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Abstract— Induction motor are widely used in various 

industries due to its nonlinear characterstics, low price and 

flowing capacity. With the development of new 

technologies in power electronics devices, variable 

frequency drive is introduced for its flexible performance in 

various factors related to induction motor. DSP technology 

also contributed for the development in the field of ac drive 

system by implementing complex algorithm to these system. 

So, a new concept is introduced by combining both variable 

frequency drive and digital signal processor in order to 

reduce the important factor facing problems recently in 

various industries by Induction motor. Operating principle 

of vfd is also elaborated. DSP used here is TMS320F2812. 

Various algorithm has been developed and implemented to 

the hardware. Experimental results along with simulation 

results were discussed. 
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I. INTRODUCTION 

AC motors are one of the most common motor used in 

various industries as well as in domestic apparatus. It has 

high efficiency, low maintainance, simple structure, robust 

construction, etc. It also has the skill to operate voltage and 

torque of wide range over DC ones. 

In past, DC motor were widely used in industrial 

area for its starting torque & variable speed operation. As 

motor consist of commutators and brushes, it requires 

regular maintainance which is not affordable. This motor 

was not also suitable in corrosive and explosive atmosphere. 

They also had limited commutation capabilities under high 

speed, high voltage applications. 

In last two decades, due to the evolution of power 

electronic devices, power semiconductors and digital 

control, Induction motor eshtablished itself in the 

controlled-speed area. It acts as a workhorse of various 

industries continuously with its new applications. Speed 

control of the motor has always been the field of interest for 

every researchers and scientists. For Controlling the speed, 

various method had been introduced such as pole changing , 

controlling voltage, etc. The most efficient method to 

achieve variable speed operation is by changing supply 

frequency of motor which can be named as Variable 

Frequency Drives. 

Induction motor with VFD are the most frequently 

used in various industries applications like air handlers high 

power crains, tower fan,  chiller pumps, etc, have following 

advantages such as increase power rating , size, 

maintainance and decreasing cost. These converter 

controller is placed between supply lines and motor which 

means motor is not directly connected to the supply. If 

Induction motor is started directly from the supply then a 

high inrush current get flow through the motor which is 

about 6 to 8 times of its rated current value. Due to this , 

motor gets heat up & causes voltage sag in the transmission 

line and get damaged due to insulation failure. Therefore by 

placing VFD between them, it acts as soft starter for the 

motors and reduces the current. These device consist of 

Rectifier, DC link and Inverter. Pulses are given to the 

inverter with the help of controller circuits. 

In last few decades, various developments has been 

taken place in the field of microcontroller , PIC and Digital 

Signal Processor, which gives its contribution for the 

development of high performance ac drives. For that, it is 

now become possible to introduce and apply sophisticated 

algorithm in these drives. As the response of a motor is 

strongly reliant on its control, Amongst them, DSP provide 

high speed, high resolution as compared to microprocessor. 

Therefore, it has become very prominent topic for 

implementing with ac drives because all its features  are 

optimized into a single chip. 

The main intent of the paper is starting and speed 

control of induction motor. In other words, starting current 

can be limited if supply frequency is minimum at the time of 

starting. To do so, a new approach is taken by implementing 

DSP algorithm to generate sine wave PWM signals which is 

given to VFD for limiting the starting current and speed 

control operation of induction motor. This experiment 

consist of DSP TMS320F2812, 3-Phase Induction Motor 

and VFD based control circuit with variable loads attached 

to the motor. 

A. Definition of VFD 

It is the combination of active/passive power electronic 

components and controlling unit which provides flexibility 

in speed control operation performance of induction motor 

by varying the supply frequency through sophisticated DSP 

controlled electronic device which is illustrated in basic 

block diagram given below. Adjustable frequency drive also 

called as variable frequency drive. Because, it controls the 

speed of machine by reducing supply frequency (50 Hz) to 

adjustable value as per required. 

 
Fig.1: Basic block diagram 

Previously, this method had not been adapted due 

to its high price and complex construction. But now it has 

rudged design, less size, cost get reduced, energy saving, etc 

which has improve performance of variable frequency 

drives. 
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B. Methodology for Variable Frequency Drive  

After understanding the basic fundamental principle of 

VFD, It performs three stage of operation as shown in 

fig.(2). 

 
Fig. 2: Basic Circuit Diagram of Variable Frequency Drive 

1) Rectifier Stage 

When an fixed ac supply is given to the rectifier. It converts 

fixed ac supply (i.e 230V , 400V) to variable dc voltage. 

Sometime, it uses transformer for high voltage system. 

Mostly, the 3 phase supply is used therefore, it consist of 6 

diodes which is termed as 6 pulse bridge rectifier as shown 

in fig. (3) 
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Fig. 3: Pulse Bridge Rectifier 

2) Dc Link Stage 

After rectification process, there is a chance of small amount 

of ripple is produced along with dc voltage. So, a large value 

of capacitor is connected parallel between the rectifier and 

inverter shown in fig.(4) which removes the ripple generated 

and prevents inverter from damage. These chances of 

occurrence is very less. 

3-Phase AC 

Supply

Rectifier InverterDC Link 

Motor

Fig. 4: DC link filter 

3) Inverter Stage 

In this stage, harmonic free dc voltage is converted into 

variable ac voltage. Recently, IGBT are used as a switching 

device in modern VFD because, it can turn ON and OFF 

thousand times per seconds and also controls the power 

given to the motor. 
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Fig. 5: Pulse Inverter using IGBT 

To trigger IGBT, pulses (Sine Wave) needs to be 

generated with the help of process i.e. “PULSE WIDTH 

MODULATION” (PWM). Because, the output current 

waveform produces nearly equal to the sine wave. The 

required switching state for IGBT in fig.(5) for generating 

pulse are shown in table 1. 

Now, The speed of motor is mostly dependent on 

both frequency and number of poles. It is then represented 

as  

P

f
N

r

120
  

Where, 

 Nr = Speed of Induction Motor (RPM) 

  f = frequency given to motor (HZ) 

 P = Number of pole 

SWITCHES 
SWITCHING STAGES 

SWa SWb SWc 

T1, T2, T6 are on 1 0 0 

T1, T2, T6 are on 1 1 0 

T3, T4, T2 are on 0 1 0 

T3, T4, T5 are on 1 0 1 

T4, T5, T6 are on 1 0 0 

T1, T6, T5 are on 0 1 1 

T3, T5, T1 are on 1 1 1 

Table 1: Switching Stages of 6 Pulse Inverter 

C. Benefits of VFD  

1) VFD As a Starter 

In past, when power supply is directly given to the motor it 

draws about 6 to 8 times of its rated current which causes 

voltage sag in transmission line and adversely affects the 

equipment connected to the system. To avoid this, some 

starters such as wye-delta, direct-on-line, etc were 

introduced. These starter supply power at constant 

frequency, it reduces the starting current by controlling the 

voltage. Also special connections were made (using SCR) to 

reduce the voltage. But, the amount of voltage reduction is 

made to a limited extent. As motor require enough voltage 

to generate torque. It still draws 2 to 4 times its rated value 

of current. 

In case of VFD, unlike all other starter, it uses 

frequency to limit current and load deliver to the motor. 

Here, the motor starts with low frequency. Due to this low 

frequency, motor does not require high current. Frequency is 

gradually increasing along with motor speed till the desired 

speed is obtain. Here, the current of motor doesnot exceeds 

(1) 
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to its rated value at the time of starting. Due to this, design 

of motor can become optimized for high efficiency. 

Types of Starter 
% Starting Current with respect to Rated 

Current Value 

VFD < 100% 

Direct On Line 200% 

Wye-Delta 200-300% 

Across the 

supply line 
600-800% 

Table 2: Comparison of different type of starter 

II. PULSE WIDTH MODULATION 

PWM is a technique in which fix dc i/p voltage is supplied 

to the inverter and output ac voltage is obtained by adjusting 

the pulse width given to the power electronic device in the 

inverter. It is one of most popular method for controlling the 

output voltage. The width of pulses gets changed as per 

voltage control signals. Due to this pwm,  a high power 

waveform is generated which helps ac motor to run in 

sinusoidal manner. 

Carrier Wave

Reference Wave

Comparator

Generated PWM 

signals

 
Fig. 6: Basic block diagram of PWM 

As shown in fig.(6), PWM consist of two signals 

i.e. Carrier signal and Reference signal. In these process, 

both signals get compared with the help of comparator (<, >, 

=). By comparing these signal it gives output as per 

required. These process is called as Modulation Index. 

Which is represented  as  

C

R

A

A
IM ..  

Where, 

AR = Amplitude of Reference Signal 

AC = Amplitude of Carrier Signal 

 
Fig. 7: Simulation of SPWM 

Amongst various pwm technique, one of the best 

method for speed control operation is Sinusoidal Pulse 

width modulation (SPWM) which provides harmonic 

elimination. It maintain good performance of the drive in the 

entire range of operation for modulation index between 0 to 

0.78. 

From above fig.(7), sinusoidal reference wave is 

compared with high frequency triangular carrier wave, 

which determine the switching instant. If we can control 

modulation index then it is possible to control the amplitude 

of output voltage. 

III. DIGITAL SIGNAL PROCESSOR  

Now a days, DSP is most popular in various fields and 

industrial sectors. Various manufacturer has given their 

special attention on various applications of dsp for the 

evaluation of its certain characterstics. The main purpose of 

Dsp is to generate pulses in the inverter for getting the 

output voltage which is required to made motor run. 

A new approach for the implementation of dsp in 

advance motor system is taken which requires controller of 

following features, i.e. implement advance algorithm for the 

minimization of torque ripple, power factor correction, high 

resolution pwm waveform, Generation of multiple high 

frequency, etc. By adapting this multiple feature in the 

controller, it provides flexible solution. So that in future, if 

modification is required then instead of redesigning the 

separate hardware only changing software programming is 

sufficient. A new class of class of dsp is recently introduce 

which become viable options for various application like 

domestic appliances, HVAC, etc. It combines all the power 

electronic device to explain the complete system. DSP 

controller TMS320F2812 is used for motor control. 

Micro 2812 is a 16 bit dsp trainer kit, which 

enables to learn the basic function of dsp like filtering and 

pwm generation, etc. It also perform real time 

implementation for complex algorithm such as for motor 

control. Micro-2812 can be operate in two modes 

1) Serial Mode: DSP trainer kit is configured to 

communicate with PC through serial port. 

2) Standalone Mode: User can interact trainer through 

their IBM PC keyboard and 16*2 display.  

 The trainer kit of TMS320F2812 along with full 

specification is shown in fig.(8) below: 

 
Fig. 8: Trainer kit of DSP TMS320F2812 

 Processor : TMS 320F2812 

 Operating Speed: 150 MHz 

 256KB Ram for program/data memory 

(2) 
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 Opto Isolated serial port at 9pin 

 16 ×2 LCD interface 

 Two switches as increment, Decrement switches 

 34 pin motor control connector 

 26 pin ADC connector 

A. Dsp Programming 

The DSP has been programmed for generating the pwm with 

20% duty cycle for 5KHz. The PWM generation can be 

adjusted using oscilloscope. For simulation, programming 

for dsp can be written with the help of some recomrnended 

software i.e. 

1) Matlab 

2) CCS Studio 

3) C programming  

B. Code Composer Studio 

It is the combination of various development tool introduced 

by texas instrument which is used for application designing 

process of digital signal processor . It is a software which is 

installed in the computer for performing the program of 

digital signal processor. Due to its powerful features in the 

development of process, it allows the developers to achieve 

the goals and application performance at high speed, less 

time, easy to use to boost its productivity.  

In code composer studio, C-programming codes are 

used to write the program for dsp operation. After the 

development of code, code composer studio annalyse, 

compiles and debug/simulate the code and display the 

output to the PC screen. Other windows which are useful are 

shown in fig. (9) 

 
Fig. 9: Programming window of CCS studio 

In code composer studio, the programming is 

written in productive editor. Project manager window shows 

the number of files added in tree format which is required 

for performing specific program. Status window shows 

whether the error occurs after compilation process. If error 

occurs then watch window shows the location of error.  

C. Working of CCS 

Recently, it makes easier to generate advanced pwm signals 

through dsp programming. Instead of changing the hardware 

system, it become possible to change the value of carrier 

signals by making some change in the programming. 

Event manager modules (EV) play the important 

role for the generation of PWM signals in digital signal 

processor. Due to its salient features, they are especially 

beneficial for motor control applications. It includes general 

purpose timers (GP) which counts the required PWM period 

for generating the triangular carrier signal. The value of 

modulated sine wave is present in data file read by compare 

register. If both the value get matched, then output is 

generated in the form of PWM signals. The whole 

mechanism of generating the signals is elaborated in the 

given flowchart. 

 
Fig. 10: Flowchart for Signal Generation 

IV. HARDWARE DESCRIPTION 

The hardware model of variable frequency drive based 

control circuit is designed. 

 
Fig. 11: Model of Variable Frequency Drive 

From above fig.(10) it consist of bridge rectifier , 3 

phase inverter using IGBT and controller circuit through 

which it receives pulses from DSP and give to inverter for 

switching operation with the help of DSP port connected to 

the circuit. Here, DSP will perform serial mode operation. 

The experimental set up of speed control mechanism is 

shown in Fig. (11) below 
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Fig. 12: Experimental set up 

V. SIMULATION ANALYSIS AND RESULTS 

Some simulation has been made in order to annalyse 

whether the PWM signal generated is sufficient to deliver 

the output voltage without any harmonics. Sinusoidal pulse 

width modulation (SPWM) technique is used. Line voltage, 

phase voltage and Output ac voltage were measured. Result 

is shown in fig. (12-17) using matlab and psim. 

 
Fig. 13: Waveform for Phase Voltage of 3-phase inverter 

 
Fig. 13: Waveform for line Voltage of 3-phase inverter 

 
Fig. 14: Waveform for output Voltage of 3-phase inverter 

 

 
Fig. 15: Simulation of variable frequency drive using PSIM 

 
Fig. 16: Speed 

 
Fig. 17: Current 

Voltage (V) Frequency (HZ) Speed (RPM) V/f ratio 

112.5 31.40 943.2 3.58 

130 33.35 1000.15 3.90 

140 35.32 1063 3.96 

155 40.12 1206 3.86 

Table 3: Expermental Results Of VFD Based Induction 

Motor 

Number of poles 4 

Phase 3 

Rated Power 1 hp 

Rated Voltage 415 V (Y) 

Rated Current 1.8 A 

Supply Frequency 50Hz 

Rated Speed 1418 rpm 

Power Factor 0.8 

Table 4: Induction Motor Specifications 

VI. CONCLUSIONS AND FUTURE SCOPE 

A new idea of implementing digital signal processor 

(TMS320F2812) along with variable frequency drive to 

minimize current and control the speed of induction motor is 

introduced in this paper. Different programming were made 

to generate pulses to the inverter to get the variable ac 
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supply for the motor and for that SPWM technique is used. 

DSP system has various advantages due to its high speed 

performance, high resolution,etc. It also improves the 

reliability of drive system, performance of motor. In future , 

for increasing the utilisation of input dc link voltage space 

vector  pulse width modulation technique (SVPWM) can be 

used. Also its performance can be compare with SPWM 

modulation technique for getting better solutions. 

REFERENCES 

[1] Puja Talukder1, Prashant Kumar Soori2, and Benetta 

Aranjo3, “ Speed Control of Induction Motor Drive 

Using Universal Controller” IEEE International Power 

Engineering and Optimization Conference 

(PEOCO2012), Melaka, Malaysia: 6-7 June 2012. 

[2] Leon Max Vargas, Student Member, IEEE, Juri 

Jatskevich, Senior Member, IEEE, and Jose R. Martí, 

Fellow, IEEE, “Load Modeling of an Induction Motor 

Operated with a Variable Frequency Drive,” 2008 IEEE 

Electrical Power & Energy Conference. 

[3] Xiaodong Liang, Member IEEE , Ryan Laughy 

Member IEEE Joe Liu, Member, IEEE ,” Investigation 

of Induction Motors Starting and Operation with 

Variable Frequency Drives”  CCECE 2007. 

[4] Abdelrahman Yousif  Eshag Lesan1 , Mamadou 

Lamine Doumbia, Member, IEEE , Pierre Sicard , 

“Methodology  and  Experimental Se-up for DSP –

Based PWM Speed Estimation Of Induction Machine” , 

IECON 2012 ,38th Annual Conference on IEEE 

Industrial Electronic Society. 

[5] Jatin A. Patel1, Hardik H. Raval2,” Design of 

Sinusoidal Pulse Width Modulation Inverter” 

International Journal For Technological Research In 

Engineering Volume 2, Issue 8, April-2015. 

[6] Omar David Munoz, “Design Strategy for a Three 

Phase Variable Frequency Drive,” Senior Project, 

Electrical Engineering Department, California 

Polytechnic State University, San Luis Obispo, 2011.  

[7] H. Brandstetter, P. Kusun, “Induction motor drive with 

DSP-based control system” Industrial Electronics 

,Proceeding of the IEEE International Symposium 

1996. 

[8] Bose Bimal K., “Variable Frequency Drives-

Technology and Applications (Invited Paper),” Condra 

chair of Excellence in Power Electronics TN, 376, 

USA. Pp.1-1. 

[9] Stephen T. Even, “Variable frequency Drive Principle 

and Practices: AC motors for Variable frequency 

Application,’’ pp.1-10.  


