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Introduction

While applying new technologies and mechatronic
systems there are rather widely used rotating induction
machines and electric machines with linear induction as
well sliding motion. In mechatronic systems such type of
machines mostly perform the function of executing
elements, although after switching them into the mode of
braking it is possible to stop the moving parts of the
mechatronic system by electrical measures.

Briefly stated linear induction machines (LIM) and
the electromagnetic processes executed in them are rather
basically investigated. To be more precise there have been
compiled a great number of various methods and their
mathematical models. The analysis carried on the
resources of literature demonstrates that al the models
applied are divided into two main groups:

1. Models, based on the theory of electric and

magnetic circuits.

2. Models, based on the theory of electromagnetic

field.

Since the process of electromagnetic energy change
isproceeding in the air gap of LIM, where the main energy
of the electromagnetic field is concentrated, the research of
the second group models is required more profound and
extensive accordingly. Following the approach chosen the
research of the electromagnetic field located between the
inductors positioned in the air gaps and the secondary
element of the machine is considered as one of the most
relevant to be absorbed. The theory of LIM is expanded by
means of such sort of research as well as the calculations
of its characteristics are revised.

Therefore, there have appeared a great number of
scientific publications recently, concerning the research
field on the electromagnetic field of LIM. However, in the
established works dealing with that particular research
there has been insufficiently analysed the field structure of
the LIM with the layered secondary element, there do not
exist distribution evaluation methods and calculations for
separate components.
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The objective of this work is to derive analytic
expressions and investigate the of the magnetic field in the
air gap and separate layers of the secondary element of the
double — sided LIM operating under the mode of the
motor.

In the literary source [1] there is submitted the
summarized model after the research carried on the LIM.
The machine is comprised of two flat inductors between
which there is placed a layered secondary element. When
analysing a more general case such an element is compiled
of the ferromagnetic band when both sides are covered
with the non — magnetic layers conductive to electricity e.
0. layers of copper. The thickness of these layers might be
uneven that is why in the presented model they have been
respectively marked as A; and A,. The thickness of
ferromagnetic band is marked as A;. There are air gaps
between the inductors and secondary element, the size of
which may also be uneven. Accordingly they are marked
as o, and 0.

Based on the this model in article [2] there are
presented the calculations on the force of pull of the linear
induction motor (LIM) when the poles of the double —
sided inductor are considered like poles N — N and when
they are considered to be opposite or unlike poles N — S.
The dependencies of forces on the thickness of separate
layers of the secomdary element are also derived

The mathematical model of the impulse control of the
LIM is analysed in article [3]. The expressions of the
forces generated by the separate coils of the motor are
received in accordance with which it is possible to
formulate the total force of pull.

The calculations of the magnetic field and the main
expressions

This article is meant for the more precise research of the
magnetic field of the double —sided LIM and between its
inductors in accordance with the mathematical model
presented in article [1]. This model comprises the
possibilities for investigating the magnetic field when the
secondary element is a complicated one and on the basis of



the obtained resultsit is possible continue the investigation
of not complicated models. In order to simplify the task,
there is accepted that the model is considered symmetrical
i.e. the thickness of the copper layers A; and A, are equal,
as well as air gaps 6, and &, According to this model the
magnetic field is anaysed in the system of the right
Descartes coordinates x, y, z connected with the inductor
that is not movable.

Consequently there was analysed the change of the
strength of the primary magnetic field generated by the
double — sided inductor in the air gaps of the LIM, then in
the separate layers of the secondary elements. There were
received different expressions of the running wave of the
magnetic field strength when in respect to each other there

ChA,ALChA, (2— Ag) + @shA,ALshA, (- Ay)

are located in opposition the inductors like (N — N) and
unlike (N —S) poles[4].

When the poles of the double — sided inductor in
respect to each other are like (N — N), the expressions of
the components of the magnetic field H, in the air gaps

and in the various layers of the secondary element are (1)—
(5). When the poles of the double — sided inductor in
respect to each other are unlike (N —S), the expressions of

the components of the magnetic field H, in the air gaps

and in the various layers of the secondary element are (6)—
(10).
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where; _ V2mw ke
pr

— the amplitude of the surface density of the current of the inductor;, o = 77 y @, =27 f;
T

m andw; — the numbers of the phases and conductors of the windings; |, and f, — the effective value of the inductor

current and its frequency; kap — the coefficient of the winding; p — the number of the pair of the inductor poles; 7 —the

pole pitch of an inductor.
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The markings and formula of the coefficients
a,a,b,b, 1, A, B and O inthe source[1].

Results of computations

The analytical calculation in accordance with the
expressions (1) — (10) in respect to the component
coordinate z of the magnetic field H , was carried out by

means of the software package Mathcad 2001
Professional. While calculating there was applied the

following:
a) — the thichness of the copper layers of the
secondary element ae like and egual to

A=A, =4 mm,
b) — air gaps between the inductors and the
secondary element are like and equal to 5, = 5, =2 mm.

When following the mentioned above conditions, the
calculations were made in two stages:

a) — when the thickness of the ferromagnetic band is

Ag=2 mmir A, =0 mm,

b) — when the poles of the inductor in respect to
each other are like (N — N) and when they are unlike (N —
S).

The results of the calculations are presented in the
curves representing Fig.1 — Fig.4.
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Fig. 1. Curves reflecting the change of H, = f (z) in separate

layers when the poles of inductor are like (N — N) and are
A=A, =4mm; A;,=2mm; §, =5, =2 mm

Conclusions

The conclusions are derived after summarizing the
research made:

1. The calculation of the magnetic field component H

is considered as a rather complicated one following
the derived expressions of LIM having the layered
secondary element and which is operating within the
mode of the motor. There has to be applied the
appropriate programs just for that purpose, one of
them might be recommended as Mathcad 2001
Professional.
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2. The derived findings of the research indicate that

LIM with a layered secondary element and diverse
positioning of the inductor poles as well as the
structure of the magnetic field are rather complicated.
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Fig. 2. Curves reflecting the change of H,=f(2 when the

poles of double — sided inductor are unlike (N — S) and are
A=A, =4mm; A;=2mm; 6, =5, =2 mMm
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Fig. 3. Curves reflecting the change of H,=1(2 when the

poles are like (N — N) and are Ar=A,=4mm; A;=0mm;
6,=06,=2mm
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poles of double — sided inductor are unlike (N — S) and are
A=A, =4mm; A;=0mm; 6, =6, =2mm



3. From the results of calculations presented in the form Engineering. — Kaunas: Technologija, 2006. — No. 7 (71). —

of the curvesin figures Fig. 1 — Fig. 4, there is derived P.5-8.
the conclusion that the change of the magnetic ~ 2 Radzevitius L. Matkevitius E. Research of the
fieldcomponent H _ following the coordinate z in air characterlstlcs of tlhe Imear induction motor // E[gctronlcs
P X 9 and Electrical Engineering. — Kaunas. Technologija, 2007.
gaps and in separate layers of the secondary element is — No.6 (78).—P. 9-15.
different. 3. Matkevi¢ius E., Radzevi¢ius L. Mathematical model of
4. The results of the research could be applied for more the linear motor // Electronics and Electrical Engineering. —

Kaunas: Technologija, 2007. — No. 5(77). — P. 11-14.

4, Radzevi¢ius L. Linear induction motor with a flaky
secondary element. Summary of doctoral dissertation (in
Russian). — Kharkov: Polytechnic Institute, 1981. — 32 p.

precise distribution of the inductor poles of the double
—sided LIM for the investigation of the magnetic
field research and for determining the optimal
thickness of the layers of the secondary element.
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One of the peculiarities of the linear induction machines is that their air gap between the inductors is many times greater then the air
gap in the rotating induction machines. That is why from the point of view of the magnetic field distribution in the air gap the linear
induction machines differ from the rotating induction machines. The other characteristic of the linear induction machines if compared
them with the rotating ones is the following. The secondary element of the linear machines differs from the rotor type torque machines
in distribution of the magnetic masses. To investigate these characteristics it is necessary to extensively analyse on the basis of the
corresponding linear machine model the magnetic field between the inductors of the linear machine. The mentioned above is considered
to be the objective of this work.The article presents the research carried out concerning the magnetic field between the inductors of the
linear machine possessing the layered secondary element with the distribution of different contrary poles. The obtained results could be
applied in calculations of linear machines. 111. 4, bibl. 4 (in English; summariesin English, Russian and Lithuanian).

b. Kapamonac, J. Markasuuioc, JI. PamzsaBuuioc. MarHuTHoe moJjie B BO3IYLIHOM 3a30pe [BYCTOPOHHeHl JuHeiHOI
ACMHXPOHHON MamIMHbI // DJIeKTpoHHKa H diekTpoTexHuka. — KayHnac: Texnosorus, 2008. — Ne 5(85). — C. 13-16.

OnHoit n3 oco6eHHOCTEN JIMHEHHBIX ACHHXPOHHBIX MAIIUH SBISIETCS TO, YTO BO3YLIHBIN 3a30p MEXIy HHIYKTOpaMU B HUX BO
MHOTO pa3 Oojbllle 4YeM BO3IYLIHBIH 3a30p BpallaTeNbHBIX ACCHHXPOHHBIX MamuH. [103TOMy C TOUYKHM 3peHHUs] paclpeaeseHUs
MarHUTHOTO IOJS B BO3AYIIHOM 3a30p€ JMHEHHbIE aCCHHXPOHHBIE MAIIMHBI OTIMYAIOTCS OT ACHHXPOHHBIX MAIIMH BPAaIlaTeIbHOTO
JaBwxeHus. J[pyras ocoOEHHOCTh JIMHEMHBIX MAIIMH 110 CPABHEHHIO C BpaIaTENbHBIMH MAIlMHAMU T4, YTO BTOPUYHBIA 3JIEMEHT
JMMHEHHBIX MAIlUH MO0 PACIpeAeIeHUI0 MarHUTHBIX MAcC OTIMYAeTCsl OT BpallaTelbHBIX MAIIMH POTOpHOTo THma. s Toro, 4roObI
HCCIIEN0BATh 9TH OCOOEHHOCTH, HEOOXOIMMO BO — MEPBHIX Ha 0a3e MOJCIH JIMHEHHONW MAaIlMHBI HOAPOOHO M3YYUTh MAarHUTHOE IOJIe
MEXy MHIYKTOpaMU JIMHEHHOH MamIMHBIL. JTO HMCCIEIOBAHHE ¥ SIBISETCS LENbI0 HacTosmeld paboThl. IIpencraBieHb! pe3ylbTaThl
HCCIEZOBAHUS MarHWTHOTO MOJNS JHMHEHHOM MAaIlMHBI C PacCIOCHHBIM BTOPHUYHBIM 3JIEMEHTOM MPH Pa3IMIHOM paclpeeieHIn
OJHOMMEHHBIX U Pa3sHOMMEHHBIX IOJIOCOB HHAYKTOpa. IlomydeHHble pe3ynbTaThl MOTYT OBITh HCCIOJIB30BAaHbI B pacyeTax JMHEHHBIX
ACHHXPOHHBIX MaluH. M. 4, 6ubm. 4 (Ha aHITIMICKOM s3bIKe; pedepaThl Ha aHITIMICKOM, PYCCKOM U JINTOBCKOM S13.).

B. Karaliinas, E. Matkevié¢ius, L. Radzevi¢ius. Magnetinis laukas dvipusés tiesiaeigés asinchroninés masinos oro tarpe //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 5(85). — P. 13-16.

Vienas i$ tiesiaeigiy asinchroniniy masiny ypatumy yra tas, kad oro tarpas tarp ju induktoriy yra daug karty didesnis nei sukiuju
asinchroniniy masiny. Todél magnetinio lauko pasiskirstymo oro tarpe poziairiu tiesiagigés asinchronings masinos skiriasi nuo sukiuju
asinchroniniy masiny. Kitas tiesiagigiuy asinchroniniy masiny, lyginant su sukiosiomis masinomis, ypatumas tas, kad tiesiaeigiy masiny
antrinis elementas pagal magnetiniu masiy isdéstyma skiriasi nuo rotoriniy sukiyju masinu. Norint istirti Siuos ypatumus, bitina,
naudojantis atitinkamu tiesiaei gés masinos modeliu, pirmiausiaissamiai istirti magnetini lauka tarp tiesiaeigés masinos induktoriy. Tai ir
yra sio darbo tikslas. Pateikiami tiesiagigés asinchroninés masinos su sluoksniuotu antriniu elementu magnetinio lauko tarp induktoriy
su skirtingai isdestytais priesiniais poliais tyrimy rezultatai. Gauti rezultatai gali bati panaudoti tiesiagigiu asinchroniniy masiny
skaiciavimuose. 1. 4, bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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