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Abstract: Motion control is necessary phenomenon necessary in large scale in industrial and domestic
environment. Hence dc series motor along with chopper is widely used for variable speed demand and
sophisticated operation. So, to determine the steady state and dynamic behavior is plays an important role. The
visual basic software interpretation is one of easy way which acts as its analyzing tool. The transient response
of the chopper fed motor is obtained by considering a small in the duty interval and in the load. Hence
operation of four quadrant dc chopper that can be use of many application. The paper describe approximation
which permit the derivation of simple but accurate analyzing methods for analysis of dc series motor fed by
chopper with pulse width control using visual basic software tool.
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I.  Introduction

Nowadays, motion control is one of the important needs of domestic and industrial environment. So,
the electric dc drive is one of the very useful motion control technique has been used especially for variable
control application [1, 2, 3, 4].There are many control strategies had used. They are current limit control, time
ratio control and pulse width modulation control [2]. The pulse width modulation is one of the effective method
used close loop operation of chopper fed dc series motor [3]. The control using this technique is accomplishes
by using control of duty cycle [4]. In this topology, we consider dc series motor in which field configuration is
in series armature hence it make more advantageous for overall system working[4]. Since, mathematical model
of dc series motor is nonlinear, the proposed method included the effect of it for better control operation [5].
Therefore the smooth four quadrant operation of dc series motor deals with many industrial and domestic
applications with low cost than others [1].

The main component of electric drive is power modulator which modulates flow of power from source
to motor and imparted speed- torque characteristics required by load [5]. The chopper is work as power
modulator which is driven by control unit. Hence control is takes place by using firing circuit also with
semiconductor circuit or either microcontroller for sophisticated control [6]. The arduino is howadays used as
microcontroller for various control strategies because of its very much advantageous [7].

So, in this paper, the proposed method of PWM has been used. The dc supply provided to chopper has
been chopped and duty cycle controlled by arduino controller. And all configurations of chopper fed dc series
motor is interfaces with visual basic software which interpretates the steady state and dynamic conditions.

Il.  Mathematical Modelling
A. Chopper fed dc series motor
Fig.1 shows basic configuration of chopper fed dc series motor. The basic control parameter duty cycle is
presented as &.
Hence basic motor voltage equation can be written as,

di 1
UazavsziaRa+Ld_:+EbEres ()
Ra = Rarm + RSE Lll = Larm + LSE + ZM
Where,
iz~ motor current
R,-m & Ry, — Resistance of armature and field winding
Lg-m & Lg, - Inductance of armature and field winding
M- Mutual inductance
e, & e, —back emfand emf due to residual magnetic flux
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Fig.1 Chopper Controlled DC Series Motor
Torque equation of dc series motor is,

dw (2
Td =] E-l— Ba)+ TL

Where,
J is moment of inertia, B is coefficient, T; is load torque and w is angular velocity
The transfer function of chopper fed dc series motor is given by,

Aw(S) _ 2VsKqf lag (3
AS(S) JLaS?+(JRa+Kaf wo] +BLa)S+[(BRa+Kaf w0 B)+(2Kaf Ia0)(Kaf lao+Kres )]} )
B. DC-DC Converter
The model equation given by,
Vo =46V, 4)
Ton ®)
0=
T = Ton + Toff (6)

Where,

V,- Output voltage
V.- Input voltage
Tyn- On time
T,z - Off time

T- Total time

6- Duty cycle

C. Pulse Width Modulation Control
For proper duty cycle § and angular speed w, value of motor constant K, is obtained from magnetization
characteristics of motor.
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Note: 1 cycle = 2ms @ 500 Hz
fig.2 Pulse width modulation duty cycle
Then,
E = K‘U wav
Where, K- motor constant
Sv—igy Ry

Wg, = average speed=

v

T,,= average torque= K, I,
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I11.  Proposed System

The chopper is now very widely used for the control of dc series motors for traction applications. The
advantages of the chopper over the conventional resistance controller are: higher efficiency, flexibility in
control, regeneration down to very low speed, light-weight and smaller size. The chopper output voltage can be
controlled either by using a current-limit control scheme or by pulse width control. In the current-limit
controlled scheme, the current is controlled between certain maximum and minimum values of current-when the
current reaches the maximum value the chopper disconnects the supply from the load and reconnects it when the
current reaches the minimum value. he major problem in analysis of chopper fed dc series motor arises due to
non linear relation between armature induced voltage and armature current. In this method the pulse width
modulated input data provided to visual basic software and analyzes system parameters.

A. Interfacing of chopper fed dc series motor

=Ry

o ,.;1.\::&_@ & :"

— A
it e 1K —@J - e M s T
Cekaly
L= + +

Fig.2 H-bridge & motor interfacing

The DC supply is provided to pair either T1 and T3 or T2 and T4 of 5V to their base. The 12V dc
supply is provided to chopper and chopped dc output is given to motor. Therefore, the chopped input is given to
motor and losses are reduced on level of fraction but help much in all the setup, so the heating in motor reduces.
The free-wheeling diode is connected along with every transistor. For the purpose to limit the current passed
through it. The operation of chopper fed dc series motor is work according to different intervals. This different
intervals ( or modes ) in a cycle are duty interval commutation interval and freewheeling interval. The duty
interval is more than charging period of capacitance. The commutation interval when voltage increased over
limit. Foe successful commutation the freewheeling interval will be always present.

B. Interfacing of circuitry to arduino and visual basic software

As stated above, the PWM output is provided to motor with help of dc-dc converter. The chopper is
converting fixed 12V dc supply into chopped dc output and this chopping interval is decided by arduino
microcontroller. This decides their duty cycle and duty cycle is control by arduino programming. The current
sensor is connected in series with dc series motor and arduino controller. The current is measured by current
sensor and send it to arduino.

The visual basic is software we used for interpretation of steady state and dynamic operating condition.
The steady state and dynamic condition of drive expressed in terms of speed in rpm and current in ampere. The
whole circuitry of chopper, transmitter and receiver and current sensor is connected and one output is provided
to visual basic software. Then visual basic is collected whole data and show the change according to load
variation.

C. Hardware system

fig.3 system hardware
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IV.  Results And Discussions
1. Steady state condition:
Here for static condition, IR Circuitry is used. Whenever there is interruption between rotating fan and
transmitter-receiver the Ardunio gives speed of the motor. Motor rotates on 5V supply. Thus as the speed
decreases the current also get decreased.

Sr.No. Speed(rpm) Current(mA)
1 110 520
2 100 490
3 80 400
4 60 350
5 40 320
6 40 315

2. Dynamic Condition:
For Dynamic condition there is need to give 12V supply to the dc motor. Thus the motor speed gets increases
and as the speed increases the motor current increases.

Sr.No. Speed(rpm) Current(mA)
1 70 410
2 100 430
3 120 460
4 150 490
5 200 511

In this way it is possible to analysis and performance of chopper fed dc series motor under steady state and
dynamic operating condition.

V.  Conclusion
When the motor is in steady state i.e. off load condition then the current decreases and almost speed
remains constant. When we vary the voltage then speed remains constant otherwise it varies normally. When the
motor is in dynamic state i.e. on load condition then the current increases and speed also increases. Both speed
and current gives the reading according to time for better performance of motor. We should show the graphical
representation of current and speed when loaded and not loaded conditions. Hence, finally the speed in rpm and
current in ampere is interpreted.
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