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Introduction

Nowadays it is known a lot of different types of
linear induction motors (LIM) which are thoroughly
analysed in resource [1]. Most of the scientific researches
with linear induction motors were made when they worked
in the regime of a motor. The main results of such research
work are presented in [2 - 4] resources which could be
named as the fundamental LIM theory. There are some
attempts to join several aspects of the LIM theory into one
and that will give the possibility to fulfil the comparative
analyses of different types of LIM and to evaluate their
peculiarities. One of the ways to succeed in the solution of
this problem was the creation of the general LIM model [5,
6]. The main feature of the general LIM models that with
its help it is possible to make not only the comparative
analyses of the most types of LIM but also to find out the
optimal type of LIM with the required characteristics. The
use of such systematic methods make it possible to study
The LIM more widely in the aspect of general LIM theory
base.

The general LIM model is made of two flat inductors
between which a secondary element (SE) is placed. SE is a
ferromagnetic  strip which is covered with no
ferromagnetic layer from both sides that run the electric
current through. There is air space between the inductors
and the SE. The SE and its position between the inductors
coil be symmetrical and asymmetrical. That is why the
general LIM models are divided into symmetrical and
asymmetrical ones.

The air span between inductors in the symmetric
LIM is the same. The thickness of the no ferromagnetic
layer of the SE is equal along all the length. Such kind of
symmetric models are well studied by S.Yamamura and
other scientists and the results of their works are presented
in [2 - 4] resources.

The air gap length and the thickness of the no
ferromagnetic layer of the SE in the asymmetric LIM
model are different. This kind of asymmetric LIM model
is well presented in [5] the scientific resource.

The difference between symmetric and asymmetric
models is that the asymmetric model comparing with the

symmetric one is more general and gives wider possibility
for the research of different types of LIMs.

In both cases the LIMs are studied in static and the
final results are presented as static characteristics. The
LIM characteristics present the work of the motor in the
steady regime.

The idea of this scientific article is to study the force
of LIM operating along the x coordinate dependant on the
SE features and the position of the inductors with the help
of the general asymmetric model.

The technical features of the LIM used for the
research are given in table 1.

Table 1. Technical data of LIM

No. Title of the parameters |Marking| Value I:iﬁt}sl
1. Voltage U, 220 \Y
2. Network frequency f) 50 Hz
3. Number of phases m, 3 -
4, Number of coils Wy 960 -
S. Coefficient of windings Kap 1 -
6. Width of inductor 2¢ 0,1 m
7. Number of pair of poles p 4 -
8. Active resistance I 2,82 Q
9. Inductive resistance Xg1 5,96 Q
10. | Length of pole T 0,06 m
11. | Reynolds’s number € 1,2,3 -
12. | Reynolds’s number €3 1 -
13. | Magnetic permeability L3 10000 -
14. | Air gap length &y 0...50 mm
15. | SE thickness Ay 0...50 mm
16. SE thickness Ay 0...50 mm

The calculated characteristics are made for three
different no ferromagnetic SE at different Reynolds
number &,.

All the calculations were made using the Mathcad
2001 Professional software.

The dependence of the LIM force on the features of the
secondary element

The density of the equivalent layer of the current
which flow in the real windings (creating the same main



spatial harmonicas of magneto motive force) may be
expressed by the formula [3]:

3V2wky, .
pr

Jy= ()

where  w; — is the number of windings; kap — is the
coefficient of the winding; p — is the number of pole pairs;
7 —length of pole; 7} —is electric current.

The force of LIM is developed in the direction of x
expressed by the formulas [6]:
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where my, f;, @ — Uj is the number of phases of power
supply voltage, frequency and angular frequency; wy,

kap

coefficient of coil;

— is the number of windings of phase coil and the
2¢ — is the width of inductors;
Hy = 471077 H /m—is the magnetic permeability of void
n» X5~ are the active and dispersion resistances of
inductor winding; &), &3— are the Reynolds magnetic
numbers of nonmagnetic and magnetic SE layers; Lg— is

the value having the value of inductance, K, K NN ,
KNS are the complex coefficients, the inductance poles
of which are homonymous (NN) and (NS) are opposite.

In the Fig. 1 it is shown the force dependence on 6,
air gap length between inductors and the SE calculation
results, when A, the thickness of no ferromagnetic layer is
fixed and A; there is no magnetic layer.

Fig. 2 shows the graphics of the change of the force
dependant on A, the thickness of the no ferromagnetic
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layer, if the &, air gap is immutable and the A; layer is
equal to nil.
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The LIM mechanical characteristics
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In the picture Fig. 3 it is shown the calculation results
of the mechanical characteristics, when the §; air gap
length and A, the thickness of no ferromagnetic layer is
fixed and the A; layer is equal to nil.



The change of the LIM force removing the inductors

The force of the LIM could be changed by moving
inductor poles relatively each other and this could be
succeeded by the inductors remove. This kind of the force
change is not enough studied.

The idealized model of the LIM force change, while
the inductors are removed is presented in Fig. 4.

2RI
—~ I = ,Y= -
< v p=oo,y=0 —_
Ca0 O SR atala e memoCa00nC oy
L - 2
8 3 ll boot, ¥V > x
111-2 Ho,y=0
ooooo a2
< v I p=oo,y=0
” T >l T >
[ bz
X,
Jll «0 3
T >
< y

T
P X
/ l

Fig. 4. The LIM force change, while the inductors are removed

Picture Fig. 5 shows that the change of force
dependant on Aj the thickness of the ferromagnetic layer
appears even if there is a rather little layer. But the real
great change appears if there is not any layer at all. That is
why the change of the force by this way is possible if the
SE has no ferromagnetic layer at all.
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To evaluate the force change when the poles are
removed was implemented the force coefficient which
shows the relation between the force and the location of
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NS and NN poles. This coefficient is calculated according
to this expression:
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(13
\(aychas, + Bbyshas, )(ayshas, + fiychas ) (42

Kr the dependence of the force coefficient changing s
sliding, when A; there is no ferromagnetic layer and 6, the
air gap length between inductors and A; the thickness of
the nonmagnetic layer is immutable is presented in Fig. 6.
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Conclusions

1. While increasing the air gap between the inductors and
the SE the force decreases irregularly and the intensity
of the changes bigger and the Reynolds numerical
evaluation is bigger too.

The thickness of the nonmagnetic layer of the SE has
its optimal evaluation with the help of which it is
possible to get the highest force of the LIM. The results
of this research have practical importance and could be
used in the LIM designing.

Increasing the thickness of the nonmagnetic layer,
removing the inductors the change of the force
decreases. This happens till some particular limit of the
thickness of the layer and this limit decreases while
increasing the Reynolds numerical evaluation.

Having opposite poles between the inductors (NN
poles) the mechanical characteristics of the LIM are
very gentle and deepened on the Reynolds numerical
evaluation is very little.

The change of the force by the removing of the
inductors is practically possible only if the SE dose not
have any ferromagnetic layer.

This created idealized LIM model of the force change
by the remove of the inductors could be used in the
further research work denoting the natural change of
the force in the intermediate position of the inductor
poles between the limits of the NS and NN poles
location.
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The scientific article gives the linear induction motor (LIM) characteristics research using systematic principal creating the
asymmetric general mathematic LIM model. There was analysed the LIM force operating along the x coordinate dependence on the SE
features and the position of the inductors at the limit state, when the poles of the inductors are opposite (NS poles) and the same ones
(NN poles). It was denoted the force dependence on the air span between the inductors and the SE, the thickness of the nonmagnetic and
magnetic layer of the SE. It was shown in the article that there is a particular evaluation of the thickness of the nonmagnetic layer that
gives the possibility to get the higher LIM force. The change of the force by the removing of the poles of the inductors is possible only if
the SE does not have any ferromagnetic layer. There was created the idealized model of the change of the LIM force by removing the
inductors which could be used in the further research work denoting the natural change of the force in the intermediate position of the
inductor poles between the limits of the NS and NN poles location. Ill. 6, bibl. 6 (in English, summaries in English, Russian and
Lithuanian).

JI. Papzsasuuroc, 3. Markasuuioc. MccienoBanue XapaKTepUCTHK JIMHEHOT0O aCHHXPOHHOIO ABHrareis // DJeKTPOHHKA U
jekTporexnuka. — Kaynac: Texnosnorus, 2007. — Ne 6(78). — C. 9-12.

IIpencraBnensl uccaeq0BaHUs XapaKTEPUCTHK JIMHEIHOrO acuHXpoHHoro asurarteins (JIAJ]) Ha ocHOBE MO CHCTEMHOMY HPHHIIUITY
CO3IaHHOW HECMMMETPUYHON 0000meHHoi MaTeMaTrdeckoii mogenu JIAJl. MccnenoBansr 3aBucumocty cuisl JIAJI, neficTBytomeit B
HANPaBJICHUH X KOOPJAWHATHI, OT MapaMeTpoB BTOPHYHOrO 3neMeHTa (BD) M B3aMMHOTO MONOXKEHHS HHAYKTOPOB B IIPEACIBHBIX
cilydasix, KOTJa IIOJIoca HMHIYKTOPOB SBISIIOTCS BeTpeuHbiMu (NS momroca) m ogHommenHbsiMH (NN momroca). Y cTaHOBIIEHBI
3aBUCHMOCTH CHJIBI OT IIUPHHBI BO3AYIIHOTO 3a30pa MEXAY HWHIYKTOPOM M BTOPHYHBIM JJIEMEHTOM, TOJNIIMHOW HEMarHUTHOTO U
MarHuTHOTrO cinoeB BD. IlokazaHo, 4TO cymiecTByeT HEKOTOpas TOJIIMHA HEMarHUTHOro ciosi BD, mpu KOTOpoi MOXKHO IOIYydYHTh
MakcuManbHyto cuiy JIAJ[. V3meHeHue cuibl IyTeM IEPEMELICHUS IOJIFOCOB HMHIYKTOPOB BO3MOXKHO TOJBKO IPU OTCYTCBUU
(eppomaruuTHOro ciost Bo BD. CocraBneHa uaeann3upoBaHHas MozeNb u3MeHenus cuibl JIA] nepemerieHneM HHIYKTOPOB, KOTOpast
MOKET OBITh HCIOJIb30BaHa IS AANbHEHIINX UCCIEIOBAHUN MPH ONPEAEICHNH 3aKOHOMEPHOCTENH M3MEHEHHS CHIIBI B TIPOMEXKYTOUHBIX
MOJIOKEHUSIX MHIAYKTOPOB Mexay npeneiabHbiMd NS u NN nonoxenusmu. Mn. 6, 6ubn. 6 (Ha aHIIMCKOM s3bIKe; pedeparsl Ha
QHTIINHCKOM, PyCCKOM U JTHTOBCKOM f3.).

L. Radzevi¢ius, E. Matkevi€ius. Tiesiaeigio asinchroninio variklio charakteristiky tyrimas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2007. — Nr. 6(78). — P. 9-12.

Pateiktas tiesiacigio asinchroninio variklio (TAV) charakteristiky tyrimas, naudojant sisteminiu principu sudaryta nesimetrini
apibendrinta TAV matematini modelj. Istirtos TAV jégos, veikiancios iSilgai x koordinatés, priklausomybés nuo antrinio elemento (AE)
parametry ir induktoriy tarpusavio padéties ribiniais atvejais, kai induktoriy poliai priesingi (NS poliai) bei vienvardziai (NN poliai).
Nustatytos jégos priklausomybés nuo oro tarpo tarp induktoriaus ir antrinio elemento, nemagnetinio bei magnetinio AE sluoksniy
storio. Parodyta, kad esant tam tikrai AE nemagnetinio sluoksnio storio vertei galima gauti didziausia TAV jéga. Jégos keitimas,
pastumiant induktoriy polius, galimas tik tada, kai AE neturi feromagnetinio sluoksnio. Sudarytas idealizuotas TAV jégos keitimo,
pastumiant induktorius, modelis, kuris gali biiti panaudotas tolesniems tyrimams, nustatant jégos kitimo désningumus tarpinése
induktoriy poliy padétyse, tarp ribiniy NS ir NN poliy padéciy. II. 6, bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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