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Introduction

The main disadvantage of linear and arc induction
motors greatly limiting their wider usage in modern
technologies is the longitudinal and transverse edge effect
[1]. Due to their influence on the three — phase motors
there is formed inner electric and magnetic asymmetry.
Although such type of motors are integrated into the
symmetric network or are supplied power from the
symmetric three — phase source, but in redlity they are
dissymmetrical electromechanical energy converters. The
mentioned above asymmetry aggravates the calculation of
the characteristics of such converters and complicates the
implementation of microprocessors and computers to be
applied for their control [2].

The techniques for calculation linear, arc and liquid
metal magnet — hydrodynamic pumps [3, 4] were compiled
and applied long ago. Their inner asymmetry is not taken
into consideration but the assumption is made, that the
mentioned converters have to be aternating — current
supply from the symmetric three — phase current sourse.
The influence of the edges effects on such technologies is
evaluated by the brought in resistances of the resultant
scheme as well as by the coefficients of correction. The
data results of the experiments accumulated by some
authors [5, 6, 7] state that by powering these motors from
the symmetric source of the voltage, the obtained
calculation might give diversity of 30% varying from the
results received after having applied methods of
calculation.

The objective of the research is to investigate the
magnetic field structure of linear and arc motors to be as
inner asymmetry in oder to be able to predict possible
means and measures of its compensation.

Data of experimental motors

Some dipolar (p = 1,0) linear and arc motors have
been experimentally researched under a special testing —
bench with three non — ferrous secondary elements of
variable width: the width of the first element is 64 mm, the
second is 104 mm, the third is 104 mm, but with
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transversal gaps. Three — phase dipolar inductors differed
by the number of windings and the cross — section of the
wire, they have been alternating — current supply by
symmetric voltage sources of 50 Hz and 400 Hz frequency.

The diagram for connecting the windings of a three —
phase inductor when the number of dots per pole and
phaseisq=1,0, ispresented in Fig. 1.
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Fig.1. The scheme for connecting inductor windings. a— ais a
transversal axis of the inductor; b —is an open magnetic core; ¢ —
is direction of movement of the secondary element

Fig. 1 presents the phenomenon when the axis of the
medium winding W1 — W2 coincides with the transversal
axis of the inductor a — a. That is why its conductors are
located symmetrically in respect to the ends of the
magnetic core b. The symmetry axis of the winding U1 —
U2 in respect to the transversal axis a— a of the inductor is
shifted against the direction ¢ of movement of the
secondary element within 60 electric degrees. The third
winding V1 — V2 in respect to the transversal axisa—ais
shifted towards the direction c of the secondary element by
the same number of degrees.

Results of carried out tests

During the time of experimenting there were measured
phase voltages U,, U, U, and currents I, I, I, active



power P, starting power F and distribution of magnetic flux
density B; within the air gap along the longitudinal axis L

of the inductor. Then there were calculated complete
power S, relative power F/P and F/S and currents of
inverse sequence, using the technique of symmetric
components. The results of tests and calculations are
presented in Table 1, the curves of magnetic flux density
are presented in Fig. 2.
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Fig. 2. Magnetic flux density distribution within the air gap of the
motor when U = 200 V, 400 Hz and the secondary element I: 1 —
without the means of compensation; 2 —with a shortly connected
loop

The notes of Table 1 include the following markings:
WMC —isatest without using the means of compensation;
SC — is symmetrizing of electric circuit by applying
capacitors; SCL — are tests with a shortly connected loop.

The data of the tests indicate that the currents of the
inductor phases signify themselves by electric asymmetry
creating currents of the inverse sequence, the value of
which may comprise up to 10 — 30 % of the direct
sequence currents. When carrying out test No.7 (see Table
1.), to each phase of the inductor there were connected
capacitors of uneven capacity in series. This measure
completely deletes the currents of the inverse sequence but
it is unable to compensate the component of a fluctuacting
magnetic field.

Magnetic field smulation

In order to have a more vivid view on the inner

In a general case according to the law of energy
exchange the electromagnetic force of the motor may be
calculated in the following way:

AWy,

Fa = “ax (1)

where W,,— is magnetic field energy in the motor; x —isa

longitudinal coordinate of the motor.
On the other side the electromagnetic force of the

motor also depends on the angle 6 of the inductor turn in
respect to the axis perpendicular to its active zone:

Fy = kyyBACosy cosf ; 2

where K, —is the coefficient of the inductor winding; B —

is average value of the magnetic flux; A —is linear current
load of the inductor; y — is the angle of differences of

phases between the electromotive force of the secondary
element and of the current vectors.

(1) and (2) expressions indicate that electromagnetic
force depends not only on the magnetic field energy
created in the motor but on the magnetic flux density
distribution character in the air gap of the motor. That is
why in order to provide the optimum sine distribution of
the flux and reduce hazardous influence of the edges
effects it is required to investigate the structure of the
magnetic field of the motor.

In simulating magnetic field it is useful to make use of
the generalized value — magnetic vector potential :

A=A+ A + KA, (3)
where i, j, k — are the orts of Descartes system of

coordinates; Ay,, Ay, A, — are on the axes x, y, z of vector
potential projection.

The correspondence with two dimensional magnetic
field flux density B is based on the following dependence:

asymmetry of linear and arc motors it is necessary to carry B=rotA =i oA, j oA : 4
out the magnetic field simulation within the whole oy
magnetic circuit of the motor.
Table 1. Data of the tests and calculations
Test Voltage, Secondary Currents, [A] F/P, F/S, Currents of
No. frequence element I, Iy I, [N/KW] [N/kVA] inverse Notes
sequence, [%0]
1 | 0,99 0,74 0,97 51,4 14,2 19,2
2 220[V], ] 3,80 3,12 3,71 48,3 14.0 16,4 WMC
3 50 [HZ} 1] 3,22 2,61 3,05 54,5 18,4 15,2
4 | 4,81 3,75 4,83 10,2 4,14 15,9
5 200[V], 1] 7,20 5,79 7,10 9,10 4,14 12,1 WMC
6 400 [HZ7] Il 605 | 49 | 582 12,7 7,38 11,7
7 | 5,60 5,60 5,60 11,5 5,76 0 SC
8 200[V], | 4,70 3,90 4,70 10,1 4,34 11,1
9 400 [HZ] Il 7,10 6,22 7,24 9,45 4,44 11,7 SCL
10 11 6,10 5,02 5,55 13,2 7,62 11,7
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where A, isnorma component of the vector potential .

For the magnetic field smulation of motors there have
been used the software package Maxwell SV 9.0 of the
company ,,Ansoft”. The software has been compiled by
means of finite elements by attaching to certain geometric
forms on the computer their names and peculiarities. Fig. 3
present the models of magnetic circuit finite elements of
linear and arc motors.

b)

Fig. 3. Finite elements models of linear @) and arc b) motor with
two active zones

There was investigated the distribution of magnetic
flux lines in both types of motors under different
substances of inductor windings and the secondary element
as well as by changing the frequency of inductor current
and the size of the air gap. The results of simulation have
been presented in Fig. 4 and Fig. 5.

The principal of the compensation of the component
of edge effect and fluctuating magnetic field component in
such type of motors is based on the compilation of the
additional linkage at the ends of an open magnetic cores.

Conclusions

1. The experimental and simulation results indicate that
inner asymmetry of three phase linear and arc motors
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Fig. 4. Digtribution of magnetic flux lines in the linear motor,
when the secondary element is ferromagnetic and air gap is2 mm

Fig. 5. Distribution of magnetic flux lines in the arc motor, when
the substance of the secondary element is copper

powered from the sources of symmetric voltage
mainly depend on the number of terminals, type of
winding, frequency on the powered voltage and
substance of the secondary element as well as on the
design.

The amount of the electric asymmetry is evaluated by
the coefficient of asymmetry, which is expressed by
the ratio of reverse and linear sequence of the complex
amplitudes of inductor phase currents.

When trying to reduce inner asymmetry of motors
controlled by the valve converters in the canals of
separate phases of converter there are required the
controllers of current and voltage of variable
parameters and structure.

When compiling optimum control systems of linear
and arc motors, the application of all the measures of
asymmetry compensation mentioned in this article has
to be based on technology standards and economy
level.
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Issues concerning the experimenta investigation on linear and arc motors as well as their usage in mechatronic system are
discussed. The research proved that due to an open magnetic circuit in such type of motors there is formed inner electric and magnetic
asymmetry, exhibiting itself by causing different currents in the phases of an inductor and providing unequal concentration of magnetic
field in conformity with the longitudinal and transversal axes of the motor. The qualitative expression of such atype of asymmetry is
regarded as longitudinal and transverse edge effects phenomenon limiting the application possibilities of such kind of motors.

Experimentally there have been carried out the research on three dipolar linear and arc motors with secondary elements of different
width.The results of the experimental research were provided, when motors were aternating — current supply from symmetric voltage
sources of 50 Hz and 400 Hz frequency. For magnetic field simulation of alinear and arc motor there has been used software package
Maxwell SV 9.0 worked out by ,,Ansoft* company. There has also been investigated the distribution of magnetic flux lines in the motor
under the condition of different substances used for the secondary element and by changing the frequency of the current of the inductor
and the size of air gap. The results of the experimental research and modeling prove the structure of the magnetic field of motorsto be a
rather complicated one, for the analysis of which there are required new and sufficiently accurate mathematical models. The means and
measures for edges effects and asymmetry compensation are being discused. 11. 5, bibl. 7 (in English; summariesin English, Russian and
Lithuanian).

b. Kapamonac. HcciienoBanue 3J1eKTpUYecKoii 1 MATHUTHOH ACHMMeTPHM JIMHEHHBIX M IYTOBbIX ABUTaTes el // DIeKTPOHHKA
" j1ekTporexHuka. — Kaynac: Texnosorus, 2008. — Ne 1(81). — C. 61-64.

PaccMarpuBatoTcs BOIPOCHI 3KIEPUMEHTAIBHOTO MCCICAOBaHUS JIMHEHHBIX M JyrOBBIX JBHUrareieil, a Takke BOIPOCHI
HPUMEHEHHS UX B MEXaTPOHHBIX cucTeMax. [Toka3aHo, 4TO M3—3a OTKPBHITOH MAarHUTHOW LM B TAKOTO POJA JBUTaTeNsX 00pa3yeTcs
BHYTPCHHSS IEKTPUYECKass 1 MarHUTHAs aCHMMETPHs, KOTOpasi NPOSBIETCA PAa3HBIMU TOKaMH B (a3aX MHAYKTOpA U HEOAWHAKOBOIL
KOHI[EHTpane MarHUTHOTO IIOJIS 110 NPOJOJIBHOM M IONepedHol ocy aBurareis. KauecTBEHHBIM BBIpaKEHHEM TaKOi aCHMMETPUH
SIBJIAIOTCS MIPOJONBHBIA U TOIEpeuHbIil KpaeBble Y(P(EKTH], KOTOPHIE OrpaHUYMBAIOT NPUMEHEHHE 3THUX ABUTATENEHl B MEXaTPOHHBIX
CHCTEMax.

OKCIepUMEHTAIFHO OBUTH HCCIIENOBAHBl TPH JABYXIIOJIOCHBIC JIMHEHHBIE M JYrOBBIC ABUTATENHM C BTOPHYHBIMH 3JIEMEHTAMH
pasHOil 1wupuHbL [IpencraBneHsl pe3yiabTaTbhl IKCIEPUMEHTAIBHOTO MCCIIENOBaHUSA, KOIZa [BUrateld ObUIM 3allUTaHbl M3
CUMMETPUYHBIX UCTOYHUKOB HampspkeHus yactoroid 50 I'm u 400 T'u. [Ing MomenupoBaHMsS MAarHATHOTO IOJIS JIMHEHHOTO U yTOBOTO
aBurartess ObUT mpuMeHeH mporpammHbiid maker Maxwell SV 9.0 ¢upmsr ,,Ansoft”. HccienoBanock pacrpeneseHie MarHHTHBIX
CHJIOBBIX JIMHMH B JBUrartese IPH M3MEHEHHH YacCTOTHI MMUTAIOIIMX TOKOB MHJYKTOPA, BEIMYMHBI BO3MYIIHOTO 3a30pa U NP Pa3HBIX
MaTepHaiaXx BTOPHYHOTO 3JIEMEHTA. Pe3ynbTaThl HSKCIIEpUMEHTAILHOTO UCCIIEOBAHMS U MOJICITUPOBAHMS CBHIECTEIBCTBYIOT O CIIOXKHOI
CTPYKTYpEe MarHUTHOTO IOJIS, JJIS aHAIN3a KOTOPOH TpeOYIOTCsl HOBBIE U JIOCTATOYHO TOYHBIE MAaTeMaTHIECKHEe Mozenu. PaccMoTpeHs!
TaKoKe CIOCOOBI M CPEICTBA KOMIIEHCAUM aCHMMETPHH M KpaeBbIX d(pdexro. M. 5, 6ubn. 7 (Ha aHriamiickoM si3bIke; pedepaTsl Ha
QHTJIMHCKOM, PYCCKOM U JIATOBCKOM f13.).

B. Karaliinas. Tiesiaeigiy ir lankiniy varikliy elektrinés ir magnetinés asimetrijos tyrimas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2007. —Nr. 1(81). — P. 61-64.

Nagrinéjami tiesiagigiy ir lankiniu varikliy eksperimentinio tyrimo ir ju panaudojimo mechatroninése sistemose klausimai.
Parodyta, kad dél atviros magnetinés grandinés tokio tipo varikliuose susiformuoja vidiné elektriné ir magnetingé asimetrija,
pasireiskianti skirtingomis srovémis induktoriaus fazése ir nevienoda magnetinio lauko koncentracija pagal variklio isilgine ir skersing
aj. Tokios asimetrijos kokyhiné israiska yra isilginis ir skersinis krasty efektai, ribojantys Siu varikliu taikyma mechatroninése
sistemose.

Eksperimentiskai buvo tiriami trys dvipoliai tiesiagigiai ir lankiniai varikliai su skirtingo plocio antriniais elementais. Pateikti
eksperimentinio tyrimo rezultatai, kai varikliai buvo maitinami i 50 Hz ir 400 Hz daznio simetriniy jtampos sdtiniy. Tiesiagigio ir
lankinio variklio magnetiniam laukui modeliuoti buvo naudojamas ,,Ansoft” firmos programinis paketas ,Maxwell SV 9.0“. Buvo
tiriamas magnetinio srauto linijy pasiskirstymas variklyje, esant skirtingai antrinio elemento medziagai bel keic¢iant induktoriaus srovés
daznj ir oro tarpo dydi. Eksperimentinio tyrimo ir modeliavimo rezultatai byloja apie sudétinga magnetinio lauko struktira, kurios
analizei reikalingi nauji ir ganatikslis matematiniai modeliai. Taip pat aptariamos krasty efekty ir asimetrijos kompensavimo priemonés
ir budai. I1. 5, bibl. 7 (anglu kalba; santraukos angly, rusu ir lietuviy k.).



