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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CORES MADE OF SOFT MAGNETIC MATERIALS -
MEASURING METHODS -

Part 3: Magnetic properties at high excitation level

FOREWORD

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

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

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

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

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

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 62044-3 has been prepared by IEC technical committee 51: Magnetic components, ferrite
and magnetic powder materials. It is an International Standard.

This second edition cancels and replaces the first edition published in 2000. This edition
constitutes a technical revision.

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

a) addition of Annex F and Annex G.
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The text of this International Standard is based on the following documents:

Draft Report on voting

51/1426/CDV 51/1439/RVC

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

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62044 series, published under the general title Cores made of soft
magnetic materials — Measuring methods, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

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

e amended.
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INTRODUCTION

IEC 62044, under the general title Cores made of soft magnetic materials — Measuring methods,
includes the following parts:

IEC 62044-1: Generic specification
IEC 62044-2: Magnetic properties at low excitation level
IEC 62044-3: Magnetic properties at high excitation level
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CORES MADE OF SOFT MAGNETIC MATERIALS -
MEASURING METHODS -

Part 3: Magnetic properties at high excitation level

1 Scope

This part of IEC 62044 specifies measuring methods for power loss and amplitude permeability
of magnetic cores forming the closed magnetic circuits intended for use at high excitation levels
in inductors, chokes, transformers and similar devices for power electronics applications.

The methods given in this document can cover the measurement of magnetic properties for
frequencies ranging practically from direct current to 10 MHz, and even possibly higher, for the
calorimetric and reflection methods. The applicability of the individual methods to specific
frequency ranges is dependent on the level of accuracy that is to be obtained.

The methods in this document are basically the most suitable for sine-wave excitations. Other
periodic waveforms can also be used; however, adequate accuracy can only be obtained if the
measuring circuitry and instruments used are able to handle and process the amplitudes and
phases of the signals involved within the frequency spectrum corresponding to the given
magnetic flux density and field strength waveforms with only slightly degraded accuracy.

NOTE It can be necessary for some magnetically soft metallic materials to follow specific general principles,
customary for these materials, related to the preparation of specimens and specified calculations. These principles
are formulated in IEC 60404-8-6.

2 Normative references

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

IEC 62044-1:2002, Cores made of soft magnetic materials — Measuring methods — Part 1:
Generic specification

3 Terms, definitions and symbols

3.1 Terms and definitions

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

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

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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3.11
effective amplitude permeability
Hea

magnetic permeability obtained from the peak value of the effective magnetic flux density, B,

and the peak value of the effective magnetic field strength, ﬁe, at the stated value of either,

when the magnetic flux density and magnetic field vary periodically with time and with an
average of zero, and the material is initially in a specified demagnetized state

3.1.2
maximum effective amplitude permeability

Hea max
maximum value of the effective amplitude permeability when the amplitude of excitation (ée or

ﬁe) is varied

3.1.3

excitation

either magnetic flux density or field strength for which the waveform and amplitude both remain
within the specified tolerance

Note 1 to entry: When the magnetic flux density (field strength) mode of excitation is chosen, the resultant waveform
of field strength (magnetic flux density) can be distorted with respect to the excitation waveform due to the non-linear
behaviour of the magnetic material.

3.14

high excitation level

excitation at which the permeability depends on excitation amplitude (particularly at low
frequencies) or at which the power loss results in a noticeable temperature rise (particularly at
high frequencies), or both

3.1.5

exciting winding

winding of measuring coil to which the exciting voltage is applied or through which the exciting
current is flowing

3.1.6

voltage sensing winding

unloaded winding of a measuring coil across which the electromotive force induced by the
excitation can be determined

3.1.7

measuring winding

winding, usually secondary, loaded or unloaded, which can be used for measurement apart
from the exciting or voltage sensing winding, or both

3.1.8
power loss
power absorbed by the core

3.1.9

pulse excitation without biasing field

excitation in which a core is energized by a voltage pulse, from a remanent flux density to a
higher value of flux density in the same direction, and in which the core recovers to the same
remanent flux density

Note 1 to entry: The excursion in the B-H plane associated with such a pulse is shown in Figure 1.
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Figure 1 — Pulse excitation without biasing field

Note 2 to entry: If the back-e.m.f. during recovery is limited only by the time constant of the test circuit, then the
magnetizing current decays exponentially.

Alternatively the back-e.m.f. can be limited to a constant value, for example by returning the energy via a secondary
winding to a voltage source; then the magnetizing current decay is approximately linear. The latter method can
prevent excessively high back-e.m.f. and high rates of change of flux. The distinction is mainly relevant to loss
measurements.

3.1.10

pulse excitation with biasing field

excitation in which a core is energized by a voltage pulse, from a value of the flux density
determined by a biasing field to a flux density in the opposite direction, and in which the core
recovers to the same value determined by the biasing field

Note 1 to entry: The excursion in the B-H plane associated with such a pulse is shown in Figure 2.
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Figure 2 — Pulse excitation with biasing field

Note 2 to entry: See Note to entry 2 of 3.1.9. Documents
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3.1.11

pulse permeability

Hp

relative permeability obtained from the change of flux density and the corresponding change of
the field strength when either quantity is varying in an arbitrary form between stated limits:

_ A 4B
o an

SEE: Figure 1 and Figure 2.

Note 1 to entry: The value of the pulse permeability depends strongly on the limits of the flux density or field strength
excursions; it is not necessary for these limits to be symmetrical with respect to zero.

Note 2 to entry: Often pulse permeability refers to the special case of square voltage pulses being applied to an
exciting winding; the flux density waveform is then approximately triangular.

3.1.12
pulse amplitude
U,

m
maximum instantaneous value which an ideal voltage pulse would have with respect to the
steady value of the voltage between pulses

Note 1 to entry: An ideal pulse is derived from an actual voltage pulse by ignoring unwanted or non-pertinent
phenomena such as overshoot (see Figure 1).

3.1.13
pulse duration
lq
time interval during which the instantaneous value of the pulse exceeds 50 % of the pulse
amplitude
Um

Lp - Aim/td
where
Ly is the pulse inductance
Aip, is the total change in i, during the pulse

SEE: Figure F.1.

Note 1 to entry: For unidirectional drive pulses Ai_ =i _.

3.1.14
pulse inductance factor

Ap
pulse inductance divided by the square of the number of turns of the test coil

Ly

Ap =Ty
N2
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3.1.15

voltage-time product limit

(U 1)iim

specified limit of the product of the amplitude of a voltage pulse and the time elapsed from the
start of the pulse

Note 1 to entry: Within this limit the non-linearity of the magnetizing current through the measuring coil placed on
the core should not exceed a specified value.

3.1.16

non-linearity (with time)

ratio of the actual instantaneous value of a characteristic at a time ¢ to the value reached by the
extrapolated linear portion of its graph versus time, at the same instant

SEE: Figure F.3.

3.1.17
pulse repetition rate
frequency of recurrence of the pulses in a periodic sequence of pulses

3.2 Symbols

All the formulae in this document use basic Sl units. When multiples or sub-multiples are used,
the appropriate power of 10 shall be introduced.

Ao  effective cross-sectional area of the core

B’e peak value of the effective magnetic flux density in the core
A

frequency

I:Ie peak value of the effective magnetic field strength in the core
le effective magnetic path length of the core

L inductance

i instantaneous value of the current

1 current

N number of turns of winding of the measuring coil
P power loss in the core

(0] quality factor of the core for a given frequency
R resistance

t time

T temperature

u instantaneous value of the voltage

U voltage

Ve  effective volume of the core

) relative error, deviation, etc.

A absolute error, deviation, etc.

Uy effective amplitude permeability

1o  permeability of vacuum: approximately 47 x10~" H/m

@ phase shift

® angular frequency = 2nf
~gocuments
ymbol.
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NOTE 2 Symbols which are used sporadically are defined in the place where they appear in the text.

NOTE 3 Effective parameters, such as effective magnetic path length, I, effective cross-sectional area, 4., and
effective volume of the core, v, are calculated in accordance with IEC 60205.

NOTE 4 In the text of this document, the term flux density stands for the shortened term of magnetic flux density.
4 General requirements for measurements at high excitation level

4.1 General statements
411 Relation to practice

The measuring conditions, methods and procedures shall be chosen in such a way that the
measured results are suitable for predicting the performance of the core under practical
circumstances. This does not imply that all these stipulations, especially those related to the
excitation waveforms, have to correspond to terms encountered in practice.

4.1.2 Core effective parameters and material properties

Since the core is in general of non-uniform cross-section and generally has non-uniformly
distributed windings along the core path, the measurement does not yield the amplitude
permeability and the power loss of the material, but the effective values of these parameters

appropriate to the effective magnetic flux density ée and the effective field strength Ifle in the
core.

For the measurement of the amplitude permeability and the power loss of the material, the core
shall have a ring or toroidal shape in which the ratio of the outer to the inner diameter should
not be greater than 1,4 and should have windings distributed uniformly, close to the core, of
inductive coupling coefficient practically equal to unity.

4.1.3 Reproducibility of the magnetic state
To obliterate various remanence and time effects in the core material, the measurement shall

be made at a well-defined and reproducible magnetic state.

Any measurement under specified excitation, unless otherwise stated, is to be made at the time
tm = tc + At after the magnetic conditioning start; ¢, is the time period within which the magnetic

conditioning is completed and, whereupon, the specified excitation is set; Az is the time period
during which the core is kept stable under the excitation being set.

4.2 Measuring coil
4.2.1 General

Normally, a measuring coil will be used, but in principle any coaxial line, cavity or other suitable
device providing the necessary interaction between the magnetic material and the
electromagnetic signal, may also be used.

For measurement on toroid using coils, the turns of the measuring coil shall be distributed in
such a way as to keep both the stray capacitance and the stray field as low as necessary for
sufficiently accurate measurement.

For measurements made on cores assembled around a coil, the shape of the measuring coil
shall correspond to that of the coils used for normal application of the core and its influence on
the variation of the inductance to be measured shall be negligible.
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Unless otherwise specified, the test coil complete with coil former or encapsulation, or both,
shall be positioned in a coaxial way to the limb which it embraces, and the side of the coil at
which the start of the winding is located shall be lightly pressed into contact with the core at
one end of this limb as follows:

e for a symmetrical core, the coil assembly shall contact the core at either one end or the
other;

o for a core with an air-gap that is asymmetrical because the gap has been made by grinding
away material on the leg of one core half and not the other, the coil assembly shall make
end contact to the half of the core that has not been ground away to create the gap.

One of the coil faces shall be marked so as to define its orientation. The coil shall be kept in
the defined position during the whole measurement in order to obtain the maximum
reproducibility of the measurement.

4.2.2 Number of turns

The number of turns shall be specified for each winding in relation to the measuring conditions,
the equipment used and the accuracy to be obtained. The windings shall be wound as close to
the core as possible, to make the coupling (magnetic flux linkage) coefficients between the
measuring coil windings and the core and between the windings of measuring coil, as close to
100 % as possible.

The resistance, self-capacitance and inter-winding capacitance of windings should be as low
as possible to make the related errors negligible.

In the case of ring or toroidal cores, the turns shall be distributed evenly around the core
circumference.

The connectors, primarily of exciting winding, should consist of insulated strands, if this is
necessary for measurements at high frequencies.

When winding a sharp-edge core, the wire insulation should not rupture and, in the case of
stranded wire, the strands should not break.

4.2.3 Single winding and double winding
The use of a single winding both for excitation and voltage sensing is recommended if

— the coupling between the exciting winding and the voltage sensing winding is so reduced
that it results in a non-negligible error in the determination of the measuring magnetic flux
density B in the core;

— the inter-winding capacitance is too high;
— there is no measuring circuitry contra-indication against the direct connection of the exciting
winding to the input(s) of measuring instruments.

When a single winding is used, it is recommended that its resistance be made as low as possible
to make the winding ohmic power loss negligible compared to the power loss in the core.

The use of separate exciting and voltage sensing windings (double winding) is recommended
if, for whatever reason, the exciting winding is galvanically separated from the voltage and the
current measuring instruments, for example, to avoid a floating or DC connection to their inputs.

When the exciting and voltage sensing windings are used, their magnetic coupling coefficient
shall be as close to 100 % as possible.
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The voltage necessary for calculation of the magnetic flux density in the core is typically
measured across a voltage sensing winding that is separate from the current-carrying (exciting)
winding. When measuring core losses, ohmic losses in the voltage sensing winding do not affect
the calculation, but ohmic losses in the current-carrying (exciting) winding shall be excluded
from the core loss calculation.

The use of two windings is recommended at more than 200 kHz.

4.3 Mounting of cores consisting of more than one part

A ferrite core set consisting of more than one part and which is to be assembled around the
measuring coil, shall be held together with glue, tape or a clamping device throughout the
measurement.

Whichever method is used to join the core parts together, it shall have the following
characteristics:

o distribution of the joining force uniformly over the mating surfaces, without the introduction
of bending stresses in the core;

e holding of all the core parts rigidly and without changing the position with regard to each
other;

¢ when a specified clamping method is used, an initial over-force of about 10 % shall be
applied when the core is closed, in order to break down fine irregularities between the
cleaned mating surfaces. Next, the specified clamping force +5 % shall be applied;

e keeping the joining force constant within 1 % during all measuring operations within all
measuring conditions, including the full specified temperature range.

The mounting of such cores shall be carried out in accordance with the following instructions.

The mating surface shall be inspected for damage and cleanness. Damaged cores shall not be
used. The mating surface shall be cleaned by non-abrasive means, for example, by rubbing
gently on a dry washing-leather. Next, the mating surfaces shall be degreased if they have to
be glued. Dust particles shall be blown off with clean dry compressed air. The mating surfaces
shall never be touched with bare fingers. The core parts shall then be assembled around the
measuring coil, the latter being locked in position with respect to the core by suitable means,
for example, a foam-washer. The core parts are centered and glued or placed in a clamping
device. The glue, if used, shall be spread evenly on the mating surface to form a film as thin as
possible and then properly hardened.

In the case where the clamping device is used, the clamping force specified in the relevant
specification shall be applied. The glued, taped or clamped cores shall relax under the specified
conditions (see IEC 62044-1:2002, Clause 3) for a long enough time to allow any variation of
stress effects, due to clamping, gluing or taping, to become negligible.

4.4 Measuring equipment

4.41 Any suitable measuring equipment may be used. Examples of appropriate circuits are
given in Annex A to Annex E.

In addition to any requirement specified for the particular method or measuring circuit, or both,
used, the following general requirements shall be met.

4.4.2 To ensure the magnetic flux density (field strength) mode of excitation, the output
impedance of the exciting source shall be low (high) compared with the series impedance of
the exciting winding of the measuring coil assembled with the core under test and the current
sensing resistor.
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4.4.3 When the sinusoidal waveform of excitation is specified, the total harmonic content of
the excitation source shall be less than 1 %. When square pulses are specified, the relevant
requirements of Annex F shall be met.

4.4.4 During the period of measurement, the excitation amplitude variations shall not exceed
10,05 % and the frequency stability shall be adequate for the measuring method and the
equipment used.

4.4.5 The frequency range of voltmeters and other voltage sensing instruments shall include
all harmonics of the measured voltage having amplitudes of 1 % or more of their fundamentals.
This frequency range shall be specified in the relevant instrument specification.

4.4.6 The voltmeters and other voltage sensing instruments used shall be high-impedance
instruments, the connection of which will have only a negligible effect on the measuring circuit,
especially at high frequencies. The probes of a high-input resistance and a low-input capa-
citance can reduce the load effects.

4.4.7 The accuracy of the voltmeters or voltage sensing instruments, determined for
the calibrating sinusoidal waveform, shall be within £0,5 % for RMS and average values and
11 % for peak values, provided that the peak factor of waveforms to be measured is within limits
imposed by the instrument.

If inaccuracies exceed the above limits, only a sine-wave excitation of total harmonic content
less than 1 % is recommended and

e to determine the RMS, average and peak values of sinusoidal waveforms, a true RMS
sensing voltmeter of accuracy within £1 % is recommended. The average and peak values
are obtained by multiplying the indicated RMS values by the following factors: average value
= 0,900 x RMS value, peak value = 1,414 x RMS value;

e to determine the RMS, average and peak values of non-sinusoidal waveforms, a digital
storage and processing oscilloscope or appropriate acquisition and processing instrument
shall be used. It shall be capable of capturing and processing the waveform with the
sampling rate not less than 150 samples per waveform period and the resolution not less
than 8 bits.

NOTE The peak factor is the ratio of the peak value to the RMS value of the measured waveform.

4.4.8 The resistance of the in-series current sensing resistor shall be known with an
inaccuracy not exceeding 1 digit on the third significant place, including possible thermal
variations of the resistance. A heat-sinking or cooled base of the resistor can moderate the
above thermal variations.

The inductance Lg of the resistor R over the frequency range specified in 4.4.5 shall not exceed

a value
Ir si./zath
Om
where
R is the value of the resistor;

Oy = 27ty fm being equal to the highest frequency within the frequency range specified
in 4.4.5;

oUR is the allowable relative increase in the voltage drop Ug across the resistor R,
due to the inductance L, at frequency f,.
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For example, for 5(7R =0,1%, R=1Qandthe highestfrequency 1, = 500 kHz, the inductance
L shall be less than (2z x 500 x 103)~1 x 1 x (2 x 0,001)0.5 = 14,2 nH.

The current sensing resistor can be replaced by an appropriately adapted current probe
provided that this does not reduce the amplitude and phase accuracy over the frequency range
as required in 4.4.5. In addition, the current probe shall be a linear device, i.e. not generating
harmonics.

NOTE Forthe amplitude permeability measurement, it is the amplitude accuracy of the current probe which is mainly
concerned.

4.4.9 All the connections between the circuit components shall be as short as possible. In
addition, connections, if more than one, giving an additional non-equal phase shift shall be of
equal length and of the same type. Any phase shift Agp (radian) between the channels designed
as equiphase to lead the signals corresponding to the magnetic flux density and field strength
over the frequency range defined in 4.4.5 shall not exceed a value

oP(4
o=+ P 49)
0
where
P (Ap) is that portion of the total inaccuracy of the power loss measurement which is
related to the phase shift Ag;
B H
0= wz‘; € s the quality factor of the core under test;
\
w = 2xf is the angular frequency;

B, and H, are the peak values of the effective magnetic flux density and the effective field
strength in the core, respectively;
P, =P/Vq is the power-loss density; V, is the effective volume of the core.

If a non-sinusoidal excitation is applied, the phase shifts for the harmonics involved shall be
determined. Corresponding to each harmonic frequency, the values of the parameters listed
above shall be used in the calculation of each harmonic frequency.

For example, 0P(4¢) shall be within £1 % and Q = 5 for a given core and measuring conditions.
Therefore, Ag shall be within £0,01/5 = £0,002 radian.

4.4.10 Any contact of any intermediary connectors, joints, switches, multiplexers, etc., which
is associated with the voltage or current measuring circuit, shall be able to transmit the voltages
involved and the conditioning and measuring currents of values specified in the relevant
specification. The contact resistance, phase shift, inductive and capacitive couplings, series
impedance and parallel admittance resulting from insertion of the contact shall have only a
negligible effect on the results measured over all the measuring conditions involved, including
the frequency range as specified in 4.4.5.

4.4.11 Measures or calibration, or both, should be taken to ensure that the resultant
inaccuracy of measurement for the amplitude permeability and the power loss over all the
measuring conditions does not exceed the inaccuracy specified for the given measuring method
and circuit specified.

4.4.12 A temperature-controlled environment shall be provided, capable of maintaining the
thermal equilibrium between the core and that environment within specified temperature limits
during the conditioning, setting, measurement and reading operations. Documents

Document Sharing Hub

Full document details: IEC 62044-3-2023


http://avadocuments2026.com/doc/iec-62044-3-2023
http://avadocuments2026.com/doc/iec-62044-3-2023

- 18 — IEC 62044-3:2023 © |IEC 2023

5 Specimens

Cores taken from normal production and forming closed magnetic circuits shall be used for the
measurement.

6 Measuring procedures

6.1 General procedure

6.1.1 The core to be measured is assembled with the measuring coil in accordance with 4.3.
In the case of ring and toroidal cores, apply winding(s) in accordance with 4.2.1.

6.1.2 The core shall be placed in a temperature-controlled environment in accordance
with 4.4.12. All measuring operations such as magnetic conditioning, settings and measurement
shall be made after the temperature of the core is attained and maintained within allowed
tolerance limits.

6.1.3 The voltages corresponding to the peak value of the magnetic flux density l?e and to

the peak value of the field strength ﬁe at which the measurement has to be performed are
calculated in accordance with the following formulae:

— for B, excitation: Uy =4-f-N-Ag - By
where N is equal to Ny when a single winding (both for exciting and voltage sensing functions)

is used and N is equal to N, when a secondary winding is used for the voltage sensing;

- for H, excitation:

where
Ur is the peak value of the voltage across the series resistor R;
N, is the number of turns of the excitation winding Nj.

The symbols are defined in 3.2, and N, is the number of turns of the exciting winding.

NOTE 1 For the practically pure sinusoidal waveform of magnetic flux density ée, the voltage, corresponding to
l;’e, can be measured using also RMS or peak reading voltmeters or instruments. The respective RMS, U, ., and

peak, U, values of this voltage are calculated as

Urms :\/E'”'f’N'Ae'ée

(j:z.”.f.N.Ae.ge

NOTE 2 If the current probe is used instead of the resistor R, the peak value of the current [ corresponding to He

is calculated as f = [:Ie .

NOTE 3 If a cross-section area other than Ae is used, for example Amin’ for the calculation of Uav’ this will be
clearly stated in the relevant specification.
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6.1.4 The core is conditioned by the electrical method in accordance with IEC 62044-1:2002,
5.2a), unless otherwise stated.

6.1.5 At the specified time ¢, after the start of the conditioning, the exciting source is set, as
quickly as possible, preferably within ¢, = (2 £ 0,5) s for the time-dependent parameters, to the
required frequency, waveform and amplitude of excitation.

To keep the correct excitation waveform within all the measuring conditions, it should be under
control. In the case of the magnetic flux density mode of excitation, the input of the control
device should preferably be connected to a separate voltage sensing winding.

6.1.6 At the time ¢,, the measurement readings shall be taken and then the excitation

promptly turned off. The time period when the core is under specified excitation shall be as
short as possible but no longer than 10 s, to prevent the core from excessive self-heating.

6.1.7 When a core is excited under pulse conditions with or without a biasing component,
the respective complementary specifications of Annex F shall be considered.

6.2 Measuring method for the effective amplitude permeability
6.2.1 Purpose

To provide a method for the measurement of the effective amplitude permeability at high
excitation levels and symmetrical periodic waveforms of magnetic cores forming closed
magnetic circuits.

NOTE As an alternative, the peak value of the magnetic flux density obtained at the specified peak value of the
field strength or, otherwise, the peak value of the field strength at the specified peak value of the magnetic flux
density can be determined.

6.2.2 Principle of the measurement

The magnetic flux density and the field strength in a core are determined by measuring the
average value of voltage per half-period across the voltage sensing winding of the measuring
coil wound on the core and the peak value of the voltage across the resistor in series with the
exciting winding of that coil. The measurements are carried out at specified peak values either
of magnetic flux density or field strength, frequency and temperature.

6.2.3 Circuit and equipment

Any suitable equipment may be used provided that it is able to fulfil the function of the circuits
shown in Annex A.

The requirements of 4.4 shall be met. Since the magnetic flux density and field strength
waveforms are not critical in the case of measurement of the amplitude permeability, it will not
be necessary to rigorously meet the requirements of 4.4.2 and 4.4.3.

If the amplitude permeability has to be determined for the peak values of fundamental
components of the waveforms of the magnetic flux density and field strength, these peak values
should be measured by frequency selective instrument(s) observing the requirements of 4.4.

6.2.4 Measuring procedure
The general procedure of 6.1 shall be applied.

For the specified average value Uy, of the voltage across the voltage sensing winding, either

the peak value Ug of the voltage across the resistor R or the peak value [ of the current flowing

through the exciting winding is read. Documents
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For the field strength excitation, the value of U,, is read at the specified value of either Ug or

I.

NOTE When the specification requires the magnetic flux density to be measured at the specified field strength or,
inversely, the field strength at the specified magnetic flux density, the specified peak value of the excitation is set,

and either the resultant ée or the resultant ]—Ale is determined, respectively.

6.2.5 Calculation

The effective amplitude permeability is derived from

Z§e leR Uav

o A-pg-fNi-Nyp-4e Ug

Hea =

or if the current probe is used instead of resistor R

_ le Uay
4-po-f-Ny-Np-dg 1

Hea

U,, Iis the average value of voltage across voltage sensing winding N,;
Ur is the peak value of the voltage across the series resistor R;

is the peak value of the current flowing in the excitation winding Ny;
Ny is the number of turns of the excitation winding Ny;

N, is the number of turns of the sensing winding N,;
the remaining symbols being defined in 3.2.

NOTE If the exciting and voltage sensing functions are performed only by the primary winding N,, N, is replaced by
N, and the product N, N, is replaced by N12.

6.3 Measuring methods for the power loss
6.3.1 Purpose

To provide methods for the measurement of power loss at high excitation levels and periodic
waveforms in magnetic cores forming closed magnetic circuits.

6.3.2 Methods and principles of the measurements
6.3.2.1 General

The following methods are suitable according to the principle and application.

6.3.2.2 Root-mean-square method (RMS method)
This method is:

e generally applicable provided the circuit components, mounting and equipment used meet
the requirements of 4.4;

e less sensitive to distorted waveforms.
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The RMS value of the sum and the difference of the two voltages, the first across the unloaded
measuring winding of the measuring coil assembled with the core, and the second across the
resistor in series with the exciting winding of that coil, are measured by means of the true RMS
voltmeter. The difference of the squares of these RMS voltages is proportional to the power
loss in the core.

The related measuring procedure is given in Annex B.

6.3.2.3 Multiplying methods

6.3.2.3.1 General

These methods, based on the identical voltage-current multiplying principle, are sensitive to
phase-shift errors.

The voltage related to the magnetic flux density and the voltage related to the field strength in
the core are acquired, processed and multiplied by either analogue, digital or mixed way in the
time or frequency domain techniques. Some of these methods are shown in Table 1.

Table 1 - Some multiplying methods and related domains
of excitation waveforms, acquisition, processing

Domain of
Measuring method useable excitation (,:Alﬁ:ze (():f

waveform acquisition processing X
V-A-W meter Sinusoidal Time Time C.5
Impedance analyzer Sinusoidal Not applicable Not applicable C.6
Digitizing Arbitrary Time Time C.7
Vector spectrum Arbitrary Frequency Frequency C.8
Cross-power Arbitrary Time Frequency C.9

The related measuring procedures are given in Annex C.

6.3.2.3.2 V-A-W (volt — ampere — watt) meter method

This method is restricted to sinusoidal excitation as defined in 4.4.3.

A V-A-W meter multiplies internally the measured voltages and gives a time average of the
product of the instantaneous values of these voltages which is proportional to the power loss
of the core.

6.3.2.3.3 Impedance analyzer method

This method is restricted to sinusoidal excitation as defined in 4.4.3.

The impedance analyzer determines at the fundamental frequency the vector components of
the voltages related respectively to the magnetic flux density and to the field strength in the
core and calculates a parallel resistance related to the power loss in the core. The square of the
voltage related to the magnetic flux density divided by the parallel resistance gives the power
loss in the core.
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6.3.2.3.4 Digitizing method

This method is suitable for arbitrary excitation waveforms.

The measured voltages are sampled and converted into digital data by a digitizer. At each
sample point the product of the voltages involved is calculated. The power loss is proportional
to the average of the multiplied voltages over one cycle.

6.3.2.3.5 Vector spectrum method

This method is suitable for arbitrary excitation waveforms.

The amplitudes and the phase difference of the voltage signals are measured by a network
analyzer. The measurements are made at the fundamental and harmonic frequencies of the
applied voltages.

The power loss in the core is obtained by adding up the power-loss components corresponding
to the fundamental and harmonic frequencies.

6.3.2.3.6 Cross-power method

This method is suitable for arbitrary excitation waveforms.

At the specified value of excitation, one or more cycles of the measured voltages are sampled
and converted into digital data.

The complex spectrum of the measured cycles is computed by fast Fourier transform (FFT).
The cross-power spectrum is deduced from these data.

The power loss in the core is obtained by adding up the real parts of the cross-power spectrum
at each frequency.

6.3.2.4 Reflection measurement method

This method based on the measurement of the difference between forward power Pr and
reflected power Py is

¢ not limited to only sinusoidal excitations;
e applicable for frequencies higher than 500 kHz;

e more suitable to the magnetic flux density mode of excitation than the field strength mode
of excitation.

The measurement is made using a reflection meter connected to a two-channel measurement
head. A voltmeter connected in parallel to the voltage sensing winding monitors the voltage. An
average value sensing voltmeter or instrument connected to a voltage sensing winding enables
the peak value of the exciting magnetic flux density to be set.

NOTE For the field strength mode of excitation, the insertion of a current sensing series resistor connected in
parallel to a voltage measuring instrument can decrease the accuracy of the measurement.

The related measuring procedures are given in Annex D.
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6.3.2.5 Calorimetric measurement methods

These methods, based on the measurement of temperature rise of the fluid in the vessel caused
by power loss in the wound core, are

e especially suited for calibration purposes;

e less dependent on the measurement frequency;

e not sensitive to distorted waveforms;

e time consuming (typically several hours per measurement point).

In the state of thermal equilibrium, the power loss is determined either by measuring the
temperature difference AT (induced by power dissipation in the wound core) across a calibrated

thermal resistance or by matching this AT to an equal value of AT induced by the supply of a
determinable level of power to a heating (ohmic) resistor.

In the state of non-thermal equilibrium, the desired measured temperature is used as a set point.
The determination of power loss in the wound core can be made by supplying determined levels
of power through an ohmic resistor with and without the supply of power to the wound core.

The related measuring procedures are given in Annex E.

7 Information to be stated

If the measurements have to be made in accordance with this document, the following
information shall be stated:

1) measuring frequency(ies);

2) temperature(s) of the measurement(s) with tolerance(s);

3) mode of excitation: magnetic flux density or field strength;

4) waveform of the excitation;

5) cross-section area of the core used for calculations, if other than the effective cross-
section area A4;

6) peak value(s) of the excitation;
7) measuring method and related measuring circuit;
8) number of turns, N4, of the exciting winding;

9) number of turns, N,, of the voltage sensing winding (if used);

10) number of turns, N3, of the measuring winding if such winding is required;

11) type and size of wires and arrangement of windings on the core;

12) initial amplitude of the electrically conditioning current;

13) time periods at which the excitation is set, 7., and the measurement made, ¢, after the

start of magnetic conditioning;
14) degree of accuracy;

15) results to be presented, for example a single result; a set of single results or functional
characteristics, such as power loss as a function of temperature at given values of

effective magnetic flux density B, and at a given frequency; or amplitude permeability as
a function of effective magnetic flux density at a given frequency and temperature.
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When the measuring or test conditions (items 1) to 6)), or both, relevant to core material
properties are chosen, the specifications given in IEC 60401-3:2015, Clause 3 and Clause 4,
and in I[EC 61332:2016, 4.3, should be considered.

NOTE 1 Item 10) is not required with regard to the amplitude permeability measurement.

NOTE 2 If necessary, more information can be required in detailed specifications.
8 Test report

The test report shall contain as necessary:

a) the statement of the test conformity with this document;

b) the type, dimensions, material and serial number or mark of the test specimen(s);
c) the sample size;

d) the parameters measured;

e) the test method used and its accuracy;

f) the test conditions (Clause 7, item 1) to item 6)).
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Annex A

(informative)

Basic circuits and related equipment for the
measurement of amplitude permeability

The basic circuits are shown in Figure A.1.

N4 N, Ny N,
ES ES
® @
V!
R Vav Vav
- I>cp
©,
VR
- IEC = IEC
a) Circuit a) b) Circuit b)
v/
I>cp
*Ne
Vav
ES ES
U,
@ &
R N1 Vav
VR
L = IEC
IEC
c) Circuit c) d) Circuitd)
Connections and supplies
Circuit a) two windings, exciting N, and voltage sensing N,, with current sensing non-reactive resistor R;
Circuit b) two windings, exciting N, and voltage sensing N,, with current probe CP;
Circuit c) single exciting winding N, with current sensing non-reactive resistor R and floating input instruments
V,, and Vg;
Circuit d) single exciting windings N, with current probe CP.
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Components

ES exciting source containing usually a generator and power amplifier;

R resistor across which the voltage proportional to the current I flowing in the exciting winding is
measured;

CP current probe sensing the peak value [ of the current;

Vg voltmeter or instrument sensing the peak value ljR of the voltage across the resistor R;

Va voltmeter or instrument sensing the average value U, of the voltage;

N, and N, exciting and voltage sensing windings, respectively.

Figure A.1 — Basic circuits for the measurement of amplitude permeability
The circuits and equipment used shall meet the requirements of 4.4.

The resultant accuracy within £3 % can be obtained if the requirements of 4.4 are met.
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Annex B
(informative)

Root-mean-square method for the measurement of power loss —
Example of a circuit and related procedure

B.1 Method of measurement

In the RMS method, a switch S is used to connect the RMS sensing voltmeter or instrument to
measure both the sum and the difference of two voltages (see Figure B.1); the short-circuiting
connections of the switch shall be as close as possible to the switch and the RMS sensing
voltmeter or instrument shall be connected to the switch using a low-noise, single-screened,
low-capacitance cable.

It is recommended that the voltage measuring instruments V.o and V,, be connected by means

of high impedance attenuation probes to minimize a risk of transient over-voltage effects on
Vims @nd V,,. These effects can result when the excitation is too abruptly turned or the contact

position of the switch S changed, or both.

The requirements of 4.4.2, 4.4.4, 4.4.9 and 4.4.10 shall be met.

T

N L(
ES 3 S‘):i)‘j— ®

Uayv
R Vims Vav
_L_ ]

IEC

Figure B.1 — Example of a measuring circuit for the RMS method

B.2 Measuring coil

In the RMS method, a triple wound measuring coil with separate exciting winding, measuring
winding and voltage sensing winding is used.

NOTE The measuring winding is used to prevent any change of the phase shift between the voltages across the
measuring winding and across the resistor R, by any voltage measuring instrument. It also enables the voltmeter to
be earthed.
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B.3 Measuring equipment

The excitation source ES shall meet the requirements specified in 4.4.3 and 4.4.4. For
rectangular voltage pulses, with or without bias, the exciting source shall meet the requirements
of Clause F.6. If the core is to be excited by waveforms other than the sinusoidal or rectangular
ones, requirements modelled on those of Clause F.6 shall be specified in the relevant
specification.

The transformer T is composed of the core under test and three separate windings wound on
it, N, being the exciting winding, N, being the voltage sensing winding and N3 being the
measuring winding. It is advisable to adjust the number of turns of the measuring winding N5

so that the voltage across it is of the same order as the voltage drop across the current-
measuring resistor R. The accuracy of the method increases as these voltages approach
numerical equality.

Vims is a true RMS voltmeter or other instrument performing that function. V,, is an average
value sensing voltmeter or instrument. Both V,,c and V,, shall meet the requirements of 4.4.5,
4.4.6and 4.4.7.

Other requirements of 4.4 shall also be met.

B.4 Measuring procedure

The general procedure of 6.1 should be met. In this method, indications of the RMS sensing
voltmeter or instrument are read when it is connected to measure first the sum and then the
difference of the two voltages. These readings shall be taken, as quickly as possible, so that
they are only negligibly influenced by differences in the thermal state of the core and measuring
coil.

The calculation is a follows:

The core power loss is given by
-2
P=(ui)=——
N-
4.3 . p
Ny

where

(wi) is the time-averaged product of the instantaneous values of the voltage induced by the

excitation in the measuring coil assembled with the core and the current through the
exciting winding;

U, is the RMS value of the sum of the voltages across the measuring winding and across
the resistor R;

U, is the RMS value of the difference of the above voltages;

Ny is the number of turns of the exciting winding of the measuring coil;

N3 is the number of turns of the measuring winding of the measuring coil;

R is the value of the current-measuring resistor.
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