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Academic Year 2013
ABSTRACT

This thesis presents a construction of a three phase linear induction motor together with its
drive control. The drive control of such motor is analyzed and then also built. The direct torque
control in this thesis generate a voltage and reference frequency by using a motor torque and its
magnetic flux error in order to control such linear motor. However the space vector modulation
method are utilized in this work instead of using a stator flux and look-up table technique.

A 1kW, 16 pole of three phase single-sided linear induction motor is constructed and built
in this work. The motor drive is also built within a 10 kHz switching frequency. However the
controller is composed of by using a TMS320F240 DSP board in order to generate a control signal
for a inverter circuit, and using a DSPACE 1104 real time interfacing card in order to implement for
a direct torque control method.

Simulations results of the three phase linear induction motor was done by using
MATLAB/SIMULINK and experimental results of such linear induction motor was also analyzed
in this work. It shows that the proposed system provides a fast response of torque control
comparing with a traditional V/F control. In practice, a transition time of motor torque is about

50 ms, while such controller of the linear induction motor has a command torque at 5 Nm.

Keywords : linear induction motor model, space vector modulation, real-time control
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2 6
Turhueadednuaz e
<t2+t7>DC+<to+tl{ ]
Vv — :t2 tl XVDC t :t
BO TS TS 2 140 7

32



_V3A Vi

VDC

REN
2

_3A]

2

2

3A
= —CO0S
2

Tumueadednuaz 1a

/3

1

(

G

3

V3

—-=cos @ +—sno
2 3

lone-aso)

sin49——c059+£sin9
2 2

|

|

siné’—sin%coséwcos%sina}

J3A

2

—cos@—lsin9+sin6’

{@

2

33

sin%cos@—cos%sinéwsine}

(2.36)



J3A| 3

= —c050+lsin0
2 2

J3A

=———|cos 6?cos£+sin93inz
2 6

J3A

= cos(@ - —j =V, (2.37)
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v |an( % <o) -sn{o-5)

= — sinz—”cosﬁ—cosz—ﬂsine - sin&cosz—cosé’sinZ
3 3 3 3

=@ (?ccs@—%sin@}—&sine—gcos QH
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:@Kﬁcose+lsin9J+(15in6’—£cos HH
2 2 2 2

2

:% lsin6+£sin6?
22 2
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Ve 3
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2 3 3 3 3
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2 |12
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Veo = —@ cos[&' - %) =V, (2.54)
V.o = %cos(&’ - %) = %VB,] (2.55)
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Vao =V *Vio (2.65)
Vgo =Va, tVio (2.66)
Voo =Ven Voo (2.67)
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Double-Sided Linear Induction Motor Control Using Space Vector
Pulse Width Modulation Technique

Aunnon Bua-sre and Wanchai Subsingha
Department of Electrical Engineering, Faculty ofeering,
Rajamangala University of Technology Thanyaburgig 6, Thanyaburi, Pathumthani 12110
E-mail: bua_aunnon@hotmail.comanchai.s@en.rmutt.ac.th

Abstract— This paper presents a design and build of a double sided Linear Induction Motor (DSLIM) which is 500 W.,
300 Vmax. 50 Hz. power rating. The control Technique of the averaging Space Vector Pulse Width Modulation is applied
into a 3 Phase Voltage Source Inverter using a real time control interfacing board (DS1104) from dSPACE GmbH Germany
and utilize by MATLAB/SIMULINK program. The experimental results show that the prototype model of DSLIM together
with 3 phase voltage source Inverter are operated successfully and effectively. It can control the DSLIM correctly both in

motor speed and rotational control.

Keywords— Double Side Linear Induction Motor, Space VectoPulse Width Modulation.

1. INTRODUCTION

Nowadays, the Linear Induction Motor is widelse in
industrial applications. Therefore, there are mkings of
such machine in its construction together with masi
control schemes, which is become interesting. lis th
paper, a Double Side Linear Induction Motor is @ro
order to build as a prototype of a laboratory scafe
locomotive model. This will be operated with a peop
control scheme in order to control effectively.

Normally, Sinusoidal Pulse Width Modulation
(SPWM) Inverter is generally use in industrialhlds an
advantage on a simply V/F control technique and a
predictable harmonics contents that generated épubu
line voltage of the inverter. However, it also hsmme
disadvantage on the amplitude of the rms valuehef t
output voltage, which is only 61.25% of the inpu€D
Voltage source.

Space Vector Pulse Width Modulation (SVPWM)
Technique is a novel method for generating PWM rabnt
signals that suitable for 3 Phase Voltage Soureertar
in order to produce smoother output torque of médad.
Furthermore, SVPWM has an advantage over the SPWM
due to a 15% addition of an output rms voltagehat t
same DC bus voltage. In general, SVPWM has mainly
two forms in generating such PWM control signals.
Firstly, it called as a carrier based SVPWM model,
secondly, it called as a real-time calculation nioltethis
paper, a carrier based SVPWM applied with 3 phaSe V
to control a laboratory scale DSLIM locomotive mbde
has been carried out.
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2. THEORY AND THE COMPOSITION OF THE
SYSTEM

Three Phase Voltage Source | nverter

The 3 phase Voltage Source Inverter that ptedein
this paper is to produce a suitable voltage anceouto 3
stator coil of the DSLIM motor. The circuit of suéh
phase VSI comprise of 6 of IGBT, which acts as powe
switches. These power switches must be controljedrb
appropriate PWM patterns from an electronic cotdgrol
board, such as SVPWM control signals as mentioned
above.

DSLIM

Fig.1. Circuit diagram of 3 phase VSI

As shown in Table 1, SVPWM control signals Iwil
controls the VSI in 8 switching states (VO-V7). Hower,
only six switching states (V1-V6) can produce ampat
phase voltage. A B and C in such table are stan® fo
phase output voltage. The status “1” means thatipper
switch on that phase is ON, and the lower switclsach
phase is OFF. Contrary, status “0” means that e
switch on that phase is OFF, and the lower swittlsuch
phase is ON.
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Table 1Switching patterns and output phase voltage

Name| A |B | C V an Ven Ven
Vo 0|00 0 0 0
V1 1/0|0 2\bc/3 -Voc/3 -Voc/3
Vo 1110 \bc/3 Vpc/3 -2Vpc/3
Vs o(1]| 0 -\bc/3 2Vbc/3 -Voc/3
V4 O| 1| 1| -2\b/3 Vpc/3 Vpc/3
Vs 00| 1 -\bc/3 -Voc/3 2Vbc/3
Vs 110 1 \bc/3 -2Vpc/3 Vpc/3
V7 1111 0 0 0

From Table 1, the space vector of arbitrarjtage
referred to the three phase voltage can be drawn as
a is an arbitrary vector that referred to electraagle,

which is e'¢

V= g[vAn +avg, + avan] (1)

It can be seen that there are 8 space vedttot,sthere
are only 6 of active vectors and there are 2 ab xectors
of output voltage. The diagram of the space vecior
output voltage that produced from such VSI is shawn
Figure 2.

-l -

V, (010)

g

____———g
0
N

Sector3

|
|
|
|

|
Sec‘0r5

Sector6

‘75(001) V, (101)

Fig 2. Space Vector diagram of the output voltage

Space Vector Modulation

Voltage reference signalg,, Vg, and V., for space
vector modulation can be calculated from a summatio
Zero Sequence Voltag¥,, and phase voltag¥,,,Vg,

andV., . The detailed are express as follow:

V,, = Acosd

Vg, = Aco{é’ —2—§j

(2)
®3)
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2
Ve, = ACOS 0+ 4)
3
Zero Sequence Voltage,, is calculated from:
1
Vo = g (VAO +Vgo + Vco) )
1 .
Vo = E medii an(VAn +Ven» Ven ) (6)
Voltage reference signalg,,Vy, and V., are
calculated from:
Vo = Vay + Vg (7)
Veo = Vin T Vo (8)
Veo =Ven Vo (©)

Inverter gate driving signal are obtained lmnaring
Vo Vg, @andVg, with saw tooth voltage signal.

Linear Induction Motor Controller

The dSPACE control board has built in diggajnal
process (DSP) for computing numerical program. The
programs are write base on MATLAB / SIMULINK
platform Instead of programming in complicated
languages. Furthermore, it can instantaneous chatige
value of the control system variable in Real Tima v
Control Desk. It not requirestopping the operation of the
device or circuit.

[t

Rate Limiter

ON/OFF

Fig.4. Control Desk programming Panel
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Fig.11. Rotor Speed of DSLIM

4. CONCLUSION

This paper presents a double sided Linear dinoiu
Motor control. The control Technique in this papsr
using an averaging Space Vector Pulse Width
Modulation. The experimental results show that the
prototype system using the dSPACE DS1104 along with
MATLAB / SIMULINK, and Control Desk program will
allows to generating SVPWM signals by varying the
frequency and amplitude of the reference voltagde
SVPWM signal is applied to three phase inverter for
controlling the movement direction of DSLIM.
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