not greater than 0,1 mm

Thickness of the sheet under test

<

IEC

a) Test specimen for Charpy impact strength’test

Dimensions in millimetres

45° +1°
g'-ﬂ ¥
+
~
Sy
A
S
H
N
o
N
. 63,5 2 =

Radius of notch base: 0,25 mm £0,05 mm

y  Thickness of the sheet under test £c

b) Test specimen for lzod impact strength test

Figure 1 — Test specimens for impact strength test
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Dimensions in millimetres

Ball{ ¢

+0,15
50

2,5

7

o
7 PR Je
K %
3 0 /
A
3 Zd
\i
= g
Y . °F
n
A |V A
{o]
Ce 20 +0,1 -
Yy v
Test specimen
_ 10
45

A
Y

O

IEC

Figure 2 — Device for testing parallel shearing strength
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Dimensions in millimetres

Screw drive mechanism

Cdaxial connectors to | /
eldctrodes and cell body ]
7777750 gumugugsguggng
< oy /
[ 256 '+0,1 | N\
< 038 20,1 [ pcse 03201
//////// \_}h REARRRRE _,,-"f
E:::::::::{i ——
W
Thermometer pocket Guard electrode and framg
Spring loaded guarded electrode Movable spring loaded electrode
Guard electrode and conductive frame
Inter-electrode insulation
Measuring electrodes EC
Figure 3 — Example of electrode system for method A
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Dimensions in millimetres

Coaxial connectors to
electrodes and cell body

Micrometer head
(non-rotating spindle)

|

.

T

A

w
N
Al

Y

1]

288 £0,1 10,3 0,1

|
R -_"-

.

Thermometer pocket

Guard electrode and frame

m Guard electrode and conductive frame

\

Movable electrode

Fixed guarded electrode

Inter-electrode insulation

Measuring electrodes

IEC

Figure 4 — Example of electrode system for method B


https://iecnorm.com/api/?name=a968d76e7a52032d0b0d451c1cb90133

IEC 60893-2:2023 RLV © IEC 2023 - 33 -

Dimensions in millimetres

Guard insulation
Slot for specimen 0,3 0,1

Fixed electrode

Movable electrode 238 +0,1

356 +0,1
Thermometer pocket

\ R e

Micrometer head

B

NN

f
T

Coaxial connectors to ,  <>
electrodes and cell body

] Guard electrode and conductive frame
] Inter-electrode insulation

Measuring electrodes

Figur — Example of el r m for method C

IEC
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Annex A
(informative)

Modes of representation of capacitance

2023

Some instruments represent a capacitance having finite losses as a parallel combination
of loss-free capacitance Cp and a conductance Gy, (Figure A.1 a) while others use a series

combination of a capacitance Cg; and a resistance Ry (Figure A.1 b). In this document, the
parallel representation is used, although both representations are valid. The value of the

dissi

ation factor

is th¢ same in both representations, although the values of Cp, Cs, Gp and’|Gg depend

the v|

Thus|

tan o = a)Cp /Gp = wCsRy

alue of tan 0 as follows:

Gy =Cs/(1+tan s ?)

szmn52/0+mn52ms

the capacitance values Cg measured by an instrument using a series representatio

upon

(A.2)

n will

requife conversion to Cp according to Equation (A.1) when calculating the permittivity by means
of Equation (5) in 7.2.7.8, while the values of tan 6 measured by the instrument can be [used
directly in Equation (6).
In many cases, however, the value of tan 62 is so small compared to 1 that (dependent jupon
the alccuracy wanted) a correction of the CID values will not be necessary.
GP
: a
|
IEC IEC
Key
Gp Conductance R Resistance
Cp Capacitance Cy Capacitance
a) Parallel representation b) Series representation

Figure A.1 — Equivalent parallel and series representation of a capacitor
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Annex B
(informative)

Liquids of known permittivity values

Liquids which have been found to be useful are as follows:

Table B.1 — Liquids of know permittivity values

Warn

precqutions-be-taken for use.

NOTE|

Liguid Permittivity value
Silicone-{4+-eStte2 ¢St} (1 x 108 m?/s to 2 Ca 2.2
x 107 m?/s)

Heptane Ca. 2,2
Perfluorocarbons >21
Chlorobenzene @ 5to6

1, 2-dichloroethane @ 9to 11
Ethanol 2 Car30
Cyclohexane Ca) 2,2
28  The permittivity of these liquids is much more tempetature dependent than that
of the lower permittivity liquids.

ing: Many of these liquids are toxic and-it-is—recommended—that require necesgsary

Further information can be found in [2].
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Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

all
co
in

Publicly Available Specifications (PAS) and Guides (hereafter referred to as~*EC Publication(s)”).
bparation is entrusted to technical committees; any IEC National Committee,interested in the subject dedlt with
may participate in this preparatory work. International, governmental and non-governmental organizations |
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Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
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interested IEC National Committees.
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Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held respofsible for the way in which they are used or fdg
miginterpretation by any end user.
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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

national electrotechnical committees (IEC National Committees). The object of IEC is'to pfomote interng
operation on all questions concerning standardization in the electrical and electronic'fields. To this e
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq

h the IEC also participate in this preparation. IEC collaborates closely. with the International Organizat
hndardization (ISO) in accordance with conditions determined by agré€ement between the two organizati

hsensus of opinion on the relevant subjects since each technical committee has representation fr

order to promote international uniformity, IE€ \National Committees undertake to apply IEC Publid

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

C itself does not provide any attestation*of conformity. Independent certification bodies provide conf
Eessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
fvices carried out by independentgertification bodies.

benses arising out ‘of/ the publication, use of, or reliance upon, this IEC Publication or any othq
ention is drawn~to the Normative references cited in this publication. Use of the referenced publicati

C draws.attention to the possibility that the implementation of this document may involve the use
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the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC

sh

all not be held responsible for identifying any or all such patent rights.

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;
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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) n

ormative 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

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

This
acco
at w
desc

A lisf| of all parts in the IEC 60893 series, published under the general title Insulating mat
— Industrial rigid laminated sheets based on thermosetting, reSins for electrical purposes
be folund on the IEC website.

The
stabi
spec

—

e withdrawn, or

e Ig

¢confirmed,

document was drafted in accordance with ISO/IEC Directives, Part 2,’and develop

vw.iec.ch/members_experts/refdocs. The main document typescdeveloped by IEC
ibed in greater detail at www.iec.ch/publications.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avajlable

are

prials
can

ommittee has decided that the contents of thiss-decument will remain unchanged unflil the

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

vised.

b the
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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 Pprt 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

2023

This
(refe

2 Normative references

The following documents are referred to in the text in such a way thatisome or all of their co

cons
For
amer

IEC ¢
solid

IEC 60212:2010, Standard conditions for use prior to and during the testing of solid elec

insul

IEC 60216-1:2013, Electrical insulating~materials — Thermal endurance properties — P

Agei

IEC ¢
pows

IEC ¢
trans

IEC ¢
meth

bcope

part of IEC 60893 describes methods of test for the materials defined inclEC 60§
red to also as Part 1).

itutes requirements of this document. For dated references; only the edition cited ap
undated references, the latest edition of the referehcéd document (including
dments) applies.

0112, Method for the determination of the proof.and the comparative tracking indic
insulating materials

hting materials

1g procedures and evaluation of.test results

0243-1:2013, Electric sttength of insulating materials — Test methods — Part 1: Tes
r frequencies

0296:2012', Fluids for electrotechnical applications — Unused mineral insulating oi
formers and switchgear

0587:20072, Electrical insulating materials used under severe ambient conditions —
ods farevaluating resistance to tracking and erosion

93-1

htent
blies.
any

es of

trical

art 1:

ts at

s for

Test

and

IEC §

0695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizonta

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), Insulating materials — Industrial rigid laminated sheets based on
thermosetting resins for electrical purposes — Part 3: Specifications for individual materials

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

2 A fourth edition of this standard has been published in 2022.
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IEC TR 60893-4, 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 62:2008, Plastics — Determination of water absorption

ISO 178:20103, Plastics — Determination of flexural properties

ISO
instr

ISO
impa

ISO

ISO

ISO
isotr(

ISO 6$04:2002, Plastics — Determination of compressive’properties

ISO
Part

ISO
equif

3 1
No tg

ISO

79-1:2000%, Plastics — Determination of Charpy impact properties — Part 1¢
mented impact test

79-2:1997°, Plastics — Determination of Charpy impact properties — Part 2 IAstrumg
ct test

80:20008, Plastics — Determination of Izod impact strength
527-1:20127, Plastics — Determination of tensile properties — Rart 1: General principl

527-4:19978, Plastics — Determination of tensile properties — Part 4: Test condition]
pic and orthotropic fibre-reinforced plastic composites

1: Immersion method, liquid pyknometermethod and titration method

8611:201010, Geometrical produét specifications (GPS) — Dimensional meas
ment: Micrometers for external.measurements — Design and metrological characteri

'erms and definitions
rms and definitions-are listed in this document.

and IEC maintain terminology databases for use in standardization at the follg

addr

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

I$Q/Online browsing platform: available at https://www.iso.org/obp

Sses:

Non-

bnted

PS

s for

183-1:20129, Plastics — Methods for determining the density of non-cellular plastics —

uring
5tics

wing

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

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

4
5 A second edition of this standard has been published in 2020.
6

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

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

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

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

10 A third edition of this standard has been published in 2023.
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4 Conditioning of test specimens

2023

Unless otherwise specified, test specimens shall be conditioned for at least 24 h in standard
atmosphere B according to IEC 60212:2010 (temperature 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.

Wher
IEC ¢
imm¢

5 [

5.1
5.1.1

Any
appr

of mg¢asurement are capable of a precision of 0,01 mm or better.

The
of difg

5.1.2

In ca
with

5.1.3

Meag
point

5.1.4 Results

Repd
value

5.2

adoctina ot oan Alaviatad tamanarati e 1o roaoirad e o f tha cnanifinatinns b
Tt otTTg—at arr crovatou—teTrpeTratarc— o rcqumm T OTC— O T op T omoatroTT—oST1e g

0893-3, test specimens shall be conditioned for 1 h at that elevated temper
diately before testing.

Dimensions

Thickness
General

method which enables the thickness of the laminated ‘'sheet to be measured
bpriate number of points may be used, provided that thenequipment used and the m

ollowing reference method has been shown to)be suitable and shall be used in g
pute.

Test apparatus for reference method

e of dispute, an external screw type-micrometer in accordance with ISO 3611 having
liameters between 6 mm and 8 mhishall be used.

Procedure for reference.method

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

rt the maximum and minimum measured values and the arithmetic mean of all meas
s in mm.

Flatness

ts of
hture

t an
thod

ases

aces

eight

ured

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.
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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.

5.2.4 Results
Rep It thU IIIGI\;IIIUIII IIIUG°UIUd dUV;Gt;UII fIUIII f:GtIIUOO ;II LLLLLLE
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
6.1.1

The {
meth

6.1.2

Cutt
the s
in the
direc

If the

typegd
of PH

Flexural strength
General
pd specified in ISO 178. Method A shall be used.

Test specimens

tion of the fibres.

nominal thickness of the sheéb to be tested is more than 10 mm (20 mm in the ca
PF WV), reduce the thickness of the test specimens to 10 mm (20 mm in the
WV).

When it is necessary ta.reduce the thickness of a test specimen, machine it, leaving one

of th
the s

6.1.3

p sheet intact. In‘such cases, test specimens shall be tested with the original surfa
heet in contactiwith the two supports.

Test-method

The
The Fst speed shall be 5 mm/min with a tolerance of +20 %.

lexural strength is defined as the flexural stress at rupture. It shall be determined bl the

ne test specimens from the sheet to be tested’'with their major axes parallel to the sides of
heet. Test five test specimens in each diréction, except for types with fibres aligned mainly
same direction. In such cases, cut fivé\sspecimens only, with their long axis parallel fo the

ke of
case

face
ce of

st shall be carried out with the load applied perpendicular to the plane of the laminafions.

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
6.2.1

Modulus of elasticity in flexure

General

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

2023

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

in 6.1

6.2.3

.2 above.

Test method

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

6.2.4

Results

Resuftsshattbe expressedim MPa:

6.3
6.3.1

Compressive strength

General

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

6.3.2

Spec

6.3.3

Test specimens

imens shall be cut from the sheet under test as described ifi ]SO 604.

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:]
Res
6.4
6.4.1

Results

Its shall be expressed in MPa.

Impact strength

General

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

6.4.2

6.4.2,

Test
spec
for ty
only,

Charpy Impact strength
1 Test specimens

speciméns’ shall be cut from the sheet under test in accordance with Figure 1 a).
mens;with a thickness between 5 mm and 10 mm, shall be tested in each direction, e

Five
cept

pes‘with fibres aligned mainly in the same direction. In such cases, cut five specirﬂens

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.

6.4.2.2 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.
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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 d oRs—ef-the-speeimen haH-be-as—deseribedintgure b—re-speeimens—with a
thickpess between 5 mm and 10 mm, shall be tested in each direction, except for types with
fibre$ aligned mainly in the same direction. In such cases, cut five specimens onlyywith|their
longifudinal axis parallel to the direction of the fibres.

If theg 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 |zod impact strength shall be determined in the edgewise/djrection as described by the
methpd given in ISO 180. The material shall be tested with.thle major axes in each dirgction
paraEIIeI to the sides of the sheet, except in the case of materials whose fibres lie mainly ip the

samg direction. For these materials only, specimens with’ their longitudinal axis parallel to
the djrection of the fibres shall be tested.

6.4.3.3 Results

Repdrt the arithmetic mean of the results for@ach 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 dases
wherg the reinforcing fibres run mainly ¢n*one direction. In such cases, take the mean Yyalue
obtaihed in this direction.

6.5 | Shear strength parallel to-laminations
6.5.1 General

The ghear strength parallel to laminations test provides data that gives an indication gf the
degrg¢e of bonding (or,-adhesion between laminations. The test is only applicable to sheets
of nojminal thickness greater than 5 mm.

6.5.2 Test.specimens

Rectfngular test specimens are cut with the following dimensions:

Length 20 mm £ 0,1 mm
Width and thickness 5 _9,; 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.
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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

Calc(iTate The shear strength by dividing the shear force through the total shear plang|area
of 2 ¥ 100 mm?2.

Repdrt the arithmetic mean value of the results for each direction in MPa andctake the lower
of th¢ two mean values as the parallel shearing strength of the sheet under test)

6.6 | Tensile strength
6.6.1 General

Tensjle strength defined as tensile stress at maximum load shall be determined by the mgthod
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 pafrallel
to th¢ 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 cage of
matefials 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 thel sheet to be tested is more than 10 mm thick, reduce the thickness of the test specimens
to 10| mm by machining equal amouwnts from each face.

6.6.3 Test method

Carry out the test as déscribed in ISO 527-4. The rate of separation of the jaws of the tgsting
macthjine shall be 5 ppm/min with a tolerance of £20 %.

6.6.4| Results

Repdrt thesarithmetic mean of the results for each direction in MPa. Take the lower of th¢ two
mearn 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.

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 £ 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.
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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

7.1.3.1 General

Test| the material using either the 20 s step-by-step test as described in_ 102 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 fhicknesses not greater than 3 mm, the material shall be tested perpendicular t¢ the
laminations. The upper electrode shall be 25 mm in diameter and the lewer electrode shall be
75 mm in diameter according to IEC 60243-1.

This [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 bysmachining one face accordipg to
5.2.114 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 t¢sted
edgepwise in accordance with 5.3.3 of IEC 60243-1:2013 (taper pin electrodes) or with 5.3.2.1
of IBC 60243-1:2013, (parallel plate electrodes), and for thicknesses above 10 mm in
accofdance with 5.3.2.1 of IEC 60243-1:2013 (parallel plate electrodes). For types with|their
fibregs mainly in the same direction the-test shall be carried out in the fibre direction.

7.1.3.4 Results

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

7.2 | Permittivity and dissipation factor

7.21 General requirements

Pernittivity and dissipation factor may be determined by any one of the three methods givien in
7.2.2_Unless otherwise indicated in the relevant clauses of IEC TR 60893-4 _the specinens
shall be conditioned for (96 = 1) h in air at a temperature of 105 + 5 °C with a 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 £+ 2 °C at
a power frequency between 48 Hz and 62 Hz or at a radio frequency of 1 MHz.
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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.

Refefence to IEC 60250:1969 [1]11 should be made for additional guidance and clarificatipn.

NOTE| In total, the three methods described can be used for sheet materials in the thickness range 0f3 mm
to 12,0 mm, dependent upon the design of the specimen holders and electrodes, but the precision of each njethod
is inflyjenced by specimen dimensions and properties.

7.2.2 Methods

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

Methpd A is suitable for sheet materials of permittivity up to 10,0 and dissipation factors grgater
than B0 x 10~6, having thicknesses in the range 0,3'mm to 12,0 mm, dependent upon the dgsign
of th¢ specimen holders. Method A requires.anaccurate knowledge of the specimen thickness
and may be used in all cases when this information is available. See 7.2.3.

Methpd B is suitable for sheet materials\of permittivity up to 10,0 but can lack sufficient pregision
for materials of dissipation factor bélow 250 x 10~6. Method B requires an accurate knowledge
of thge specimen thickness and may be used in place of method A when this informatipn is
availgble. Dependent upon theldesign of the specimen holders, specimens with thicknessges in
the range 0,3 mm to 12,0 mm-can be tested.

Methpd C is suitable forymaterials of permittivity up to 10,0 but may show a lack of precisign for
matefials of dissipation factor below 250 x 106, If the thickness is not sufficiently accurately
known, method G-may be used subject to the limitation that the method requires use of an|inert
liquid of appreximately the same permittivity as the specimen.

The immersion method, C, is capable of better precision for permittivity for sheet materials of
thickpess’0,3 mm to 1,0 mm and has the advantage that accurate knowledge of the spegimen
thickness 1s not required, but It Is not sultable 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.

1 Numbers in square brackets refer to the Bibliography.
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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.

The permittivity and dissipation factor of a dielectric 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'fqr the
test.

7.2. Measuring instruments

Instriments of adequate sensitivity shall be used. Minimum detectable changes in capacilance
of 0,8 fF(= 0,3 x 10~'% F) and minimum detectable changes in dissipation“factor of 0,000 01
(=10 x 10-8) have been found to be acceptable.

NOTE[1 A variety of modes of output is offered by commercial measuring~equipment. Some of the| more
sophigticated offer a variety of outputs from the same instrument thus enabling the user to select the apprqpriate
outpuf. This standard assumes that the output is in the form of capacitance (¢, in pF) and dissipation factor {tanJ).
See Ahnex 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
practi¢ally eliminates the influence of stray electric fields at the)electrode edges and removes the need for|‘edge
capacltance’ corrections.

All measuring leads 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
spec|imen would occupy. Care should be taken to ensure that the short circuit used is of low
resisfance and inductance and that it does not damage the surfaces of the electrodes]| It is
esseftial 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 establishgd by
discgnnection of the electrodes at the end of the cables farthest from the capacitance meter,
so thiat allowance is again made for the effect of the measuring leads. Reference should be
madg to the manufacturer’s instructions to determine whether it is necessary to link the puter
conngctions of the coaxial cables during this calibration and whether the error introduced by
omisgion of the/electrode system is small and may be ignored. In any case it is preferable to
use la three._terminal measuring instrument, for example with ‘high’, ‘low’ and ‘guard’
conngctions,

Man) \/UIIIIIIUIU;CI: ;IIOtIUIIICIItO arc 1muvw baccd Ul IIIUGOUICIIICIIt Uf UUIIUIIt, VU:tClyC GIICIl hase
angle. These instruments are commonly of four (or five) terminal design. Reference 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.
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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 b tramsmittedtotheetectrode:
I

Figurde 3 illustrates a possible construction and means of connection to a thrée-terminal
meaguring instrument.

For donnection to instruments having four or more terminals, reference should be made tp the
manufacturer’s instructions.

7.2.5.3 Test specimens

The {est piece shall be essentially flat and uniform in thickness-and shall extend beyonf the
unguprded electrode by at least 2 mm. Wherever possible, test specimens shall be usgd as
reconmended by the manufacturer of the electrode system> For the electrode system shown
the tg¢st piece shall be either:

a) alflat circular sheet (61 £ 1) mm in diameter, or.
b) alflat 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.

If pogsible, it is recommended that the specimen be of the same thickness and prepared bjy the
samg process as the electrical insulating material under evaluation. If it is necessary to reduce
its thjckness, its surfaces shall.not be contaminated during the process.

The maximum tolerance deviation from a straight edge placed along a diameter or diagon@al on
the cpncave side, shaltbe less than 10 % of the thickness.

7.2.5.4 Determination of test piece thickness

Detefmine 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 yalue
centrplly. €alculate the arithmetic mean thickness of each test piece as .

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.
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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

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

A= (}](dl +gf (1)

and the (relative) permittivity

_ 3,6nCt

&

wherg
C iqthe measured capacitance in pF;

t ig the test piece thickness in cm;

d, ig the diameter of guarded electrode in cm;

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

A if the effective electroderatea in cm?2.

Detefmine the dissipation:factor from the instrument reading.
Calcullate the permittivity and the dissipation factor as the average from the two determinafions.

7.2.5.8 Reésults

Recqgrd theiresult, the test frequency, temperature and humidity.

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.
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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 thgdrivemechanistrshoutd ot betransmittedtotheetectrode

The g¢lectrode 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
meaguring instrument.

For donnection to instruments with four or more terminals, reference-should be made tp the
manufacturer’s instructions.

A mqre precise means of determining the changes in electrode spacing, e.g. a displacement
transiducer, which will not disturb the electric field between the electrodes, can be introduged.

7.2.6,.3 Test specimens

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

a) alflat circular sheet (61 £ 1) mm in diameter, or

b) alflat 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
case$ this will be between<0,3 mm and 12,0 mm. The thickness at any point shall not|vary
by mpre than 1 % frommthe mean value ¢, measured according to 7.2.6.4.

If pogsible, it is recommended that the specimen be of the same thickness and prepared bjy the
samg process.as-the electrical insulating material under evaluation. If it is necessary to rgduce
its thjckness,\its surfaces shall not be contaminated during the process.

The maximum tolerance deviation from a straight edge placed along a diameter or diagponal
shall betesstham 0% of thethickmess:

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 .

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.
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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.

Repd

Reco

made.

at this procedure for a further test piece.

rd the frequency, temperature and relative humidity at which the measurements

Calcllate the values of permittivity and dissipation factor for each set of)measuremen

show

nin7.2.6.7.

Calclilate the means of these values as the permittivity and dissipation factor of the ma

unde

7.2.6
tan ¢

tan o
Atan

m4

Perm

I test.

.6 Symbols
L, is the dissipation factor of electrode assembly with test piece present;

b is the dissipation factor of electrode assembly{without test piece;
0 = (tan §4 — tan é,);

is the micrometer reading with test piece present, in mm;

is the micrometer reading without-test piece, in mm;

= (mq — my) in mm;

is the specimen thickness)in mm;

is the dissipation factor of material;

is the (relative) permittivity of material.

.7 Calculation of permittivity and dissipation factor

ittivity:

Calcnrlate the (relative) permittivity

were

S as

terial

Dissi

Ct—Am

pation factor:

Calculate the dissipation factor

tan 6 = Atan 5( "2 ]
t—Am

(3)

(4)
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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 standatrd—-permits—onhv-the-use—of-a—gas—{(usuathairlas-thefirstfluid—and-altiguid—as the
Y Lad J J \ J 7 ’ 1

secohd fluid.

The fest piece is inserted into a guarded electrode system, the electrode spacingradjusted, the
test piece removed and the capacitance and dissipation factor measured. The test piece is
replaiced and the capacitance and dissipation factor of the electrode systemfare re-measpred.
After|removal of the test piece, the space between the electrodes is filled with the immefrsion
liquid and the capacitance and dissipation factor measured. The test piéce is inserted and the
capagitance and dissipation factor re-measured. The permittivity and)dissipation factor qf the
test material are calculated as shown in 7.2.7.8.

7.2.7.2 Electrode system

The ¢lectrode system shall be of rigid mechanical design and of sufficient thermal capacity so
that fqapid changes in ambient temperature do not significantly affect its dimensions. The sylstem
shall| comprise a circular measuring electrode surtounded by a concentric coplanar gquard
electfode, and a moveable electrode, the separation of which from the measuring electrode is
contrplled by a micrometer head. The drive mechanism shall be linked with the electrodg¢s so
that the electrode does not rotate with the drive'mechanism. Both electrodes shall be moynted
vertigally so that air bubbles dragged into thee*liquid with the specimen may escape.

The ¢lectrode surfaces shall be flat and*shall remain substantially parallel at all times.

Figure 5 illustrates a possibleconstruction and means of connection to a three terminal
meaguring instrument.

For gonnection to instreuments with four or more terminals, reference should be made tp the
manyfacturer’s instructions.

NOTE| The temperature of this cell can be controlled to 0,1 °C by a liquid circulation system.

The glectrodes’ are preferably made from stainless steel. If they are made from brass, the¢n all
metal parts,shall be plated with hard bright gold having a minimum thickness of 10 pym.

7.2.73 Tmmersion 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.

Silicone fluid of viscosity 1 x 1076 m2/s to 2 x 10~ m2/s (1 ¢St to 2 c¢St) 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.
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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.

The precise specimen thickness is not required. However, it 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, the surfaces shall not be contaminated
during the process.

7.2.

Pre
Dry

at le

the

7.5 Preparation of test cell

pare a cell by rinsing several times with warm de-ionized water and then rinse with-ace

tone.

the cell at 50 °C and allow to cool to the measuring temperature (see 7.2.1), After allgwing
st 1 h for stabilization, the dissipation factor shall be less than (10 x 10~%). Ensurg that
lectrode assembly, the liquids and the test piece in the desiccator, are in thg¢rmal

equillbrium at the measuring temperature to within £0,1 °C before commeneing a test. Adjust

the
the

7.2.

electrode spacing so that the specimen occupies at least 80 % of the gap but without
gap completely so that it can be easily moved in and out.

7.6 Measurement of capacitance and dissipation factor

Conrlect the leads to the cell and follow the manufacturer’sfinstructions as to the initial b

cali

bfation. Record the values of capacitance and dissipation factor as C4 and tan J4 wi

betwgen the electrodes.

illing

ridge
h air

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

The femperature of the test specimen and*fluid shall be very close to that of the guard biqck.

Rem

pve the specimen from the *cell and fill the cell with the fluid chosen. Measure the

capafitance and dissipation factor-and record the values as C5 and tan J5.
Insernt the specimen into.the cell. Measure the capacitance and dissipation factor and rg¢cord
the vplues as C, and tan:o,.

Rempve the specimen from the cell after this measurement and repeat the procedurg for
a fur{her test piece.

sho

nin7.2.7.8.

Cal:\:qﬂate the values of permittivity and dissipation factor for each set of measuremen

S as

Calculate the mean values of permittivity and material dissipation factor. Record the frequency,
temperature and relative humidity at which measurements are made.
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For routine measurements, the following sequence, as shown in Table 1, 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),
None Liquid (C3)y (C3),

1 Liquid (Cy)4

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

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 J| is the dissipation factor of specimen;
D is the dissipation factor of celt'in air;

D, is the dissipation factor.with specimen in air;
A is the effectivelelectrode area in m2;

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

7.2.7.8 Calculation of permittivity and dissipation factor

Pernittivity:

Calculate the (relative) permittivity

C4ACA (G -C))
Cl(C4ACA — CyACH)

(5)


https://iecnorm.com/api/?name=a968d76e7a52032d0b0d451c1cb90133

IEC 60893-2:2023 © |IEC 2023 - 25—

Dissipation factor:

Calculate the dissipation factor from

wherg

CsADp
ACA

tan 6 =

(6)

__0G(G-G)
® " (C4ACA — CHACE)

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

. gegd
Cs

This cpn be compared with the measured thickness as an accuraey check.

7.2.7.9 Expression of results

The fesult shall be the mean of the determinations on individual specimens. Record als
indivldual values.

7.2.8 Test report

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

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

m

specimen_thickness and information concerning the surface treatment (if any) a
electrode\contact areas of the specimens;
m
m

ethedyand duration of conditioning of the specimens if not as specified;

easuring instrument;

(7)

(8)

b the

| the

electrode and specimen dimensions if not as specified;
temperature and relative humidity during the test;

test voltage;

test frequency;

relative permittivity &, arithmetic mean value, individual values;

dielectric dissipation factor (tan 6): arithmetic mean value, individual values;
date of test;
any unusual features noticed during the test.
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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 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 dgscribedinEC 626314-3-3:2045 Figure4-a)-

The holes in the test specimens shall be drilled with a suitable drill and then reamed With a
tapel 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 theyspecimen shall bg the
thickpess of the sheet under test.

7.3.3 Test method

Dry the test specimens in an oven at a temperature of 50 + 2:2C for (24 + 1) h and then immerse
them|in distilled or de-ionized water for (24 + 1) h at a témperature of 23 + 2 °C. At the epd of
this ti/me, remove the test specimens from the water and)remove the surface moisture by Wiping
with & clean dry cloth, absorbent paper or filter‘paper and insert the electrodes. Measure
the ipsulation resistance at 25 £ 10 °C in an  atmosphere of not more than 75 % relative
humifdity. 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 forl h £ 5 min at 105+ 5 °C) but in case of dispute,
the specified method shall be used.

The applied voltage shall be 500+ 10 V.

7.3.41 Results
Calcuilate the arithmetic’mean of the measured values in each direction in MQ and take the lower

of the two arithmetiec“'means as the insulation resistance after water immersion of the sheet
undef 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 necessary.

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.
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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 ppecimens shall be cut from the sheet under test and shall be 50 mm x 120 mm_x*thichness
of th¢ sheet under test.

7.5.3 Test method

Tracking and erosion resistance shall be determined in accordance Wwith IEC 60587 usinf the
methpd specified in the relevant sheet of IEC 60893-3.

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

of the specimen tested.

8 Thermal tests

8.1 Thermal endurance
8.1.1 General

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

8.1.2 Test specimens

Specimens shall becut/from the sheet under test and their dimensions shall be as descfibed
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. Upless
othenwise specified, thermal endurance shall be determined using flexural strength a$ the
distinguishing property (see 6.T) with 50 % reduction of the inifial value as the end-point. Tests
shall be carried out at 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.

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.
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Test specimens

2023

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
Repd
9 (

9.1
9.1.1
The 1

9.1.2

Spec

9.1.3

Results

rthe aSS|Q Ted crassification imaccordance with TEC60695-11=10-

Dther tests

Density
General

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

Test specimens

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

Test method

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

9.1.4 Results

ResUlts shall be expressed in g/cm3.

9.2

9.2.1

Water absorption

General

Watgr absorption shal~be determined in accordance with method 1 (6.2) of ISO 62:2008

as m

9.2.2

Thre
x the

pdified below.

Test specimens

p specimens shall be tested. The specimen dimensions shall be (50 £ 1) mm x (50 £ 1

and

mm

thickness of the sheet under test except in cases where the nominal thickness of the 5

unde

reduced to 22,5 mm = 0,3 mm by machining one face only to a relatively smooth finish.

9.2.3

Test method

bheet

I test is greater than 25 mm. In such cases. the thickness of the test specimens shall be

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

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.
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Dimensions in millimetres

L2302,

y
1

A

Y

Radius of notch base
corners: not greater than 0,1 mm

Thickness of the sheet under test

<

IEC.

a) Test specimen for Charpy impact strength test

Dimensions in millimetres

45° +1°
g- A A
b
~
Ny
A
S
+l
N
g
N
63,5 2 -

Radius of notch'base: 0,25 mm 0,05 mm

y Thickness-of the sheet under test £c

b) Test specimen for I1zod impact strength test

Figure 1 — Test specimens for impact strength test
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Dimensions in millimetres
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o
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A
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Test specimen
_ 10
45

A
Y

O

IEC

Figure 2 — Device for testing parallel shearing strength
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Dimensions in millimetres

Screw drive mechanism

Cdaxial connectors to | /
eldctrodes and cell body ]
7777750 gumugugsguggng
< oy /
[ 256 '+0,1 | N\
< 038 20,1 [ pcse 03201
//////// \_}h REARRRRE _,,-"f
E:::::::::{i ——
W
Thermometer pocket Guard electrode and framg
Spring loaded guarded electrode Movable spring loaded electrode
Guard electrode and conductive frame
Inter-electrode insulation
Measuring electrodes EC
Figure 3 — Example of electrode system for method A
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Dimensions in millimetres

Coaxial connectors to
electrodes and cell body

Micrometer head
(non-rotating spindle)

|

.

T

A

w
N
Al

Y

1]

288 £0,1 10,3 0,1

|
R -_"-

.

Thermometer pocket

Guard electrode and frame

m Guard electrode and conductive frame

\

Movable electrode

Fixed guarded electrode

Inter-electrode insulation

Measuring electrodes

IEC

Figure 4 — Example of electrode system for method B
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Dimensions in millimetres

Guard insulation
Slot for specimen 0,3 0,1

Fixed electrode

Movable electrode 238 +0,1

356 +0,1
Thermometer pocket

\ R e

Micrometer head

B

NN

f
T

Coaxial connectors to ,  <>
electrodes and cell body

] Guard electrode and conductive frame
] Inter-electrode insulation

Measuring electrodes

Figur — Example of el r m for method C

IEC
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Annex A
(informative)

Modes of representation of capacitance

Some instruments represent a capacitance having finite losses as a parallel combination
of loss-free capacitance Cp and a conductance Gy, (Figure A.1 a) while others use a series

combination of a capacitance Cg; and a resistance Ry (Figure A.1 b). In this document, the

parallel representation is used, although both representations are valid. The value of the
dissipation factor

tan & = wC, / G, = wCsRy

is the same in both representations, although the values of C,, Cs, G, and’|Gg depend Jupon
the vplue of tan ¢ as follows:

Cp=Cs/(1+tan s ?) (A1)

Gy =tand 2 [ (1+tan%9 2)RS (A.2)

Thus|the capacitance values C; measured by an instrument using a series representation will
requife conversion to CID according to Equation (A.1) when calculating the permittivity by means

of Equation (5) in 7.2.7.8, while the values of tan 6 measured by the instrument can be [used
directly in Equation (6).

In many cases, however, the value of tan 62 is so small compared to 1 that (dependent [upon
the alccuracy wanted) a correction of the Cp values will not be necessary.

p
. a
3
IEC IEC
Key
Gp Conductance R Resistance
Cp Capacitance Cy Capacitance
a) Parallel representation b) Series representation

Figure A.1 — Equivalent parallel and series representation of a capacitor
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Liquids which have been found to be useful are as follows:

Annex B
(informative)

— 35 —

Liquids of known permittivity values

Table B.1 — Liquids of know permittivity values

Warn

NOTE|

Liquid Permittivity value

Silicone (1 x 10® m?/s to 2 x 10°% m?/s) Ca. 2,2

Heptane Ca. 2,2
Perfluorocarbons >21
Chlorobenzene @ 5t0 6

1, 2-dichloroethane @ 9to 11

Ethanol 2 Ca. 30

Cyclohexane Ca.\2)2

of the lower permittivity liquids.

28  The permittivity of these liquids is much more temperatlre dependent than that

ing: Many of these liquids are toxic and requireé_hecessary precautions for use.

Further information can be found in [2].
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MATERIAUX ISOLANTS -
STRATIFIES INDUSTRIELS RIGIDES EN PLANCHES
A BASE DE RESINES THERMODURCISSABLES
A USAGES ELECTRIQUES -

Partie 2: Méthodes d'essai

AVANT-PROPOS

La|] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nofinalisation com
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEG)..,"L'IEC a pour
de|favoriser la coopération internationale pour toutes les questions de normalisation dans les don
de|l'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie-des Normes internatig
dep Spécifications techniques, des Rapports techniques, des Spécifications aCeessibles au public (P
dep Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est.confiée a des comités d'é¢|

posée
objet
aines
nales,
\S) et
udes,

auk travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organigations

internationales, gouvernementales et non gouvernementales, en liaison javec I'lEC, participent égal
aukk travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
dep conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions’techniques représentent, dans la n
du|possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
interessés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme ‘de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous_les efforts raisonnables sont entrepris afin qud
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétatiomqui en est faite par un quelconque utilisateur final.

D4gns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans
la mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre_toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre-indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune jattestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux m§
de|conformité de I'lEC. L'IEC n'estresponsable d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent's'assurer qu'ils sont en possession de la derniére édition de cette publication}

Aucune responsabilité ne/doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts.particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice‘causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit,*directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de¢ a‘publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oulau crédit\qui lui est accordé.

L'qttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public

ement
selon

esure
I'EC

réées
I'EC
sable

toute
nales
es ou

dants
rques
cation

aires,
I'IEC,
elque
enses
I'IEC,

ations

réilérencées est obligatoire pour une application correcte de la présente publication.

L'IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation d
de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de tou
de brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait pas regu notifi

'un ou
t droit
cation

qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu d'avertir
les responsables de la mise en application du présent document que des informations plus récentes

sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.i
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

ec.ch.

L'IEC 60893-2 a été établie par le comité d'études 15 de I'|EC: Matériaux isolants électriques
solides. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2003. Cette édition
constitue une révision technique.
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a) laréférence a la spécification IEC 60167:1964, qui a été annulée, a été supprimée;
b) des références a I'lEC 62631-3-3:2015, qui remplace I'lEC 60167:1964, ont été ajoutées.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Le contenu du 6.3 a été mis a jour en conséquence. La procédure d'essai n'a pas changé;

c) les références normatives ont été mises a jour.

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

Projet Rapportdevote

15/1017/FDIS 15/1023/RVD

1pport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

i @ son approbation.
hgue employée pour I'élaboration de cette Norme internationale est ’anglais.

ésent document a été rédigé selon les Directives ISO/IEC, ‘Partie 2, il a été dével
les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC,_Supplément IEC, dispon
www.iec.ch/members_experts/refdocs. Les principaux ‘types de documents dévelo
EC sont décrits plus en détail sous www.iec.ch/publigations.

iste de toutes les parties de la série IEC 60893;"publiées sous le titre général Maté
nts — Stratifiés industriels rigides en planches a base de résines thermodurciss
ges électriques, se trouve sur le site web de V'IEC.

mité a décidé que le contenu de ce document ne sera pas modifié avant la date de stzt}ilité

1ée sur le site web de I'|EC sous webstore.iec.ch dans les données relatives au docu

rechgrché. A cette date, le document sera

conduit,
ipprimé, ou

visé.

oppé
ibles

ppés

riaux
hbles

ent
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INTRODUCTION

Le présent document fait partie d'une série de normes qui traitent des stratifiés industriels
rigides en planches a base de résines thermodurcissables a usages électriques.

Cette série comporte quatre parties:

e Partie 1: Définitions, désignations et exigences générales (IEC 60893-1);
o Partie 2: Méthodes d'essai (IEC 60893-2);

e Partie 3: Spécifications pour matériaux particuliers (IEC 60893-3):

o Ppartie 4: Valeurs typiques (IEC TR 60893-4).
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MATERIAUX ISOLANTS -
STRATIFIES INDUSTRIELS RIGIDES EN PLANCHES
A BASE DE RESINES THERMODURCISSABLES
A USAGES ELECTRIQUES -

Partie 2: Méthodes d'essai

2023

La prn
dans

2 K

Les g
de le
citée
s'apq

IEC ¢
des 1

IEC 60212:2010, Conditions normales a observer avant et pendant les essais de maté

isola

IEC 60216-1:2013, Matériaux isolants~électriques — Propriétés d'endurance thermiq

Parti

IEC ¢
Essa

IEC ¢
neuyv|

IEC ¢
séve

Domaine d'application

Esente partie de I'lEC 60893 décrit les méthodes d'essai applicables aux matériaux d
I''EC 60893-1 (également désignée sous le nom de Partie 1).

Références normatives

Bfinis

ocuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou

s'applique. Pour les références non datées, la derniére &dition du document de réfé
lique (y compris les éventuels amendements).

0112, Méthode de détermination des indices delrésistance et de tenue au chemine
hatériaux isolants solides

nts électriques solides

b 1. Méthodes de vieillissement-et évaluation des résultats d'essai

0243-1:2013, Rigidité diélectrique des matériaux isolants — Méthodes d'essai — Par
is aux fréquences industrielles

0296:2012', Flyidés pour applications électrotechniques — Huiles minérales isol
es pour transformateurs et appareillages de connexion

res — Methodes d'essai pour évaluer la résistance au cheminement et a I'érosion

IEC {

artie

Ir contenu, des exigences du présent document. Pour les références datées, seule I'éJiition

ence

ment

riaux

jue —

tie 1:

hntes

0587:20072, Matériaux isolants électriques utilisés dans des conditions ambigntes

0695-11-10:2013, Essais relatifs aux risques du feu — Partie 11-10: Flammes d'es

sal —

Méth

odes d'essal horizontale et verticale a la flamme de 50 W

IEC 60893-1, Matériaux isolants — Stratifiés industriels rigides en planches a base de résines
thermodurcissables a usages électriques — Partie 1 Définitions, désignations et exigences
générales

IEC 60893-3 (toutes les parties), Matériaux isolants — Stratifiés industriels rigides en planches
a base de résines thermodurcissables a usages électriques — Partie 3: Spécifications pour
matériaux particuliers

1

Une cinquieme édition de cette norme a été publiée en 2020.

2 Une quatrieme édition de cette norme a été publiée en 2022.
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IEC TR 60893-4, Matériaux isolants — Stratifiés industriels rigides en planches a base

de ré

sines thermodurcissables a usages électriques — Partie 4 Valeurs typiques

IEC 62631-3-3:2015, Propriétés diélectriques et résistives des matériaux isolants solides —
Partie 3-3: Détermination des propriétés résistives (méthodes en courant continu) — Résistance
d'isolement

ISO 62:2008, Plastiques — Détermination de I'absorption d'eau

ISO 178:20103, Plastiques — Détermination des propriétés en flexion

ISO
Essa

ISO
Essa

ISO

ISO
géné

ISO
d'ess

ISO $04:2002, Plastiques — Détermination des propriétés en compression

ISO
des [
enm

ISO
dime
métr

79-1:20004, Plastiques — Détermination des caractéristiques au choc Charpy —_ Par
i de choc non instrumenté

79-2:1997°, Plastiques — Détermination des caractéristiques au choc Gharpy — Par
i de choc instrumenté

80:20008, Plastiques — Détermination de la résistance au choc (zod

527-1:20127, Plastiques — Détermination des propriétés eh traction — Partie 1: Prin
raux

527-4:19978, Plastiques — Détermination des propriétés en traction — Partie 4: Cond
ai pour les composites plastiques renforcés de fibres isotropes et orthotropes

183-1:2012°, Plastiques — Méthodes de détermination de la masse volun
lastiques non alvéolaires — Partie 1} Méthode par immersion, méthode du pycnor
lieu liquide et méthode par titrage

8611:201010, Spécification-géométrique des produits (GPS) — Equipement de mesl
nsionnel: Micrometres (d'extérieur — Caractéristiques de conception et caractérist
blogiques

tie 1:

tie 2:

Cipes

tions

nique

hetre

rage
ques

Une sixieme édition de cette norme a été publiée en 2019.
Une troisieme édition de cette norme a été publiée en 2023.
Une cinquieme édition de cette norme a été publiée en 2020.
Une cinquieme édition de cette norme a été publiée en 2023.
Une troisieme édition de cette norme a été publiée en 2019.
Une troisieme édition de cette norme a été publiée en 2023.

Une troisieme édition de cette norme a été publiée en 2019.

10 Une troisieme édition de cette norme a été publiée en 2023.
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3 Termes et définitions
Aucun terme n'est défini dans le présent document.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

4 onditionnement des éprouvettes

Sauf|spécification contraire, les éprouvettes doivent étre conditionnées pendant au moins|24 h
en afmosphére normale B selon I'lEC 60212:2010 (température de 23 + 2 °C, humidité relative
de (50 = 5) %).

Sauf|spécification contraire, chaque éprouvette doit étre soumise a I'essai dans I'atmosphére
de conditionnement et a la température de conditionnement, ou lescessais doivent démarrer
dans|les 3 min qui suivent le retrait de chaque éprouvette de I'atmosphére de conditionnement.

Lorsqu'un essai a température élevée est exigé dans l'une, des feuilles de spécifidation
de I'lEC 60893-3, les éprouvettes doivent étre conditionnéés pendant 1 h a cette tempérpture
élevde, immédiatement avant I'essai.

5 Dimensions

5.1 | Epaisseur
5.1.1 Généralités

Il est|permis d'utiliser toute méthode-~qui permet de mesurer I'épaisseur de la planche striifiée
en uh nombre de points approprié, sous réserve que le matériel employé et la méthode
de mesure permettent une précision de 0,01 mm ou mieux.

Il a ¢té démontré que la méthode de référence suivante était appropriée; celle-ci doif étre
utilisge en cas de contestation.

5.1.2 Appareillage d'essai pour la méthode de référence

En cps de contestation, un micrométre d'extérieur conforme a I''SO 3611, avec des faces
de mesuresd'un diameétre compris entre 6 mm a 8 mm, doit étre utilisé.

5.1.3L ~Procédure pour la méthode de référence

Mesurer I'épaisseur de la planche stratifiée rigide en I'état de livraison a 0,01 mm pres, en huit
points, a raison de deux points sur chacun des c6tés et a au moins 20 mm du bord.

51.4 Résultats

Consigner les valeurs minimale et maximale ainsi que la moyenne arithmétique de toutes
les valeurs mesurées, en mm.

5.2 Planéité
5.2.1 Généralités

Cet essai s'applique a toutes les planches d'épaisseur supérieure ou égale a 3 mm.
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5.2.2 Eprouvettes

L'éprouvette doit étre la planche entiére ou le panneau en essai, en |'état de livraison.

5.2.3 Méthode d'essai

Lorsqu'une planche d'épaisseur nominale supérieure ou égale a 3,0 mm est posée
sans contrainte, face concave au-dessus, sur une surface plane, la distance d'un point
de la surface supérieure a une regle rigide Iégere, d'une longueur de 1 000 mm ou de 500 mm,
déposée sur celle-ci dans n'importe quel sens, ne doit pas dépasser la valeur indiquée
dans la feuille correspondante de [I'lEC 60893-3 applicable au matériau concerné,
é Sor épa;aocul Ut a :a :UIIyUUUI dU :G |éulc. LG MmMidoov dU :G |e3:U dU 1 CCC mrrrre dUI paS

dépapser 800 g, et la masse de la réegle de 500 mm ne doit pas dépasser 400 g.

5.2.j Résultats

Consdigner I'écart de planéité maximal mesuré, en mm.

Lorsque la planche differe de la planéité dans les deux directions et qu'elle est voilée, mepurer
les deux écarts et consigner la mesure la plus élevée.

6 Essais mécaniques

6.1 Résistance a la flexion
6.1.1 Généralités

La rIsistance a la flexion est définie comme<gtant la contrainte de flexion a la rupture.
Elle doit étre déterminée selon la méthode spécifiée dans I'lSO 178. La Méthode A doi{ étre
utilisge.

6.1.2l Eprouvettes

Décduper les éprouvettes dansila planche a soumettre a l'essai, leurs axes principaux
étant paralleles aux cotés deida’planche. Soumettre a l'essai cing éprouvettes dans chaque
direcfion, sauf pour les types dont les fibres sont alignées principalement dans la méme
direction. Dans ces cas, - découper seulement cinqg éprouvettes, leur axe longitudinal
étanfl paralléle a la direction des fibres.

Si I'¢paisseur nominale de la planche a soumettre a I'essai est supérieure a 1$mm
(20 mm dans 4e-cas du type PF WV), réduire I'épaisseur des éprouvettes a 10 mm
(20 mm dang le cas du type PF WV).

Lorsqutil jest nécessaire de réduire I'épaisseur d'une éprouvette, procéder par usinhage

en lalssantune face-delanlancha intacta Nans cas cas 'édnrauvette-daoit dtre-sotimiseal ssai
d - ote-tat o O—raprartort ettt e ST O PO -OttE-a OO+ ot o1+

en mettant la surface initiale de la planche en contact avec les deux supports.

6.1.3 Méthode d'essai

L'essai doit étre effectué en appliquant la charge perpendiculairement au plan de stratification.
La vitesse d'essai doit étre de 5 mm/min avec une tolérance de +20 %.

6.1.4 Résultats

Consigner la moyenne arithmétique des résultats mesurés pour chaque direction, en MPa.
Prendre la plus petite des deux moyennes comme la résistance a la flexion minimale
de la planche en essai, sauf lorsque les fibres de renfort sont disposées principalement
dans une direction. Dans ces cas, prendre la valeur moyenne obtenue dans cette direction.
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6.2 Module d'élasticité en flexion
6.2.1 Généralités

La méthode d'essai suivante doit étre utilisée pour déterminer le module d'élasticité en flexion.

6.2.2 Eprouvettes

Les éprouvettes doivent avoir la méme forme que celle décrite pour l'essai de résistance
a la flexion décrit au 6.1.2 ci-dessus.

6.2.3

Le mpdule d'élasticité doit étre déterminé selon la méthode spécifiée dans I'lSO 1783

6.2. Résultats

Les reésultats doivent étre exprimés en MPa.

6.3 | Résistance a la compression

6.3.1 Généralités

La mgthode d'essai suivante doit étre utilisée pour déterminersla résistance a la compression.

6.3.2] Eprouvettes

Les eprouvettes doivent étre découpées dans laplanche en essai, comme cela est ¢écrit
dans|I'ISO 604.

6.3.3 Méthode d'essai

La réjsistance a la compression doit étre’déterminée selon la méthode spécifiée dans I'I|SO[604,
en appliquant la charge perpendiculairement au plan de stratification.

6.3.4 Résultats

Les resultats doivent étrexexprimés en MPa.

6.4 Résistance au'choc
6.4.1 Généralités

Cet gssaj-ne“s'applique qu'aux planches d'épaisseur nominale supérieure ou égale a 5 mm.

6.4.2L__ Résistance-auchoc Charpy
6.4.2.1 Eprouvettes

Les éprouvettes doivent étre découpées dans la planche en essai conformément
ala Figure 1 a). Cinq éprouvettes d'épaisseur comprise entre 5 mm et 10 mm doivent étre
soumises a l'essai dans chaque direction, sauf pour les types dont les fibres sont alignées
principalement dans la méme direction. Dans ces cas, découper seulement cingq éprouvettes,
leur axe longitudinal étant paralléle a la direction des fibres.

Si I'épaisseur nominale de la planche a soumettre a I'essai est supérieure a 10 mm, réduire
I'épaisseur des éprouvettes a 10 mm, par usinage de la méme quantité sur les deux faces
de la planche.
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6.4.2.2 Méthode d'essai

La résistance au choc Charpy doit étre déterminée parallélement au plan de stratification selon
la méthode spécifiée dans I'lSO 179-1 et I'lSO 179-2, excepté que les éprouvettes doivent étre
telles que décrites ci-dessus et que I'écartement des supports doit étre égal a 70 mm.
Le matériau doit étre soumis a l'essai, I'axe principal étant paralléle aux c6tés de la planche
dans chaque direction, sauf dans le cas des matériaux dont les fibres sont disposées
principalement dans la méme direction. Pour ces matériaux, seules des éprouvettes
dont leur axe longitudinal est parallele a la direction des fibres doivent étre soumises a I'essai.

6.4.2.3 Résultats

Consligner la moyenne arithmétique des résultats mesurés pour chaque direction, en. kj)/m2.
Prenglre la plus petite des deux moyennes comme la résistance au choc Charpy)minimale
de la|planche en essai, sauf lorsque les fibres de renfort sont disposées principalgment
dansfune direction. Dans ces cas, prendre la valeur moyenne obtenue dans cette direction.

6.4.3 Résistance au choc lzod
6.4.31 Eprouvettes

Les Eprouvettes doivent avoir les dimensions décrites a la Figure 1 b). Cing éprouviettes
d'épgisseur comprise entre 5 mm et 10 mm doivent étre soumises a l'essai dans czl‘aque
direction, sauf pour les types dont les fibres sont alignées.*principalement dans la méme
direction. Dans ces cas, découper seulement cinq, éprouvettes, leur axe longitudinal
étanf| paralléle a la direction des fibres.

Si I'fpaisseur nominale de la planche a soumettre.a I'essai est supérieure a 10 mm, réduire
I'épalsseur des éprouvettes a 10 mm, par usinage de la méme quantité sur les deux faces
de la|planche.

6.4.3.2 Méthode d'essai

La résistance au choc lzod doit é¢tre déterminée parallelement au plan de stratifidation
selor| la méthode spécifiée dans!ISO 180. Le matériau doit étre soumis a I'essai, I'axe principal
étant paralléle aux co6tés de la-planche dans chaque direction, sauf dans le cas des matériaux
dont|les fibres sont disposées principalement dans la méme direction. Pour ces matéfiaux,
seulds des éprouvettes.dont leur axe longitudinal est parallele a la direction des ;libres
doivgnt étre soumises-al‘essai.

6.4.3.3 Résultats

Consigner la’moyenne arithmétique des résultats mesurés pour chaque direction, en kJJ/m?2.
Prengre lacplus petite des deux moyennes comme la résistance au choc lzod mirLLmale

de la|planche en essai, sauf lorsque les fibres de renfort sont disposées principalgment
dans|une’direction. Dans ces cas, prendre la valeur moyenne obtenue dans cette direction.

6.5 Résistance au cisaillement paralléelement au plan de stratification
6.5.1 Généralités

Les données issues de l'essai de résistance au cisaillement parallélement au plan
de stratification donnent une indication concernant le degré d'agglomération ou la cohésion
entre les couches. L'essai ne s'applique qu'aux planches d'épaisseur nominale supérieure
a5 mm.
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6.5.2  Eprouvettes
Des éprouvettes rectangulaires sont découpées aux dimensions suivantes:

longueur 20 mm £ 0,1 mm;

. . 0
largeur et épaisseur 5 _; .5 mm.

Découper les éprouvettes dans la planche a soumettre a l'essai, leurs axes principaux
étant paralleles aux c6tés de la planche. Préparer cinqg ensembles de deux éprouvettes
dans chaque direction.

Les fleux éprouvettes de chaque paire doivent avoir des largeurs (dimension dans-lg [sens
des gouches orthogonales a la longueur) identiques a 0,01 mm pres.

6.5.3 Méthode d'essai

Deuy éprouvettes sont simultanément soumises a une contrainte , ‘de cisaillement
dans|le dispositif représenté a la Figure 2.

Les e¢prouvettes doivent étre disposées de sorte que la contrainte“de cisaillement s'exerce
parallelement au plan de stratification. La vitesse relative dé déeplacement de la trayerse
de lafmachine d'essai doit étre de 2 mm/min avec une toléraneé-de +20 %.

6.5.1 Résultats
c

Calculer la résistance au cisaillement en divisant la‘force de cisaillement par la surface fotale
de 2 [x 100 mm?2 des plans de cisaillement.

Condigner la moyenne arithmétique des résultats mesurés pour chaque direction, en MHa, et
prendire la plus petite des deux moyennes comme résistance au cisaillement pargllele
de la|plaque en essai.

6.6 Résistance a la traction

6.6.1 Généralités

La résistance a la traction, définie comme étant la contrainte de traction a I'effort maximal,
doit étre déterminéeg )selon la méthode spécifié¢e dans [I'ISO 527-4, conjointement
avec|l'lSO 527-1.

6.6.2] Eprouvettes

Les gprouvettes doivent étre découpées dans la planche en essai, leurs axes principaux
étant paralleles aux c6tés de la planche dans chaque dlrectlon Cmq eprouvettes d'épaigseur

n0m| Ia:U UUIII'JIIOU UIItIU 4I 5 rrrt Ut 1C C LRI dUIVUIIt UtIU VIUVGIUUO UGIIO uhaquc dll Ution
conformément au type 1 de I'SO 527-4, sauf dans le cas des matériaux dont les fibres
sont disposées principalement dans la méme direction. Pour ces matériaux, seules
des éprouvettes dont I'axe longitudinal est paralléle a la direction des fibres doivent étre
soumises a l'essai.

Si I'épaisseur de la planche a soumettre a I'essai est supérieure a 10 mm, réduire I'épaisseur
des éprouvettes a 10 mm par usinage de la méme quantité sur les deux faces de la planche.

6.6.3 Méthode d'essai

Effectuer l'essai, comme cela est décrit dans [I'ISO 527-4. La vitesse de séparation
des machoires de la machine d'essai doit étre de 5 mm/min avec une tolérance de +20 %.
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6.6.4 Résultats
Consigner la moyenne arithmétique des résultats mesurés pour chaque direction, en MPa.
Prendre la plus petite des deux moyennes comme la résistance a la traction minimale

de la planche en essai, sauf lorsque les fibres de renfort sont disposées principalement
dans une direction. Dans ces cas, prendre la valeur moyenne obtenue dans cette direction.

7 Essais électriques

7.1 Rigidité diélectrique et tension de claquage

7.1.1 Généralités

La rigidité diélectrique et la tension de claquage doivent étre déterminées selon lesiméthlodes
spéclfiées dans I'lEC 60243-1 qui décrit I'essai par paliers et l'essai d'épreuve de |60 s.
L'ung ou l'autre méthode d'essai peut étre utilisée. Sauf spécification contraire} liéssai doif étre
effecfué a 90 °C £ 2 °C dans I'huile minérale décrite dans I'lEC 60296:2012, raisonnablegment
exenipte de produits de décomposition. Immédiatement avant I'essai, immerder les éprouviettes
dans|l'huile maintenue a cette température sur une période comprise €ntre 0,5 h et 1 h.

7.1.2 Eprouvettes

Pour|la rigidité diélectrique, soumettre a I'essai trois éprouyette’s perpendiculairement au| plan
de dtratification. Pour la tension de claquage, soumsettre a I'essai trois éprouviettes
parallelement au plan de stratification.

Les |éprouvettes doivent étre découpées dans\ la planche en essai. Les éprouviettes
doivgnt avoir les dimensions décrites dans I'lEC<60243-1.

7.1.3 Méthode d'essai
7.1.31 Généralités

Soumettre le matériau a I'essai_par paliers de 20 s décrit au 10.2 de I'lEC 60243-1:2013 ou
a l'egsai d'épreuve de 60 s décrityau 10.6 de I'EC 60243-1:2013.

7.1.3/.2 Rigidité diélectrique perpendiculairement au plan de stratification

Pour| les épaisseurs-'‘inférieures ou égales a 3 mm, le matériau doit étre soumis a I'gssai
perpendiculairement-au plan de stratification. L'électrode supérieure doit avoir un diamétre
de 2% mm et Jeélectrode inférieure doit avoir un diametre de 75 mm, conformément
a I'lEJIC 6024 3=1¢

Cet gssain’est généralement pas exigé pour les épaisseurs supérieures a 3 mm, dans la [série
des Parties 3. Lorsque cela est exigé, réduire I'épaisseur des éprouvettes a8 3 mm par usinage
sur une seule face, conformément au 5.2.1.4 de I'lEC 60243-1:2013, et appliquer I'exigence
d'épaisseur de 3 mm.

7.1.3.3 Tension de claquage paralléelement au plan de stratification

Pour les épaisseurs supérieures a 3 mm et inférieures ou égales a 10 mm, le matériau doit étre
soumis a l'essai parallélement au plan de stratification selon le 5.3.3 de I'lEC 60243-1:2013
(électrodes a broches coniques) ou selon le 5.3.2.1 de I'lEC 60243-1:2013 (électrodes plaques
paralleles). Pour les épaisseurs supérieures a 10 mm, le matériau doit étre soumis a I'essai
selon le 5.3.2.1 de I'lEC 60243-1:2013 (électrodes plaques paralléles). Pour les types
de matériaux dont les fibres sont disposées principalement dans la méme direction, l'essai
doit étre effectué dans la direction des fibres.
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7.1.3.4 Résultats

Pour chacun des essais ci-dessus, la moyenne arithmétique des résultats d'essai doit étre prise
comme résultat. La valeur minimale doit également étre consignée. Les résultats de I'essai
de rigidité diélectrique perpendiculairement au plan de stratification doivent étre consignés
en kV/mm et les résultats de l'essai de tension de claquage parallelement au plan
de stratification doivent étre consignés en kV.

7.2 Permittivité et facteur de dissipation

7.21 Exigences générales

La permittivité et le facteur de dissipation peuvent étre déterminés selon n'importe Ia(JueIIe
des tfois méthodes indiquées au 7.2.2. Sauf indication contraire dans les\ ar}icles
corrgspondants de I'lEC TR 60893-4, les éprouvettes doivent étre conditionnées pemdant
(96 {4 1) h, dans l'air, a une température de 105 °C £ 5 °C avec une humidité relative inférjeure
a 20 % (atmosphére normale chaude et séche selon I'IEC 60212:2040). A [I'lssue
de cgtte période, laisser les éprouvettes refroidir a température ambiante dans‘un dessiccateur.
Appliguer les électrodes et/ou effectuer les mesurages dans les 10 min-qui suivent le retrait
de chaque éprouvette du dessiccateur.

Lorsque des électrodes solidaires de I'éprouvette sont exigées,“de la peinture a l'afgent
doit @tre appliquée au centre de I'éprouvette. Des électrodes”en caoutchouc condugteur,
des ¢lectrodes obtenues par vaporisation ou par pulvérisationsne doivent pas étre utiliségs.

Sauf| spécification contraire, les mesurages doivent™étre effectués a une tempérpture
de 23 °C = 2 °C a une fréquence industrielle comprise entre 48 Hz et 62 Hz ou a la fréquence
radioglectrique de 1 MHz.

Pour|s'assurer que les éprouvettes, les électrodes et le fluide d'immersion sont en équilibre
thermpique avec leur environnement pendant le mesurage, il convient de les maintenir
élartnlempérature de mesure pendantgau moins 0,5 h immédiatement avant d'effectuer
le mgsurage. La tension doit étre suffisamment élevée pour procurer la sensibilité exjgée,
mais|suffisamment basse pour éviter un chauffage diélectrique et des décharges aux bords
des électrodes.

Sauf|spécification contraire, 1'essai doit étre effectué sur deux éprouvettes pour I'ensgmble
des tfois méthodes. A tout moment, les éprouvettes doivent étre manipulées avec des p|nces
platep en acier inoxydable afin de réduire le plus possible les possibilités d'endommagement
ou d¢ contamination.

La mpyenne des deux valeurs mesurées doit étre prise comme résultat.

Pour|obtenir des recommandations et explications supplémentaires, il convient de congulter
I'EC[60250:1969 [1]'".

NOTE Dans l'ensemble, les trois méthodes décrites peuvent étre utilisées pour des matériaux en planches
d'épaisseur comprise entre 0,3 mm et 12,0 mm, en fonction de la conception des supports d'éprouvettes et
des électrodes, mais la précision de chaque méthode est influencée par les dimensions et les propriétés
de I'éprouvette.

11 Les chiffres entre crochets renvoient a la Bibliographie.
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7.2.2 Méthodes

Méthode A — Méthode de mesure directe utilisant des électrodes solidaires de I'éprouvette

Méthode B — Technique de substitution dans I'air n'utilisant pas d'électrodes solidaires
de I'éprouvette

Méthode C — Technique par immersion dans deux fluides n'utilisant pas d'électrodes solidaires
de I'éprouvette

,0 et
mm
et 14,0 mm, en fonction de la conception des supports d'éprouvettes. La Méthode A exige
une ¢onnaissance exacte de I'épaisseur de I'éprouvette et peut étre utilisée dans,tous le§ cas
lorsque cette information est disponible. Voir 7.2.3.

La Méthode B convient aux matériaux en planches de permittivité inférietine:ou égale a[10,0,
mais|peut ne pas étre suffisamment précise pour les matériaux dont leffacteur de dissipfation
est ipférieur & 250 x 10-6. La Méthode B exige une connaissance, -exacte de I'épaigseur
de I'§prouvette et peut étre utilisée en lieu et place de la Méthode A lorsque cette informjation
est disponible. En fonction de la conception des supports d'éprouvettes, les éprouviettes
d'épgisseur comprise entre 0,3 mm et 12,0 mm peuvent étre soumises a l'essai.

La Mthode C convient aux matériaux de permittivité inférieure ou égale a 10,0, mais pept ne
pas ¢tre suffisamment précise pour les matériaux dantyle facteur de dissipation est inférieur
a 250 x 1078, Si I'épaisseur n'est pas connue aveé<une exactitude suffisante, la Méthqde C
peut |étre utilisée, excepté que la méthode exigelutilisation d'un liquide inerte qui présente
apprpximativement la méme permittivité que celle"de I'éprouvette.

La Néthode C par immersion peut fouknir une meilleure précision pour la permiftivité
des matériaux en planches d'épaisseut’comprise entre 0,3 mm et 1,0 mm. Cette méthode
présgnte en outre l'avantage de né-“pas exiger une connaissance exacte de I'épaigseur
de I'§prouvette, mais ne convient pas aux matériaux qui ont une structure a cellules ouveftes.

7.2.3 Principes des méthodes

Dang les méthodes décrites, I'ensemble d'électrodes fait partie intégrante du support
d'éprpuvette dans lequel I'éprouvette est placée. Dans la Méthode A, les électrodes supports
sont en contact avec_ les électrodes solidaires et les propriétés de I'éprouvette sont mesdrées
avec|I'éprouvette-formant un condensateur simple. L'avantage spécifique de la Méthqde A
est gue ces mésurages peuvent étre effectués a température élevée, avec comme seule limite
les pfopriétés-thermiques de I'éprouvette.

Dang les/Méthodes B et C, I'éprouvette et le ou les fluides isolants appropriés sont intrgdduits
dans ; i i fSsipati mble
sont mesurés. Ces systémes introduisent de plus faibles erreurs de mesure que les électrodes
solidaires. llIs facilitent également l'installation des électrodes de garde pour réduire le plus
possible les distorsions de champ électrique et les capacités parasites.

Des systémes d'électrodes appropriés pour chacune des méthodes sont décrits au 7.2.5.2,
au 7.2.6.2 et au 7.2.7.2. Des instruments de mesure appropriés sont décrits au 7.2.4.

La permittivité et le facteur de dissipation d'un diélectrique peuvent varier considérablement
en fonction de la fréquence, la température et I'humidité relative. Par conséquent, il convient
de prendre les valeurs mesurées uniquement pour indiquer les propriétés diélectriques
de I'éprouvette dans des conditions similaires a celles utilisées lors de I'essai.
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