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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VARNISHES USED FOR ELECTRICAL INSULATION -

Part 2: Methods of test

FOREWORD

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

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

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

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

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

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

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

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

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

This Consolidated version of IEC 60464-2 bears the edition number 2.1. It consists of
the second edition (2001-07) [documents 15C/1224/FDIS and 15C/1253/RVD] and its
amendment 1 (2006-01) [documents 15/253/FDIS and 15/280/RVD]. The technical content
is identical to the base edition and its amendment.

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions and deletions are displayed in red, with
deletions being struck through. A separate Final version with all changes accepted is
available in this publication.

This publication has been prepared for user convenience.
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International Standard IEC 60464-2 has been prepared by subcommittee 15C: Specifications,
of IEC technical committee 15: Insulating materials.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

This part of IEC 60464 is one of a series which deals with varnishes used for electrical
insulation. The series consists of three parts:

Part 1: Definitions and general requirements (IEC 60464-1);
Part 2: Methods of test (IEC 60464-2);

Part 3: Specifications for individual materials (IEC 60464-3).
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VARNISHES USED FOR ELECTRICAL INSULATION —

Part 2: Methods of test

1 Scope

This part of IEC 60464 specifies methods of test to be used for testing varnishes used for
electrical insulation. This includes methods of test to be applied before and others to be
applied after drying and/or curing of the varnish.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60464. For dated references, subsequent amend-
ments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60464 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60050(212):1990, International Electrotechnical Vocabulary (IEV) — Chapter 212: Insulating
solids, liquids and gases

IEC 60068-2-10:1988, Environmental testing — Part 2: Tests — Test J and guidance: Mould
growth

IEC 60093:1980, Methods of test for volume resistivity and surface resistivity of solid
electrical insulating materials

IEC 60216 (all parts), Guide for the determination of thermal endurance properties of
electrical insulating materials

IEC 60243-1:1998, Electrical strength of insulating materials — Test methods — Part 1: Tests
at power frequencies

IEC 60250:1969, Recommended methods for the determination of the permittivity and
dielectric dissipation factor of electrical insulating materials at power, audio and radio
frequencies including metre wavelengths

IEC 60296:1982, Specification for unused mineral insulating oils for transformers and
switchgear

IEC 60464 (all parts), Varnishes used for electrical insulation

IEC 60641-3-1:1992, Specification for pressboard and presspaper for electrical purposes —
Part 3: Specifications for individual materials — Sheet 1. Requirements for pressboard, types
B.0.1,B.2.1,B.2.3,B.3.1,B.3.3,B.4.1, B.4.3, B.5,1, B.6.1 and B.7.1

IEC 60851-4:1996, Methods of test for winding wires — Part 4. Chemical properties

IEC 61033:1991, Test methods for the determination of bond strength of impregnating agents
to an enamelled wire substrate

IEC 61099:1992, Specifications for unused synthetic organic esters for electrical pdpegiiments
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ISO 291:1997, Plastics — Standard atmospheres for conditioning and testing

ISO 558:1980, Conditioning and testing — Standard atmospheres — Definitions

ISO 760:1978, Determination of water — Karl Fischer Method (General method)

ISO 1144:1973, Textiles — Universal system for designating linear density (Tex System)
ISO 1513:1992, Paints and varnishes — Examination and preparation of samples for testing
ISO 1514:1993, Paints and varnishes — Standard panels for testing

ISO 1519:1973, Paints and varnishes — Bend test (cylindrical mandrel)

ISO 1520:1999, Paints and varnishes — Cupping test

ISO 1523:1983, Paints, varnishes, petroleum and related products — Determination of flash
point — Closed cup equilibrium method

ISO 2078:1993, Textile glass — Yarns — Designation
ISO 2113:1996, Reinforcement fibres — Woven fabrics — Basis for a specification
ISO 2431:1993, Paints and varnishes — Determination of flow time by use of flow cups

ISO 2555:1989, Plastics — Resins in the liquid state or as emulsions or dispersions —
Determination of apparent viscosity by the Brookfield Test method

ISO 2578:1993, Plastics — Determination of time-temperature limits after prolonged exposure
to heat

ISO 2592:2000, Determination of flash and fire points — Cleveland open cup method
ISO 2808:1997, Paints and varnishes — Determination of film thickness
ISO 2811 (all parts), Paints and varnishes — Determination of density

ISO 2812-1:1993, Paints and varnishes — Determination of resistance to liquids — Part 1:
General methods

ISO 3219:1993, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions —
Determination of viscosity using a rotational viscometer with defined shear rate

ISO 3251:1993, Paints and varnishes — Determination of non-volatile matter of paints,
varnishes and binders for paints and varnishes

ISO 3679:1983, Paints, varnishes, petroleum and related products — Determination of
flashpoint — Rapid equilibrium method

ISO 11890-1:2000, Paints and varnishes — Determination of volatile organic component (VOC)
content — Part 1: Difference method

ISO 11890-2:2000, Paints and varnishes — Determination of volatile organic component (VOC)
content — Part 2: Gas chromatographic method Documents
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ISO 15528:2000, Paints, varnishes and raw materials for paints and varnishes — Sampling

3 Definitions

For the purposes of this part of IEC 60464, the following definitions as well as the definitions
of IEC 60050(212) and IEC 60464-1 apply.

3.1

volume resistance

that part of the insulation resistance which is due to conduction through the volume and
excludes surface current

3.2
volume resistivity
volume resistance reduced to a cubical unit volume

3.3
dielectric dissipation factor (tan )
numerical value of the ratio of the imaginary to the real part of the complex permittivity

3.4
relative permittivity (&)
ratio of the absolute permittivity to the electric constant

NOTE In practical engineering, it is usual to employ the term "permittivity" when referring to relative permittivity.

4 General notes on methods of test

Unless otherwise specified in the relevant specification standard, or in the method of test, all
tests shall be carried out at atmospheric conditions in a temperature of (25 +4) °C and a
relative humidity range between 45 % to 70 %. Before measurements are made, the sample
or test specimen shall be pre-conditioned under these atmospheric conditions for a time
sufficient to allow the sample or the test specimen to reach stability. For taking samples in
liquid or paste form, ISO 15528 shall be applied. For preparation of such samples for testing,
ISO 1513 shall be applied.

NOTE For definitions of terms for standard atmospheres, see 1SO 558. The test atmosphere as specified above
does not comply with any of the two standard atmospheres as specified in ISO 291 but covers both ranges
inclusive of their tolerances.

Normally, all mandatory requirements for a method of test are given in the description, and
diagrams are intended only to illustrate one possible arrangement for conducting the test. In
case of inconsistencies between this standard and the specification sheets of IEC 60464-3,
the latter shall prevail.

When another standard is invoked for a test method, reference to that standard shall be
included in the report.

5 Methods of test for undried and/or uncured varnishes

The materials before drying and/or curing are varnishes in their original liquid state.
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5.1 Flashpoint

For flashpoint temperatures of 79 °C and above, the method given in 1ISO 2592 shall be used.
For flashpoint temperatures below 79 °C, the method given in 1SO 1523 shall be used with
any of the closed-cup apparatus as described in annex A of that standard. ISO 1523 shall be
read in conjunction with ISO 3679.

Two measurements shall be made on two separate samples and the two results of flashpoint
shall be reported.

5.2 Density

The method given in ISO 2811 shall be used. Two measurements shall be made and the two
results of density shall be reported.

5.3  Viscosity

The viscosity shall be determined with a suitable device at (23 + 0,5) °C. If a rotating type of
device is used, it shall be in accordance with 1SO 2555 (Brookfield type) or with 1SO 3219
(a type working at defined shear rate). If an efflux type of equipment is used, the method of
test and the flow cup shall be in accordance with ISO 2431.

Two measurements shall be made and the two results of viscosity shall be reported.

5.4 Content of non-volatile matter

The method given in ISO 3251 shall be used. Two measurements shall be made and the two
results of the content of non-volatile matter shall be reported.

5.5 Dilution ability

Dilution ability is expressed by the amount of solvent and/or diluent which can be added to the
varnish until cloudiness or separation is observed.

5.5.1 Procedure

A varnish sample of (50 + 1) ml shall be poured into a glass cylinder of about 250 ml volume.
Solvent and/or diluent as agreed between supplier and purchaser shall be added in defined
portions of for instance (10 + 0,2) ml until cloudiness or separation is observed. After each
addition, the content of the glass cylinder shall be properly stirred to obtain a homogeneous
mixture and shall be allowed to settle for at least 5 min and not more than 10 min.

5.5.2 Result

One measurement shall be made and the type of solvent and/or diluent and the percentage in
volume added without appearance of cloudiness or separation shall be reported.

5.6  Stability of varnish in an open vessel

Stability in an open vessel is expressed by the change in viscosity after storing the varnish at
(50 £ 2) °C for (96 = 1) h (four days).

5.6.1 Equipment
If not otherwise specified, the following equipment shall be used:

— aglass cylinder of 7 cm to 8 cm in diameter and of 9 cm to 10 cm in height;
— an oven without forced air circulation and with a rate of ventilation of 6 to 10 gif changes

per hour. ocuments
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5.6.2 Procedure

Viscosity of the varnish sample shall be determined in accordance with 5.3 at (23 + 0,5) °C.
A varnish sample of (150 £ 1) g shall then be weighed into the glass cylinder and shall be
placed in the oven maintained at (50 = 2) °C. Every 24 h an amount of solvent and/or diluent
as agreed between supplier and purchaser shall be added to compensate for that lost by
evaporation and shall be properly mixed with the varnish. When the same procedure is
completed after 96 h, the viscosity of the varnish shall be determined according to 5.3 at
(23 £0,5) °C.

5.6.3 Result

One measurement shall be made and the type of solvent and/or diluent as well as the
viscosity before and the viscosity after temperature exposure shall be reported.

5.7 Drying and/or curing in thick layer

Drying and/or curing in thick layer is expressed by the condition after curing of the top side,
bottom side and interior of the specimen.

5.7.1 Equipment
The following equipment shall be used:

— flat and smooth square pieces of aluminium foil, 0,1 mm to 0,15 mm in thickness, having a
side length of (95 £ 1) mm:;

— a square form made of metal or any suitable solid material (25 = 1) mm in thickness and
having a side length of (45 + 1) mm;

— an oven with forced air circulation and with a minimum rate of eight fresh-air changes per
hour. The oven shall be of the type and design used for drying and/or curing specimens.

5.7.2 Test specimen

A piece of aluminium foil shall be cleaned by adequate means and shall be folded around the
form to produce a square mould of about 45 mm side length. A varnish sample with a mass of

m = 810 p/X

shall be weighed to 0,1 g into the mould,
where

m is the sample mass in grams (g);

p is the density in grams per cubic centimetre (g/cm3);
X is the non-volatile matter in per cent (%).

After drying and/or curing at a temperature and for a time agreed between the supplier and
the purchaser, the aluminium foil shall be removed.

NOTE Using the coefficient 810 cm? in the above equation ensures a resulting thickness of the specimen of about
4 mm after removing the aluminium foil.

5.7.3 Procedure

The specimen shall be assessed by description of the conditions of its top side, bottom side
and interior, expressed according to statements for visual appearance and for tackiness by
the symbols given in tables 1, 2 and 3.
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Table 1 — Condition of the top side

Condition Symbol
Smooth S1
Wrinkled S2

Table 2 — Condition of the bottom side

Condition Symbol
Non-tacky ul
Tacky U2

Tackiness shall be determined according to 6.4.1.

Table 3 — Condition of the interior

Condition Symbol X
Rigid 11.X
Horny machinable 1 2.X
Leather-like 13.X
Rubber-like 1 4.X
Gel-like 15.X
Liquid 1 6.X
The specimen contains
— no voids
— not more than five voids
— more than five voids 3

For the condition of the interior, a statement shall be added whether the interior is uniform or
not uniform.

NOTE It may be necessary to cut the specimen, to bend the specimen with the fingers or to use a knife for
describing the mechanical properties.

5.7.4 Result

Two specimens shall be tested and the two results of drying and/or curing in thick layer shall
be reported.

EXAMPLE For a specimen which has a smooth top side and a non-tacky bottom side, which
is leather-like and uniform and which contains three voids, the result is described as:
S1-U1-13.2—-uniform.

5.8 Effect of varnish on enamelled winding wires

The effect of varnish on enamelled wire is expressed by the pencil hardness of the wire
coating after varnish treatment of a straight piece of wire according to IEC 60851-4.

Three straight pieces of wire shall be tested and the three results of pencil hardness shall be
reported.

Full document details: IEC 60464-2-2014
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5.9 pH of water or emulsion based varnish (Type W or Type E)

5.9.1 Equipment

The following equipment shall be used:
— laboratory pH meter and associated glassware;

— buffer solutions corresponding to the extremes of the specified pH range of the varnish
within +0,5;

— thermometer;

— demineralized water.

5.9.2 Procedure

The pH meter shall be used in accordance with the manufacturer’'s instructions. All
pH measurements shall be made with material maintained at 23 °C + 2 K.

Calibrate the pH meter at the pH values of the buffer solutions. The electrodes and glassware
shall be washed in demineralized water between measurements. A repeated measurement on
each solution shall agree within 0,1.

Thoroughly wash the glass electrode and immerse to the depth specified by the manufacturer
in the varnish maintained at 23 °C + 2 K to determine the pH. A repeated measurement shall
agree within 0,1.

5.9.3 Result

The result is the mean of the final pair of measurements.

6 Methods of test for dried and/or cured varnishes
The materials after drying and/or curing are varnish coatings on substrates.

6.1 Test specimen

The number of specimens and the type of substrate required are specified in the particular
method of test, in the relevant specification sheet of IEC 60464-3 or shall be agreed upon
between the supplier and the purchaser. The term "test specimen" refers to a substrate with
the dried and/or cured varnish coating or impregnation as required for the respective method
of test. In the following text "test specimen" is referred to as "specimen".

If steel panels and/or glass fabric are required as substrate, they shall be in accordance with
6.1.1 and 6.1.2, respectively.

6.1.1 Steel panel

Unless otherwise specified, a steel panel according to ISO 1514 but of a thickness of
(0,125 + 0,010) mm, a length of (100 £ 5) mm and a width of at least 80 mm shall be used.
The preparation and cleaning of the panel shall be in accordance with the measures proposed
in ISO 1514. The steel panel shall be coated according to 6.1.3.

NOTE In ISO 1514, panels of, for instance, steel, tinplate, aluminium or glass are recommended as substrates for
paints and varnishes. In the past, the use of copper panels was proposed. However, steel panels generally have
been found suitable and convenient to handle and use. For the purpose of standardization, the type of panels used
for insulating varnishes and (solvent-free) impregnating resins should be identical. For unsaturated polyester-
based impregnating resins, copper may act as an inhibitor or accelerator and therefore copper panels should be
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6.1.2 Textile glass fabric

Unless otherwise specified, textile glass fabric of a plain weave with (21 + 3) yarns each for
warp and weft and with a mass of 40 g/m?2 to 60 g/m2 in accordance with 1SO 2113 shall be
used. The yarn employed for this glass fabric shall be identical for warp and weft and shall be
of the type EC5, EC6, or EC7 in accordance with ISO 2078.

EXAMPLE 1

Yarn of the type EC5 5,5 x 2 S 150 (the full designation is EC55,5Z 40 x 2 S 150) is a folded
(plied) yarn having two identical components, which are twisted 150 times per metre and
which consist of single continuous-filament yarn according to 1SO 2078 of the type
EC5 5,5 Z 40. This type is made of continuous filaments of 5 um thickness, which are twisted
40 times per metre. The linear density of the single yarn is 5,5 tex. "E" stands for "good
electrical properties" and "C" stands for "continuous filament". The letters "S" and "Z" indicate
opposite directions of twist. "Tex" is a measure of linear density (mg/m) of the tex system
single continuous-filament yarn (see 1SO 1144).

EXAMPLE 2

Yarn of the type EC5 11 is a single continuous-filament yarn according to ISO 2078. This type
is made of continuous filaments of 5 um thickness. The linear density of the single yarn is
11 tex.

The glass fabric shall be de-sized by means of thermal treatment to less than 0,1 % of the
original size amount. The glass fabric shall be made of glass, which is practically free of
alkalis with an alkali content of less than 0,5 % (NayO + K;O < 0,5 %). Pieces of about
180 mm x 280 mm shall be cut from the glass fabric.

For easy handling, strips of pressboard of, for instance, type B.2.1 according to IEC 60641-3-1
shall be stapled to the smaller edges of each piece of glass fabric. The dimensions of these
strips shall be of about 250 mm x 15 mm x 0,7 mm. The glass fabric shall be impregnated
and/or coated according to 6.1.3. After drying and/or curing, two specimens of the size of
(100 £ 1) mm x (100 + 1) mm shall be cut from each piece.

6.1.3 Preparation of test specimens

The impregnation and/or coating of the substrates shall be in accordance with the particular
method of test, the relevant specification sheet of IEC 60464-3, or as agreed upon between
the supplier and the purchaser. This includes the impregnation and/or coating process with
respect to temperature and time, the draining period and the curing conditions with respect to
temperature and time or temperature-time programme, and annealing and cooling.

Unless otherwise specified, the substrate shall be immersed in the varnish in a vertical
position and at a speed sufficiently low to prevent voids of air adhering to the surface of the
substrate. The substrate shall be kept in the varnish for at least 5 min and shall then be
removed from the varnish at a uniform speed of not more than 2 mm/s.

The specimen shall then be drained for 10 min to 15 min and dried and/or cured in
accordance with the agreed schedule. It shall be drained and dried and/or cured in a vertical
position. For drying and/or curing, the oven applied shall be specially designed for drying
painted and varnished parts, which may have large surfaces and substantial amounts of
solvent evaporation. The coating or impregnating process shall be repeated by dipping,
draining and drying and/or curing the specimen in the reversed direction.

If the thickness of the coating is below the specified value, more dips are to be given with the
specimen in the reversed direction for each subsequent treatment. If the thickness of the
coating or of the specimen exceeds the specified value, the varnish shall be diluted in
accordance with the instructions given by the supplier. Documents
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NOTE Increasing the speed by which the specimen is removed from the varnish increases the thickness of the
coating; reducing the speed reduces the thickness of the coating.

6.1.4 Thickness of the coating

The thickness of the coating after drying and/or curing the varnish shall be determined by one
of the procedures specified in 1ISO 2808. The coating on the steel panel shall be at least
0,050 mm and shall not exceed 0,080 mm on either side of the panel.

6.2 Mechanical properties
6.2.1 Bend test (cylindrical mandrel)

The method given in 1ISO 1519 with type 1 apparatus shall be used. Two coated steel panels
according to 6.1.1 shall be tested. After bending around a mandrel as specified in the relevant
specification sheet or as agreed between supplier and purchaser, the specimen shall be
examined by normal vision for cracks. The result of the test is the extent of cracking
observed. The thickness of the coating and the mandrel diameter used for bending shall be
reported together with the two results.

6.2.2 Cupping test

The method given in ISO 1520 shall be used. Two coated steel panels according to 6.1.1 shall
be tested. The result of the test is the extent of cracking and the depth of indentation. The
thickness of the coating and the two results shall be reported.

6.2.3 Bond strength at ambient temperature

The twisted coil test, method A, or the helical coil test, method B, given in IEC 61033, shall be
used. Five specimens shall be tested. The method, the type of enamelled winding wire used
as substrate and the five results shall be reported.

6.3 Thermal properties
6.3.1 Bond strength at elevated temperature

The twisted coil test, method A, or the helical coil test, method B, given in IEC 61033, shall
be used. The test temperature shall be in accordance with the relevant specification sheet
of IEC 60464-3, or shall be agreed upon between supplier and purchaser. Five specimens
shall be tested. The method, the type of enamelled winding wire used as substrate and the
five results shall be reported.

6.3.2 Temperature index

NOTE The temperature index as such is not a typical characteristic of an electrical insulating material but
depends on the choice of the test and end-point criterion. Therefore, for one and the same material, results for the
temperature index may vary by up to 80 K.

6.3.2.1 Test specimen

Where test criteria loss of mass and/or breakdown voltage are applied, test specimens
according to 6.1.2 shall be used.

6.3.2.2 Procedure

The method given in IEC 60216 shall be used. The test and end-point criteria shall be in
accordance with the relevant specification sheet of IEC 60464-3, or shall be agreed upon
between supplier and purchaser. Two test criteria shall be used. For each test criterion at
least three exposure temperatures shall be applied. The difference between two subsequent
exposure temperatures shall not exceed 20 K. If the correlation coefficient is Iessﬂab&?ﬁents
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one more set of specimens shall be tested at an exposure temperature different from the
originally chosen temperatures.

NOTE 1 ISO 2578 is based on the principles laid down in IEC 60216. By deleting all information that is not
required for planning and running a temperature index experiment and for calculation of results, ISO 2578 has
become a practical short version, as required for use in a laboratory.

Where the test criterion loss of mass is applied, three specimens shall be tested at each
exposure temperature. Where the test criterion breakdown voltage is applied, one specimen
shall be tested after each heat exposure period.

NOTE 2 Such periods can be for instance 1, 2, 4, 8, 16 and 32 weeks, depending on the time to end-point of the
specimen at the chosen exposure temperature. It is, therefore, recommended to provide at least four specimens for
each exposure temperature.

Breakdown voltage shall be tested in accordance with 6.5.3, where for each specimen it is
allowed to take about five to eight measurements.

6.3.2.3 Result

For each test criterion, the kind of preparation and the type and dimensions of the specimens,
the number of specimens for each test, the exposure temperatures and the results shall be
reported along with reference to the standards applied. The results shall contain the time to
failure for each exposure temperature, a graph showing the property values as a function of
the logarithm of the times to failure, the thermal endurance graph (first-order regression line)
on thermal endurance graph paper, the temperature index and the correlation coefficient.

6.4 Chemical properties
6.4.1 Tackiness

Tackiness is expressed by the adherence of a piece of filter paper or parts of it to the surface
of a dried and/or cured varnish coating.

6.4.1.1 Equipment
The following equipment shall be used:

— a cylindrical weight of (500 % 10) g mass and with a contact surface at one end
(20 £ 0,5) mm in diameter;
— soft rubber disks (5 £ 0,5) mm in thickness and (20 + 0,5) mm in diameter;

— a filter paper made from bleached cotton having a mass of (92 + 9) g/m?2, a thickness of
(205 + 30) um, a nominal density of 0,45 g/cm3 and a porosity of 11 s/300 ml.

6.4.1.2 Test specimen

Coated steel panel according to 6.1.1.

6.4.1.3 Procedure

A piece of filter paper shall be placed on the specimen and shall be loaded for 1 min with the
cylindrical weight using the rubber disk as an intervening layer. After the load is removed, it
shall be examined whether

— the paper separates from the specimen by gravity and/or by means of slight vibration, in
which case the surface of the specimen is called non-tacky;

— the paper does not separate from the specimen by gravity and by means of slight
vibration, but separates by touching it without paper fibres adhering to the surface of the
specimen, in which case the surface of the specimen is called non-tacky;
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— the paper adheres to the specimen and, after the paper is removed, a significant number
of paper fibres remain adhered to the specimen, in which case the surface of the
specimen is called tacky.

6.4.1.4 Result

Two steel panels shall be tested and the two results of tackiness shall be reported.

6.4.2 Resistance to liquids inclusive of water

Procedure A of method 1 given in ISO 2812-1 shall be used. Unless otherwise specified, the
temperature of the test liquid shall be (23 + 2) °C and the immersion time shall be (168 £ 1) h
(seven days). Two coated steel panels according to 6.1.1 shall be tested. The thickness of the
coating of each panel, the type of test liquid and the two results shall be reported. The result
shall include any change of appearance, blistering, tackiness or other signs of deterioration.

6.4.3 Resistance to vapour of solvents

Resistance to vapour of solvents is expressed by the condition of the specimen after exposure
to vapour of solvents.

6.4.3.1 Equipment
The following equipment shall be used:

— a glass container with dimensions about 300 mm high x 300 mm wide x 500 mm long with
a face-ground top edge and with a cover consisting of a plain piece of glass of adequate
size;

— acylindrical glass jar with a height of about 40 mm and a bottom area of about one-third of
the bottom area of the glass container;

— adequate means to suspend specimens above the solvent level.

6.4.3.2 Test solvents

Unless otherwise specified, the following solvents shall be used for testing: acetone, xylene,
hexane, methanol and carbon disulphide.

6.4.3.3 Test specimen

Coated steel panels according to 6.1.1.

6.4.3.4 Procedure

The cylindrical glass jar shall be filled up to about half of its height with water and shall be
placed on the bottom of the glass container, which shall be filled up to a height of 20 mm
to 25 mm with the test solvent.

In the case where acetone and methanol test solvents are used, the cylindrical glass jar shall
be filled with a 1:1 mixture of water and the respective solvent in order to avoid a
considerable degree of isothermal distillation.

The specimens shall be suspended in a vertical position and with their lengths in parallel with
the horizontal line and with their lower edge about 150 mm above the surface of the test
solvent. The glass container shall then be covered with the pane of glass. During the
exposure time, the liquids shall not evaporate completely and, if necessary, shall be
replenished. The temperature of the test solvents shall be (23 + 2) °C and the exposure time
shall be (168 + 1) h (seven days). After the specimens have been removed from the container,

Documents

Document Sharing Hub

Full document details: IEC 60464-2-2014


http://avadocuments2026.com/doc/iec-60464-2-2014
http://avadocuments2026.com/doc/iec-60464-2-2014

-18 — IEC 60464-2:2001
+AMD1:2006 CSV © IEC 2014

they shall be examined for any change of appearance, loss of adherence to the substrate,
peeling, draining, blistering, tackiness, or other signs of deterioration.

6.4.3.5 Result

Two specimens shall be tested for each of the test solvents. The thickness of the coating of
each panel, the type of test solvent and the two results shall be reported. The result shall
contain any change of appearance, loss of adherence to the substrate, peeling, draining,
blistering, tackiness, or other signs of deterioration.

6.4.4 Resistance to mould growth

The method given in IEC 60068-2-10 shall be used. Three coated steel panels according
to 6.1.1 shall be tested and the three results of resistance to mould growth shall be reported.

6.5 Electrical properties
6.5.1 Effect of water immersion on volume resistivity

The method given in IEC 60093 shall be used. If IEC 60093 is not applicable for the material
under test, then the following method may be used.

6.5.1.1 Equipment
The following equipment shall be used:

— any commercially available tera-ohmmeter with an accuracy of £10 %;

— a metal cylinder to be used as voltage electrode (top electrode) of at least 60 mm in
diameter having a mass of about 0,015 MPa to provide a pressure on the specimen;

— one conducting rubber disk having the same diameter as the top electrode and a thickness
of 3 mm to 5 mm with a maximum resistance of 1 000 Q and with a Shore A hardness
of 65 to 85;

— a metal cylinder having the same diameter as the top electrode and of about 70 mm in
height (bottom electrode).

6.5.1.2 Test specimen

Coated steel panel according to 6.1.1.

6.5.1.3 Procedure

The test set-up shall consist of the specimen placed between the two metal cylinders with the
rubber disks as intervening layers. For an example of the complete test arrangement,
see figure 1. The d.c. test voltage shall be adjusted to provide an electrical field strength of
1 000 V/Iimm. The specimen shall be tested before and after immersion in demineralized
water. Unless otherwise specified, the temperature of the water shall be (23 + 2) °C and the
time of immersion shall be (168 +1) h (seven days). The test set-up shall be made
immediately after removing the specimen from the water and blotting it between filter papers
to remove excessive water. The resistance measurement shall be taken (15 £ 1) min after the
test set-up is made. The reading shall be taken (60 + 5) s after electrification.
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Where, for example, the diameter of the top electrode is 60 mm, resistivity shall be calculated
as:

0= (2,83 x R)/(dy + dy)

where:

p  resistivity in ohmmeter (Qm);

d, thickness of the coating, in millimetres (mm), on the top side of the panel;

d, thickness of the coating, in millimetres (mm), on the bottom side of the panel,

R measured resistance in ohms (Q).

For different diameters D of the top electrode, replace the factor 2,83 by
2,83D2/3 600 with D in millimetres (mm).

6.5.1.4 Result

Three specimens shall be tested. The thicknesses of the coatings on both sides of each
panel, the diameter of the electrodes, the test voltage used and the three results before and
after immersion in water shall be reported along with reference to the standard applied. The
results shall contain volume resistance and volume resistivity.

6.5.2 Dielectric dissipation factor (tan 8) and relative permittivity (&)

The method given in IEC 60250 shall be used. If IEC 60250 is not applicable for the material
under test, then the following method may be used.

6.5.2.1 Equipment

Any commercially available impedance-meter with an accuracy of £10 % may be used.

6.5.2.2 Test specimen

Coated steel panel according to 6.1.1.

6.5.2.3 Procedure

The metal sheet of the coated panel shall be used as the bottom electrode. The top electrode
shall have a diameter of at least 40 mm and may or may not be surrounded by a shield
electrode. The top electrode shall be placed centrally on the bottom electrode with at least
10 mm from the edges of the bottom electrode. The electrodes may be provided by brushing a
conductive dispersion such as graphite or silver or by applying a metal film of a thickness of
not more than 0,005 mm by means of a drop of oil, or by any other equally suitable procedure.

Unless otherwise specified, the test shall be carried out at (23 £ 2) °C with a sinusoidal test
voltage at a frequency of 1 kHz. The connections to the specimen shall be in accordance with
the instruction manual of the testing device.

6.5.2.4 Result

Two specimens shall be tested. The thickness of the coating of each panel, the test
temperature, the electrode employed, the test voltage and frequency used, and the two
results, shall be reported along with reference to the standard applied. The results shall
contain the dielectric dissipation factor and the relative permittivity.
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6.5.3 Breakdown voltage and electric strength

The method given in IEC 60243-1 shall be used. If IEC 60243-1 is not applicable for the
material under test, clauses 4 and 6 may be amended as follows.

6.5.3.1 Electrodes

The electrode arrangement shall be the ball-to-plate type. The high-voltage electrode shall
consist of a polished steel ball with a radius of (10 + 0,0005) mm with a surface roughness of
less than 0,001 mm. Polished steel balls as used for ball bearings (class Ill) are easily
available and have been found adequate for the purpose.

The metal sheet of the coated panel shall be used as the earth electrode and shall be placed
on a plate, which is also connected to earth and which shall have a diameter of (75 £ 1) mm
with rounded edges of a radius of (3 +0,1) mm. For an example of the complete test
arrangement, see figure 2.

NOTE The ball-to-plate electrode arrangement gives, compared to a plate-to-plate set, a slightly increased field
strength depending on the radius of the ball electrode and the thickness of the specimen. For example, for a radius
of 10 mm and a specimen thickness of 0,1 mm, the increase in field strength compared to that of the plate-to-plate
arrangement is about 10 %.

6.5.3.2 Test specimen

Coated steel panel according to 6.1.1.

6.5.3.3 Procedure

The rate of increase of voltage shall be not more than 200 V/s. Unless otherwise specified,
the test temperature shall be (23 + 2) °C. The test shall be carried out with the specimen and
the electrodes under a dielectric fluid, which is circulated and maintained at the specified test
temperature. Unless otherwise specified, unused mineral insulating oil according to
IEC 60296 or unused synthetic organic ester according to IEC 61099 shall be employed.

NOTE |If a round cylindrical glass container of sufficient size is used to accommodate the test set and the fluid
with the earth electrode at the bottom of it, such a container allows a visual observation of the process when the
voltage is applied. In addition, it allows the earth connection and the fluid supply to be provided through the bottom
with a fluid overflow at the top (see figure 2).

6.5.3.4 Result

Five specimens shall be tested. The test temperature, the type of dielectric fluid used and the
five results shall be reported along with reference to the standards applied. The results shall
contain the thickness of the specimen at the point of breakdown, the breakdown voltage and
the electric strength.

6.6 Flash rusting of steel by water or emulsion based varnish
(Type W or Type E)

Steel sheet panels according to 6.1.1 and coated in accordance with 6.1.3, shall be examined
for any evidence of rusting or discoloration of the steel surface, immediately after the
curing/drying process. Rusting shall be reported as “present” or “absent”.

6.7 Volatile organic compound content of water or emulsion based varnish (Type W
or Type E)

The methods described in ISO 11890-1 and ISO 11890-2 should be followed, depending on
whether the content is greater or less than 15 %.
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6.8 Water content of water or emulsion based varnish (Type W or Type E)

The method described in ISO 760 should be used.

Tera-
ohmmeter
Top cylinder
Test specimen (steel panel,
coated on both sides) Conducting rubber layer
pd
pt
b
=60 mm
— = IEC 1195/01
Figure 1 — Test set-up for volume resistivity
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Figure 2 — Example of electrode arrangement
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