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ABSTRACT: The project is proposed to develop a four quadrant speed control system for a DC motor with Pulse 
width modulation (PWM). The motor is operated in four quadrants i.e. clockwise, anti clock-wise, forward braking and 
reverse braking. Four quadrant operations are suited for industrial applications. DC motor can rotate in clockwise, anti-
clockwise directions. Also we can apply braking for instantaneous stop in both the directions. In case of urgent 
operation in industrial field the motor may needs to be stopped immediately. In such a case these systems is very useful 
for forward braking and reverse braking. As the reverse voltage is used for running DC motor the braking in both 
directions is possible for a small period. PWM pulses generated by microcontroller also control the speed of the motor 
Microcontroller used in this project is from the 8051 family. A motor driver IC is provided here for motor speed control 
also seven push buttons are interfaced with microcontroller for giving input signal as well as to operate the motor. This 
project features the speed control by the push button operation. To operate high capacity DC motors this project can be 
enhanced by using high power electronic devices. 
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I.INTRODUCTION 

DC machines play a very important role in industries and in our daily life as they offer easily controllable 
characteristics. This paper is designed to develop a four quadrant speed control system for a DC motor using 
microcontroller. The DC motor is operated in four quadrants i.e. clockwise, anti-clockwise, forward braking and 
reverses braking. Also it features speed control. There are four possible modes or quadrants of operation [3] using a DC 
Motor .When DC motor is operating in the first and third quadrant, the supplied voltage is greater than the back emf 
which is forward motoring and reverse motoring flow differs. When the motor operates in the second and fourth 
quadrant the value of the back emf generated by the motor should be greater than the supplied voltage which are the 
forward braking and reverse braking [4] modes of operation respectively, here again the direction of current flow is 
reversed flow differs. When the motor operates in the second and fourth quadrant the value of the back emf generated 
by the motor should be greater than the supplied voltage which are the forward braking and reverse braking modes of 
operation respectively, here again the direction of current flow is reversed modes respectively, but the direction of 
current flow is reversed.  
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Fig .1 Four Quadrant operations 

Fig 1 shows the four possible modes or quadrants of operation [3] using a DC Motor. The four operations named as 
forward motoring, forward braking, reverse motoring, and reverse braking in the 1st, 2nd, 3rd and 4th quadrants 
respectively. 

II. PULSE WIDTH MODULATION 

Pulse-width modulation (PWM) [2] is a commonly used technique for controlling power to an electrical device, made 
practical by modern electronic power switches. The average value of voltage (and current) fed to the load is controlled 
by turning the switch between supply and load on and off at a fast pace. The longer the switch is on compared to the off 
periods, the higher the power supplied to the load is. The term duty cycle describes the proportion of on time to the 
regular interval or period of time; a low duty cycle corresponds to low power, because the power is off for most of the 
time. Duty cycle is expressed in percent, 100% being fully on. The main advantage of PWM is that power loss in the 
switching devices is very low. When a switch is off there is practically no current, and when it is on, there is almost no 
voltage drop across the switch. Power loss, being the product of voltage and current, is thus in both cases close to zero. 
PWM works also well with digital controls, which, because of their on/off nature, can easily set the needed duty cycle. 
PWM has also been used in certain communication systems where its duty cycle has been used to convey information 
over a communications channel. The duty cycle determines the speed of the motor. The desired speed can be obtained 
by changing the duty cycle. The PWM in microcontroller is used to control the duty cycle of DC motor. The PWM 
pulses generated from the microcontroller are viewed for various duty cycles in the simulation done in proteous 
software. 

III. BLOCK DIAGRAM 

Fig 2 shows the main block diagram of the project. It includes a Transformer, Bridge rectifier, Voltage regulator, 
Switch array, Microcontroller, Motor driver IC and DC motor. 

TRANSFORMER: The power supply for the circuit is given through step down transformer, which converts from 
230V to 12V. 

BRIDGE RECTIFIER: The output of transformer is given to bridge rectifier, consist of four diodes that delivers 
pulsating dc which is unregulated is regulated to constant 5V dc with the help of regulator. 
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REGULATOR: The output of the bridge rectifier is connected to the regulator [8] which regulates the 12 volt 
unregulated dc to regulated 5V supply.  

SWITCH ARRAY: Switch array consist of 7 push button switches. Each switch is assigned specific functions, 
accordingly control pulses is given to motor driver IC for controlling Motor. 

 
Fig. 2 Block diagram  

MICROCONTROLLER: The microcontroller [5] used is AT89C51.It is 40 pin ic which operates using 5V dc. 

MOTOR DRIVER IC: The IC used is L293D.It is a dual H-bridge motor driver integrated circuit (IC).It works based 
on the signal from the microcontroller. 

MOTOR: The motor used is 12V DC motor, which performs all the 4 quadrant operations. 

IV. WORKING 

The circuit uses standard power supply comprising of a step down transformer from 230V to 12V and the four diodes 
forming a bridge rectifier that delivers pulsating dc which is unregulated is regulated to constant 5V dc. The output of 
the power supply which is 5V is connected to the microcontroller. Here seven switches are interfaced to MC to control 
the speed of motor in four quadrants [6]. When start switch is pressed the motor starts rotating in full speed being 
driven by a motor driver IC L293D [7] that receives control signal continuously from the MC. When clockwise switch 
is pressed the motor rotates in forward direction as per the logic provided by the program from the MC to the motor 
driver IC. While forward brake is pressed a reverse voltage is applied to the motor by the motor driver IC by sensing 
reverse logic sent by the MC for a short time period due to which instantaneous brake situation is applied to the motor. 
Similarly when motor is rotating in anti-clockwise direction by appropriate logic from the MC to the motor driver IC 
and reverse brake switch is pressed the MC delivers a logic to the motor driver IC that develops for very small time a 
reverse voltage across the running motor due to which instantaneous brake situation happens  to the motor.  

PWM switch is used to rotate the motor at varying speed by delivering from the MC a varying duty cycle to the enable 
pin of the motor driver IC. It starts from 100% duty cycle and reduces in steps of 10% when it is pressed again and 
finally reaches to 10% duty cycle and the process repeats. Stop button is used to switch OFF the motor by driving the 
enable pin to ground from the MC command accordingly.  
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Fig. 3 Hardware model  

Fig 2 shows the hardware model of the project. It includes a Transformer, Bridge rectifier, Voltage regulator, Switch 
array, Microcontroller, Motor driver IC and DC motor. When the switches are pressed and released the respective 
operations are performed by the DC motor as assigned. Start, stop, Forward motoring, Reverse motoring, Forward 
braking, Reverse braking, PWM speed control and Stop are the functions assigned to 1st,2nd,3rd,4th,5th,6th and 7th 
pushbuttons respectively. 

V. ALGORITHEM 
1. Start 
2. Initialize variables and functions 
3. Check the inputs from the push bottom 
   Start=P1*0 
   Clock=P1*1 
   Anti_clock=P1*2 
   F_break=P1*3 
4. If start=0; EN1=1, IN1=1, IN2=0.Motor is on. 
5. If clock=0; EN1=1, IN1=1, IN2=0.Motor runs in clockwise direction. 
6. If a_clock=0; EN1=1, IN1=0, IN2=1. Motor runs in anti-clockwise direction. 
7. If f_break=0; Stops motor immediately in the forward direction. 
8. If a_break=0; Stops motor immediately in the reverse direction. 
9. If stop=0; Stops motor. 
10. Stop. 

 

VI. SOFTWARE USED 

Kiel: Support every level of software developer from the professional applications engineer to student in learning about 
embedded software development. When starting a new project, simply select the microcontroller and µvision IDE sets 
all compiler, assembler, linker, and memory options. 

Proteus 8 professional: It has been used to simulate the result in software. It is software used for simulation of 
electronic circuits as well as PCB designing. 
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VII. RESULT 

 
Fig. 4 PWM output waveform 

Fig 4 shows the simulated PWM output waveform obtained in Proteus software. It indicates 10% duty cycle. For each 
further pressing of PWM button the speed of the motor decreases by 10%.Corresponding change in duty cycle can be 
observed in the above simulation diagram. 

VIII. CONCLUSION 

The proposed research work will make a prototype hardware model where the PWM technique has been used to control 
the speed of dc motor. By variation in duty cycle, applied voltage varies therefore speed of dc motor can be 
controlled.PWM duty cycle control techniques enable greater efficiency of the DC motor. 
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