Scientfic Research of the Institute of Mathemaucs and Computer Science 3¢(11) 2412, §1-92

DC MAGNETIC FIELD GENERATOR WITH SPATIAL COILS
ARRANGEMENT

Adam Kozlowski, Stan Zurek’
EMagneto Lid., Odlevnihow 43, 422200 Czestochova, Poland

- Megger tnstriments Ltd, Avcheliffe Road, Dover, CTT7 9EN, United Kingdom
adam.koziowskiumagnetopl, stan curekwmegger.com

Abstract. This paper is dedicated to the effect of the number of excltation coils of a DC
magnetic field generator with magnetic core on uniformity of flux density in an air gap.
The advantages and drawbacks of the air gap surrounded by yoke elements with coils were
analysed.

Introduction

Many industrial or laboratory research processes require the presence of a mag-
netic ficld, for formation or measurement of magnetic propertics,

Permanent magnets are an easily accessible source ot a magnetic field. Espe-
cially widespread are necodymium magnets characterized by large values of energy
densities.

Just a single magnet is in fact a generator of a constant (DC) magnetic field.
One can make a more complicated construction of a magnetic field generator
(MFG) with a tew magnets as well as from magnets combined with a magnetic
core to increase the magnetic field strength in the volume of interest - often an air
gap. The mam benefit of MFG based on magnets is the gencration of a magnetic
iield without an energy supply. The drawback is the lack ol possibilily to regulate
and/or switch off the magnetic field.

Another MFG construction is a magnetic core with an air gap and excitation
windings or coils as sources of magnetomotive force (MMF). This solution ena-
bles full control of magnetic field strength in the air gap between two poles of the
magnelic circuit.

There are many configurations of electromagnetic field generators (EMFG).
They differ by arrangement of excitation coils, their quanticy and core shape. and
so on. As a novel design could be considered an EMFG characterized by a more
complex core design - with coil arrangement spatially. An analysis of results was
conducted on the basis of mcasurements carried out on a test model of such an
EMTEG with spatial coils arrangement in order 1o investigate uscfulness of this kind
of generator for industrial and laboratory applications.
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Fig. 8. Coniiguration | with 2. 4 and 6 coils | 2]: @) magnetic ux density vs. number
of coils. by magoetic Tux density non-unitformity vs. number of coils

Analysis of the experimental results allows onc to draw the conglusion that the
spatial arrangement of excitation coils does not improve the uniformity of the
magnetic field in the air gap in the tested model of EMFG. Better uniformity was
obtained tor coils located directly on pole, which is in agreement with the known
designs of magnetic field generators {Fig. 10).
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Fig. 9. Configuration 2 with 2, 4 and 6 xide yokes [2]: a) mugnetic flux density vs. number

ol side yohes. b) magoctic {lux density non-uniformity vs. number of side yokes

The lower the number of coils on the side yokes. the quicker the saturation ol
the core comes into play (Fig. 8a). For the device structure with two side yokes
and two coils on these yokes. the average value of magnetic flux density in the air
gap was approximately 40 mT.

For configuration with four coils and vokes. the average value of magnetic flux
density in the air gap was approximately 65 mT. Only the structure with six coils
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where:

D) =@, = D= Oy = = D= Dy,
S - cross section of pole,

@ - magnetic {lux in each yoke.

The highest value of magnetic flux density in the air gap is obtained for six
coils on six side vokes - the magnetic flux in pole: 6-®y and the lowest magnetic
lux density is obtained for two coils on two side yokes - the magnetic flux in pole:
2-@®y. The smaller the number of side yokes with coils, the more the MMF of coils
should be increased, to compensate for the inequality 2dy < 6@y in such a way as
to obtain 2Py = 6y (the magnetic flux @y should be increased three times in
comparison 1o previous dy), The more the MMF is increased. the higher the flux
density in the side vokes leading eventually to the saturation. For this reason dit-
(erent values of magnetic Mux density are generated in the air gap for two, four and
six side vokes with coils (Fig. 8a). The side yokes are characterized by lower cross
section in comparison to the rest part of core, so the saturation firstly affects the
yokes.

Considering the configuration 2, the coils are located on pole pieces, which
have larger cross section area than side yokes (the reason why the saturation comes
later for them - larger S, lower | B| - formula (11)) and the coils generate the mag-

netic flux, which branches out into smaller lMuxes of side yokes, e.g. for six yokes:
D, =M, =M, =M, =0 =0, =<T)/6 (12)

Comparing the two device arrangements, [irst with coils on pole picees and two
side vokes. and second with two side vokes with two coils, the magnetic tlux in
side voke is smaller in the case of the first arrangement. The core of EMFG due to
the first arrangement does not suffer from saturation, generating magnetic flux
density 100 mT in the air gap (Fig. 9a).

In the case of coils located on side yokes. magnetomotive forces are connected
magnetically in parallel and cannot be simply summed. This is similar to an clee-
tric circuit with multiple identical parallel voltage sources - the total available
voltage is equal to the value of the single voltage source. This can be graphically
explained by cutting the hypothetical device into as many picees as there are side
sections. The excitation of each section works on its own cross-section area. but
the length of the air gap is the same for each such part, so it requires the same val-
ue of MMT, as given by equation (8).

But in the case of coils located on the pole pieces. their magnetomotive forces
are connected in series and can be summed. From that point of view such configu-
ration results in much higher clectromagnetic cfficicney.
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Conclusions

The test model of magnetic field generator with spatial arrangement of coils
made it possible to examine this type of construction, to be used in industrial ap-
plications. The modular construction enabled easy and quick device modification.
It offers flexibility for various device configurations, which can be an alternative
to computer simulations. complicated for 3-D arrangement, especially when mag-
netic saturation comes into play and accurate material data tor mechanically pro-
cessed parts might be difficult to obtain,

The location of excitation coils around the air gap have no positive influence
onto uniformity ol magnctic ficld. Parallel magnetic connection ol magnetomotive
torces requires energy consumption increased proportionally to the number of
section.

From the point of view of supply cnergy it is better o apply excitation coils
on pole pieces, due to better electromagnetic efficiency. Moreover the uniformity
of magnetic field is better in the regular device configuration. There is no need
(or multiple side yokes. They can be limited 10 two or even one picce. as long as
appropriate cross-section area of the magnetic circuit is provided. The construction
of a magnetic field generator with spatial coil arrangement can be limited to com-
monly known and actually used construction (Fig. 10).

The uniformity of magnetic flux in the air gap can be improved in other ways.
e.g. using tapered pole pieces [4] or application of magnetic concentrators, but this
matter will be a subject ol a separate paper.
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