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Abstract

This projects deals with the speed control of separately excited DC motor with a high performance manner. There are four
different quadrants operation of DC motor implement .In this project using chopper as a converter, the speed of a DC motor is to
be controlled. We simulate the operation of DC motor in open loop as well as closed loop. As speed control is desired in order to
get accurate performance of DC motor, the simulation of model will be done and analyzed in MATLAB under varying condition.
A closed loop system brings the motor to the speed set by the user irrespective of load.
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l. INTRODUCTION

An electrical drive which consists of electric motors. Now a day in modern electric drive system power electronic converters are
used as power controller. In drives system it consists of two types: (a) AC drives and (b) DC drives. The speed of DC motors
can be adjusted below or above rated speed, when their speed is above rated speed then it controlled by field flux control and
when speed below rated speed then it is controlled by armature voltage. So DC motors are widely used in industry because of its
simple and robust control structure and wide range of speed and torque. For the control of DC drive, there are various methods
available such as (a) Armature voltage control, (b) Field flux control, (c) Armature resistance control. In Armature voltage
control if the supply is dc then speed can be control by chopper control method.!

Il. BRIEF HISTORY OF CHOPPER

A. Introduction of Chopper

A chopper is a power electronic device which is also called as dc-dc converter and it is a static device which converting fixed
input dc voltage to variable output dc voltage. Earlier days the choppers were used for converting fixed dc variable dc but due to
involvement of multistep conversion it was bulky and insufficient. So the dc choppers are only single step static devices and
more efficient and also les bulky than the earlier choppers, and are also available in a lower price so it can be used for a speed
control.

Now a days choppers have become very useful component and used in applications like EHV((electric hybrid vehicle), marine
hoists, and other transit systems. Due to their regenerative braking facility it is used in the EHV. And also due to this braking
facility it is used for the speed control of DC motor in the four quadrant operations. Choppers the efficiency of DC machine
increased to a great extent so choppers become in power electronics essential component and morden dc application as a whole
of increased to a great extent so choppers become in power electronics essential component and modern dc application as a
whole of industry employing dc power. 214
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I1l. CONTROLLING METHOD OF DC MOTOR

A. Time ratio control

In this method of control strategies time ratio or duty ratio is varied. And this is done by two different ways called a) Constant
frequency system and b) Variable frequency system. We explain in details as follows:

1) Constant frequency system:

In this scheme of control, on time Ton is varied but the chopping frequency id kept constant.so this scheme is called PWM
scheme.

1) Variable frequency system:

In this scheme of control, chopping frequency f is varied according to the input value and Ton is kept constant or Toff is also
kept constant, In this method it is called FM scheme.

& Current Limit Control

In this control strategies, the ON and OFF time of the chopper is determined by the value of the Output load current. The
maximum and the minimum output load current is dependent on the ON and OFF time of the chopper. In this strategy the
chopper is turned on when the output current equals to a present value. The chopper is kept on till output current equals to
another present value. The chopping frequency and pulse width are dependent on the load parameters. The advantage of CLC is
that the ripple in the load current can be regulated to a small, predetermined value for the wide range of loads. In short for the
current limit control we say that when the load current reach upper limit, chopper is switched off and when load current falls
below limit, chopper is switched on. Current limit control strategies are more complex due to feedback loop, trigger circuit so
PWM technique is chosen for power control in chopper circuit.[”)

IV. LITERATURE OF SEPARATELY EXCITED DC MOTOR

Operation of Separately excited DC motor

LOAD
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Armature
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— Field and Armature winding with separate supply
— DC source is for the excitation of field winding
—  Supply is given to the armature winding
— Rotor torque is produced due to the interaction of armature current and field flux

We see the construction of the separately excited DC motor as from the above circuit diagram, from it the supply is given to
the armature and the excitation due to the field current which is given to the field so the armature and field current flows in the
circuit, at a desired speed the motor develops back emf and torque to balance the load torque. The one important thing is the
armature current and the fields current are independent because of the separate excitation.
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As name indicates the separately excited so in this dc motor has the armature and field has a separate supply voltage. In field
winding the external dc excitation so the fields flux goes to the armature and in armature winding the current flows through
brushes and commutators.so back emf and torque develop due to the motor.[®
Mathematical Analysis of separately excited DC motor
Field and Armature equations:

Instantaneous field current :

dj

Ve=Relg + Lfd_: (1)

Instantaneous armature current:
dia

Va-Rala + La 3= + e 2)
eg=back emf, it is expressed as ,

eg = K,wl¢ (3)
K,= motor voltage constant
w= motor speed
The torque equation will be given by:

szj‘l—vtV+Bw+Tl 4)
T4=Torque developed in Nm
J= Moment of inertia Kg/m*m
T,= Load torque in Nm
B= viscous friction coefficient
Assume negligible of friction so, B=0

dw

Ty= ]d_t +T (5)
So , back emf equation will be :

Eg- KoW (6)
Also,

Tq=K0I, @)

o= (V, —LLR,)/K® 8

s0, From the above equation it is clear that the speed control of dc motor depends on armature current, armature resistance,
field flux and the applied armature voltage. So after this equation as we describe and know that the different methods of speed
control. 4
Steady State Torque and speed equations:
The motor speed,

(Va—IaRa)
o= 9)
Here R, is a small value and when motor is lightly loaded, I, is small,
o= 2 (10)
Kylg
If the field current is kept constant,
The developed torque is :
Te=KLIf = Bw + T (11)
So the power required is:
pd=(,l)Td (12)

V. SIMULATION

. Basic Circuit of Four Quadrent
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#. Simulation Circuit for First and Second Quadrant
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Simulation circuit results for all four quadrant
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[voltage, current, speed waveform for second quadrant]
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[Voltage, current, speed waveform for third quadrant]

Al rights reserved by www.ijirst.org 112



Design and Simulation of Speed Control of DC Motor using Chopper
(1JIRST/ Volume 3/ Issue 12/ 018)

el
] | s r
e e ) S —}
T AU DRRRDSRRIN (UURIOSIN DRSS SURDUUUIUII RTRIOTUNIN ISR SPUUSISTREI WSRO ST NS FOTUERI N -
E ] e e S PP S S -]
E 0
E 7| IS EURUUSIUP SUPRUURURII ISRUPSROE ASPURUIN ISUPERIS [PSTIPOUI NESEPSUINS WSS SPSUS PRI NSRRI -
1| R RN (DR IR SR OSN[RS SRR RS S R S S—— -
11" S FEPRURIPPN (PRSP INRURTUPE FRSRURPPUIIS USRS [SPUSPUIIN NPUNSTPUIIINY RSPSI PSRRI SR PP -
3K | = | |
1M 182 103 104 1.0 1406
Time {sacomds)
cunent
2 T T T d T
05 \ )
{ I‘ 'K.
20 forisi} \ j { ) \
£ / " “'. f‘ 'Il
3 1986} ; ) DR RN A ! { L NG SOUREEY CRODIRRI (et :' -
- L [
E Wi et f \ / / oy SRS —
= ‘} |
185 | SATVOGULLES S SR, Wiy ¥ A0S | 4 J | -
| ;' i f ‘ |
1) \if R ¥ A \if \3f Af
- ¥ “:‘, f \ Yy
17 .- | | | - | | | ’
tn 102 103 104 106 108
Tume (30c0n0S)
speed Wmirad's|
| [ T | |
L
] i i i J
05 1 15 2 256
Time {soconds)

[voltage, current, speed waveform for fourth quadrant]

V1. APPLICATION

For the Application purpose, DC drives are widely used for adjustable speed control, frequent starting, better speed regulation,
braking and reversing. And the DC drives are also used for some important application such as paper mills, mine winders, hoists,
elevators, printing presses, traction, textile mills, machine tools, cranes and rolling mills. For the industrial applications
development of high performance motor drives are very essential. DC drives are less costly and less complex as compared to the

AC drives, so it is widely used in industrial applications
VII.CONCLUSION

The speed of a separately excited DC motor can be controlled using two types of loop configuration such as open loop speed
control and closed loop speed control technique .Here the speed of DC motor can is control in the forward motoring first
quadrant open loop operation using ideal switch. The simulation results under varying the load armature current and voltage are

also studied and analyzed.
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