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Introduction

The mean area of rotating magnetic field applications is
design of electrical machines. But it can be use for
technological purposes, too, and the area of successfully
applications of rotating magnetic field enlarges continually
in the last time. There is very large area: sewage treatment,
crystalography, granulation, medical  diagnostics,
pharmacological industry and other [1-3]. The rotating
magnetic field activates the useful technological processes.
We name the active zone a zone in which the technological
processes proceed under the influence of rotating magnetic
field.
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Fig. 1. The inductor of rotating magnetic field

The mean distinction between magnetic fields in
electrical machines and in technological devices is that the
air space is large in active zone of technological devices.
The magnetic field of technological devices is non-
uniform, the considerable influence to magnetic field
distribution has the shape of magnetic flux inductor. We
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investigate the influence of the three-phase exciting current
unbalance to the magnetic field distribution.

The problem formulation

We investigate the three-phase inductor of magnetic
field (see fig. 1). The axes of coils A, B and C are in the
plane z=0 which is perpendicular to active zone axis. They
are rotated one to other by angle 120°. The magnetic field
exciting coils are connected to the three-phase source: the
initial oscillation phase of coil A current is equal to 0, the
initial oscillation phase of coil B current is equal to -120°,
and the initial oscillation phase of coil C current is equal to
120°. The unbalance of source is evoked by non-equality of
coil current amplitudes. Let the amplitude of created by
coil A magnetic flux density be B, the amplitude of
created by coil B magnetic flux density be B,g=£B,, and
the amplitude of created by coil C magnetic flux density be
Brmc=1Bo- We suppose, that coefficients g and y are positive
and have values being in interva [0, 1]. The coefficients g
and y can be named as unbal ance coefficients.

The instantaneous values B,, Bg and B¢ of magnetic
flux densities created by coils A, B and C are:

By = Bysinat;

Bg = B, sin(wt —120°) =

= BBy (Sinwt cos120° — sin120° cosawt);
Bc =B, sin(wt +120°) =

= By (Sinwt cos120° + sin120° cosawt).
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We investigate the magnetic field on the plane z=0.
The vectors By, Bg and B¢ are directed along the axes 1, 2
and 3, correspondingly (see fig 1). Let express the
components B, and B of vectors B,, Bg and B¢ on the axes
x and y of coordinate system situated in the plane z=0. We
obtain:



=(Bg — B¢)cos30° =

_ BO[3(ﬂ+7/)cosa)t V3(B ~7)sinat];

2
By = Bp—(Bg + Bc)cos60° =

=%{[4+ (B +7)]sinat ++/3(8 — 7) coswt} .

The vector B=eB.+eB, express the value and
direction of magnetic flux density in any point of plane z=0
in any moment of time. The relative value of vector length
[B/Bo|is:

Bl iJBE +BS =
Bo| Bo
= (/9 yKo(B.7) + K1(B,7) cos2t + Ko (B.7)sin 2et,

where

3)

Ko(B,7)=8+4(B+7)+5(B+7)?, (4)
Ki(B,7)=4-[2—(B+7)(B+y -1, ©)
Ko(B,7) = 243-[2=(B+7)]-(B-7)- (6)

The angle between the vector B and axis X is p(at). It
can be expressed this way:

4+ (B+7) oot 5 V3 BV
(pzarctan(%)zarctan[ (B +y3/§ 3 B 7.
x 14+ 37t
3 B+y

When the system of exciting currents is balanced
B=r=1, Ku(B)=KoB.7)=0, B/Bp=3/2, ¢=y=cat. The
length of magnetic flux density vector is constant at any
moment, and the vector rotates about z axis with constant
angular rotation speed w. The vector length has timeless
component Kq(8,y) and periodical components with
amplitudes Ky(8,y) and Kx(8,y), when g=1 and (or) 1.
The length of vector B will vary dependently on angle ¢.
The vector rotates in this case, too, but the angular rotation
speed will be adternate.

The expression of rotation speed

The angular rotation speed Q2 of vector B can be
calculated by differentiation of expression (7):
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When »=p=1, Q=0. When p=£<1, the angular
rotation speed will be variable dependently on angular
position (see Table 1).

Table 1. The dependence of magnetic flux density vector angular
position ¢ on excitation current angular phase y of coil A, when

=B

w=wt | 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° | 90°

7=0,5 |16,4° [31,2° |43,9° |54,4° 63,3° |70,9° [77,7° |84,0° | 90°

y=0,2 |32,9° [53,2° 64,7° |72,0° [77,0° |81,1° [84,3° |87,2° | 90°

y=0,1 |51,0° |68,6° [76,1° |80,3° [83,2° |85,3° |87,0° |88,6° | 90°

We name theratio

k=2 9
0]
as coefficient of rotation speed non-uniformity. The
dependences k(y=at) for some values =y are presented in
Fig. 2. We can see that, when balance decreases (y,<<1),
the non-uniformity of rotation speed k can be 5 or more.
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Fig. 2. The dependences k(y), when y=p, for different values g
and y (b and gin figure legend)

In the case y=f tanp—o and tany— for the phase
values @=y=(2k+1)-90°. The dependence ¢(y) has the
mirror symmetry for y value intervals [0°, 90° and [90°,
180°] with respect to y=90°. The average k value of
rotation speed non-uniformity is equal to one: k=1 for
every 1/2 period, i.e., for phase y variation Ay=180°.

When y£p, tang—oo for the phase values w=#90°. In
coordinate system S, 7, v the discontinuity surface can be
computed of equality

(10)

This equality will be satisfy, when

V3(r/B+1)
y/B-1

r/2<tany <,

O<tany <7x/2,

tany =

Bzy,. (11)

pB<y.

The dependences ¢(y) for some values y and 5, when
y£[3, are presented in Table 2. Working out of expression
(9), in respect of ratio ¥/ we obtain:




L:M_ (12)
B tany —\/§

We can identify of this equality the interval of
values for which the discontinuity tggp—o is possible. The
ratio ¥/ is always positive. Therefore, the equality (12)
will be satisfy, when [tany/| > V3. The last inequality will
be satisfy for 90°>y>60°, if p<y, and for 90°<y<120°, if
p>y.

Table 2. The dependence of magnetic flux density vector angular
position ¢ on exciting current initial phase v of coil A, when

P,

v 10° | 20° | 30° | 40° | 50° | 60° |70° |80° | 9C°

¥p=0,8/0,6 | 8,3°|21,7°|34,7°|47,0°|58,1°|68,2°| 77,4°/85,8°

93,7

¥p=0,5/0,1 | 4,0 |32,4°|54,5°|69,0°|78,5°|85,3°| 90,5°94,8°

98,61

¥$=0,2/0,8 |31,1940,2° |47,5°| 53,5°|58,8° |63,7°| 68,4°| 73,2°

78,3

¥/=0,1/0,3 |41,7|55,8 | 64,1 69,7739 |77,3| 80,2|82,9

85,5

100°|110° | 120° | 130° | 140° | 150° | 160°| 170°

"4

180°

¥/$=0,8/0,6 [101,2108,7116,3|124,2|132,6/141,8{151,9 163

1753

7/=0,5/0,1 102,1)105,5|109,1{113,0{117,6{123,3|130,9142,0

1584

7/3=0,2/0,8 |84,0| 90,7 | 99,0 |109,7|124,0/142,4/163,4 3,2

19,1

7/=0,1/0,3 |88,2| 91,2 | 94,7 | 99,1 |105,2|114,5/130,6159,4

16,1

The dependences of rotation speed non-uniformity
coefficient k(y) for some values ratio y/5 are presented in
Fig. 3.

—x—g/b=1/1

Q \\) N N
" © NS

psi, degrees

Fig. 3. The dependence of rotation speed non-uniformity
coefficient k() for some valuesratio /S (g/b in figure legend)

The dependence of magnetic flux density value on non-
balance of exciting three-phase current

The expression (3) will bereal for any values at when
B and y are positive. We can express the average relative

valuei

[Bo

of vector B thisway:

2
“1|B

B|_ 1177
Bo| |T316/B,

:m:‘l‘\/8+4(ﬁ+y)+5(ﬂ+y)2-

-
1 .
dt = :LGT.E(KO+KlS|n2a)t+K2 cos2at)t =

(13)
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Fig. 4. The dependences of relative value B/By on non-balance
coefficients g and y for the values ¢ = wt : @) 0° b) 22,5° c)

45°,d) 67,5°

8]

Using MATLAB we investigate the variation of

in the half of period varying the values § and y in limits



[0,1-1] and choosing the values p=at 0, 22,5°, 45° and magnetic flux density vector varies periodicaly

67,5°. between limits which depend on non-balance
The obtained results are presented in Fig. 4. The values of coefficients. The vector will rotate, but the rotation
coefficients Ko, K; and K,, vary in large limits, but the speed will be non-uniform.

|B| _ _ 2. The average rotation speed for every half rotation
value g varies uniformly and weekly depends on three- period will be the same as in the balance case

independently on non-balance coefficients values.

| -
phase non-balance. When y=p=1, g=1,5- Vaying  peferences
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1. When the components of magnetic flux created by
particular coils of three-phase current source are
non-balanced, the value and angular speed of

O. Romaskevigius, M Siozinys, J.A.Virbalis. The Influence of Exciting Current Unbalance to Parameters of Magnetic Field //
Electronics and Electrical Engineering. — Kaunas: Technologija, 2008. — No. 3(83). — P. 85-88.

The rotating magnetic field which is created in a vide space is investigated. It can be used for any technological applications .The
total magnetic field created by three exciting coils with angles between axes equal to 120°is analyzed. The exciting coils are connected
to three-phase current source. The amplitudes of particular phases currents are not equal. The expressions are obtained for computation
of magnetic flux density vector length and position in the plane, perpendicular to rotation axis in any moment. The values of magnetic
flux density length and rotating velocity vary periodically in the time. The variation limits depend on the unbalance coefficients. The
rotation will be non-uniform, but the mean value of rotation speed along the any half of period will be equal to rotation speed in the
balance case. I11. 4, bibl. 3. (in English; summariesin English, Russian and Lithuanian).

O. PomamxksaBuuioc, M. Iuoxkunuc, FO. A Bup6amuc. Bamsinme accuMMeTpum BO30Y:KIAIOIIEr0 TOKAa HA MapaMeTPhI
BPAILIAIOIIEr0Cs MATHUTHOTO 110JIs // DJIEKTPOHUKA M dJ1eKkTpoTexHuka. — Kaynac: TexHosorus, 2008. — Ne 3(83). — C. 85-88.

Hccnenyercst Bpamaromeecss MarHUTHOE TI0JI€, CO3JJaHHOE B IIPOCTPAHCTBE, B KOTOPOM OTCYTCBYIOT MarHUTHBIC MaTepHalbL. |aKoe
MarHWTHOE I10JIe NPHUMEHSETCS Ul Pa3iIMYHBIX TEXHOJOTMYecKHX nened. Mccnmenyrorest mapamMeTpsl CyMMapHOTO MarHHTHOTO ITOJI,
CO3/IaBAEMOTO TPEMSI KATYIIKAMH, OCH KOTOPBIX CIBHHYTHI OJHA OTHOCHTENBHO Apyrod Ha 120°. KaTymku nutaroTcs Tpex(pasHbIM
TOKOM, HO aMIUTUTYABI TOKA OTACIBHBIX (ha3 SBILIFOTCS HCOAWHAKOBBIMH. [10JIydeHBI BBIpaKEHHMS, TO3BOJIIONINE PACCUUTATh IIHHY
BEKTOpa IUIOTHOCTH MarHUTHOTO ITIOTOKA M €r0 MOJIOKEHHE B INIOCKOCTH, IEPHEHAMKYISIPHOH K OCH BpAIlEHHs, B JIIOOOH MOMEHT
BpPEMEHH. Y CTaHOBJICHO, YTO MOAYJb ¥ CKOPOCTh BPAIIEHUS IUNIOTHOCTH CyMMapHOTO MarHHUTHOTO IOTOKAa BO BPEMEHHU HMEPHOIMICCKI
MEHSIIOTCS B TIPEZeNax, 3aBUCAIINX OT K0P (UIMEHTOB acCuMeTpui. MarHUTHOE I10JIe BPAIaeTcst, HO CKOPOCTh BPAIlCHUS] CTAHOBUTCS
HeomHOpoAHBIM. CpetHee 3a Kax/[ble MTOJIIIepHoIa 3HaYeHHe CKOPOCTH BPAIIEHHST OCTASTCSl TAKUM XKe, KaK U B CIIlydae CUMMETPHUYHOTO
B0O30yxatomiero Toka. M. 4, 6ubi. 3. (Ha IMTOBCKOM si3bIKe; pedpeparhl Ha aHTITHHCKOM, PYCCKOM U JIMTOBCKOM 513.).

0. Romaskevigius, M. Siozinys, J. A.Virbalis. Zadinimo srovés nesimetrijos jtaka sukamojo magnetinio lauko parametrams //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 3(83). — P. 85-88.

Nagringjamas sukamasis magnetinis laukas, sukurtas erdvéje, neturincioje feromagnetiniy medziagu. Toks laukas gali buti
naudojamas jvairioms technologinéms reikméms. Tiriama, kaip keic¢iasi suminio magnetinio lauko parametrai, jei magnetini lauka
sukuria trys rités, kuriy asys pasuktos viena kitos atzvilgiu 120°. Jos maitinamos trifaze srove, kurios amplitudés nevienodos. Gautos
israiskos, leidziancios apskaiciuoti magnetinio srauto tankio vektoriaus moduli ir padéti plokstumoje, statmenoje sukimosi asiai bet
kuriuo laiko momentu. Nustatyta, kad magnetinio srauto tankio vektoriaus modulio ir kampinio daznio vertés laike periodiskai kinta tam
tikrose ribose, priklausanciose nuo nesimetrijos koeficienty. Sukimasis islieka, taciau jo greitis tampa netolygus. Nepriklausomai nuo
nesimetrijos koeficienty dydzio vidutinis sukimosi greitis per pusg periodo islieka nepakites. II. 4, bibl. 3. (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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