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1. INTRODUCTION

Many modern industrial applications need variable speed motors with a precise and smooth control
of speed with long term stability and good transient performance [1]. From the very beginning, the
conventional dc motors have been used as variable speed drives in many industrial applications [2].
However, for reliable operation of the system, the dc motor drives are not advisable in many cases due the
drawbacks, such as, mechanical commutator needs regular maintenance, power/weight ratio reduces due to
the additional weight of commutator, brush and commutator wear occurs due to friction and sparking, the
commutator construction increases the cost of the dc motor drive, and unsuitable to operate in explosive and
dusty environments.

The silicon-controlled-rectifier (SCR) based inverter is now used to control the speed of induction
and synchronous motors. In order to obtain reliable control of the SCR-based power converter, a synchronous
firing control scheme is necessary for its SCRs over a wide range of ac supply frequencies [2]. Load
commutated inverter fed synchronous motor with its excitation winding connected in series to the input of the
inverter can be used most economically as variable speed drives in place of conventional dc motor drives
over a wide range of speed [3]-[10]. The power circuit and triggering circuit [11] for SCRs of the inverter are
very simple in structure.

Forced commutated inverters have been widely used as variable frequency source for speed control
of synchronous machines. However, this scheme needs complicated power and control circuits [3]. As a
result of availability of improved voltage and current rating SCR and with their prices coming down, people
have shown considerable interest in synchronous type machines instead of conventional dc motor for variable
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speed drives. Line commutated inverter overcomes all the problems of forced commutated inverters as well
as cycloconverters. Almost all research works were performed using rotor-speed sensor for generating
triggering pulses for SCRs of the inverter [12]-[16]. The hardware implementation of the rotor-position
sensor is very complicated.

In this work, the experimental investigations have been carried out to study the steady state
performance characteristics of a SCR inverter fed three-phase synchronous motor with the help of voltage
sensor instead of speed sensor.

2. SYSTEM DESCRIPTION AND OPERATION

The block diagram of the system used for experimental investigations is shown in Figure 1. The
system basically consists of a three-phase autotransformer, an uncontrolled three-phase bridge rectifier, a dc
link smoothing inductor, a three-phase line commutated SCR inverter, a three-phase synchronous motor,
synchronizing circuit and a microprocessor-based firing circuit. The three-phase autotransformer provides
variable ac input voltage to the uncontrolled bridge rectifier to produce variable dc output voltage. This dc
source supplies active power required for the synchronous motor. The function of the dc link inductor is to
suppress the harmonics contained in the output of the bridge rectifier. The combination of the uncontrolled
rectifier and dc link inductor acts as a current source for the SCR inverter.
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Figure 1. Block diagram of the SCR inverter fed three-phase synchronous motor

The excitation winding of the synchronous machine is connected in series to the input of the inverter
and therefore the excitation current is directly proportional to the load current like a conventional dc series
motor. A synchronizing squire-wave signal of 60 degree pulse width is obtained by sensing line-to-line
voltages with the help of a small step-down transformer from the synchronous machine terminals. This
synchronizing signal is inputted to the microprocessor-based control circuit [11] for generating firing pulses
for six SCRs of the inverter in proper sequence. The firing angle of the line commutated inverter is always
kept between 90 degree to 180 degree. The commutation of the SCRs of inverter is performed by the voltage
induced in the stator winding of the synchronous motor which is seen by the inverter as a three-phase ac
source.

Under standstill condition, synchronous motor terminal voltage is zero and therefore firing pulse
generation is not possible. The synchronous motor is unable to start from standstill condition. Therefore extra
starting methods are necessary to start the synchronous machine from standstill condition. In the present
work, a dc shunt motor is used to drive the synchronous motor as a generator as shown in Figure 1 for
producing sufficient induced voltage in the stator winding for generating firing pulses. A variable resistor as
shown in Figure 1 is connected across the inverter to allow current flowing through the field winding of the
synchronous motor during stating. Firing pulses for SCRs of the inverter are now produced from the no load
induced emf of the generator. When the speed of the motor becomes about 500 rpm, power supply to the dc
motor is switched off and the resistance of the starting rehostat is gradually increased. Now the synchronous
motor receives electrical power from the dc source and always runs at synchronous speed corresponding to
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the frequency of the motor terminal voltage. Under steady state condition, the speed of the motor can be

varied in the following ways:

i)  Varying the input dc voltage to the inverter like a conventional dc series motor.

ii) Changing the firing angle of the inverter just like the speed change of a conventional dc series motor by
shifting the brush position.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The experimental performance of the system under load has been obtained with the help of coupled
dc machine running as separately excited dc generator. The synchronous motor used in the present work has
the following ratings: 3 ph, 440 V, 10.8 A, 7.5 KVA, 1500 rpm, 50 Hy, and excitation: 40 V, 8 A. Load tests
are carried out on the system by varying the load on the synchronous motor with dc link voltage, V4 and
firing angle, a constant. The experimental characteristics of the system under loaded condition are shown in
Figures 1 to 4. It can be observed from Figure 1 that the system exhibits almost similar torque versus speed
characteristic like a conventional dc series motor. The characteristic curve is shifted upward with increase in
firing angle. It is obvious that at lower motor speed, torque is very high and becomes low at higher speed.
The variation of torque with dc link current for different combination of dc link current and firing angle is
shown in Figure 2.
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Figure 1. Variation of torque with machine speed for different values of dc link voltage and firing angle
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Figure 2. Variation of torque with dc link current for different values of dc link voltage and firing angle

Experimental Investigations of the Self-Controlled Synchronous Motor Connected to ... (Tapan Kumar C.)



4 ) ISSN: 2088-8694

It is observed from Figure 3 that synchronous motor speed changes with dc link current like a dc series
motor. Figure 4 shows the variation of motor speed with firing angle at constant dc link voltage. The firing
angle must be within the safe region to avoid commutation failure. So large range of speed variation is not
possible by firing angle change as may be observed from Figure 4.
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Figure 3. Variation of machine speed with input dc current to the inverter
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Figure 4. Variation of machine speed with firing angle for different values of dc link voltage

The waveforms for machine terminal voltages are given in Figure 5 in which the commutation spikes are
clearly visible at 60 degree interval. The oscillograms of dc link voltage and inverter input dc current at
loaded conditions of the drive are given in Figure 6. It is observed that the ripple content in dc link current is
small due to high inductance in the dc link.
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Figure 5. Waveforms of machine Terminal voltages Vy, Vi and Ve,

Figure 6. Waveforms of dc link voltage and input dc current at loaded condition

4. CONCLUSION

The steady state performance characteristics of the line-commutated SCR inverter fed synchronous

motor have been investigated experimentally at loaded conditions. From the results of the experimental
study, it is observed that the developed system exhibits almost similar characteristics like a conventional dc
series motor. It is expected that the system will find good applications like traction, drilling, lifting and
hoisting, etc in place of conventional dc series motor.
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