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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 12: Methods of test for the assessment of the thermal endurance of
surface insulation coatings on electrical steel strip and sheet

FOREWORD

1) The IEC (International Electrotechnical Commission) is a world-wide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and electronic
fields. To this end and in addition to other activities, the 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. The 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 lin/which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IECG 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 regionabpublication'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.

IEC 60404-12 has been prepared by IEC technical committee 68: Magnetic alloys and steels.
It is an International Standard.

This second edition cancels and replaces the first edition published in 1992. This edition
constitutes a technical revision.

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

a) the method of test for adhesion has been modified to match to the method of bend test
specified in ISO 1519:2011 using a cylindrical mandrel of 32 mm in diameter instead of the
30 mm diameter mandrel specified in the previous edition of this document;
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b) the method of test for interlaminar insulation resistance has been modified to match to the
method specified in IEC 60404-11 and the modified Franklin test has been removed,;

c) the method of test for compressibility has been modified to match to the method of test for
stacking factor specified in IEC 60404-13;

d) the concept of “resistance grades” has been removed;

e) the clamping pressure to be used at temperature ratings above 500 °C has been reduced to
(0,01 £ 0,001) N/mm2,

f) The testing for continuous exposure has been made a subject to an agreement between the
manufacturer and the purchaser and the procedure has been moved to an informative Annex
A.

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

FDIS Report on voting
68/XX/FDIS 68/XX/RVD

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

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part' 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main“document types developed by IEC are
described in greater detail at-http://wwwsiec.ch/standardsdev/publications.

A list of all parts in the IEC 60404 series, published under the general title Magnetic materials,
can be found on the IEC website.

The committee has decided that the contents of this, document will remain unchanged until the
stability date indicated on the' I[EC website ‘under "webstoreiiec:ch" in the data related to the
specific document. At this date, the document wilF-be

e reconfirmed,

. withdrawn,

. replaced by a revised edition, or

. amended.

The National Committees are requested to note that for this document the stability date
is 2028.

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED
AT THE PUBLICATION STAGE.
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INTRODUCTION

The surface insulation coatings on electrical steel strip and sheet are sometimes exposed to
elevated temperatures in service or during processing by the purchaser. Therefore, the thermal
endurance of the surface insulation coating is important.

Physicochemical models postulated for the aging processes lead to the almost universal
assumption of the Arrhenius equations to describe the rate of aging (see Annex A and IEC
60216-1:2013).

Since the measurement of the properties of surface insulation coatings at elevated
temperatures is expensive and time-consuming, the thermal endurance of a coating is usually
assessed by evaluating a specified coating property before and after a heat treatment.
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MAGNETIC MATERIALS -

Part 12: Methods of test for the assessment of the thermal endurance of
surface insulation coatings on electrical steel strip and sheet

1 Scope

This part of IEC 60404 is applicable to surface insulation coatings on electrical steel strip and
sheet classified in IEC 60404-1-1.

The purpose of this document is to define the general principles and technical details of the
tests for the assessment of the thermal endurance of surface insulation coatings on electrical
steel strip and sheet.

The assessment is made by evaluating the change of a specified property of the surface
insulation coating due to a heat treatment at a specified temperature up to 850 °C and a
specified duration time up to 2 500 h. The specified property is measured at an ambient
temperature of (23 + 5) °C both without heat treatment and after heat treatment.

This document is applicable to the following properties of surface insulation coatings:

— adhesion;

— surface insulation resistance;

— stacking factor.

This document is not applicable t6-otheriproperties/of/surface’insulation coatings, e.g. welding

properties, or to other-effects|.e:g. idiscoloration,/and, off-gassing, -which_can be caused by
exposure to elevated,temperatures.

NOTE Some of the tests take a very long time to perform and therefore they may not be suitable for acceptance tests of material
supplied on a specific order.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-121, International Electrotechnical Vocabulary — Part 121: Electromagnetism
IEC 60050-131, International Electrotechnical Vocabulary — Part 131: Circuit theory

IEC 60050-221, International Electrotechnical Vocabulary — Chapter 221: Magnetic materials
and components

IEC 60404-1-1, Magnetic materials — Part 1-1: Classification — Surface insulations of electrical
steel sheet, strip and laminations

IEC 60404-11, Magnetic materials — Part 11: Methods of measurement of the surface insulation
resistance of electrical steel strip and sheet
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IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of resistivity, density
and stacking factor of electrical steel strip and sheet

ISO 1519:2011, Paints and varnishes — Bend test (cylindrical mandrel)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-121, IEC
60050-131, IEC 60050-221 and the following apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

Temperature/time performance designation 7/¢

designation consisting of a temperature T, expressed in °C, and a duration of time ¢, expressed

in h, of a heat treatment that a surface insulation coating can withstand with respect to a specified
coating property

NOTE 1 to entry: This designation serves for rating of the thermal endurance of a surface insulation coating with
respect to specified coating properties.

NOTE 2 to entry: More than one designation can be assigned to a coating.
EXAMPLE The designations 200/2500"and 80072 mean .that the.surfacé insulation coating can withstand heat
treatments at 200 °C for 2 500 h and 800 °C for 2 h respectively with respect to a specified coating property.

4 General principles

4.1 General

The thermal endurance of a surface insulation coating shall be assessed by evaluating changes
of specified coating properties due to a heat treatment at a specified temperature T °C for a
specified duration time ¢ h. The coating properties shall be measured at an ambient temperature
of (23 £ 5) °C.

The thermal endurance for the following coating properties shall be assessed separately:

— adhesion;
— surface insulation resistance;

— stacking factor.
4.2 Preparation of clamped stacks of test specimens
4.21 Procedure of stacking test specimens

The test specimens shall be stacked between two similar sized or larger sheets made of the
same material as the test specimens. The stack shall then be clamped between two steel
pressure plates. The dimensions of the steel pressure plates shall be larger than the size of the
part of the test specimens to be tested, e.g. only the part of the test specimens that will be bent
at the bend test needs to be clamped (see 6.3).
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4.2.2 Clamping stacks for temperature ratings up to 500 °C

The stack of test specimens shall be clamped homogeneously between the two steel pressure
plates under a pressure of (1 £ 0,1) N/mm?2. Figure 1 illustrates an example of a clamped stack
for 100 mm square test specimens for temperature rating up to 500 °C.

The pressure shall be applied using suitable calibrated equipment such as a press, a tensile
test machine or hydraulic jacks. The bolts shall be tightened while applying the pressure. The
disk-springs, the bolts, the nuts and the steel pressure plates shall be made of suitable
materials which can maintain a substantially constant pressure while the test specimens are
subjected to the heat treatment.

olt with nut . ( '
~+—" Boulon avec écrou : '
/N

| - ‘ L i VAN
(L1 i L. | Dloausssresased 7 0N
: I i ' [ /Dis;-spri:'legssso ° \ 4 | \\

Plaques de pression _ | / |
en acier :
Steel pressure plates N i /

Tas de spécimens T ] -
| de test N, | 7/
[ 1 Stack of test N /
specimens A4
; NR :

I i CEI-1EC 110292

|
|
|

Figure 1 — Example of clamped stack for 100 mm square test specimens

In case the clamping method using screws, causes, problems during the test, the manufacturer
and the purchaser can agree at the time of enquiry and.order on using the clamping method for
above 500 °C described in'4.2.3:

4.2.3 Clamping stacks for temperature ratings above 500 °C

The stack of test specimens shall be clamped homogeneously between the two steel pressure
plates under a pressure of (0,01 £ 0,001) N/mm?2,

The pressure shall be applied by using a dead weight or by an externally applied force
transmitted by suitable thermally insulated rods from the outside of the furnace used for the
heat treatment.

4.3 Heat treatment
4.3.1 For time ratings up to 2 500 hours

The clamped stack shall be placed in a furnace at near ambient temperature. The furnace shall
be heated to the temperature 7 °C £1,5 % with a heating rate not exceeding 200 °C/h.

When the furnace reaches the temperature T °C, this temperature shall be held for a specified
duration time of ¢+ h +1 %, where T and ¢ constitute the temperature/time performance
designation T7/z.

The furnace shall have enough power and heating capacity to ensure that the surface of the
clamped stacked reaches at least 2,5 % below the temperature T °C when the furnace reaches
the temperature 7 °C. The furnace capacity shall be confirmed, e.g. by means of a thermocouple
applied to the clamped stack. A furnace with forced atmosphere convection is recommended.
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