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Abstract

In this paper the dynamic behavior of linear induction motor is described by a mathematical
model taking into account the end effects and the core losses. The need for such a model rises due
to the complexity of linear induction motors electromagnetic field theory. The end affects by
introducing speed dependent scale factor to the magnetizing inductance and series resistance in
the d-axis equivalent circuit. Simulation results are presented to show the validity of the model
during both no-load and sudden load change intervals. This model can also be used directly in

simulation researches for linear induction motor vector control drive systems.
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Nomenclature

Vi Vgs  d,q axes primary voltages in the
synchronous reference frame.

lg 145 d,q axes primary currents in the
synchronous reference frame.

Var, d,q axes secondary voltages in
the synchronous reference frame.

igr, igr d,q axes secondary currents in the
synchronous reference frame.

Ads, Ags d,q axes primary flux.

Mir, Agr  d,q axes secondary flux.

Rs, R, resistance of the primary and
secondary windings respectively, per
phase.

., ®, primary and secondary electrical
frequency respectively.

Oy slip frequency.

T, pole pitch.

L. mutual inductance.

L, L, primary and secondary self
inductances respectively, per phase.

Li, Ly primary and secondary leakage
inductances respectively, per phase.

Var

p differential operator d/dt.

P number of pole pairs.

F electromagnetic thrust force.

D primary length.

Q factor linked to the primary
length.

v velocity (m/s).

1- Introduction
The analysis of the linear induction

motors (LIM’s) seems to be very

complicated when the LIM

electromagnetic field theory is used,
when  the

especially magnetizing

inductance and resistance representing
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the core-losses are taken into account.
This analytical model, with such a
theory, will also suffer so much when it
is required to represent the end effects
[1].

Since the primary of the LIM
continuously enters a new secondary
region, the new secondary region and its
influence on magnetic field change the
LIM’s performance in comparison with
the conventional induction motor [2].
These effects must be taken into
consideration during entry and exit from
the secondary, in respect to the primary
and represent them carefully to obtain the
LIM’s equivalent electrical circuit. It is
very important to notice that the LIM’s
equivalent circuit is the same as
conventional induction motor when there
is no relative movement between the
primary , which can be seen as infinite,
and the secondary. Hence the end effects
will be relatively small.

The transient changes at the entry
and exit ends as a function of the primary
length are shown in Fig.(1) [3].

In this paper a dynamic model of
LIM based on the dg-model of equivalent



Iraq J. Electrical and Electronic Engineering
Vol.5 No.1, 2009

A g IV 5 Al oS Al 48) =l Aladll
2009 ¢ 1 222l ¢ 5alas

electrical circuit is implemented and
prepared for further study especially for
the vector control drive systems for
LIM’s. During the modeling process it is
assumed that the primary which is simply
a rotary motor primary cut open and
rolled flat.

2-Mathematical Model of LIM

A mathematical model is proposed
by the following equations [4]:
Vi = Riiy + R, (), +14)

+ply, -0 A, (1)
Ve =R +pl -0, L )
v, =R, +R f(O)i, +i,)

+ply —o 4, .(3)
v, =Ri,+pl,+o,,=0 ... 4)

Where, the flux linkage components in

(1)-(4) are given by:
/’lds = Lls ia’s + Lm (1 - f(Q))(lda + idr )

....... (5)
Ay =Lyt + L, (G, +1,)
....... (6)
Ag =Lyiy + L, (1= Oy +iy)
....... (7)
Ay =Ly, +L, G, +i,)
....... (8)
In the above equations
1-e?
=— . 9
/(Q) 0 9)
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Where

DR
Q - r
(Lm + Llr )V

The Q factor is associated with the length
of the primary, and to a certain degree,
quantifies the end effects as a function of
the primary, and to a certain degree,
quantifies the end effects as a function of
the velocity v as described by equation

(10). Also the motor thrust force will be

given as:
37 P . .
Fe B ET_E(/lds 'qu - //LLIslds) """"" (1 1)

P
The LIM’s primary and secondary

dg-currents are separable into two
portions, of which the first is independent
of the end effects, and the second
dependent of the end effects. With this
approach, the first portion behaves as a
conventional induction motor current and
the second portion as an attenuation
function due to the LIM’s end effects.
The leakage fluxes are also separable
into two parts, the first is independent of
the end effects and will be denoted by the
index-1, while the second describes the
on the end

leakage flux dependent

effects, indicated by the index-2. The
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equations representing these fluxes and

currents are given in [5].

3-Simulation of LIM Using
Simulink/Matlab Software Package

In this section extensive simulation
results are presented to evaluate the
dynamic performance of LIM. The
parameters of the LIM wused in the
simulation are shown in Table (1).

Table (1)-Parameters of LIM

Number of pole pairs- P=2
Ry=5.348 Q
R=11.603 Q
D=0.21 cm

L,=0.09213 H
L~=0.1073 H
L,=0.094618 H
7,=0.105 cm
Primary width-45 mm
Secondary thikness-4.5 mm
No. of slots-12
Air gap length-8 mm
Moment of inertia —J=0.00247 Kgm®

The simulink dynamic model used

in this simulation and its internal
construction are show in Figs. (2) and
(3). Figure (4) shows the LIM thrust
force characteristics for no-load and
several step change loading conditions.
The velocity response for such loading

conditions is shown in Fig. (5). The
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synchronous reference frame dq-

components of primary, secondary
leakage fluxes and their two parts are
shown through Figs. (6-9). While the dg-
components of primary , secondary
currents and there two parts in the
synchronous reference frame are shown
in Figs. (10-13). The motor line current
of phase (a) is shown in Fig. (14). Note
that the different leakage fluxes and
currents are shown for the same sequence
of loading conditions.
4- Conclusions

In this work a LIM simulink model
modified into d-q frame is developed
with the ability to represent its d-q
currents and leakage fluxes (both for the
primary and secondary) by two parts the
first is independent of the end effects,
and the second dependent of the end
effects. Both flux and thrust coefficients
were expressed with Q. The thrust force
oscillations present in the LIM are
caused by end effects, as can be seen in
Fig. (2) which shows the requirement of
that

scheme for

The LIM model

a compensation
oscillation effects.
implemented is compatible to be used for

vector control drives of LIM’s. Such
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driven schemes requirements for space-

vector  pulse  width  modulation
controllers can be simplified with the d-q
synchronized rotating reference frame
voltage input ports of the implemented

LIM model.
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Fig. (2) Simulink model of the internal construction of LIM
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Fig. (5) Velocity of the LIM
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Fig. (6) Primary linkage flux (d-axis component and its two parts)
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Fig. (8) Secondary linkage flux (d-axis component and its two parts)
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Fig. (9) Secondary linkage flux (q-axis component and its two parts)
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Fig. (10) Secondary current (d-axis component and its two parts)

48



il el Kunsigll 8ol dlnal

EOTRNMP

Iraq J. Electrical and Electronic Engineering

Vol.5 No.1, 2009

2009 ¢ 1 22all ¢ 5alas

————— LAM<r1

(*qm) (Juauodwor-b) abexyuiq axnj4 Aiepuodsag

25

20

15

10

Time (sec.)
Fig. (11) Secondary current (q-axis component and its two parts)
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Fig. (12) Primary current (q-axis component and its two parts)
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Fig. (13) Primary current (d-axis component and its two parts)
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Fig. (14) LIM line current (Phase a)
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