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hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization’cg
ptional electrotechnical committees (IEC National Committees). The object of IEC is\to

ational co-operation on all questions concerning standardization in the electrical and electronic f
nd and in addition to other activities, IEC publishes International Standards, Technical/Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
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b subject dealt with may participate in this preparatory work. International~governmental §
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the International Organization for Standardization (ISO) in accordance with” conditions detern
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ensus of opinion on the relevant subjects since each technical committee has representation
sted IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
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Cations is accurate, IEC cannot be held responsible for the way in which they are used o
terpretation by any end user.
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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
the widely spread digital sampling method for the acquisition and evaluation of the
measured data;

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

seri

es;

c) revision of the problem of the air flux compensation taking account of the condition of the
higher frequencies;
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d) revi

sion of the capacitive coupling of mutual inductor windings together with the
consideration of the alternative method of numerical air flux compensation.

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

CbhV Report of voting
68/523/CDV 68/556/RVC

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

voting i

ndicated in the above table.

This pu

Alist o
can be

The co

the stgbility date indicated on the IEC website under "http://webstere.iec.ch" in tH

related

blication has been dratted in accordance with the ISO/IEC Directives, Part 2.

[ all parts in the IEC 60404 series, published under the general title Magnetic m
found on the IEC website.

mmittee has decided that the contents of this publication will remain unchang

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

e reconfirmed,

e with

drawn,

. replaced by a revised edition, or

e am
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nded.

ual version of this publication may be issped at a later date.

htents of the corrigendum of March;2018 have been included in this copy.

aterials,
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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
method of numerical air flux compensation. An increase of the frequency range to 20 kHz was
discussed h\JI TC 68 since some manufacturers of electrical steel include this range in their
cataloglues. 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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MAGNETIC MATERIALS -

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

and sh
10 000

The ob
measu
frame.

The Eqg
sheets
voltage]

The m
specim

NOTE 1

standardp of the IEC 60404 series, the term "magnetic fluxdénsity" was used.

2 Normative references

The fol
content
cited a
any am

IEC 60

IEC 60
and co

IEC 60

el strip

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

Hz.

s, for specified peak values of magnetic polarization and\for a specified frequen

ens which have first been demagnetized.

hroughout this document the term "magnetic polarization" is used as defined in IEC 60050-221.

constitutes requirements-of this document. For dated references, only the

endments) applies.

D50-121, International Electrotechnical Vocabulary — Part 121: Electromagnetisn

mponents

104-8"(all parts), Magnetic materials — Part 8: Specifications for individual mater

ect of this document is to define the general principles and the technical detail$ of the
ement of magnetic properties of electrical steel strip and sheet by mgans of an Epstein

stein frame is applicable to test specimens obtained from etectrical steel strips and
of any grade. The AC magnetic characteristics are detefmined for sinusoidal induced

Cy .

pasurements are to be made at an ambient{temperature of (23 + 5)°C on test

In some

lowing documents are referréd”’to in the text in such a way that some or all pf their

edition

pplies. For undated references, the latest edition of the referenced document (ingcluding

=}

D50-221, International Electrotechnical Vocabulary — Chapter 221: Magnetic mpterials

als

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

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:

e |EC

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

e |SO 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
specimen to be tested as a core, forms an unloaded transformer whose characteristics 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*Apnex A)
may bd required in which the interwinding capacitances are low, so that the capacitive|part 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 sepafate measuring system (for example a commercially available digital bridge capable of
measutling resistance, capacitance and inductance) is required to.determine the inter-yinding
capacitpnce of the Epstein frame.

4.3 Test specimen

The stijips to be tested are assembled in a square, having double-overlapped cornefr joints
(see Figure 1) thus forming four limbs of equal length.and equal cross-sectional area.

IEC
Figure 1 — Double-lapped joints

The stfips shall”be sampled in accordance with the appropriate product standard|in the
IEC 6040448 series.

They shall be cut by a method which will produce 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 =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

of four
closed

magnelic circuit is formed (see Figure 2).

Dimensions in m|llimetres

280
+1
220 0

>190

X

QOO

/=940

R AR RN R XX KX LRI
RO XK XX XXX XXX
RN X XK

F XKL XX XXX

R R R X IR R ]

IEC
Figure 2 — The 25 cm Epstein frame

If meagurements are to be made under the conditions specified in 4.5, a mutual induftor for
air flux|compensation may be provided.

The winding formers supporting the windings shall be made of hard insulating material of 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:
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— 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
between the primary and secondary windings and also the self-capacitance of the secondary

Windinc corld-baocianifinant Tha wwindinac chall ha cnanad A mainimion thic lacco
oGO oG o T e Wi Gm g o STrram o C—SpPat OO 2o 1055~

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

The number of turns of primary and secondary windings shall be chosen~te‘suit the pgrticular
conditigns of the power supply, 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 wgveform
distortipn and minimize internal voltage drops.

The effective magnetic path length, [/, of thé magnetic circuit shall be conventionally
assumed to be equal to 0,94 m.

The acfive mass, m,, i.e. the magneticallycactive mass of the test specimen, is given by:

lm
my =——m 1
where:
m, ig the magnetically active mass of test specimen, in kilograms;

m ig the mass offtest specimen, in kilograms;
Im ig the conventional effective magnetic path length, in metres (/, = 0,94 m);
/

i the length of a test specimen strip, in metres.

4.5 Airflux compensation

A compensation for air flux shall be made for magnetic field strengths greater than or equal 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 Il'ower supply

The power supply shall have a low internal impedance and a high stability™of voltage and
frequericy. During the measurement, the voltage and frequency variations shall not exceed
+ 0,2 % of the required value.

For theldetermination of the specific total loss, the specific apparent\power and r.m.s. Jalue of
the mggnetic field strength, the form factor of the secondary_induced voltage shall be
1,111 within £ 1 %.

NOTE [This is possible in several ways; for example by using an electrically controlled power supply or a|negative
feedbacH power amplifier.

The fom factor of the secondary induced voltage isithe ratio of its r.m.s. value to its gverage
rectifiedd value. Two voltmeters, one responsive to.r.m.s. values and the other resporsive to
average rectified values shall be used to determifle the form factor.

When & negative feedback amplifier is used for the supply, it may be necessary to qbserve
the wayeform of the secondary induced-voltage on an oscilloscope to ensure that the [correct
wavefofm of the fundamental frequengy is being produced.
4.7 VYoltage measurement

4.71 General

The segondary induced ‘voltage shall be measured by means of appropriate voltmeters|having
an input impedancegreater than or equal to 1 000 Q/V.

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

4.7.2 Average type voltmeter

A voltnteterresponsive toaverage rectified—vatues travingam accuracy of = 0,5 % ot better
shall be used.

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 measuring device shall be short-circuited when the secondary induced voltage
has been 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 FKrequency measurement

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

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

4.10 PRPower measurement

The power shall be measured by a wattmeter having an_accuracy of + 0,5 % or bettef at the
frequercy, power factor, and crest factor to be used: Readings in the first quarter of the scale
shall bg¢ avoided as far as possible.

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

The registance of the voltage circuit of the& wattmeter shall be at least 100 Q/V for all fanges.
If necepsary the losses in the secondary circuit shall be subtracted from the indicated loss
value.

Moreo\er, the ohmic resistance ,of the voltage circuit of the wattmeter shall be at least 5 000
times [ts reactance, unless the wattmeter is compensated for its reactance, tq avoid
necesspry corrections of phase angle.

5 Procedure for'the determination of the specific total loss

5.1 General

Clause|54describes the wattmeter method for the determination of the specific total [loss of
Ll—= 10 aYalli N |

e
| t i | ot |l Qfrin ond ol ot franiianniag i th ron oy 400 =2
electri FSTCCTStTParnmu—STec T at mToyuTTIoTiT ST OareTarrgc——ToUuoU Tz tU Tz

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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IEC
Componjents
VA1 ayerage type voltmeter
V2 r.m.s. voltmeter
A1 clirrent measuring device
F1 frequency meter
W1 wpttmeter
M mutual inductor
E Epstein frame
S1 syitch

NOTE The circuit diagram of Figure 3 illustrates the principle of the wattmeter method. It also setq out the
fundameptals of the digital Wattmeter method where the<instrumental functions are realized partly thrpugh the
evaluating software.

Figure 3 — Circuit‘for the wattmeter method

The tegt 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-over]apping
corner joints. In the case of sttips which are cut half in the direction of rolling and half|normal
to that direction, care shall.be taken that all the strips cut in the direction of rolling are|placed
in two ¢pposite solenoidsiof the frame and that those cut normal to that direction are placed in
the two| other opposite-selenoids. The joints shall form a minimum gap between the strips. The
strips ghall be positioned so as to conform with the requirements of 4.4. The number df strips
shall bg¢ the same-n-each solenoid.

Before [measurement, the test specimen shall be demagnetized by a decreasing altgrnating
magneficfield of an initial level higher than used in previous measurements.

5.3 Adjustment 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:

_ 2 A
U] = 4/N2(R IRt jAJ (2)

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=—— (3)
4ip,,
where:
m ig the total mass of test specimen, in kilograms;
l ig the length of a test specimen strip, in metres;

P. 9 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 t6_ensure that the current circuif of the
wattmejer is not overloaded. Then the ammeter shall be short-circuited and the seqondary
induced voltage readjusted. After checking the waveform of the secondary induced voltage in
complignce with 4.6, the wattmeter shall be read.

In orde¢r to avoid undue heating of thestest specimen and to facilitate reproducibility,
measutfements should be made as quickly<as possible after energizing the Epstein frame. The
specimen should be allowed to cool between readings.

NOTE FKor the application of digital sampling methods, see Annex B.
5.5 etermination of the specific total loss

The power, P,
in the pecondary circuit, which to a first approximation is equal to (1,111-\U2\)2/Ri since the
second@ary induced voltage is essentially sinusoidal.

measurned by the wattmeter includes the power consumed by the instruments

NOTE FKor theapplication of digital sampling methods, see Annex B.

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

—\2
111Uy
Ny ( ’ 2]
PP=—1.p -~/ 4
=7y, fm P (4)
where:
P. is the calculated total loss of test specimen, in watts;
P, 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
where:
Py ig the specific total losses of test specimen, in watts per kilogram (corrected if

necessary for flux waveform distortion according to 4.4);

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

my g the magnetically active mass of test specimen, in kilograms;

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

ig the conventional effective magnetic path length, in metres (/520,94 m).

5.6 Reproducibility of the specific total loss measurement

The reproducibility of the results obtained from this methed:is characterized by a felative
standard deviation in the range between 2 % and 5 %, the value of this standard deviation
depending 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 strengt
and specific apparent power

6.1 General

Clause|6 describes measuring methods for the determination of the following quantities|:

A

— peak value of magnetic polarization J;

~

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

— peak value of magnetic field strength ]:I;

— spegific appabent power S, .

The qgyantities are determined, according to these methods, for specified peak vaJues of
magnelic'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.

()

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

O

0

=9

Componjents

V1 ayerage type voltmeter
A1 clirrent measuring device
E Epstein frame

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 pgak value of magnetic field strength shall be derived from the peak value|of the

A

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

6.3.3.2 Method A

The pepk value of the magnetizing’ current, fl, shall be determined by measuring the yoltage

drop ag¢ross a known non-induetive precision resistor R, using a peak voltmeter as shown in
Figure p.

N | e

Rn
f — t
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.

lo
m

S1
IEC
Componients
V1 ayerage type voltmeter
M mutual inductor
S1 syitch
E Epstein frame

NOTE 1| In this case, the voltmeter can be the same instrtment as is used for measuring the secondary| induced
voltage ynless there are more than two zero crossings of'the voltage per period, in which case a phase gontrolled
average fype voltmeter is used.

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

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

6.4 Apparatus
6.4.1 Average rectified voltage measurement

To megsure the average rectified value of the secondary induced voltage and, in the fase of
Method B, of theymutual inductor, an average type voltmeter with at least 1 000 Q/V |nternal
resistapce shialt 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 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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NOTE For the application of digital sampling methods, see Annex B.
6.4.4 Resistor R,

Method A requires a non-inductive precision resistor of an accuracy of + 0,5 %.

The resistance value to be chosen depends upon the sensitivity of the peak voltmeter. It shall
not exceed 1 W when using an Epstein frame with Ny = 200 turns in order to minimize
distortion of the induced voltage waveform.

6.4.5 Mutual inductor Mp

mutual
nce, Mp, determined within + 0,5 %; the primary impedance of this inductor sha|l be as
low as|possible. To minimize errors, the secondary impedance of the inductor. shall [be low
compaled to that of the measuring instrument connected to it.

During [calibration and use of the inductor, care shall be taken that measurements will not be
affectedl by the leakage flux of the Epstein frame or other apparatus.

6.5 Measuring procedure

The tedt specimen shall be prepared as for 5.2.

A

In praclice, single values or groups of values of maguagtic polarization, J, and magnetic field

strength, H or PNI are determined.

If the magnetic field strength is specified and‘magnetic polarization is to be determinjed, the
magnelizing current shall be set to give the rfelevant magnetic field strength (see below). Then
the secondary induced voltage shall be read on the average type voltmeter (see 5.3).

Alternatively, if the magnetic polarization is specified and magnetic field strength is to be
determ|ned, the secondary induce€d*voltage shall be set to its specified value as described in
5.3.

For thg determination of the r.m.s. value of the magnetic field strength, I—N[ the magnetizing
current{shall be read gn)the current measuring device.

For theldetermination of the peak value of magnetic field strength, ﬁ according to Method A,
the pegk value~of the voltage drop across resistor R, shall be read on the peak voltmetgr.

Accordlngtao Method B, the average rectified voltage at the secondary winding of thelmutual
inductor M shall be read on the average type voltmeter.

A

6.6 Determination of the peak value of magnetic polarization J

The peak value of magnetic polarization is given by the formula:

. 1 —
J—4ﬂv2A|U2| ()

To obtain |U2|, the voltmeter reading shall be corrected by the factor:
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Ri +Rt

7
X (7)
where:
J is the peak value of the magnetic polarization, in teslas;
f is the frequency, in hertz;
N,  is the number of turns of the secondary winding of the Epstein frame;
A is the cross-sectional area of test specimen, in square metres;
R; is the combined equivalent resistance of the instruments in the secondary circuit, in
ofim’s;
R, ig the series resistance of the secondary windings of the Epstein frame.and |mutual

inductor, in ohms;

|U2| i the average rectified value of the voltage induced in the combined secondary winding,
in volts.

6.7 Determination of the r.m.s. value of magnetic field strength H

The r.m.s. value of magnetic field strength, FI shall be calcutated from the r.m.s. value of
magnelizing current indicated by the current measuring, device according to the cifcuit of
Figure #.

Ny

H=-—1h (8)
lm

[:I ig the r.m.s. value of magnetic field strength, in amperes per metre;
N; i the number of turns of the-primary winding of the Epstein frame;

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

14 ig the r.m.s. value of.the magnetizing current, in amperes.

After deveral groups- of corresponding values of J and H have been determiped, a
magnelization curvée of J against H can be drawn.

A

6.8 Determination of the peak value of magnetic field strength H

If measuring Method A has been used, the peak value of magnetic field strength shall be
calculated from the reading U of the peak voltmeter:

H=—1Ug (©)

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 ohms;

Ur is the peak value of the voltage drop across the non-inductive precision resistor R, in
volts.
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In the case of measuring Method B, H shall be calculated from the reading |Um| of the
average type voltmeter (but see note to 6.3.3.3) in conjunction with the mutual inductor Mp:

N1 ) Ri+Rm
ami, R

I:[:

[V (10)

where:
M is the mutual inductance in the circuit given in Figure 6, in henries;

is the resistance of the secondary winding of the mutual inductor M, in ohms;

g the combined equivalent resistance of instruments in the secondary circuit, in-ghms;

[Um| if the average rectified value of the voltage induced in the secondary winding of the

mutual inductor M, in volts.

~

After deveral groups of corresponding values of J and H havel.been determined, a

magnelization curve J against H can be drawn.

NOTE The relative amplitude permeability, 4 may be conventionally expressed as:

JA +1
HoH

My =

6.9 Determination of the specific apparent power S

The apparent power is given by:
5:71.&2.&:7.1,111.@.ﬂ (11)
Ny N3

NOTE The relation (72 :1,111.W is(valid only for sinusoidal voltages.

where:
S i the apparent power, in voltamperes;

U, i the r.m.s_malue of the voltage induced in the combined secondary winding, in (olts.

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

5111y any

my mly Ny

Se = (12)
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;

is the effective mass of test specimen, in kilograms;

|U2| is the average rectified value of the voltage induced in the combined secondary
windings, in volts;
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is the total number of turns of the primary winding of the Epstein frame;

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

~

3

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

I, is the r.m.s. value of magnetizing current, in amperes.

6.10 Reproducibility

The reproducibility of the results obtained from the procedure described in Clause 6 depends
essentially upon the uncertainty of the instruments used for the measurement, and upon
careful attention to the physical details of the test equipment. When using instruments of an
accuragy of +0;5 % thereproducibitity of themethod—scharacterizedbyaretative standard
deviatign of the order of 3 %.

7 Tept report

The tedt report shall include the following, as applicable:

a) typé¢ and identity of test specimen;
b) density of material (conventional, or as measured in accordanceé with IEC 60404-13

c) length of test specimen strips;

d) nunpber of strips;

e) ambient temperature during the measurements;
f) frequency of the magnetization;

g) valyes of the magnetic polarization;

h) resdllts of the measurements.
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Annex A
(informative)

Epstein frame for use at medium frequencies

C 2016

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

signific

ant.

The dielectric loss can be reduced to a negligible proportion by selecting a material of low
permittivity. Polystyrene is such a material and may easily be cut and cemented to provide the

require

Since

operati
turns a
a spac

the intgrwinding capacitance can be reduced to a minimum.

For an

the intgrwinding capacitance for 200 turns of 0,125 mm diameterwire on both the prim

second

winding approximately 3,5 Q.

The ad

U
AP:‘I,111-—| 2
ic
Where
AP i the additional loss induced’by the capacitance, in watts;
- R; .
Zic= 4——;
14 24fCR,
R, i the combingd-equivalent resistance of the instruments in the secondary cir
ohms;
C ig the intérwinding capacitance, in farads.
At low| magnetic polarizations, this quantity will probably be negligible but if it
significentproportions, then it should be deducted from the calculated loss g

d formers, terminal posts and baseplate of the Epstein frame.

measurements at medium frequencies are usually restricted to low (loss n
ng at comparatively low magnetic polarization, it is possible to reduce’‘the nur
nd diameter of wire of the windings. In addition, by making the primary and seg
bd single layer winding, with equal spaces between the primary @nd secondar

Epstein frame constructed in accordance with 4.4 and the’ above recommeng

lary windings has been found to be approximately 300 pF and the resistance

ditional loss introduced by this capacitance is\given by:

naterial
nber of
ondary

turns,

ations,
ary and
bf each

(A1)

cuit, in

eaches

ven 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
wattmeter method, it is characterized by the digitization of the secondary induced voltage,
U2([) e - 'aw aC€ GO S CTOSS 1€ ‘G“G-‘v‘ 6“‘6‘ “‘G H—sertes Ith the
primary winding (see Figure 5), U,(¢) (corresponds to Ug in formula (9)), and by the,ev¥gluation
of thesg data for the determination of the magnetic properties of the test specimen. for this

and equidistant time period each by sample-and-hold circuits. They are<cthen immediately
converfed to digital values by analogue-to-digital converters (ADC). The-data pairs spmpled
over orje or more periods together with the specimen and the set-up‘parameters, proyide the
complefe information for one measurement. This data set enables ‘computer procesging for
the determination of all magnetic properties required in this document.

Whilst the digital sampling method has perfectly proved its~worth applied with the telchnical
frequerjcy range, it is expected that it will be effectively.applicable to medium frequencjes, i.e.
that it gan be applied to the measurement proceduresiwhich are described in the main|part of
this stgndard. This expectation is based on the recent availability of fast sample and hold
electropics. The block diagram in Figure 3 appliesequally to the analogue methods and the
digital sampling method; the digital sampling méthod allows all functions of the measyrement
equipmient in Figure 3 and Figure 6 to be realized by a combined system of a data acquisition
equipment and software. The control of the' sinusoidal waveform of the secondary induced
voltagel can also be realized by a digital\method. However, the purpose and procedurd of this
technique are different from those of this Annex B and are not treated here. More infofmation
can belfound in [1] and [2]1.

Annex B is helpful in understanding the impact of the digital sampling method on the precision
achievable by the methods of this standard. This is particularly important because ADC
circuitsf transient recorders and supporting software are readily available and make it
possible to establishfa~sampling wattmeter. The digital sampling method can offer low
uncertdinty, but it leads to large errors if improperly used.

B.2 [Technical details and requirements

The principle of the digital sampling method is the discretization of voltage and time, fi.e. the
replacement of the infinitesimal time interval dz by the finite time interval At:

(B.1)

where:
At is the time interval between the sampled points, in seconds;
T is the length of the period of the magnetization, in seconds;

n is the number of instantaneous values sampled over one period,;

1 Numbers in square brackets refer to the Bibliography.
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