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ABSTRACT

This paper presents fuzzy logic control for a
Single-sided Linear Induction Motor (SLIM). In
the last years, in the field of research on linear
induction drives, a lot of efforts have been oriented
to improve the dynamics performances of these
machines by using fuzzy logic control (FLC). In
order to insure a high transient behavior of the
drive and to avoid the drawback of the parametric
perturbations in the implemented control, the FLC
is considered in this work.

I. INTRODUCTION

Linear motors (LMs) belong to the group of special
electric machine that convert electric energy directly
into mechanical energy of translatory motion [1]. LMs
have nearly 165 years past and their areas have
increased with fast progress in technology and shift
necessity through different side by the day.
Nowadays, LM systems have been come across in
various applications; train, escalator, sporting
equipment, elevator, Cd-rom, crank, printer,
photocopier, robot...etc [2-5].

In this times, far too much effort have been continued
to spent to improve dynamic performance of this types
machines. We must observe care a choice of linear
induction motor (LIM) control method to keep high
transition behavior of LIM and also to prevent
parametrical confuse, which arise from variation of
LIM parameters, on implement control.

A goal of this paper is to realize LIM speed control
with FLC.

Il. LINEAR INDUCTION MOTOR

Due to the complexity of LIM’s electromagnetic field
theory, an analysis of the LIM’s equivalent electrical
circuit was undertaken, with alterations to the
magnetizing inductance and a resistance representing
the core loss [6,7].

Voltage and current ratings can be interchanged at will
by the designer simply by changing the number of

turns per primary coil and reconnecting coil groups in
series or parallel as desired [8].

There are three phase winding consist of conductors
laid in primary side chamfers in LIM primary side.
Conductor numbers in other word winding numbers in
each chamfer is the same. The windings, which form a
phase, have been connected with series. Therefore,
same current leaks from a phase.

In field theory, current, which leaks through LIM
windings, is represented by current plate. However, as
current is becoming dense discrete value, current plate
is continuous and becoming dense value in fact. If
both values of basic components of Fourier equations
generate same sinusoidal magneto motor force, current
of current plate becomes equal to winding current.

Primary currents:
N T N ST VTP (1)

Combine of three phase primary currents produces a
magnetomotive force.
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Current distribution on current plate:
j =3,/ (A/m) 4

Producing magnetomotive force by the current
distribution:
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Since A in equation (2) is equal to A in equation

(5), J, can be obtained as shown below.
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Current distributions, which are determined in
equation (4) and (6) is same in equivalence current
plate, which produces sinusoidal magnetomotive
force.

Secondary side of LIM is mostly made with
homogeneous and conductive metal plates. That
secondary side is made with homogeneous and
nonmagnetic conductive plate is assumed.

STATOR
Stator design (pole number, stator length...etc) is
limited by obtainable transformer iron plate

dimensions. Each one transformer iron plate thickness
is 0.5 mm and also length is 66 mm. Design LIM
length is 264 mm. 200 unit transformer iron plates,
which have dimensions given above, were used.
Designed LM is shown in Figure 1.

Figure 1. Designed LIM

STATOR WINDING ARRANGEMENT
Two bedded windings were used in SLIM stator side.
The windings are series to decrease current consume.
Pole gap 99 mm. stator winding arrangement is shown
in Figure 2. There are 60 windings in each coil.
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Figure 2. Stator winding arrangement (upper sight)

REACTION PLATE DESIGN
Reaction plate takes from solid or layer plates. To
improve performance reaction plate is covered by
aluminum or copper conductive plate. Secondary side
is an important piece of LIM magnetic circuit in SLIM
design. If the reaction plate is solid instead of layer or
ladder plate, SLIM performance decreases quite
[9,10]. Eddy currents are carried by layer plates in
layer type reaction plate and resistive loss occurs. The
resistive loss can be neglected. Thrust amplitude
depends on the permeability of LIM’s reaction plate.
Since low permeability there are low thrust and also
weak power factor. Changes in thrust amplitude can
be observed by using different material in a reaction

plate. An equivalent circuit model of LIM is given
below.

Figure 3. LIM equivalent circuit

The mathematical modeling of LIM in d-q form and
parameters values of LIM, at its simplest, are given by
the equations and table in Appendix [7, 11, 12].

I1l. FUZzY LOGIC

Fuzzy logic (FL) is suitable method to show input on
output through system. That system has a determined
characteristic tendency is not important. If a problem
in system can be defined clearly, there is no necessary
to use a FL. When a problem is complexity an also
there are uncertain sides of problem, a fuzzy
implication helps system act, which stem form state
between input and output to be understood.

For complex and non linear systems, a fuzzy logic
controller the best suitable is emphasize in many
studies [13]. General fuzzy logic control system
scheme is shown in Figure 4.
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Figure 4. Fuzzy logic control system scheme [14]

A FLC consists of four main parts. These are
Fuzzification, Knowledge Base, Decision Generation
Logic and Defuzzification [15-17].

MEMBERSHIP FUNCTIONS
A membership function is a characteristic function of
a fuzzy group. The member function gives
membership degree to each member in value interval.
x-axis indicates breaking points of variables. y-axis
indicates membership values for linguistic variables.
The forms, which are often used for membership
functions, are monotonous, triangular, trapez or bell
shapes. Membership functions are decided with user
experiments, viewpoint, culture...etc by the user.
Membership functions can be different in same
problem for two users [18]. In this paper, 5 rules
triangular membership function was used. In Figure 5,
negative big(NB), negative small(NS), zero(ZE),



positive small(PS) and positive big(PB), which are
defined in certain variable space and also fuzzy
membership functions, were constituted. A rule table,
which belongs to membership functions, is given in
Table 1.

NB NS ZE PS PB

Membership _,
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Figure 5. Five rule triangular membership function

Table I. Rule table
de

e NB NS ZE PS PB
NB NB NB NS NS ZE
NS NB NS NS ZE PS
ZE NS NS ZE PS PS
PS NS ZE PS PS PB
PB ZE PS PS PB PB

In most control systems, FLC input variables are error
signals and derivatives of error signals or integrals of
error signals.

After fuzzy logic controller is added, a new system
block diagram is shown in Figure 6.
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Figure 6. System with FLC block diagram

Certain inputs of FLC are error, which occurs during
system runs and error variation.

FLC certain inputs can be obtained by equation (7)
and (8). In these equations, k is a sampling step, r(k) is
a reference input, y(k) is a real system output

e(k) =r(k) - y(k) )
de(k) = e(k) —e(k — 1) (8)

Steps, which are necessary to be used in controller
design, are summarized by topics in Figure 7.
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Figure 7. Fuzzy design flow diagram

VI. RESULTS
In this part, we do system numerical simulation with
different conditions. We use SLIM characteristics
listed in Table II and mathematical modeling given in
Appendix.

The motor behavior without control is illustrated in
Figure 8 and 9. The motor reaches maximum speed
and the thrust goes to zero nearly in 7" seconds.
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Figure 9. Thrust force without control

The numerical simulation results concerning FLCs are
given in Figure 10-13. In Figure 10 and 11, there is
only one speed reference 9.9 m/s during the



simulation. The system reaches the reference speed
under 0.2 seconds.
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Figure 10. Speed variation with FLC (Vs = 9.9 m/s)
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Figure 11.Thrust force with FLC (Vs = 9.9 m/s)

During the simulation, which results are obtained in
Figure 12, 13, the speed reference has changed, as
follows: between 0 and 0.2 second, the reference is 5.0
m/s, from 0.2 to 0.5 second, the reference is equal to
9.9 m/s, which is the nominal value of speed, from 0.5
to 0.7 second, the reference is 7.0 m/s, between 0.7
and 1 second, the reference is 3.0 m/s.
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Figure 12. Speed variation in time with FLC with
different speed references
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Figure 13. Thrust force with FLC with different
speed references

V. EVALUATION
In this paper, a FLC of LIM was realized. The system
output behavior was observed with using five rule
triangular membership functions. Since the fuzzy
logic controller has flexible rules, the control can be
done easily.

Firstly, system behavior should be observed
efficiently. And then membership functions and
control rule table are obtained with taking error and
error variations into account.

If thrust, current or flux control are required fuzzy
logic can be used as a control method.

At work, since LIM’s parameters are more variable
than conventional induction motor’s parameters, a
control method, which will be used must response to
variations in system in shortest period so a FLC can be
more useful than conventional control methods.

APPENDIX

Table II. SLIM characteristics
Stator Resistance R, 72Q
Stator Impedance X, 9.26Q
Rotor Impedance X 0Q
Rotor Resistance R 2.68Q
Magnetizing Impedance X, 16.55Q
Nominal Voltage (phase) V. 60V
Weight m 8kg
Pole Pitch T 0.099m
Nominal frequency f 50 Hz
Winding Configuration wye

Number of phases 3



_Lr I

d ids 1 _[Mz(we_% r)_LrLsa)e:I

dt|i, | LL-M? Mr

S

lar ~LM 2V,

_MLr %Vr
Mr

I:M 2(06 - Ler (a)e _%Vr)]
—-Lr

REFERENCES

1. R. H. Manno, E. G. Diez, Force for a Three-
Phase Double-Sided Linear Induction Machine
with Transverse Magnetic Flux,0-7803-7474-
6/02 IEEE, pp. 2826-2831, 2002.

2. J. F. Gieras, Linear Induction Drives, Clarendon
Pres, Oxford, 1994.

3. S. A. Nasar, I. Boldea, Linear Motors: Theory,
Design and Practical Applications, Prentice-
Hall, Inc., New Jersey, 1987.

4. S. A. Nasar, 1. Boldea, Linear Motion Electric
Machines, John Wiley&Sons, ISBN 0-471-
63029-2, 1976.

5. E. R. Laithwaite, Linear Electric Motors, Mills
& Boon Limited, London, 1971.

6. E.F. Silva, E. B. Santos, P. C. M. Machado, M.
A. A. Oliveira, Dynamic Model for Linear
Induction Motors, 0-7803-7852-0/03, IEEE,
ICIT 2003-Maribor, Slovenia, pp. 478-482.

7. E. Ozkop, A. S. Akpinar, Dogrusal Hareketli
Asenkron Motor Parametrelerinin Belirlenmesi
ve Matematiksel Modellenmesi, Elektrik-
Elektronik  ve  Bilgisayar = Miihendisligi
Sempozyumu (ELECO02006), Bursa, Turkey,
2006.

8. E. R. Laithwaite, Linear Electric Machines-A
Personal View, Proceedings of the IEEE, Vol.
63, No. 2, pp. 250-314, 1975.

9. T. Onuki, Y. Kamiya, K. Fukaya, W.J. Jeon,
Characteristics Analysis of Linear Induction
Motor with Two Types of Secondary Structure
Based on Electromagnetic Field and Electric
Circuit Analysis, IEEE Transactions on
Magnetics, Vol. 35, No. 5, pp. 4022-4024, 1999.

10.J. F. Gieras, G. E. Dawson, A. R. Eastham,
Performance Calculation for Single-Sided
Linear Induction Motors with a Double-Layer
Reaction Rail Under Constant Current
Excitation, IEEE Transactions on Magnetics,
Vol. Mag-22, No. 1, pp. 54-62, 1986.

[M? (e, -2V,)] Mr,

~Lr LM zV.
ML, =V, ~Lr.
Mr, ~[M?0,-LL (0,-2V,)]
L, -M 0 [V,
. 1 0 L 0 -M|V,
LL-r-M?|-M 0 L 0 ||V

11.

12.

13.

14.

15.

16.

17.

18.

E. Ozkop, A. S. Akpinar, Dogrusal Hareketli
Asenkron Motorda Ug Etkilerinin
Incelenmesi, Elektrik-Elektronik ve Bilgisayar
Miihendisligi Sempozyumu (ELECO2006),
Bursa, Turkey, 2006.

A. K. Rathore, S. N. Mahendra, Simulation of
Secondary Flux Oriented Control of Linear
Induction Motor Considering Attraction Force
&Transverse Edge Effect, CIEP, pp. 158-163,
2004.

G. Feng, A Survey on Analysis and Design of
Model-Based Fuzzy Control Systems, IEEE
Transactions on Fuzzy Systems, Vol. 14, No.
5, pp. 676-697, 2006.

C. C. Lee, Fuzzy Logic in Control Systems:
Fuzzy Logic Controller-Part 1, IEEE
Transactions on Systems, Mani and
Cybernetics, 20, 2 pp. 404-418, 1990.

H. Hellendoorn, Design and Development of
Fuzzy Systems at Siemens R&D, 0-7803-
0614-7/93 1EEE, pp. 1365-137, 1993.

S. J. Zhang, Y. S. Wong, A.N. Poo, Analysis
and Design of Inference Mechanisms for
Fuzzy Feedback Control, 0-7803-0985-5/93
IEEE, pp. 1993-2001, 1993.

S. S. Lancaster, M. J. Wierman, Empirical
Study of Defuzzification, 0-7803-7918-7/03
IEEE, pp. 121-126, 2003.

L. A. Zadeh, Knowledge Representation in
Fuzzy Logic, IEEE Transactions on
Knowledge and Data Engineering, Vol. 1, No.
1, pp. 89-100, 1989.



	Karadeniz Technical University, Faculty of Engineering, Department of Electrical & Electronics Engineering, 61080, Trabzon, Turkey 
	Key words: Linear Induction Motor, LIM, Fuzzy Logic, Speed Control 


