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INTERNATIONAL ELECTROTECHNICAL COMMISSION 79 
____________ 80 

 81 
MAGNETIC MATERIALS – 82 

 83 
Part 3: Methods of measurement of the magnetic properties 84 

of electrical steel strip and sheet by means 85 
of a single sheet tester 86 

 87 
 88 
 89 

FOREWORD 90 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national 91 
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all 92 
questions concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, 93 
IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications 94 
(PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; 95 
any IEC National Committee interested in the subject dealt with may participate in this preparatory work. International, 96 
governmental and non-governmental organizations liaising with the IEC also participate in this preparation. IEC 97 
collaborates closely with the International Organization for Standardization (ISO) in accordance with conditions determined 98 
by agreement between the two organizations. 99 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international consensus 100 
of opinion on the relevant subjects since each technical committee has representation from all interested IEC National 101 
Committees.  102 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Committees 103 
in that sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, 104 
IEC cannot be held responsible for the way in which they are used or for any misinterpretation by any end user. 105 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparently 106 
to the maximum extent possible in their national and regional publications. Any divergence between any IEC Publication 107 
and the corresponding national or regional publication shall be clearly indicated in the latter. 108 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity assessment 109 
services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services carried out by 110 
independent certification bodies. 111 

6) All users should ensure that they have the latest edition of this publication. 112 
7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and members of 113 

its technical committees and IEC National Committees for any personal injury, property damage or other damage of any 114 
nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication, 115 
use of, or reliance upon, this IEC Publication or any other IEC Publications.  116 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is indispensable 117 
for the correct application of this publication. 118 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rights. 119 
IEC shall not be held responsible for identifying any or all such patent rights. 120 

International Standard IEC 60404-3 has been prepared by IEC technical committee 68: Magnetic alloys 121 
and steels. 122 

This revised version of IEC 60404-3 was prepared on the basis of the consolidated edition 60404-3 123 
Ed.2.2 which was modified introducing the following changes: 124 

The text of the main part was revised, leaving the substantial technical contents unchanged; 125 

Annex A forms an integral part of this standard. The method of determining the yokes’ lamination 126 
resistance was added to Annex A. 127 

Annex B of Ed.2.2 referred to calibration of the SST using the Epstein method. It was cancelled. 128 

Annex B (new), C and D were revised, they are for information only. 129 

Annex C was modified taking account of the new situation regarding P and R grades.  130 

Annex D was amended by addition of sub-clause D.4 on the numerical air flux compensation 131 
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The committee has decided that the contents of the base publication and its amendments will remain 132 
unchanged until the maintenance result date indicated on the IEC web site under 133 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the publication will 134 
be  135 

• reconfirmed, 136 
• withdrawn, 137 
• replaced by a revised edition, or 138 
• amended. 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 
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MAGNETIC MATERIALS – 148 
 149 

Part 3: Methods of measurement of the magnetic properties 150 
of electrical steel strip and sheet by means 151 

of a single sheet tester 152 
 153 
 154 
 155 

1 Scope 156 

This part of IEC 60404 is applicable to grain-oriented and non-oriented electrical steel strip and sheet 157 
for measurement of AC magnetic properties at power frequencies. 158 
 159 
The object of this document is to define the general principles and the technical details of the 160 
measurement of the magnetic properties of electrical steel strip and sheet by means of a single sheet 161 
tester (SST). 162 

The single sheet tester is applicable to test specimens obtained from electrical  strips and sheets of 163 
any grade. The AC magnetic characteristics are determined for sinusoidal induced voltages, for 164 
specified peak values of the magnetic polarization, for specific peak values of the magnetic field 165 
strength and for a specified frequency. 166 

The measurements are made at an ambient temperature of 23 °C ± 5 °C on test specimens which have 167 
first been demagnetized. 168 

NOTE Throughout this part the quantity "magnetic polarization" is used as defined in IEC 60050-221. In some standards of 169 
the IEC 60404 series, the quantity "magnetic flux density" was used. 170 
 171 

2 Normative references 172 

The following documents are referred to in the text in such a way that some or all of their content 173 
constitutes requirements of this document. For dated references, only the edition cited applies. For 174 
undated references, the latest edition of the referenced document (including any amendments) applies. 175 

IEC 60050-121, International Electrotechnical Vocabulary – Part 121: Electromagnetism 176 

IEC 60050-221, International Electrotechnical Vocabulary – Part 221: Magnetic materials and 177 
components 178 

IEC 60404-13, Magnetic materials – Part 13: Methods of measurement of resistivity, density and 179 
stacking factor of electrical steel strip and sheet 180 

3 Terms and definitions 181 

For the purposes of this document, the terms and definitions given in IEC 60050-121 and IEC 60050-182 
221 apply. 183 

ISO and IEC  maintain terminological databases for use in standardization at the following addresses: 184 

 IEC Electropedia: available at http://www.electropedia.org/ 185 

 ISO Online browsing platform: available at http:www.iso.org/obp 186 
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4 General principles of AC measurements 187 

4.1 General 188 

Clause 4 specifies the general conditions for the determination of AC magnetic properties of electrical 189 
steel strip and sheet at power frequencies by means of a single sheet tester. 190 

4.2 Principle of the single sheet tester method 191 

The test specimen comprises a sample of electrical steel sheet and is placed in the center of two 192 
concentric windings: 193 

– an exterior primary winding (magnetizing winding); 194 
– an interior secondary winding (voltage winding). 195 

The flux closure is made by a magnetic circuit consisting of two identical yokes, the cross-section of 196 
which is very large compared with that of the test specimen (see Figure 1). 197 

Care shall be taken to ensure that the temperature changes of the specimen are kept below a level 198 
likely to produce stress in the test specimen due to thermal expansion or contraction. 199 

4.3 Test apparatus 200 

4.3.1 Yokes 201 

Each yoke is in the form of a U made up of insulated sheets of grain-oriented electrical steel. It shall 202 
have a low reluctance and a low specific total loss in the low magnetic polarization region below 0,1 T. 203 
(see Annex A). It shall be manufactured in accordance with the requirements of Annex A.  204 

In order to reduce the effect of eddy currents and give a more homogeneous distribution of the flux 205 
over the inside of the yokes, the latter shall be made of a pair of wound cut C-cores or a glued stack 206 
of laminations in which case the corners shall have staggered butt joints (see Figure 1). 207 

The yoke shall have pole faces having a width of 25 mm ± 1 mm. 208 

The two pole faces of each yoke shall be coplanar to within 0,5 mm and the gap between the opposite 209 
pole faces of the yokes shall not exceed 0,005 mm at any point. Also, the yokes shall be rigid in order 210 
to avoid creating mechanical stresses in the test specimen. 211 

The height of each yoke shall be between 90 mm and 150 mm. Each yoke shall have a width of 500 −5
+5 212 

mm and an inside length of 450 mm ± 1 mm (see Figure 2). 213 

There shall be a non-conducting, non-magnetic support on which the test specimen is placed, between 214 
the vertical limbs of the bottom yokes. This support shall be centered and located in the same plane 215 
as the bottom yoke pole faces so that the test specimen is in direct contact with the pole faces without 216 
any gap. Care shall be taken that in no case the upper surface of the support is positioned higher than 217 
the plane of the pole faces of the bottom yoke. 218 
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 219 
(a) 220 

 221 
(b) 222 

 223 

Figure 1 – Schematic diagrammes of the test apparatus; Cross section of the SST (a) and 224 
schematic view of the corner of a yoke with stacked lamination (b) 225 

The upper yoke shall be movable upwards to permit insertion of the test specimen. After insertion of 226 
the test specimen the upper yoke shall be lowered to close the magnetic circuit and, simultaneously, 227 
the pole faces of the bottom and upper yokes shall be aligned accurately. To minimize the effects of 228 
pressure on the test specimen, the upper yoke shall be provided with a means of suspension. The 229 
suspension of the upper yoke shall allow part of its weight to be counterbalanced so as to give a force 230 
on the test specimen of between 100 N and 200 N. 231 

NOTE The square configuration of the yoke has been chosen in order to have only one test specimen for non-oriented 232 
material. By rotating the test specimen through 90° it is possible to determine the characteristics in the rolling direction and 233 
perpendicular to the rolling direction. 234 

235 
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 236 

Figure 2 – Yoke dimensions  237 
 238 

4.3.2 Windings 239 

The coil system inside the yokes shall have two windings: 240 

– a primary winding, on the outside (magnetizing winding); 241 
– a secondary winding, on the inside (voltage winding); 242 

The primary (outer) and secondary (inner) windings shall be at least 440 mm in length and shall 243 
be wound uniformly on a non-conducting, non-magnetic and rectangular former. The dimensions of 244 
the former shall be as follows: 245 

– length: 445 mm ± 2 mm; 246 
– internal width: 510 mm ± 1 mm; 247 

– internal height: 5 −2
  0  mm; 248 

– height: ≤15 mm. 249 

The primary winding can be made up of: 250 

– either five or more coils having identical dimensions and the same number of turns connected in 251 
parallel and taking up the whole length (see Figure 3). For example, with five coils, each coil can 252 
be made up of 400 turns of copper wire 1 mm in diameter, wound in five layers; 253 

– or a single continuous and uniform winding taking up the whole length. For example this winding 254 
can be made up of 400 turns of copper wire 1 mm in diameter, wound in one layer. 255 

 256 

Figure 3 – Diagram of the connections of the five coils of the primary winding  257 

 258 
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The number of turns on the secondary winding will depend on the characteristics of the measuring 259 
instruments. In any case, the determination of the number of turns of the primary and secondary 260 
windings shall be made with greatest reliability because a mistake would mean a permanent error.  261 

4.4 Air flux compensation 262 

Compensation shall be made for the effect of air flux. This can be achieved, for example, by a mutual 263 
inductor M (see Figure 4). The primary winding of the mutual inductor is connected in series with the 264 
primary winding of the test apparatus, while the secondary winding of the mutual inductor is connected 265 
to the secondary winding of the test apparatus in series opposition. 266 

 267 

Key 268 
V1 measures the average rectified voltage 269 
V2 measures the r.m.s. voltage 270 
A measures the r.m.s. value of the primary current 271 
Hz measures the frequency 272 
W measures the power 273 
M is the mutual inductor 274 
T is the test frame 275 

 276 
Figure  4 – Circuit for the determination of the specific total loss  277 

 278 

The adjustment of the value of the mutual inductance shall be made so that when passing an alternating 279 
current through the primary windings in the absence of the test specimen in the test apparatus, the 280 
voltage measured between the non-common terminals of the secondary windings shall be no more than 281 
0,1 % of the voltage appearing across the secondary winding of the test apparatus alone. Thus the 282 
average value of the rectified voltage induced in the combined secondary windings is proportional to 283 
the peak value of the magnetic polarization in the test specimen. 284 

NOTE 1  Alternatively, the air flux compensation can be executed by the numerical method (for details see Annex D, 285 
Clause D.4). 286 
NOTE 2 In the rest of this document the term “compensated secondary voltage” is used to mean “voltage induced in the 287 
secondary winding compensated for the effect of air flux”. 288 
 289 

4.5 Test specimen 290 

The length of the test specimen shall be not less than 500 mm. Although the part of the test specimen 291 
situated outside the pole faces has no great influence on the measurement, this part shall not be longer 292 
than is necessary to facilitate insertion and removal of the test specimen. 293 

The width of the test specimen shall be as large as possible and at its maximum equal to the width of 294 
the yokes. 295 
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