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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 all 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
is proceeding 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.

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.
g. layers of copper. The thickness of these layers might be
uneven that is why in the presented model they have been
respectively marked as Δ1 and Δ2. The thickness of
ferromagnetic band is marked as Δ3. There are air gaps
between the inductors and secondary element, the size of
which may also be uneven. Accordingly they are marked
as δ1 and δ2.

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
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the obtained results it 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 Δ1 and Δ2 are equal,
as well as air gaps δ1 and δ2. According to this model the
magnetic field is analysed 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

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 xH 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 xH in the air gaps

and in the various layers of the secondary element are (6)–
(10).
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where
p

kIwm
J

ap
m

1112
 – the amplitude of the surface density of the current of the inductor; 


 ; 1 12 f  ;

1m and 1w – the numbers of the phases and conductors of the windings; 1I and
1f – the effective value of the inductor

current and its frequency; apk – the coefficient of the winding; p – the number of the pair of the inductor poles;  – the

pole pitch of an inductor.
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The markings and formula of the coefficients

1 2 1 2 2 3, , , , , ,a a b b    and  in the 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 xH 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 are like and equal to

1 2 4 mm;   

b) – air gaps between the inductors and the
secondary element are like and equal to

1 2 2 mm.  

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

a) – when the thickness of the ferromagnetic band is

3 2  mm ir
3 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.

14 12 10 8 6 4 2 0 2 4 6 8 10 12 14

1.96

3.92

5.89

7.85

9.81

1.18

1.37

1.57

1.77

1.96

H
x

II-1(z),

H
x

II-2(z),

H
x

III-1(z),

H
x

III-2(z),

H
x

II-3(z),

z, mm

106

106

106

106

106

105

105

105

105

105

0

H
x
II-1(z) H

x
II-2(z)

Hx
III-1(z)

H
x
III-2(z)

H
x

II-3(z)A / m

N - N 3 = 2 mm

Fig. 1. Curves reflecting the change of ( )xH f z in separate

layers when the poles of inductor are like (N – N) and are
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Conclusions

The conclusions are derived after summarizing the
research made:

1. The calculation of the magnetic field component xH

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.

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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3. From the results of calculations presented in the form
of the curves in figures Fig. 1 – Fig. 4, there is derived
the conclusion that the change of the magnetic

fieldcomponent xH following the coordinate z in air

gaps and in separate layers of the secondary element is
different.

4. The results of the research could be applied for more
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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