
..t\• <;c.· 

~~v.-~,1-J~ 
~"t'Mo-,..\€\ 't/V'l· 

1. Introduction 

1.1 Background and Motivation 

Smooth speed control of an Induction motor had been a major problem in the 
early industry, difficulty in controlling speed has led the industry to go for other options 
like DC motors. However, with development of microcontrollers and power electronic 
devices there is a tendency to go for power electronic Invertors recently. But available 
inverters are expensive, consist of more hardware and things are hard coded. StilL such 
available speed controllers do not provide the customer flexibility to select a desired 
control algorithm. This project, "Development Platform for Motor Controls" is 
developed as a test bench which can be used in the machines lab for Electrical 
Engineering students. 

This project is developed as a system where different types of motor controlling 
algorithms are available and the system can be upgraded for some new algorithms in 
future. This introduces a method for flexible motor speed controlling in the industry 
and works as a low cost variable speed drive as well. 

1.2 Importance of the project 

In this project, a new controller OOPic is used to produce the some control signals. 
By using different types of microcontrollers in the market, this project has been 
developed as a test bench where students will be able to get a practical experience 
how the smooth control of electrical drives can be achieved by combining Software. 
Electronic and Electrical engineering concepts. Further, they can visualize waveforms 
of control signals generated by the microcontroller using the oscilloscope, and how 
they vary when the speed changes, what are the inherited features of this control 
techniques both pros and cons, and how these control techniques physically affect the 
motor's performance. The test bench is visual layout to observe how different types 
of components are collaborated with each other to accomplish the overall task. And 
further, it can be used there to verify how the PWM signals are generated, the dead 
band time clarification by watching the control signals in the oscilloscope. 
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1.3 Organization of the report 

• First chapter is a brief introduction to the project and it includes the 
background, motivation for the work, importance or the requirement of such 
development and the objectives of the project design. 

• Second chapter presents project overview and it contains project life cycle, 
time line, requirement analysis, component ratings and a block diagram of the 
final design. 

• Third chapter describes the project implementation and it is divided into the 
main areas of the project such as control circuit, driver circuit, sensor design 
& interface design. It covers the implementation method, the problems faced 
during implementation & the solutions taken. 

• fourth chapter contains the final system details. It contains the final system· s 
panel image, Circuit fitting image & sensor mounting images. It also contains 
the cost analysis of the project. 

• Fifth chapter is the conclusion, which discusses about the results, the 
conclusions taken from that & the things that could not have been 
implemented due to several reasons such as time constraint. Also the future 
improvement of the system discussed. 

• The programming codes, circuit diagrams drawn in Orcad arc included in the 
annexure. 

1.4 Objectives 

The industrial automation is a new field which is improving very rapidly 
everyday. The advent of new advance power electronic technologies is helping to 
lower the energy consumption largely. When considering about energy savings in the 
automation industry, variable speed drives play a big role. As the production rate 
heightens, the number of processing machines increases and is subject to high 
consumption of energy. Hence with this high energy consumption and high electricity 
cost, it is required to take necessary measures to reduce the energy consumption. 
improve energy efficiencies. Induction motors are identified as a high potential target 
for energy consumption in the industry. In many cases the speeds supplied by the 
motor are not inline with the requirements. Due to this reason, the variable speed 
drive systems are now replacing the older gear systems. Water pumps. blowers, 
conveyor motors, electric lifts etc are just a few places where three phase variable 
speed drives are used today. Nevertheless, the issue is that the conversion cost for this 
is somewhat expensive, therefore not allowing small industries to go for that option 
regardless it is critical to survive in today' s competitive environment. 

So we identified this problem and designed a programmable induction motor 
drive as a test bench. The objective of this project is defined as follows: 
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• Generating different types of control signals in one system 
Since this is designed as a test bench, the main objective was to 

implement different types of motor controlling algorithms in one system 
which can be upgraded for some new algorithms in future. 

• Cost optimization 
Currently available products in the market are having a price which is 

not affordable by everyone. So we decided to make the system with less cost, 
but with all functionalities expected as a variable speed drive. 

• Provide protection mechanisms for the motor & controller 
This is another feature expected in the industry to be implemented in 

the motor drives. Over voltage protection, line to line voltage protection, over 
current protection & optical isolation are the main mechanisms that were 
decided to implement in the system. 

• Design of a speed sensor which is low in cost with required accuracy 
Currently available speed sensing mechanisms like optical encoders 

are very much accurate and very much expensive as well. So we have decided 
to design a speed sensor with required accuracy. We decided to use a Hall IC 
for this purpose as this has high accuracy, lower cost & small in size. 

1.5 Background Study 

1.5.1 V /F control Mechanism 
The V/F control is the salient control mechanism for the induction motor 

speed control. The base speed of the induction motor is directly proportional to the 
supply frequency and inversely proportional to the number of poles in the motor. 
Since the number of poles is fixed by design, the best way to vary the speed of the 
induction motor is by varying the supply frequency. The torque developed by the 
induction motor is directly proportional to the ratio of the applied voltage and the 
Crequency of supply. By varying the voltage and the frequency, but keeping their ratio 
constant, the torque developed can be kept constant throughout the speed range. This 
is exactly what V /F control tries to achieve. 

The typical torque-speed characteristic of the induction motor. supplied 
directly from the main supply is shown below. 
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Figure 1.01: Torque Speed characteristics 

The main features in the V /F control mechanism. 
• The starting current requirement is lower. 
• The stable operating region of the motor is increased. Instead of simply 

running at its base rated speed, the motor can be run typically from 5% of the 
synchronous speed up to the base speed. The torque generated by the motor 
can be kept constant throughout this region. 

• At base speed, the voltage and frequency reach the rated values. As shown in 
the figure 1.02, the motor can be run beyond the base speed by increasing the 
frequency only, without changing the applied voltage beyond the rated voltage. 
This results in the reduction oftorque. 
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1.5.2 Six Step and Sinusoidal PWM Generation 
The six switches (IGBTs) of the inverter are switched in six steps such that a 

resultant sinusoidal waveform is applied across the motor windings. For this purpose, 
the total period is divided into six equal periods, in each period two one sided 
switches & one other side switch will be ON. 

The six step algorithm is easy to implement compared to sinusoidal one, but 
has some disadvantages. The main disadvantage of six step algorithm is that it can be 
used to change the output frequency only. Output amplitude can be controlled by only 
changing the DC-link voltage. But in six step, harmonics of order three and multiples 
of three are absent from the line to line and voltage. In order to control the output 
voltage, PWM technique can be used. The sinusoidal PWM generation is done by 
comparing a saw tooth waveform of high frequency with sinusoidal control signal 
with desired frequency. But here the magnitude and the frequency of the output signal 
can he changed by changing the magnitude and the frequency of the sinusoidal wave 

Corm. 
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