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Abstract 
 
DSP implementation of speed control of three phase induction motor 
drive is presented in this paper. A closed loop speed control has been 
achieved using constant V/f technique which is a simple scalar 
control method used to control the magnitude of the control 
quantities. In this study, a fourth order polynomial drived from V/f 
curve is constructed instead of using look up table which takes much 
time for determination of voltage from frequency value. A PI 
controller is used in speed control.  dSPACE DS-1103 controller 
board is used for the implementation with Matlab/Simulink, which 
has a simple real time interface. Steady-state speed characteristics 
and transient responses with various reference speed commands are 
presented by experimental system.  The simulation and experimental 
results provide a smooth speed response and good performance 
under various dynamic operations. Real time speed control has been 
implemented and some results are presented. 

  
Keywords: frequency control, induction motors, motor drives, speed 
control, variable speed drive. 

  
 

1. INTRODUCTION 
Many industrial applications need adjustable speed drives. Conveyors, 

machine tools, blowers are some of the application examples which require 
speed control. Because induction motors are fixed speed motors, DC motors 
were used for the variable speed drives because of their speed and torque 
characteristics. However, the mechanical contacts with commutator and 
brushes which produce problems with time are some of the drawbacks of DC 
motors. Due to its low cost, simple structure, low maintenance, robustness 
and reliability, induction motors are widely used in many applications in 
residential, industrial and commercial areas [1], [2]. However, the speed 
control of induction motors is more difficult due to their complex structure 
[3], [4]. 
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2. RELATED WORKS 
The achievements in power electronics have improved the adjustable 

speed induction motor drives to obtain smooth and continuous speed 
variation. The speed of these motors can be controlled using either scalar or 
vector control techniques. In scalar control techniques, the motor speed is 
controlled by changing the amplitude or frequency of the supply voltage 
connected to the induction motor [5], [6]. Scalar control is a simple method 
which can be easily implemented for speed control [7], [8]. This technique 
provides satisfactory response in the steady state. The main drawback is the 
poor performance during transients. The motor performance becomes poor 
at low speed region [9]. 

The scalar control cannot provide good accuracy in speed and torque 
control due to the coupling between stator current components which 
produce torque and flux. Because of this coupling, the stator flux and torque 
cannot be controlled directly. Vector control techniques are used with the 
applications where a high performance with better accuracy is needed [10]- 
[15]. The speed of the induction motor can be controlled by using solid-state 
variable-frequency induction motor drive. PWM techniques are used to 
control the output voltage and frequency. It is aimed in this study to 
implement a real time constant V/f controlled variable speed squirrel cage 
induction motor drive.  
 
3. ORIGINALITY 

The torque produced by induction motors is created by interaction of 
stator and rotor magnetic fields. If frequency is reduced while the voltage 
kept costant with a certain value, then magnetic saturation occurs due to the 
large magnetic flux causing failure of the motor. Because of this, the voltage 
and frequency should be changed proportionally resulting constant voltage 
and frequency ratio. This is known as constant V/f control of induction 
motors. In this control method the speed of the induction motor is controlled 
with the stator voltage and frequency by maintaining the airgap flux at the 
desired steady state value. 

For constant V/f control, the values of the voltage and frequency need 
to be stored. Normally, look up tables are used for storing voltage and 
frequency values. There should be a voltage value for every frequency value. 
If small changes are needed either the look up table to be too long or 
interpolation between the values should be used. This need large storage and 
too much time fort he computations. 

In this study a polynomial is constructed from the V/f curve. A fourth 
order polynomial, as explained in Section 6, is constructed to represent the 
V/f curve. Thus, the voltage value corresponding to any frequency value is 
easily obtained. With this constant V/f ratio, the maximum torque of the 
motor becomes constant for different speed values. 
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4. SYSTEM DESIGN 
 
STEADY-STATE MODEL OF INDUCTION MOTOR 

The approximate equivalent circuit of an induction motor with respect 
to the stator, shown in Figure 1, can be used without very much loss of 
accuracy. 
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Figure 1. Approximate equivalent circuit of an induction motor 

 
where V1, R1 and X1 represent voltage, resistance and the leakage reactance 
of stator winding. Xm is the magnetizing reactance and Rc represents the core 
loss. 

From per phase equivalent circuit, the rotor current referred to stator I2 
can be written as:  
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In this expression R2 and X2 represent resistance and leakage reactance 

of the rotor and s represents the slip.  
The induced electromagnetic torque is obtained by [16], [17]: 
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where P represents the poles and  represents the angular speed of the 
motor. The curve representing the change of torque with the slip according to 
Eq. (2) is shown in Figure 2. 
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Figure 2. Speed-torque characteristics 

 
SPEED CONTROL OF INDUCTION MOTOR 

The induction motor is a constant speed motor when fed by a constant 
frequency and constant voltage supply. The speed of this motor can be 
changed by changing the number of poles, changing the supply frequency or 
by changing the supply voltage. 

The steady state speed of an induction motor is obtained by the 
expression; 

 
60

s
f

n
P

=      (3) 

 
where ns represents the synchronous speed, f represents the mains 
frequency.  

The number of poles are determined by stator coil connections. This 
requires stator winding that can be so arranged to produce different number 
of pole pairs. Motor needs a special mechanism to change coil connections to 
change speed. By changing coil connections, the speed change becomes a 
stepped form and limited with two different speeds with a ratio of 2 to 1.  

The operating slip of an squirrel cage asynchronous motor slightly 
varies by the source voltage [18]. Therefore, the asynchronous motor speed 
also changes in a limited region with changing the supply voltage. Figure 2 
shows the variation of torque with the slip which is the speed-torque 
characteristics of an induction motor. Under constant load torque, the speed 
change can only be made between 0 (nr=ns) slip and maximum slip (s=smax) 
region which is the stable operation region. 

The torque produced by the asynchronous motor increases with the 
square of supply voltage. Figure 3 shows the torque-speed characteristics of 
an asynchronous motor with different supply voltages.  
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Figure 3. Speed-torque curves for different voltage values 

 
As seen in Figure 3, the decrease in the voltage causes a big drop in 

torque. However, the voltage change does not affect the speed and the 
maximum slip where pull-out torque is generated. The speed range for stable 
operation doesn’t change. The starting torque also decrease with decreasing 
voltage. The motor may not start even with sufficient voltage level at running 
torque. This method of speed control is used with the load which requires 
low starting torque and the torque increase with the speed such as fan type 
load where the torque directly changes with the square of the speed (T  2). 
Because the load torque is zero at zero speed, the motor can start with low 
voltages. 

The speed of induction motor changes changing line frequency. As the 
developed torque is dependent on the frequency change in frequency causes 
the change in developed torque. To maintain a constant maximum torque, the 
voltage should be changed with the frequency. 

It is seen in Eq. (3) that there is a direct proportionality between motor 
speed and the frequency, 

 

s
f

n
P

      (4) 

 
The pole pair is determined at construction stage and its constant. The 

frequency is the only parameter which determines the speed. 
The motor speed can be changed below or above the base speed by 

changing the frequency above or below the mains frequency. This can be 
made by using power electronic devices called inverters producing ac voltage 
with desired frequency from a dc power sources. The amplitude and 
frequency of the output voltage of an inverter may be variable or fix 
depending on the method used for switching. 

The rotor speed is determined by the synchronous frequency and the 
load of the motor. The speed can be varied between synchronous speed and 
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the maximum speed where pull out torque is generated. The decrease in 
frequency decreases the speed, but causes increase in pull out torque and the 
rotor current. Increase in pull out torque with decrease in frequency, as 
shown in Figure 4, cannot cause motor to benefit from this capacity as it has 
no need to use this capacity. Motor draws unnecessary high currents near 
zero speed. Hence, although the speed can be controlled in a wide range by 
frequency change, it is not useful due to high current drawn from the mains 
which cause saturation and loss at low or near zero speed. 

The induced emf in induction motor is given by, 
 

4.44 mV N f=      (5) 

 
where N represents the number of turns in the winding per phase, m 
represents maximum value of the airgap flux. 

 
Figure 4. Speed-torque curves for different frequency 

 
When the frequency is reduced to reduce the speed while voltage is 

constant, the flux must be increased in order to keep the induced emf 
constant. Increase in flux causes saturation. In order to avoid saturation, the 
flux need to be kept constant. This requires the voltage has to be reduced 
with the frequency. This V/f ratio needs to be kept same for all frequencies to 
obtain a flux which produces maximum torque. 

When constant voltage/frequency ratio is maintained, a wide range 
speed change can be reached except near zero speed. This provides pull out 
torque and therefore the motor current remains to be constant. A high 
voltage value greater than the specified V/f ratio may be applied to the motor 
to meet the voltage drop across the motor winding as it has a big effect near 
zero speed. Figure 5 shows the voltage/frequency change curve based on the 
V/f control technique. 
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Figure 5. Voltage/frequency characteristics 

 
Figure 6 shows the torque-speed curves of the motor for various 

voltage and frequency values by maintaining constant V/f ratio. The 
voltage/frequency ratio is taken linearly except for the low speed range. 

 
Figure 6. Speed/torque curves with constant V/f ratio 

 
In order to obtain a speed higher than the synchronous speed, the 

frequency and the voltage should be greater than the nominal values to keep 
constant V/f ratio. Since the voltage higher than the nominal voltage is a 
problem for the windings, it held constant at the frequencies over the 
nominal frequency. 

 
MODEL OF THE DRIVE SYSTEM 

Due to the low cost and simplicity, the open loop constant V/f control is 
mostly used speed control technique of induction motor. In open loop control 
method, the torque cannot be controlled. The change in load torque cause the 
change in the speed of the motor. This is the main drawback of the open loop 
control. A more robust technique for controlling the speed of the induction 
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motor is the closed loop control technique. In the closed loop control method, 
the torque is also controlled.  

The block diagram of the closed loop speed control of drive system is 
shown in Figure 7. The error between measured and desired speed is 
processed in the PI controller. The output of the controller defines the slip 
speed command ωsl. The PWM based three phase inverter frequency was 
obtained from the motor speed. The measured rotor speed ωr and the slip 
speed ωsl are added to produce the synchronous speed. 

PI
VSI

IM

E

r* + -

sl

r

+

r

Vs*

e*

 
Figure 7. Closed loop speed control system 

Frequency ωe is used as a reference signal for the V/f block of which 
produces the induction motor terminal voltage Vs*. Using information in 
Figure 5, within the linear region, the reference voltage based on the 
reference frequency can be written as 

 

*min*
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s s
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V V
fV

f f

 −
=   − 

     (6) 

 
Vn and fn represent the nominal values, Vmin and fmin represent the 

minimum values of the voltage and frequency respectively. 
Normally look up table is used to save numerical values of the voltage 

and frequency.  Look up table might be long for better resolution or 
interpolation may be needed. For quick response, a polynomial based on V/f 
curve is constructed as shown in Figure 8, instead of using look up table. A 
fourth degree polynomial given in Eq. (7) is fitted using Matlab curve fitting 
function. Nominal voltage and frequency values are used fort he construction 
of this polynomial. This curve is used to obtain voltage values from the 
frequency representing the speed for all working conditions defined by 
Eq.(6). 

 
4 3 2* 54.3 0.0091 0.55 4.2 7510s ff f fV −=  − + − +      (7) 
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Figure 8. Polynomial fitted V/f curve 

 
The three phase voltages are then, 
 

* *sin(2 )a ss tV fV =      (8) 

* *sin(2 2 / 3)b ss tV fV  +=      (9) 

and 
 

* *sin(2 2 / 3)c ss tV fV  −=    (10) 

 
Figure 9 shows the generation of switching signals from the reference 

voltages obtained from the V/f block using constant V/f ratio.  
 

 
Figure 9. Simulink block for the switching signal generation 

 
5. EXPERIMENT AND ANALYSIS 

The experimental system consists of a voltage source inverter, a DSP 
with pc for control algorithm and a 0.5 kW, 1500 rpm, 50 Hz, 3-phase 
induction motor.  Figure 10 shows the picture of the experimental rig. 
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Figure 10. Experimental rig 

 
The control system is developed in Matlab/Simulink environment with 

DS1103 dSPACE DSP. The DSP controller board uses a Real Time Interface 
and ControlDesk software for the implementation and experimentation 
respectively. 

RTI toolbox provides Simulink blocks to configure models and to reach 
the DSP. ControlDesk provides a platform for controlling and monitoring the 
real-time control of the developed system. A control window with lots of 
virtual instruments can be build using ControlDesk. Thus real time parameter 
change and data acquisition can be made.  

ControlDesk is used to monitor the operation, change the parameters 
online and capture the data.  The speed obtained from the experimental 
system is filtered to avoid aliasing using an anti-aliasing filter.  
 

The general block diagram of the speed control system is given in 
Figure 11.  

 
Figure 11. V/f speed control system Simulink block 

 
A PI type controller with KP=0.01 and KI= 0.1 is used to control the 

speed of the motor. Within the V/f block, the magnitude and frequency of 
sinusoidal signals with 120° phase shift are generated while keeping constant 
V/f ratio based on a reference speed value.  Sinusoidal reference signals are 
compared with a carrier triangular wave to produce PWM switching signals 
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for the inverter switches. Since the change in the speed changes voltage and 
frequency to keep V/f constant which further changes the duty ratio of the 
switching signals, the inverter output voltage varies accordingly. 

The Matlab/Simulink blocks for the DSP is given in Figure 12. Digital 
I/O ports are used for the inverter switching signal.  Analog input port is used 
to receive the speed feedback signal for closed loop operation. This signal is 
used after filtered by a low pass filter to remove highf requency noise from 
encoder and amplified to the actual value. 
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Figure 12. Simulink program for DSP 

 
The speed response is obtained and presented using dSPACE 

ControlDesk software.  Figure 13 shows the starting performance of the 
speed control system. The speed reference is given as 1500 rpm and motor 
starts from rest. 

 
Figure 13. Speed response with 1500 rpm reference speed 

 
The reference speed is increased from 500 to 1000 rpm and from 1000 

to 1500 rpm. Then the reference speed is decreased from 1500 to 1000 rpm 
and from 1000 to 500 rpm. The performance of the V/f control system both 
increase in speed and decrease in speed is presented in Figure 14. 
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Figure 14. Speed response when both increase and decrease in reference speed 

 
Figure 15 and Figure 16 represent the torque and speed recovery of the 

system when 3 Nm load applied at t=2.5 s while motor running with no load. 

 
Figure 15. Torque response when 3 Nm load is applied at t=2.5 s 

 

 
Figure 16. Speed response when 3 Nm load is applied at t=2.5 s 

 
The system is tested with speed reversal. While the motor is stabilized 

running at 1500 rpm, a 1500 rpm speed reference is applied. The 
performance with speed reversal is presented in Figure 17. Which shows the 
four quadrant operation of the controlled system. 
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Figure 17. Performance at speed reversal 

 
6. CONCLUSION 

This study presents the speed control of a three phase induction 
machine using constant V/f technique. The desired speed command is 
converted into the corresponding frequency. Reference voltages are 
generated from this desired frequency by keeping V/f to be constant. These 
reference voltages are compared with triangular wave producing switching 
signals.  

The speed control system tested with different reference speed values 
including speed reversal. A good performance results are obtained and 
presented. The robustness of the system is tested with step load as well. The 
simulation results showed a good dynamic performance. This scalar control 
technique is simple to implement and low cost technique that can be used in 
many applications in industry. 
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