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MATLAB /Simulink Modelings and Experimental 
Design of Variable Frequency Drive for Speed 

Control of Three-Phase Induction Motor 

  Abstract: This paper presents the PWM (Pulse Width 
Modulation) based speed control of three-phase asynchronous 
(Induction) motor. Induction motor is the leading machine used 
in many industrial controls, automation processes and in the field 
of HVAC applications. However, induction motor has fixed rated 
speed when directly connected to ac supply. It is necessary to 
design a drive system to obtain variable speed at its output to 
fulfill the application requirement. For this reason, we have 
designed a “VFD (Variable Frequency Drive)”, which gives 

desired speed- according to load changes unlike the DC motors, 
which do not require any speed controlling drive. Currently with 
the technological elevation in drive systems, the speed control of 
induction motor is more economical, convenient, reliable, and 
accurate. It provides continuous process control over a wide 
range of speed. VFD not only controls the speed of induction 
motor but also make its starting smooth by reducing starting 
inrush current and improves power factor. In result, power 
consumption is also reduced. In this paper, we have designed and 
analyzed the MATLAB/Simulink model of open loop drive system 
and then implemented an experimental hardware design. 

Index Terms: Induction motor, VFD, SPWM 

I. INTRODUCTION: 

Variable frequency drive is a system designed to control 
Speed of three-phase AC Induction motor, which cannot be 
changed directly.  In this project we aim to design a variable 
frequency drive, in which the (constant voltage to frequency 
ratio) V/F speed control method is used [1]. For variable 
speed PWM technique is used. The relationship of speed 
and supplied frequency are given in equation (1), which 
verifies that as the frequency changes it gives direct impact 
on the speed of induction motor [2]. 
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Where, 

n= mechanical speed of induction motor 

f= electrical frequency 

p= number of stator poles 

From the above equation, we can vary the electrical 
frequency in order to vary speed of Induction motor. It can be 
done using an open loop [3]. Furthermore, to achieve the 
more accurate desired speed, a feedback loop can be added 
which is done by designing a PI (Proportional Integral) 
controller. Nonetheless, till now we have worked on an open 
loop system of VFD. As induction motor draws high starting 
current so the power consumption is very high at this time. 
But VFD made it possible to reduce the power consumption 
by managing to reduce its starting current. Hence, VFD is an 
energy efficient system to control the induction motor in 
several industrial processes. 

 

Figure 1: Open loop system of VFD 

Figure.1 shows the complete VFD system, DC supply is 
given to three-phase inverter, which converts it into AC. Gate 
driver circuitry along with microcontroller generates the gate 
pulses to MOSFETs present in three-phase inverter. In result, 
we get variable frequency and variable voltage at output to 
feed an induction motor after filtering it. Hence, variable 
speed is achieved at output of induction motor. 
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II. MATLAB/SIMULINK MODEL OF VFD SYSTEM 
WITH SOFTWARE RESULTS: 

For the purpose of prototyping VFD, we have modelled it in 
MATLAB/Simulink. Firstly, a PWM based three-phase; 
three-level inverter is designed as shown in figure.2.  

Figure 2. Complete MATLAB/Simulink model of VFD 

a) Proposed Model of Sinusoidal PWM generator: 
The subsystem block of proposed SPWM generator is shown 
in figure 3. The three sine waves of 50Hz, 1200 electrically 
apart shown in figure.4, are compared with a high frequency 
carrier wave to produce gate pulses shown in figure 5(a) & 
5(b).  

 

Figure 3. MATLAB/Simulink model of  SPWM generator 

 

Figure 4. Three-phase reference sine waves 

 

Figure 5(a). Sine and carrier wave comparison 

 

Figure 5(b). Gate pulses generated by SPWM generator 

b) Three-phase three-level inverter : 

The second block is three-phase three-level inverter circuit 
implemented in MATLAB/Simulink as shown in figure 7. 

 

Figure 6. Three-phase three-level Inverter circuit 

In this model, we have used six IGBT switches, which are 
connected in three-phase three-level bridge configuration. 
325Volts DC supply is fed to this inverter. The gate pulses 
generated by SPWM generator is given to gate terminals of 
IGBTs. In result, three-phase voltages shown in figure.8 & 9, 
are generated at the output of inverter with constant v/f ratio.  
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Figure 8. Output Line to Neutral Voltages of inverter 
circuit 

 

Figure 9. Three-phase output Line to Line Voltages of 
inverter circuit 

c) Three-phase Induction motor model : 

Then finally, the output of three-phase inverter is supplied to 
three-phase induction motor model in figure.9 with rating in 
Table.1. Afterwards the torque, speed and stator currents are 
analyzed shown in figure. 10. The rated speed of induction is 
1350 rpm whereas, the results are taken for 2000rpm speed 
using SPWM technique. 

 
Figure 9: MATLAB/Simulink model of three-phase 

Induction 

 

Figure 9: Stator current, Torque and Speed of induction 
motor 

 

 
 

Figure 10: Zoomed in Stator current, Torque and Speed 
of induction motor 

In this model, the rated speed of three-phase induction motor 
is 1350rpm. By using the proposed model of VDF, we have 
changed its speed as 1800rpm for verification. 
 

III. VFD HARDWARE DESIGN AND RESULTS: 
 
In hardware design of variable frequency drive, a 12V battery 
gives supply to single- phase switch mode inverter, which 
converts 12V DC into single-phase 220V AC. This 220V AC 
is given to bridge rectifier IC. The bridge rectifier IC converts 
220V AC into 325V DC, which is filtered out by a capacitor. 
This filtered DC is given to three-phase inverter circuit.  

Now, three-phase inverter gives a variable frequency and 
variable voltage at its output. Finally, this variable 
frequency, variable voltage output is given to three-phase 
induction motor whose speed is variable at the end achieved. 

a) SPWM pulses generated using Microcontroller 
ATMEGA328P 

The SPWM pulses are generated in figure.11 using 
ATMEGA328P microcontroller along with the gate driver 
circuit designed in figure. 14.  
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Figure 11: Oscilloscope results of PWM pulses 

 
Table 01. Rating of three-phase Induction motor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

b) PCB Design of Hardware circuits 

The PCB (Printed Circuit Board) designing of this project is 
done in software Eagle 7.5.0. Two circuits are printed one is 
three phase power inverter and another is gate driver circuit. 
Following is the PCB component layout, and PCB design of 
gate driver circuit with components: Transformer, Bridge 
rectifier ICs, Gate driver ICs, Capacitors ,Optocouplers, 
Schottkey diodes, LEDs shown in figure 12 and 13 and 14 
respectively. 

 

Figure 12: PCB Layout Of Gate Driver Circuit With 
Components Placed 

Following is final PCB circuit design of gate driver circuit, which 

is printed. 

 

Figure 13: PCB Layout Of Driver Circuit 

 

Figure 14: PCB of Gate driver circuit 

Connections Delta/Wye 

Power rating 0.1 KW or 100 Watt 

Weight 3.6 kg 

Power factor 0.6 

Number of Poles 4 poles 

RPM 1350 rpm 

Voltage 220V  
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Following is the PCB design of three-phase inverter circuit 
along with its components 11N90 Power MOSFETs, 
GBU806 Bridge Rectifier ICs and capacitors and Fuses 
shown in figure 15, 16 & 17. 

 

 

 

 

 

 

 

 

Figure 15: PCB design of three-phase inverter circuit 
with all components 

Following is the PCB layout of three-phase inverter circuit:  

 

Figure 16: PCB layout of three-phase inverter circuit 

 

Figure 17: PCB of three-phase Inverter 

Hence, hardware design is ready to operate. VFD using the 
PWM technique now controls the speed of three-phase 
induction motor. 

c)   Hardware Results 

First, the induction motor is operated without VFD. Three-
phase 220V ac is supplied from three-phase ac power supply 
shown in figure. 18. It shows the current of induction motor 
which is 2.367A at its rated speed 1350rpm. 

 
Figure 18. Three-phase ac power supply  

Afterwards, VFD is connected to three-phase induction 
motor. Let’s suppose the speed we needed was 1500rpm. 

Figure.19 shows the desired speed we have achieved in this 
particular case. At this point, the current is reduced to 
0.189A shown in figure.20. Which was 2.367A without 
connecting VFD. In result power consumption is also 
reduced[4]. 

 

Figure 19. Three-phase Induction motor speed with VFD   

 
Figure 20. Three-phase Induction motor starting current 

with VFD 
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The range of frequency achieved using VFD is 5 to 75 Hz, 
while speed range is from 6 to 2000 rpm shown in table 2. 

Table 2. Range of speed and frequency using VFD 

Maximum 
Frequency   

(Hz) 

Maximum 
Speed(rpm) 

Minimum 
Frequency 

(Hz) 

Minimum speed 
(rpm) 

75 Hz 2000rpm 5 to 7 Hz 6 rpm 

IV. ADVANTAGES OF VFD: 

Following are the advantages of VFD: 

 Improves control process over wide range of speed. 

 Saves energy. 

 Gives smooth/soft starting acceleration. 

 Reduces heating in induction motor. 

 Reduces stress on motor. 

 Reduces noise and vibration level. 

 Increases life of moving parts due to lower operating 
speed. 

V. FUTURE RECOMMENDATION: 

a) Programmable Logic Control 

This suggested model can be further modified by using 
programmable logic controller (PLC). By using the PLC 
memory sequence of instructions can be programmed its 
purpose is to continuously monitor the critical process 
parameters and then perform actions accordingly. PLC takes 
less space and can be easily reprogrammed. This PLC can 
be connected to any control system and regulates the VFD, 
which will act as an intermediary for 3-phase induction 
motor and PLC [5]. The PLC executes the input according 
to the ladder logic programming and sends the output to 
VFD. The VFD processes the input of PLC and controls the 
speed of 3-phase induction motor accordingly. Secondly, the 
same system can be used to control the speed of multiple 
motors simultaneously [6]. 

b)  Close Loop Control Model 

This proposed model can be modified further by using 
close-loop PID or PI controller. By using the close-loop 
control, stability of system will increase. Close-loop control 
model increases the efficiency and performance of three-
phase induction motor [7].Close-loop scheme artificial 
intelligence techniques just like fuzzy logic and neural logic 
etc. 

c)  Vector Control Scheme 

Hardware implementation of newer and intelligence control 
can be performed by using vector control scheme. 

VI.   CONCLUSION 

Upon completion of this project, it is concluded that, the 
design of VFD using SPWM technique is proved to be 

energy efficient and the most reliable way to control the 
speed of three-phase squirrel cage induction motor along 
with smooth starting and energy saving benefit [8]. Even in 
the applications where high performance and high efficiency 
are the most concerned factors VFD is the proven system 
like in conveyor belts in huge goods production industries, 
cement mills, compressors in Oil and Gas industries, 
traction drives etc.[9]. Along with hardware design, the 
software simulations are done to verify the results of project 
in MATLAB/Simulink 2018 especially for generation of 
SPWM and inverter circuitry of Software Simulations and 
results. By using the VFD, we can control the speed as per 
load requirement due to which energy consumption is 
reduced. It provides control over the starting and stopping of 
motor. Thus, for efficient speed control and minimized 
power consumption we need minimization of energy 
consumption a VFD must be used with Industrial Induction 
motors, HVAC Systems and household appliances [10]. 
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