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Abstract

Technique used in this research is to obtain high operating efficiency of three phase induction motor (IM). To
achieve this emphasis is given on minimizing the core losses by controlling the magnetizing current of three
phase induction motor so that total power loss gets reduced and thereby efficiency of IM gets improved.
Improvement in power factor of IM causes reduction in magnetizing current. Novel topology used in this work
also aimed at controlling the speed and improvement of power factor separately. To improve the performance
and to obtain the expected results of induction motor at any change in operating frequency ,work is focused on
obtaining line synchronised extinction angle () and Pulse Width Modulation(PWM) control pulses. Both these
controls are line synchronized using analog phase lock loop(PLL) technique so that switching frequency of
PWM pulses remains synchronized with the supply frequency for any small change in input supply frequency,
so that separate smooth control over wide range of speed and improvement in power factor both are achieved.
Switching off supply at extinction angle  gives improvement in power factor and variation in duty ratio of
PWM pulses controls the speed of three phase induction motor. Hardware and simulation results are obtained by
using only four switches , which simplifies the circuit and makes it cost effective. The hardware model for line
synchronised control pulses using analog PLL technique is shown. PLL has many applications.

Keywords
Extinction Angle (B), Power Factor (PF), Induction Motor (IM), Phase Lock Loop (PLL), Pulse Width
Modulation (PWM)

Introduction

This paper presents phase lock loop analog (PLL) technique[10] to synchronize extinction angle and switching
frequency of pulse width modulation pulses with the input supply voltage frequency. In PLL circuit phase of an
output signal is related to the phase of an input signal. It is a closed loop system. In this work analog PLL circuit
is designed by assembling a phase detector (PD) circuit, low pass filter (LPF) and voltage controlled oscillator
(VCO). PD and LPF are the forward path functions whereas VCO is in feedback loop of the circuit. [3] [6] [7]
[9] The function of phase detector is to compare the phase of the periodic signal generated by the oscillator with
the phase of the input periodic signal and to adjust the oscillator so that the phases of both the signals are
matched. In this work for controlling speed of IM , PWM technique with variable duty ratio at high switching
frequency is used. For synchronisation of pulses switching frequency must be the multiple of the input supply
frequency ,which is perfectly obtained by using PLL technique. Variable extinction angle control technique is
used to obtain high power factor of motor on wide range of speed with the variation in load. Both these pulses
i.,e. PWM and extinction angle control pulse are added together and synchronized with the input supply
frequency using PLL technique so that any small variation in the supply frequency, will not cause any
malfunction of three phase AC-AC induction motor drive. Additional circuitry of PLL may increase the cost of
drive but since both the control pulses are added together , synchronization of these pulses simultaneously
becomes the need of this drive. Thus unique technique has been used for control pulses. In this work it has been
observed that improvement in power factor, reduces the motor current. And novel feature of the proposed
topology is that, torque component of the input current increases and magnetizing component of current
decreases, therefore overall current intake of the motor is reduced, which will result in reduced power
consumption. [1] Since the magnetizing component of current is reduced stator copper loss (I2R) of the motor is
also reduced. This defiantly improves the efficiency of the motor. Vector control technique and in (direct torque
control) DTC control technique is also aimed at increasing the torque component of current and decreasing the
magnetizing component of the current. In proposed research work it has been achieved and realized by using
novel topology of line synchronized control pulses at variable switching frequency.

Research Methodology and Line Synchronized Control Pulses:

Since without drive ,three phase induction motor current lags with respect to the motor voltage by an angle 6.
To minimize phase angle 0 , supply voltage is cut off at an extinction angle . Switching off the motor supply at
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an angle B, makes the fundamental component of motor current to drag ahead the motor voltage which in turn
results in minimizing the value of phase angle 6, and thus power factor of IM gets improved.

The relation between 0 and 3 is given as, cos(8) = cos(g) cos(0) = cos(g)
cos(6) = cos (g) For optimum value of 3, leading power factor can also be achieved. To obtain the variation

in speed input supply is fed using PWM with variable duty ratio up to angle B only. Fig 1 represents the
waveforms of methodology used in this work. As shown in figure 1 motor current (green color waveform ) is
lagging w.r.t. Line voltage (blue color waveform) by an angle 6. If motor supply is stopped at an extinction
angle (B) then fundamental component of motor (red color waveform) current is dragged by an amount /2.
PWM pulses (black color waveform) are obtained till extinction angle B only. Figure. 2 represents the addition
of PWM and extinction angle control pulse over a period of 180 degree. For three phases R,Y and B ,pulses are
phase shifted by an angle 120 degree. Figure 3 represents simulation of the methodology for two different
extinction angle which shows that Fundamental component of load current is leading w.r.t. supply voltage

(motor voltage) of phase A
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Fig 3: Simulation of Methedology Indicating Fundamental Component of Load Current Leading w.r.t.
Supply Voltage of Phase A

Circuit Connection of Proposed Topology:
Figure 4 represents simulation circuit which shows that three switches are connected in series with three phase

windings and fourth switch known as freewheeling switch is connected across three phase winding through
three phase diode rectifier bridge circuit so that three phase motor current can circulate through a single switch
when motor supply is switched off at extinction angle B. [2] [4] [5] Figure 5 represents hardware circuit which
consists of power circuit, control circuit and PLL circuit. Supply to control circuit is given through PLL circuit
which keeps switching frequency of PWM pulses absolutely synchronised with the input supply frequency,
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Fig 4: Simulation Model of Proposed Fig 5: Complete Hardware with PLL
Scheme Circuit of Proposed Scheme

Line Synchronized PWM and Extinction Angle Control Pulses Using PLL Technique:

Phase-locked loop (PLL) circuit mainly consists of a voltage-controlled oscillator(VCO), phase detector(PD)
and low pass filter circuits(LPF). [3] The synchronisation of control signal is obtained by VCO ,which is
installed in the feedback path. Oscillation frequency of VCO is denoted as fosc and it is proportional to input
supply voltage frequency(fi). Output voltage frequency(fosc) is proportional to the input voltage frequency(f) of
VCO, and thus in closed loop circuit frequency of input supply voltage and the frequency of VCO output
voltage is same i.e. fosc= fi. Fig 6 represents Block schematic diagram and circuit connection of analog phase
lock loop circuit. Figure 7 represents complete hardware of PLL circuit. [8] This whole circuit is used to
synchronize line frequency sine wave signal with PWM signal. For example, if line frequency is 49.8 Hz instead
of 50 Hz, this circuit will automatically adjust its feedback to get the desired frequency. So in this way switching
frequency is obtained as the multiple of the line frequency. Table-1 represents the components required for
designing analog PLL circuit
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Fig 6: Block Schematic Diagram and Circuit Connection of Analog Phase Lock Loop Circuit

Sr No. Description of block Components
1 Voltage Controlled Oscillator IC 4046
2 Multiplier IC 1C 4017
3 Capacitors 08uF, 1 UF
4 Resistors 1K,10K, 100K,6.8 K
5 12 Volt Supply IC 1C 7812

Table 1: Components of PLL Hardware for Obtaining Line Synchronized Pulses.
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Fig 7.a: Multiplier Circuit Using IC4017 b. Voltage Controlled Oscillator c¢. Complete Hardware Setup
of PLL Circuit

PLL Hardware Results:

Figure 8 represents hardware results of PLL circuit which represents the waveform at different stages to obtain
carrier triangular wave for PWM pulses. Fig 9(a) represents the hardware results of the methodology used for
obtaining PWM pulses. With variable DC reference voltage, variable duty ratio can be obtained which in turn
controls the speed of IM. Fig 9(b) represents PWM pulses for all four switches with dead band time -1 and time-
2 between ON and OFF of the switches to avoid short circuit of series and freewheeling(parallel) switch at
switching frequency of 2.86 kHz synchronized with the line frequency. Figure 10 represents line current and
line voltage for phase A, indicating high power factor nearly equal to unity. Figure 11 represents graph of power
factor v/s speed of IM for switching frequency of 2.86 kHz, which shows that pf is almost constant from lower
speed to higher speed. Thus proposed topology works successfully with analog PLL technique.
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Fig 9 (a): Comparison of Carrier Triangular Wave with Variable DC Reference Voltage to Generate

PWM Pulses
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Fig 9 (b): PWM Pulses for All Four Switches, at 1.64 kHz Frequency Indicating Dead Band between
Main Switch and Freewheeling Switch
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Fig 11: Graph of Speed Vs. Power Factor

Conclusion

Thus, using PLL technique switching frequency of PWM pulses is multiple of supply frequency variable and
thus got perfectly synchronized with the input supply frequency. Adding PWM and extinction angle pulse
together and synchronizing it with the supply frequency separate control over wide range of speed from low to
high and improvement in power factor near to unity is achieved. With This technique both control on speed
and power factor of three phase induction motor, using only four semiconductor controllable switches, that
contributes in simple control and cost effective converter has been achieved. With this technique IM runs at
high power factor near to unity despite of speed of IM This has been realized with the novel features of the
topology that, torque component of the input current increases and magnetizing component of current decreases,
therefore overall current intake of the motor is reduced, which results in reduced power consumption. Since the
magnetizing component of current is reduced stator copper loss (I?R) of the motor is also reduced, which in turn
improves the efficiency of the motor.
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