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Abstract: Rail transit systems powered by linear induction motors have gained widespread popularity. In order 
to solve the problem of no thrust in switch areas where there are no sensor boards, the motor thrust is increased 
prior to entering the switch area so that the total thrust remains constant. In the two conditions,where include 
and exclude secondary,not only the linear induction motor models was established, but also the simulation 
models of the direct thrust control and the constant thrust control were established. Simulation studies were 
conducted on the direct thrust of a single motor, and the constant thrust control of the train.Experimental results 
have validated the models.  
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1 Introduction 
With the increasingly serious problem of urban 

traffic congestion, China has entered a peak period of 
urban rail transit development.Trains with single 
sided linear induction motors have the advantages of 
fast acceleration,high climbing ability, and small 
turning radius;requiring small areas of tunnel 
structures and providing more flexible choices of 
subway lines. Therefore, rail transport systems 
powered by linear induction motors have gained 
widespreed attention[1]. Direct thrust control control 
technology has simple algorithms,fast dynamic 
response, robustness against parameter variations, 
and is ideal for controlling traction motor[2]. A great 
deal of research has been conducted on single sided 
linear induction motors. The impact of the second 
longitudinal edge effect on motor class 
electromagnetic force is analyzed by solving the 
motor air gap magnetic field distribution[3]. No unit 
dimension of Q is introduced to amend the secondary 
resistance and mutual inductance in the rotary 
induction motors[4]. Slip-frequency scalar control 
mode is widely used for linear induction motor 
control in urban rail systems[5].Direct thrust control 

based on a switch table is simulated in[6]. The direct 
thrust control of efficiency optimization 
energy-saving control is applied to curved linear 
induction motors.It is obviously illustrated that linear 
induction motor trains will lose thrust in switch 
areas.In spite of extensive studies, no solution has 
been found to the problem of loss of thrust in switch 
areas of non induction.   

For the thrust loss problem, this paper creates a 
model of linear induction motors without secondary 
plate situation in a stationary coordinate system. The 
simulation models of linear induction traction motors 
and direct thrust are built in Matlab/Simulink. The 
simulation of speed control and thrust control is 
conducted to verify the control system. Furthermore, 
the constant thrust control in switch areas is analyzed 
and the future research work is discussed.  

 
 

2 Mathematical model of linear 

induction motor 
Linear induction motors can be considered as 

the rotary induction motor sectioned axially and 
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expanded horizontally. The stator on the motor frame 
becomes the primary on the bottom of the train, and 
the rotor becomes the secondary laid in the middle of 
the rails. This asymmetry causes the edge effect, and 
the second longitudinal edge effect is the most 
significant. Given the correction factor of the second 
longitudinal edge effect Q[7]. 
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 Where, vT is the constant of primary time, rT is 

the constant of secondary time, rR is secondary 

resistance, mL is the mutual inductance, rL is the 

secondary leakage inductance, D is the primary 
length, v is the speed. 

Edge effect function is[7]: 
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Eddy-current loss is equivalent to the variation 
of the excitation resistance at the ends of the 
secondary. The revised excitation resistance is[7]: 

         )(' QfRR rr =                (3) 

The demagnetization effect of a secondary 
vortex is equivalent to the variation of magnetic 
inductance. The revised magnetic inductance is[7]:  

            )](1[' QfLL mm −=            (4) 

Where , '
mL is excitation inductance which 

corrected, '
rR is the excitation resistance which 

corrected. 
The equivalent circuit of a linear induction 

motor with the second longitudinal edge effect is 
shown in Fig.1, where Rs is the primary resistance, Ls 
is the primary leakage inductance, u s is the primary 
voltage vector, Is is the primary current vector, Ir is 
the secondary current vector, and Im is the mutual 
inductance of the current vector. 
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Fig. 1 Linear induction motor equivalent circuit 

Based on the equivalent circuit of Fig.1, a 
dynamic mathematical model of linear inducttion 
motors in two-phase stationary αβ coordinate system 
is built as follows. The voltage equation is: 
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Where, usα is the α-axis primary voltage, usβ is 
the β-axis primary voltage, isα is the α-axis primary 
current, isβ is the β-axis primary current, irα is the 
α-axis secondary current, irβ is the β-axis secondary 
current, ψsα is the α-axis primary flux, ψsβ is the 
β-axis primary flux; ψrα is the α-axis secondary flux, 
ψrβ is the β-axis secondary flux, and ωr is the linear 
induction motor equivalent angular velocity. 

The flux equation is: 

  













++=

++=

++=

++=

)(

)(

)(

)(

'

'

'

'

ββββ

αααα

ββββ

αααα

ψ

ψ

ψ

ψ

rsmrrr

rsmrrr

rsmsss

rsmsss

iiLiL
iiLiL

iiLiL
iiLiL

         (6) 

The equation of motion is[8]: 

       
dt
dvmFF loade =−              (7) 

Where, Fe is the electromagnetic force, Fload, is 
the load thrust, and m is the primary quality. 

The thrust equation is: 
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Simulink doesn’t include a linear induction 
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motor model required in the simulation. We build a 
linear induction motor model using an s-function 
described as follows. 

In order to obtain the equation of s-fuction, we 
calculate the current based on the flux equation of 
the linear induction motor. 
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The flux linkages state equation is obtained 
from the voltage equation of the linear induction 
motor. 
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The angular velocity state equation is obtained 
from the angular velocity of movement[8]: 

        )( loade
r FF

mdt
d

−=
τ
πω

           (12) 

Linear induction motors don’t have thrust in a 
switch area where the secondary sensor boards 
cannot be laid. In reality, inertia carries the train out 
of the switch area. In this case, other motors 
temporarily increase the thrust to compensate for the 
loss of thrust of the linear induction motors. In the 
switch areas of non-induction, the mathematical 
model of the linear induction motor needs to be 
modified to exclude the secondary. First calculate the 
mutual inductance, Lm is calculated as[9]: 
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Where, m1 is the number of phase, μ0 represents 
the vacuum permeability, W1 is each series with the 
primary winding turns, kw1 is the winding factor; kg 
is the gap coefficient, kμ is the magnetic saturation 
coefficient, βy is the relative pitch of the winding; q1 
is the number of slots per pole per phase, t1 is the 
primary pitch, and b0 is the groove width. 

From Equation 13, the mutual inductance is 
inversely proportional to the mechanical air gap of 
the linear induction motor. In the switch area of 
non-induction, the mechanical air gap is g=τπ[9]. 

The mutual inductance was 0.64mH. Far less 
than the mutual inductance of linear induction motor 
with secondary 4.36mH, so the mutual inductance 
can be ignored. At the same time because only 
contain primary, so secondary parameters are 
ignored. 

The flux linkages state equation is: 
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The current is calculated as: 
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3 Direct Thrust Control Simulation 

Model 
Direct Thrust Control and direct torque control 

are actually equivalent. The primary and the 
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secondary of linear induction motors do a relative 
linear motion. At this point the electromagnetic 
torque is the electromagnetic force. They can be 
converted between each other, namely[10]: 

              
π
τ

2
pFT ee =                (18)               

Where, Te, is electromagnetic torque. 
The control block diagram of direct thrust based 

on the principle of switching vector table is shown in 
Figure 2. There are three components including the 
flux and thrust observer, the flux regulator, the thrust 
regulator and the switch table[11]. 
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Fig.2 Direct Thrust Control Block Diagram 
Compared with direct torque control,accurate 

flux observation of the linear induction motor is the 
key to improve the direct thrust control performance. 
The stator flux is obtained using the stator voltage 
and current in the rotary induction motor. 
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The edge effect needs to be considered when 
this stator flux model is applied to linear induction 
motors. 

The above formulas are modified as: 
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Take Guangzhou Metro Line FOUR as an 
example. The train had four motor train units. Each 
unit had an inverter and two linear induction motors. 
Each inverter drove a motor as a simplified 
simulation model, totaling four motors. The 
amplitude of the primary current in the stationary 
coordinate system increases. The amplitude variation 
of the current is checked to decide when the motor is 
detached from the secondary sensor board, which is 

the timing of increasing the thrust before entering the 
switch area. Matlab/Simulink was used to build the 
model as shown in Fig.3. 
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Fig.3 Simulation Model of Constant Thrust Control 

The direct thrust control of a single linear 
induction motor model is shown in Fig.4. 
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Fig.4 Direct thrust control model of a linear induction 

motor 
 
 

4 Simulation Analysis 
First, the direct thrust control of a single linear 

induction motor was simulated, where Rs was 
0.045Ω, Rr was 0.126Ω, Ls was 1.21mH, Lr was 
0.35mH, Lm was 4.36mH, p was 6, τ was 0.288, m 
was 500kg, and D was 1.732m. The speed PI 
regulator parameters KP was 5000, and KI was 175. 
The given flux value was 0.8Wb. The hysteresis flux 
linkage regulator loop width was 0.002Wb, and the 
thrust hysteresis regulator loop width was 0.05N. We 
used the simulation algorithm ode4, and simulation 
step was 10-5s. 
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The speed step simulation conditions are that 
the speed at the beginning (0 second) was 8m/s, the 
speed at 2.5seconds was 10m/s, and the thrust load 
was 1000N. The speed response curve of the linear 
induction motor is shown in Figure 5. The 
three-phase current curve of the linear induction 
motor is shown in Figure 6. It is noted that with a 
constant speed the amplitude of the current increased 
as the speed increased. This is because the current 
needs to be increased to compensate the loss caused 
by the edge effect.   
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Fig.5 Speed waveform of a linear induction motor 
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Fig.6 Tthree-phase current of a linear induction 

motor 
The thrust step simulation conditions are that 

the load thrust was 1000N at the beginning and 
2000N at 2.5 seconds, and the given speed was 8m/s. 
The wave of electromagnetic wave is shown in Fig.7, 
which can track the thrust. 
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Fig.7 Electromagnetic thrust with edge effect 
The simulation conditions of the linear 

induction motor without the secondary are that the 
given speed was 8m / s, and the load thrust was 
1500N. Assume that the secondary was dispatched 
from the linear induction motor at 2.5seconds. The 
mutual inductance was 0.64m 
H. The three-phase current waveform is shown in 
Fig.8. It was noted that the frequency of the 
three-phase current in the first linear induction motor 

dramatically increased in the time period from 
2.5seconds to 3.5seconds. The α-axis three-phase 
current of the linear induction motor is shown in 
Fig.9, where the current amplitude rose to 440A 
which led to a 300% overload.   
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Fig.8  Three-phase current of the first linear 
induction motor 
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Fig.9 α-axis current amplitude of the first 
linear induction motor 

Next, the constant thrust control of the model in 
Figure 3 was simulated. The α-axis current of the 
linear induction motor was investigated. When the 
current is 200% higher than normal, we increased the 
thrust of the other three motors by one third. The 
thrust of the first motor is shown in Fig.10. There 
were no sensor boards between 2.5 seconds and 3.5 
seconds. The thrust of the second motor is shown in 
Fig.11. The thrust increased by one third between 
2.5seconds to 3.5 seconds. The total thrust of the four 
motors is shown in Figure 12, which was a constant 
of 6000N between 2.5seconds to 3.5seconds. The 
slight drop after 2.5 seconds was due to the delay of 
the thrust boost of other three motors (second to 
fourth). There was one second speed loss when there 
was a thrust loss in the first motor, which caused the 
slight rise of the total thrust after 3.5seconds. After 
3.5 seconds, the first motor operated normally 
producing full thrust and the train regained the given 
speed. 
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Fig.10  Thrust of the first linear induction motor 
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Fig.11  Thrust of the second linear induction motor 
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Fig.12  Total thrust of four linear induction motor 

 
 

5 Conclusion 
This paper established a mathematical model of 

linear induction motor in the two-phase stationary 
coordinate system using s-fuction.The direct thrust 
control strategy of linear induction motors was 
studied and simulated using Matlab/Simulink 
software. 

The simulation results suggested the following: 
The thrust of motors in the non-induction area 

dropped to zero. Constant total thrust was achieved 
by increasing the thrust of other motors. The timing 
for compensating thrust was determined by the 
variation of the α-axis primary current amplitude in 
the αβ coordinate system. The overload of the 
α-axisprimary current amplitude of the motor in a 
non-induction area was around 300%. The simulation 
was conducted of the thrust loss of one motor in the 
switch area. The strategy should be modified for 
practical situations, including the timing of thrust 
compensation and the overloading capability of each 
motor. 
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