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ABSTRACT 

 

Induction machine is most of the commonly used among all the AC machines. It almost serves in 

every application where mechanical power is needed. That is why researches proposed model are 

based upon this machine. This paper is presenting the two different simulation models. One is of 

scalar control and another is of vector control. These two models although have same principle 

of control but vary in terms of mathematical modeling. Scalar control model so simulated is 

simply inverter-fed but vector control model is fed by cascaded converter system. Cascaded 

converter system consist of dc to dc converter known as boost converter. Boost converter have 

tendency to give higher average output voltage in comparison to input. Due to this feature of 

boost converter, the proposed model can be practically driven with the battery system even of 

less capacity. Vector control system therefore have tendency to work with storage battery cells, 

fuel cells, solar cells etc.  Both these models are compared for various speed commands and then 

their transient nature is examined which ultimately confirms that vector control are best suitable 

for handling transients. Simulation is done using MATLAB 2012a. 
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1.INTRODUCTION 

 

Induction machines are those efficient devices which relatively require fewer efforts to produce 

comparatively more effective output. Since the most commonly available source is AC therefore 

AC machines are used in industries. One such AC machine is induction machines. As said they 

are supplying 90% of mechanical power in industries that is why the field of enhancement has 

been increased in induction machines as technology increases. Dynamic induction machine 

model has conveniently allowed taking instantaneous effect of parameters into consideration. 

The efficient, flexible operations of the proposed product based on dynamic modeling of 
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induction machines are possible with the many  simulation toolboxes. One such simulation 

software used in this paper to justify the smooth speed control is MATLAB. The features of 

MATLAB are:   

1. User friendly 

2. Environment independent 

3. Accuracy 

4. Flexible 

5. Versatile 

6. Upgrade according to research requirements 

2. SPEED CONTROL OF INDUCTION  MOTOR 

 

The prime idea to achieve variable speed of induction motor is derived from the formula given as 

                        

Ns = synchronous speed 

Nr = rotating speed 

s = slip 

 

Figure 1. Classification of speed control techniques of induction motor 
 

2.1 Frequency Control Method 

Synchronous speed is directly proportional to frequency and therefore rotor speed also. This 

method is very popular and widely used. Frequency can either be increased or decreased to vary 

rotor speed. It is however noted that decrease in frequency results in increase in flux. More flux 

leads to more magnetizing component which in turn reduces the power factor. Therefore in order 

to keep the flux constant scalar control (or v/f) technique and vector control techniques are 

adopted. Drives employing such controls are called as variable voltage variable frequency drive. 

The further classification of frequency based speed control is shown in next heading. 

 

3.VARIABLE FREQUENCY DRIVES 

  

Scalar control also known as V/F method  is unique defined mehod. But vector control as a 

whole has further classifications too. The sorting comes to the vector control techniques when 

different computation approach applied for unit vector calculation.If the unit vector is calculated 

using machine variables (such as voltage or current ) or detecting elements like flux-sensing 

winding or Hall detectors then it is known as direct vector control.If the field angle is calculated 

using rotor position measurement and partial estimation with only machine parameters and no 

involvement of machine variables, then it is known as indirect vector control.The indirect field 
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oriented control method is comparatively very common and that is why the researchers generally 

use the term vector control only for indirect field oriented control. 

 
Figure 2. Classification of variable frequency drives 

 

4. SCALAR CONTROL 

The equation of induced EMF is given as 

                 

  

 
                 

The above equation shows that if v/f is kept constant then flux will be constant. Thus it will 

prevent core of machine from saturation. The open loop volts/hertz control is very popular in 

industries. As name depicts it does not require any close loop hence retaining simplicity, secure 

against feedback errors and cost effective. The implementation idea of open loop control is 

shown in figure 3. In this figure   
  is approximated to    as slip frequency is neglected 

 

 
Figure 3. Block diagram of open-loop V/Hz constant control method 

 

The simulation model of scalar control is shown in figure 4. The subsystem shown in figure 4a 

has two sub-blocks shown in figure 4b and 4c. 
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(a) 

 

(b) 

 
(c) 

Figure 4. Scalar control inverter-fed induction motor drive 
 

 

5. VECTOR CONTROL 

 

The ideology of vector control is derived from DC drive analogy. The type of DC machine about 

which we are talking here is strictly separately excited DC motor. The reason behind this 

consideration is that it is the only motor having two separate circuits and therefore independent 

control upon its parameters. Armature control and field flux controls are used for controlling the 

speed of dc motor. The response so obtained is very frequent.  This time its dynamic responses 

are appreciable unlike induction motor drives which gives poor dynamic response. It happens 

because of inherent decoupling between the armature current and field current. When field 

control is applied, armature current remains unaffected and when armature control is applied, 
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field current remains unaffected. Torque depends upon flux and armature current. During 

armature control, flux remains constant and hence does not affect the torque. Torque is therefore 

directly proportional to armature current.  

                 
or 

                

Likewise, armature current does not affect the torque during field flux control and motor gives 

good dynamic responses. The figure 5 showing inherent decoupling in dc motors is shown 

below: 

 

 
Figure 5. Separately excited DC motor 

 

 

Figure 6. Phasor showing analogy between DC motor and AC motor 

 

The pictorial representation to understand the  existance of vector control model is shown in 

figure 7. 
 

 

Figure 7. Prelim of vector control inverter fed induction motor drive 

The two main task that appear for employing vector control is  axes transformation and  

generalised model of  induction motor in synchronously roating reference frame. Mr. Clarke 

suggested the axes transformation i.e. three phase (abc) axes to two phase (dq) axes and Mr. Park 
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suggested the two phase stationary axes to two phase synchronously rotating axes 

transformation. Vector control uses synchronously rotating reference frame because the flux is 

constant with respect to synchronous reference frame and to keep the flux independent of any 

variation  is aim objective of vector control method. 

Vector control block is shown in figure 8 along with equations. 
 

 

Figure 8. Vector control block 

 

Induction motor is fed by cascaded converter system in order to control the power flow. The 

various conversion stages in vector control model are as: AC supply – diode bridge rectifier – 

Boost converter – Inverter – Motor as shown in figure 9. 

The implementation of indirect vector control inverter-fed induction motor drive with boost 

converter topology is shown in figure 9. Figure 10 shows the boost converter model. 
 

 

 

Figure 9. Indirect vector control inverter-fed induction motor drive with boost converter 

topology 
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Figure 10. Boost converter model 

 

6. RESULTS & COMPARISON OF SCALAR CONTROL & VECTOR CONTROL 

 

The constant speed, speed acceleration and deceleration characteristics for both scalar and vector 

control is shown below. 

 

 
Figure 11.  Constant speed characteristics of scalar control inverter-fed induction motor drive 

 

 

 

 

 

Figure 12.  Speed acceleration characteristics of scalar control inverter-fed induction motor drive 
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Figure 13.  Speed deceleration characteristics of scalar control inverter-fed induction motor drive 

 

 
Figure 14.  Constant speed characteristics of indirect vector control inverter-fed induction motor 

drive 
 

 

 
Figure 15.  Speed acceleration characteristics of indirect vector control inverter-fed induction 

motor drive 
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Figure 16.  Speed deceleration characteristics of indirect vector control inverter-fed induction 

motor drive 

 

 

Table 1.  Performance & comparison of scalar & vector control (all values in %) 

  

  

 

 
Scalar control Vector control 

Type of speed 

command 

Time 

specification 

Value Nature of response Value Nature of response 

Constant speed t_d 5 steady state error & 

ripples held 

2 dropping 

characteristics t_r 20 5 

Speed gain t_d 1 steady state error & 

small ripples held 
-30 fast response 

t_r 50 0 

Speed reversal t_d1 5 zero steady state 

error and smooth 

transition 

15.4 no ripples, smooth 

curve and transition , 

no steady state error 
t_r1 15 35 

t_d2 30 400 

t_r2 50 600 

Speed 

acceleration 

t_d1 8 initial ripples then 

after zero steady 

state error 

5 no ripples, smooth 

curve and transition , 

no steady state error 
t_r1 50 10 

t_d2 30 100 

t_r2 146 340 

Speed 

deceleration 

t_d1 20 steady state error & 

large ripples held 

20 peak overshoot & 

zero steady state 

error 
t_r1 25 40 

t_d2 5 10 

t_r2 10 70 

 

7.CONCLUSION  

 

The theories so developed were finally employed to implement the proposed model. The 

necessary modifications were made at supply side to meet the creativeness in research field. 

Finally the characteristics so obtained were as already proved by researchers. DC to DC 
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converters aid the two pair of terminals to meet effective impedence matching for utmost power 

transmission. The work done carried out by senior members of our institutions prove that it is 

better to use PID based speed controller for indirect vector control inverter-fed induction motor 

drive. But our results make it suitable for PI based speed controller also suitable and preferable 

for same drives. This success is achieved by using DC to DC converter at supply side. PI 

controller in boost converter has an advancement and plays very effective role on harmonics in 

voltage of the inverter and thus contributing towards the faithfulness of overall results. Both 

control methods have advantages & disadvantages. Scalar control is cheap, well implementable 

method, taking lesser time to attain final value but at the same time scalar control drive is giving 

dumpy responses as per the speed command.  At another end, we have vector control drive that 

controls the current and performs with ripple free transitions as per the speed command. It is 

complex but well suited for high performance drives.  
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