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ABSTRACT:- The adaptable organize uniqueness of DC motor have contributed in the extensive use of
DC motor in the industry. With the rising use of power semi conductor units, the swiftness organize of DC
motor is progressively more getting complicated and accurate. Swiftness of the DC motor is proscribed by
controlling the armature voltage. Armature voltage is proscribed using unusual single phase AC/DC
converter. Half converter, semi converter, full converter and dual converter are some of the thyristor based
circuits which are used for swiftness control of DC motor. This paper studies special swiftness organize
techniques of DC motor and makes a comparative study of dissimilar converter based swiftness organizer
techniques.

Index Terms- AC/DC converter, DC motor, speed control.

l. INTRODUCTION

DC motors are extensively worn in industry because of its low cost, less complex control structure and
wide range of swiftness and torque. There are many methods of swiftness organize of DC drives namely field
control, armature voltage control and armature resistance control methods [2]. DC motors provide high
preliminary torque which is required for traction applications. In DC motor organize over a large swiftness
range, both below and above the rated speed can be achieved quite easily. DC motors have inherent
disadvantages that it needs regular preservation and it is bulky in size. DC motors are tailor made, so it is very
complicated to replace them. In general, armature voltage control method is widely used to control the DC
drives. In this method, a controlled rectifier, or chopper is used but due involvement of power electronics
elements, nonlinear torque speed characteristics are observed which are undesirable for control performance [1].

Nowadays state of art swiftness organize techniques of DC motor is accessible. Thyristor based DC
drives with analog and digital feedback organize schemes are used. Phase locked loop control system is also
used for precise swiftness organize and zero swiftness regulation. In past, many researchers presented various
new converter topologies of DC motor organize for different applications of industry [5, 6, 8, 9], but at the basic
level in all of them thyristor based AC-DC converter are used. MATLAB with its toolboxes like Simulink and
Sim Power System are used for simulation [3, 7].

This paper provides a comparative study of different thyristor based swiftness organize techniques.

1. MATHEMATICAL MODELLING OF DC MOTOR
The active and steady-state model of separately excited DC motor is needed to examine the torque-
swiftness uniqueness. The graphic image of the model of a separately excited DC motor is shown below in
figure 1 in which e, is the terminal voltage applied to the motor, R, and L, are the resistance, and inductance of
the armature circuit respectively, R; and L; are the resistance, and inductance of the field circuit respectively, e,
is generated back emf and Ty, is the electromagnetic torque developed by the motor. The related DC Motor
parameters are mentioned in appendix A.
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Figure 1: Equivalent circuit of separately excited DC motor
The torque is produced as a result of interaction of field flux with current in armature conductors and is given

by Eqg. (1)
Tn 0Ky Og (1)

Here is a constant depending on motor windings and
geometry and [1 is the flux per pole due to the field winding.

The direction of the torque produced depends on the direction of armature current. When armature rotates, the
flux linking the armature winding will vary with time and therefore according to

Faraday’s law, an emf will be induced across the winding. This generated emf, known as the back emf, depends
on speed of rotation as well as on the flux produced by the field and given by Eg. (2)

e KOO (2)
By applying KVL at input side of in figure 1,

di,
€a iRy Ly dt & 3)
In steady state condition, E, O1.R; Ey (@)

In terms of torque and speed, the steady state equation will be given by Eqg. (5)

T
EC R K OO (5)
a at
K
Ea T
So, 001 2R, (6)
KK

Thus from the above equation it is clear that speed can be

Controlled by varying there parameters, namely The three methods of speed control are as following:
i Armature voltage controlled.

ii. Armature resistance controlled.

iii. Flux controlled.

swiftness organize using armature resistance by adding external resistor is not used very widely because of the
large energy losses due to the Rey. Armature voltage control is normally used for swiftness up to rated swiftness
(base swiftness). Flux control is used for swiftness beyond rated swiftness but at the same time the maximum
torque capability of the motor is reduced since for a given maximum armature current, the flux is less than the
rated value and so as the maximum torque produced is less than the maximum rated torque [4]. Here the main
attention is given to the armature voltage control method. In the armature voltage control method, the voltage
applied across the armature e, is varied keeping field voltage constant. As equation (6) indicates, the torque-
speed characteristic is represented by a straight line with a negative slope when the applied armature voltage is
ideal, that ideal torque speed characteristic is illustrated in figure 2 [10].
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Figure 2: Torque speed characteristics of the separately excited DC motor at different armature voltages

Il. THYRISTOR BASED TECHNIQUES OF DC MOTOR SPEED CONTROL

A separately excited DC motor fed through single phase half wave converter is shown in figure 3.
Single phase half wave converter feeding a DC motor offers only one quadrant drive. Such type of drives are
used up to about 0.5 kW DC motor.
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Figure 3: Single phase half wave converter drive

For single phase half wave converter, average output voltage of converter can be calculated as, given as Eq. (7)
Vi
Vo O 1 costl ,for0 [ (100 @
20
A half wave converter in the field circuit will increase the magnetic losses of the motor due to high ripple
content on the field excitation current, so an ideal DC source is preferred over half wave converter for field

circuit. A separately excited DC motor fed through single phase semiconverter is shown in figure 4. This
converter also offer only one quadrant drive and is used up to 15 kW DC drives.
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Figure 4: Single phase semi converter drive

With a single phase semiconverter in the armature circuit, equation (8) gives the average armature
voltage as,

Vo OVy OVp 1 cos, for0 00 (8)

O

The armature voltage is varied by single phase full wave converter as shown in figure 5. It is a two
quadrant drive, and is limited to applications upto 15kW. The armature converter gives +V, or -V, and allows
operation in the first and fourth quadrant. The converter in the field circuit could be semi, full or even dual
converter. The reversal of the armature or field voltage allows operation in the second and third quadrant.

> i —
Iri

v, =V, sin o )
e )

Y

Figure 5: Single phase full converter drive

The average armature voltage in armature circuit for single phase full converter drive is given by Eq. (9)
2V,

Vo OV, O 1 cosl, ,for0 )00 9)
0

To realize single phase dual converter, two single phase full converters are connected as shown in figure 6.
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Figure 6: Single phase dual converter drive

In fig. 6, there are two single phase full wave converters either converter 1 operates to supply a positive
armature voltage V,, or converter 2 operates to supply negative armature voltage —V,. Converter 1 provides
operation in first and fourth quardants, and converter 2 provides operation in second and third quardants.It is
four quardant drive and provides four modes of operation: forward powering, forward braking (regenration),
reverse powering, and reverse breaking (regeneration). The field

Converter could be a full wave converter, a semi converter, or a dual converter.
If converter 1 operates at a firing angle of a; then equation (10) gives the armature voltage as,
Vin

VOVDo 1 cost ,for00 000 (10)

Ot 1
0

ﬁT]j similarly, if converter 2 operates at a firing angle of a, then equation (11) gives the armature voltage as,
Vin

Vo OV 01 Loeostl (11)
O

V. SIMULATION

To investigate the effect of armature voltage on the torque speed curve six different firing angles are
used with the voltage applied to the field circuit kept constant 300V. A constant 240 V, 50 Hz AC supply is
applied to the input of single phase half wave converter. The average value of converter output is controlled by
changing the firing angle .
A cosine firing angle scheme is used to change the firing angle. The firing angles used to get different output
voltages for armature are 0°, 18°, 36°, 54°, 72° and 89°.
The simulink model used to get torque speed characteristic for a single phase half wave converter is shown in
figure?.
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Figure 7: Simulink realization of armature voltage speed control method using a
Single phase half wave converter drive

The torque speed curves for a single phase half wave converter drive are shown in figure 8.
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Figure 8: Torque-speed characteristics for a single phase half wave converter drive

It is clear that torque speed contains both linear and non linear regions. The linear region of operation for 0°
firing angle approximately starts at 100 N.m load torque, but for 18° firing angle linear region starts at 105N.m
load torque, while for 36° firing angle linear region starts at approximately at 110 N.m and so on. The
discontinuous armature current results in a highly non-linear torque speed characteristic. Figure 9 and 10 shows
the armature voltage and current obtained at 50 N.m (in the non-linear region) and 135 N.m (in linear region)
with firing angle 89°. These figures clearly show the discontinuous and continuous operation of single phase
half wave converter drive in non linear and linear regions, respectively.
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Figure 9: Armature current and voltage at 50N.m with firing angle 89° for single phase half wave

converter drive
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Figure 10: Armature current and voltage at 135N.m with firing angle 89° for
Single phase half wave converter drive

To investigate the effect of armature voltage on the torque speed characteristic, six different firing
angles are applied to the firing angle generator while the voltage applied to the field circuit is kept constant
300V. A constant 240V, 50Hz AC is applied to the input of single phase semi converter. The average value of
the converter output is controlled by the firing angle (). The firing angles used to get different output voltages
for armature are 0°, 18°, 36°, 54°, 72° and 89°. The simulink model used to get torque speed characteristic for a
single phase half wave converter is shown in figurell.
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Figure 11: Simulink realization of armature voltage speed control method
using a single phase semi converter drive
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Figure 12: Torque-speed characteristics for a single phase semiconverter drive

The fig 12, showing the torque speed cherecteristics, the non linear and linear operating regions are
clearly visible for different firing angles. The linear operating range for single phase semi converter drive
decrease as firing angle increases. For firing angle 0°, it is 60 to 180 N.m, for 18° it is 65 to 180 N.m, for 36° it
is 80 to 180 N.m and for 89° it is 100 to 180 N.m. The non linearity in the speed torque characteristic is due to
the discontinuity in armature current. Figure 13 and 14 shows the armature voltage and current obtained at 50
N.m (in the non-linear region) and 135 N.m (in linear region) with firing angle 0°. These figures show the
discontinuous and continuous operation of single phase semiconverter drive in non linear and linear regions,

respectively.
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Figure 13: Armature current and voltage at 50N.m with firing angle 0° for
single phase semi converter drive
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Figure 14: Armature current and voltage at 135N.m with firing angle 0° for

single phase semiconverter drive
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The simulink model used to get torque speed characteristic for a single phase full converter drive is
shown in figurel5. The effect of armature voltages on the torque speed characteristic is observed for six
different firing angles, as the voltage applied to the field circuit is kept constant at 300V, and a constant 240V,
50 Hz AC is applied to input of single phase full converter. The average value of applied armature voltage is
varied by varying the firing angle of full converter.
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Figure 15: Simulink realization of armature voltage speed control method using a single phase full
converter drive

Figure 16 shows the torque speed characteristics of single phase full converter drive with firing angles 0°, 18°,
36°, 54°,72°, and 89°.

Figure 16: Torque-speed characteristics for a single phase full converter drive

Linear and non linear regions for single phase full converter drive are clearly visible in the above shown torque
speed curve. Non linearity is because of the discontinuity in the armature current, and also it is observed that the
range of non linearity increases as firing angle is increased. For firing angle 0°, non linearity range of load
torque 0 to 85 N.m, for 18° it is 0 to 100 N.m, for 36°, it is 0 to 110 N.m,, for 54° it is 0 to 54 N.m and for 89° it
is 0 to 120 N.m. The armature voltage and current waveforms for single phase full converter drives are shown in
figure 17 and 18. These were obtained at 50 N.m (in the non-linear region) and 135 N.m (in linear region) with
firing angle 89°. These figures show the discontinuous and continuous operation of single phase full converter
drive in non linear and linear regions, respectively.
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Figure 17: Armature current and voltage at 50N.m with firing angle 89° for
Single phase full converter drive
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Figure 18: Armature current and voltage at 135N.m with firing angle 89° for
Single phase full converter drive

It is clearly seen that for all firing angle, the linear region of operation extends when single phase semi converter
is used. The linear operating ranges of load torque for different converter drives with respect to firing angles are
tabulated in table 1.

Table I: Linear operating range of Load torque for different converter drives and firing angles

Load Torque(N.m)
Drive type Half wave Semiconverter Full wave
converter |
Drive Drive
Firing angle Drive
0 100 to 180 60 to 180 85 to 180
18 105 to 180 65 to 180 100 to 180
36 110 to 180 80 to 180 110 to 180
54 115 to 180 100 to 180 115 to 180
72 120 to 180 80 to 180 120 to 180
89 130 to 180 100 to 180 120 to 180

V. CONCLUSION

This paper presents swiftness organize of separately excited DC motor using special single phase
AC/DC converter. Speed torque curves for three types of single phase AC/DC converter (Half wave converter,
Semi converter and full converter) are obtained for a wide-range of loading conditions. From the above results,
it can be concluded that the reason of non linearity in speed torque curve is discontinuity in armature current
which is highly non-desirable for industrial applications. To remove the discontinuity in armature current and
inductor should be used in series to make the armature current continuous. It is also observed that the range of
non linearity is small in semi converter as compared to half wave and full converter drives, so semi converter
drives can be preferred for the wide range of load torque.

APPENDIX A
The parameters of separately excited DC motor
Rated Power (P) 5 Hp
Rated Armature Voltage 240 V
Armature Resistance Ra 2.518Q
Armature Inductance La 0.028 H
Field Resistance Rf 281.3Q
Field Inductance Lf 156 H
Rated Speed 1750 RPM
Rated Field Voltage 300 V
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