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Introduction

Although application areas of linear induction motors
(LIM) and on it base designed linear electric drives expand
[1-6], LIM and linear electric drives are not mass-
produced, because every time LIM and linear electric
drives need to be adjusted to specific control equipment to
make linear electric drives more advanced then movement
produced by rotary asynchronous motor and connecting
links used to change rotary to linear motion. Therefore it is
necessary to design new LIM and produce new linear
electric drives for each application.

The force-speed characteristics of designed and
produced new LIM and linear electric drives frequently do
not fit the specification and they require some adjustment.
The industry automatics uses small power LIM widely
with linear force-speed characteristics.

There is evaluated [7] that this kind of motors has a
current asymmetry with an influence of the end effect at
low slip region it has different influence to force-speed
characteristic. And it can be said that LIM force-speed
characteristic crosses speed axis at synchronous speed
point.

Force-speed characteristic of LIM is determined by
two parameters: fixed synchronous speed and starting
force. Therefore, correction or regulation of LIM (in
cylindrical construction case — CLIM) starting force can be
adjusted in the way its static and dynamic characteristics
corresponds designed.

Adjustment of cylindrical construction linear induction
motor (CLIM) starting force

Linear electric drives with CLIM (Fig. 1) work in
short-time duty and power indexes (inductor current
intensity, power and efficiency coefficient are secondary
factors). Therefore, starting force of CLIM can be
corrected with untraditional method — by creating phase
asymmetry with CLIM connected in specific method.

Assuming short time duty mode of CLIM it’s starting
force can be varied in this way [8]: a) by changing polarity
of one coil of CLIM phase winding; b) by changing
polarity of two coils connected to different phase

21

windings; c¢) by changing polarity of all three marginal
coils connected to different phase windings (to intercross
the ends of these coils); d) to intercross ends of two coils in
one phase and change polarity of one coil in the other two
phases; to shorten marginal coil of one phase winding; f) to
disconnect one coil from a phase winding.
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Fig. 1. Construction of CLIM: 1 — magnet of inductor; 2 —
winding coil; 3 — LIM secondary element; 4 — core

Connection of coils by: a, b, ¢, d decrease starting
force to: 0,841; 0,825; 0,81; 0,518, relative to starting force
obtained with normal connection of coils. The connections
of e, f increase starting force until relatively to 1,032 and
1,127.

The advantages of correction of CLIM starting force
when the drive works in short-term mode (switch,
breakers,) encourages analyzing other CLIM winding
connection methods (Fig. 2).

From Fig. 3 we can observe that new CLIP (Fig. 2.)
coil winding connection methods expands opportunities of
earlier analyzed methods.

Adjustment and control of starting force of flat
construction linear induction motors (LIM)

Starting force of flat construction LIM can be
adjusted with shifting magnetically double sided LIM with
respect to another LIM (Fig. 4).

For longitudinal shift (direction 6; Fig. 4 [9]) is also
equivalent discrete control available, while upper inductor
supply, who’s phase sequence is A B C, and bottom
inductor windings are connected to three phase voltage
supply, who’s phase sequence is B C A or C A B (Fig. 5).

Electrically and magnetically double sided LIM
starting force can be controlled while switching windings
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from parallel to serial or disconnecting one inductor
winding [10].
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Fig. 2. Connection diagrams of CLIM coil windings
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Fig. 3. Dependence of CLIM relative starting force to CLIM
coil winding connection diagrams (Fig. 2)

It appear from the analysis of low power LIM [10],
that after the disconnecting of one LIM winding when
distance between LIM inductors (not magnetical interval)
changes from 8 to 13 mm, LIM starting force decreases
2,066 times, it is around twice. This shows force created by
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two inductors be multiplied by 2 calculated electrically
one-sided or magnetically double-sided LIM starting
forces that mean we can use superposition low. This allows
us to calculate starting force of the LIM whose inductors
are shifted longitudinally to each other by vectorically
adding separate fluxes created by different inductors.
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Fig. 4. Starting force control methods of flat construction LIM: 1
— LIM inductor; 2 — LIM secondary element; 3, 5 — control of
starting force, while changing direction between inductors; 4 —
control, while shifting inductor traverse direction; 6 — control,
while shifting inductors longitudinally; 7 — control by tilting one
inductor with respect to the other; 8 — control by turning one
inductor with respect to other; v — direction of movement of LIM
secondary element

Work [3] presents expressions for LIM inductor
created force and magnetic flux in air-gap. After
reconstruction dependence of LIM starting force and flux
can be presented as:
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where m; — number of LIM inductor phases; a; and a, —
approximation coefficient; epy — magnetic number of
Reinolds of stopped LIM; ® — sum of magnetic flux; c; —
coefficient of LIM phase winding; f;y — phase frequency of
power supply; Xp1y — resistance of main inductance.

When magnetic flux is created by two inductors, flux
® in (1) corresponds to resultant flux, it depends on
inductor shift relative to each other or phase sequence (Fig.
5).

Fig. 6 shows fundamental evaluation of LIM resultant
flux when inductors are shifted with respect to each other
by third of pole step T, corresponds to 180°.

Theoretical and experimental characteristics of LIM
starting force dependence on inductor shift angle are
presented in Fig. 7. From the curves we can see that
calculation errors, increases LIM inductor supply voltage
because inductor magnetic circuit is finite length (Fig. 5)
and increased voltage strength’s leakage flux.

Then resultant flux can be expressed by formula:
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where @5 — sum of magnetic flux; @, — fluxes of separate
inductors; a — angle of inductors shifted with respect to
each other.

Fig. 6. Diagrams of LIM flux when LIM inductors are shifted
over third of the pole step
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Fig. 7. Theoretical and experimental LIM starting force
dependence on angle between shifted inductors
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Fig. 8. Experimental characteristics of starting force produced by
Fig 5. Control of TAV starting force, while changing phase LIM over the inductor shift, while one inductor supply voltage
sequence (a, b) and shifting inductors with respect to each other ~ Uas: Usc, Uca system, and phase sequence are changed
(c,d) —m— Upg, Ugc, Uca; == Upc, Uca, Upg; — A= Ucp,
Uas; Usc
Fig. 8 is experimental characteristics of starting force
produced by LIM over the inductor shift, while one These characteristics show that there are big control
inductor supply voltage Uag, Ugc, Uca System, and phase  opportunities of LIM starting force. For example, starting
sequence are changed: 1) Upg, Ugc, Uca; 2) Ugce, Uca, Ups;  force of LIM can be controlled by discrete method by
3) Uca, Ung; Ugc.
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A. J. Poska, Z. Savickiené, A. Slepikas. Control and Adjustment of Linear Induction Motor Starting Force // Electronics and
Electrical Engineering. — Kaunas: Technologija, 2010. — No. 2(98). — P. 21-24.

Methods of adjustment and control of small power tubular and flat construction linear induction motors starting force are
considered. Experimental results of starting force adjustment of short time duty cylindrical linear induction motor by disconnecting its
separate coils and combination of them are analysed. The theoretical and experimental results of electrically and magnetically double
sided flat linear induction motor starting force adjustment and control by shifting one inductor with respect other in the secondary
element movement direction and changing inductors supply voltage phase combinations. Ill. 8, bibl. 10 (in English; summaries in
English, Russian and Lithuanian).

A. 10. ITomika 3. CaBunkene, A. lllnsinukac. YnpapjieHue U HACTPOKa MyCKOBOI CHJIbI JIMHEIHbIX ACCHHXPOHHBIX ABUIaTe el
Il dnexTponuka u nekTporexnuka. — Kaynac: Texnosorus, 2010. — Ne 2(98). — P. 21-24.

AHanm3upyoTcs Crioco0b! YIIpaBiIeH:s! 1 HacTpOlKa ITyCKOBOH CHIIOW HU3KOCKOPOCTHBIX MAJOMOIIHBIX JIMHEHHBIX aCHHXPOHHBIX
msurateneit (JIAJl) mumuaaprdeckoil n miockoil koHcTpykumu (LUJTAJL U TTJIAJT). IlpuBeneHsl pe3yiabTaThl SKCHEPHMEHTAIBHOTO
HCCIIEe0BAaHNS BO3MOXKHOCTH W3MEHeHUs ITyckoBoi cwibl LIJIA /], mpeqHa3HaueHHBIX AU KPaTKOBPEMEHHOTO peXXuMa paboThl, MyTeM
BBIKITIOUEHHs OTAENBHBIX KaTyllek TpexdasHoit oOMoTku uHaykropa LIJIAJl. AHamu3upyloTcs pe3ynbTaThl SKCIEPUMEHTAIBHOTO U
TEOPETUYECKOTO HCCIENO0BAHHS CIIOCOOOB KOPPEKLIUH U YHNPABICHUS IyCKOBOW CHJIOH NIEKTPUYECKH M MATHUTHO - JBYXCTOPOHHETO
TUIA/l myTeM cMemieHHs: OIHOT0 HHIYKTOpa OTHOCHTENIFHO APYroTo B HANIPABICHHH JIBIKEHUS BTOpUYHOTO 3neMenTa [IJIAl u myrem
n3MeHeHust yepenaoBanus (a3 nutaromero Hampspkerns [IJIAJ]. Mn. 8, 6ubn. 10 (na aHriuiickoMm si3bike: pedeparsl Ha aHTTIHHCKOM,
PYCCKOM U JTUTOBCKOM $3.).

A. J. Poska, Z. Savickiené, A. glepikas. Tiesiaeigiy asinchroniniy varikliy paleidimo jégos valdymas ir reguliavimas //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 2(98). — P. 21-24.

Nagrinéjami cilindrinés ir ploks¢ios konstrukcijos mazos galios ir greiiy tiesiaeigiy asinchroniniy elektros varikliy (TAV: CTAV ir
PTAV) paleidimo jégos valdymo ir korekcijos budai. Pateikiami trumpalaikiam darbo rezimui skirty CTAV paleidimo jégos
koregavimo, i§jungiant trifazio CTAV atskiras rites ar ju derinius (kombinacijas), eksperimentinio tyrimo rezultatai. Analizuojami
elektriSkai ir magnetiSkai dvipusio PTAV paleidimo jégos korekcijos ir valdymo, perstumiant PTAV viena induktoriy kito atzvilgiu
antrinio elemento judéjimo kryptimi ir kei¢iant induktoriaus maitinimo itampy faziy kombinacijas teorinio ir eksperimentinio tyrimo
rezultatai. Il. 8, bibl. 10 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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