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Abstract. The paper describes key features and shows sonamtages and disadvantages of two measurement
approaches used in determination of magnetic ptiegeof soft-magnetic wound cores. The first appho&s
based on a measuring principle in which the curterdugh the primary winding determines the sindabi
magnetic flux density in the core and consequealtly the sinusoidal induced voltage in the secondarding.

The second approach is a variation of the impedanethod with which complex relative permeability is
measured. In it, the controlled variable is the neiging current. In the first approach, the custoade
measurement equipment is normally used. The seeppdoach relies on a wide variety of commercially
available impedance meters.
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method in which the tested core is equipped with tw

windings (Fig. 1). With the primary winding with NP
In the production process, the final product dyali turns, an appropriate magnetic field is establishetie

control is a key indicator of adequacy of severaested core. The secondary winding with NS turns is

previous operations, this being either appropriatesed to measure the voltage induced by changdwin t

selection of materials or proper material procegsinmagnetic field. Magnetic field strength H inducedhe

technology, etc. At the same time, the final cdniso core by the primary current is:

also an important common link between manufacturers

and buyers who also test the manufactured produrcts.  H(t) =ip(t) INp /I , (1)

the so called input quality control, the buyer colstthe

manufacturer or his compliance with previously &gre \\nere IFE is the mean length of the magnetic figth.

criteria. To allow for a correct comparison Ofgqr g toroidal core with a rectangular cross-seetio
measurement results, both sides have to use the Salfea the magnetic field length is:

measurement criteria. A comparison of measurement

1 INTRODUCTION

results is acceptable when measurement procedrges a d. —d

carried out in accordance with applicable standaruds —2

regulations for a given test area. In this papeasid lpe = 273—2— . (2
requirements imposed on measuring magnetic |n(dzJ

properties of soft-magnetic wound cores will beegiv dn

when using two approaches defined in the internatio

standard IEC 404-2 and in the standard ASTMh equation (2)d, and d, denote the outer and inner
AT72/ATT72M - 00 (2005). The first standard foreseediameter of the core. On the secondary side, veltag
that the measurement procedure is made with sidalsoiis induced as a result of the changing magnetig flu
magnetic flux density in the tested core. In the seconddensityB:

one, the required sinusoid

al quantity is magnetic field strength ug(t) = -Ng (B¢ [@B/dt, (3)

2 THEORETICAL BACKGROUND whereS is the cross-sectional area of the core.

Magnetic properties of soft-magnetic wound cores ar
usually assessed by using the so-called transformer
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tested core. To allow for a more user-friendly
measurement procedure, the measurement system
should be connected to a supervising PC with aooust
built user interface (Fig. 3, more in [2, 4].

Such measurement system is of course a strictly
targeted system, designed according to custometsnee
and requirements and, of course, subject to stdedar
imposed on magnetic measurements. Unfortunately, du
to the specific nature of measurements of magnetic

Figure 1. Toroidal core with a primary and secomdanil. properties and the small number of potential users
(mostly just core manufacturers and their buyahgre
3 MEASUREMENT SCHEME are only a few solutions from established providafrs
electronic measuring equipment available on theketar
3.1 Sinusoidal magnetic flux density nowadays. This is consequently reflected also & th
purchase price of the (usually unique) measuring
When using this measurement approach, the tested cgystem.

(DUT) is magnetized with a current through the @iyn
winding making the magnetic flux density and
consequently the induced voltage on the secondary
winding to be sinusoidal. According to the standard
IEC404-2, this is achieved when the form factottef
induced voltage deviates from the form factor of th Us_rer
pure sinusoidal waveform (1.11) by less than 1% [1] ©
The easiest way to meet this condition is to inida power
negative feedback loop in the control circuit [2k amplifier
illustrated in the simplified scheme in Fig. 2. tte

input of the power ampllfler,_ a reference .Vall.Je OI:igure 2. Measurement principle with a negativedbeek
secondary induced voltagge reris present. Taking into voltage control loop.

account the required sinusoidal voltage and after
modifying term (3), one can see that the RMS valfie
the induced voltage is proportional to the peakiwadf 3.2 Impedance method with a sinusoidal current
the magnetic flux density: source

Us_rer = 444BLf [5e¢ [N, 4)  The majority of systems measuring magnetic properti

are based on the principle, presented in the pusvio

wheref is the frequency of the induced voltage. Th&ection, i.e. with a current through the primaryaing
advantage of this control approach is obvious. Ngme the core is magnetized in a way causing a sinukoida
to detect the two basic magnetic quantities insh&d induced voltage in the secondary winding. This
simple way, it is sufficient to measure only the 8M considerably simplifies the calculation of the loatsio
values of the primary current and the secondartagel magnetic parametersH( B). Besides knowing the
With the first measurement, which takes into actoumparameters of the tested core (mechanical dimesision
expression (1), the RMS value of the magnetic fielflling factor), only the RMS values of the primary
strengthH is obtained. With the second measurementurrent and the secondary voltage should be medisure
the magnetic flux density (peak value!) in the ctie Much less known is the principle where the core is
given magnetic field strengtH caused by the primary magnetized with a sinusoidal primary current in abhi
currentlp is calculated (4). the voltage in the secondary winding is not (alyays

When there is more data needed to control the costusoidal. The disadvantage of this approach v#ools
quality (e.g. relative permeability, specific losse since the calculation of the two basic magnetic
residual magnetic flux density, coercitive magnéigtd quantities is more demanding, at least when cdiogla
strength, graphical representation of results,),etbe magnetic flux densityB. Instead of the simplified
measurement approach needs to be to some extered nexpression (4), only the basic relationship betwen
complex. The solution is in using a microcontrolleinduced voltage and the magnetic flux density @) c
system which besides calculating the referenceevafu be used. When using the first approach, the basic
the secondary induced voltage and performinthagnetic properties (magnetic field strength and
measurements of the primary current and the secpndanagnetic flux density) can be determined with no
voltage also calculates other magnetic paramefetgeo microcontroller support, which is not the case when
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Figure 3. Block diagram of a measurement system.

using the second approach. However, with sommagnetizing current (often in excess of several mp

restrictions, it is still possible to perform mesmments which the majority of impedance meters are not blpa

of the magnetic properties sufficiently well everto deliver. As a consequence, the number of winding

without using a microcontroller or complex calcidas turns should be chosen according to the impedance

and therefore still using a simplified relationship meter output current capability.

calculate the magnetic flux density. When measuring the complex impedance of the
The measuring principle based on a standardizednding, the winding resistance measured at DC

procedure for measuring ac or complex permeabilitgxcitation should be subtracted from the resultthe

using the sinusoidal excitation current [2] will benext step, a corrected value of complex impedahge

described below. The principle can be used to nreastis obtained:

permeability in the range from the very low to medi

magnetic flux densities, where the material staots Zeow =Rs + jXg, (5)

exhibit magnetic saturation. The numerical resolts

relative permeability obtained by using this metlsod or written in the phase anglg)(notation:

slightly lower compared to results when the core is

exposed to a sinusoidal magnetic flux density. Heawe

the second method is far superior in terms of Zeor =

accessibility of the measuring equipment. Namety, f

this purpose, a variety of commercially availableHaving the data of the corrected complex impedance

impedance meters can be used. Another benefisisaal and phase angle, we can now calculate the absolute

more simple integration of DUT into the measuringzalue of complex permeability; and its components

circuit,_ si_nce the measuripg principle is based).lom (ﬂé and /Ig) _ all notations are valid for a serial

one winding (Fig. 4). In this way, the tested coiith a

single winding is actually treated as a coil withison

core. While forcing a sinusoidal current (50 Hz)ptigh

|Zeon| &7 . (6)

equivalent circuit [6]:

the winding, the complex impedance of the coil is |,ur|_,/,uS +,uS

measured. @)
To achieve an appropriate density of the magnetic #'Sz Ls (8)

flux in the core, a relatively large magnetizingremt is 4 N2 See

needed. Its value depends on the number of theapyim O e

turns and the core size, as seen from(1l). Here, a Rs

compromise between the number of winding turns and ts = (9)

the required current should be made. For a simple ayON2 SFE

integration of DUT into the circuit, a small numbefr e

winding turns is desirable. This results in a highe



A COMPARISONOFMEASUREMENTPROCEDURE$ORSOFT-MAGNETICWOUND CORECHARACTERISATION 51

Since the magnetizing current used to magnetize thige maximum magnetic field strength) down to zero.
core was sinusoidal, the magnetic flux densitytia t The demagnetization routine completed, a complex
core is also sinusoidal or nearly sinusoidal astié@@the impedance measurement started while gradually
lower magnetization range where the material is fancreasing the magnetizing current up to the vaha
from being magnetically saturated. This permitstaus corresponds to the magnetic field strength of
use expression (4) to calculate magnetic flux ez H = 30 A/m. All calculations and graphical preseiatat

in a similar way as in the previous section. of measurement results were carried out in the user
If the RMS value of the magnetizing current and thaterface (LabView) on a PC.

corrected value of the complex impedance are knowA, critical evaluation of the impedance method waent

then it is possible to calculate voltade performed by comparising the measurement resutts wi
the results obtained with the measurement procedure
U :|zc0”|[| , (10) explained in Section 3.1, which is based on a siiuias

secondary induced voltage (laboratory instrumentkMD
4]). Though the tested core is exposed to cetept
erent states when using the impedance methuoal, t
controlled quantity is the (magnetizing) currend arot
the induced (secondary) voltage; the measuringltsesu
at least in the lower part of the magnetizing curve
practically coincide with those obtained using MBK
instrument.
In the part below, we present results of compagativ
measurements of a toroidal wound core type 60/50/30
DUT (external and internal diameter and height of thie én

mm) with a filling factor of 0.95. The measurements
Figure 4. Measurement scheme using an impedan@.met  \are performed withNe = 35 turns and the winding
resistance ofRpc =74 n2. The number of primary
turns was chosen based on the maximum output d¢urren
of the impedance meter (200 mA) and the estimated
U magnetic field strength at a density of 1.6 T, vhior

. (11) the used core material is some 30 A/m.
4AA4LF [Se INp In Fig. 5, calculated magnetic flux densByusing the
impedance method (index WK) versus the magnetic

With the complex impedance, also apparent- andecti field strength (for the magnetizing current frorto0140

which is then used to calculate the peak value (%fff
magnetic flux densitf in the core.

GPIB-USB
LabView P

=

impedance
meter

After rearrangement of (4), one can calculate tbakp
value of the magnetic flux density in the core:

B=

power losses can be determined: mA) is given. The same figure also shows the curve
with measurement results obtained with the MDK
5=|2q]zc0”|, (12) instrument. As seen, the measurement results are

practically identical in the lower part of the magaing
5 curve, i.e. up to the value of the magnetic fidlersgth
P=12[Z | Eosp . (13) of some H=15A/m. From that point on, the
measurement results start to differ, since the rnadhtes
approaching magnetic saturation. Although the dsre
4 EXPERIMENTAL RESULTS magnetized with a sinusoidal current, the measured
voltage is no longer sinusoidal (the meter actually

o measures the RMS voltage at a given current am the
The presented method for characterization of softqculates and displays the value of the complex

magnetic wound cores was evaluated by using gRnedance!). Of course, from here on the basic

impedance meter (Precision Magnetics Analyseggqmption that justifies such measurement of magne
Wayne Kerr 32608, [7]) equipped with @ GPIB-USB,oherties is no longer fulfilled and all the caétions
interface. With the latter allowed for an automated o wrong.

measurement procedure using the LabView applicatiqf ig. g and 7, the calculated results for spegfiwer
software on the supervising PC. dissipation (W/kg or VA/kg) for different levels abre
Before starting the measurements, the tested ca® Wnagnetization are given. Like in Fig. 5, results fioe
demagnetized in order to eliminate the impact of anyyg measurement methods are displayed (indices WK

previous magnetization or incorrectly performedyng \MDK). From these two figures, too, one can see
measurement. This was made with a special rouiae t 1,41 the calculated results for specific power igiston

gradually decreased the output current (at a freqwief i, the Jower part of the magnetizing curve are

50 Hz) of the impedance meter from the preset valyg,mpletely identical for both measuring procedures.
(calculated using (1) according to the expectede/alf
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Figure 5. Magnetic flux density vs. magnetic fistdength.
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Figure 6. Specific losses (active power) vs. magnfld
strength.

magnetic properties of cores are required, but in
limited area, only in the lower part of the matkria
magnetizing curve. Of course, the key question lere
up to which value of the magnetic field strength tae

thus obtained measurement results be trusted. Tt
particularly applies to cases with no measuremel
system enabling a comparative measurement or tl
instrument available, indicating that the matensl

already in the magnetically saturated. Based on tt
analysis of several types of wound cores, a goc
indicator of the useful measuring range of the wetis

the complex impedance itself. Its
representation as a function of the magnetizatioreat
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Figure 7. Specific apparent-power losses vs. magrtiietid
strength.
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] ) Figure 8. Complex impedance vs. magnetic fieldnsfite.
The impedance measurement can thus be implemented

even when more demanding measurements of thi,
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or magnetic field strength (Fig.8) always has a

relatively distinct maximum. With the maximum ofeth
complex impedance we therefore get the upper it
the magnetic field strength to which we can trimt t
measurement results — the same applies also tuagie
principle of a complex permeability measurement [2]
The calculated results of complex permeability afid
its two components as a function of the magnegtdfi
strength are given in Fig. 9. Again, a relativeigtitict
maximum of complex permeability appears at th
magnetic field strengths that are the same asercdise
of the complex impedance depicted in Fig. 8.

The paper presents and compares two approaches to
measuring magnetic properties of soft-magnetic wioun
cores. The purpose of having them compared is ynostl
to find out whether it is possible to conduct a enor
sophisticated measurement of the magnetic propertie
gvith commercially available measurement equipment
and whether such results are comparable with sesfilt
standardized measurement procedures.

5,00 10,00

15,00

20,00
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graphicaFigure 9. Complex permeability and their componevis
magnetic field strength.

5 CONCLUSION
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The basic advantage of the first approach is by dlhe fact that the measurement approach does gt ful
means the sinusoidal secondary induced voltagemply with the standard, and because of some
enabling a considerable simplification of the cldtion  simplification, it can therefore not be used in fival
of the magnetic flux density in the core for a give quality control of products, but only as a tool fapid
degree of magnetization. In principle, the datauabomonitoring during the production process.
magnetic field strengtil and magnetic flux densit
can be obtained indirectly by measuring the RM$Siesl
of the primary current and the secondary voltage (i
already with two RMS instruments). We find the araj
disadvantage to be a relatively complex power stade this paper, some of the presented results were
delivering an adequate magnetizing current, sifee tobtained in the frame of a post-graduate study
control scheme must contain a negative feedback loprogramme that was partially supported by the
of the induced voltage. When measuring magnetidungarian Scholarship Boar(HSB).
properties of toroidal cores, a particular attemsdiould
be paid to integration of the core in the test wiirc REEERENCES
Taking into account the shape of the core, whickery

unpractical for being mounted in the measurin . .
] International standard IEC 404-2, “Methods of measient of

W'_nd'ngs' it is clear desirable that the number magnetic, electrical and physical properties of netig sheet and

primary and secondary turns should be kept as ®w a strip.”

possible. This in turn implies that the power stagest [2] M. Petkoviek, P. Zajec, D. Véina, J. Nastran, “Soft-Magnetic

provide a re|ative|y |arge (primary) current. And o Ri?g Core Measuring SystemElectrotechnical Review2002,
: . 69, no. 3-4, pp. 186-190.

course, with a small number of secondary turns, the Y©

g d it i th d indi y hi', 'T?] ASTM A772 A772M-00(2005) Standard Test Method fo€ A

Induced voltage In the Secor_‘ er winding Is re&yv Magnetic Permeability of Materials Using Sinusoi@alrrent.

small, too. These charapterlstlcs of the measurqu_m] G. Modrijan, M. Petkoviek, P. Zajec, D. \ima, “Precise

approach therefore require the use of a custont-buil characterization of soft-magnetic materials at hggituration,”

microcontroller measuring system, which usually Inf. MIDEM, jun. 2006, vol. 36, no. 2, pp. 95-101.

includes a Supervisory computer with an approprial[é] G. Modrijan, M. Petkovsek, P. Zajec, D. \toma, “Precision B-H

. ; . analyser with low THD secondary induced voltagéZEE Tr.
user interface for setting up the required measergm Ind.)I/EIectron Jan. 2008, pp. 364_3)/70. o

conditions, graphical representation of measuremej r. Boll, “Soft Magnetic Materials,"Vacuumschmelze Gmbh
results and their printing and archiving. Berlin, 1978

With the second approach (sinusoidal magnetizingl www.waynekerrtest.com
current), the power stage is in principle more $enfor
being sufficient to use an appropriate (currentcip!)
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reaches its maximum. Despite some notable advasitage

of the presented impedance method, we can notegnor



