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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MAGNETIC MATERIALS –  

 
Part 11: Methods of measurement of the surface  

insulation resistance of electrical steel strip and sheet 
 

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. 

IEC 60404-11 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 1991, Amendment 1:1998 
and Amendment 2:2012. This edition constitutes a technical revision.  

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

a) Method B has been deleted and the measurement of individual currents through each 
contact button is enabled by Method A; 

b) an improved arrangement of the test apparatus and the voltage stabilizing circuit for 
Method A, “Arrangement B”, is introduced. 

c) an alternative layout using two pairs of contact assemblies in opposing position of the test 
specimen is introduced; 
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d) the restriction: “The same area of the test specimen shall not be used to test both sides.” 
has been deleted. 

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

CDV Report on voting 

68/665/CDV 68/681/RVC 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/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 IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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MAGNETIC MATERIALS –  
 

Part 11: Methods of measurement of the surface  
insulation resistance of electrical steel strip and sheet 

 
 
 

1 Scope 

This part of IEC 60404 is applicable to electrical steel strip and sheet insulated by coating on 
one or both sides.  

The object of this document is to define the general principles and technical details of the 
measurement of the surface insulation resistance of electrical steel strip and sheet. 

NOTE This test is suitable for manufacturing and quality control in the application of insulation coatings. 

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. 

ISO/IEC Guide 98-3, Uncertainty of measurement – Part 3: Guide to the expression of 
uncertainty in measurement (GUM:1995) 

3 Terms and definitions 

No terms and definitions are listed in this document. 

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO: Online browsing platform: available at http://www.iso.org/obp 

4 Principle of measurement 

The principle of the measurement is based on, and includes, the method originally described 
by Franklin [1]1 which characterizes one coated surface at a time. 

The fundamental arrangement of the test apparatus is shown in Figure 1. Ten metallic contact 
buttons of fixed area are applied to one coated surface of the test specimen, under specified 
conditions of voltage and pressure. 

The effectiveness of the surface insulation is assessed by the measurement of currents flowing 
through the 10 contact buttons. 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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Figure 1 – Fundamental arrangement of the test apparatus (schematic) 

A power supply feeds each contact button with a stabilized DC voltage, and the currents through 
the 10 contact buttons are measured. 

The arrangements of the test apparatus and the voltage stabilizing circuit are shown in Figure 2. 

 

a) Arrangement A 

 

b) Arrangement B 

Figure 2 – Schematic arrangements of the test apparatus 
and the voltage stabilizing circuit 
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Ten contact buttons are applied to one coated surface of the test specimen. 5 Ω resistors of 
±1 % precision are connected in series with each contact button as shown in Figure 2. Two 
conductive twist drills contact electrically with the metallic substrate under the insulation coating. 

The voltage between the supply side of the 5 Ω resistors and the twist drills is stabilized at DC 
0,5 V with a relative tolerance of ±0,5 % over a current range from 0 A to 1,0 A.  

The two twist drills may be placed at each end of the contact buttons and applied to the same 
side of the test specimen. 

In Arrangement A, the two twist drills perform the function of current return contacts with the 
metallic substrate [see Figure 2 a)]. 

In Arrangement B, the two twist drills perform different functions [see Figure 2 b)]. One drill 
provides the current return contact with the metallic substrate. The other drill serves as a 
potential sensor for the voltage feedback control. This feedback control removes the influence 
of the contact resistance between the current return drill and the metallic substrate.  

NOTE The contribution of the contact resistance on the measurement is significant when measuring a relatively low 
surface insulation resistance. 

Arrangement B is recommended when measuring a relatively low surface insulation resistance. 

The total current flowing through the insulation coating between the 10 contact buttons and the 
metallic substrate in parallel connection is measured (see Figure 2).  

The value of the total current shall be determined by measuring the voltage drop across the 
current sensing resistor Rs connected in series with the current circuit. The current sensing 
resistor shall not be included within the voltage stabilizing circuit. 

The individual contact button currents may be analysed by measuring the individual voltage 
drops across each 5 Ω resistor. 

Because the current path is between the contact buttons and the metallic substrate, this test is 
not a true measurement of interlaminar resistance, in which the current path is between two 
metallic substrates of adjacent sheets. However, this test provides a useful index of the quality 
of the surface insulation resistance. 

5 Test specimen 

The test specimen shall be a length of strip or a sheet. The width and length of the test specimen 
shall be greater than the width and length of the contact assembly (see 6.1).  

The test specimen shall be representative for the material to be tested. The surfaces shall be 
clean and free from powder, dust and oil, etc. which may be the result of handling of the test 
specimen. Measurements shall be performed at room temperature of (23 ± 5) °C. 

This measurement is destructive, the surface of the test specimen where the contact assembly 
touched shall not be used again.  

NOTE To obtain a representative result, several test specimens can be taken evenly across the full width of the 
strip or sheet. 
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6 Test apparatus 

6.1 Contact assembly 

The contact assembly consists of 10 vertically mounted contact rods and two twist drills of 
approximately 3 mm in diameter. These 10 contact rods shall be able to move individually and 
axially against springs in a mounting block. The contact rods shall press on the surface of the 
test specimen with the same force. In order to achieve electrical contact with the metallic 
substrate, the two twist drills shall be rotated when pressed on the test specimen. The twist 
drills shall pierce the insulation coating but shall not pierce through the test specimen.  

The 10 contact rods shall be arranged in one or two rows.  

Each rod shall be provided with a contact button of bronze or other equivalent low resistive 
material with sufficient hardness (for example, stainless steel). The contact buttons shall be 
electrically insulated from the mounting block. 

Each of the 10 contact buttons shall have a contact area of 64,5 mm2 with a relative tolerance 
of ±1 %, giving a total area for the 10 buttons of 645 mm2 with a relative tolerance of ±1 %. 
Each contact button shall press on the test specimen uniformly over the whole contact area and 
shall avoid concentrating the force at the edge of the contact button. 

NOTE 1 A force concentration at the edge of the contact button can destroy the insulation coating and cause a 
direct contact between the contact button and the metallic substrate. Therefore, misalignments of the contact buttons 
can cause an erroneous large current through the contact buttons. Articulated joints which allow the contact buttons 
to follow the surface of the test specimen improve the contacts by compensating for minor misalignments. 

NOTE 2 In case the purchaser and the manufacturer agree to use a different contact button size, e.g. 100 mm2, for 
each contact button (e.g. total area of 1 000 mm2), the measured values differ from the values measured with contact 
buttons of the standard size of 64,5 mm2 for each contact button (total area of 645 mm2). 

The test specimen shall be pressed between a baseplate and the contact assembly. 
Alternatively, the test specimen may be pressed between pairs of contact assemblies 
(arrangement of the 10 contact buttons each) of the same dimensions in opposing positions 
provided that the comparability of the results can be demonstrated. This arrangement allows 
successive measurement of both sides of the test specimen without turning over the test 
specimen. 

6.2 Power supply 

The power supply shall be capable of maintaining a stabilized voltage of DC 0,5 V with a relative 
tolerance of ±0,5 % over a current range from 0 A to 1,0 A. 

6.3 Current measurement 

The total current flowing through the contact buttons shall be measured with an uncertainty 
of ±0,5 % or better. 

The value of the total current shall be determined by measuring the voltage drop across the 
current sensing resistor Rs of a low resistance value (e.g. 0,2 Ω) by means of a suitable 
voltmeter (see Figure 2). 

NOTE An ammeter with a low internal resistance value can be used instead of the resistor Rs and the voltmeter. 

6.4 Applied force 

A pressure of 2 N/mm2 with a relative tolerance of ±5 % shall be applied to each of the 10 
contact buttons pressing on the test specimen. This corresponds to a force of 1 290 N with a 
relative tolerance of ±5 % for the total contact area of 645 mm2. 
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7 Verification 

The system shall be verified in four ways: 

a) The 10 contact buttons and 2 twist drills shall be applied to a clean and flat copper sheet at 
the nominal testing pressure. The total current flowing through the 10 contact buttons shall 
be between 0,97 A and 1,00 A. If this is not the case, the cleanliness of the contact buttons 
and the contact resistance between the power supply and the copper sheet shall be 
checked. 

b) Standard resistors of 0,1 Ω, 1 Ω, 10 Ω and 100 Ω connected between the twist drills and 
each contact button in turn may be used in order to show that the stabilization of voltage is 
adequate and that the required current levels can be achieved. 

c) The total force applied to all the 10 contact buttons pressing on the base plate or the 10 
contact buttons in opposing positions shall be verified by any suitable means, e.g. load cells, 
with an uncertainty of ±5 % or better. 

d) Pressure measurement sheets, that can indicate applied pressure as colour density 
variations, shall be pressed between the 10 contact buttons and a flat plate at the nominal 
testing pressure. In the case of measurements performed with two sets of contact buttons 
in opposite positions (see 6.1), a plate equipped with pressure measurement sheets on both 
sides shall be inserted between the pairs of contact assemblies for the purpose of such 
verification. The 10 marks shall be even and free from signs of force concentration. Carbon 
paper pressed on white paper by the contact buttons can be used instead of the pressure 
measurement sheet. Contact buttons giving uneven marks shall be replaced with new ones 
ensuring even pressure. 

8 Measurement procedure 

The test specimen shall be positioned between the 10 contact buttons and the baseplate. 
Alternatively, the test specimen shall be positioned between two sets of 10 contact buttons in 
opposing positions (see 6.1). 

The force of 1 290 N shall be gradually applied to the 10 contact buttons pressing on the test 
specimen. 

The voltage of DC 0,5 V shall be applied across the supply side of the 5 Ω resistors and the 
twist drills. The total current IA shall be recorded directly or by a micro-processor (see Figure 1). 

If the surface insulation resistance of one coated surface of the test specimen is to be evaluated 
in the test, the total current IA shall be taken from 10 separate representative areas, on the 
same surface of one or several test specimens, and the average value of the total current AI  
shall be calculated for the 10 values. 

If the surface insulation resistance of both coated surfaces of the test specimen is to be 
evaluated in the test, the total current IA shall be taken from 5 separate representative areas, 
each on both surfaces of one or several test specimens, and the average value of the total 
current AI  shall be calculated from the 10 values.  

As an alternative, upon agreement between the purchaser and the manufacturer, two sides of 
the test specimen may be evaluated separately by adding the total currents IA from the 5 
measurements per side separately and calculating the average values of the total current AI  
of each side separately. 

Care shall be taken so that the contact buttons are not placed on any marks of the contact 
buttons and the drills from previous measurements. It is particularly important to avoid the drill 
marks from measuring the first side when measuring the opposite side. 
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