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Abstract— The system is designed to develop a four 

quadrant control system for a DC motor. The motor is 

operated in all four quadrants i.e. clockwise, counter clock-

wise, forward brake and reverse brake. The four quadrant 

operation of the dc motor is useful for industries where 

motors are used and as per requirement as they can rotate in 

clockwise, counter-clockwise and also apply brakes 

immediately in both the directions. At the time of operation 

in industrial environment, the motor needs to be stopped 

immediately. Here the speed controlling of DC Motor is 

carried out by using Four Quadrant Chopper drive. Insulated 

Gate Bipolar Transistors (IGBT) is used for switching ON 

and OFF of the motor. This system can be enhanced by 

using higher power electronic devices to operate high 

capacity DC motors and less switching loss. 
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I. INTRODUCTION 

DC motors are used extensively in adjustable-speed drives 

and position control applications. There are various methods 

are available to control the speed of the dc motor. As speed 

control method for DC motors are simpler and less 

expensive than those for the AC motors, DC motors are 

preferred where wide speed range control is required. The 

DC motor can operated in clockwise or counter-clockwise 

direction and we can control the speed in any one of the 

direction but using four quadrant choppers we can operate 

the motor in clockwise as well as counter-clockwise 

direction and also apply the break and stop the motor 

immediately in any direction.[1].in this technique we are 

using the H-bridge structure i.e. also called as the four 

quadrant chopper which consist of the IGBT switches and 

diode which are connected in anti-parallel with switches. 

The insulated gate bipolar transistor (IGBT) combines the 

positive attributes of BJT’s and MOSFET’s. BJT’s have 

lower conduction losses in the on-state, especially in devices 

with larger blocking voltage, but have longer switching 

times, especially at turn-off while MOSET’s can be turned 

on much faster. From the IGBT switching operation it can 

easy to operate the motor in both directions also we can 

operate the brake [4]. 

II. STRUCTURE 

A. Basic Idea: 

The basic principle behind DC motor speed control is that 

the output speed of DC motor can be varied by controlling 

armature voltage for speed below and up to rated speed 

keeping field voltage constant. The output speed is 

compared with the reference speed and error signal is fed to 

speed controller [6]. Controller output will vary whenever 

there is a difference in the reference speed and the speed 

feedback. The output of the speed controller is the control 

voltage that controls the operation duty cycle of (here the 

converter used is a Chopper). The converter output give Va 

required to make the motor return to the desired speed. The 

reference speed is provided through a potential divider 

because the voltage from potential divider is linearly related 

to the speed of the DC motor. The output speed of motor is 

measured by Taco-generator and since taco voltage will not 

be perfectly dc and will have some ripple. So, we require a 

filter with a gain to bring taco output back to controller level 

[5]. 

B. DC Chopper: 

A chopper is a static power electronic device that converts 

fixed DC input voltage to a variable DC output voltage. A 

Chopper may be considered as DC equivalent of an AC 

transformer since they behave in an identical manner. 

Chopper involves one stage conversion. These are more 

efficient Chopper Systems offer smooth control, high 

efficiency. A chopper is a high speed ON or OFF 

semiconductor switch [5]. 

C. Four Quadrant Chopper Operations: 

The chopper circuit shown in fig1 can operate in all four 

quadrants of the Vo-Io plane. That is the output voltage and 

current can be controlled both in magnitude and direction. 

Therefore, the power flow can be in any direction. In the 

first quadrant the power flows from the source to the load 

and is assumed to be (+ve). In the second quadrant, the 

voltage is still positive but the current is negative. Therefore, 

the power is negative. In this case, the power flows from 

load to source and this can happen if the load is inductive or 

back emf source such as a dc motor. In the third quadrant 

both the voltage and current are negative but the power is 

positive. In the fourth quadrant voltage is negative but 

current is positive hence power is negative. 

D. Forward Motoring: 

The motor rotates in the same direction of rotating magnetic 

field. Power is taken from source to load. If separately 

exited motor of constant field then the positive voltage and 

positive current in first quadrant give rise to forward 

motoring. In the forward motoring mode of operation, 

armature current flows in opposition to the EMF induced in 

the armature.  

 
Fig. 1: Four Quadrants of the Vo-Io Plane 
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E. Reverse Motoring: 

In this mode the motor is made to operate as generator and 

the kinetic energy of the motor is converted into electrical 

energy. This electrical energy is dissipated in braking 

resistance connected to the terminals. When the chopper is 

turned on by a gate pulse, the kinetic energy is partly 

dissipated in armature resistance and partly stored in 

armature inductance.  

F. Regeneration: 

The motor is rotate in same direction of rotating magnetic 

field but speed is higher than the rotating magnetic field. 

The condition for regeneration is that the rotational emf is 

must be more than the applied voltage so that current is 

reversed and the mode of operation changes from motoring 

to generation. 

G. Regenerative Braking: 

The direction of energy flow is reversed and the motor 

operated as generator braking, in regenerative braking most 

of the braking energy is return to the supply, In this mode 

the motor is made to operate as a generator and the kinetic 

energy of the motor and load coupled to it is converted in to 

electrical energy, part of which is returned to the supply and 

rest of the energy is lost as heat in the windings and bearings 

of electrical machines. The armature current and induced 

EMF in the motor is in the same direction but in opposition 

to supply voltage. The torque developed is in direction 

opposite to that of rotation of armature. 

III. EXPERIMENTAL SET UP 

The experimental set up consists of a Four-quadrant IGBT 

based chopper driver model .The ac supply in fed to the 

setup through an step down transformer , the system having 

a ac supply but for use  it is rectified AC into DC. Filter is 

electronic circuit use along with rectifiers in order to get 

pure DC. We know that a combination of rectifier and filter 

can produce a dc voltage which is almost pure. The voltage 

regulator is a circuit which will try to maintain the output dc 

voltage constant under all operation because the expensive 

electronics cannot use unregulated dc supply, the output 

voltage can be change if there is change in input voltage or 

if ambient change in temperature is change. 

 
Fig. 2: Block Diagram of Experimental Set Up 

 The four quadrant chopper use IGBT switches with 

diode connected in anti-parallel with IGBT for the 

controlling the system by its switching operation. The PWM 

converters generate pulse-modulated signal that are 

compared with the base signal. Delay logic is provided to 

gate drivers and thus the signal obtained is the gating signal 

for the IGBTs in the four-quadrant chopper. Once the 

IGBTs are triggered they are used in pairs to control the 

speed of the dc motor. The output of the full bridge 

converter can also be an AC voltage with variable frequency 

and amplitude in which case the converter is called as dc- 

to-ac conversion (inverter). In a full bridge converter when a 

gating signal is given to a switching device either the 

switching device or the diode only will conduct depending 

on the directions of the output load current. 

IV. CIRCUIT DESCRIPTIONS 

The four quadrant chopper with four switching devices 

where diodes are connected in anti-parallel with the 

switching devices is also referred to as full bridge converter 

topology. The input to the full bridge converter is fixed 

magnitude dc voltage Vdc. The output of the converter can 

be a variable dc voltage with either polarity. The circuit is 

therefore called as four quadrant chopper circuit or dc to dc 

converter. The output of the full bridge converter can also be 

an AC voltage with variable frequency and amplitude in 

which case the converter is called as dc- to-ac conversion 

(inverter). In a full bridge converter when a gating signal is 

given to a switching device either the switching device or 

the diode only will conduct depending on the directions of 

the output load current. 

 
Fig. 3: Four quadrant chopper circuit 

A. Operation of Four Quadrant Chopper: 

The operation of the circuit as a four quadrant chopper is 

explained, referring to the circuit diagram of Figure V.a.it is 

basic power circuit of class E chopper which gives the 

output in four quadrants hence it’s named as four quadrant 

chopper. When the switches T1 and T4 are turned ON by 

applying gating signals simultaneously, the load voltages V 

dc with terminal A is positive and the load current IL flows 

in the direction from A to B. Because of the load inductance, 

the current cannot change instantaneously.  

 
Fig. 4: Load Voltage and Current with Inductive Load & 

Load Current IL> 0 (positive) 
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 The load voltage V will now be –Vdc since the 

conduction of the diode D3 will connect the load terminal B 

to the (+)Ve terminal of the source. As the load voltage is 

negative and the current is still positive, the power is 

negative. The power now flows from the load to the source. 

This corresponds to the operation of chopper circuit in the 

fourth quadrant. This operation in the fourth quadrant will 

continue as long as the current is positive. When T1 and T4 

are off, T3 and T2 can be turned ON. When the current 

passes through zero, the devices T3 and T2 can be turned 

on, and the load current becomes negative. The load current 

now passes through T3 and T2 with current direction in the 

load as from B to A. this brings the operation of the chopper 

in the third quadrant. Turning of the T3 and T2 will bring in 

the conduction of the diode D1 and D4 and the operation of 

the chopper circuit in the second quadrant. The operation of 

the chopper in the first and third quadrant corresponds to 

power flow from the source to the load, and is considered to 

be forward power flow. The operation in the fourth and 

second quadrant corresponds to reverse power flow. The 

relevant waveform shows the operation of full bridge 

converter in four quadrants. 

 

Fig. 5: Load Voltage and Current with Inductive Load and 

Load Current IL< 0 (negative) 

B. Advantages: 

 Efficiency is high. 

 High switching frequency. 

 Low conduction voltage drop. 

 Flexibility in command. 

 Snubberless Operation 

C. Application: 

 Adjustable-speed drives application. 

 Use in reversible drive. 

 For industrial purpose. 

 Used in conniver. 

V. CONCLUSIONS 

Four quadrant chopper drive use for speed control of dc 

motor  by this system we can control the speed of dc motor 

in clockwise and counter clockwise direction by four 

quadrant chopper. The four quadrant chopper configuration 

can be used for a reversible DC drive. IGBT based circuit 

gives smother control other than the entire speed rang as 

compared with SCR based circuit the control circuit 

provides with success the transition of the machine in 

another quadrant from motor regime to generator regime. It 

is seen that IGBT’s have lower on-state voltage drop with 

high blocking voltage capabilities in addition to fast 

switching speed. Four quadrant directions either are 

clockwise or counter clockwise direction is carried out. 

REFERENCES 

[1] Jaafer Sadiq Jaafer Mohammed, Chessab Mahdi   

“Speed control of separately excited DC motor  

using chopper”Journal of Kerbala University,  Vol. 

11 no.1 Scientific, 2013 

[2] Bimal K. Bose, “Recent Advance Power 

Electronics”, IEEE transaction on power 

electronics, vol.7, no 1, January 1992. 

[3] Deodatta Y, Shingare,”Industrial and Power 

Electronics”, Electrotech Publication, pp.2.36-2.42 

and 9.19-9.20, 2010. 

[4] Pendharkar Sameer, Trivedi Malay, Shenai 

Krishna,”Electrothermal Simulations in Punch 

through and Nonpunch through IGBT’s”, IEEE 

transactions on electron devices, Vol. 45, no. 10, 

October 1998. 1993, pp 2222-2231. 

[5] Bimal K. Bose, ”Power Electronics and Motion 

Control Technology Status and Recent Trends”, 

IEEE transaction on industrial application,Vol.29, 

no.5, September/October 1993. 

[6] Salam Dr.Zainal, UTJMB, Power Electronics & 

drive. 


