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Abstract- This paper discusses about the design and implementation of electrical drive with the help of simulation 
software’s like Simulink and Sim Power Systems, and studies various considerations of induction motors like stator, rotor 
and load characteristics. The main purpose of this paper was dealt with steady-state and dynamic characteristics of induction 
motor with respect to current and voltage. And also perform vector control strategies and mathematical calculations of stator 
quadrate, flux linkage and slip frequency. Overall, The current and voltage characteristic of motor drive was discussed and 
also knowing the designing and building of an drive with using of simulation packages, and technical issues and which fully 
investigated the principle behind the mechanism.  
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I. INTRODUCTION 
 
The circuit diagram states the construction of 
induction motor drive system with consisting of the 
IGBT inverters and vector control systems. The IGBT 
inverter was parallel connected to the motor for 
converting the generated dc currents into alternative 
currents and it supply to the storage system of DC 
supply system.  
 

 
Figure 1: Vector Control of AC Motor Drive 

 
In the above circuit diagram states the working of 
variable speed induction motor drive using field 
oriented control. The rotor flux space vector was used 
to achieve decoupling between the motor flux and 
torque. The induction motor was constructed with the 
help of current controlled PWM inverter, which 
operated as a three-phase sinusoidal current source. 
The role of the speed controller was to keep the motor 
speed equal to the speed reference input in steady 
state and to provide good dynamic transients. 
 
II. SYSTEM BACKGROUND 
 
The background of system mainly discussed 
regarding the motors and their characteristics. The 

motors works as an alternating current sources where 
the power was supplied to the rotor in terms of 
electromagnetic inductions. The electrical motor was 
runs under the applying of the magnetic forces 
between the stationery electromagnetic known as a 
stator and rotating of the electromagnetic called as the 
rotor.  The main characteristics of the electrical 
motors discussed below.    
 
Starting Characteristics of the electrical motor at rest 
state it’s appears like a short circuited transformer 
and if the transformer was the connected to the 
supply voltages, it draws very high currents known as 
the “Locked Rotor Current”. This will also produce 
torque which was known as the “Locked Rotor 
Torque”. The locked rotor torque and locked rotor 
currents are the function of the terminal voltages of 
the motors. As the motor accelerated, both the torque 
and the current will alter with rotor speeds if the 
voltage was constant. The starting current of a motor 
with a fixed voltage will drop slowly as the motor 
accelerates and will only begin to fall highly when 
the motor has reached at full speeds. Running 
Characteristics of the electrical motors was once the 
motor speed raise constantly it operated at a low slip. 
The speed defined by the number of the stator poles. 
The full load slip of a particular motor was depends 
on the motor design. The motors have two types of 
current drawn components: reactive components for 
magnetizing currents and active components for 
working currents.  
 
These two components magnetizing current was 
independent of the loads but its dependant on the 
design of the stator voltages. The Load 
Characteristics was performed based on the various 
types of loads existing with different torque and 
speed curves. For a constant torques, variable speed 
loads are applicable at screw compressors and 
variable torque and variable speeds are applicable at 
fans and pumps applications. The constant loads for 
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traction drives. The motor loads systems are stable 
when the motor torque was equal to the load torques. 

The most of the motors will operated in a steady state 
at a fixed speed. 

 
III. IMPLEMENTATION 

 

 
Figure 2: Vector Control AC Motor Drives 

 
3.1 Description of the Induction Motor Drive 
The circuit diagram above AC Motor Drives 
consisting the combination of induction motor, IGBT 
inverts and vector control system which explain 
below.  
 
3.1.1 The Vector Control System 
Vector Control System used to measurements of the 
stator phase currents and it converted into a complex 
vectors for transmitting into the coordinating systems 
of rotating rotor of the machine.  
 
3.1.2 Induction Motor: 
Induction motors was a type of alternating current 
motors where power is supplied to the rotor by means 
of electromagnetic induction. Which are used to 
shorting the wire loops on a rotating armature and 
obtain their torque from currents induced in these 
loops by changing magnetic field produced in the 
stator coils.  
 
3.1.3 Inverters: 
IGBT Inverters, It converts the direct currents to the 
alternating currents for delivering the currents to the 
system. In this system adjustable speed motor control 
inverters are currently used to power the traction 
motors of the system.   
 
3.2 Theoretical Calculations:  
The mathematical principles of the AC drives  

3.2.1 The stator quadrate -axis current reference    
Iqs

* = (2/3) * (2/p) * (Lr / Lm) * (Te
* / | r |  est)   

Where Lm is Mutual Inductance,  
Lr is Rotor Inductance 

| r |est is Estimated Rotor Flux Linkage 
          

| r |est = (Lm) * ids / (1+ τ rs) 
  Where τr = Lr / Rr, rotor time constant.  
 
3.2.2 The Stator Direct-axis Current: 
The stator direct-axis current reference ids

* was 
obtained from rotor flux reference input  
 

| r |* as   Ids
* = | r |* / Lm 

 
3.2.3 The Rotor Flux Position: 
The rotor flux position required for coordinates 
transformation was generated from the rotor speed ω 
m and slip frequency ω sl        

 θe =  (  ω m + ω sl) dt 
 
3.2.4 The Slip Frequency: 
The slip frequency was calculated from the stator 
reference current iqs

* and the motor parameters as      
 

 sl = (Lm / | r |est) * (Rr / Lr) * iqs
* 

 The speed is 120 rad/sec and torque to zero 
constantly 
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IV. SIMULATION RESULTS 
 
4.1 Simulation Results for AC Drives   
The speed and the load torque applied to the motor 
speed shaft can be both selected by a manual switch 
block in order to use either a constant value of step 
functions.  

 

 
Figure 3: Circuit diagram of Vector Control Block 

 
The current regulator in vector control block system 
consists of three hysteresis controllers built with 
Simulink blocks 
 

 
Figure 4: Circuit diagram of Current Regulators 

 
The transformation blocks of abc and dq reference 
frames  
 

 
 

 
Figure 5 & 6: Transformation block of acb_dq & dq_abc. 

The rotor flux was calculated by the flux calculation 
block in vector control blocks 

 

 
Figure 7: Circuit diagram of Rotor Flux 

 
Calculation of rotor flux by the teta calculation   

 

 
Figure 8: Circuit diagram of Rotor Flux positions 

 

 
Figure 9: Circuit diagram of Stator quadrature-axis current 

 

 
Figure 10: Stator current and direct axis current 

 
4.2 Simulation Waveforms  

 

 
   Figure 11: Wave forms of Starting Induction Motor drives 
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 Figure 12: Steady-state motor Current, Voltage and Torque  

 

 
Figure 13: Dynamic performance of the IM Drive 

 
V. DISCUSSION OF RESULTS 
 
5.1 Practical Observation  
The drive starting was conducted by specifying the 
[1, 0, 0, 0, 0, 0, 0, 0, 0] for initial condition of the 
asynchronous machine blocks and the speed reference 
of 120 rad/s was observed. During the conduction of 
induction motor drive the electromechanical torque 
and currents was noticed. The current and voltage 
characteristic of motor drives was studied and also 
knowing the designing and building of drive with 
using of the Simulink and SimPoweSystem 
software’s.   
 
5.2 Theoretical Observations of Motors  
After the induction motor starts the speed gradually 
increases step wise with respect to time. After a few 
second the speed of the induction motor reached its 
steady state and it remains almost constant. But when 
the load increases the speed of the motor tend to 
decrease. From the graph it was clear that as the 
induction motor starts it reaches its steady state after 
0.8 second. But the torque (Te) was high at the initial 
point of motor operation as a result speed of the 
motor was low and after some seconds torque will 
decrease along with the increase in the speed. And 
torque will be negligible when the motor reaches its 
rated speed.  
 

   
Figure 14: Changing operation conditions of constant toruque 

and constant speed 
 
When stator current (Is) was considered it was high at 
the initial stage since the torque was high but it was 
not that constant. It was in the sinusoidal manner till 
the speed maintain its constant value and after that 
the stator current remains almost constant. The drive 
dynamic performance was studied on the basis of two 
changing operating condition that was applied to the 
drive such as step change in the speed reference and 
step change in the load torque. 

 
CONCLUSION 
 
The electric motor impacts have almost every aspect 
of modern living. The technique for analysis and 
design of induction motor was learned. The 
characteristics of induction motor when running 
forward condition same with the characteristics of 
induction motor when running reverse condition. 
From the result we know that current, power and 
speed increase when voltages are increased. The 
speed of induction motor was high so the time was 
needed to change forward direction in to reverse 
directions. The average speeding torque, losses and 
performance curve was determined. The report was 
also very useful to enhance the knowledgeable about 
designing of a electrical drive with the using of 
simulink and SimPower Systems.  
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