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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CORES MADE OF SOFT MAGNETIC MATERIALS -
MEASURING METHODS -

Part 3: Magnetic properties at high excitation level

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ 0o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGyPublication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé \nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.beiWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
pafent(s). IECdakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
thg latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 62044-3:200. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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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.

The fext of this Tniernational Standard is based on the tfollowing documents:

Full i
the 4

The |
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Draft Report on voting

51/1426/CDV 51/1439/RVC

bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 62044 series, published under the general title Cores made o
etic materials — Measuring methods, can-be found on the IEC website.

hformation on the voting for its approval can be found in the reportion voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEG/Directives, IEC Supplement, avalilable

are

f soft

ommittee has decided that the conténts of this document will remain unchanged untjl the

ity date indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, thexdocument will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

b the

IMP,

ORTANT — The "colour inside" logo on the cover page of this document indicates tha

contains colours which are considered to be useful for the correct understanding of its
con i i i colour printer
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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

2023

This [part of IEC 62044-provides specifies measuring methods for power loss and amplitude

perm
excit

appli

The

Ieability of magnetic cores forming the closed magnetic circuits intended for use at
ption levels in inductors, chokes, transformers and similar devices for power ‘€lectr
Cations.

high
bnics

methods given in this document can cover the measurement of maghetic propertigs for

frequencies ranging practically from direct current to 10 MHz, and even pessibly higher, far the

calor]

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.

perioj
meas
phas
heghos
accu

NOTE
custor
princig

2 Normative references

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

cons
For

metric and reflection methods. The applicability of the individual methods to sp

dic waveforms can also be used; however, adequate accuracy can only be obtained
uring circuitry and instruments used are able to handle and process the amplitudes
bs of the signals involved within the frequency~Spectrum corresponding to the
tion magnetic flux density and field strength)waveforms with only slightly degr
acy.

It-may can be necessary for some magnetically.soft metallic materials to follow specific general prin
hary for these materials, related to the preparation of specimens and-preseribed specified calculations.
les are formulated in IEC 60404-8-6.

itutes requirements of this document. For dated references, only the edition cited ap
undated references,. the latest edition of the referenced document (including

beific

Dther
f the
and
jiven
aded

Liples,
These

ntent
blies.
any

amendments) applies;

IEC 80050(221)V4900 [ntaernational Electrotechnical \ocabulary (1E\/) Chapter 221 Aadnetic
= oYU ov{EL Sy o e AaoRa =re CHote eAcar—vy-oeaothary{+1=Vv, CHapter—~Z£=« Wia eHE
oo el o rnenonte

IEC 62044-1:2002, Cores made of soft magnetic
Generic specification

materials — Measuring methods — Part 1:
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3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply-in-additionto-these
of IEC 60050(221).

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

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

e |30 Online browsing platform: available at https://www.iso.org/obp

offedi litud bility: 1.}

effedtive amplitude permeability

magnetic permeability obtained from the peak value of the effective.magnetic-inductiog flux

densijty, Be, and the peak value of the effective magnetic field strength, H , at the stated yalue

of either, when the magnetic-induction flux density and magnetie field vary periodically with time
and with an average of zero, and the material is initially in a specified-neutralized demagngtized

maximum (effective} amplitude permeability
Hea mlax
maximum value of the-(effective} amplitude permeability when the amplitude of excitation ( B,

~

or H})is varied

NOTEl Thisadinition diffors £ fIEC 60050 [221-03-10].

3.1.3
excitation

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

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

3.1.4

high excitation level

excitation at which the permeability depends on excitation amplitude (particularly at low
frequencies) and/or at which the power loss results in a noticeable temperature rise (particularly
at high frequencies), or both
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: idal s
L ¢ ! ¢ o

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-may can be determined

3.1.7
measuring winding
winding, usually secondary, loaded or unloaded, which can be used formeasurement ppart
from |the exciting and/or voltage sensing winding, or both

3.1.8
power loss
powdr absorbed by the core

3.1.9
puls¢ excitation without biasing field
excitption in which a core is energized by a voltagé/pllse, from a remanent flux density| to a
highgr value of flux density in the same directionand in which the core recovers to the same
remalnent flux density

Note 1 to entry: The excursion in the B-H plane associated with such a pulse is shown in Figure 1.

B S
[\ .
£
Q
1}
Q
<
B, \i
7
/
/
B, A
A
7/ /
4 /
i ,‘ -_
/ y; H
/ %
/ X
4 7
7 -
’ - AH
s - ¢
L - =

IEC

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.
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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.

B A

Bm

&
>
Q
v
(b.

Hpjias / 3 b‘,

/ Xl

Bbias

Bbias + Bm

— 4

A

IEC

N
N
Figure 2 — Pulse ex@@‘tion with biasing field

N

Note 4 to entry: See Note to entry 2 of 3.1.9. .\Q)

3.1.111 \O
puls¢ permeability N~
Hp Y

relative permeability obtaine@rom the change of flux density and the corresponding change of
the field strength when either quantity is varying in an arbitrary form between stated limitqg:

O " a8

@O Hp ZE'E
&
SEE: Flgur% nd Figure 2.
O

Note tgytry: The value of the pulse permeability depends strongly on the limits of the flux density or field stfength

excur . itis not necessary for these limits tg he :\llmmnfriral with rnerr_\nr\f ig zerg

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

Um

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).
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3.1.13

pulse duration

lq

time interval during which the instantaneous value of the pulse exceeds 50 % of the pulse
amplitude

__Um
P Ui /tg
where
Lp is the pulse inductance
Aip, is the total change in i, during the pulse

SEEFigure F.1.

Note q to entry: For unidirectional drive pulses Ai_ =17, .

3.1.14
puls¢ inductance factor

Ap
pulsg inductance divided by the square of the number of turnsg/efthe test coil

Ap :i;
N
3.1.1j5
voltgdge-time product limit
(U'Z)I m

specffied limit of the product of the ampjitade of a voltage pulse and the time elapsed from the
start [of the pulse

Note 1 to entry: Within this limit the ndf=linearity of the magnetizing current through the measuring coil plaged on
the core should not exceed a specified\wvalue.

3.1.116
non-jinearity (with time)
ratio pof the actual instaptaneous value of a characteristic at a time 7 to the value reached by the
extrapolated lineag pettion of its graph versus time, at the same instant

SEE{Figure E.3.

3.1.1)7
puls¢«épetition rate
frequ%mﬁmmﬁmWy U ) T fodt ) )

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.

Ae  effective cross-sectional area of the core
I§e peak value of the effective-induetion magnetic flux density in the core
f frequency

ﬁe peak value of the effective magnetic field strength in the core

le effective magnetic path length of the core
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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.

Uegy | teffective} amplitude permeability

uo | magneticconstant permeability of vacuum: approximately 4n x 10~ H/m

@ phase shift

@ angular frequency = 2xnf
NOTE|1 The additional subscript, upper script, etc., gives‘a-more specific meaning to the given symbol.
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, /_, effective cross-sectional area, 4|, and
effective volume of the core, ¥, are calculated-in accordance with IEC 60205.

NOTE| 4

magngtic i —In
shortglned term of magnetic flux d€nsjty.

Ag and-for-the shertene diterms
the term flux

stands for the

the text of this document, density

4 General-precautiens requirements for measurements at high excitation lgvel

4.1 General statements
411 Relation to practice

The measuring conditions, methods and procedures shall be chosen in such a way thgt the
meagured results are suitable for predicting the performance of the core under pragtical
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-induction magnetic flux density ée and the effective field strength
A, 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
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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 = te T At after the magnetic conditioning start; ¢, is the time period within which the magnetic
condijtioning 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
421 General

Normally, a measuring coil will be used, but in principle any coaxial line, gavity or other suitable
devide providing the necessary interaction between the magnetiCc’ material and| the
electfomagnetic signal, may also be used.

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

For measurements made on cores assembled arouQd™a coil, the shape of the measuring coil
shall|correspond to that of the coils used for normakapplication of the core and its influeng¢e on
the vpriation of the inductance to be measured stall be negligible.

Unlegs otherwise specified, the test coil complete with coil former or encapsulation, or poth,
shall|be positioned in a coaxial way tq gie limb which it embraces, and the side of the cpil at
whicl the start of the winding is locatged shall be lightly pressed into contact with the cdre at
one ¢nd of this limb as follows:

e fqr a symmetrical core, thelcoil assembly shall contact the core at either one end dr the
other;

o fqr a core with an aig-gap that is asymmetrical because the gap has been made by gripding
alvay material on the'leg of one core half and not the other, the coil assembly shall make
ehd contact to the)half of the core that has not been ground away to create the gap.

One pf the coif faces shall be marked so as to define its orientation. The coil shall be kept in
the fefined (position during the whole measurement in order to obtain the maximum
reprdducjbility of the measurement.

4.2.2'—Number-efturns

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.
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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-efa-sigle-winding-both-forexciationand-volta
— 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-indyection
magnetic flux density B in the core;

— the inter-winding capacitance is too high;

— there is no measuring circuitry contra-indication against the direct conneection of the ex¢iting
wlinding to the input(s) of measuring instruments.

NOTEl—When a single winding is used, it is recommended that itsiresistance be made ag low
as pgssible 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, forwhatever reason, the exciting winding-sheuld-be.js galvanically separated from the voltage
and {he current measuring instruments, for examplé to avoid a floating or DC connectipn to
their linputs.

NoTEH-When the exciting and voltage sensing windings are used, it-is—eritical-to-makettheir
magnetic coupling coefficient shall be as.close to 100 % as possible.

NOTE sge-sénsing
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The poltage necessary for \calculation of the magnetic flux density in the core is typjcally
meagured across a voltage sensing winding that is separate from the current-carrying (excjting)
winding. When measuring‘core losses, ohmic losses in the voltage sensing winding do not Tffect
the galculation, but@hmic losses in the current-carrying (exciting) winding shall be excluded
from [the core losstcalculation.

NOTEl3-ThewWse 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:

e 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;
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¢ 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- abrasrve means, for example by rubbing
gentl
be glued. Dust partrcles shaII be bIown 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
meaguring coil, the latter being locked in position with respect to the core by suitablé means,
for ekample, a foam-washer. The core parts are centered and glued or placedn’a clamping
devide. The glue, if used, shall be spread evenly on the mating surface to form\a)film as thin as
poss|ble and then properly hardened.

In the case where the clamping device is used, the clamping forcecspecified in the relgvant
specification shall be applied. The glued, taped or clamped cores shall relax under the spetified
cond|tions (see IEC 62044-1:2002, Clause 3-efHEC-60367-1) for-a‘long enough time-sufflcient
to allpbw any variation of stress effects, due to clamping, gluing’ortaping, to become negligible.

4.4 | Measuring equipment

4.41 Any suitable measuring equipment may be dsed. Examples of appropriate circuits are
giver] in Annex A to Annex E.

In addition to any requirement specified for.the’ particular method and/or measuring circdit, or
both [used, the following general requirements shall be met.

4.4.2 To ensure the-induetion magnetic flux density (field strength) mode of excitation, the
outpit 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 cyrrent
sens|ng resistor.

4.4.3 When the sinusgidal waveform of excitation is specified, the total harmonic contgnt of
the gxcitation source(shall be less than 1 %. When square pulses are specified, the rel¢vant
requirements of-clatise-16-0f tEC60367-1 Annex F shall be met.

4.4.4 During‘the period of measurement, the excitation amplitude variations shall not exceed
+0,0% % and-the frequency stability shall be adequate for the measuring method ang 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 and/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.
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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
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is the allowable relative increase in the voltage drop UR across the resist
due to the.inductance L, at frequency f,.
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provided-that this does not reduce the amplitude and phase accuracy over the frequency 1
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 possib

le. 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-induction magnetic flux density and field

stren

gth over the frequency range defined in 4.4.5 shall not exceed a value

L OP(Ap)
—

radige-
2
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0
where
oP(Ap) is that portion of the total inaccuracy of the power loss measurement which is
related to the phase shift Ag;
wB H, _
0= 2P is the quality factor of the core under test;
A%
® = 3nf is the angular frequency;
B, ahd H, are the peak values of the effective-induction magnetic flux density,and the
effective field strength in the core, respectively;
P, =P/Vy is the power-loss density; V, is the effective volume of the corel
If a non-sinusoidal excitation is applied, the phase shifts for the harmpnics involved shall be

deteqmined. Corresponding to each harmonic frequency, the values“of the parameters listed
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b-have-to shall be used in the calculation of each harmonic frequency.

bfore, A shall be within £0,01/5 = £0,002 radian.

0 Any contact of any intermediary connectorsyjoints, switches, multiplexers, etc., \
bociated with the voltage or current measuring.circuit, shall be able to transmit the volf

fication. The contact resistance, phaseshift, inductive and capacitive couplings, s
Hance and parallel admittance resulting from insertion of the contact shall have o

equency range as specified in 4:4.5.

uracy of measurement~for the amplitude permeability and the power loss over a
uring conditions does.not exceed the inaccuracy specified for the given measuring mg
ircuit specified-in-the-appropriate-annex.
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the conditioning, setting, measurement and reading operations.
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Cores taken from normal production and forming closed magnetic circuits shall be used for the
measurement.

6 Measuring procedures

6.1
6.1.1

General procedure

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.
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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-induction the magnetic flux density
B, and to the peak value of the field strength A, at which the measurement has to be
performed are calculated in accordance with the following formulae:

— for B, excitation: Uy =4-fN-Ag By

wherg N is equal to Ny when a single winding (both for exciting and voltage sensing functlions)
is usgd and N is equal to N, when a secondary winding is used for the voltage sensing;

- fqr H, excitation:

here

=

Ur is the peak value of the voltage across the series resistor R;

My is the number of turns of the excitation winding’ N~

The $ymbols are defined in 3.2, and N, is the numbér of turns of the exciting winding.

NOTE| 1 For the practically pure sinusoidal waveform of—inrduction magnetic flux density ée, the vgltage,

corregponding to ée, can be measured using also.RMS or peak reading voltmeters or instruments. The respective

RMS, Urms: and peak, U, values of this voltage.afé calculated as

Urms :\/E'”'f'N'Ae 'ée
0:2.7r.f.N.Ae.1§e
NOTE|2 If the current probetisiused instead of the resistor R, the peak value of the current i corresponding tp He
is caldulated as=———Hm—fer=vr [= I:Ie .

NOTE|3 If a cross#section area other than Ae is used, for example Amin’ for the calculation of Uavf this-shiH will
be cleprly stated.in the relevant specification.

6.1.j The core is conditioned by the electrical method in accordance with-item—1)-ofg-2-of
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 7, = (2 £ 0,5) s for the time-dependent parameters, to the
required frequency, waveform and amplitude of excitation.

NOTE—To keep the correct excitation waveform within all the measuring conditions, it should
be under control. In the case of the-irduetion 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.
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6.1.7 When a core is excited under pulse conditions with or without a biasing component,

the respective complementary-stipulations—of-clause16o0f lEC 60367-1-shall-be-taken-into
account 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-induetion magnetic flux density obtained at the specified peak| value
of thelfield strength or, otherwise, the peak value of the field strength at the specified peak value of thesrduction
may njagnetic flux density can be determined.

6.2.2 Principle of the measurement

The-ipduetion magnetic flux density and the field strength in a core are determined by measpring
the average value of voltage per half-period across the voltage sensing winding of the
mea%‘uring coil wound on the core and the peak value of the voltage across the resistor in series
with fhe exciting winding of that coil. The measurements are carriedjout at specified peak values
eithef of-induetion magnetic flux density or field strength, frequenecy 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 cifcuits
shown in Annex A.

The fequirements of 4.4 shall be met. Since;the-induction magnetic flux density and|field
strenjgth 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-nreed-npt-be

rigorpusly met.

NoTElIf the amplitude permeability’has to be determined for the peak values of fundamental
components of the waveforms of/the-induction magnetic flux density and field strength, 1|hese
peak| values should be nieasured by frequency selective instrument(s) observing the
requirements of 4.4.

6.2.4 Measuring-procedure

The @general proCedure of 6.1 shall be-ebserved applied.

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

the ppak'value Ug of the voltage across the resistor R or the peak value [ of the current flg wing
through the exciting winding is read.

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-induection magnetic flux density to be measured at the specified field
strength or, inversely, the field strength at the specified-induction magnetic flux density, the specified peak value of

the excitation is set, and either the resultant ée or the resultant I:Ie is determined, respectively.

6.2.5 Calculation

The (effective) amplitude permeability is derived from
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uoHe 4pofNiN24e Ugr
- R Un

Cuyr Apgef NyNy-dy Ug

or if the current probe is used instead of resistor R

NOTE
N, an

6.3
6.3.1

Top

6.3.2

6.3.2]

6.3.2

This

is the average value of voltage across voltage sensing winding No;

is the peak value of the voltage across the series resistor R;

is the peak value of the current flowing-by in the excitation winding“N,;
is the number of turns of the excitation winding Ny;

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

bmaining symbols being defined in 3.2.

If the exciting and voltage sensing functions are performed only by the primary winding N,, N, is replaged by
the product N, N, is replaced by N,2.
Measuring methods for the power loss
Purpose
ovide methods for the measurement of power loss at high excitation levels and pefiodic
waveforms in magnetic cores forming closed magnetic circuits.
Methods and principles of the measurements
1 General
The following methods are suitable according to the principle and application.
.2 Root-mean-square method (RMS method)
method is:
;‘IIUId“y app“ba'uit: IJIUV;UICUI tilc b;lbu;t bUlIIPUIIUIItD, IIIUUIIt;IIg dll(.lI Uquiplllcllt uaud ”eet

e g

the requirements of 4.4;

e less sensitive to distorted waveforms.

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.
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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-induction 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 T— Some multiplying methods and related domains
of excitation waveforms, acquisition, processing

Domain of
Measuring method useable excitation (::::i ?:
waveform acquisition processing
V-A-W meter Sinusoidal Time Time C.5
Impgdance analyzer Sinusoidal Not applicable Not applicable C.6
Digit|zing Arbitrary Time Time C.7
Vectpr spectrum Arbitrary Frequency Frequency C.8
Crosp-power Arbitrary Time Eregquency C.9

The felated 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 df the
produict of the instantaneous values-of these voltages which is proportional to the powel 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 |mpedancejanalyzer determines at the fundamental frequency the vector components of
the vpltages related respectively to the-inductionr magnetic flux density and to the field strIngth
in thg coresahd calculates a parallel resistance related to the power loss in the core. The square of
the vopltage related to the-irduetion magnetic flux density divided by the parallel resistance gives
the pjowef loss in the core.

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.
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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
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.3.6 Cross-power method

method is suitable for arbitrary excitation waveforms.

onverted into digital data.

complex spectrum of the measured cycles is computed by fast(Rourier transform (
ross-power spectrum is deduced from these data.

ower loss in the core is obtained by adding up the real pafts of the cross-power speq
h frequency.

.4 Reflection measurement method

method based on the measurement of the\difference between forward power Pg
ted power PR is

bt limited to only sinusoidal excitations;
bplicable for frequencies higher than 500 kHz;

ore suitable-rather to the-inddetion magnetic flux density mode of excitation than the
rength mode of excitation.

The

head| A voltmeter connected in parallel to the voltage sensing winding monitors the voltag
average value sensing voltmeter or instrument connected to a voltage sensing winding en
the peak value of the exciting-induction magnetic flux density to be set.

NOTE| For the field~strength mode of excitation, the insertion of a current sensing series resistor conned
parall¢l to a valtage measuring instrument-may can decrease the accuracy of the measurement.

The felated measuring procedures are given in Annex D.

easurement is made, using a reflection meter connected to a two-channel measure

e specified value of excitation, one or more cycles of the measured voltages are sampled

FFT).

trum

and
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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).
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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.

If th
infor

1)
2)
3)
4)
5)

hformation to be stated

measurements have to be made in accordance with this documentythe follg
ation shall be stated:
measuring frequency(ies);
temperature(s) of the measurement(s) with tolerance(s);
mode of excitation:-induection magnetic flux density or field stfength;
waveform of the excitation;

cross-section area of the core used for calculations$ if other than the effective ¢
section area A4;

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

number of turns, N,, of the voltage sensing winding (if used);
number of turns, N3, of the measuring winding if such winding is required,;

type and size of wires and arfangement of windings on the core;
initial amplitude of the electrically conditioning current;

time periods at which the excitation is set, ¢, and the measurement made, ¢, afte
start of magnetic conditioning;

degree of accuracy;

characteristics, such as power loss as a function of temperature at given valu
effectiveinduction magnetic flux density ée and at a given frequency-as—parametel
amplitude permeability-interms as a function of effective-inrduetion magnetic flux dg
atsa given frequency and temperature-asparameters—ete.

wing

ross-

r the

results to bé\presented, for example a single result; a set of single results or functional

bs of
'S: or
nsity

NoTE1+-When the measuring and/or test conditions (items 1) to 6)), or both, relevant to core
material properties are chosen, the-recommendation specifications given in IEC 60401-3:2015,
Clause 3 and Clause 4, and in IEC 61332:2016, 4.3, should be considered.

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

NOTE 2 If-needed necessary, more information can be required in detailed specifications.
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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

b ¥

ES ES
R
==
@)
VR cp

= IEC 2774/2000 i IEC 27[75/2000

Cireuit 2\ Cireuit h)

Clreiieg el

-l
Np g ‘ @aD Vav
ES ES
Q) cP

1o 197

IEC 2776/2000

IEC 2777/2000
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The basic circuits are shown in Figure A.1.

N4 N, Ny N,
ES ES
() &
| B
R Vav Vav
- I>cp
)
VR
1 =
= IEC IEC
a) Circuit a) b)-" Circuit b)
v!
I>cp
)
Vav
ES ES
U,
@ g @
1 Vav
VR
= IEC
IEC
c) Circuit c) d) Circuitd)
Conngctions and supplies
Circuif a) two windings, exciting N, and voltage sensing N,, with current sensing non-reactive resistor R
Circui{ 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

Vav and VR;

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-by in the exciting winding is
measured;

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

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

Vo 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 ¢ircuits and equipment used-should shall meet the requirements of 4.4.

The fesultant 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
meaqure both the sum and the difference of two vottages (See Figure B 1) the short=citcyiting
conngctions of the switch shall be as close as possible to the switch and the RMS “sensing
voltnjeter or instrument shall be connected to the switch using a low-noise, single=scfegned,
low-dapacitance cable.

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

of high impedance attenuation probes to minimize a risk of transient over=voltage effecfs on
Vims|and V,,. These effects-may can result when the excitation is togyabruptly turned apdfor

the cpntact position of the switch S changed, or both.

The fequirements of 4.4.2, 4.4.4, 4.4.9 and 4.4.10-should shallbe met.

T

N L(
ds 3 S‘):i)‘j—q.

L
Uayv >
R Vrms 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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Measuring equipment

2023

The excitation source ES-should shall meet the requirements specified in 4.4.3 and 4.4.4. For
rectangular voltage pulses, with or without bias, the exciting source-sheuld shall meet the
requirements of-16-6-of lEC 680367-1 Clause F.6. If the core is to be excited by waveforms other
than the sinusoidal or rectangular ones, requirements modelled on those of-16-6-6f{EC-60367-
4-should 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

meas

so th
meas
numse

Vrms
value

of 4.4

Othe

B.4

The
voltni
diffen
they
coil.

The

The

wher

urina windina It ic advicahlg ta adiuct thg niimhgr of tiirng of thg magaciirina windin
g R e g— 1 S—a e HSaB+e—+t0—aadSst+—Re-—RHHHoDed —HA —Re-—eaSHHRgGWREH

at the voltage across it is of the same order as the voltage drop across the “euf
uring resistor R. The accuracy of the method increases as these voltages)appr
rical equality.

is a true RMS voltmeter or other instrument performing that function. .V, is an avg
sensing voltmeter or instrument. Both Vs and V,,-sheuld shall meet the requiren
1.5,4.4.6 and 4.4.7.

[ requirements of 4.4-should shall also be met.

Measuring procedure

jeneral procedure of 6.1 should be met. In thiS)method, indications of the RMS se
eter or instrument are read when it is connested to measure first the sum and the
ence of the two voltages. These readings ‘shall be taken, as quickly as possible, sq
are only negligibly influenced by differenceés in the thermal state of the core and meas

alculation is a follows:

ore power loss is given by,

2 .2
- ‘U1 —Uz‘
P:(u'i)z—
4.3 p

Ny

[

is the.time-averaged product of the instantaneous values of the voltage induced b,
excitation in the measuring coil assembled with the core and the current throug

g N3
rent-
oach

rage
nents

hsing
n the

that
uring

y the
h the

exciting winding;

is the RMS value of the sum of the voltages across the measuring winding and across

the resistor R;

is the RMS value of the difference of the above voltages;
is the number of turns of the exciting winding of the measuring coil;
is the number of turns of the measuring winding of the measuring coil;

is the value of the current-measuring resistor.
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B.5 Pulse measurement and accuracy

In the case of pulse measurements, the pulse repetition frequencyfID is chosen by consideration
of the recovery time. It is therefore preferable, in this case, to express the power loss in terms

of energy per cycle, E={u—i)lf, P:(;—-l). For a given pulse amplitude and pulse duration, E is
p
independent of f, and in general, P = £ - f,,.

For this method, the resultant accuracy within £5 % can be obtained for the power loss
detefmination It the requirements o1 4.4 are met.
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Annex C
(informative)

Multiplying methods for the measurement of power loss —
Basic circuits and related measurement procedures

C.1 Basic circuits

Basie_ci .

Up Up

N1g ’ No N‘lg ‘ N2

Ua

IEC 2779/2000 IEC 27PB0/2000
Circuita) Circuit-b)
SHCHHE&) SHCGHtHEO)
Up Up
Ua Ua
ES] Mi ES] ,—ef M
R ﬁ; cP (
—I— 4

IEC 2781/2000 IEC 27B2/2000
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The basic circuits are shown in Figure C.1.

N1 ‘ N2 N1 ‘ N2
Ua Ua
Egl MI ES] M
R cr(_
N IEC ) IEC
a) Circuit a) b) Circuit b)
Up Up
Ny N1 ’
Ua Ua
| e | M ES] (—R MI
Rﬁ eP(
T 1
- IEC - IEC
c) Circuit c) d) Circuitd)
Conngqctions and supplies
Circuif a) two windings, excitation N, and voltage\sensing N, with current sensing non-reactive resistor R;
Circui{ b) two windings, exciting N, and voltage sensing N, with current probe CP;
Circuif c) single excitation winding N, with current sensing non-reactive resistor R and floating inputs;
Circui{ d) single excitation winding-N;-with current probe CP.
Comppnents
ES excitation source;
R non-reactive current sensing resistor across which the voltage U, proportional to the current 7 flowing
through the_exciting winding N, is measured;
MI measuring instrument which fulfills the function of acquiring and processing, including the
multiplication of the voltages U, and U,;
N1 excitation winding;
N, voltage sensing winding;
U, voltage drop proportional to the current I flowing through the exciting winding;
U, voltage drop across either the N, or N, winding; the average value of U, is proportional to the-induetien
magnetic flux density in the core (see 4.2.2);
U, and U, symbolize the instantaneous, average or RMS values of the voltages, depending on the specific

multiplying method.

NOTE-1+-The exciting source ES normally includes the generator and power amplifier; an impedance matching
adapter-may can also be added. Exciting source ES and measuring instrument MI-may can be integrated into one,
often computer controlled, measuring unit (system).

NOTE2-The current probe CP, if used, should be a linear device, i.e. that will not te-generate harmonics and-should
shall comply with the-stipulatiens requirements of 4.4.8.

Figure C.1 — Basic circuits for multiplying methods
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Requirements

The circuits and measuring equipment used-sheuld shall meet the requirements of 4.4.

C3

Measuring coil

The requirements of 4.2-sheuld shall be met.

C.4

Accuracy

The sIAItimate accuracy of the test equipment is a complex function dependent upon meas
ments and other characteristics of the measuring conditions and equipment; it'is thergfore

instry
not 3
instry

Ampl
meas
o g
o ¢
o tr
e n

tr]
e fr]
e a
e C
— &
Refg

advigd
with

To m
obse
corre

C.5

Iways possible to state the absolute accuracy that is attainable by a given) multip
ment of a system at all measuring conditions.

itude and phase measurement errors influencing strongly the accufacy of the powel
urement can be a combination of factors related to the following-errors:

sidual errors after calibration;

rrors of calibration standard;

acking error between two measurement channels (amplitude and phase);

bn-linearity of the instrument (for example, amplifier, mixer, A-D converter, cy
ansformer);

equency error;
Ccuracy of settings (for example, of flux density);
blculation errors.

C-

ence should be made to the.manufacturer's instructions accompanying the instrume
le guidance on errors-tikelte that can occur and their correction,—especially partic
espect to circuit connections and the calibration procedure.

inimize the errofsy~the—precautions requirements of Clause 4 shall be conscienti
r'ved and harmonized with the multiplying instrument capabilities and with the error
sponding to.particular measuring ranges of the instrument.

V-A=W (volt-ampere-watt) meter method

uring

lying

loss

rrent

nt for
ilarly

busly
imits

The

eter

measured \/nlfquq are mnltiplipd im‘prn:ully in the \[-A-WW_meter The V-A-WW_1

determines the time average of the product of the voltages which is proportional to the power
loss in the core, P.

The calculation is as follows:

The power loss in watts (W) is given by the following formula:

P=wi)=K-a

where

(wi)

a

is the time average of the instantaneous values of the power loss in the core;

is the reading of the V-A-W meter;
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K

C.6

is the instrument constant.

Impedance analyzer method

The impedance analyzer determines the vector components of the measured voltages and
calculates the equivalent parallel resistance Rp.

The calculation is as follows:

The measured power loss P in watts (W) is given by

wher
U,

rms

NOTE|

this lgss can also be related to a direct multiplication of the current and voltage(signals. Therefore the med

power

C.7

The
digiti

The
prop

The

With

wher

2
pP= Urms
RP

[

is the RMS value of the measured voltage across the exciting winding.
Although the measured power loss is calculated via the equivalent parallelmesistance R, the calcula

loss P which is equal to Urmsz/RP can also be expressed as

P=U, s Ims COS @

rms

Digitizing method

oltages u4(#) and u,(z), according to Figure C.1, are sampled into values Uy, and Uy,
ver, where i refers to the ith sample of the signal (i = 1, 2, 3, ...).

instantaneous power loss values:at each sample point i within the sample cyd
prtional to the product Uy, - Upf

alculation is as follows:

n samples for the_.measuring cycle the measured power loss is calculated by

1 n
P=a - P 2 (Ua; - Up;)
P

a)
-

is,the constant of proportionality, depending on the circuit arrangement.

C.8

Vector spectrum method

ion of
sured

by a

le is

The network analyzer measures the RMS values of the fundamental and harmonic voltages U,
and Uy, together with the phase angle ¢, between these voltages, where £ is the Kt harmonic
number (k= 1,2,3,..).

Calculation

The measured power loss P is given by

P=0-) (Ugj -Upy)-COSp;
k
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where

a is the constant of proportionality, depending on the circuit arrangement.

C.9 Cross-power method

The sampling of the voltage is performed as described in the digitizing method. The voltages
Ha(7) and py(r) are processed by FFT (fast Fourier transform) in order to obtain the RMS values

of the fundamental and harmonic voltages: U,, and Uy, together with the phase angle ¢,
between these two voltages.

The ¢alculation is as follows:

The ¢alculation of the measured power loss is the same as for the vector specttum method.
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Annex D
(informative)

Reflection method for the measurement of power loss —
Basic circuit and related measurement procedures

D.1 Basic circuit

The basic circuit is shown in Figure D.1.

MH RM

ES
Ny N,
¢
V.

— IEC

Comppnents

ES exciting source containing usually a generator and power amplifier;
RM reflection meter;

MH two-channel measurement head;

Vau voltmeter or instrument sensing the averageialue of the voltage U,,.

Figure D.1 — Basic circuit

D.2 | Requirements

The gircuits and measlring equipment-should shall meet the requirements of 4.4. If a|non-
sinudoidal excitation-is-applied, the reflection meter shall be able to measure the components
of th¢ reflected power averaging not less than seven harmonics.

D.3 | Measuring coil

The fequirements of 4.2-should shall be met.
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D.4 Measuring procedure and accuracy

The general procedure of 6.1 should be met. The forward and reflected power are read directly
from the reflection meter.

The calculation is as follows:
The measured core power loss is given by

P=PF—PR

wherg
P |is the forward power;

Pr |is the reflected power.

The fneasurement accuracy depends on such main error factors as

e irlstrument errors;

e impedance mismatch.

To minimize errors the-precautions requirements of Clause 4 shall be conscientiously follqwed.
The measurement accuracy is decreased as the subtraction result P — Py is decreased.
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E.1

Annex E
(informative)

Calorimetric measurement methods for
the measurement of power loss

Basic circuit

The basic circuit is shown in Figure E.1.

Comp
ES1
ES2

T R
: 1
: | I
= AN,
i Uav
v ES2 V,,
.
Thermostat .
Vessel e
bnents

excitation source for the measuring eejl usually containing a generator and power amplifier;

excitation source for the heating\fesistor R usually containing a DC generator and power amplifier;

non-reactive current sensing resistor across which the voltage U, proportional to the current /, is meadured;

heating resistor causing a temperature rise of the fluid in the vessel due to the dissipation of a determ
level of power;

measuring coil;
voltmeter or instrument sensing the average value of the voltage U, across the measuring coil;
voltmeter or'instrument sensing the value of the voltage U across R;

thermaostat temperature sensor indicating the thermostat temperature 7;

vessel temperature sensor indicating the vessel temperature 7.

NOTEA-T, -must shall be kept stable, i.e. independent of ambient temperature, during the measurement.

nable

NOTE-2-In order to have T, as close as possible to the temperature of the wound core, it is recommended that a
stirrer be used to achieve a homogeneous temperature distribution.

NOTE-3-The fluid in the vessel-must shall have a small thermal capacity and a high enough boiling temperature.

NOTE4-The fluid in the vessel should have a low permittivity and low dielectric loss at measuring frequency(ies)
and temperature(s).

Figure E.1 — Basic circuit and related measurement
procedures — Measurement set-up
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Requirements

The circuit and measuring equipment-sheuld shall meet the requirements of 4.4.

E.3

Measuring coil

The general requirements of 4.2-should shall be met.

E.4

Accuracy

For t
noteq
met.

Sped

poss
the p

E.5

E.5.1

Meagd
equil

nis method the resultant accuracy of +5 % can be obtained for power loss determinatlion if
1-to-4-abeove the specifications in Figure E.1 are observed and the requirements qf 4.4

lalattention-should-be-givento-the-Temperature measurements should.be as precise as

ble because errors in the temperature measurements strongly influehce the accuracy of
ower loss measurement.

Measurements at thermal equilibrium

General

urements of the temperature differences (74y~/T,) are made in a state of thermal
brium.

As thie final temperature difference, induced.either by power dissipation in the ohmic resisfor or

wour
resis
only

The
beca
know

NOTE|

of the
(therm
not ne
the cul

E.5.2

d core, settles as a non-linear function of time (due to the combination of thTrmaI
ances and thermal capacitances in;the caloric measuring system), its measurement can
be made in a state of thermal equilibrium.

measuring temperature to ‘determine the core losses is not exactly known in advance
lse the final temperature difference induced by the power loss in the measuring coil is not
n in advance.

If the temperature(difference (7, — 7,) tends exponentially with time to a constant value, then the influence

thermal resistances and capacitances can be represented as an effect caused by a combination of one|single
al) resistance and+«(thermal) capacity. For this situation, The-measurementofthe temperature difference does
ed to be-made Wieasured only at thermal equilibrium. Measurements can be made at an earlier stage because
Fve fitting,of this response can be used to estimate the final temperatures of thermal equilibrium.

Measurement across calibrated thermal resistance

The t

be calibrated prior to the power loss measurement and is given by

shall

Aermad < al) o R PN eer e (0 [ (e e = < a0

Ry =

where

AT,

Cc

P

C

is the temperature difference between vessel and thermostat given by (7, — T,) caused
by the power loss in the heating resistor R;

is the supplied power through the heating resistor given by IZRC.
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The power loss in the wound core can be determined by

wher
AT

Ry

Sinc
cons

The final temperature rise AT due to the core loss in the wound core is measuted. Subsequsg

this

through the heating resistor.

E.6

The
the v

a) ecpused-by-power loss in the heating resistor only (P_);
b) epused-by-power loss in the heating resistor and the excited core (P,).

By m
loss

E.5.1 Measurement by matching the temperature rise in the core and resistor

p-AT
Rin
e
is the temperature difference between vessel and thermostat given by (7, — T,) caused

by the power loss in the wound core;
is the previously calibrated thermal resistance.

sts of matching AT, to AT by adjusting P..

alue is used as a set point for the final temperature rise AT, due to’the supplied p

Measurements at non-thermal equilibrium

Jesired measuring temperature is used as a set point) This set point temperature i
pssel can be-effected-intwo-situations caused by:

leasuring the two levels of supplied power to the heating resistor one can obtain the p
n the wound core (P) by

P =Fo—Fy

the calibration of the thermal resistance is time-consuming, an alternative-"‘mg¢thod

ently,
ower

side

ower
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Annex F
(normative)

Magnetic properties under pulse condition

Object

2023

To provide measuring methods for the core properties which are of importance when using
cores under pulse conditions, namely: the pulse inductance factor, or pulse permeability, and

the
limit.

F.2

Refe

F.3

The

an oo oeit £ 4+ maanatigina et oo oot ad st o o oA ol =N oL
AV AN} IIII\.I(JIIl] VT are III(ASII\JLILIIIS VUTTOUTIU dovouuidalouu wWwitrrT o \JH\JU"'\JU VUILUU\J arrmre PI
Q&
Measurement methods Qq:b
to 3.1.9 to 3.1.17 for definitions of the terms relating to the measuremj‘l/t methods.
b‘/
Principle of the methods @(19

ore is excited by applying square voltage pulses. Two @f{yal methods are possible:

1) T

responding voltmeter. The peak magnetizing CUIQ is also measured.

2)

vpltage across the inductor integrated with séspect to time as a function of the magne

cprrent fudt versus iy, are displayed properly calibrated oscilloscope. This mgthod

v

q

The pulse inductance factor or thes@lse permeability can be determined by either methog

non-|
can

F.4

Core

the rmeasuree)@t-.

F.5

he pulses are repeated with a suitable repetition frequency. The voltage acros
easuring coil is rectified to eliminate the bac&%ing and measured with an ave

oth the curve of the magnetizing current as avfunction of time im (¢), and the loop @

ay be used for both repeated and @ggle pulses, the display being photographed i
tter case. )

Q\

inearity of the magnetiziq%&urrent associated with a specified voltage-time product
nly be determined by t@{s cond method.

Specimens O@

5 taken fro mal production, and forming complete magnetic circuits, shall be use

D

[

pduct

5 the
rage

f the
izing

h the

; the
limit

d for

@ésuring coil
A\

The number of turns should be specified in relation to the measuring conditions, the equipment
used and the accuracy to be obtained. The resistance and the self-capacitance of the measuring
coil at the measuring frequency should be as low as is necessary to make the error negligible.
The measuring coil should be situated as closely as possible to, and uniformly along, the part
or parts of the core as specified, the winding arrangement normally approximating to that used
with the core in its application. In the case of a toroidal core, the turns shall be evenly distributed
along the circumference.
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When it is impossible to make the coil resistance small enough for the applied voltage to
approximate to the e.m.f. with sufficient accuracy, then a double winding measuring coil
consisting of a voltage winding and a current winding should be used. The voltage winding
should have a resistance very much smaller than the impedance of the attached voltmeter and
its self-capacitance should be so small that the error it causes is negligible. It should be wound
as close to the core as possible and the current winding shall completely cover the voltage
winding.

NOTE 1 An electrostatic screen between the two windings can be desirable.

NOTE 2 When winding a coil onto a sharp-edged core, the wire insulation will not be able to rupture.

F.6 | Measuring equipment Q
Qv
Any |suitable measuring equipment can be used. Examples of appropria ircuit
meagqurement with exponential recovery are given in Annex G. The following reqy ements
be mgt: K
Sb.
a) Pllse generator X

b)

d)

When connected to the coil, the test circuit being adjusted fo:@h;’%appropriate back g
ahd recovery time, the pulse generator used for these measu ents shall supply vol

Lilses of the required amplitude, duration and repetition ra@/@nd meet the following ge
requirements: AN\

©

—_

when adjusted to a given value, the pulse amplitédéhall remain constant within §

2) the power available from the source shall be
a droop not exceeding 10 %;

icient to obtain a voltage pulse h

5 for
shall

wing
Itage
neral

%;

hving

N
the switching shall be fast enough not to t the rise time and the fall time significantly;

3

4) the overshoot shall not exceed the s&g@fied limits.

Current measurement $

The current through the measuringibgfl (or its current winding) shall be measured by mleans

of either: \O

1) a current probe which vyi a signal proportional to the current within 2 % and which,
when connected to t illoscope, does not adversely affect the voltage pulse dfoop;
or

2) a precision resi@‘ between the test coil and earth which causes a voltage drop not
exceeding 1 9 he nominal pulse amplitude and has negligible inductance.

Rlecovery timet .

spich th recovery time is smaller than the interval between the pulses in order to e
that t ux in the core returns to its initial value.

Fpr meas&nent with repeated pulses, the time constant of the measuring circuit shIII be

sure

Vm((;eter

When using the average voltmeter method, the voltmeter shall be a Class 1! instrument or

better and the diode shall be so chosen that it introduces negligible error.

1 Class index: see IEC 60051-1.
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Oscilloscope method
When the oscilloscope method is used, the time constant of the voltage integrating c

2023

ircuit

shall exceed 100 times the pulse duration or 100 times the effective time constant of the

recovery, whichever is the greater, and its phase shift should be as small as possible.

Calibration facilities shall be provided for the display of voltage and current to obtain an

overall accuracy of the measured pulse inductance factor better than 5 %.

The connecting cables to the oscilloscope shall be of a low capacitance type (e.g. air

insulated cables).

F.7 __Measuring procedure
F.7.1 General "%
i} <&

The core to be measured is assembled with the measuring coil in accordancerﬁgh 4.2.
413.

Q
br measurement with repeated pulses, the pulse repetition rate is so cggl’en that the
bating of the coil and the core is negligible. b‘/

he generator is checked to ensure that it will meet the @écified voltage

and

self-

bulse

bproximately equal to the absolute value of the coil impe
gure F.1 shows a pulse with exaggerated distortion for th@ rpose of defining the rel

brameters. s\\

n the pulse as displayed on the oscillograph, a{@t%ight line shall be drawn ex
cpinciding with the steady voltage between pulsgf) d a straight line or a simple cur]
the exponential type coinciding with most of th Ise top. The intersection of this latte
wlith the actual pulse leading edge gives th% e amplitude U,,. Lines are drawn p

tq the time axis at -10 %, +10 %, +50 %, % and +90 % of U,,. A straight line is
tRrough the points where the pulse reach@O,Q U, for the last time and next reaches 0,
when the droop is nearly 10 % of U @wever, the value of 0,8 U/, shall be used inste|
0[9 U,,. The intersection of this IinQ\with that drawn on the pulse top is the border bet
Lilse top and trailing edge. \O

F

h

T

characteristics, the measuring coil being replaced by a resiﬁg which has a resist
a n

F

p

I

©

ance

e under pulse condiIons.

vant

actly
ve of
r line
rallel
rawn

Uni
ad of
veen

D
&
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Leading
BN 4\  edge . Pulse top s Trailing edge o
£ - b N T
> v
™ y
100 T
A
90 s A
]
80+ - - - - I iy 8
1 & S
>
4 o
50
T tq = Pulse duration
= >
10" /-\ \§
0 7N L.
1o \ [ e T
% .
g |y
r = f =
Rise Fall
time | _time | Reﬁ%y time _
‘\\Q/ IEC
NOTE| For clarity in illustrating the droop, the 80 % and 10 % pothnave been used in constructing the line|which

determines the border between the pulse top and the trailing ed

F.7.2 Measurement of pulse inductan ctor and magnetizing current

b)

Figure F.1 — Voltage$se parameters

Fpr measurement with bias, an ad nal bias winding having a specified number of
shall be wound over the measuting@ coil, and connected to a DC power supply throug
impedance of such magnitud t the bias winding has no appreciable effect on the
the current through the m&uring coil.

0
When making measurenﬁn s with a biasing field, the direct current 7, in the bias wind
afljusted to correspc@to the specified value of the biasing field strength Hy:

C)O Hy -l

N PN
here:éo

=

Fpr measurement without bias, a mea@ring coil conforming with Clause F.5 shall be @ised.

furns
h an
alue

ng is

Q/gihe effective magnetic path length of the core;
AN

b IS the number of turns of the bias winding of the measuring coit:
NOTE 1 Reference is often made to the biasing ampere-turns:

IbNb = Hb ’le

The measuring circuit is adjusted to give the specified voltage pulse characteristics including

pulse duration and recovery time.

NOTE 2 With the coil connected in the measuring circuit, the voltage pulse waveform for exponential and
recovery will appear typically as in Figure F.2.

linear
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and gdjusted when necessary, and average voltage u,, and the peak magnetizing cu
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T
. ._:t
f Voltage
----- Current A
IEC @/
a) Exponential recovery b) Linear recovery

0
N
03V

Figure F.2 — Typical measuring waveforms .

he applied pulse voltage amplitude is then increased, maintai % the specified
haracteristics, to give a reading on the average reading voltﬁler or on the oscillos
brresponding to the specified flux change A® in the core a ated below:

for measurements with repeated pulses u,, = N-49 f, \Q/

for measurements with isolated pulses [udt = N<l<<150

where: QQ

N is number of turns of the measurm@on winding connected to the voltmet
oscilloscope;
Q)

Jo is the pulse repetition rate. \"Q

heasurements with repeated pulsgi&he pulse shape and repetition frequency are che

b recorded.
c\}‘
N\

bulse
cope

er or

cked
rrent

sible in such a wa@hat the calibration voltage pulses in both co-ordinates are incl
he total excursion of Judt and the corresponding variation of magnetizing curren

reconded. @

NOTE|

F.7.3

3 Ab tccuracy can be obtained when use is made of a digital processing method.

Q/Gmeasurement of the non-linearity of the magnetizing current

heasurements with isolated pulses the displayed loop of [udt versus iy is photogra‘pﬁhed,

ded,
are

This

medburemem iS—TTade to determine thatthe claimed—vatue of Ton-= Ilﬂedl'lly O

magnetizing current is not exceeded at the specified voltage-time product limit.

NOTE

Volta

Typical values of non-linearity lie between 1 and 1,5.

ge pulses, repeated or isolated, are applied to the measuring coil as in F.7.2.

the

The

magnetizing current is displayed on an oscilloscope as a function of time, the display being
photographed if necessary. The voltage pulse amplitude is varied until its voltage-time product
equals the specified limit value and the non-linearity of the magnetizing current at the end of

the p

ulse is determined (see Figure F.3).
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+

Current

N

I

i Time (q—l‘;b

im (19
llin (5
b‘, IEC
Qb‘
See 3|1.16. (1/
. o o)
Figure F.3 — Non-linearity of magnehzm@urrent

&

F.8 | Calculation << @)
QO

Non-linearity =

a) Pulse inductance factor
The pulse inductance factor is calculated fro %e of the following expressions:

u \\,QQ Iudt
Ap = ®%$N2 or 4p = P 'N2

where: xO

total excursion);

.

Ly is the aver (half-wave) rectified voltage across the measuring coil;

fF is the p@@repetition frequency;

ist ak value of the magnetizing current;

C) scilloscope.
b) No@'ﬂmarity of magnetizing current

3

> _ QY

Jdt is the voltage ac&g{@the measuring coil integrated over the pulse duration (i.g.

N @e number of turns of the measuring coil winding connected to the voltmef

the

er or

In the graph of the magnetizing current as a function of time, recorded as described in F.7.3,
the linear portion of the curve is extrapolated. In Figure F.3 the curve labelled i,, shows

the original graph and the line labelled i;, shows the extrapolated linear portion of it.
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The non-linearity of the magnetizing current, defined as lﬂ when measured at time ¢4 shall not
din

exceed the specified value, corresponding to the specified voltage-time product limit, which

for the conditions of measurement described in F.7.3 is given by:

(U't)nm =Un-t4

c) Pulse inductance factor at voltage-time product limit
The pulse inductance factor corresponding to the specified value of the voltage-time

p"ﬁ(’lllr‘f limit is calculated from the nyprneeinn'

ALP_(U't)lim _Un-t4 Qy

iy -N? i,-N? (ib
Q

=

here the symbols have the meanings given in a) and the values of »%er U,, are fhose
brresponding to the method of F.7.3. b‘b‘,

(@]
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Annex G
(informative)

Examples of circuits for pulse measurements

The circuit to be chosen depends upon the conditions to be realized:

e measurement with or without bias;

e measurement with isolated pulses or with repeated pulses.

Figu:le G.1 shows a circuit suitable for measurement without bias and for isolated pylses;
Figune G.2 shows a circuit suitable for measurement with bias and for repeated pulsés| The
circults for measurement with bias and isolated pulses, and for measurement withoutbiag and
repeated pulses can easily be developed from these examples.

In th¢ case of measurement with repeated pulses, a resistor should be added in parallel with
the r;lleasuring coil as in Figure G.2. This loadresistor R| has been shown, inseries with a dliode
whiclp blocks the current through it during the pulse duration period, in~Qrder to conserve power
and fp avoid excessive dissipation. The value of R should be high €rough to obtain a recpvery

time |smaller than the interval between the pulses, but not sg- high that the back swihg is
excegsive.

Judt

(T

IEC

Figure G.1 — Measurement without bias and with single pulses

Ayt
N5|

i]

1l
L

¢

(]
N

—

Figure G.2 — Measurement with bias and with repeated pulses
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1
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5)
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7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CORES MADE OF SOFT MAGNETIC MATERIALS -
MEASURING METHODS -

Part 3: Magnetic properties at high excitation level

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
cofoperation on all questions concerning standardization in the electrical and electronic fields /10 this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGyPublication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé \nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible _for)ythe way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national or’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
megmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
pafent(s). IECdakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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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 a

bove table.

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

This
acco

at wyw.iec.ch/members_experts/refdocs. The main document types developediby IEC

desc

A list
magf

The
stabi
spec
e rg
e W
e g

e a

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplemeni/-aval

ibed in greater detail at www.iec.ch/publications.

etic materials — Measuring methods, can be found on the IEC website.

ommittee has decided that the contents of this document willkremain unchanged unf
fic document. At this date, the document will be

confirmed,
ithdrawn,
placed by a revised edition, or

mended.

ed in

lable
are

of all parts in the IEC 62044 series, published under the general title. €ores made of soft

il the

ity date indicated on the IEC website under webstore.jec.ch in the data related tp the
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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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1

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

The ethods given in this document can cover the measurement of magnetie’ propertig
frequencies ranging practically from direct current to 10 MHz, and even possibly higher, fq
calorjmetric and reflection methods. The applicability of the individualimethods to sp
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. (
periodic waveforms can also be used; however, adequate accuracy can only be obtained
meaguring circuitry and instruments used are able to handle and process the amplitudes
phases of the signals involved within the frequency spec¢trum corresponding to the
magnetic flux density and field strength waveforms with\enly slightly degraded accuracy.

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

2

The following documents are referredto in the text in such a way that some or all of their co

con
For

amendments) applies.

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

3

3.1

For

-8 - IEC 62044-3:2023 © |IEC

CORES MADE OF SOFT MAGNETIC MATERIALS -
MEASURING METHODS -

Part 3: Magnetic properties at high excitation level

Scope

2023

Normative references

stitutes requirements of this decument. For dated references, only the edition cited ap
undated references, theXtlatest edition of the referenced document (including

Terms, definitions and symbols

Terms and definitions

bility
pvels

s for
r the
beific

Dther
f the

and
jiven

Liples,

ciples

ntent
blies.
any

art 1:

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:

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

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1.1
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 e

e’

ither,

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) s varied

3.1.3

excitiation

eithef magnetic flux density or field strength for which the waveform and amplitude both regmain
withip the specified tolerance

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

3.1.4

high|excitation level

excitption at which the permeability dependsc.ofn excitation amplitude (particularly af low
frequencies) or at which the power loss results,in a noticeable temperature rise (particularly at
high frequencies), or both

3.1.5

excifing winding

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

3.1.

voltgge sensing winding

unlogded 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 ppart
from [thevexciting 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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AB =B, - B,

Note 3 to entry:

Alternptively the back-e.m.f. can be limited to a constant value, for example by returning the energy via a secq
windinlg to a voltage source; then the magnetizing current decay_is’approximately linear. The latter methg
prevemt excessively high back-e.m.f. and high rates of change_@f flux. The distinction is mainly relevant t

measyrements.

3.1.110

pulse excitation with biasing field
excitation in which a core is energized by*a voltage pulse, from a value of the flux de
detemined by a biasing field to a flux dehsity in the opposite direction, and in which the

Bm
7
/
BI’
, A
4 Ve
e -
/ H
e
‘i
7
< AH -
7’ =
L -
1EC

Figure 1 — Pulse excitation without biasing field

If the back-e.m.f. during recovery is limited only by the time constant of the test circuit, th
magné¢tizing current decays exponentially.

recoyers 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.

)

En the

ndary
d can
b loss

nsity
core

Note 2 to entry:

A
£
Q
+
3
o
A
LL 1l
*Ibias / o 2
/ a
Bhjas \
- o IEC

Figure 2 — Pulse excitation with biasing field

See Note to entry 2 of 3.1.9.
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3.1.1

1

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:

SEE:

1,48

" an

Figure 1 and Figure 2.

Note 1
excurg

Note 2
excitir

3.1.1

puls¢ amplitude

U

m
maxi
stead

Note
pheno|

3.1.1

pulse duration

Iq
time
ampl

SEE:
Note

3.1.1

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

to entry: Often pulse permeability refers to the special case of square voltage pulses beifg, applied
g winding; the flux density waveform is then approximately triangular.

2

mum instantaneous value which an ideal voltage pulse would|have with respect t
y value of the voltage between pulses

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

3

interval during which the instantaneous value of the pulse exceeds 50 % of the
tude

— Um
Aim/td

Ly

[

is the pulse inductance
is the total change in i, during the pulse

Figure F.1.

to entry:( For unidirectional drive pulses Ai =i _.

4

pulseinductance factor

ength

to an

b the

tinent

bulse

Ap

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

L,
ALP:F
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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 pftheactuatinrstantanes atve-ofa—characteristic-atatime+teo vatae-reached y the

polated linear portion of its graph versus time, at the same instant

SEE{Figure F.3.

3.1.1[7
pulse repetition rate
frequency of recurrence of the pulses in a periodic sequence of pulses

3.2 | Symbols

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

Ae | effective cross-sectional area of the core

Be 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 factorof the core for a given frequency

R resistapce

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.

Uey effective amplitude permeability

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

@ phase shift

® angular frequency = 2nf

NOTE 1 The additional subscript, upper script, etc., gives a more specific meaning to the given symbol.
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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

4.1.1—Relationtoprasctice

The measuring conditions, methods and procedures shall be chosen in such a way thgt the
meagured results are suitable for predicting the performance of the core undet pragtical
circumstances. This does not imply that all these stipulations, especially thoserelated tp the
excitption waveforms, have to correspond to terms encountered in practice.

4.1.2 Core effective parameters and material properties

Sincg the core is in general of non-uniform cross-section and génerally has non-unifprmly
distriputed windings along the core path, the measurement does not yield the amplitude
permieability and the power loss of the material, but the effective values of these paramgters
apprfpriate 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 He greater than 1,4 and should have windings distributed uniformly, close to the core, of
indugtive coupling coefficient practically equakto unity.

4.1.3 Reproducibility of the magnetic state

To obliterate various remanence and time effects in the core material, the measurement|shall
be mpde at a well-defined and reproducible magnetic state.

Any measurement under specified excitation, unless otherwise stated, is to be made at theg time
tm = {c + At after the magnetic conditioning start; ¢, is the time period within which the mag12etic

m
condj|tioning is completed and, whereupon, the specified excitation is set; Az is the time pgriod

during which the core’is kept stable under the excitation being set.

4.2 | Measuring coil

4.2.1 Géneral

NornTatty, a measuring coitwittbe used, butinm principte any coaxiat tine, cavity or othersuitable
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 pfine coil faces shall be marked so as 10 define Its orientation. The coil shall be kgpt in
the (efined position during the whole measurement in order to obtain the maximum
reprdducibility 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 ejquipment used and the accuracy to be obtained. The windings shall\be wound as clojse to
the dore as possible, to make the coupling (magnetic flux linkage)coefficients between the
meaguring coil windings and the core and between the windings of-méasuring coil, as close to
100 %o as possible.

The fesistance, self-capacitance and inter-winding capacitance of windings should be a$ low
as pagssible to make the related errors negligible.

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

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

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

4.2.3 Single winding and-double winding
The @ise 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 magneti¢ flux
density B(inthe core;

— the inter-winding capacitance is too high;

— theré/ s no measuring circuitry contra-indication against the direct connection of the exgiting
winding to the Inpui(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
meaguring coil, shall be held together with glue, tape or a clamping device througheut the
meagqurement.

Whichever method is used to join the core parts together, it shall haventhe follqwing
characteristics:
. stribution of the joining force uniformly over the mating surfaces, without the introduction
bending stresses in the core;

blding of all the core parts rigidly and without changing the position with regard to |each
her;

bplied when the core is closed, in order to break down fine irregularities between the
eaned mating surfaces. Next, the specified clamping force +5 % shall be applied;

beping the joining force constant within +1 % during all measuring operations withjn all

d

0

h

o

¢ when a specified clamping method is used, an initial over<force of about 10 % shall be
a

c

k

nmeasuring conditions, including the full specified temperature range.

The mounting of such cores shall be carried oyt in accordance with the following instructipns.

The fnating surface shall be inspected for‘damage and cleanness. Damaged cores shall npt 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 haje 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 arounf the
meaguring coil, the latter being locked in position with respect to the core by suitable m¢ans,
for example, a foam-washer. The core parts are centered and glued or placed in a clamping
devide. The glue, if used;ishall be spread evenly on the mating surface to form a film as tHin as
poss|ble and then properly hardened.

In the case where'the clamping device is used, the clamping force specified in the rel¢vant
specffication@hall be applied. The glued, taped or clamped cores shall relax under the spe¢ified
cond|tions«see |IEC 62044-1:2002, Clause 3) for a long enough time to allow any variatipn of
stresp effecéts, 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
instryments, the connection of which will have only a negligible effect on the measuring circuit,
espetgially at high frequencies. The probes of a high-input resistance and a_low-input ¢apa-
citange can reduce the load effects.

4.4.7 The accuracy of the voltmeters or voltage sensing instruments, determined for
the cplibrating sinusoidal waveform, shall be within £0,5 % for RMSCand average valueg and
11 %|for peak values, provided that the peak factor of waveforms to-be-measured is within |imits
impoged by the instrument.

If indccuracies exceed the above limits, only a sine-wave éxcitation of total harmonic coptent
less than 1 % is recommended and

e g determine the RMS, average and peak values“of sinusoidal waveforms, a true [RMS
sensing voltmeter of accuracy within £1 % is reeommended. The average and peak values
afe obtained by multiplying the indicated RMS.values by the following factors: average yalue
=[0,900 x RMS value, peak value = 1,414.xXJRMS value;

e tg determine the RMS, average and peak values of non-sinusoidal waveforms, a digital
sforage and processing oscilloscopg’or appropriate acquisition and processing instrument
shall be used. It shall be capabte of capturing and processing the waveform with the
sampling rate not less than 150.samples per waveform period and the resolution nof 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 resistancéof the in-series current sensing resistor shall be known with an
inacquracy not exceeding 1 digit on the third significant place, including possible the¢rmal
variafions of the resistance. A heat-sinking or cooled base of the resistor can moderatge the
abovg thermal variations.

The inductance Ly of the resistor R over the frequency range specified in 4.4.5 shall not exceed
a valpe

Ir si./zath
,

m

where

R is the value of the resistor;
O = 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 possibje. In
additjon, connections, if more than one, giving an additional non-equal phase shift/shall pe 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 strgngth
over the frequency range defined in 4.4.5 shall not exceed a value

oP(4
Jp =+ 2P (49)
0
wherp
oP (Afp) is that portion of the total inaccuracy of the power loss measurement which is
related to the phase shift Ag;
0 =- 2P is the quality factor of the core undentest;
\
= Aaf is the angular frequency;

B, apd H, are the peak values of the effective magnetic flux density and the effective|field
strength in the core,.respectively;

P, =PV, 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
detefmined. Corresponding-to each harmonic frequency, the values of the parameters listed
abovg shall be used in-the calculation of each harmonic frequency.

For gxample, dP(4¢)* shall be within £1 % and Q = 5 for a given core and measuring condifions.
Thergfore, Ap-shall be within £0,01/5 = £0,002 radian.

4.4.10 , ‘Any contact of any intermediary connectors, joints, switches, multiplexers, etc., which
is associdated with the voltage or current measuring circuit, shall be able to transmit the volfages
involved and the conditioning and measuring cufrrents 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.
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5 Specimens

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

meas

urement.

6 Measuring procedures

6.1
6.1.1

General procedure

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
with
shall

The core shall be placed in a temperature-controlled environment (ih-“accord
.4.12. All measuring operations such as magnetic conditioning, settings and measure

ance

ment
be made after the temperature of the core is attained and maintained within allpwed
tolerance limits.

6.1.3 The voltages corresponding to the peak value of the magnetic flux density l§e aphd to
the gdeak value of the field strength ﬁe at which the measurement has to be performed are
calcylated in accordance with the following formulae:
— fqr B, excitation: Upg =4 f-N-Ag - B
wherg N is equal to Ny when a single winding (bothfor exciting and voltage sensing functions)
is used and N is equal to N, when a secondary winding is used for the voltage sensing;
- fqr H, excitation:
U _ Rle ']:Ie
R Ny
where
LT

The $ymbols afe-defined in 3.2, and N, is the number of turns of the exciting winding.

NOTE|

N,  is the numbper-of turns of the excitation winding Nj.

R is the peak value' of the voltage across the series resistor R;

1 »Far' the practically pure sinusoidal waveform of magnetic flux density ée, the voltage, correspong

ing to

Be7 danbe measured ||eing also RMS or rr_\nal( rn:\r‘ling voltmeters or instruments. The rn:rr_\nrfi\ln DI\IIQ7 L
rm

peak,

- and

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 7, = (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.

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

promptly turned off. The time period when the core is under specified excitation shall he as
shorf| 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 compopent,
the rg¢spective 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
excitption 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 gtrength or, otherwise, the peak value of the field strength at the specified peak value of the magnetjc 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 measpring
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 gither
of magnetic flux density or-field strength, frequency and temperature.

6.2.3 Circuit and-equipment

Any suitable eguipment may be used provided that it is able to fulfil the function of the cifcuits
shown in AnpeX.A.

The reguirements of 4.4 shall be met. Since the magnetic flux density and field str¢ngth
wavegforms are not critical in the case of measurement of the amplitude permeability, it wéiﬁl 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.
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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

or if {he current probe is used instead of resistor R

NOTE|
N, an

6.3
6.3.1

Top

wavdgforms in-magnetic cores forming closed magnetic circuits.

6.3.2

Z§e leR Uav

o A-pg-fNy-Np-de U

Hea =

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

Hea
is the average value of voltage across voltage sensingwinding No;
is the peak value of the voltage across the series resistor R;

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

is the number of turns of the sensing winding N,;
bmaining symbols being defined in'3:2.

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

Measuring methods .for the power loss
Purpose

ovide metheds for the measurement of power loss at high excitation levels and per

Methods and principles of the measurements

6.3.2

“+——General

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

6.3.2
This

.2 Root-mean-square method (RMS method)

method is:

ed by

iodic

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

Thesg methods, based on the identical voltage-current multiplying principle, are sensitiye to
phasg-shift errors.

The yoltage related to the magnetic flux density and the voltage related to the(field strength in
the cpre are acquired, processed and multiplied by either analogue, digital .or mixed way in the
time pr 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
Megsuring method useable excitation (,:Alz::e g
waveform acquisition processing X
V-A-W meter Sinusoidal Time Time C.5
Impgdance analyzer Sinusoidal Not applicable Not applicable C.6
y
Digit|zing Arbitrary Time Time C.7
Vectpr spectrum Arbitrary Frequency Frequency C.8
Crosk-power Arbitrary Time Frequency C.9

The felated 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 metermultiplies internally the measured voltages and gives a time average df the
prodIct of thee instantaneous values of these voltages which is proportional to the power loss
of the cores

6.3.233  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 pmplitudes and the phase difference of the voltage signals are measured by _a ne{work
analyzer. The measurements are made at the fundamental and harmonic frequencies df the
applipd voltages.

The power loss in the core is obtained by adding up the power-loss components corresponding
to th¢ 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 ¢onverted into digital data.

The ¢omplex spectrum of the measured cycles, is;scomputed by fast Fourier transform (fFFT).
The ¢ross-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 spegtrum
at each frequency.

6.3.2.4 Reflection measurement method

This [method based on the(measurement of the difference between forward power PH and
refle¢ted power Py is

bt limited to only sinusoidal excitations;
bplicable forfrequencies higher than 500 kHz;

n
a

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

The éasurement is made using a reflection meter connected to a two-channel measurement
head- i i i i .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 th
temp
ther
dete

In the
The ¢
of po

The 1

If th
infor

1)
2)
3)
4)
5)

; g the
rature difference AT (induced by power dissipation in the wound core) across a calibfrated
al resistance or by matching this AT to an equal value of AT induced by the supply of a
minable level of power to a heating (ohmic) resistor.

state of non-thermal equilibrium, the desired measured temperature is used as a set point.
etermination of power loss in the wound core can be made by supplying’determined Igvels
wer through an ohmic resistor with and without the supply of power 'té6 the wound corje.

elated measuring procedures are given in Annex E.

hformation to be stated

measurements have to be made in accordance with this document, the follqwing
ation shall be stated:
measuring frequency(ies);
temperature(s) of the measurement(s).with tolerance(s);
mode of excitation: magnetic flux density or field strength;
waveform of the excitation;

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

peak value(s) of the excitation;
measuring methediand related measuring circuit;
number of turnsy N4, of the exciting winding;

number ofiturns, N,, of the voltage sensing winding (if used);
number-of turns, N3, of the measuring winding if such winding is required,;

type-and size of wires and arrangement of windings on the core;

mitiatamptitodeof theetectricatty comditionmimgcurrent;
time periods at which the excitation is set, ¢, and the measurement made, ¢,,, after the

start of magnetic conditioning;

m?

degree of accuracy;

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 IEC 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)

—

Re 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,
J
gS ‘— ES
() @
| P
R Vav Vav
- <[> cp
)
VR
- IEC = IEC
a) Circuit a) b) Circuit b)
v/
I>cp
@
Vav
ES ES
- U,
@ ©
R N1 Vav
VR
L = IEC
IEC
T)—CircuitT) 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 UR of the voltage across the resistor R;

\ 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 ¢ircuits and equipment used shall meet the requirements of 4.4.

The fesultant 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
meadqure both the sum and the difference of two vottages (See Figure B 1) the short=citcyiting
conngctions of the switch shall be as close as possible to the switch and the RMS “sensing
voltnjeter or instrument shall be connected to the switch using a low-noise, single=scfegned,
low-dapacitance 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 effecfs on
Vims|@and V,,. These effects can result when the excitation is too abruptly turned or the contact

positlon of the switch S changed, or both.

The fequirements of 4.4.2, 4.4.4, 4.4.9 and 4.4.10 shall be mei:

T

N L(
ds 3 S‘):i)‘j—q.

L
Uayv >
R Vrms 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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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

speci

fication.

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

meas

so th
meas
numse

Vrms
value

4.4.6

Othe

B.4

The
voltni
diffen
they
coil.

The

The

wher

urina windina It ic advicahlg ta adiuct thg niimhagr of t1irne of thg maaciirina windin
g R e g— 1 S—a e HSaB+e—+t0—aadSst+—Re-—RHHHoDed —HA —Re-—eaSHHRgGWREH

at the voltage across it is of the same order as the voltage drop across the “euf
uring resistor R. The accuracy of the method increases as these voltages)appr
rical equality.

is a true RMS voltmeter or other instrument performing that function. .V, is an avsg
sensing voltmeter or instrument. Both V., and V,, shall meet the requirements of 4
and 4.4.7.

[ requirements of 4.4 shall also be met.

Measuring procedure

jeneral procedure of 6.1 should be met. In thiS)method, indications of the RMS se
eter or instrument are read when it is connected to measure first the sum and the

ence of the two voltages. These readings ‘shall be taken, as quickly as possible, sq
bre only negligibly influenced by differences in the thermal state of the core and meas
alculation is a follows:
ore power loss is given by,

-

P=(ui)=
4.3 p
Ny

[

is the time-averaged product of the instantaneous values of the voltage induced b|
excitation in the measuring coil assembled with the core and the current throug

g N3
rent-
oach

rage
4.5,

hsing
n the
that
uring

y the
h the

exciting winding;

is the RMS value of the sum of the voltages across the measuring winding and across

the resistor R;

is the RMS value of the difference of the above voltages;
is the number of turns of the exciting winding of the measuring coil;
is the number of turns of the measuring winding of the measuring coil;

is the value of the current-measuring resistor.
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B.5 Pulse measurement and accuracy

In the case of pulse measurements, the pulse repetition frequency f,, is chosen by consideration
of the recovery time. It is therefore preferable, in this case, to express the power loss in terms
ui
of energy per cycle, ngl For a given pulse amplitude and pulse duration, E is independent
p
offp and in general, P = E *Jo-

For this method, the resultant accuracy within £5 % can be obtained for the power loss
detefmination If the requirements of 4.4 are met.
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Annex C
(informative)

Multiplying methods for the measurement of power loss —
Basic circuits and related measurement procedures

C.1 Basic circuits

The basic circuits are shown in Figure C.1.

N1 ‘ N2 N1 ‘ N2
Ua Ua
| ES | M ES] J M
RQ] ce'(
* 4
) IEC B IEC
a) Circuit a) b) Circuit b)
Up Up
Ny N1 ’
El

cP (]

{ 2 M [es] J—L M
: _w.

IEC IEC
c)\.Circuit c) d) Circuit d)

Conngqctions and-supplies

Circuif a) two windings, excitation N, and voltage sensing N, with current sensing non-reactive resistor K;

Circuilh) two windings, exciting N._and valtage sensing N with current probe CP;

Circuit c) single excitation winding N, with current sensing non-reactive resistor R and floating inputs;

Circuit d) single excitation winding N, with current probe CP.

Components

ES excitation source;

R non-reactive current sensing resistor across which the voltage U,, proportional to the current 7 flowing
through the exciting winding N, is measured;

MI measuring instrument which fulfills the function of acquiring and processing, including the
multiplication of the voltages U, and U,;

N, excitation winding;

N, voltage sensing winding;
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voltage drop proportional to the current I flowing through the exciting winding;

U, voltage drop across either the N, or N, winding; the average value of U, is proportional to the magnetic
flux density in the core (see 4.2.2);
U, and Uy symbolize the instantaneous, average or RMS values of the voltages, depending on the specific

multiplying method.

The exciting source ES normally includes the generator and power amplifier; an impedance matching adapter can
also be added. Exciting source ES and measuring instrument M|l can be integrated into one, often computer

contro

lled, measuring unit (system).

The current probe CP, if used, should be a linear device, i.e. that will not generate harmonics and shall comply with
the requirements of 4.4.8.

Cc.2

The

C.3

The 1

Cc.4

The tiltimate accuracy of the test equipment is a camplex function dependent upon meas

instry
not &
instry

Ampl
meas

[ ]
-

€

[ ]
—

i

°
>

tr]

e a

Figure C.1 — Basic circuits for multiplying methods

Requirements

ircuits and measuring equipment used shall meet the requirements of'4:4.

Measuring coil

equirements of 4.2 shall be met.

Accuracy

ments and other characteristics of the measuring conditions and equipment; it is ther
Iways possible to state the absolute accdracy that is attainable by a given multip
ment of a system at all measuring conditions.

itude and phase measurement ertors influencing strongly the accuracy of the powel
urement can be a combination.of factors related to the following errors:
sidual errors after calibration;

rrors of calibration standard;

acking error between two measurement channels (amplitude and phase);

bn-linearity of \the instrument (for example, amplifier, mixer, A-D converter, cy
ansformer);

equency error;

ccuracy of settings (for example, of flux density);

uring
cfore
lying

loss

rrent

e C

bleulation errors.

Reference should be made to the manufacturer's instructions accompanying the instrument for
guidance on errors that can occur and their correction, particularly with respect to circuit
connections and the calibration procedure.

To minimize the errors, the requirements of Clause 4 shall be conscientiously observed and
harmonized with the multiplying instrument capabilities and with the error limits corresponding

to pa

rticular measuring ranges of the instrument.
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V-A-W (volt-ampere-watt) meter method

The measured voltages are multiplied internally in the V-A-W meter. The V-A-W meter
determines the time average of the product of the voltages which is proportional to the power
loss in the core, P.

The calculation is as follows:

The power loss in watts (W) is given by the following formula:

D L L

wher

C.6

The
calcy

The

3
P=(uT=n~"7T

D

is the time average of the instantaneous values of the power loss in thé|core;

is the reading of the V-A-W meter;
is the instrument constant.

Impedance analyzer method

mpedance analyzer determines the vector components®of the measured voltages
lates the equivalent parallel resistance Rp,.

alculation is as follows:

The mmeasured power loss P in watts (W) is given-by

wher
U,

rms

NOTE|

2
p= Urms

Ro

[

is the RMS value of the:measured voltage across the exciting winding.

Although the measured\power loss is calculated via the equivalent parallel resistance R, the calcula

this lgss can also be relatédyto a direct multiplication of the current and voltage signals. Therefore the mea

power

C.7

loss P which is equalto Urmsz/RP can also be expressed as

P=U, s Ims COS @

rms

Digitizing method

and

ion of
sured

The voltages u,4(f) and uy(¢), according to Figure C.1, are sampled into values Uy; and Uy, by a
digitizer, where i refers to the ith sample of the signal (i = 1, 2, 3, ...).

The instantaneous power loss values at each sample point i within the sample cycle is
proportional to the product Uy; - Uy,.
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The calculation is as follows:

With

n samples for the measuring cycle the measured power loss is calculated by

1 n
P=a-—"- ) (Uy;-Up;)
i

where

(03

is the constant of proportionality, depending on the circuit arrangement.

C.8

The petwork analyzer measures the RMS values of the fundamental and harmonic veltage

and
numi

Calclilation

The measured power loss P is given by

wher
o i
Cc.9

The

[ING)!
of th
betw

The

The

vector spectrum method

U, together with the phase angle ¢, between these voltages, where £ is thié #th harn
er (k=1,2,3,.)).

P=a-) (Uay Upy)-coSpf
k

a)
-

5 the constant of proportionality, depending-orn the circuit arrangement.

Cross-power method

5 Uy
honic

sampling of the voltage is perfermed as described in the digitizing method. The voltages

and u,(¢) are processed by FFT (fast Fourier transform) in order to obtain the RMS v

en these two voltages:

alculation is as follows:

alculation-0f-the measured power loss is the same as for the vector spectrum method.

hlues

e fundamental and harmenic voltages: U,, and Uy, together with the phase andle ¢,
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Annex D
(informative)

Reflection method for the measurement of power loss —
Basic circuit and related measurement procedures

D.1 Basic circuit

The basic circuit is shown in Figure D.1.

MH RM

ES
Ny N,
¢
V.

— IEC

Comppnents

ES exciting source containing usually a generator and power amplifier;
RM reflection meter;
MH two-channel measurement head;

AW voltmeter or instrument sensing the averageialue of the voltage U,,.

Figure D.1 — Basic circuit

D.2 | Requirements

The gircuits and measuring equipment shall meet the requirements of 4.4. If a non-sinugoidal
excitgtion is applied; \the reflection meter shall be able to measure the components of the
refle¢ted power averaging not less than seven harmonics.

D.3 | Measuring coil

The equirements of 4.2 shall be met.
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D.4 Measuring procedure and accuracy

The general procedure of 6.1 should be met. The forward and reflected power are read directly

from the reflection meter.
The calculation is as follows:
The measured core power loss is given by

P=PF—PR

wherg
P |is the forward power;

Pr |is the reflected power.

The fneasurement accuracy depends on such main error factors as

e irlstrument errors;

e impedance mismatch.

To npinimize errors the requirements of Clause 4 shall be, eanscientiously followed.
meagurement accuracy is decreased as the subtraction resultPr — Py is decreased.

The
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Annex E
(informative)

Calorimetric measurement methods for
the measurement of power loss

Basic circuit

The basic circuit is shown in Figure E.1.

Comp
ES1
ES2

T R
: 1
: | I
= AN,
i Uav
v ES2 V,,
.
Thermostat .
Vessel e
bnents

excitation source for the measuring eejl usually containing a generator and power amplifier;

excitation source for the heating\fesistor R usually containing a DC generator and power amplifier;

non-reactive current sensing resistor across which the voltage U, proportional to the current /, is meadured;

heating resistor causing a temperature rise of the fluid in the vessel due to the dissipation of a determ
level of power;

measuring coil;
voltmeter or instrument sensing the average value of the voltage U, across the measuring coil;
voltmeter or'instrument sensing the value of the voltage U across R;

thermaostat temperature sensor indicating the thermostat temperature 7;

vessel temperature sensor indicating the vessel temperature 7.

T, shall be kept stable, i.e. independent of ambient temperature, during the measurement.

nable

In order to have T, as close as possible to the temperature of the wound core, it is recommended that a stirrer be
used to achieve a homogeneous temperature distribution.

The fluid in the vessel shall have a small thermal capacity and a high enough boiling temperature.

The fluid in the vessel should have a low permittivity and low dielectric loss at measuring frequency(ies) and
temperature(s).

Figure E.1 — Basic circuit and related measurement
procedures — Measurement set-up
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E.2

Requirements

The circuit and measuring equipment shall meet the requirements of 4.4.

E.3

Measuring coil

The general requirements of 4.2 shall be met.

E.4

For t

Temperature measurements should be as precise as possible because-errors in
tempgrature measurements strongly influence the accuracy of the power loss.measureme

E.5

E.5.1 General

Measg

equil

As thie final temperature difference, induced either:by power dissipation in the ohmic resis
wourld core, settles as a non-linear function “of time (due to the combination of theirmal

resis
only

The
beca

known in advance.

NOTE| If the temperature difference (T, — 7,) tends exponentially with time to a constant value, then the infl

of the

(thermal) resistance and (thermal) capacity. For this situation, The temperature difference does not need
measyred only at thermal equilibrium. Measurements can be made at an earlier stage because the curve fit
this reisponse can be used’to estimate the final temperatures of thermal equilibrium.

E.5.2 Measurement across calibrated thermal resistance

The
calib

wher

AT,

P

C

Accuracy

Measurements at thermal equilibrium

brium.

ances and thermal capacitances in the.caloric measuring system), its measuremen
be made in a state of thermal equilibrium.

measuring temperature to determine the core losses is not exactly known in adv
Lise the final temperature difference induced by the power loss in the measuring coil |

thermal resistances and'\capacitances can be represented as an effect caused by a combination of one

hermal resistance Ry, between the fluid inside the vessel and the thermostat shg
ated prior to the power loss measurement and is given by

nis method the resultant accuracy of +5 % can be obtained for power loss determinatlion if
the specifications in Figure E.1 are observed and the requirements of 4.4 met.

the

urements of the temperature differences (7, — Ty))yare made in a state of thgrmal

or or

can

ance
s not

uence

single
to be
ing of

Il be

AT,
P

C

Ry, =

e

is the temperature difference between vessel and thermostat given by (7, — T},) ca
by the power loss in the heating resistor R;

is the supplied power through the heating resistor given by IZRC.

used
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The power loss in the wound core can be determined by

2023

p_AT
Ry
where
AT is the temperature difference between vessel and thermostat given by (7, — T,) caused

Rip

Sinc
cons

by the power loss in the wound core;
is the previously calibrated thermal resistance.

E.5.1 Measurement by matching the temperature rise in the core and resistor

sts of matching AT, to AT by adjusting P.

The final temperature rise AT due to the core loss in the wound core is measured. Subsequsg

this

alue is used as a set point for the final temperature rise AT, due to’the supplied p

through the heating resistor.

E.6

The
the v|

a) p
b) p

Measurements at non-thermal equilibrium

Jesired measuring temperature is used as a set point) This set point temperature i
pssel can be caused by:

bwer loss in the heating resistor only (P.4);

pwer loss in the heating resistor and the excited core (P.,).

By mleasuring the two levels of supplied power to the heating resistor one can obtain the p

loss

n the wound core (P) by

P =Fp—Fy

the calibration of the thermal resistance is time-consuming, an alternative-'me¢thod

ently,
ower

hside

ower
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F.1

Annex F
(normative)

Magnetic properties under pulse condition

Object

To provide measuring methods for the core properties which are of importance when using
cores under pulse conditions, namely: the pulse inductance factor, or pulse permeability, and

izioao oeeant oooanio fiad [EP8 H

the
limit.

F.2

Refe

F.3

The

= fioa B
BI=AC AR LR R AV 4

Measurement methods

to 3.1.9 to 3.1.17 for definitions of the terms relating to the measurement methods.

Principle of the methods

ore is excited by applying square voltage pulses. Two principal methods are possible:

1) T

responding voltmeter. The peak magnetizing curwrent is also measured.

2)

vpltage across the inductor integrated with.respect to time as a function of the magne

he pulses are repeated with a suitable repetition frequency. The voltage acros
easuring coil is rectified to eliminate the back-swing and measured with an avg

oth the curve of the magnetizing current as.a‘function of time i, (), and the loop ¢

pduct

5 the
rage

f the
izing

current fudt versus i, are displayed on™a properly calibrated oscilloscope. This me¢thod

e

[«

The pulse inductance factor or thepulse permeability can be determined by either method

non-|
can

F.4

Core

the measuremeént.

F.5

ay be used for both repeated and single pulses, the display being photographed i
tter case.

inearity of the magnetizing~¢urrent associated with a specified voltage-time product
nly be determined by théssecond method.

Specimens

5 taken from.normal production, and forming complete magnetic circuits, shall be usg

Measuring coil

h the

; the
limit

d for

The number of turns should be specified in relation to the measuring conditions, the equipment
used and the accuracy to be obtained. The resistance and the self-capacitance of the measuring
coil at the measuring frequency should be as low as is necessary to make the error negligible.
The measuring coil should be situated as closely as possible to, and uniformly along, the part
or parts of the core as specified, the winding arrangement normally approximating to that used
with the core in its application. In the case of a toroidal core, the turns shall be evenly distributed
along the circumference.
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When it is impossible to make the coil resistance small enough for the applied voltage to
approximate to the e.m.f. with sufficient accuracy, then a double winding measuring coil
consisting of a voltage winding and a current winding should be used. The voltage winding
should have a resistance very much smaller than the impedance of the attached voltmeter and
its self-capacitance should be so small that the error it causes is negligible. It should be wound
as close to the core as possible and the current winding shall completely cover the voltage
winding.

NOTE 1 An electrostatic screen between the two windings can be desirable.

NOTE 2 When winding a coil onto a sharp-edged core, the wire insulation will not be able to rupture.

F.6 | Measuring equipment

Any |suitable measuring equipment can be used. Examples of appropriatecircuit
meagurement with exponential recovery are given in Annex G. The following requirements
be mgt:

a) Pulse generator

b)

d)

When connected to the coil, the test circuit being adjusted for the-appropriate back s
aphd recovery time, the pulse generator used for these measuréments shall supply vo
pllses of the required amplitude, duration and repetition rateland meet the following ge
requirements:

1) when adjusted to a given value, the pulse amplitudé_shall remain constant within 9

2) the power available from the source shall be s(fficient to obtain a voltage pulse h
a droop not exceeding 10 %;

the overshoot shall not exceed the spegified limits.

urrent measurement

either:

- 04 O b »

a current probe which yields a signal proportional to the current within 2 % and w
when connected to theoscilloscope, does not adversely affect the voltage pulse d
or

2) a precision resistor between the test coil and earth which causes a voltage dro
exceeding 1 %.of the nominal pulse amplitude and has negligible inductance.

Rlecovery time

5 for
shall

wing
Itage
neral

%;

hving

the switching shall be fast enough not to affect the rise time and the fall time significantly;

he current through the measuring coil (or its current winding) shall be measured by means

hich,
roop;

D not

spich that'the recovery time is smaller than the interval between the pulses in order to e
that the lux in the core returns to its initial value.

Fpr measurement with repeated pulses, the time constant of the measuring circuit shxll be

sure

Vijoltmeter

When using the average voltmeter method, the voltmeter shall be a Class 1! instrument or

better and the diode shall be so chosen that it introduces negligible error.

1 Class index: see IEC 60051-1.
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e)

Oscilloscope method
When the oscilloscope method is used, the time constant of the voltage integrating c

ircuit

shall exceed 100 times the pulse duration or 100 times the effective time constant of the

recovery, whichever is the greater, and its phase shift should be as small as possible.

Calibration facilities shall be provided for the display of voltage and current to obtain an

overall accuracy of the measured pulse inductance factor better than 5 %.

The connecting cables to the oscilloscope shall be of a low capacitance type (e.g. air

insulated cables).

_ Measuring procedure

F.7.1 General

The core to be measured is assembled with the measuring coil in accordance-with 4.2.
413.

br measurement with repeated pulses, the pulse repetition rate is so ehiosen that the
ating of the coil and the core is negligible.

F
h
The generator is checked to ensure that it will meet the (specified voltage
characteristics, the measuring coil being replaced by a resistorrwhich has a resist
approximately equal to the absolute value of the coil impedance under pulse condif
F
p
I

rameters.

n the pulse as displayed on the oscillograph, a{straight line shall be drawn ex
coinciding with the steady voltage between pulses, and a straight line or a simple cur
the exponential type coinciding with most of the pdlse top. The intersection of this latte]
with the actual pulse leading edge gives the pulse amplitude U,,,. Lines are drawn p

tq the time axis at -10 %, +10 %, +50 %, +80° % and +90 % of U,,. A straight line is
through the points where the pulse reaches'0,9 U, for the last time and next reaches 0,
when the droop is nearly 10 % of U,,,;however, the value of 0,8 U, shall be used inste
0[9 U,,. The intersection of this ling with that drawn on the pulse top is the border bet
Lilse top and trailing edge.

©

and

self-

bulse
ance
ions.

gure F.1 shows a pulse with exaggerated distortion for thé purpose of defining the rel¢vant

actly
ve of
I line
rallel
rawn

Uni
ad of
veen



https://iecnorm.com/api/?name=c0047f6b5b8cc16c5f426db866709e3f

—-42 - IEC 62044-3:2023 © |IEC 2023

Leading
< 0 __ edge | Pulse top L Trailing edge o
. <1 =<1 =<t >
= i
R Y
100 y v
90 3 =X oA
o\  J )
801--"7 Bl A S
+ g =)
1 o]
50
T tq = Pulse duration
— >
18 7 \ / /’=
\ | b\ [
-10 E N
- - Q
I = = Y
Rise Fall
Atime‘ - time | Regovery time |

IEC

NOTE]| For clarity in illustrating the droop, the 80 % and 10 % point§ have been used in constructing the line|which
determines the border between the pulse top and the trailing edge.,

Figure F.1 — Voltage pulse parameters

F.7.2 Measurement of pulse inductancefactor and magnetizing current

a) Fpr measurement without bias, a measuring coil conforming with Clause F.5 shall be dised.
Fpr measurement with bias, an additional bias winding having a specified number of furns
shall be wound over the measuring coil, and connected to a DC power supply through an
impedance of such magnitude that the bias winding has no appreciable effect on the yalue
the current through the measuring coil.

o]
When making measurements with a biasing field, the direct current I, in the bias wind|ng is
afljusted to correspond to the specified value of the biasing field strength H:

Hy -l
[b — b ‘e
Ny,
where:
I4 is-the effective magnetic path length of the core;

p__ IS the numpber of turns of the bigs winding of the measuring coit.

NOTE 1 Reference is often made to the biasing ampere-turns:
IoNp = Hy, - Io
b) The measuring circuit is adjusted to give the specified voltage pulse characteristics including
pulse duration and recovery time.

NOTE 2 With the coil connected in the measuring circuit, the voltage pulse waveform for exponential and linear
recovery will appear typically as in Figure F.2.
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A
7 N
-
g b ™ -
t
.
AT
- ~ -
t
Voltage
————— Current . O
a) Exponential recovery b) Linear recovery

Figure F.2 — Typical measuring waveforms

—

he applied pulse voltage amplitude is then increased, maintaining the specified pulse
characteristics, to give a reading on the average reading voltmeter or on the oscillogcope
brresponding to the specified flux change A® in the core as-indicated below:

o

—| for measurements with repeated pulses u,, = N-4® f:

—| for measurements with isolated pulses [udr = N-A®
where:

N is number of turns of the measuring.coil winding connected to the voltmeter or
oscilloscope;

fp is the pulse repetition rate.

For measurements with repeated pulsesdhe pulse shape and repetition frequency are chgcked
and adjusted when necessary, and the' average voltage u,, and the peak magnetizing cyrrent

i, arp recorded.

if pogsible in such a way.\that the calibration voltage pulses in both co-ordinates are incldided,

and the total excursion of Judt and the corresponding variation of magnetizing current are
recorded.

For measurements with isalated pulses the displayed loop of [uds versus im is photograihed,

NOTE|3 A better\accuracy can be obtained when use is made of a digital processing method.

F.7.3 Measurement of the non-linearity of the magnetizing current

Th|S Illb'dbulb'lllb'llt ib Illddc tU dUtUIIIIiIIU that thc b:a;lllcd vaiuc Uf IIUII'“IIUal;ty U the
magnetizing current is not exceeded at the specified voltage-time product limit.

NOTE Typical values of non-linearity lie between 1 and 1,5.

Voltage pulses, repeated or isolated, are applied to the measuring coil as in F.7.2. The
magnetizing current is displayed on an oscilloscope as a function of time, the display being
photographed if necessary. The voltage pulse amplitude is varied until its voltage-time product
equals the specified limit value and the non-linearity of the magnetizing current at the end of
the pulse is determined (see Figure F.3).
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F.8

a) Ppulse inductance factor

The pulse inductance factor is calculated from.ene of the following expressions:
u judt
Ap=—-5— or 4p=—"
Joldm - N im-N
where:
Judt is the voltage acrass’the measuring coil integrated over the pulse duration (i.qg.
total excursion);
uly, is the average.(half-wave) rectified voltage across the measuring coil;
fF is the pulse’repetition frequency;

b)

- 44 — IEC 62044-3:2023 © |IEC
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—
Time ()

Non-linearity = i
N
IEC

1.16.

Figure F.3 — Non-linearity of magnetizing current

Calculation

is théwpeak value of the magnetizing current;

is.the number of turns of the measuring coil winding connected to the voltmet
oscilloscope.

on<linearity of magnetizing current

the

er or

In the graph of the magnetizing current as a function of time, recorded as described in F.7.3,

the linear portion of the curve is extrapolated. In Figure F.3 the curve labelled i,, shows
the original graph and the line labelled i;, shows the extrapolated linear portion of it.
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The non-linearity of the magnetizing current, defined as lﬂ when measured at time ¢4 shall not
din

exceed the specified value, corresponding to the specified voltage-time product limit, which

for the conditions of measurement described in F.7.3 is given by:

(U't)nm =Unm -ty

c) Pulse inductance factor at voltage-time product limit

The pulse inductance factor corresponding to the specified value of the voltage-time
praoduct limit is calculated from the expression:

(Ui _ Um-1q
i-N? i -N?

Ap =

here the symbols have the meanings given in a) and the values of 7,,-and U,,, are those
brresponding to the method of F.7.3.

o =
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Annex G
(informative)

Examples of circuits for pulse measurements

The circuit to be chosen depends upon the conditions to be realized:

e measurement with or without bias;

o measurement with isolated pulses or with repeated pulses.

Figu:le G.1 shows a circuit suitable for measurement without bias and for isolated pylses;
e G.2 shows a circuit suitable for measurement with bias and for repeated pulsés

Figu

The

circults for measurement with bias and isolated pulses, and for measurement without-biag and
repeated pulses can easily be developed from these examples.

In th¢ case of measurement with repeated pulses, a resistor should be added in paralle
the 1easuring coil as in Figure G.2. This loadresistor R| has been shown, in-series with a diode

whic
and

blocks the current through it during the pulse duration period, in~order to conserve p
avoid excessive dissipation. The value of R| should be high €nough to obtain a rec

time [smaller than the interval between the pulses, but not se- high that the back swi
excesgsive.

fudt

IEC

Figure G.1 — Measurement without bias and with single pulses

with

ower
bvery

ng is

S A
NﬂNb

Figure G.2 — Measurement with bias and with repeated pulses
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

NOYAUX EN MATERIAUX MAGNETIQUES DOUX —
METHODES DE MESURE -

Partie 3: Propriétés magnétiques a niveau élevé d'excitation

La
de|
fa

I'é
de|
Gy
tra
int]
trg
co

Le
po|
e}
Le
co
s'3
I'é
D3
mg
et
ré
L'l
fo
co
ing
To

Al
y

po
na
dé
ou
L'3
réf
L'l
ou

AVANT-PROPOS

5 Spécifications techniques, des Rapports techniques, des Spécifications accessiblesyau“public (PAS)

ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & des’comités d'étud

vaux desquels tout Comité national intéressé par le sujet traité peut partiCiper. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec I'lEC; participent égaleme
vaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), selo
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mes
5sible, un accord international sur les sujets étudiés, étant donné que‘les/‘Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de recOmmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qug
ssure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les;*Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente_le's Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'IEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
rnissent des services d'évaluation de™eonformité et, dans certains secteurs, accédent aux marqu
hformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
au crédit qui lui\est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publid
érencées'est obligatoire pour une application correcte de la présente publication.

FEC aftire 'attention sur le fait que la mise en application du présent document peut entrainer I'utilisatio
de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité d

dr

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatign“comjposée
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC ‘aypour objet de
oriser la coopération internationale pour toutes les questions de normalisation dans. les domaines de
ectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,

t des
, aux
ations
ht aux
n des
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it\dé brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'a pa

regu

notification qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu
d’avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L[IEC ne saurait étre tenue pour responsable de ne pas avoir identifié tout ou partie de tels droits de propriété.

L'IEC 62044-3 a été établie par le comité d'études 51 de I'lEC: Composants magnétiques,
ferrites et matériaux en poudre magnétique. Il s'agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2000. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout de I'Annexe F et de I'Annexe G.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
51/1426/CDV 51/1439/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé _selon les
Diredtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles [sous
wwwliec.ch/members_experts/refdocs. Les principaux types de documents déweloppés par
I'lEC|sont décrits plus en détail sous www.iec.ch/publications.

Une [iste de toutes les parties de la série IEC 62044, publiées sous le titre général Noyadix en
matéfiaux magnétiques doux — Méthodes de mesure, se trouve sur le site‘web de I'lEC.

Le cgmité a décidé que le contenu de ce document ne sera pas modifié avant la date de stgbilité
indiguée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document
rechgrché. A cette date, le document sera
e rg¢conduit,

e supprimé,

e rgemplacé par une édition révisée, ou

e amendé.
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INTRODUCTION

L'IEC 62044, publiée sous le titre général Noyaux en matériaux magnétiques doux — Méthodes
de mesure, comprend les parties suivantes:

IEC 62044-1: Spécification générique

IEC 62044-2: Propriétés magnétiques a niveau d'excitation faible

IEC 62044-3: Propriétés magnétiques a niveau élevé d'excitation
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NOYAUX EN MATERIAUX MAGNETIQUES DOUX —
METHODES DE MESURE -

Partie 3: Propriétés magnétiques a niveau élevé d'excitation

1 Domaine d'application
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IEC 62044-1:2002, Noyaux en matériaux magnétiques doux — Méthodes de mesure — Pan

Spég

perméabilité d'amplitude des noyaux magnétiques qui forment les circuits magneétiques

La p{%sente partie de I'lEC 62044 spécifie les méthodes de mesure de la perte de puissarice et

s destinés a étre utilisés a des niveaux élevés d'excitation dans les bobines d'induct
obines d'arrét, les transformateurs et les dispositifs similaires pour les -applica
ctronique de puissance.

étiques pour des fréquences qui s'étendent dans la pratique du coeurant continu a 10

éventuellement au-dessus, pour les méthodes calorimétrique et par réfle
licabilité des différentes méthodes a des plages de fréquenees spécifiques déper
u d'exactitude a obtenir.

héthodes du présent document sont fondamentalementles mieux adaptées aux excita
oidales. D'autres formes d'onde périodiques peuyent également étre utilisées; cepen
bxactitude appropriée peut étre obtenue seulement si les circuits et les instrumen
re utilisés sont capables de prendre en compte et de traiter les amplitudes et les ph

Liée et aux formes d'onde de champ magfnétique avec une exactitude a peine dégra

Pour certains matériaux métalliques magnetiques doux, il peut étre nécessaire de suivre des pri
hux spécifiques et normaux pour ces matériaux, liés a la préparation des éprouvettes et des calculs spé
incipes sont énoncés dans I'lEC 60404-8-6.

Références normatives

ocuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou
ur contenu, des—exigences du présent document. Pour les références datées,
on citée s'applique. Pour les références non datées, la derniére édition du docume
bnce s'appligue (y compris les éventuels amendements).
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néthodes contenues dans le présent document peuvent couvrir les meSures des propiiétés
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ignaux concernés dans le spectre de fréquences qui correspond a l'induction magmjlique

ée.

hcipes
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3 Termes, définitions et symboles

3.1

Pour

Termes et définitions

les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp
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3.1.1

perméabilité d'amplitude effective

Hea

permeéabilité magnétique obtenue a partir de la valeur de créte de l'induction magnétique

effective, ée, et de la valeur de créte du champ magnétique effectif, H , pour des valeurs

données de l'une ou de l'autre valeur, lorsque l'induction magnétique et le champ magnétique
varient périodiquement en fonction du temps avec une valeur moyenne nulle, le matériau étant
initialement dans un état désaimanté spécifié

3.1.2

perntéabititéd amptitadeeffective Tmaximmate

Hea nax

valeyr maximale de la perméabilité d'amplitude effective lors de variations de {"ampl
d'exditation (B, ou Hy)

3.1.3

excifation

soit llinduction magnétique soit le champ magnétique pour lequel la fornie d'onde et I'ampl

reste

Note 1
forme
d'ondq

3.1.

nive
excit
bass
de la

3.1.5
enro

nt toutes les deux dans les limites de la tolérance spécifiée

a l'article: Lorsque le mode d'excitation par induction magnétiqué(par champ magnétique) est chqg
d'onde qui résulte du champ magnétique (de I'induction magnétiqué) peut étre déformée par rapport a la
d'excitation en raison du comportement non linéaire du matériauimagnétique.

u élevé d'excitation

ptions pour lesquelles la perméabilité dépendyde I'amplitude d'excitation (en particuli
e fréquence) ou auxquelles la perte de puissance donne lieu a une augmentation v
température (en particulier en haute fréguence), ou les deux

Llement d'excitation

itude

itude

isi, la
forme

er en
sible

enroyilement de la bobine de mesure auquel est appliquée la tension d'excitation ou a travers

lequd

3.1.6
enro

| s'écoule le courant d'excitation

lillement de détection de tension

enrotyilement non chargé d'une bobine de mesure a travers lequel la force électromotrice in

par I'

3.1.7
enro

excitation peut étre déterminée

lLllemént de mesure

duite

hors

enroxlement, normalement secondaire, chargé ou non, qui peut étre utilisé pour la mesure

enro

lement d'excitation ou enroulement de détection de tension, ou les deux

3.1.8

perte de puissance
puissance absorbée par le noyau

3.1.9

excitation par impulsions sans champ de polarisation
excitation dans laquelle un noyau est alimenté par une impulsion de tension, d'une induction
rémanente a une valeur d'induction plus élevée dans la méme direction, et dans laquelle le
noyau retrouve la méme induction rémanente

Note 1 a I'article:

La déviation dans le plan B-H associée a une telle impulsion est représentée a la Figure 1.
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3.1.1

exciflation par impulsions avec champ depolarisation
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Figure 1 — Excitation par impulsions sans champ de polarisation

a l'article: Si la force contre-électromotrice durant la reprise n'est limitée que par la constante de ten
d'essai, alors le courant magnétisant diminue de fagon exponentiellgt

Fiante, la force contre-électromotrice peut étre limitée a une, valeur constante, par exemple en ren
ie par un enroulement secondaire a une source de tension;{a diminution du courant magnétisant es
imativement linéaire. Cette derniére méthode peut empécherjune force contre-électromotrice excessiy|
et des taux élevés de variation de flux. La distinction ést principalement pertinente pour le mesurag

0

ps du

oyant
alors
ement
e des

Note 2 a l'article:

btion dans laquelle un noyau est alimenté par une impulsion de tension, d'une vpleur
Liction déterminée par un champ de'polarisation a une induction dans la direction opp¢sée,
ns laquelle le noyau retrouve la méme valeur déterminée par le champ de polarisatign
a l'article: La déviation dans.|€ plan B-H associée a une telle impulsion est représentée a la Figure 2
By
B \
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Q
+
8
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. ]
Hb|as / / x
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/ "
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I AH -
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Figure 2 — Excitation par impulsions avec champ de polarisation

Voir la Note 2 a I'article du 3.1.9.
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3.1.1

1

perméabilité de I'impulsion

Hp

permeéabilité relative obtenue a partir de la variation de l'induction et de la variation
correspondante du champ magnétique lorsque l'une ou l'autre des grandeurs varie de fagon
arbitraire entre des limites spécifiées:

uction
ro.

hrrées
ement

nenes

o de

1 4B
Iu - —
 wo aH
VO IR—Fguret—etHgure2-
Note 1 a l'article: La valeur de la perméabilité de I'impulsion dépend fortement des limites des déviations.d'ind
ou de lchamp magnétique; il n'est pas nécessaire que ces limites soient symétriques par rapport a la,valeur zé
Note 4 a I'article: Souvent, la perméabilité de I'impulsion se référe au cas particulier d'impulsions d& tension c
appliguées a un enroulement d'excitation; la forme d'onde de l'induction magnétique est alors, approximatiyv|
triangylaire.
3.1.12
amplitude de I'impulsion
Un
valedr instantanée maximale d'une impulsion de tension idéale par rapport a la valeur stable
de laltension entre les impulsions
Note 1 a I'article: Une impulsion idéale est déduite d'une impulsionde tension réelle en ignorant les phéno
indésifables ou non pertinents tels que les dépassements (voir Figure 1).
3.1.18
durép de I'impulsion
lq
interyalle de temps pendant lequel la valeur instantanée de l'impulsion dépasse 50
I'amplitude de l'impulsion
— Um
] - .
Alm/td
ou
Ly est l'inductahce de I'impulsion
Aip, est la variation totale de i, pendant I'impulsion
VOIR: Eigure F.1.

Note 1 a l'article: Pour les impulsions unidirectionnelles Ai_ =7,

3.1.1

m-

4

facteur d'inductance de I'impulsion

Ap

inductance de lI'impulsion divisée par le carré du nombre de tours de la bobine d'essai
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3.1.15

limite du produit tension-temps

(U1)iim

limite spécifiée du produit de I'amplitude d'une impulsion de tension et du temps écoulé depuis
le début de I'impulsion

Note 1 a l'article: Dans cette limite, il convient que la non-linéarité du courant magnétisant a travers la bobine de
mesure placée sur le noyau ne dépasse pas une valeur spécifiée.

3.1.16
non-linéarité (dans le temps)
atedf— : einte

@ portion linéaire extrapolée de ce graphique en fonction du temps, au méme instant

VOIR: Figure F.3.

3.1.1[7
taux|de répétition des impulsions
fréquence de récurrence des impulsions dans une séquence périodique dYimpulsions

3.2 | Symboles

Toutgs les formules du présent document utilisent des unités Skde base. Lorsque des mulfiples
ou d¢s sous-multiples sont utilisés, la puissance de 10 appfopriée doit étre introduite.

A, | section effective du noyau

ée valeur de créte de l'induction magnétique effective dans le noyau
f fréquence
I:Ie valeur de créte du champ magnétique ‘effectif dans le noyau

longueur du chemin magnétique effectif du noyau

L inductance

valeur instantanée du courant

~.

courant

nombre de tours de\l'enroulement de la bobine de mesure
perte de puissance dans le noyau

facteur dequalité du noyau pour une fréquence donnée

= 2 (@ T B

résistance

~

temps

Pﬂ

tetmpérature

valeur instantanée de la tension
tension

volume effectif du noyau

erreur relative, déviation, etc.

> % <~ o s

erreur absolue, déviation, etc.
Ueny Permeabilité d'amplitude effective
u4g  perméabilité du vide: environ 47x10~ H/m

) déphasage
@ pulsation = 2xnf
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NOTE 1 Les indices, les exposants, etc. supplémentaires donnent une signification plus spécifique au symbole
donné.

NOTE 2 Les symboles utilisés de maniére exceptionnelle sont définis a I'emplacement ou ils apparaissent dans le
texte.

NOTE 3 Les parametres effectifs tels que la longueur du chemin magnétique effectif, /e, la section effective, 4, et
le volume effectif du noyau, ¥, sont calculés conformément a I'lEC 60205.

NOTE 4 Dans le texte du présent document, le terme induction est utilisé comme abréviation d'induction
magnétique.

4 Exi snéral I R slevé d itati

4.1 Indications générales
411 Relation avec la pratique

Les ¢onditions, les méthodes et les procédures de mesure doivent étre choisSies de mahiére
que lps résultats mesurés soient adaptés a la prédiction des performances du noyau dang des
circonstances pratiques. Cela n'implique pas que toutes ces stipulations, en particulier gelles
liées|aux formes d'onde d'excitation, doivent correspondre aux termés-rencontrés en pratjque.

4.1.2 Parameétres effectifs de noyau et propriétés des matériaux

La section du noyau n'étant généralement pas uniformeCet celui-ci n'ayant en généra| pas
d'enrpulements uniformément répartis le long du chemin de noyau, la mesure ne donpe ni
la pefméabilité d'amplitude ni la perte de puissance~du’matériau, mais des valeurs effegtives

de c¢s paramétres qui sont appropriées a l'induction magnétique effective Ee et au champ

magnétique effectif I:Ie dans le noyau.

Pour|la mesure de la perméabilité d'amplitude et de la perte de puissance du matériau, le noyau
doit @voir une forme d'anneau ou uneforme toroidale dans laquelle il convient que le rapport
du diametre extérieur sur le diameétre intérieur ne soit pas supérieur a 1,4 avec| des
enrolilements répartis uniformément pres du noyau qui ont un coefficient de couplage inductif
pratiquement égal a un.

4.1.3 Reproductibilité de I'état magnétique

Pourléviter différents-effets de rémanence et de temps dans le matériau du noyau, le mesyrage
doit ¢tre effectué avec un état magnétique reproductible et bien défini.

Sauf|indication ‘contraire, tout mesurage avec une excitation spécifiée doit étre effectyé au
moment ("=, + Ar aprés le début du conditionnement magnétique; ¢, est le temps nécessaire
pour|que te conditionnement magnétique soit terminé et sert de base pour le réglage de
I'excitation spécifiee; At est la durée pendant laquelle le noyau est maintenu stable au niveau
d'excitation réglé.

4.2 Bobine de mesure
4.21 Généralités

Une bobine de mesure est normalement utilisée, mais en principe, toute ligne coaxiale, cavité
ou tout autre dispositif approprié qui assure l'interaction nécessaire entre le matériau
magnétique et le signal électromagnétique peut également étre utilisé.

Pour le mesurage sur tore avec des bobines, les spires de la bobine de mesure doivent étre
réparties de maniere a maintenir a la fois la capacité parasite et le champ parasite a une valeur
aussi faible que nécessaire pour obtenir une mesure suffisamment exacte.
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Pour les mesurages réalisés sur noyaux assemblés autour d'une bobine, la forme de la bobine
de mesure doit correspondre a celle des bobines utilisées pour I'application normale du noyau
et son influence sur la variation de l'inductance a mesurer doit étre négligeable.

Sauf spécification contraire, la bobine d'essai compléete avec support de bobine ou
encapsulation, ou les deux, doit étre positionnée de fagon coaxiale par rapport a la branche
qu'elle entoure, et le c6té de la bobine ou se trouve le début de I'enroulement doit étre
Iégérement pressé contre le noyau a une extrémité de cette branche, comme suit:

e dans le cas d'un noyau symétrique, la bobine doit étre en contact avec le noyau a I'une ou
I'autre des extrémités;

e dpans le cas d'un noyau avec un entrefer qui est asymétrique, ce dernier ayant été rgalisé

ppr rodage du matériau sur le c6té d'une moitié du noyau et non sur l'autre, la bobin¢ doit
pfrésenter le contact d'extrémité sur la moitié du noyau qui n'a pas été rodéepour tréer
I'éntrefer.

L'ung des faces de la bobine doit é&tre marquée pour définir son orientation..Labobine doif étre
mainfenue dans la position définie pendant toute la durée du mesurage-afin d'obtenig une
reprdductibilité maximale de la mesure.

4.2.2 Nombre de tours

Le ngmbre de tours doit étre spécifié pour chaque enroulement.en relation avec les conditions
de mpsure, I'équipement utilisé et I'exactitude a obtenir. Lessenroulements doivent étre réglisés
auss| prés que possible du noyau, pour rendre les coefficients de couplage (lien dg flux
magnétique) entre les enroulements de la bobine{ de mesure et le noyau et entr¢ les
enrolilements de la bobine de mesure aussi prochesque possible de 100 %.

Il cohvient que la résistance, la capacité répartie et la capacité inter-enroulements| des
enrolilements soient aussi faibles que possible pour rendre les erreurs liées négligeables

Dang le cas de noyaux en anneau ou\toroidaux, les spires doivent étre réparties de mahiére
réguliére sur la circonférence du noyau.

Il copvient que les connecteurs, essentiellement ceux de I'enroulement d'excitation, spient
consfitués d'éléments isolésy.si cela est nécessaire pour les mesures a hautes fréquences.

Lors |du bobinage d'unmoyau a arétes vives, il convient que l'isolation du fil ne se rompe pas
et, dans le cas d'un(fih multibrin, il convient que les éléments ne se cassent pas.

4.2.3 Enroulement unique et enroulement double

L'util{sation~d'un enroulement unique a la fois pour I'excitation et la détection de tensioh est
recorrmandée si

— le couplage entre I'enroulement d'excitation et I'enroulement de détection de tension est
réduit d'une maniére telle qu'il provoque une erreur non négligeable dans la détermination
de I'induction magnétique de mesure B dans le noyau;

— la capacité inter-enroulements est trop élevée;
— il n'existe pas de contre-indication de circuits de mesure relative a la connexion directe de
I'enroulement d'excitation a I'entrée ou aux entrées des instruments de mesure.

Lorsqu'un enroulement unique est utilisé, il est recommandé de rendre sa résistance aussi
faible que possible pour rendre la perte de puissance ohmique de I'enroulement négligeable
par rapport a la perte de puissance dans le noyau.
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L'utilisation d'enroulements d'excitation et de détection de tension séparés (enroulement double)
est recommandée si, pour une raison quelconque, l'enroulement d'excitation est séparé
galvaniquement des instruments de mesure de la tension et du courant, par exemple pour éviter
une connexion flottante ou en courant continu vers leurs entrées.

Lorsque les enroulements d'excitation et de détection de tension sont utilisés, leur coefficient
de couplage magnétique doit étre aussi proche que possible de 100 %.

La tension nécessaire pour le calcul de I'induction magnétique dans le noyau est habituellement
mesurée a travers un enroulement de détection de tension séparé de I'enroulement de courant
admissible (d'excitation). Lors du mesurage des pertes du noyau, les pertes ohmiques dans
I'enrqulement de détection de tension n'ont pas d'influence sur le calcul, mais les \pertes
ohmifjues dans I'enroulement de courant admissible (d'excitation) doivent étre exclues\du qalcul
des pertes du noyau.

L'utillsation de deux enroulements est recommandée pour des fréquences.supérieurles a
200 kHz.

4.3 | Montage des noyaux constitués de plus d'une partie

Un npyau ferrite constitué de plus d'une partie et qui doit étre assemblé autour de la bobine de
mesyre doit étre fixé avec une colle, une bande adhésive ou/in-dispositif de fixation pendant
toute{la durée du mesurage.

Quelle que soit la méthode utilisée pour assembler les.parties du noyau, elle doit avojr les
caragtéristiques suivantes:

e r¢partition de la force d'application de maniere uniforme sur les surfaces d'accouplement,
s@ns introduire de contraintes de déformation dans le noyau;

e maintien de toutes les parties du noyau de maniére rigide et sans changer la position des
upes par rapport aux autres;

e Igrsqu'une méthode d'assemblage spécifiée est utilisée, une surforce initiale d'environ (10 %
dpit étre appliquée lorsque le noyau est fermé, pour casser les petites irrégularités gntre
Igs surfaces d'accouplement; nettoyées. La force d'assemblage spécifiée de =5 %| doit
hsuite étre appliquée;

e
maintien & un niveau constant de la force d'assemblage a +*1 % pendant toutes les
opérations de mesure dans toutes les conditions de mesure, y compris la plage compléte
de températures’spécifiées.

Le mpntage destels noyaux doit étre effectué conformément aux instructions suivantes.

La sUrface d'accouplement doit étre examinée pour constater les dommages et la propreté| Des
noyapx endommages ne d0|vent pas etre utilisés. La surface d'accouplement d0|t étre netfoyée
avec
Enswte Ies surfaces d' accouplement d0|vent étre degralssees si elles dowent etre coIIees Les
particules de poussiéres doivent étre éliminées avec de l'air comprimé sec et propre. Les
surfaces d'accouplement ne doivent jamais étre touchées a mains nues. Les parties du noyau
doivent ensuite étre assemblées autour de la bobine de mesure, celle-ci étant verrouillée en
position par rapport au noyau par des moyens adaptés, par exemple une rondelle en mousse.
Les parties du noyau sont centrées et collées ou placées dans un dispositif de fixation. La colle,
si elle est utilisée, doit étre étendue de maniére uniforme sur la surface d'accouplement
pour former un film aussi fin que possible et étre ensuite correctement durcie.

Dans le cas ou le dispositif de fixation est utilisé, la force de fixation stipulée dans la
spécification associée doit étre appliquée. Les noyaux collés, bandés ou fixés doivent étre
laissés au repos dans les conditions spécifiées (voir I'EC 62044-1:2002, Article 3) pendant une
durée suffisante pour permettre a toute variation des effets de contrainte due a l'assemblage,
au collage ou au bandage de devenir négligeable.
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4.4 Equipement de mesure

4.41 Tout équipement de mesure adapté peut étre utilisé. Des exemples de circuits
appropriés sont donnés de I'Annexe A a I'Annexe E.

En plus de toute exigence spécifiée pour la méthode particuliére ou le circuit de mesure utilisé,
ou les deux, les exigences générales suivantes doivent étre respectées.

4.4.2 Pour assurer le mode d'excitation par induction magnétique (par champ magnétique),
I'impédance de sortie de la source d'excitation doit étre faible (élevée) par rapport a lI'impédance
de série de I'enroulement d'excitation de la bobine de mesure assemblée avec le noyau a I'essai
et la Fésistance de détection de courant.

4.4.3 Lorsque la forme sinusoidale d'excitation est spécifiée, le contenu harmonique|total
de Ig source d'excitation doit étre inférieur a 1 %. Lorsque des impulsions)carrées|sont
spécifiées, les exigences applicables de I'Annexe F doivent étre respectées.

4.4.4 Pendant le mesurage, les variations d'amplitude d'excitation neldoivent pas dépasser
+0,0% % et la stabilité de fréquence doit étre adaptée a la méthode demesure et a I'équipement
utilise.

4.4.5 La plage de fréquences des voltmeétres et des autfes instruments de détectign de
tensipn doit inclure tous les harmoniques de la tension mesurée qui ont des amplitudes dg 1 %
ou plus de leurs valeurs fondamentales. La plage de fréquences doit étre stipulée daps la
spécification d'instrument applicable.

4.4.6 Les voltmétres et les autres instrumenis-de détection de tension utilisés doiventi étre
des instruments a impédance élevée dont la connéexion n'a qu'un effet négligeable sur le dircuit
de mlesure, en particulier a haute fréquencesles sondes de résistance d'entrée élevée gt de
faiblg capacité d'entrée peuvent réduire les effets de charge.

4.4.7 L'exactitude des voltmeétres ou des instruments de détection de la tension déterminée
pour [le calibrage des formes d'onde-sinusoidales doit se situer dans une tolérance relatiye de
0,5 [% pour les valeurs efficaces et moyennes et £1 % pour les valeurs de créte, daps la
mesUre ou le facteur de créte 'des formes d'onde a mesurer se situe dans les limites impdsées
par I'jnstrument.

Si lep inexactitudes_-dépassent les limites indiquées ci-dessus, il est recommandé d'ufiliser
uniguement une excitation sinusoidale d'un contenu harmonique inférieur a 1 %, et

ppur déterminer les valeurs efficace, moyenne et de créte des formes sinusoidales, il
ept recommandé d'utiliser un voltmétre de détection de valeur efficace vraie ¢'une
ekactitude de 1 %. Les valeurs moyenne et de créte sont obtenues en multipliant les
valeurs efficaces indiquées par les facteurs suivants: valeur moyenne = 0,900 x vpaleur

e ficaca valanir da ~rdta — 1 414 % valanr afficaca:
HoAGe e Ge—G6rete T4 Vo eu— e HeaG6e;

e pour déterminer les valeurs efficace, moyenne et de créte des formes non sinusoidales, un
oscilloscope a mémoire et traitement numériques ou des instruments d'acquisition et de
traitement appropriés doivent étre utilisés. Ces appareils doivent étre en mesure de capter
et de traiter des formes d'onde avec un taux d'échantillonnage d'au moins 150 échantillons
par période de forme d'onde et avec une résolution d'au moins 8 bits.

NOTE Le facteur de créte est le rapport de la valeur de créte sur la valeur efficace de la forme d'onde mesurée.

4.4.8 La valeur de la résistance de la résistance de détection de courant en série doit étre
connue avec une inexactitude qui ne dépasse pas x1 chiffre au troisieme rang significatif,
y compris avec des variations thermiques possibles de la résistance. Une résistance a
dissipation de chaleur ou a base refroidie peut modérer les variations thermiques indiquées
ci-dessus.
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L'inductance Lr de la résistance R dans la plage de fréquences spécifiée en 4.4.5 ne doit pas
dépasser une valeur de:

ou

C()m:

Ir si./%(}R
,

m

est la valeur de la résistance;

2, fm €tant la fréquence la plus élevée dans la plage de fréquences spécifiée

oUR

Par
I'indJ
La rég

de m
phas

courant doit étre un dispositif linéaire, c'est-a-dire ne pas générer d'harmoniques.

NOTE
essen

4.4.9
poss

en 4.4.5;

est I'augmentation relative admise pour la chute de tension UR atrave
résistance R, due a l'inductance L, a la fréquence f,,.

pxemple, pour 5UR =01%, R=1Q et la fréquence la plus élevee f,, =500
ctance L doit étre inférieure a (2x x 500 x 103)~1 x 1 x (2 x 0,001)%%5 = 14,2 nH.

aniere appropriée dans la mesure ou cela ne réduit pas‘\lexactitude d'amplitude
e sur la plage de fréquences, comme cela est exigé en4.4.5. Par ailleurs, la song

Pour la mesure de la perméabilité d'amplitude, I'exactitdde d'amplitude de la sonde de coura
iellement concernée

Toutes les connexions entre les composants du circuit doivent étre aussi courteg
ble. Par ailleurs, les connexions, si ellesisont multiples, donnant un déphasage non

rs la

kHz,

sistance de détection de courant peut étre remplacée par une-sonde de courant adaptée

bt de
e de

ht est

5 que
égal

complémentaire, doivent étre de longueur égale et du méme type. Tout déphasage A¢ (radian)
entrg les voies congues comme équiphase pour conduire les signaux qui correspondént a
I'indyction magnétique et au champ magnétique sur la plage de fréquences définie en 4.4[5 ne
doit pas dépasser une valeur de:
OP(4
PG
0
ou
OP(Ap) est-la part d'inexactitude totale de la mesure de perte de puissance qui esf liée
au déphasage Ag;
0= % est le facteur de qualité du noyau a l'essai;
\
= 2xf est la pulsation;
E’e et I-AIe sont les valeurs de créte de l'induction magnétique effective et du champ
magnétique effectif dans le noyau, respectivement;
P, =P/Vq est la densité de perte de puissance; V, est le volume effectif du noyau.

Si une excitation non sinusoidale est appliquée, les déphasages des harmoniques impliqués
doivent étre déterminés. En correspondance avec chaque fréquence d'harmonique, les valeurs
des parameétres indiqués plus haut doivent étre utilisées dans le calcul de chaque fréquence

harm

onique.

Par exemple, dP(4¢)doit étre a +1 % et O = 5 pour un noyau et des conditions de mesure

donn

és. Par conséquent, Ap doit étre a £0,01/5 = £0,002 radian.


https://iecnorm.com/api/?name=c0047f6b5b8cc16c5f426db866709e3f

- 64 - IEC 62044-3:2023 © |IEC 2023

4.4.10 Tout contact de connecteurs, de jonctions, d'interrupteurs, de multiplexeurs, etc.,
intermédiaires qui est associé au circuit de mesure de tension ou de courant doit &tre en mesure
de transmettre les tensions impliquées et les courants de conditionnement et de mesure des
valeurs stipulées dans la spécification applicable. La résistance de contact, le déphasage, les
couplages inductifs et capacitifs, I'impédance de série et I'admittance paralléle qui résultent de
I'insertion du contact ne doivent avoir qu'un effet négligeable sur les résultats mesurés dans
toutes les conditions de mesure concernées, y compris la plage de fréquences, comme cela est
spécifié en 4.4.5.

4.4.11 |l convient de procéder a des mesurages ou a un étalonnage, ou aux deux, pour
s'assurer que l'inexactitude de mesure qui en résulte pour la perméabilité d'amplitude et la
perte[de puissance sur toutes les conditions de mesure ne depasse pas l'nexactitude spetifiée
pour la méthode de mesure donnée et le circuit spécifié.

4.4.12 Un environnement a température contrélée doit étre prévu, en mesure de maintenir
I'équllibre thermique entre le noyau et cet environnement dans des limites(de” tempérpture
spécifiées pendant le conditionnement, le réglage, le mesurage et les opérations de lectufe.

5 Eprouvettes

Des poyaux prélevés dans la production normale qui forment des)circuits magnétiques fefmés
doivgnt étre utilisés pour la mesure.

6 Procédures de mesure

6.1 Procédure générale

6.1.1 Le noyau a mesurer est assemblé avec la bobine de mesure conformément au 4|3.

Dang le cas de noyaux en anneau et toroidaux, appliquer les enroulements conformément au
4.2.1|

6.1.2 Le noyau doit étre (placé dans un environnement a température contrélée
confgrmément au 4.4.12. Toutes les opérations de mesure telles que le conditionngment
magneétique, les réglages-et les mesurages doivent étre effectuées aprés obtention de la
tempgrature du noyau_et-maintien de celle-ci dans les limites de tolérance admises.

6.1.3 Les tensions qui correspondent a la valeur de créte d'induction magnétique Z§e et ala

valedr de créte. du champ magnétique I?e auxquelles le mesurage doit étre réalisé|sont
calculées_conformément aux formules suivantes:

— pputlne excitation B, Uy =4 f-N-A. - B,

ou N est égal a N, lorsqu'un seul enroulement (a la fois pour les fonctions d'excitation et de
détection de tension) est utilisé et N est égal a N, lorsqu'un enroulement secondaire est utilisé
pour la détection de tension;

— pour une excitation Hy:

ou

Ugr la valeur de créte de la tension a travers la résistance série R;
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N, estle nombre de tours de I'enroulement d'excitation N.

Les symboles sont définis en 3.2, et N, est le nombre de tours de I'enroulement d'excitation.

NOTE 1 Pour les formes d'onde d'induction magnétique sinusoidales pratiquement pures ée, la tension qui

correspond a Bg , peut étre mesurée en utilisant aussi les voltmeétres ou instruments de lecture des valeurs efficaces

et de créte. Les valeurs efficace U et de créte U, respectives de cette tension sont calculées comme suit:

Urms :\/E'”'f'N'Ae'ée

NOTE|

corres

NOTE|
étre c

6.1.4 Le noyau est -conditionné par la méthode électrique conformémer

I''EC

6.1.5

Uzz.ﬂ.f.N.Ae.ée

2 Si la sonde de courant est utilisée a la place de la résistance R, la valeur de créte du courant

pond a H est calculée comme [ = H .

airement indiqué dans la spécification applicable.

62044-1:2002, 5.2a), sauf indication contraire.

Au moment spécifié ¢, apres le début du conditionnement, la source d'excitatio

réglée, aussi rapidement que possible, de préférence &,7.= (2 £ 0,5) s pour les param

temp

Pour
conv
que

déted

6.1.6]
rapid
doit 4
subir

6.1.7
de p
prise

6.2
6.2.1

prels, a la fréquence, la forme d'onde et I'amplitude d'excitation exigées.

tion de tension séparé.

ement coupée. La durée pendant laquelle le noyau est soumis a une excitation spé

un autoéchauffement excessif.

5 en compte.

Méthode de mesure pour la perméabilité d'amplitude effective

Objet

I qui

3 Dans le cas ou une section autre que Ae est utilisée, par exemple Aminf pour le‘calcul de Uav’ ceja doit

—
Q-

n est
etres

conserver une forme d'onde d'excitation correcte dans toutes les conditions de mesyre, il
ent de la contréler. Dans le cas du mode @'excitation par induction magnétique, il convient
'entrée du dispositif de contrdle soit.de préférence connectée a un enroulement de

Au temps 1, les lectures, de mesure doivent étre effectuées et I'excitation doif étre

Cifiée

tre aussi bréve que possible, mais inférieure ou égale a 10 s, pour empécher le noyau de

Lorsqu'un noyau est excité dans des conditions d'impulsions avec ou sans composante
blarisation, les. spécifications complémentaires respectives de I'Annexe F doivent| étre

Fournir une méthode de mesure de la perméabilité d'amplitude effective a des niveaux
d'excitation élevés et pour des formes d'onde périodiques symétriques de noyaux magnétiques
qui forment des circuits magnétiques fermés.

NOTE En variante, la valeur de créte de I'induction magnétique obtenue a une valeur de créte spécifiée du champ
magnétique ou, a défaut, la valeur de créte du champ magnétique a une valeur de créte spécifiée de l'induction
magnétique peut étre déterminée.
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6.2.2 Principe de mesure

2023

L'induction magnétique et le champ magnétique dans un noyau sont déterminés par la mesure
de la valeur moyenne de tension par demi-période a travers l'enroulement de détection de
tension de la bobine de mesure enroulée sur le noyau et la valeur de créte de la tension a
travers la résistance en série avec l'enroulement d'excitation de cette bobine. Les mesurages
sont effectués a des valeurs de créte spécifiées d'induction magnétique ou de champ
magnétique, de fréquence et de température.

6.2.3 Circuit et équipement

T t 4 H A $ A + A + A4 FH HP-4 1l +
OU CUUTPUTTTTTIU dUdpPLT  PUuUl TLUHC UlimoU o1 Lol Ldpydad

reprédsentés a I'Annexe A.

Les

magnétique et de champ magnétique ne sont pas déterminantes dans le cas della mesu
la pefméabilité d'amplitude, il n'est pas nécessaire de satisfaire rigoureusemeht’aux exigg
du 44.2 et du 4.4.3.

Si la|perméabilité d'amplitude doit étre déterminée pour les valeursde’créte des compos
fondamentales des formes d'onde de l'induction magnétique etcdu champ magnétiq
convlent de mesurer ces valeurs de créte avec des instruments a choix de fréquenc
respegctent les exigences du 4.4.

6.2.4 Procédure de mesure
La procédure générale du 6.1 doit étre appliquée.

Pour([la valeur moyenne spécifiee U,, de la tension a travers I'enroulement de détectig

tensipn, la valeur de créte Ui de la tension & travers la résistance R ou la valeur de créte
courant a travers I'enroulement d'excitation est lue.

Pour|l'excitation du champ magnétique, la valeur de U,, est lue & une valeur spécifiée d

ou I

NOTE| Lorsque la spécification exige de mesurer I'induction magnétique avec un champ magnétique spéci
inversement, le champ magneétique avec l'induction magnétique spécifiée, la valeur de créte spécifiée de I'exc]

est réglée, et soit la valeur) Bg résultante soit la valeur He résultante est déterminée, respectivement.

6.2.5 Calcul

La pgrméabilité d'amplitude effective est déduite de

] £
T T

bl o L tH A H
TS O T CTITPTH o TUTToTUTT U TS~ O

gxigences du 4.4 doivent étre respectées. Dans la mesure ou les formes d'onde, d'indy

cuits

ction
re de
nces

ntes
e, il
b qui

n de
fdu

>

WV

ié ou,
tation

D 1 D LI
—B5 =R Uy
Hea =

o A-pg-fNy-Np-4e U

ou si la sonde de courant est utilisée a la place de la résistance R:

Hea

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

est la valeur moyenne de la tension a travers I'enroulement de détection de tension

ou

est la valeur de créte de la tension a travers la résistance série R;

est la valeur de créte du courant qui traverse I'enroulement d'excitation Ny;

est le nombre de tours de I'enroulement d'excitation Ny;

No;
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