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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 10: Methods of measurement of magnetic properties
of magnetic electrical steel strip and sheet at medium frequencies

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiomycamp
| national electrotechnical committees (IEC National Committees). The object of IEC Jis ‘to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Ublication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee inter
n the subject dealt with may participate in this preparatory work. International, "governmental and
bvernmental organizations liaising with the IEC also participate in this preparation.”IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with” conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as‘\iéarly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro|

C Publications have the form of recommendations for international use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts are made“o ensure that the technical content o
isinterpretation by any end user.

order to promote international uniformity, IEC Natiehal 'Committees undertake to apply IEC Publicg
pnsparently to the maximum extent possible in their'national and regional publications. Any diverd

e latter.

Esessment services and, in some areas, agcess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.
o liability shall attach to IEC or its-directors, employees, servants or agents including individual expert
her damage of any nature{whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable for the_correct application of this publication.

htent rights. MEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60404-10 has been prepared by IEC technical committee 68:

Mag

netic alloys and steels.

This second edition cancels and replaces the first edition published in 1988. This edition
constitutes a technical revision.

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

a) adaption to modern measurement and evaluation methods, in particular the introduction of

{
I
b) i

q

g

c) T
[

d) 71

The

Full
votir

This

A list of all parts in the IEC 60404 series, published under the general title Magnetic mate

can

The
the

relafed to the specific pablication. At this date, the publication will be

Te widety spreaddigital—samptimgmethod—for the —acquisitiom _and—evatuatiom of
heasured data;

ntroduction of formal changes which adapt this standard to other standards of‘the 6(
eries;

evision of the problem of the air flux compensation taking account of the\cendition o
igher frequencies;

evision of the capacitive coupling of mutual inductor windings' together with
onsideration of the alternative method of numerical air flux compénsation.

text of this standard is based on the following documents:

CbhV Report of\veting
68/523/CDV 68/566/RVC

information on the voting for the approval of.this standard can be found in the repor
g indicated in the above table.

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

be found on the IEC website.

committee has decided-that the contents of this publication will remain unchanged
stability date indicated-on the IEC website under "http://webstore.iec.ch” in the

the

404

the

the

t on

rials,

until
data

e reconfirmed,

e Withdrawn,

o replaced/by a revised edition, or

e 3gmended.

Thelcantents of the r‘nrrigpnrlllm of March 2018 have heen included in this copy

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 it

s contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

O

Besides the fact that the first edition of this part of IEC 6 &is more than 25 years old]| the
main purpose of this revision is to adapt it to modern m urement and evaluation methjpds,
in pprticular to introduce the widely spread digital pling method for the acquisition|and
evalpation of the measured data. Q
N\

In addition, the problem of the air flux comése%\sation had to be re-considered under| the
condition of the elevated frequencies. Capacitive coupling of mutual inductor windings require
obs;trvance of significant phase shift\%d&ce and suggest consideration of the alterngtive
metlhod of numerical air flux compensatien. An increase of the frequency range to 20 kHz|was
discpssed by TC 68 since some maﬁ cturers of electrical steel include this range in their
catajogues. However, TC 68 ided to keep the frequency range to that defined in
IEC[60404-10:1988: 400 Hz to J\g z.
O

.

C)\
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MAGNETIC MATERIALS -

Part 10: Methods of measurement of magnetic properties
of-magnetic electrical steel strip and sheet at medium frequencies

Thicsleha
HHS|FGHS

()
fans
(%
o

This| part of IEC 60404 is applicable to grain-oriented and non-oriented electrical steel ptrip
and |sheet for measurements of a.c. magnetic properties in the fréguency range 400 Hz to
10 000 Hz.

Thelobject of this document is to define the general principlgs, and the technical details of the
measurement of magnetic properties of electrical steel strip.and sheet by means of an Epstein
frame.

4 Field of applicati

Thetuse—of the-25-cm Epstein frame is applicable to-flat-strip test specimens obtained from
magpetic electrical steel strips and sheets of any-quality grade. The AC magneticprepefties
charfacteristics are determined for-a sipusoidal induced voltages, for specified peak valugs of
magnetic polarization and for a specified frequency.

The| measurements are to be\made at an ambient temperature of (23 + 5)°C on [test
spegimens which have firstbéen demagnetized.

NOTE Throughout this doeuitent the term "magnetic polarization" is used as defined in IEC 60050-221. In pome
standards of the IEC 60404 ‘series, the term "magnetic flux density" was used.

2 Normativesreferences

The|followirg documents are referred to in the text in such a way that some or all of their
content \canstitutes requirements of this document. For dated references, only the edjtion
citeaeapplies. For undated references, the latest edition of the referenced document (incIuLing
any amendments) applies.

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

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

IEC 60404-8 (all parts), Magnetic materials — Part 8: Specifications for individual materials

IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of density, resistivity
and stacking factor of electrical steel sheet and strip
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-221 and

IEC

60050-121 apply.

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

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

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

4 General principle of a.c. measurements

4.1 General

Clayse 4 specifies the general conditions for the determination of a.c.magnetic propertigs of
elecfrical steel strip and sheet by means of the 25 cm Epstein frame.

4.2 | Principle of the 25 cm Epstein frame method

The|25 cm Epstein frame, which comprises a primary winding, a secondary winding and the
speg¢imen to be tested as a core, forms an unloaded{transformer whose—propefties
charfacteristics are measured by the method described in the following subclauses 4.3 to 4.10.
At the higher end of the frequency range, a specially;constructed Epstein frame (see Anngx A)
may| be required in which the interwinding capacitances are low, so that the capacitive pdrt of
the iImpedance has a negligible impact on the lgss results. The material of the winding formers
supporting the-seleneoids windings has a low dielectric loss.

A sgparate measuring system (for examiple a commercially available-universal digital brjdge
capgble of measuring resistance, capacitance and inductance) is required to determing the
inte-winding capacitance of the Epstein frame.

4.3 | Test specimen

Hhetm toek
assH The
strip see

Figure 1) thus forming four limbs of equal length and equal cross-sectional area.

NN

IEC

Figure 1 — Double-lapped joints

The strips shall be sampled in accordance with the appropriate product standard in the

IEC

60404-8 series.
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They shall be cut by a method which will produce-elean substantially burr-free edges and, if
so specified, heat treated in accordance with the corresponding product standard. They shall
have the following dimensions:

— width  5=30mm £ 0,2 mm;
— length 280 mm < /<500 320 mm

The—strips—being—of-the—same length of the strips shall be equal within a tolerance of ‘

+ 0,5 mm.

Eor lctrine of leanath areater than 305 mm  ecare chall ha takan to avaoid bhendina the~<clrine
Eoottleo et loneih cooator thon 208 caen —eoro—choll bo tolion tocnaldl bondins tho rioc
duripg the test.

Whgn the strips are cut parallel or normal to the direction of rolling, the edge)of the pgrent
shegt shall be taken as the reference direction.

Thelfollowing tolerances shall-be-allowed apply for the angle betweencthe specified and agtual
dire¢tion-efrelling-and-that of cutting:

— 4 1° for grain-oriented steel sheet;

— 1 5° for non-oriented steel sheet.

Only flat strips shall be used. Measurements shall be madé without additional insulation.
The|number of strips-ferming-a comprising the test specimen shall be not less than twelve|and
shal] be a multiple of four. A force of (1 + 0,1) Nsshall be applied to each corner, normal tq the
plane of the overlapping strips.

4.4 | The 25 cm Epstein frame

The|25 cm Epstein frame (hereinafter referred to as the Epstein frame) shall consist of [four
solepoids into which the test specimen strips are-irtreduced inserted in such a manner that a |

clos

bd magnetic circuit is formead (see Figure 2).
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Figure 2 — The 25 cm Epstein frame

basurements are to be made under the conditions’ specified in 4.5, a mutual inducto

air flux compensation-shalt may be provided.

The

winding formers supporting the-soleneids windings shall be made of hard insula

material of low dielectric loss, such as polystyrene. They have a rectangular cross-se

with
reco

The

32 mm inner width. A height ofsabeut approximately 5 mm-wil-be—sufficient—an
mmended.

base¢-plate-ina-square-arrapgement in such a way to form a square (see Figure 2).-Each-

of tH
side
220

In o
wing
appf

o nnorsonaretormoedbythetest speeimen-—sirip-chell-have a-lencth-of The length o

5 of the square formed by the internal edges of the strips of the test specimen sha
+6 mm (see Figlre 2).

rder to avoid undue wear of the winding formers and especially of their inner surfa
ing fortners of larger cross-section can be used into which replaceable liner
opriate-dimensions may be inserted.

Eac

r for

ting
tion
d is

solenoids shall be-meountediena-non-conducting fixed to an insulating and non-magnetic

side
the
| be

Cces,

h of the four solenoids r‘nmr\riene shall have twao \A/indinge'

— a primary winding, on the outside (magnetizing winding);

— a secondary winding, on the inside (voltage winding).

The windings-en-each-soelenoid shall be-evenly distributed uniformly over a minimum length of
190 mm, each solenoid-ecarrying-ene-fourth having one quarter of the total number of turns.

The individual primary windings of the four solenoids shall be connected in series, and the
individual secondary windings shall be connected in a similar fashion.

At-high-frequencies the higher end of the frequency range, the loss contribution due to the
capacitance between the primary and secondary windings and also the self-capacitance of the
secondary winding could be significant. The windings shall be spaced to minimize this loss.
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The capacitance between the windings and the self-capacitance of the secondary winding
shall be measured. If necessary, a correction shall be applied for the loss introduced.

The number of turns of primary and secondary windings shall be chosen to suit the particular
conditions of the power supply,-instrumentation-and measuring equipment and frequency.

A total number of 200 turns for each of the primary and secondary windings is recommended
and is commonly used for tests in the frequency range 400 Hz to 10 000 Hz.

The impedance of the magnetizing windings shall be sufficiently small to avoid waveform
distgrtiomandTminimize mtermat vottage arops.

The |effective magnetic path length, /,, of the magnetic-path circuit-in-thistest-equipmeptis
shal] be conventionally-takenas assumed to be equal to 0,94 m.-TFhis—value-shalkbe used]

Conpequently; The—effective active mass, m,, i.e. the magnetically activesniass of the |test
spegimen, is given by:

mg =—"—m (1)

m, | is the-effective magnetically active mass of test specimen, in kilograms;
m is the mass of test specimen, in kilograms;

I is the conventional effective magnetic pathlength, in metres (/,, = 0,94 m);
/

is the length of a test specimen strip,.indnetres.

4.5 | Air flux compensation

A-cgrrection compensation for air flux'shall be made for magnetic field strengths greater than
or equal to 1 000 A/m.—Ferlowfreguaencies At the lower end of the frequency range (less than
or equal to 1 000 Hz) a mutualdnductor may be used to compensate for the air flux.

The|primary winding of the mutual inductor shall be connected in series with the primary
winding,‘of the Epstein frame, and the secondary winding of the mutual inductor shall be
connéected to the secondary winding of the Epstein frame in series opposition (see Figure B).

An adjustment of the value of the mutual inductance shall be made so that, when passing an
alternating current through the combined primary windings in the absence of the specimen in
the apparatus, the voltage measured between the non-common terminals of the combined
secondary windings shall be no more than 0,1 % of the voltage appearing across the
secondary winding of the test apparatus alone.

Thus the average rectified value of the voltage induced in the combined secondary windings
is proportional to the peak value of the magnetic polarization in the test specimen.

At the higher end of the frequency range, coupling through interwinding capacitances of the
mutual inductor can lead to a significant phase shift of the secondary induced voltage
followed by a relevant error in the measurement of the magnetic loss value. It has to be
ensured that the mutual inductance does not lead to a significant phase shift of the secondary
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induced voltage. Appropriate design of the secondary winding of the mutual inductor, i.e.
larger distances between the windings, can avoid the phase shift. If, at the higher end of the
frequency range, a relevant phase shift cannot be avoided in this way, the mutual inductor
shall be removed from the measurement circuit and numerical air flux compensation shall be
applied (see Clause B.4).

4.6 Power supply

The-source power supply shall-be-of have a low internal impedance and-shal-be-highhystable
a high stability of voltage and frequency. During the measurement, the voltage and frequency

variations shall not exceed + 0,2 % of the-specified required value.

For the determination of the specific total loss, the specific apparent power and r.m.s,\valye of
the Imagnetic field strength, the form factor of the secondary induced voltage<shal|l be
maintained 1,111 within £ 1 % (this can be achieved by various means, e.g- electionic

NOTE This is possible in several ways; for example by using an electrically controlled power supply or a nedative
feedack power amplifier.

The|form factor of the secondary induced voltage is the-guetient tatio of-the its r.m.s. value
andthe to its average rectified value. iFhe—feFmer—ks—n%su%ed—by—an—Pm—s—\@JemetePsue

améving iron |ne+r||mnn+ and-the latter h\l SREReaE tvne voltmeter—such-as-a rnr\hflnr
a—+h HRgHORHRSHHREenR ratted Ve Yo eter—Ssdehasafrect

LB A s 3
instgument. Two voItmeters one responswe to rm s. valies and the other responsive
average rectified values shall be used to determine the fofht factor.

§

<
-
o

(0]

NoTE When a negative feedback amplifier is used for the supply, it may be necessarny to
obsgrve the waveform of the secondary induced veltage on an oscilloscope to ensure that the
corrgct waveform of the fundamental frequencyxis’being produced.
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413-Apparatus

4.7 Voltage measurement
4.7.1 General

The secondary induced voltage shall be measured by means of appropriate voltmeters having
an input impedance greater than or equal to 1 000 Q/V.

NOTE For the application of digital sampling methods, see Annex B.

4.7.2 Average type voltmeter

Thogsnmm e mlun e the cnconden s coeliindn o of the Soctols teoens cnellbe s oo fend
veepenspenpme s bonn eelbenntor of cocnenen OEDL op beotior oo o ool poos dilelied
volttheter: A voltmeter responsive to average rectified values having an accuracy of + 0J5 %
or better shall be used

NOTE 1 Instruments of this type are usually graduated in average rectified value multiplied by 1,111.

Thelload on the secondary circuit of the network shall be as small@s™possible. Consequeptly,
the internal resistance of the average type voltmeter shall be at least 1 000 Q/V.

NOTE 2 The preferred instrument is a digital voltmeter.

4.7.3 RMS voltmeter

A vdltmeter responsive to r.m.s. values having an.a€curacy of £ 0,5 % or better shall be used.

NOTE e-g—arm-s—sensing The preferred instrument js a‘digital voltmeter.
4.8 | Current measurement

Theiprimary magnetizing current-may'shall be measured by either:

— antelass—4 ammeter having apvaccuracy + 0,5 % or better of low impedance;
or

— mepasuring the voltage. drop across a non-inductive precision resistor connected in sgries
with[the primary winding. The combined uncertainties of the resistor and the voltmeter $hall
not ¢xceed 1 %.

The{ammeterand-the precisionresistorrespectively; current measuring device shall be short-

circuited when the secondary induced voltage—-is has been adjusted and the losses—aie is
beinjg measured.

NOT 1 e pPreicitel MisurulticeTit 1s a uigiiar arfimimelenr Ul a ulygridl VUTLITE ST,

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

4.9 Frequency measurement

A frequency meter having an accuracy-0-2 + 0,1 % or better shall be used.

NOTE For the application of digital sampling methods, see Annex B.

4.10 Power measurement

The power shall be measured by a wattmeter having an accuracy of + 0,5 % or better at the

frequency, power factor, and crest factor to be used. Readings in the first quarter of the scale
shall be avoided as far as possible.
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NOTE For the application of digital sampling methods, see Annex B.

The resistance of the voltage circuit of the wattmeter shall be-greaterthan-oregqual-to at least
100 Q/V for all ranges. If necessary the losses in the secondary circuit shall be subtracted
from the indicated loss value.

Moreover, the ohmic resistance of the voltage circuit of the wattmeter shall be at least 5 000
times—the its reactance, unless the wattmeter is compensated for its reactance, to avoid
necessary corrections of phase angle.

5 M - trre—for-the—d Iy 4 - .

5.1 General

Clayse 5 describes the wattmeter method for the determination of the specific ‘total logs of
elecfrical steel strip and sheet at frequencies in the range 400 Hz to 10 000 Hz,

The|specific total loss is determined, according to this method, for spedified peak valugs of
magnetic polarization and for a specified frequency.

In ofder to obtain comparable results, test values shall be referred”to magnetic polarizatign of
sinupoidal waveform.

5.2 | Preparation for measurement

The|Epstein frame and measuring equipment shall ©e Connected as shown in Figure 3.
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L

"
____%P___l

\% mesures average-rectified-voltage type voltmeter
V2 mesures r.m.s.-voltage voltmeter

A1 current measuring device

IEC

Components

F1 frequency meter

W1 wattmeter

M. mutual inductor
E Epstein frame
S1 switch

NOTHE The circuit diagram of Figure 3 illustrates the @cincCiple of the wattmeter method. It also sets out the
fundgmentals of the digital Wattmeter method where the“instrumental functions are realized partly through the
evalyating software.

Figure 3 — Circuit for the wattmeter method

The|test specimen shall be weighéd and its mass determined within + 0,1 %. After weighing,
the |strips shall be loaded into~the solenoids of the Epstein frame—with forming doyble-
oveflapping corner joints. In-the’case of strips which are cut half in the direction of rolling(and
half jnormal to that directionj.care shall be taken that all the strips cut in the direction of rojling
are |placed in two opposite—arms solenoids of the frame and that those cut normal to |that
dire¢tion are placed imthe two other opposite-arms solenoids. The joints shall form a mininum
gap |between the strips. The strips shall be positioned so as to conform with the requiremgents
of 4]4. The number -of strips shall be the same in each solenoid.

Befqre measurement, the test specimen shall be demagnetized by a decreasing alterngting
magnetieg-field of an initial level higher than used in previous measurements.

5.3 —Suvurcesettimg Adjustmentof powersuppty

In order to achieve the specified peak value of the polarisation, j the-seuree power supply
output shall be adjusted so that the average rectified value of the secondary induced voltage
is:

@:W{R& JAJ (2)

i+Ry

where:

|U2| is the average rectified value of the voltage induced in the combined secondary-resctified

voltage windings, in volts;
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f is the frequency, in hertz;
i is the combined equivalent resistance of instruments in the secondary circuit, in ohms;

Ry is the series resistance of the combined secondary windings—ef-Epstein—frame—and
mutdalinduetor, in ohms;

N, is the number of turns of the secondary winding of the Epstein frame;

A is the cross-sectional area of the test specimen, in square metres;

<

is the peak value of magnetic polarization, in teslas.

The[cross-seclional area of the test specimen, A, 1s obtained by the formula:

Sy m
4ip,,

where:

m is the total mass of test specimen, in kilograms;

[ is the length of a test specimen strip, in metres;

P. | is the conventional density, or the value determined ig,@aecordance with IEC 60404-13,

of the test material, in kilograms per cubic metre.
5.4 | Measurements of power

The|lammeter in the primary circuit shall be observed to ensure that the current circuit of the
wattmeter is not overloaded. Then the ammeter)shall be short-circuited and the seconfdary
induced voltage readjusted. After checking the, waveform of the secondary induced voltage in
compliance with 4.6, the wattmeter shall be read.

NOTE In order to avoid undue heating~of the test specimen and to facilitate reproducibility,
meajsurements should be made asquickly as possible after energizing the Epstein frame.|The
speg¢gimen should be allowed to cool between readings.

NOTE For the application of digital’sampling methods, see Annex B.
5.5 | Determination ofithe specific total losses

The|power, P, measured by the wattmeter includes the power consumed by the instrumgnts
in the secondary\circuit, which to a first approximation is equal to (1,111-|U2|)2/Ri since| the
secgndary induced voltage is essentially sinusoidal.

NOTE JForcthe application of digital sampling methods, see Annex B.

Thus, The Total Tosses, . or the test specimen shall be calculated rrom the Tormula:

—\2
1111-|U2|j
N (
Pp=—">l.p -~ 7 4
o=, fm & (4)
where:
P, is the calculated total losses of test specimen, in watts;

m is the power measured by the wattmeter, in watts;
N, is the number of turns of the primary winding;

N, is the number of turns of the secondary winding;

3)
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R, is the combined equivalent resistance of the instruments in the secondary circuit, in

ohmes;

|U2| is the average rectified value of the voltage induced in the combined secondary-rectified

voltage winding, in volts.

The specific total losses, Pg shall be obtained by dividing P, by the—effective magnetically
active mass of the test specimen (see 4.4).

(®)

whefe:

P, | is the specific total losses of test specimen, in watts per kilogram\ (correctdd if
necessary for flux waveform distortion according to 4.4);

m is the total mass of test specimen, in kilograms;

my | is the-effective magnetically active mass of test specimen, in kilograms;

/ is the length of a test specimen, in metres;

m is the conventional effective magnetic path length, in metres (/,, = 0,94 m).

5.6 | Reproducibility of the specific total loss measurément
The|reproducibility of the results obtained from thissmethod is characterized by a relative

standard deviation in the range between 2% and¢5%, the value of this standard devigtion
depé¢nding on the frequency and the magnetic polarization which are used.

6 Procedure for the detérmination of the peak value of magnetic polarization,
F.m.s. value of magnetic field strength, peak value of magnetic field strength
and specific apparent power

6.1 | Scope General

Clayse 6 describes measuring methods for the determination of the following quantities:

A

_ adl vyaliia nfmannatic nalarization 1 -
oot - g eeporar oo

~

r.m.s. value of magnetic field strength H ;

peak value of magnetic field strength I:I;

specific apparent power S .

The quantities are determined, according to these methods, for specified peak values of
magnetic polarization and for a specified frequency.

6.2 Test specimen

The test specimen shall comply with 4.3.
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inciple of measurement

~

Peak value of magnetic polarization J

The peak value of magnetic polarization, j shall be derived from the average rectified value
of the secondary induced voltage measured as described in 4.7 and using formula (2) in 5.3.

NOTE For the application of digital sampling methods, see Annex B.

6.3.2

RMS value of the-exeitation magnetizing current (of the magnetic field strength)

The|r.m.

mealsuring device responsive to r.m.s.-ammeter values in the circuit as shown in Figlre’4.

Components

V1 average type voltmeter
A1 current measuring device
E Epstein frame

NOTE For the application of digital sampling fhethods, see Annex B.

6.3.3
6.3.3.1

Figure 4 — Circuit for measuring r.m.s. value of the-exeitation magnetizing curreng

s. value of the—exeitation magnetizing current shall be measured by an cufrent

o

0

~ E.-
®

IEC

Peak value of magnetic field strength

General

The|peak value of magnetic field strength shall be derived from the peak value of the-prigpary

magpetizing current, /,, measured by one of the following methods:

6.3.3.2

A

Method A

The peak value of the magnetizing current, /,, shall be determined by measuring the voltage
drop across a known non-inductive precision resistor R, using a peak voltmeter as shown in

Figure 5.
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Components
V1 average type voltmeter
V2 peak voltmeter
R, non-inductive precision resistor
E Epstein frame
NOTE For the application of digital sampling methods, see Annex B.
Figure 5 — Circuit for measuring the peak value of magnetic field
strength using a peak voltmeter
6.3.3.3 Method B
The|peak value of the magnetizing current, /,, shall be determinéd by measuring the avefage
rectified voltage appearing across the secondary winding of @ mutual inductor of an accufacy
of 40,5 %, the primary winding of which-carries—the—maghetizing—eurrent is connectdd in

serig¢s with the primary winding of the Epstein frame, by\using an average type voltmeter in
accqrdance with the circuit given in Figure 6.

o} o

.| E

IEC

Components

VA1 measures/rectified-voltage average type voltmeter

M mutual inductor

S1 swifch

E Epstein frame

NOTE 1 In this case, the voltmeter can be the same instrument as is used for measuring the secondary induced

voltage-ef-the-Epsteinframe unless there are more than two zero crossings of the voltage per period, in which case
a phase controlled-rectifier average type voltmeter-must is used.

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

Figure 6 — Circuit for measuring the peak value of magnetic field
strength using a mutual inductor M
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Apparatus

6.4.1 Average rectified voltage measurement

To measure the average rectified value of the secondary induced voltage-ef-the-Epsteinframe
and, in the case of Method B, of the mutual inductor, an average type voltmeter with at least
1 000 Q/V internal resistance shall be used. The accuracy of the instrument used shall be of
accuracy + 0,5% or better (see 4.7).

NOTE For the application of digital sampling methods, see Annex B.

6.4.2—C€urrentmeasurement

The|r.m.s. value of the-primary magnetizing current shall be measured-eitherby-meansgfan
r.m.§.-ammeter of low impedance of class 0.5 or better, or by using a precision-resistor{and
r-m-$—electronic—voltmeter by a current measuring device responsive to r.m.s\Vvalues.|The
accyracy of the instrument used shall be of accuracy + 0,5 % or better (see 4¢8)-

NOTE For the application of digital sampling methods, see Annex B.

6.4.3 Peak current measurement

The

indid
scalg

NOTE

6.4.4

Method A requires a non-inductive precision resistor of an-valdeknown-to-within accurag

+0,

The
not
distq

.5  Mutual inductor Mp

Lating-the responsive to peak values, or by means ofta ‘calibrated oscilloscope. The
e error of the device used shall be + 3 % or better.

For the application of digital sampling methods, see Afpex B.

I ResistorR,

b %.

rtion of the induced voltage’waveform.

utual inductanece, M, determined within £ 0,5%; the primary impedance of this indu
be as lew-as possible. To minimize errors, the secondary impedance of the indu
be low(compared to that of the measuring instrument connected to it.

ing.calibration and use of the inductor, care shall be taken that measurements will ng

Measuring procedure

2014+ Preparationformeasurement
As for Sub-clause-14-1-

The

test specimen shall be prepared as for 5.2.

20.2 — Measurement

measurement of the peak value of the voltage drop agross resistor R, according to
Metlhod A shall be achieved either by means of an electronic” voltmeter of hlgh sensif

ivity
full-

y of

resistance value to be chosen(epends upon the sensitivity of the peak voltmeter. It $hall
pxceed 1-Q W when using/an Epstein frame with Ny = 200 turns in order to minifize

mutual inductar of the circuit shown in Figure 6 shall be calibrated and its—value-M-kieown

ctor
ctor

t be

In practice, single values or groups of values of magnetic polarization,j, and magnetic field

A

strength, H or H | are determined.
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If the magnetic field strength is specified and magnetic polarization is to be determined, the
primary magnetizing current shall be set to give the relevant magnetic field strength (see
below). Then the secondary induced voltage—ef-theEpstein—frame shall be read on the

aver

age type voltmeter (see 5.3).

Alternatively, if the magnetic polarization is specified and magnetic field strength is to be
determined, the secondary induced voltage shall be set to its specified value as described in

5.3.

For the determination of the r.m.s. value of the magnetic field strength,

etizina current shall be read on the-ammeoetor current measurina device
~J ~J

ma

For
the

According to Method B, the average rectified voltage at the secondary winding’of the mt

indu

21

6.6

The

To o

ctor M shall be read on the average type voltmeter.

Det inati £ ol teristi

A

Determination of the peak value of magnetic polarization J

peak value of magnetic polarization is given by the formula:

A 1 N—
J = 0|
4 fN3A
btain |U2|, the voltmeter reading shall be corrected by the factor:
R+ Ry
jaV
Ri +Rt
R
[e:
is the.peak value of the magnetic polarization, in teslas;
is the frequency, in hertz;

A

he determination of the peak value of magnetic field strength, I:I according to Metho
peak value of the voltage drop across resistor R, shall be read on the peak voltmeter.

is the cross-sectional area of test specimen, in square metres;

R ,—voltmeterinternalresistanceir-ohms;

is the combined equivalent resistance of the instruments in the secondary circuit,

ohms;

|_is the number of turnsof the secondary winding of the Epsteinframe;
Ld )

H , the—primary

d A,

tual

(6)

in

is the series resistance of the secondary windings of the Epstein frame and mutual

inductor, in ohms;

is the average rectified value of the-electrometiveforee voltage induced in the combined

secondary windings-ef-the-Epsteinframe-and-the-airflux-compensater, in volts.
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Determination of the r.m.s. value of magnetic field strength H

The r.m.s. value of magnetic field strength, I—NI shall be calculated from the r.m.s. value of
primary magnetizing current indicated by the-ammeter current measuring device according to

the

After

circuit of Figure 4.

-y
lm

is the number of turns of the primary winding of the Epstein frame;

is the r.m.s. value of-primary the magnetizing current, in amperes:

magjnetization curve of J against H can be drawn.

is the r.m.s. value of magnetic field strength, in amperes per metre;

is the conventional effective magnetic path length, in metres (/,, = 0,94.m);

several groups of corresponding values of J and H-have been determined,

a

(9)

6.8 | Determination of the peak value of magnetic field’strength H
If measuring Method A has been used, the peak{yvalue of magnetic field strength shall be
calcplated from the reading U, of the peak voltmeter:
AN
Rnlm
=g
Rl
where:
H is the peak value’of magnetic field strength, in amperes per metre;
R, | is the resistance value of the non-inductive precision resistor R, in Figure 5, in ohmg;
(}R is the\peak value of the voltage drop across the non-inductive precision resistor R

volts;

n:

In the case of measuring Method B, 1:1 shall be calculated from the reading iUmi of the

average rectifier-type voltmeter (but see note to 6.3.3.3) in conjunction with the mutual

inductor Mp:
]:1 _ N1 ) RV+ Rm |Um|
47M, R,
g N. Ri+R
H = 1 | m |Um|

4Ml, R,

(10)
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where:

M is the mutual inductance in the circuit given in Figure 6, in henries;
R,, s the resistance of the secondary winding of the mutual inductor M, in ohms;
R, —internalresistance-of the-average-type-volimeterin-ohms

R is the combined equivalent resistance of instruments in the secondary circuit, in ohms;

[Um| is the average rectified value of the voltage induced in the secondary-induced-veltage

\Alinr{ing of the mutual inductor I\/I, nvolts

After several groups of corresponding values of j and H have been determirie i, a
magjnetization curve j against H can be drawn.
NOTE The relative amplitude permeability, 14 may be conventionally expressed as:
A
HoH
My = JA +1
HoH
6.9 | Determination of the specific apparent power S
Thelapparent power is given by:
~ ~ N - 1 N
S=[-Up-— =5"1111:- U, —*
N> Ny
S:;1~&2~&=7-1,111~|U2|-ﬂ (11)
Ny Ny
NOTE The relation (72 :1’111.m is valid only for sinusoidal voltages.
where:
S is the appatent power, in voltamperes;
172 is thevr.m.s. value of-seecendary the voltage—ef-theEpstein—frame induced in| the
combined secondary winding, in volts.

Division of this quantity by the effective mass, m,, in accordance with formula (1), gives the
specific apparent power:

5= S - L1111 |U;| - 4IN,

] AL
IILa IIll«lez

5111y an

my mlyn Ny

Ss = (12)
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where:

Sg s the specific apparent power, in voltamperes per kilogram;

l is the length of a test specimen strip, in metres;

m is the total mass of test specimen, in kilograms;

m, is the effective mass of test specimen, in kilograms;

m is the average rectified value of the voltage induced in the combined secondary-irduced
veltage windings, in volts;

N, rTsttetotatumberof turmsofEpsteir the primmary windingof theEpstefmframe;—

N, [ is the total number of turns of-Epstein the secondary winding of the Epstein frame;

I is the conventional effective magnetic path length, in metres (/, = 0,94 m);

71 is the r.m.s. value of-primary magnetizing current, in amperes.

6.10 Reproducibility

The
ess@gntially upon the-error uncertainty of the instruments used for(the measurement, and |
carefful attention to the physical details of the test equipment; When using instrumen
elasg an accuracy of + 0,5 %, the reproducibility of the methéd is characterized by a rel
standard deviation of the order of 3%.

Theltest report shall include the following, as applicable:

Test report

fype and identity of test specimen;

density of material (conventional, offas measured in accordance with IEC 60404-13);
Iength of test specimen strips;

number of strips;

ambient temperature dufing the measurements;

frequency of the magnetization;

alues of the magdnetic polarization;

nesults of the mmeasurements.

reproducibility of the results obtained from the procedure desgcribed in Clause 6 depé¢nds

pon
of
tive
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Annex A
(informative)

Epstein frame for use at medium frequencies

At medium frequencies, the energy loss arising from the dielectric loss of the material used for
the winding formers and from the interwinding capacitance of the Epstein frame becomes

significant.

The diele low
per the
required formers, terminal posts and baseplate of the Epstein frame.

Singe measurements at medium frequencies are usually restricted to low 'foss matgrial
opefating at comparatively low magnetic polarization, it is possible to reduce\the numbe¢r of
turng and diameter of wire of the windings. In addition, by making the primary and seconfdary

whe
AP

1 1+ 27CR

aced-bifitar single layer winding, with equal spaces between the primary and seconfary

an Epstein frame constructed in accordance with 4.4 and the"above recommendatipns,
nterwinding capacitance for 200 turns of 0,125 mm diameterywire on both the primary|and
ndary windings has been found to be approximately 3Q0pF and the resistance of ¢ach
ing approximately 3,5 Q.

additional loss introduced by this capacitance is)given by:

AP = 1141 .|U2| (W)

o o 2

Zic
—2
U
AP:‘I,111-Q A.1)
ic
e
is the additionatdpss induced by the capacitance, in watts;

R

i

is thé.eombined equivalent resistance of the instruments in the secondary circuif, in
ohms;

is'the interwinding capacitance. in farads.

At low magnetic polarizations, this quantity will probably be negligible but if it reaches
significant proportions, then it should be deducted from the calculated loss given in formula

(4).
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Annex B
(informative)

Digital sampling method for the determination of the magnetic properties

B.1 General

The digital sampling method is an advanced technique that is becoming almost exclusively
applied to the electrical part of the measurement procedure of this standard. Applied to the

waltt ; pge,
U,(1) and the voltage drop across the non-inductive precision resistor in series Wwith| the
primfary winding (see Figure 5), U,(¢) (corresponds to Ug in formula (9)), and by the uation

of these data for the determination of the magnetic properties of the test spec@n. For|this
purgdose, instantaneous values of these voltages having index j, u,;and U4, €SP ctively)] are
sampled and held simultaneously from the time-dependent voltage sign,? ring a nafrow

and|equidistant time period each by sample-and-hold circuits. They a hen immediately
conyerted to digital values by analogue-to-digital converters (ADC). T ata pairs sampled
overl one or more periods together with the specimen and the set-u %rameters, providqg the
complete information for one measurement. This data set enable&syComputer processing for
the fletermination of all magnetic properties required in this do nt.

Whilst the digital sampling method has perfectly proved its\Worth applied with the technical
freqliency range, it is expected that it will be effectively, afplicable to medium frequencies| i.e.
that|it can be applied to the measurement procedureg] hich are described in the main pdrt of
this [standard. This expectation is based on the g t availability of fast sample and hold
elecfronics. The block diagram in Figure 3 appli@ qually to the analogue methods and the
digital sampling method; the digital sampling m@hod allows all functions of the measurement
equipment in Figure 3 and Figure 6 to be realized by a combined system of a data acquisjtion
equipment and software. The control of sinusoidal waveform of the secondary inddiced
voltage can also be realized by a digital@aethod. However, the purpose and procedure of|this
techjpique are different from those of Annex B and are not treated here. More information
can pe found in [1] and [2]. o

Anngx B is helpful in underst ing the impact of the digital sampling method on the precision
achipvable by the methoo€) f this standard. This is particularly important because ADC
circyits, transient recogders and supporting software are readily available and make it
posgible to establis sampling wattmeter. The digital sampling method can offer|low
uncgrtainty, but it I@b to large errors if improperly used.

Q

B.2 TecI@%}I details and requirements

The @ of the digital sampling method is the discretization of voltage and time, i.e| the
e

replg nt of the infinitesimal time interval dz by the finite time interval At:
L1 _1 (B.1)
n f-n fs

where:
At is the time interval between the sampled points, in seconds;

T is the length of the period of the magnetization, in seconds;

1 Numbers in square brackets refer to the Bibliography.
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n is the number of instantaneous values sampled over one period,;
f is the frequency of the magnetization, in hertz;
Is is the sampling frequency, in points per seconds.

In order to achieve lower uncertainties, the length of the period of the magnetization divided
by the time interval between the sampled points, i.e. the ratio fi/f, should be an integer
(Nyquist condition [5]) and the sampling frequency, f;, should be greater than twice the input

signal bandwidth.

Accnrding to_an qvnragn-enneing vaolimeter the pnak value of the flux dnncify can be

calcplated by the sum of the Up; values sampled over one period as follows:

NO

J=f! R, lﬁU (t)dt = 1 &, Zl‘u | Q
AN, A\ R +R T 3° 4f N, A\ R +R, J&™ QfJ/
N

Q}/

4
The|calculation of the specific total loss is carried out by point-by-@?‘ multiplication of the
up; gnd u4; values and summation over one period as follows: Q
1 N, 17} U,’ 1 N, Cl) 11,
P 3 - J.U1(I)Uz(t)dt_ = ‘\n Uy, ___Zqu (B-3)
lmApm R‘NZ r t=0 Ri lmApm 51\9 j=0 Ri n Jj=0
whefe: QQ
. A\
J is the peak value of the magnetic polariéé‘ﬂ n, in teslas;
Pg | is the specific total loss of the specin'@, in watts per kilogram;
T is the length of the period of the.\ netization, in seconds;
f is the frequency of the magn%_tj%ation, in hertz;
Is is the sampling frequenpeﬁn points per second;
Ny | is the number of turn@the primary winding;
N, | is the number of } s of the secondary winding;
A is the cross- @mal area of the test specimen, in square metres;
R is the res@eﬂce of the non-inductive precision resistor R, in series with the prirpary
windin @ee Figure 5), in ohms;
Uy ist Itage drop across the non-inductive precision resistor R, in volts;
Uy [ e secondary induced voltage, in volts;
n IS the number o1 Instantaneous values sampled over one period,
J is the index of instantaneous values;

is the conventional effective magnetic path length, in metres (/,, = 0,94 m);

Pm is the conventional density of the test material, in kilograms per cubic metre;

(72 is the r.m.s. value of secondary induced voltage, in volts;

ohms;

is the combined equivalent resistance of the instruments in the secondary circuit, in

Ry is the series resistance of the secondary windings of Epstein frame and mutual inductor,

in ohms.
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The peak value of the magnetic field strength can be calculated by using:

H=—'U, (B.4)

and the calculation of the specific apparent power follows:

[1 & [1

AL 1
S=—" = Du. [ u,, B.5)
SR ORI &
The(pairs of values, up; and u4;, can then be processed by a computer Mor real fime

progessing, by a digital signal processor (DSP) using a sufficiently fast di multiplier|and
add¢r without intermediate storage being required. Keeping the Nyquist dition is posgible

onlyl where the sampling frequency f; and the frequency f of theﬁehzation are derfived

from a common high frequency clock and thus, have an integer rati f. In that case, §/4(?)
and|Uy(t) may be scanned using 128 samples per period wit icient accuracy (above
1 000 Hz 64 samples per period may be sufficient). This figure. i85y according to the Shannon
thegrem, determined by the highest relevant frequency in g( (¢) signal, which is normally
not |higher than that of the 41st harmonic [3] in techni frequencies. However, spme
commercial data acquisition equipment cannot be %o@ nized with the frequency off the

magjnetization and, as a consequence, the ratio f /fi t an integer, i.e. the Nyquist condjtion
is ngt met. In that case, the sampling frequency stqg be considerably higher (500 samfples
per period or more) in order to keep the deviati f the true period length from the negrest
time| of sampled point small. Keeping the Nyq ist condition becomes a decisive advantade in
the ¢ase of higher frequency applications to p the sampling frequency reasonable low.|The
use jof a low-pass anti-aliasing filter [5] is mmended in order to eliminate irrelevant higher
frequency components which would o@rwise interact with the digital sampling progess
producing aliasing noise. A‘\

Regprding the amplitude resolb@gﬁ? studies [3,4] have shown that below a 12 bit resolution,
the [digitization error can bﬂ\tﬁonsiderable, particularly for non-oriented material with high
silicpn content. Thus, at I(a; a 12 bit resolution of the given amplitude is recommenged.
Morg¢over, the two voltage. channels should transfer the signals without a significant phase
shifff A particularly s@cant condition in medium frequencies application is that the phase
shifff should be s nough so that the power measurement uncertainty specified in|this
standard, namel 5 %, is not exceeded. The consideration of the phase shift is more
releyant the | the power factor cos(¢p) becomes (¢ being the phase difference between
the fundam I components of the two voltage signals). Signal conditioning amplifiers| are
preferabl .coupled to avoid any low frequency phase shift. However, d.c. offsets in| the
signpl itioning amplifiers can lead to significant errors in the numerically calculpted
valu S umerical correction cancelling can be applied to remove such d.c. offsets.

B.3 Calibration aspects

The verification of the reproducibility requirements of this document make careful calibration
of the measurement equipment necessary. The two voltage channels including preamplifiers
and ADC can be calibrated using a calibrated reference AC voltage source [6]. In addition, the
phase performance of the two channels and its dependence on the frequency should be
verified and possibly be taken into account with the evaluation processing in the computer. In
any case, it would not be sufficient to calibrate the set-up using reference samples because
that calibration would only be effective for that combination of material and measurement
condition.
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B.4

Numerical air flux compensation

The numerical air flux compensation can be done similar to the principle of mutual inductor.

B.6)

avoid phase shifts and significant noise amplification injected m the current signdl.

pOSS

The

app
volta

The
impg

N\
Secpndly the compensation can be done as shown in fornéla (B.6).

altelnating current through the primary windin§

C dU, (1)
Up()=Up () ———— (

R dt
U,.(t) isthe compensated secondary induced voltage, in volts;
U, |(t) is the uncompensated secondary induced voltage, in volts; A
C is the value of compensation factor, in Ohm seconds; Q}’
U,(3) s the voltage drop across the precision resistor R (see Figure 5), in v&l’tsq,)
R is the resistance of the non-inductive precision resistor R, in seri@(}ﬁith the prin

winding, in ohms. ,'\

Firs{ the voltage drop across the precision resistor R, U (¢), is G&Qrentiated in a wa

ible method can be a five-point or twelve-point differentiat@.

adjustment of the value of compensation facQ@an be made so that, when passin

in the absence of the specimen in
ratus, the compensated voltage shall be@ more than 0,1 % of the non-compens
ge appearing across the secondary wind@g of the test apparatus alone.

S

numerical air flux compensation @@dvantageous to avoid increases in phase shift
dance of windings caused by adg n of mutual inductor.
xO
O

C)\

J an
the
ated

and
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 10: Methods of measurement of magnetic properties
of electrical steel strip and sheet at medium frequencies

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationycomp
all national electrotechnical committees (IEC National Committees). The object of IEC is o prg

tHis end and in addition to other activities, IEC publishes International Standards, Technjcal*Specifica
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Plblication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee inter
i the subject dealt with may participate in this preparatory work. International, "governmental and
gpvernmental organizations liaising with the IEC also participate in this preparation.”/IEC collaborates cl
wjth the International Organization for Standardization (ISO) in accordance with” conditions determine
agreement between the two organizations.
T
c
n

he formal decisions or agreements of IEC on technical matters express, as‘fiearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

IHC Publications have the form of recommendations for international use and are accepted by IEC Na
Cpmmittees in that sense. While all reasonable efforts are made‘to ensure that the technical content o
Plblications is accurate, IEC cannot be held responsible for{the way in which they are used or fo
miisinterpretation by any end user.

Il order to promote international uniformity, IEC Natiohal "‘Committees undertake to apply IEC Publicg
trensparently to the maximum extent possible in their)'national and regional publications. Any diverd
between any IEC Publication and the corresponding.national or regional publication shall be clearly indica
tHe latter.

IHC itself does not provide any attestation of_conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.

a

s

A

Np liability shall attach to IEC or jts-directors, employees, servants or agents including individual expert
members of its technical committees and IEC National Committees for any personal injury, property dama|
ofher damage of any nature{whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Ppblications.

A
n

tention is drawn to 'the Normative references cited in this publication. Use of the referenced publicatig
dispensable for the _correct application of this publication.

Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subje
patent rights. MEC shall not be held responsible for identifying any or all such patent rights.

Intefnatienal’ Standard IEC 60404-10 has been prepared by IEC technical committee
Maglnetic-alloys and steels.
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This second edition cancels and replaces the first edition published in 1988. This edition
constitutes a technical revision.

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

a) adaption to modern measurement and evaluation methods, in particular the introduction of

b)

c)

the widely spread digital sampling method for the acquisition and evaluation of
measured data;

the

introduction of formal changes which adapt this standard to other standards of the 60404

series;

revision of the problem of the air flux compensation taking account of the condition of the

higher frequencies;
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d) revision of the capacitive coupling of mutual
consideration of the alternative method of numerical air flux compensation.

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

Cbv

Report of voting

68/523/CDV

68/556/RVC

inductor windings together with the

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This| publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60404 series, published under the general title Magnetic mate

can pe found on the IEC website.

The|committee has decided that the contents of this publication will remain unchanged
the [stability date indicated on the IEC website under "http://webstere.iec.ch" in the
related to the specific publication. At this date, the publication will be

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

e amended.

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

The|contents of the corrigendum of March<2018 have been included in this copy.

rials,

until
data
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INTRODUCTION

Besides the fact that the first edition of this part of IEC 60404 is more than 25 years old, the
main purpose of this revision is to adapt it to modern measurement and evaluation methods,
in particular to introduce the widely spread digital sampling method for the acquisition and
evaluation of the measured data.

In addition, the problem of the air flux compensation had to be re-considered under the
condition of the elevated frequencies. Capacitive coupling of mutual inductor windings require
observance of significant phase shift influence and suggest consideration of the alternative
methodof mumericatair-fluxcompensationr—Anincreaseof the—frequencyrangeto26—kHzjwas
dischissed by TC 68 since some manufacturers of electrical steel include this range in\ their
catajogues. However, TC 68 decided to keep the frequency range to that defined in
IEC|60404-10:1988: 400 Hz to 10 kHz.
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1

MAGNETIC MATERIALS -

Part 10: Methods of measurement of magnetic properties
of electrical steel strip and sheet at medium frequencies

Scope

This| part of IEC 60404 is applicable to grain-oriented and non-oriented electrical steel

and

10 000 Hz.

The|object of this document is to define the general principles and the technical’ details o

mea

frame.

The|Epstein frame is applicable to test specimens obtained from ¢lectrical steel strips
shegts of any grade. The AC magnetic characteristics are determined for sinusoidal inddiced

volt

ages, for specified peak values of magnetic polarization and-for a specified frequency.

The| measurements are to be made at an ambient, temperature of (23 £ 5)°C on

spe

¢imens which have first been demagnetized.

NOTE Throughout this document the term "magnetic polatization" is used as defined in IEC 60050-221. In
standards of the IEC 60404 series, the term "magnetic flux'density" was used.

2

Normative references

The|following documents are referred to in the text in such a way that some or all of

con
cite
any
IEC

IEC

tent constitutes requirementsxof this document. For dated references, only the ed
d applies. For undated refefrences, the latest edition of the referenced document (inclu
amendments) applies.

60050-121, International Electrotechnical Vocabulary — Part 121: Electromagnetism

60050-221, International Electrotechnical Vocabulary — Chapter 221: Magnetic mate

and|components

IEC

IEC

60404=8 (all parts), Magnetic materials — Part 8: Specifications for individual materials

strip

sheet for measurements of a.c. magnetic properties in the frequency range 400 Hz to

the

surement of magnetic properties of electrical steel strip and sheet by means of an Epstein

and

test

bome

heir
ition
ding

rials

0404 1’2, Alfggnnfir\ materials — Part 13- Methods of measurement of nlt:\neify, rosis

and stacking factor of electrical steel sheet and strip

3

Terms and definitions

ivity

For the purposes of this document, the terms and definitions given in IEC 60050-221 and

IEC

60050-121 apply.

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

add

resses:

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

ISO Online browsing platform: available at http://www.iso.org/obp
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4 General principle of a.c. measurements

4.1 General

Clause 4 specifies the general conditions for the determination of a.c.magnetic properties of
electrical steel strip and sheet by means of the 25 cm Epstein frame.

4.2 Principle of the 25 cm Epstein frame method

The 25 cm Epstein frame, which comprises a primary winding, a secondary winding and the

speimmmmmwwmm@ are
meajsured by the method described in the following subclauses 4.3 to 4.10.

At the higher end of the frequency range, a specially constructed Epstein frame (see*Anngx A)
may| be required in which the interwinding capacitances are low, so that the capacitive pdrt of
the impedance has a negligible impact on the loss results. The material of the"winding formers
supporting the windings has a low dielectric loss.

A sgparate measuring system (for example a commercially available digital bridge capable of
mealsuring resistance, capacitance and inductance) is required to determine the inter-winding
capacitance of the Epstein frame.

4.3 | Test specimen

The|strips to be tested are assembled in a square, having double-overlapped corner jpints
(se€| Figure 1) thus forming four limbs of equal lengthhand equal cross-sectional area.

IEC
Figure 1 — Double-lapped joints

The| strips shall- be sampled in accordance with the appropriate product standard in| the
IEC 604048 series.

They«shall be cut by a method which will produce substantially burr-free edges and, !f SO
spec ; : hall

have the following dimensions:

— width 5 =30 mm + 0,2 mm;
— length 280 mm < /<320 mm.

The length of the strips shall be equal within a tolerance of + 0,5 mm.

When the strips are cut parallel or normal to the direction of rolling, the edge of the parent
sheet shall be taken as the reference direction.

The following tolerances shall apply for the angle between the specified and actual direction
of cutting:
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— + 1° for grain-oriented steel sheet;

— =+ 5° for non-oriented steel sheet.

Only flat strips shall be used. Measurements shall be made without additional insulation.

The number of strips comprising the test specimen shall be not less than twelve and shall be
a multiple of four. A force of (1 + 0,1) N shall be applied to each corner, normal to the plane of
the overlapping strips.

4.4 The 25 cm Epstein frame

The|25 cm Epstein frame (hereinafter referred to as the Epstein frame) shall consist™of [four
solepoids into which the test specimen strips are inserted in such a manner that’avclgsed
magpetic circuit is formed (see Figure 2).

Dimensions in millimetres

280
+1
220 0

>190

X

QOO

/=940

TEERITENII OISO
FRO R XX XXX XXX
TR XXX KXY X XXOOON

F XKL XX XXX

R R R X IR R ]

IEC

Figure 2 — The 25 cm Epstein frame

If mpasurements are to be made under the conditions specified in 4.5, a mutual inductof for
air flux compénsation may be provided.

The|winding formers supporting the windings shall be made of hard insulating material ofl low
dielectric loss, such as polystyrene. They have a rectangular cross-section with 32 mm inner
width. A height of approximately 5 mm is recommended.

The solenoids shall be fixed to an insulating and non-magnetic base in such a way to form a
square (see Figure 2). The length of the sides of the square formed by the internal edges of

the strips of the test specimen shall be 220 +2) mm (see Figure 2).

In order to avoid undue wear of the winding formers and especially of their inner surfaces,
winding formers of larger cross-section can be used into which replaceable liners of
appropriate dimensions may be inserted.

Each of the four solenoids shall have two windings:


https://iecnorm.com/api/?name=01cc806e7230341d93e82266e032d603

-10 - IEC 60404-10:2016 © IEC 2016

— a primary winding, on the outside (magnetizing winding);
— asecondary winding, on the inside (voltage winding).

The windings shall be distributed uniformly over a minimum length of 190 mm, each solenoid
having one quarter of the total number of turns.

The individual primary windings of the four solenoids shall be connected in series, and the
individual secondary windings shall be connected in a similar fashion.

At the higher end of the frequency range, the loss contribution due to the capacitance
betweemthe primmary anmd—secondary windings and—atso the seff-tapacitance of the secongary
winding could be significant. The windings shall be spaced to minimize this loss.

The|capacitance between the windings and the self-capacitance of the secondary winding
shal] be measured. If necessary, a correction shall be applied for the loss introduced.

The|number of turns of primary and secondary windings shall be chosen 't suit the partigular
conditions of the power supply, measuring equipment and frequency.

A total number of 200 turns for each of the primary and secondafy,'windings is recommerjded
and fis commonly used for tests in the frequency range 400 Hz t0,10 000 Hz.

The|impedance of the magnetizing windings shall be sufficiently small to avoid waveform
distgrtion and minimize internal voltage drops.

The| effective magnetic path length, [/, of the_magnetic circuit shall be conventionally
assymed to be equal to 0,94 m.

Thelactive mass, m,, i.e. the magnetically, active mass of the test specimen, is given by:

Mg =M (1)

where:
m, | is the magneticallyvactive mass of test specimen, in kilograms;
m is the mass of-test specimen, in kilograms;

is the conventional effective magnetic path length, in metres (/, = 0,94 m);

3

[
[ is the fength of a test specimen strip, in metres.

4.5 | Air flux compensation

A CLIII}JC‘IIbdtiUII fUI dil fiu;\ b;ld“ IUC Illdulc fUI Illdgllciib fIUiUl bilcllgtilb glbdibl iildll Ul cqud| tO
1 000 A/m. At the lower end of the frequency range (less than or equal to 1 000 Hz) a mutual
inductor may be used to compensate for the air flux.

The primary winding of the mutual inductor shall be connected in series with the primary
winding of the Epstein frame, and the secondary winding of the mutual inductor shall be
connected to the secondary winding of the Epstein frame in series opposition (see Figure 3).

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

At the higher end of the frequency range, coupling through interwinding capacitances of the
mutual inductor can lead to a significant phase shift of the secondary induced voltage
followed by a relevant error in the measurement of the magnetic loss value. It has to be
ensured that the mutual inductance does not lead to a significant phase shift of the secondary
induced voltage. Appropriate design of the secondary winding of the mutual inductor, i.e.
larger distances between the windings, can avoid the phase shift. If, at the higher end of the
frequency range, a relevant phase shift cannot be avoided in this way, the mutual inductor
shall be removed from the measurement circuit and numerical air flux compensation shall be
applied (see Clause B.4).

4.6 | Power supply

The|power supply shall have a low internal impedance and a high stability,\of voltage |and
frequency. During the measurement, the voltage and frequency variations:shall not ex¢eed
+ 0,2 % of the required value.

For the determination of the specific total loss, the specific apparent power and r.m.s. valle of
the |magnetic field strength, the form factor of the secondary-~induced voltage shal|l be
1,111 within £ 1 %.

NOTE This is possible in several ways; for example by using an electrically controlled power supply or a nedative
feedijack power amplifier.

The|form factor of the secondary induced voltage iS§)the ratio of its r.m.s. value to its avefage
rectified value. Two voltmeters, one responsive fo. r.m.s. values and the other responsiJe to
averfage rectified values shall be used to determine the form factor.

Whgn a negative feedback amplifier is used for the supply, it may be necessary to obsgrve
the waveform of the secondary induced voltage on an oscilloscope to ensure that the cofrect
waveform of the fundamental frequengy is being produced.

4.7 | Voltage measurement
4.7. General

The|secondary induced-voltage shall be measured by means of appropriate voltmeters hayving
an ipput impedance-greater than or equal to 1 000 Q/V.

NOTE For the application of digital sampling methods, see Annex B.
4.7.2 Average type voltmeter

A vgltmeter responsive to average rectified values having an accuracy of + 0,5 % or better

shalt-beused-

NOTE 1 Instruments of this type are usually graduated in average rectified value multiplied by 1,111.

The load on the secondary circuit of the network shall be as small as possible. Consequently,
the internal resistance of the average type voltmeter shall be at least 1 000 Q/V.

NOTE 2 The preferred instrument is a digital voltmeter.

4.7.3 RMS voltmeter

A voltmeter responsive to r.m.s. values having an accuracy of £ 0,5 % or better shall be used.

NOTE The preferred instrument is a digital voltmeter.
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4.8 Current measurement
The magnetizing current shall be measured by either:

— an ammeter having an accuracy + 0,5 % or better of low impedance;
or

— measuring the voltage drop across a non-inductive precision resistor connected in series
with the primary winding. The combined uncertainties of the resistor and the voltmeter
shall not exceed 1 %.

The current mnamlring device shall he short-circuited when the Qnr‘nndnry induced vol age
has peen adjusted and the loss is being measured.

NOTE 1 The preferred instrument is a digital ammeter or a digital voltmeter.

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

4.9 | Frequency measurement

A fregquency meter having an accuracy + 0,1 % or better shall be used.
NOTE For the application of digital sampling methods, see Annex B.

4.10 Power measurement

The|power shall be measured by a wattmeter having an accuracy of + 0,5 % or better af the

frequency, power factor, and crest factor to be used{Readings in the first quarter of the scale
shal] be avoided as far as possible.

NOTE For the application of digital sampling methods, seé Annex B.

The|resistance of the voltage circuit of the wattmeter shall be at least 100 Q/V for all ranges.
If ngcessary the losses in the secondary circuit shall be subtracted from the indicated |loss
valug.

Morgover, the ohmic resistance of the voltage circuit of the wattmeter shall be at least 5/000
times its reactance, unless\the wattmeter is compensated for its reactance, to avoid
necgssary corrections of phase angle.

5 Procedure for the determination of the specific total loss

5.1 General

Clayse 5~describes the wattmeter method for the determination of the specific total logs of
electrical-steel strip and sheet at frequencies in the range 400 Hz to 10 000 Hz.

The specific total loss is determined, according to this method, for specified peak values of
magnetic polarization and for a specified frequency.

In order to obtain comparable results, test values shall be referred to magnetic polarization of
sinusoidal waveform.

5.2 Preparation for measurement

The Epstein frame and measuring equipment shall be connected as shown in Figure 3.
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Components

VA1 average type voltmeter
V2 r.m.s. voltmeter

A1 current measuring device
F1 frequency meter

W1 wattmeter

M mutual inductor
E Epstein frame
S1 switch

NOTE The circuit diagram of Figure 3 illustrates the principle of the wattmeter method. It also sets out the
fundgmentals of the digital Wattmeter method where theNinstrumental functions are realized partly through the
evaldating software.

Figure 3 — Circuit for the wattmeter method

The|test specimen shall be weighed and its mass determined within + 0,1 %. After weighing,
the strips shall be loaded into the“solenoids of the Epstein frame forming double-overlapping
cornler joints. In the case of strips which are cut half in the direction of rolling and half nofmal
to that direction, care shall(be taken that all the strips cut in the direction of rolling are placed
in two opposite solenoids of the frame and that those cut normal to that direction are placed in
the {wo other oppositessalenoids. The joints shall form a minimum gap between the strips.|The
strips shall be positioned so as to conform with the requirements of 4.4. The number of s}rips
shal| be the same_in-each solenoid.

Befqre measurement, the test specimen shall be demagnetized by a decreasing alternating
magnetic field of an initial level higher than used in previous measurements.

5.3 [ MAdjustment of power supply

In order to achieve the specified peak value of the polarisation, j the power supply output
shall be adjusted so that the average rectified value of the secondary induced voltage is:

_ RO -
Ua| = 4ﬂvz[ Rk jAJ ()

where:

|U2| is the average rectified value of the voltage induced in the combined secondary
windings, in volts;
f is the frequency, in hertz;
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is the combined equivalent resistance of instruments in the secondary circuit, in ohms;
Ry is the series resistance of the combined secondary windings, in ohms;
N, is the number of turns of the secondary winding of the Epstein frame;

A is the cross-sectional area of the test specimen, in square metres;

J is the peak value of magnetic polarization, in teslas.

The cross-sectional area of the test specimen, A4, is obtained by the formula:

m
A=—
4ip,,
where:
m is the total mass of test specimen, in kilograms;
l is the length of a test specimen strip, in metres;

P. | is the conventional density, or the value determined in accordance with IEC 60404-13,

of the test material, in kilograms per cubic metre.
5.4 | Measurements of power

The|ammeter in the primary circuit shall be observed to ensure that the current circuit of the
wattimeter is not overloaded. Then the ammeter shall,"\be short-circuited and the secongary
induced voltage readjusted. After checking the waveform of the secondary induced voltage in
compliance with 4.6, the wattmeter shall be read.

In grder to avoid undue heating of the(test specimen and to facilitate reproducibility,
meajsurements should be made as quickly, as possible after energizing the Epstein frame.|The
spegimen should be allowed to cool between readings.

NOTE For the application of digital sampling methods, see Annex B.
5.5 | Determination of the.specific total loss

The[power, P,
in the secondary circuit, which to a first approximation is equal to (1,111-\U2\)2/Ri since| the
secgndary induced'voltage is essentially sinusoidal.

measured by the wattmeter includes the power consumed by the instrumgents

NOTE For the"application of digital sampling methods, see Annex B.

Thus, the total loss, P of the test specimen shall be calculated from the formula:

2
1,111~U2j
A Gl “

Ny R
where:
P. is the calculated total loss of test specimen, in watts;
is the power measured by the wattmeter, in watts;
N, is the number of turns of the primary winding;
N, is the number of turns of the secondary winding;

is the combined equivalent resistance of the instruments in the secondary circuit, in
ohms;
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|U2| is the average rectified value of the voltage induced in the combined secondary winding,
in volts.

The specific total losses, P shall be obtained by dividing P, by the magnetically active mass
of the test specimen (see 4.4).

P, P -4
p-te fo X (5)
my  m-ly
whefe:
Py is the specific total losses of test specimen, in watts per kilogram (correctdd if

necessary for flux waveform distortion according to 4.4);

m is the total mass of test specimen, in kilograms;

a | is the magnetically active mass of test specimen, in kilograms;

/ is the length of a test specimen, in metres;

m is the conventional effective magnetic path length, in metres (/420,94 m).

5.6 | Reproducibility of the specific total loss measurement

The|reproducibility of the results obtained from this method is characterized by a relative
standard deviation in the range between 2 % and 5 %, the value of this standard deviation
depg¢nding on the frequency and the magnetic polarization"which are used.

6 Procedure for the determination of the peak value of magnetic polarization,
r.m.s. value of magnetic field strength,’peak value of magnetic field strength
and specific apparent power

6.1 General

Clayse 6 describes measuring methods for the determination of the following quantities:

A

— peak value of magnetic palarization J;

~

— 1lm.s. value of magnetic field strength H ;
— peak value of magnetic field strength ]:I;

— gpecific appatent power S, .

The|quantities are determined, according to these methods, for specified peak values of
magnetic-polarization and for a specified frequency.

6.2 Test specimen
The test specimen shall comply with 4.3.
6.3  Principle of measurement

~

6.3.1 Peak value of magnetic polarization J

The peak value of magnetic polarization, j shall be derived from the average rectified value
of the secondary induced voltage measured as described in 4.7 and using formula (2) in 5.3.

NOTE For the application of digital sampling methods, see Annex B.
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6.3.2 RMS value of the magnetizing current (of the magnetic field strength)

The r.m.s. value of the magnetizing current shall be measured by a current measuring device
responsive to r.m.s. values in the circuit as shown in Figure 4.

O

~ E '| V1
] {

the

lage
nin

o
{ a1}
A1
U IEC
Components
V1 average type voltmeter
A1 current measuring device
E Epstein frame
NOTE For the application of digital sampling methods, see Annex B.
Figure 4 — Circuit for measuring r.m.s. value of the'magnetizing current
6.3.3 Peak value of magnetic field strength
6.3.3.1 General
The| peak value of magnetic field strength shall be derived from the peak value of
maghetizing current, /, , measured by one-.of‘the following methods:
6.3.3.2 Method A
The|peak value of the magnetizing-current, /,, shall be determined by measuring the vol
drof across a known non-industive precision resistor R, using a peak voltmeter as show
Figure 5.
NG
IEC
Components
V1 average type voltmeter
V2 peak voltmeter
R, non-inductive precision resistor
E Epstein frame

NOTE For the application of digital sampling methods, see Annex B.

Figure 5 — Circuit for measuring the peak value of magnetic field
strength using a peak voltmeter
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6.3.3.3 Method B

The peak value of the magnetizing current, fl, shall be determined by measuring the average
rectified voltage appearing across the secondary winding of a mutual inductor of an accuracy
of + 0,5 %, the primary winding of which is connected in series with the primary winding of the
Epstein frame, by using an average type voltmeter in accordance with the circuit given in
Figure 6.

IEC

Components

V1 average type voltmeter
M mutual inductor

S1 switch

E Epstein frame

NOTIE 1 In this case, the voltmeter can be the same instrument as is used for measuring the secondary inquced
voltage unless there are more than two zero crossings©f the voltage per period, in which case a phase contfolled
averdge type voltmeter is used.

NOTE 2 For the application of digital samplingmethods, see Annex B.

Figure 6 — Circuit forrmeasuring the peak value of magnetic field
strength using a mutual inductor M

6.4 | Apparatus
6.4. Average rectified voltage measurement

To measure the average rectified value of the secondary induced voltage and, in the cage of
Metihod B, of the:mutual inductor, an average type voltmeter with at least 1 000 Q/V intgrnal
resigtance shiall be used. The accuracy of the instrument used shall be of accuracy = 0,5 % or
better (see-4-7).

NOTIE “\For the application of digital sampling methods, see Annex B.

6.4.2 Current measurement

The r.m.s. value of the magnetizing current shall be measured by a current measuring device
responsive to r.m.s. values. The accuracy of the instrument used shall be of accuracy + 0,5 %
or better (see 4.8).

NOTE For the application of digital sampling methods, see Annex B.
6.4.3 Peak current measurement

The measurement of the peak value of the voltage drop across resistor R, according to
Method A shall be achieved either by means of an electronic voltmeter of high sensitivity
responsive to peak values, or by means of a calibrated oscilloscope. The full-scale error of
the device used shall be + 3 % or better.
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