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   Abstract—Thyristors are now widely used in many 
power electronics and motors drives applications. This is 
due to their several advantages such as relatively small 
size, low losses, market availability, and low cost. In this 
paper, a stator voltage control of three-phase induction 
motor by using thyristors is analyzed and simulated in 
details. The stator voltage has been controlled by phase 
angle control of three-phase supply. The effect of 
harmonic distortion in the line voltage and current have 
been studied and shown. The study reveals that, this 
method is suitable for applications requiring a low 
torque and low speeds. The power factor, efficiency and 
torque capability of the motor drop dramatically for 
lower voltages. Firing requirements and limits of control 
have also been studied. Recent PSIM6.1 program has 
been used to simulate the whole system. The simulation 
results from PSIM6.1 have been found in correlation 
with their counterpart from MATLAB 7.  
 
Index Terms—Voltage controller, induction 
motor, speed control. 

I. INTRODUCTION: 
In the last decades, the production of power electronics 
switches has been plentiful and diverse. Some of these 
switches are thyristors, GTO's, biboplar power 
transistors, MOSFET's, IGBT's and MCT's [1,2]. Even 
with these devices, the basic thyristor still constitutes a 
robust, simple and economical devices, that has many 
applications. Thyristors are widely used for control of 
power in both AC and DC systems. This is due to their 
several advantages such as relatively small size, low 
losses and fast switching. Apart from many other uses, 
such a controller is used to control the three-phase AC 
power in induction heating, light control, reactive 
power control and starting as well as speed control of 
AC motors. 
Three phase AC voltage controller has been used with 
R-L load [1,2] for various circuit configurations. This 
technique can be modified to be used with induction 
motor by reducing the equivalent circuit of induction 
motor to be just R and L [3]. Three-phase AC voltage 
controller used with three-phase induction motor is 
shown in Fig.1.  
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Using of Three phase AC voltage control in speed 
control of induction motor has disadvantages such as 
low efficiency due to extra the rotor copper losses. 
Although it has these disadvantages, but generally, this 
scheme has some advantages on other aspects, 
including low cost in installation, ease to maintain and 
reliable which make this scheme popular option in 
industry. This scheme has been used in many industrial 
applications as in drive an overhear traveling crane, an 
elevator speed control system [5], and starting and 
stopping means for induction motor [4-7]. 

In reference [4] a signal from the rotor voltage and 
current are used to control the speed and torque 
respectively. But the main disadvantage of this 
technique is not applicable for squirrel cage induction 
motor, moreover the control of current without any 
reference to the power factor leads to a rather 
nonlinear torque/speed characteristic. In reference [5] a 
tachometer generator connected to three-phase 
squirrel-cage induction motor to generate a speed 
signal representing the actual speed of the induction 
motor to compare it with command speed signal to 
produce a suitable firing signal. In reference [6] and 
[7] the three phase AC controller with cycle skipping 
method to control, start, and stop the three-phase 
induction motor. 
 

II. SYSTEM MODELING 
Many researches analyzed the three-phase AC 

controller under induction motor load to obtain 
mathematical and programmable form for the variation 
of torque, speed and line currents along with firing 
angle. A detailed analysis for induction machine by 
using reference frame theory has been carried out in 
[8,9] to obtain the variation of the torque and currents 
with the variation of input voltage. This technique has 
been used for single frequency balance three-phase 
supply but it can be extended to deal with variable 
frequency, unbalanced three-phase supply. This 
technique does not deal with the variation of the motor 
performance as the harmonic distortion in phase 
voltages. 

In this research modeling of induction motor has 
been carried out by reducing its equivalent circuit to be 
R-L load. Then, MATLAB program has been used to 
obtain all performance parameters in terms of its firing 
angle. A modern computer simulation program 
(PSIM6.1[10]) has been used to validate the MATLAB 
simulation results. 



 
Fig.1 Three-phase AC voltage controller under induction motor load. 
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Fig. 2 Equivalent circuit of three-phase induction motor. 
 
A. R-L Modeling  

The simplified equivalent circuit of an induction motor 
is as shown in Fig.2. The total impedance can be 
express as shown in (1). This equation can be reduced 
to be just R and L elements in terms of slip as shown 
in (2) and (3) respectively.  
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Once the total impedance of the system is found, it 

could be represented by a three-phase control circuit as 
shown in Fig.3. After that the analysis shown in [1,3] 
has been used to determine the supply current and all 
other performance parameters in the induction motor 
by using MATLAB computer program.  

 
The analysis and operations of the three phase 

voltage controller under induction motor load depends 
on the relative values of firing and phase angles. These 
different values will make the system works in 
different modes of operations, namely, mode 2/3, 
mode 0/2/3 or mode 0/2 [1]. Fig.4 shows the three-
phase supply current for different modes of operations. 
From intensive simulation results, the firing angle 
ranges for the three modes of operation have been 
obtained and summarized as shown in Table(1). It is 
clear that the mode 2/3 has near sinusoidal current 
waveform. 

Table(1) Modes of operations of the control systems. 
Mode Limits 

0/2 3/0 πα −Φ≤≤  
0/2/3 13/ Φ≤≤−Φ απ  
2/3 3/1 πα +Φ≤≤Φ  

0/3/2 3/23/ παπ ≤≤+Φ  
0/2 6/73/2 παπ ≤≤  

 
Where: α : is the firing angle. 
Φ  : The motor power factor angle or, the phase angle 
of the impedance (i.e. is the phase-angle difference 
between the phase voltage and the phase current). 

1Φ : Angle of the input current of the motor under 
sinusoidal supply current (i.e. it is corresponding to the 
time between a voltage zero crossing and the instant at 
which the current fundamental component first reaches 
zero following voltage zero crossing.). 
 

 
Fig.3 Induction motor represented as R-L load. 

 

 

 
Fig.4 Three-phase currents for different modes of operations. 

 
B. PSIM Computer Simulation 

The simulation of three-phase phase angle controller 
under three-phase induction motor load has been 
carried out by using PSIM6.1 computer program. 
Intensive simulation has been carried out for different 
modes of operations to determine the operating limits 
of this system. The nameplate motor data used in this 
simulation is shown below: 
1 kW, 220/380 V, star connection, 3.0A, 4 poles, 
1800rpm, 60 Hz, 0583.0=sR pu, 0417.0=rR pu, 

125.0=sX pu, 018.0=rX  pu, and 05.1=mX pu. 



III. SIMULATION RESULTS 
The simulation has been carried out under two cases of 
operations. The first case is constant torque variable 
firing angle (see Fig.5 to Fig.10) while the second case 
is constant firing angle variable speed (see Fig.11 to 
Fig.16). 
1) Case 1: The variation of peak value of phase 
voltage with firing angle for different values of torque 
is shown in Fig.5. It is clear that the phase voltage is 
approximately linear only in the region of mode 2/3 
where the phase voltage inversely proportional to the 
firing angle for all values of torque. The variation of 
speed with firing angle for different values of torque is 
shown in Fig.6. This curve reveals that the speed 
inversely proportional to the firing angle for mode 2/3 
and directly proportional in any other mode of 
operations. So, the speed control system has to identify 
the mode of operation to send a correct value of firing 
angle to switches otherwise the system will get out of 
control. 

The variation of power factor with firing angle for 
different values of torque is shown in Fig.7. It is clear 
that the power factor inversely proportional to firing 
angle in no load for all modes of operations. But, at 
high loads the power factor inversely proportional to 
the firing angle only in 2/3 mode and directly 
proportional in any other mode of operations. 

The variation of power factor angle (Φ ) with firing 
angle for different values of torque is shown in Fig.8. 
It is clear that the limits shown in Table(1) agree with 
the curves shown in this figure. The variation of THD 
with firing angle for different values of torque is 
shown in Fig.9. It is clear that the THD is low and 
direct proportional to firing angle only in mode 2/3. In 
any other mode of operation except the regions near to 
mode 2/3 the THD is very high due to the distortion in 
line currents. The high THD in line currents reduces 
the efficiency of the motor due to iron and copper 
losses associated with the current harmonics 
components as shown in Fig. 10. 
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Fig.5 Phase voltage variation for different values of torque. 
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Fig.6 Speed variation for different values of torque. 
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Fig.7 Power factor variation for different values of torque. 
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Fig.8 Power factor angle,Φ  for different values of torque. 
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Fig.9 The THD variation for different values of torque. 
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Fig. 10 The motor efficiency for different values of torque. 

 
2) Case 2: In this case, three different values of 

firing angle have been used. These values are oo 70,90  
and o50  respectively. The speed has been used as 
independent variable and changed from 0.25 pu to 1pu.  

 
The variation of peak value of phase voltage with 

speed for different values of firing angle is shown in 
Fig.11. It is clear that the motor works mainly in the 
mode 2/3 for any firing angle except near to 
synchronous speed it goes to mode 0/2/3. Phase 
voltage is inversely proportional to speed at low speed 
and is directly proportional to speed near to 
synchronous speed. 

 
The variation of torque with speed for different 

values of firing angle is shown in Fig.12. The motor 
torque directly proportional to speed at low speed and 
inversely proportional to speed near to synchronous 
speed. 

The variation of power factor with speed for 
different values of firing angle is shown in Fig.13. The 
power factor directly proportional to speed at low 
speed and inversely proportional to speed near to 
synchronous speed. 

 
The variation of power factor angle (Φ ) with speed 

for different values of firing angle is shown in Fig.14. 
The power factor angle inversely proportional to speed 
at low speed and directly proportional to speed near to 
synchronous speed. 

The variation of THD with speed for different values 
of firing angle is shown in Fig.15. The THD directly 
proportional to speed at low speed and inversely 
proportional to speed near to synchronous speed. 

 
The variation of efficiency with speed for different 

values of firing angle is shown in Fig.16. It is clear that 
the efficiency is approximately same in each motor 
speed for different firing angle. 
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Fig.11 Phase voltage for different values of firing angle. 
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Fig.12 The motor torque for different values of firing angle. 
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Fig.13 Power factor variation for different values of firing angle. 
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Fig.14 The power factor angle (Φ ) variation for different values 

of firing angle. 
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Fig.15 The THD variation for different values of firing angle. 
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Fig.16 The motor efficiency for different values of firing angle. 

 

IV. CONCLUSIONS 
This paper presents a modeling and simulation of three-
phase AC voltage controller under three-phase induction 
motor load. The simulation results from PSIM6.1 have been 
found in correlation with their counterpart from MATLAB 
7. The speed control of the induction motor is achieved by 
controlling the firing angle. The relation between the speed 
of the motor and the firing angle depends on the mode of 
operation. So, the speed control system has to identify the 
mode of operation to send a correct value of firing angle to 
switches otherwise the system will get out of control.  
Efficiency and THD of the system depends on the mode of 
operation of the system where their values are good around 
mode 2/3. So, it is recommended to force the motor to work 
in this mode of operation and avoid others. 
The control limits of this system exist over a wide range of 
delay angle in light loads and visa versa. Simulation results 
presented in this paper demonstrate the simplicity of this 
technique. 
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