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ABSTRACT

This paper presents a simplified approach for a digital controller of variable frequency three-phase
inverter supplied a three-phase induction motor. The performance characteristics with variable
frequency supply have been studied and simulated by a computer program. The torque-speed
characteristics of the motor varied with variation of the frequency. Torque-speed characteristics at
different frequencies are presented. Interesting waveforms of the digital controller have been
recorded. Frequency variation covers many industrial applications such as manufacturing rollman
belly, water pumps, composers, chiller fans and some home application.
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1. INTRODUCTION

The induction motor drive systems can be classified
into two types, namely, variable speed drive system
or stator frequency control [1] and constant speed
drive system [2, 3]. The variable frequency converter
can be implemented by using several techniques such
as pulse width modulated sinusoidal voltage source
inverter (PWM) [3], square wave voltage source
inverter (six step modulations) [3]. The first
technique is the (PWM), required an active filter and
the second technique usually produced an increase in
temperature of the machine. But these techniques has
the following disadvantages complicated and more
expensive [4, 5]. So a simplified digital controller is
speed from (600-3000) r.p.m and frequency range
from (20-100) Hz, has be studied, analyzed,
simulated and implemented as followed.

2. DIGITAL CONTROLLER

2.1. Block diagram of the digital controller
system.

Figure (1) represents the block diagram of the
designed controller. This controller starts from a
predetermined frequency clock pulse generator,
followed by special purpose counter which counts the
generated clock pulse. The output of the special
purpose counter is controlled logically to produce the
three logic groups for the inverter. Through a
frequency modulation interfacing that described in
figure (4). The three modulated output pulses are
given in figure (3). Finally the inverter is loaded by
three phase induction motor.

2.2. Description of the designed system:

The system consists of:

e  Stabilized-regulated power supply, with output
voltage of 5V D.C and 500mA.

e  Clock pulse generator, which generate square-
wave stabilized output pulses with variable
frequency (200Hz up to 1 kHz).

e Special purpose counter, which receives the
output of clock pulse generator to be operate
as a binary counter (ring counter) divided by
2,4, 8 and 16 digit.

e Logical controller receives the output of ring
counter to produce a three synchronize shift
pulses. These pulses are shifted by 120° with
respect to the others.

e Frequency modulation adds an interfacing
circuit to the output of the logic controller to
produce a high frequency carrier signal.

e Interfacing circuit is the coupling circuit
between both of digital controller circuit and
the inverter power circuit. To isolation the
controlling circuit from the power circuit.

e Power circuit is a simple three phase variable
frequency inverter that receives its controlling
signals from the interfacing output and feed
the base of three phase inverter transistors.
Three phase AC voltage signal to motor are
the load of the designed inverter.

The detailed descriptions of these circuits are as
follows:-
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Fig. (1) Block diagram of the digital
controller and power inverter.

2.2.1. Logical controller.

Figure (2) represent the logic diagram of the hard-
ware implementation of the logical controller to
generate the three separate shifted pulses with 120
phase shift from each other.
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Fig. (2) Logical controller logic diagram.

The three separate pulses of the digital controller are
given in figure (3).
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Fig. (3) Logic controller output pulses for three
phases, (a), (b) and (¢).

2.2.2. Interface Circuit:

The main goal of the interfacing circuit is to
adjust the signal and to satisfy centered operating
point of power transistor. The three main reasons
required from the interfacing circuit are:-

1- Amplifier; the interfacing amplifies the
signal to satisfy the transistor requirements
with a predetermined values of suitable
voltages.

2- Matching; the interfacing operates as an
impedance matching circuit to satisfy the
condition of maximum power transistor
from one circuit to the other circuit.

3- Isolation; the interfacing circuit satisfying
completes separation by using pulse
transformer with air core to satisfy the
protection to digital controller from the

inverter circuit.
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Fig. (5) Inverter power circuit diagram

2.2.3.1. Inverter Operation circuit:

The three phase inverter power circuit given in
figure (5). Represents the 6-switches inverter which
are supplied with 300volt DC. this DC input voltage
are converted by the power inverter circuit to a 3-
phase A.C. voltage. Feed the 3- phase induction
motor. The three phase induction motor coils are
shunted with 3-A.C. capacitor that used as a
commutation capacitor beside a filter circuit to the
inverter output.

e Inverter operation

The operation of the inverter circuit is divided
into three regions on three modes mode I: both
T, and T, are turned ON for 1/3 the complete
cycle.

mode Il: mode two states at the end of mode I
continuous ON tell the end of the second 1/3 of
the complete cycle in which T3, T4 are switched
ON.

mode Ill: it is the lasted 1/3 end of the
completed cycle in which TS5 and T6 are
switched ON.

2K
[T W — 2.2.3.2. Hardware implementation of controller
3 The complete circuit consists of [stabilized- regulated
1K 7@ power supply, Clock ' pulse generator, Special
AW purpose counter, Logical controller, frequency
modulation, Interfacing circuit and inverter power
Infput Output circuit] which are given in figure (7). The output of

Fig. (4) Interfacing circuit

2.2.3. INVERTER POWER CIRCUIT:

The three phase inverter power circuit given in figure
(5). Represents the 6-switchs which are supplied with
300 Volte D.C. This D.C. input voltage is converted
by the power inverter circuit to a three phase A.C.

clock pulse generator is the input to special purpose
counter (SPC) (divided by 2, 4, 8 and16 bit). The
output of SPC is the input to logical controller (3-
pulses shifted by 120°). The frequency modulation is
modulates the (SPC) to suit operating transistor
switches. The interfacing circuit is circuit coupling
between logical controllers and the power inverter
circuit, which is drive the motor.
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2.2.3.3 Inverter circuit Analysis

System equivalent circuit is illustrated in Figure (6)
represents to the equivalent circuit of the inverter and
induction motor during mode I of operation.
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Fig. (6) Equivalent circuit of two phase of induction
motor feeding with inverter (Mode-I).
Where;
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R, . total motor resistance

L, : total motor reactance
Cc : commutation capacitor
In=1i;.phase current

The corresponding differential equations describing
this circuit;
dvo 1. 1.
—=—1l,——10 - (1)
dt C c
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The system differential equations can be written in a
general state space form as;
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Then, the system state-space can be put in the form

time domain as:
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Fig. (7) The complete circuit diagram
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2.2.3.4. PRACTICAL MEASURED RESULTS.
Controlling signal of digital controller is supplied
the inverter. Square wave pulses shifted by 120° is
illustrated in figure (8).

Fig. (8) Logical controller output with
frequency modulation.

Voltage.5volt/divi.-time. Sm.sec/div
1- Clock pulse output, 2-phase (1)
3- Phase (2), 4-Phase (3).

3. SIMULATION RESULTS.

Figure (9) shows the analytical simulation
result for torque speed characteristics. These
characteristics are given at different
frequencies. Maximum and full load torques
are presented.
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Fig. (9) Motor torque versus speed at different
frequencies

4. CONCLUSION.

This paper presents a simplest open loop digital
controller that control a three-phase induction
motor of (.75HP) has been suggested, studied,
designed, implemented, and tested. Practical results
such as controlling pulse that counter frequency
range from 20Hz up to 100Hz is obtained. The
simulation results relies control in the speed of
induction motor by controlling the frequency.
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