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ABSTRACT 
 
  This paper presents design and implementation of 
scalar control of induction motor. This method leads 
to be able to adjust the speed of the motor by control 
the frequency and amplitude of the stator voltage of 
induction motor, the ratio of stator voltage to 
frequency should be kept constant, which is called as 
V/F or scalar control of induction motor drive. This 
paper presents a comparative study of open loop 
and close loop V/F control induction motor. The V/F 
control is based on advent of stator voltage 
derivatives. Simulation is carried out in 
MATLAB/SIMULINK environment and results are 
compared for speed control of induction motor. 
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1. INTRODUCTION 
 
 The V/F controlled drives parameters are 
independent, easy to implement and low cost but 
they are classified as inferior performance of 
electrical drives.[1] Scalar controlled drives give 
somewhat inferior performance than the other 
control schemes but they are the easy to 
implement. In V/F control methods, the stator 
voltage is adjusted in a part of the supply 
frequency, except for low and above base speeds. 
At low frequency operation the voltage drop 
across stator resistance must be taken into account. 
The simplest stator resistance compensation 
method consists of boosting the stator voltage to 
compensate the voltage drop across the stator 
resistance [5, 6]. However, it is not easy to 
determine the boost voltage as it is easy to get flux 
saturated [2, 3, 5, 6]. Alternatives to the simple  
 

 
 
 
 
boost voltage are described in [6]-[3]. However 
these methods need machine parameters and are  
complicated [1, 3]. The open Loop V/F method 
always suffers from oscillations especially under  
light load conditions [1, 9, 5, 8]. Many studies in 
relation to this instability problem have been 
carried out [7]-[8].However, faster strides in the 
development of DC Motors made it overtake 
Induction Motors when it came to usage in the 
industry or in transportation. The latter again 
made a comeback in 1985 with the development 
of Power Electronics-based drives, especially 
IGBT-based PWM Inverters for efficient 
frequency-changing. The following are some of 
the recent developments in Induction Motor 
drives: 
i. Better analytical models for design and 
research purposes 
 
ii. Better magnetic and insulation materials and 
cooling systems.  

iii. Availability of design optimization tools.  

iv. IGBT-based PWM Inverters for efficient 
frequency changing with low losses and high 
power density.  

v. New and better methods for manufacturing 
and testing.  

vi. High speed and high power applications.  
 
With a widespread presence in all kinds of 
industries, households and in transportation, the 
Induction Motor is now called the „Racehorse of 
the Industry‟. 
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 2. OPEN LOOP V/F CONTROL  

The open loop V/F control of an induction motor 
is the most common method of speed control 
because of its simplicity  and these types of motors 
are widely used in industry. Traditionally, 
induction motors have been used with open loop 
50Hz power supplies for constant speed 
applications. For adjustable speed drive 
applications, frequency control is natural. 
However, voltage is required to be proportional to 
frequency so that the stator flux …… 

 remains constant if the stator resistance is 
neglected. The power circuit consists of a diode 
rectifier with a single or three-phase ac supply, 
filter and PWM voltage-fed inverter. Ideally no 
feedback signals are required for this control  
scheme.  
The PWM converter is merged with the inverter 
block. Some problems encountered in the 
operation of this open loop drive are the following:  

• The speed of the motor cannot be 
controlled precisely, because the rotor 
speed will be slightly less than the 
synchronous speed and that in this scheme 
the stator frequency and hence the 
synchronous speed is the only control 
variable.  

• The slip speed, being the difference 
between the synchronous speed and the 
electrical rotor speed, cannot be 
maintained, as the rotor speed is not 
measured in this scheme. This can lead to 
operation in the unstable region of the 
torque-speed characteristics.  

• The effect of the above can make the 
stator currents exceed the rated current by 
a large amount thus endangering the 
inverter-converter combination.  

 
These problems are to be suppress by having an 
outer loop in the induction motor drive, in which 
the actual rotor speed is compared with its 
commanded value, and the error is processed 
through a controller usually a PI controller and a 
limiter is used to obtain the slip-speed command. 

 
Fig-1: Block diagram of the open loop V/F control for an 

IM. 
 

 
Fig-2: Block diagram of the open loop V/F control for an 

IM. 
 

Table:1  
Asymmetric and symmetric PWM resolution 

 

 
 

3. CLOSED LOOP V/F CONTROL 
  
The basis of constant V/F speed control of 
induction motor is to apply a variable magnitude 
and variable frequency voltage to the motor. Both 
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the voltage source inverter and current source 
inverters are used in adjustable speed ac drives. 
The following block diagram shows the closed 
loop V/F control using a VSI. 

 
 

Fig-2: Block diagram for closed loop V/F control for an 
IM 

A speed sensor or a shaft position encoder is used 
to obtain the actual speed of the motor. It is then 
compared to a reference speed. The difference 
between the two generates an error and the error 
so obtained is processed in a Proportional 
controller and its output sets the inverter 
frequency. The synchronous speed, obtained by 
adding actual speed and the slip speed , determines 
the inverter frequency. The reference signal for the 
closed-loop control of the machine terminal 
voltage is generated from frequency.  
 
 
4. MATLAB SIMULATION OF OPEN 
LOOP V/F CONTROL  
 
A SIMULINK block was created to analyze the 
open loop constant V/F control method using PI 
controller and the Stator current (Figure 3) and 
Electromagnetic torque (Figure 4) were plotted 
against time. The SIMULINK block is given 
below followed by the outcomes. 
 
 

 
 
 
Fig 3: SIMULINK block of open loop constant V/F speed 

control using PI controller 
 
 

5. CLOSED LOOP V/F SPEED CONTROL 
METHOD USING PI CONTROLLER  
 
A SIMULINK block was created to analyze the 
close loop constant V/F control method using PI 
controller and the Stator current (Figure 7), and 
Electromagnetic torque (Figure 8) were plotted 
against time. The SIMULINK block is given 
below followed by the outcomes 
 

 
 
Fig 4: SIMULINK block of Close loop constant V/F speed 

control using PI controller 
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6. SIMULATION RESULTS 
 
Experimental figures are presented in this section 

 
 

Fig: V/F control method for induction motor 

 

 
 

Fig: V-I of stator 
 

 
 

Fig: Speed, Torque, Voltage And Frequency 
 

 
Fig: Vector Control Of AC Motor Drive(Proposed) 

 

 
 

Fig: Outputs For Voltage Current, Speed And Torque 
 
7. CONCLUSION  
Simulation is carried out in MATLAB 
environment for speed control of induction motor 
for full load, using PI controller. And the results 
are checked. From the above experiment and 
results we concluded that the closed loop V/F 
control gives better response and better result as 
compared to open loop V/F control of induction 
motor.  
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