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SUMMARY

The main objective of the presented research work is to develop a converter controlled accurate speed control
model for DC drives. Controlling speed is one of the most significant aspects of DC motors. It can be easily
controlled with the help of different types of DC-DC converters. The paper is a comprehension on the cascaded
circuit of the DC motors and converters. The designed model is significantly developed using state space modeling
of motors and converters on Simulink. It can be used in motor drive and traction applications. The paper provides
a greater insight on the subject while closely understanding the purpose and effect of the various parameters.
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1. INTRODUCTION

DC motors are one of the most important
electromechanical energy conversion devices which we
use in our everyday life. From printers to rolling mills,
it is found in various applications. Control system
design and analysis technologies are widely suppress
and very useful to be applied in real-time development.
Some can be solved by hardware technology and some
by the advanced use of software; in anyway, control
system are analyzed easily and in details. DC motors
can be used in various applications and can be used of
various sizes and rates. It is well known that when
starting a DC motor and that is by connecting its
armature circuit directly to a DC voltage source, a high
value of the armature current is expected. Such high
value is primarily due to the lack of the back
electromotive force (EMF) of the motor. The back
electromotive force is known to be proportional to the
motor speed. The high value of the armature current
may cause troubles to the DC motor (like reduction of
its life time, creation of false operation of the protective

devices associated with the motor, etc...). One of the
classical remedies to such problem is to insert a starting
resistor [1] in series with the motor armature circuit.
The starting resistor should be gradually removed as
the motor speeds up. A careful glance at such method
is that even though there will be a control or monitoring
of the level of the armature current; there will be a
waste of energy at each start-up maneuver and
significant equipment are DC-DC converters which are
highly employed to regulate the unregulated power
supply and diminish or increase the DC input level. For
the DC motor modeling, it can be analyzed with control
techniques of step response, impulse response and
Bode plot by using MATLAB/Simulink [2, 3]. All data
based on the internal circuit of a simple DC motor and
its features can be analyzed both by control system
design calculation and by MATLAB software. By the
effect of MATLAB modeling results of DC motors, all
others types of DC Motors can be chosen with their
desire applications. Combinations of control
technology and motor technology now become real-
time challenges. By the advance control analysis of
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easiest way, high-tech can be solved with the help of
modeling and Simulink using MATLAB. A mathematical
model developed with the help of equations which
utilize input, outputs and variables is known as state
space model. It is a convenient way to analyze complex
systems such as separately excited DC motor which
have multiple inputs and outputs. In this paper,
separately excited DC motor, and DC-DC converters
have been modeled on Simulink/MATLAB using steady
state equations. The models have been cascaded and
the respective simulation has been presented as an
amalgamation [4, 5].

2. MODELLING OF SEPARATELY
EXCITED DC MOTOR

The significance of using a separately excited DC
motor shown in Figure 1(a) is that both field and

()

armature parameters can be controlled separately.
Assuming no frictional and other copper and core
losses in DC motor, the steady state equations for the
separately excited DC motor using KVVL and Newton’s
2nd Law of Motion are given below [6]:
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Now, these equations have been implemented in
Simulink with the help of various library blocks as
shown in Figure 1(b).
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Fig. 1 (a) Separately excited DC motor; and (b) its implementation in Simulink
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2.1 DC-DC converters

Three basic types of converters have been carefully
studied and designed in Simulink to control speed of
separately excited DC motor. These are: buck
converters, boost converters and buck boost converters.

2.1.1 Buck converter

These converters (shown in Figure 2) step down
the DC voltage level and are extensively utilized for
DC motor speed control and regulated DC power

supply.

Fig. 2 Buck converter

Applying KVL and KCL gives us:

di 1
d_'[L:I(Vin_VO)
, O0<t<dT, Q:ON
%:i(i _V_O)
it Cc'- R
When the Switch is off:
di 1
L)
, dT <t<T, Q:OFF
%:i(i _V_O)
it Cc'" R

2.1.2 Boost converter
These DC-DC converters (shown in Figure 3) step
up the DC voltage level and find their application in

synchronized power supply and regenerative braking
of motors [7].
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Fig. 3 Boost converter

Applying KVL and KCL gives us:

di 1
d_tL:I(Vin)
, O0<t<dT, Q:ON
Qo _ 1, Vo
d C R

When the Switch is off:

dip 1
d_tL:E(Vin_Vo)
, dT <t<T, Q:OFF
dv, 1, v,
_:_(|L__
dt C R

Figure 4 is a glimpse of designed boost converter
in Simulink.
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Fig. 4 Implementation of boost converter in Simulink
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2.1.3 Buck boost converter

These converters (shown in Figure 5) can stand
down or improve the DC voltage level according to the
value of duty signal.

Fig. 5 Buck boost converter

These are used in synchronized power supply of
DC voltage, where a negative polarization O/P is
desired with reference to common node of the input
voltage.

Applying KVVL and KCL gives us [8]:

di_1

=—(Vin)

a L , 0<t<dT, Q:ON
o _ 1 Yo

d C R

When the Switch is off:

Figure 6 is a glimpse of designed buck boost
converter in Simulink.

3. PULSE WIDTH MODULATOR

In spite of fluctuations in the output load and the
input voltage, the output DC power must be maintained
in order to achieve the desired voltage. DC-DC
converters can be easily controlled with a familiar
technique known as PWM (Pulse Width Modulation)
by switching on and switching off durations (t,, and
tofr). PWM is a method to provide controlled power to
electrical equipment with the help of practical
switches. The average output value is controlled with
the help of a duty cycle. The longer the switch is kept
on; the more is the power supplied to the output load.
The main advantage of PWM is that the power
dissipation is low [9].

Saw-tooth voltage is utilized to control the output
DC voltages in the DC-DC converters. As shown in
Figure 7, a repeating saw-tooth voltage (a) has been
modeled to produce a PWM (b). Namely, in the PWM,
switching frequency is kept constant while duty is
varied to achieve the desired O/P control voltage signal.
When the saw-tooth voltage is lesser than the duty
signal, the switch control signal is high. When the duty
signal is lesser than the saw-tooth voltage, the control
signal is in off state [10, 11].
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Fig. 6 Buck boost converter design
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Fig. 7 (a) SawTooth Waveform; (b) Modulated Output
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3.1 Cascading with buck converter

The cascaded model of buck converter and DC motor
is shown in Figure 8. Using a pulse width modulator,
one can very easily control the speed of motor.

The speed of the motor is adjusted with the duty
value to get the desired output armature current and
rotor speed.

3.2 Cascading with boost converter

The cascaded model of boost converter and DC
motor is shown in Figure 9.

Vo

‘Constant1

The boost converter is employed here to step up
the input voltage; the duty cycle varies the output speed
and armature current of the separately excited DC
motor.

3.3 Cascading with buck boost converter

The cascaded model of boost converter and DC
motor is shown in Figure 10.

The buck boost model needs an additional multiplier
as the polarity of the output voltage is negative
compared to the input voltage.
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Fig. 9 Boost converter cascaded with DC
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Fig. 10 Buck boost converter cascaded with DC motor
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4. SIMULATION RESULTS

The input field voltage and armature voltage has been varied to control the rotor speed. The following graphs can
be inferred by varying load torque (Figure 11) and voltages (Figure 12) value.
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Fig. 11 Variation of load torque

Figure 11 shows the variation in speed and armature current with wavering of the load torque. As the load
increases, speed of the motor gradually decreases while armature current increases.
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Fig. 12 Variation of armature voltage

Figure 12 shows the result of variation in armature voltage with respect to time. As armature voltage is increased,
the angular speed of the motor increases. Though the inrush current will be very high as the V, is increased,
armature current will be lower. On increasing the field voltage the field current increases consequently. There is a
decline in the velocity of the motor as well as the armature current as shown in Figure 13.
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Fig. 13 Variation of field voltage

5. CONCLUSION

In this paper, a comprehensive analysis of DC drive
system has been performed by using MATLAB/
Simulink. The simulation model which is implemented
in a modular manner under MATLAB/Simulink
environment allows that many dynamic characteristics
such as phase currents, voltages, rotor speed, and

mechanical torque can be effectively considered.
Furthermore, the performance analysis of variation of
the load torque, field voltage and armature current has
been achieved. It is seen that the desired smooth and
accurate speed control has been achieved. The results
show that MATLAB paired with Simulink is a good
simulation tool for modeling and analyzing converter
controlled DC motor drives.
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PRETVARACEM KONTROLIRAN MODEL KONTROLE BRZINE ZA DC POGON
UTEMELJEN NA MATLAB/SIMULINK

SAZETAK

Glavni cilj prikazanog istrazivanja je razviti pretvaracem kontroliran precizan model kontrole brzine za DC

pogon. Naime, kontrola brzine je jedan od najznacajnih aspekata DC motora. On se moze lako kontrolirati pomocu
raznih tipova DC-DC pretvaraca. Ovaj clanak se odnosi na Siroki krug DC motora i pretvaraca. Projektirani
model je znacajno razvijen rabeci prostorno modeliranje motora i pretvaraca pomocu programa Simulink. Moze se
rabiti kod motornih pogona i transportnih aplikacija. Clanak omogucava Siroki uvid u subjekt istraZivanja i usko
razumijevanje svrhe i efekata raznih parametara.
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