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ABSTRACT: This paper presents design and development of a three phase induction motor drive using IGBTs at the 
inverter power stage with volt hertz control (v/f) in closed loop using dsPIC30F5011 as a controller. It is a 16bit high 
performance digital signal controller(DSC). DSC is a single chip embedded controller that integrates a controller 
attributes of a controller with a computation and through put capabilities of a DSP in a single core. A 1.5HP, 3-phase, 
415V, 50Hz induction motor is used as load for the inverter. Digital Storage Oscilloscope Textronix TDS2024B is used 
to record and analyse the various waveforms. The experimental results for V/F control of three phase induction motor 
using dsPIC30F5011 chip clearly shows constant volts/hertz and stable inverter line to line output voltage. 
  
KEYWORDS: Digital Signal Controller (DSC), microcontroller (MC), Pulse width modulation (PWM), variable 
frequency drives (VFD) 

I.INTRODUCTION 

Induction motors are the most widely used motors for application such as industrial control, and automation; hence, 
they are often called the workhorse of the motion industry. They are robust, reliable, and durable. An induction motor 
can run only at its rated speed when it is connected directly to the main supply. However, many applications need 
variable speed operations. This is felt the most in applications where input power is directly proportional to the cube of 
motor speed. In applications like the induction motor-based centrifugal pump, a speed reduction of 20% results in an 
energy savings of approximately 50%. Driving and controlling the induction motor efficiently are prime concerns in 
today’s energy conscious world. With the advancement in the semiconductor fabrication technology, both the size and 
the price of semiconductors have gone down drastically. This means that the motor user can replace an energy 
inefficient mechanical motor drive and control system with a Variable Frequency Drive (VFD) [1]. The VFD not only 
controls the motor speed, but can improve the motor’s dynamic and steady state characteristics as well. In addition, the 
VFD can reduce the system’s average energy consumption. While there are different methods for control, Variable 
Voltage Variable Frequency or V/F is the most common method of speed control [2]. This method of speed control 
requires only the magnitude and frequency of the voltage applied to the stator of a motor and the torque developed by 
the induction motor will be directly proportional to the ratio of the applied voltage and PLC has memory for storing the 
user program or logic as well as a memory for controlling the operation of a process machine or driven equipment. The 
PLC is programmed in LADDER LOGIC (A high level, real world, graphic language that is easily understood by 
engineers). The speed of the motor is controlled by varying the frequency through Pulse width modulation controller. 
The variable frequency is set by using VFD. The VFD is connected with motor. By changing the output frequency, the 
motor speed can be varied. The present work makes use of DSPIC30F2010 microcontroller, in order to operate 
induction motor using V/F method. 
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.  
Fig.1 PLC block diagram 

         

 
Fig.2 Block Diagram of the System 

 
The various factors which make the microcontroller based system attractive are,  
1. Improved reliability and increased flexibility.  
2. Simplicity of implementation in variable speed drives  
3. Low cost and high accuracy  
4. Possible to change torque speed characteristics of drive by software modification.  
 
The simplicity of this project is that it can be operate by any person who need not know microcontroller programming. 
  

 
               
                                                                        Fig.3 Complete system scheme 
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In this system, control kernel DSC accept velocity and which is fed by photoelectric encoder, associating with the space 
vector algorithm to drive module IGBT, and use keyboard to set parameter and use numeral tube to display electric-
mechanic velocity real time. 
 

The system is designed as motor control system for driving medium power, 3-phaseAC induction motor. The digital 
signal controller dsPIC30F5011 is used in this work. The dsPIC30F5011 device contains extensive Digital Signal 
Processor (DSP) functionality within high performance 16-bit microcontroller (MCU) architecture. The use of this 16-
bit Digital Signal Controllers yields enhanced operations, fewer system components, lower system cost and increased 
efficiency. The conventional approach of this work is to first convert the line voltage AC into DC. DC is again 
converted to single/three phase AC as per load requirements. The output voltage, frequency or both of inverter can be 
controlled by the application of power electronics and digital signal controller. The output voltage waveforms of the 
inverter should be sinusoidal. The speed control is undertaken by using variable frequency method. The frequency is 
varied by controlling the switching (on/off) of power IGBTs in the inverter. According to the requirement, a software 
program is written and is fed to the digital signal controller (dsPIC30F5011) for the necessary action. The controller 
circuit essentially takes the output frequency of the inverter, the set speed and actual speed of the motor into account. 
Depending upon the difference between the set speed and actual speed, the digital signal controller decides the 
frequency of gate pulse of IGBTs. The filter circuit is added at the output of the inverter. 

 
     Frequency control with flux proportional to V/f and voltage proportional to the speed seems to be the best solution. 
PWM gives a high quality output voltage using DSPIC. 
 

 Three phase inverter output gives a better feed to the induction machine without extra components needed by the 
motor and also produces a higher starting torque and reduced speed pulsation amplitude.   

 
 

 
 
                                                      Fig.4 Block diagram of a variable speed control system 
 

The relationship between synchronous speed, rotor speed and the slip is given by 
 
                            S   = (Ns – Nr) / Ns 
 
                            Nr = Ns (1-S) 
 
                        Rotor speed Nr = 120f (1-S) / p 
 
Thus, the speed of an induction motor depends on slip and frequency of the stator supply and the number of poles for 
which the windings are wound. The ability of varying any one of the above three quantities will provide methods of 
speed control of an induction motor. Constant V/F method is commonly used for constant and variable speed control of 
Induction motor. 
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                                             Fig.5 Flow Chart for 3-Phase Induction Motor 
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                                                        Fig.6 Feedback Circuit for 3-Phase Induction Motor 

Speed Control Methods  
     The speed control method for the induction motor can be classified into two type’s i.e. scalar control method and 
vector control method. The scalar control method is very simple and its cost is also less. The different scalar control 
methods that are used for the speed control of the induction motor are Stator voltage control, Rotor voltage control, 
Frequency control, Volts Hertz control, Rotor resistance method, Pole changing method, Injected voltage method.  

V/F control technique is most popular technique for generating variable frequency, which has constant voltage to 

http://www.ijareeie.com


 
    
ISSN (Print)  : 2320 – 3765 
ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Website: www.ijareeie.com  

Vol. 6, Issue 2, February 2017 
 

Copyright to IJAREEIE                                                       DOI:10.15662/IJAREEIE.2017.0602038                                                740          

frequency ratio [3]. 

V/F Control of Three Phase Induction Motor 
      The constant Volts Hertz control methods is the most popular method of Scalar control, controls the magnitude of 
the variable like frequency, voltage or current. The control system is illustrated in Fig. 1 when stator frequency fails 
under a given frequency threshold (boost frequency).  

The voltage magnitude must be kept at given level called boost voltage to keep rotor flux magnitude constant. Vboost 
means small voltage is added to dc voltage reference to compensate stator resistance drop at low frequency. At opposite 
when frequency becomes higher than rated value, the voltage magnitude is kept at rated value, the stator flux is no 
more constant & torque decreases.  

The characteristic is        
                    Y   ∝ Φ × 2πf 

                     Φ ∝ V/f 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The Fig. 2 shows [4] the torque speed characteristics of the induction motor with V/F control. The voltage and 

frequency reaches the maximum value at the base speed. We can drive the induction motor beyond the base speed, but 
by doing this, only frequency varies not the voltage. Hence the ratio V/F will no longer remain constant. Since the 
torque developed by the induction motor is directly proportional to the V/F ratio will not remain constant throughout 
the speed. 
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Fig. 7 Torque Speed characteristics of the induction motor 
 

Other than variation in speed, the torque speed characteristics of V/F control reveal the following:  
• The starting current requirement is lower.   
• Since almost constant rated torque is available over the entire operating range, the speed range of the motor 

becomes wider. User can set the speed as per the load requirement, thereby achieving the higher efficiency.   
• The stable operating region of the motor is increased. Instead of simply running at its base rated speed (NB), the 

motor can be run typically from 5% of the synchronous speed (NS) up to the base speed. The torque generated by 
can be kept constant throughout in this region.  

Because of above reasons, V/F control method is used in this work. 

Implementation of V/F Controlled Induction Motor Drive 
System Overview: The block diagram of the proposed three phase induction motor drive using V/F control is shown in 
Fig. 3[5]. It has three phase full bridge rectifier, three phase full bridge inverter, control circuit, speed sensing circuit 
and output filter. In the proposed work, single phase KBPC3510 Rectifier Module is used instead of power diodes. Two 
single phase bridge rectifier modules KBPC3510 are so connected to make them 3-phase bridge rectifier module. The 
output of the rectifier is filtered by using 220µF, 900V capacitors. The three phase inverter has 6-FGA25N120ANTD-
IGBT’s switches with the snubber circuit for each switch. The output of inverter is filtered by using filter. The output of 
the filter is applied to the three phase induction motor. The digital control of motor is achieved by applying gate pulses 
from the control circuit to each of the IGBTs switch through opto-isolation. 
 
Power circuit design: The power circuit contains rectifier assembly, inverter assembly and output filter. During the 
starting as rotor is stationary there is no back EMF and hence motor draws heavy current which will be 5 to 6 times that 
of the rated current. Hence to limit this heavy current starter is used. Initially, for a period of 3 seconds relays insert the 
resistors in each phase to limit the heavy current flow and later on when the induction motor draws the rated current, 
relays bypass the resistors  

Three phase 415V, 50Hz AC supply is applied to the bridge rectifier (which is made up of two single phase 
KBPC3510 module) via this starter assembly. This bridge rectifier converts three phase AC input into DC which is 
filtered by capacitive filter. The pure DC supply is applied to the three phase bridge inverter which is made up of six 
IGBT switches. IGBT switches are protected against surge voltages using snubber circuit. The 3-phase induction motor 
is connected to 3-phase bridge inverter as shown in Fig. 4. A passive filter at the output of power circuit is to remove 
the harmonics [6]. The energy that a switching power converter delivers to a motor is controlled by Pulse Width 
Modulated (PWM) signals applied to the gates of the switches. PWM signals are pulse trains with fixed frequency and 
magnitude and variable pulse width. 
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D. Control Unit: 
     The control circuit of the proposed scheme consists of a Digital Signal Controller dsPIC30F5011.A Digital Signal Controller 
(DSC) is a single-chip, embedded controller that seamlessly integrates the control attributes of a Microcontroller (MCU) with the 
computation and throughput capabilities of a Digital Signal Processor (DSP) in a single core. The DSPIC, DSC has the “heart” of a 
16-bit MCU with robust peripherals and fast interrupt handling capability and the “brain” of a DSP that manages high computation 
activities, creating the optimum single-chip solution for embedded system designs. The dsPIC30F devices contain extensive Digital 
Signal Processor (DSP) functionality within high-performance 16-bit microcontroller (MCU) architecture. It also consists of six 
opto-coupler for isolating the control and power circuits. In this work an opto-coupler TLP250is used to isolate the gate drive circuit 
and the IGBT-based power circuit. Six IGBTs of the power circuit are controlled by the PWM signals generated by the control 
circuit. 
 
E. Experimental Setup and Results 
    The proposed control system is implemented by a DSC (dsPIC30F5011) based PWM inverter. C language is used to develop the 
program. The device is programmed using MPLAB Integrated Development Environment (IDE) tool. It is a free, integrated toolset 
for the development of embedded applications employing Microchip's PIC and DSPIC controllers. For execution of C-code, 
MPLAB compiler is used. In this work 415v, 50Hz, 3-Ph, 1.5 HP Induction motor is used.  

The photograph of complete hardware setup is shown in Fig. 5. Closed loop control of induction motor is carried out for different 
loads and speeds. For different loads and set speeds, current drawn by the motor and actual speed of the motor are noted and are 
tabulated. Tektronix TDS2024B Digital Storage Oscilloscope (DSO) is used to store gate pulses and voltage waveforms.  

It is observed that the maximum torque almost remains constant irrespective of change in load for particular set RPM. As torque 
almost remains constant the actual speed also remains constant which is almost near to set speed with an error of +/- 20 RPM.  

 
Table 1. Experimental Results for set speed as 1350 rpm 

 
  

Frequency 
Maximum  

 Sl. No. Load Torque 
 

(Hz) 
 

 
 

(N-mt) 
 

   
1 1 kg 45.21 23.03  
2 2 kg 45.62 23.05  
3 3 kg 45.64 23.20  
4 4 kg 45.70 23.40  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                             Fig.8 Maximum Torque Vs load 
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                                                             Fig.9 Maximum Torque Vs Load 

VI.CONCLUSION 
 From table 1 and Fig.8 the control of three-phase induction motor has been presented. This complete system is 
developed and tested in power electronics laboratory. Speed control of motor is acquired with the accuracy of ±20 rpm. 
The selected rpm is locked irrespective of change in load. The drive is operated at an input voltage of three phase 415v 
and the corresponding readings of the stator voltage, stator current, rectifier output voltage and frequency values at 
different speeds are taken. With the variation of stator voltage, frequency is also varied proportionally, such that V/F 
ratio is constant. The inverter line to line voltage recoded is very stable and very smooth compared to single-phase. 
Hence this three-phase induction motor V/F control by DSC is more stable, efficient and economical. 
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