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Abstract: In this paper the value of speeds for separately 2. Single-phase full wave rectifier fed drives:
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excited DC motor is analysed by using single-phase half wave
and full wave rectifiers ,three-phase half wave and full wave
rectifiers and also by dual converters in single as well as in
three-phase. The output value of speed is analysed at different
firing angles under no load as well as under constant load
conditions.

Keywords: Separately excited DC motor, DC drive system,
rectifiers.

Abbreviations used: SEDCM- Separately excited DC motor, NL-
no load, CL-constant load.

I INTRODUCTION

The different rectifiers are analysed at different firing
angles for obtaining the speed of the separately excited DC
motor which is fed by these rectifiers.

1. Single-phase half wave rectifier fed drives:

Here a separately excited DC motor drive system is fed
through single-phase half wave converter for the analysis.

The single-phase half wave rectifier feeding a separately
excited DC motor drive provides the one-quadrant
operation and is used in the drive system so as to reduce
the ripple contents in the field circuit.

For single-phase half wave rectifier feeding a DC motor
of separately excited type:

Vi =Ea+13R;

Also, Vi=Vmn(1+cos a)/2I1

And Ea =Kiwm
Te=Kila

Thus for different firing angles both at no load as well as
constant load condition, the speed of the motor can be
calculated and analysed.
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In full wave rectifier feeding separately excited DC motor
two rectifiers (say rectifierl or converterl and rectifeir2 or
converter2) are used for feeding the armature and the field
circuit separately. Here converterl feeds armature circuit
and converter2 feeds field circuit as shown in fig. 1. This
drive system provides the two quadrant operation.

For converterl feeding armature circuit

Vo =V= 2V cosaq/IT 5 0<oq<I0

For converter2 feeding field circuit
V= 2Vm coso/I1 5 0<oo<II
Isrms = la
It rms=1a/N2
P =272 cosa/Il

FIG 1-Single-phase full-wave rectifier fed drive

3. Three-phase half wave rectifier fed drives:

In three-phase half wave rectifier two rectifiers and a
separately excited DC motor(SEDCM) is employed.
These drives are used for drives up to 40 kw.
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Three-phase half wave rectifier feeds the armature circuit
of the motor and three-phase semi-converters feeds the
field circuit. One-quadrant operation is offered by this
drive system. If the field winding of the motor in this
drive system is energised from single-phase or three-phase
full-rectifier, then the system offers two-quadrant
operation also.

Vo= (3Vm cosa)/2IT1 a € [0,IT)
la rms = 1aV1/3

Average thyristor current,
ITa=1/3la
IT rms=\/1/3 Ia

4, Three-phase full wave rectifier:

This circuit consists of two three-phase full rectifier
feeding the armature and field circuit respectively. This
system offers two quadrant operations.

If the firing-angle delay of converter2 is made more than
900, the field excitation is reversed and hence the polarity
of counter emf is reversed. By this reversal process the
regenerative braking can be done.

Armature voltage

Vo= 3V/II cos a3 ; aze [0.11)
Rotor field voltage

V=3 Vin/II cos a2 ;5 02 € [0,IT)

5. Single-phase Dual-converter:

Single-phase dual converter consists of two converter
circuits, one operates in rectifier mode and other in
inverter mode. Single-phase dual converter is operated in
two modes:

i> Circulating mode
ii> Non-circulating mode

i> Circulating mode: Gate pulses in this mode are
provided to both converters and at a time both converters
operate. One is operated in rectifier mode and other is
operated in inverter mode for obtaining the same polarity
average output voltage.

i> Non-circulating mode: In this mode at a time
only one converter is active.

. Advantages of circulating mode:

a) Power flow in either direction is possible due to
rectifier-inverter operation of two converters at any time.
b) Circulating  current  maintains  continuous
conduction of both converters over the whole control
range.

c) Continuous conduction is independent of load.
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d) Change of response time from one-quadrant
operation to another is faster due to continuous
conduction.

o Disadvantages of circulating current mode:

a) Efficiency is low due to increased losses caused
by circulating current.

b) Low power-factor due to current limiting reactor.
c) For high current rating of thyristor, converter

needs to be supplied by I_and Igjy.
6. Three-phase dual converter:

Three-phase dual converters in many variable speed
drives are highly used since they provide four-quadrant
operation. In this system two three-phase converters are
connected back-back.

Converter Converter Avg. Vo
1 2 polarity
Rectifier Rectifier Opposite
Rectifier Inverter Same

Vac =(3V3Vm cosa)/IT
Ir :3Vm(1'sina1)/WLr

Il. SIMULINK MODEL STUDY:
Under the Simulink model study different Simulink models
of separately excited DC motor fed through different

rectifiers with varying firing angles of the thyristor.

1. Simulink model of single phase half controlled
rectifier fed to separately excited dc motor
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Table 1:Table showing the value of speed at no as well as Table 2: Table showing the value of speed at no as well as
constant load: constant load:
Firing angle(T1) | Phase Firing Phase Load | Speed Firing Phase Firing Phase Load | Speed
delay(T1) | angle(T2 | delay(T2) angle(T1) | delay(T1) | angle(T2) | delay(T2)
0 0.000 180 0.01 NL [ 1250
0 0.000 180 0.01 NL | 1650 30 0.0017 210 0.0117 NL | 1218
30 0.0017 210 0.0117 NL | 1615 500 06000035 igg 0533 (’\:”[ 1915905
60 0.0033 240 0.0133 NL | 1545 0 000l 510 S0LE oL 595
0 0.000 180 001 cL | 1420 60 0.0033 240 00133 | CL | 480
30 0.0017 210 0.0117 CL | 1012
60 0.0033 240 0.0133 CL 768 o
3. Simulink model of Three phase half controlled

rectifier fed separately excited DC Motor:

The simulation of the single-phase half wave controlled
rectifier fed to a separately excited DC motor is analyzed
with different firing angles of the thyristor under no load as
well as at any constant load condition.

2. Simulink model of single phase fully controlled *
rectifier fed DC separately excited Motor
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Table 3: Table showing the value of speed at no as well as
constant load:

The above Simulink model shows the single phase full- Firing | Phase | Firing | Phase | Firing | Phase | Lo | Spe
wave controlled rectifier fed to a separately excited DC ?rnlf;'e( #el')ay( %"e( %I)ay( i’g'e( dTes')ay( ad | ed
motor. The speed of this motor drive system is anal_ysed 0 0000 T 120 001 220 00133 T NL | 269
under no load as well as under a constant load condition. 5
This analysis is done by changing the firing angles. The 30 0.0017 | 150 0.0117 | 270 0.0150 | NL | 267
values of speed at different firing angles and at no load as 1
well as constant load condition is shown in table 2 for 60 0.0033 | 180 0.0133 | 300 0.0167 | NL 365
single-phase full wave controlled rectifier fed separately 0 0000 | 120 001 | 240 00133 | L | 239
excited DC motor. 8
30 0.0017 | 150 0.0117 | 270 0.0150 | CL | 247
4
60 0.0033 | 180 0.0133 | 300 0.0167 | CL | 238
7
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4, Simulink model of Three phase fully controlled 6.
rectifier fed separately excited DC Motor:

Table 4: Table showing the value of speed at no as well as
constant load:

FAM | FA(T | FAT | FAT | FA(T | FA(T | Loa | Spee
1) 2) 3) 4) 5) 6) d d
0 60 120 180 240 300 NL | 1350
30 90 150 210 270 330 NL | 1238
60 120 180 240 300 360 NL | 1158
0 60 120 180 240 300 CL | 1220
30 90 150 210 270 330 CL | 1200
60 120 180 240 300 360 CL | 1000
5. Simulink model of single phase dual converter fed

separately excited DC Motor
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Simulink model of three-phase dual converter fed
separately excited DC Motor

T

I SIMULATION STUDY:

1. Single phase half controlled rectifier Input voltage
waveform

Single phase half controlled rectifier fed to dc separately
excited motor speed curve
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6.Three phase half controlled rectifier fed Separately

3. Single phase fully controlled rectifier fed DC Motor

excited DC Motor Speed curve

input voltage waveform
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7. Three phase fully controlled rectifier input voltage fed

separately excited DC Motor

9. Three Phase fully controlled rectifier separately excited

DC Motor speed curve

5. Three phase half controlled rectifier input voltage fed

separately excited DC Motor
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13. Single phase dual converter fed separately excited

DC Motor at firing angle 90 degree

14. Three-phase dual converter fed separately excited
dc motor converter 1 input voltage

15. Three-phase Dual converter fed separately excited DC

Motor converter 2 input voltage
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10. Single phase dual converter fed separately excited DC
Motor converter 1 input voltage
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16. Converter 1 output voltage waveform for three-phase

dual converter

17. Converter 2 output voltage waveform for three-phase

dual converter
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18. Three phase dual converter fed separately excited
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DC motor at firing angle 30 degree

19. Three phase dual converter fed separately excited
DC motor at firing angle 90 degree
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V. CONCLUSION

In this paper separately excited DC motor speed is analysed
under different firing angles using different types of
rectifiers. For the simulation result and the table shown we
conclude that the increase in firing angle of the thyristor
reduces the speed of the motor under no load as well as at
constant load conditions.
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