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Introduction

The use of the rotating magnetic field for technological
purposes enlarges in the latter years. There is very wide
area: sewage treatment, oilfield and petrochemistry, the
crushing of different materials, pharmacological industry,
food industry, production of cosmetic, chemical industry
and other [1]. We name the processing of different
materials by rotating magnetic field as process activating
and the area in which the process activating performs as
active zone.

The some concentration of ferromagnetic materials is
used frequently in the active zone. It is named as vortex
layer because there is proceeded intensive movement of the
magnetic particles in different directions.

The electric machine stator is used usually for magnetic
field creation in the process activating unit. It is not
optimal solution with respect to the power consumption
and the request to the field distribution.

The requests to the rotating magnetic field inductor are
different in the process activating units used for different
purposes. But there are some properties of technological
rotating magnetic field common for all inductors:

1. The active zone is created in the tube with diameter
not less then D=50-100 mm, usually. Therefore the air gap
is very big.

2. The magnetic flux density equal to 0,1-0,2 T must be
created in this air gap. The considerable power for such
magnetic field excitation is needed and solely the three-
phase inductors are used [1].

3. The uniform value of the magnetic flux density is
desirable in the all active zone. It is particularly important
for process activating units without the vortex
ferromagnetic layer. Such units can be used in the
pharmacological industry, food industry, production of
cosmetic, chemical industry, for creation of new material
properties and other.

The problems of uniform rotating magnetic field
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creation are analyzed in [2] —[4]. Because the air gap
bigness it is impossible to create uniform magnetic field in
all air gap. The needed uniformity of field can be obtained
narrowing down the active zone bounds.

The vortex ferromagnetic layer is strong factor of
magnetic field action unification. Therefore, it is not
essential to create the uniform magnetic field when
ferromagnetic vortex layer is used.

The important influence to uniformity and intensity of
field created by technological rotating magnetic field
inductor has the shape and magnetic properties of poles.
The rational choice of shape and dimensions of poles
allows the electric power consumption needed for creation
of necessary magnetic flux density in the active zone to
diminish.

Investigation of influence of poles dimensions in the
circumferential direction

The modeling using JMAG program package was
performed. The investigated design is showed in Fig. 1.
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Fig. 1. The view of the upper half-plane of the magnetic field
inductor cross-section



The inductor of 6 poles with uniformly arranged
windings was modeled. The parameters of every winding
were: N=1250, R=13 Q. These windings were connected to
the current sources with amplitude equal to I,=3 A.

The 2D problem was performed in the cylindrical
coordinate system. There was investigated the magnetic
field distribution in the active zone for three different poles
dimensions in the circumferential direction: for the non-
salient poles, when the length of poles in the
circumferential direction by is equal to the diameter of core
of excitation winding de, i.e., the ratio S=by/d.=1, for the
middle length poles, when the ratio S=b,/d.=2,17 and for
the maximal length poles, when S=b,/d.=3,5.

The modeling result was rotating magnetic field, the
mean values of which vary depending on relative active
zone diameter D/D, (D, —distance between the contrary
poles) in limits between B, and By,.x. The obtained results
were processed for comparison the magnetic flux density B
deviation from its value By in the active zone center. The
value B, was calculated, as the mean value of the magnetic
flux density inside cylinder D/D,=0,2 by expression

Bmax0,2 + Bmino,2

B —
0 2

(1)

The relative deviation ¢ of magnetic flux density in
every relative cylinder was calculated by expressions
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The obtained results are presented in table 1.

Table 1. The maximal and minimal values of magnetic flux
density in the active zone cylinder, limited by relative diameter
D/D,

Non-salient poles
Bmin-
1077
1,351
1,336
1,310
1,244
1,127
0,844
0,520

Middle poles Maximal poles
Bmin®
10T
1,962
1,934
1,879
1,742
1,444
1,056

0,535

D/D,,

mm

Brmin-
10T
1,750
1,727
1,676
1,569
1,259
0,881
0,533

Bmax-
10T
1,972
1,994
2,045
2,174
2,453
3,115
4,770

Bmax-
10T
1,760
1,784
1,839
1,957
2,205
2,646
3,654

Brax-
10T
1,355
1,369
1,401
1,466
1,598
1,832
2,300

% % A%

0,2
0,3
0,4
0,5
0,6
0,7
0,8

0,17
1,25
3,4
8,2
17,9
36,5
65,7

0,28
1,6
4,6
11,1
27,4
50,2
84,9

0,25
1,55
4,30
10,9
25,6
52,3
108

We can see that the strongest field is obtained using the
maximal length poles. In this case magnetic flux density
arises on the average 45%, comparing with non-salient
poles. Because the power consumption P is proportional to
the second power of current 1?and B~I, for creation of 1,45
time major magnetic flux density it is needed two times
major power. Therefore, we can two times diminish the
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power consumption by poles widening in circumferential
direction.

Unfortunately, the maximal deviation of magnetic flux
density was obtained using the maximal length poles. The
deviation arises especially near the poles. In the cylinder
with relative diameter D/D,=0,5 the deviation ¢ is not
exceeded of 11% for all dimensions of poles. But this
cylinder occupies only ¥ of maximal volume of the active
zone. The cylinder limited by relative diameter D/D,=0,7
occupies the half of the maximal volume, but the maximal
deviation of magnetic flux density arises to (36 — 52)%,
depending on the poles length.

Magnetic field distribution along the active zone axis

The 3D problem was modeled using JMAG program
package to clear the distribution of magnetic field along the
axis z. The modeled design is showed in Fig. 2. The
modeling was performed for maximal poles with
S=b,/d=3,5. The shape of pole was circle with diameter
dp=b,.

Windings
—

\

Fig. 2. The view of modeled design in zx plane and the
magnetic field distribution in the active zone

The distribution of the mean value B, of the magnetic
flux density inside the cylinder with relative diameter
D/Da=0,2 was investigated. There was accepted that the
relative permeability all magnetic materials z—o0. The
relative deviation ¢ of all values By in these cylinder was
not exceeded 0,4%.

The dependence of relative magnetic flux density value

B =By (z")/By(0) on the relative distance z'= Z )
(dp/2

is presented in Fig. 3. Axis z is directed along the active
zone axis. The origin z=0 is in the plane which contains
axes of the excitation windings.

We can see of Fig. 3 that the magnetic flux density on
the zone bounds diminishes not more than 5% when the



length of active zone I, is not exceeded the 0,7d,. When |,=
dp, the magnetic flux density on the zone bounds
diminishes to 11%. The raison of this diminution is the
magnetic field lines deflection (Fig. 2).
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Fig. 3. Relative variation of magnetic flux density along z axis

The possibility of active zone expansion along the axis

The poles length in circumferential direction is limited
by poles of other phases. But in the axial direction the
poles can be extended theoretically without restriction. If
we could warrant the constant difference of scalar magnetic
potentials on the poles we could be have approximately the
same magnetic flux density between the poles. Therefore
extending the poles we can extend the active zone of
device. We clear restrictions of such expansion
investigating the equivalent electric schema of the magnetic
circuit, showed in the Fig. 4.

@y Rmnc
g yo. ¥ P
U mc U
ma Rmper
F Rima
I |

Fig. 4. The equivalent electric circuit of the magnetic flux
distribution

The simplified circuit is presented in Fig. 4 supposing
that poles are made of the ferromagnetic material with
relative permeability u,—oo. In this figure there are
presented R, — the total magnetic resistance of excitation
windings core and magnetic screen, R, — the magnetic
resistance of active zone, Rmper — Magnetic resistance to
peripheral flux @, which is situated outside active zone.
The peripheral flux @, was equal to 12% of total flux @
by modeling results of design, showed in Fig. 2. The ratio
@,/ @5 can vary minutely extending the poles in z direction.
The flux of active zone @, is generated by all area of poles
and the peripheral flux is generated on the poles perimeter.
But the poles area and perimeter are varied proportional in

19

this case. The magnetic resistances R,. and R, can be
expressed as

R = ’
" Spr o

Q)

where | — the mean length of the magnetic line; S — the area

of cross-section of investigated part of magnetic circuit; p,

— the relative permeability; pp — magnetic constant.
Expressing magnetic flux @, in the active zone

QaZBaSp:Uma/ Rma (6)

and evaluating (5), where I=l,, 4=1, S=S;, we can assure,
that in active zone the magnetic flux density B, is not
depended on poles area Sp, when magnetic voltage Up, is
constant

Ba _ /UOU ma (7)

la

Before the poles area S, are not big the fall of magnetic
voltage U, in magnetic resistance R, can not be
evaluated. All voltage U,,= F acts in the magnetic
resistance R, i.€., in the active zone. With arising of poles
area S, the magnetic resistance R, decreases but the
magnetic resistance R, rests the same and the fall of
magnetic voltage U,,. becomes meaningful. For example, in
the design, showed in Fig. 1 and 2, when radius of active
zone is R,;=50mm and the pole length along axis z
1,=100mm, the ratio Rs/Rme=(0,05-0,1) x;. Therefore if we
want that the B, could be not decrease meaningful the
condition x,>1000 must be content.
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Fig. 5. Dividing of pole magnetic resistance and active zone
magnetic conductance into elementary elements (a) and its
equivalent electric circuit (b)

When the pole is thin its magnetic resistance can have
the influence on the magnetic field distribution. We can
evaluate this influence using the theory of distributed-
parameter line. Let the magnetic flux @, inside pole be
directed along z axis and the part d@, be branched into
active zone in every length element dz. Let the flux d @, be
directed along axis x. For every element dz we can express



the elementary magnetic conductance of the active zone
dAn. and the elementary magnetic resistance of the pole
dRmp, evaluating that there are two poles (Fig. 6, &)

ds b
dA g :%:%dz:Amaodz, (8)
a a
ARy = 2dz 2 42=Rppotz, (9)

HrpHoSp :urp/“thb

where A, — magnetic conductance of a unit of active zone
length; Rmpo — magnetic resistance of a unit of pole length

1
®=dy e Vﬂrp(hp/zz)(ha/z). (16)

Using this equation we can evaluate diminution of
magnetic field and choose the design and materials of
inductor. For example when h,=100mm, h,=2mm,
1=1000, on the distance z=100mm we obtain @=0,74 .
Therefore, the flux diminishes 26% in the zone bound.
Changing ,,=1000 to £4,=10000 we obtain@=0,9@;. The
flux diminishes 10%. If we will thicken the poles the
diminution of field will decrease.

along axis z

b Conclusions
Amaoz%' (10) 1 Th . . o
a . The magnetic field we can increase average 45%
2 extending poles in circumferential direction.
I:Qmpoz—h- (11) 2. Elongating the poles along inductor axis we can
HrpHo pb

extend the active zone, but it is needed to thicken the poles

The equivalent electric circuit of the elementary and to increase its relative permeability.

elements of the active zone and poles of length dz is
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theory of distributed-parameter line. Elongating the poles along inductor axis the unit active zone can be extended, but the poles must be thickened and its
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VIHAYKTOp TEXHOJIOIMYECKOr0 BPAIIAOIIETOCS MATHUTHOTO IIOJIS OJDKCH CO3/aTh IUIOTHOCTH MarHuTHOro moroka 0,1-0,2 T B Gonbuiom Bo3ayIiHOM
npoMexyTke. OJHOPOAHOCTh M HMHTCHCHUBHOCTb CO3@HHOTO MOJS OYEHb 3aBHCHT OT TEOMETPHMH IOJIFOCOB WHIYKTOpa. BimsiHHe MarHUTHOTO
CONPOTUBICHHUS TOJIIOCA HA PANpPEICICHHHEe MAarHUTHOTO IIOJIS1 BJOJIb OCH MOXKHO OLICHWTB, [OJIb3YSICh TCOPUCH IJINHHOW JMHMH. SHAYCHUE IIOTHOCTH
MarHUTHOTO TIOTOKAa MOXXHO YBEIMYHTH B cpefHeM Ha 45%, pacummpsis monmoca B paJHajbHOM HANPABICHWH. Y UIMHSAS ITIONIOCA B HANpPAaBICHUH OCH
HHIYKTOPAa MOXXHO YUIMHHTH aKTHUBHYIO 30HY ycTpoiictBa. M. 5, 6ubn. 4, tabn. 1 (Ha aHrmmiickoM s3bike; pedepaTbl Ha aHIMICKOM, PYCCKOM H
JIATOBCKOM $13.).
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elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 5(101). — P. 17-20.

Technologinio sukamojo magnetinio lauko induktorius turi sukurti 0,1-0,2 T tankio magnetini srauta dideliame oro tarpe. Sukuriamo lauko
vienalytiskumas ir intensyvumas labai priklauso nuo induktoriaus poliy geometrijos. Viduting magnetinio srauto tankio vert¢ galima padidinti vidutiniskai
45 % pleciant polius radialine kryptimi. Poliy magnetinés varzos jtaka magnetinio lauko pasiskirstymui aSies kryptimi galima nustatyti remiantis
paskirstytyjy parametry linijy teorija. llginant polius aktyvinimo jrenginio a$ies kryptimi, galima praplésti jrenginio aktyviaja zona §ia kryptimi, tadiau
biitina storinti polius ir didinti jy santyking magneting skvarba. Il. 5, bibl. 4, lent. 1 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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