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 44 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 45 
____________ 46 

MAGNETIC MATERIALS – 47 

Part 6: Methods of measurement of the magnetic properties  48 
of magnetically soft metallic and powder materials at frequencies  49 

in the range 20 Hz to 100 kHz by the use of ring specimens  50 
 51 

FOREWORD 52 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 53 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 54 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 55 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 56 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 57 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 58 
in the subject dealt with may participate in this preparatory work. International, governmental and non-59 
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 60 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 61 
agreement between the two organizations. 62 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 63 
consensus of opinion on the relevant subjects since each technical committee has representation from all 64 
interested IEC National Committees.  65 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 66 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 67 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 68 
misinterpretation by any end user. 69 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 70 
transparently to the maximum extent possible in their national and regional publications. Any divergence 71 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 72 
the latter. 73 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 74 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 75 
services carried out by independent certification bodies. 76 

6) All users should ensure that they have the latest edition of this publication. 77 
7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 78 

members of its technical committees and IEC National Committees for any personal injury, property damage or 79 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 80 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 81 
Publications.  82 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 83 
indispensable for the correct application of this publication. 84 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 85 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 86 

This international Standard 60404-6 has been prepared by IEC technical committee 68: 87 
Magnetic alloys and steels. 88 

This third edition cancels and replaces the second published in 2003. This edition constitutes 89 
a technical revision. 90 

a) This edition includes the following significant technical changes with respect to the 91 
previous edition:  92 

b) adaption to modern measurement and evaluation methods, in particular the introduction of 93 
the widely spread digital sampling method for the acquisition and evaluation of the 94 
measured data; 95 

c) limitation of the frequency range up to 100 kHz;  96 
d) deletion of Clause 7 of the second edition that specifies the measurement of magnetic 97 

properties using a digital impedance bridge;  98 

oSIST prEN 60404-6:2017

iTeh Standards
(https://standards.iteh.ai)

Document Preview
SIST EN IEC 60404-6:2018

https://standards.iteh.ai/catalog/standards/sist/ec247387-d03e-4ad4-b70a-0c7abc4843db/sist-en-iec-60404-6-2018

https://standards.iteh.ai/catalog/standards/sist/ec247387-d03e-4ad4-b70a-0c7abc4843db/sist-en-iec-60404-6-2018


60404-6/Ed3/CD © IEC – 4 – 68/572/CDV 

e) addition of a new Clause 7 on the measurement  of the specific total loss by the wattmeter 99 
method including an example of the application of the digital sampling method; 100 

f) addition of an informative Annex on the technical details of the digital sampling technique 101 
for the determination of magnetic properties. 102 

 103 
The text of this standard is based on the following documents: 104 
 105 

FDIS 68 

68/XX/FDIS 68/XX/RVD 

 106 
Full information on the voting for the approval of this standard can be found in the report on 107 
voting indicated in the above table. 108 
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 109 

A list of all parts in the IEC 60404 series, published under the general title Magnetic materials, 110 
can be found on the IEC website. 111 

The committee has decided that the contents of this publication will remain unchanged until 112 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 113 
related to the specific publication. At this date, the publication will be  114 

• reconfirmed, 115 

• withdrawn, 116 

• replaced by a revised edition, or 117 

• amended. 118 
 119 

A bilingual version of this publication may be issued at a later date. 120 

 121 

The National Committees are requested to note that for this publication the stability date is 122 
2021. 123 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE 124 
DELETED AT THE PUBLICATION STAGE. 125 

 126 

 127 

 128 

 129 

 130 

 131 

 132 

 133 
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MAGNETIC MATERIALS – 134 
 135 

Part 6: Methods of measurement of the magnetic properties  136 
of magnetically soft metallic and powder materials at frequencies  137 

in the range 20 Hz to 100 kHz by the use of ring specimens  138 
 139 
 140 
 141 

1 Scope 142 

This part of IEC 60404 specifies methods for the measurement of AC magnetic properties of 143 
soft magnetic materials, other than electrical steels and soft ferrites, in the frequency range 144 
20 Hz to 100 kHz. The materials covered by this part of IEC 60404 include those speciality 145 
alloys listed in IEC 60404-8-6, amorphous and nano-crystalline soft magnetic materials, 146 
pressed and sintered and metal injection moulded parts such as are listed in IEC 60404-8-9, 147 
cast parts and magnetically soft composite materials.  148 

The object of this part is to define the general principles and the technical details of the 149 
measurement of the magnetic properties of magnetically soft materials by means of ring 150 
methods. For materials supplied in powder form, a ring test specimen is formed by the 151 
appropriate pressing method for that material. 152 

The measurement of the DC magnetic properties of soft magnetic materials shall be made in 153 
accordance with the ring method of IEC 60404-4. The determinations of the magnetic 154 
characteristics of magnetically soft components shall be made in accordance with IEC 62044-155 
3. 156 

NOTE IEC 62044-3 specifies methods for the measurement of AC magnetic characteristics of magnetically soft 157 
components in the frequency range up to 10 MHz.  158 

Normally, the measurements shall be made at an ambient temperature of (23 ± 5) °C on test 159 
specimens which have firstly been magnetized, then demagnetized. Measurements can be 160 
made over other temperature ranges by agreement between supplier and purchaser. 161 

2 Normative references 162 

The following documents are referred to in the text in such a way that some or all of their 163 
content constitutes requirements of this document. For dated references, only the edition 164 
cited applies. For undated references, the latest edition of the referenced document (including 165 
any amendments) applies. 166 

IEC 60050 (all parts), International Electrotechnical Vocabulary 167 

IEC 60404-2, Magnetic materials – Part 2: Methods of measurement of the magnetic 168 
properties of electrical steel strip and sheet by means of an Epstein frame 169 

IEC 60404-4, Magnetic materials – Part 4: Methods of measurement of DC magnetic 170 
properties of magnetically soft materials  171 

IEC 60404-8-6, Magnetic materials – Part 8-6: Specifications for individual materials – Soft 172 
magnetic metallic materials 173 

IEC 60404-8-9, Magnetic materials – Part 8: Specifications for individual materials − Section 9: 174 
Standard specification for sintered soft magnetic materials 175 

IEC 62044-3, Cores made of soft magnetic materials – Measuring methods – Part 3: Magnetic 176 
properties at high excitation level 177 

ISO/IEC Guide 98-3, Uncertainty of measurement – Part 3: Guide to the expression of 178 
uncertainty in measurement 179 
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3 Terms and definitions 180 

For the purposes of this document, the following terms and definitions apply. 181 

ISO and IEC maintain terminological databases for use in standardization at the following 182 
addresses: 183 
• IEC Electropedia: available at http://www.electropedia.org/ 184 
• ISO Online browsing platform: available at http://www.iso.org/obp 185 

4 General principles of measurement 186 

4.1 Principle of the ring method 187 

The measurements are made on a closed magnetic circuit in the form of a ring test specimen 188 
wound with two windings. 189 

4.2 Test specimen 190 

The test specimen shall be in the form of a ring of rectangular cross-section which may be 191 
formed by 192 

a) winding thin strip or wire to produce a clock-spring wound toroidal core; or 193 
b) a stack of punched, laser cut, wire cut or photochemically etched ring laminations; or 194 
c) pressing and sintering of powders, metal injection moulding, 3D printing or casting. 195 

In the case of powder materials, the production of a ring test specimen by metal injection 196 
moulding or by pressing (with heating if applicable) shall be carried out in accordance with the 197 
material manufacturer's recommendations to achieve the optimum magnetic performance of 198 
the powder material. 199 

For all types of test specimen, burrs and sharp edges should be removed prior to heat 200 
treatment. In the case of high permeability material, it is preferable to enclose the test 201 
specimen in a two-part non-magnetic annular case. The case dimensions shall be such that it 202 
closely fits without introducing stress into the material of the test specimen. 203 

The ring shall have dimensions such that the ratio of the outer to inner diameter shall be not 204 
greater than 1,4 and preferably less than 1,25 to achieve a sufficiently homogenous 205 
magnetization of the specimen. This is necessary to determine the material properties from a 206 
ring geometry.  207 

For solid and pressed powder materials, the dimensions of the test specimen, that is the outer 208 
and inner diameters and the height of the ring, shall be measured with suitable calibrated 209 
instruments. The respective dimensions shall be measured at several locations on a test 210 
specimen and averaged. The cross-sectional area of the test specimen shall be calculated 211 
from Formula (1). 212 

 hdDA
2

)( −
=  (1) 213 

where 214 
A  is the cross-sectional area of the test specimen, in square metres; 215 
D  is the outer diameter of the test specimen, in metres; 216 
d  is the inner diameter of the test specimen, in metres; 217 
h  is the height of the test specimen, in metres.  218 

For a stack of laminations or a toroidal wound core, the cross-sectional area of the test 219 
specimen shall be calculated from the mass, density and the values of the inner and outer 220 
diameter of the ring. The mass and diameters shall be measured with suitable calibrated 221 
instruments. The density shall be the conventional density for the material supplied by the 222 
manufacturer. The cross-sectional area shall be calculated from Formula (2). 223 
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ρπ
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where 225 
m  is the mass of the test specimen, in kilograms; 226 
ρ  is the density of the material, in kilograms per cubic metre. 227 

For the calculation of the magnetic field strength, the mean magnetic path length of the test 228 
specimen determined from Formula (3) is used. 229 

 ( )
2m

dD = l  +  π   (3) 230 

where 231 
 lm  is the mean magnetic path length of the test specimen, in metres. 232 

NOTE For measurements of magnetically soft components, an effective core cross-sectional area and an effective 233 
magnetic path length are used (described in IEC 62044-3). The difference in results between material 234 
measurements and component measurements is larger when the ratio of the outer to inner diameter is larger. 235 

If the specific total loss is to be determined, then the mass of the test specimen shall be 236 
measured with a suitable calibrated balance. 237 

4.3 Windings 238 

The test specimen shall be wound with a magnetizing winding and a secondary winding (see 239 
Annex A). 240 

The numbers of turns depend upon the measuring equipment and method being used. The 241 
secondary winding shall be wound as closely as possible to the test specimen to minimize the 242 
effect of air flux included in the winding. All windings shall be wound uniformly over the whole 243 
length of the test specimen. 244 

For measurements at frequencies above power frequencies, care shall be taken to avoid 245 
complications related to capacitance and other effects. These are introduced and discussed in 246 
Annex A. 247 

Care shall be taken to ensure that the wire insulation is not damaged during the winding 248 
process causing a short circuit to the test specimen. An electrical check shall be made with a 249 
suitable AC insulation resistance measuring device to ensure that there is no direct 250 
connection between the winding and the test specimen.  251 

5 Temperature measurements 252 

When the temperature of the surface of the test specimen is required, it shall be measured by 253 
affixing a calibrated non-magnetic thermocouple (for example a type T thermocouple) to the 254 
test specimen. Where the test specimen is enclosed in an annular case, a small hole shall be 255 
made in the case, taking care not to damage the material of the test specimen, and the 256 
thermocouple fixed in contact with the test specimen. If this is not possible, the thermocouple 257 
shall be affixed to the case and this procedure shall be reported in the test report. The 258 
thermocouple shall be connected to a suitable calibrated voltmeter in order to measure its 259 
output voltage which can be related to the corresponding temperature through the calibration 260 
tables for the thermocouple. 261 

Where the temperature of the test specimen is found to vary with time after magnetization, the 262 
measurements of the magnetic properties shall be carried out either when an agreed 263 
temperature is reached or after a time agreed between the purchaser and supplier. If 264 
measurements are to be made at elevated temperatures, these may be carried out with the 265 
test specimen placed in a suitable oven to produce the required temperature. 266 

NOTE A second smaller time-dependent magnetic relaxation effect can also affect the magnetic properties. For 267 
the types of materials covered by this document, the effect is usually masked by temperature changes. However, if 268 
such magnetic relaxation effects become apparent, then the test specimen can be allowed to dwell at the 269 
prescribed magnetic flux density or magnetic field strength for an agreed period of time before making the final 270 
measurements. 271 
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6 Measurement of the relative amplitude permeability and the AC 272 
magnetization curve 273 

6.1 General 274 

The measurements are made using the ring method at frequencies normally from 20 Hz to 275 
100 kHz, the upper frequency being limited by the performance of the instrumentation. 276 

NOTE Where suitable calibrated instruments exist and careful winding to reduce interwinding capacitance has 277 
been performed, this upper limit can be extended to 1 MHz (See Annex A). 278 

6.2 Apparatus and connections 279 

The apparatus shall be connected as shown in Figure 1.  280 

NOTE 1 Figure 3 can be used for the measurement of the relative amplitude permeability and the magnetization 281 
curve using the digital sampling technique. 282 

NOTE 2 For the application of digital sampling technique, see Annex B. 283 

 284 

Hz

A

V1 V2 OSC

N1 N2

IEC   1725/03 285 

Key 286 
~  power supply (usually an oscillator and a power amplifier) 287 
A  true r.m.s. or peak reading ammeter, or a true r.m.s. or peak reading voltmeter and a non-inductive precision 288 

resistor to measure the magnetizing current  289 
Hz  frequency meter 290 
N1 magnetizing winding 291 
N2  secondary winding 292 
Osc oscilloscope 293 
V1  average type voltmeter 294 
V2  r.m.s. voltmeter 295 

Figure 1 – Circuit of the measurement apparatus 296 

When conducting sinusoidal current measurements, a non-inductive precision resistor should 297 
be connected in series with the magnetizing winding to guarantee that the magnetizing circuit 298 
resistance is at least ten times greater than the impedance of the test specimen. 299 

The source of alternating current shall have a variation of voltage and frequency at its output 300 
individually not exceeding ±0,2 % of the adjusted value during the measurement. It shall be 301 
connected to a true r.m.s. or peak reading voltmeter and a non-inductive precision resistor, in 302 
series with the magnetizing winding on the test specimen, to measure the magnetizing current. 303 

The secondary circuit comprises a secondary winding connected to two voltmeters in parallel. 304 
One voltmeter measures the true r.m.s. value, the other measures the average rectified value 305 
but is sometimes scaled in values 1,111 times the rectified value.  306 

The waveform of the secondary voltage should be checked with an oscilloscope to ensure that 307 
only the fundamental component is present. 308 

6.3 Waveform of secondary voltage or magnetizing current 309 

In order to obtain comparable measurements, it shall be agreed prior to the measurements 310 
that either the waveform of the secondary voltage or the waveform of the magnetizing current 311 
shall be maintained sinusoidal with a form factor of 1,111 with a relative tolerance of ±1%. In 312 
the latter case, a non-inductive precision resistor connected in series with the magnetizing 313 
circuit is required. 314 
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