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Abstract : ,

~ Speed control of three phase in_ducti_o.n motor by pole amplitude
-modulation technique is to obtain two, three or four speeds. A control
technique realize a constant torque, constant power and variable totqﬁe
operations of this type of motors is presented.This control technique
gives an easy and accurate possibility to perform these processes
. without requiring any additional complecated requirements. Some of
the important and interested results verifying the principle of peration
and motor performance characteristics are presented and backed up by

gxperiments .

1. Introduction :

Speed control of 3-.phasc induction motor using pole amplitude
modulation technique is to obtain two different speeds or more. There
are three methods to control the speed according to the type of load,
whether it is : constant torque (CT) , constant power (CP) or variable
torque (VT). This type of motors is designed to do one operation since
there is only one source with constant voltage used for the two speeds
with certain output torque (Tg 1 ). If the load is decreased, the applied

voltage must be decreased for efficiency improving .
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The motor may be used to do more than one operation. This also
requires the applied voltage to be changed.So , it is necessary to design
an electronic circuit to change the applied voltage either in the case of
changing the type of operation or to suit with load requirement for the
same operation . This voltage controller is connected between the
supply and the motor to vary the value of the applied voltage to
achieve these requirements. ;

2. Operation of AC Controller :

A digitally controlled firing circuit to control antiparallel
connected controlled thyristor working under phase controlled
operation of three phase variable voltage controller has been designed ,
implemented , tested and pu't in working order. The firing angle is
controlled by a delay angle controlled comparator. The desired firing
pulses are modulated with a high frequency square wave generator to
overcome the commutation failure due to load variation processes .
The modulated pulses are kept all time in synchronization with the
supply frequency at zero crossing points . This processes are achieved
by a three phase line to neutral signal voltages VonN , VN and VN -
These three phase voltage signals are converted via an operational
amplifier detector that operates as a sine to square wave converter .
The output of the sine- square wave converter is converted into a
coressponding ramp and synchronized signal to each positive half cycle
of each phase . The required time delay angle o that controlles the
instant of switching is adjusted by a linear variable DC reference
voltage. The controlling fange is from 0<&<180° with a very simple
and easy method of controlling .

3. Hardware Description and System Operation :

The complete system block diagram of the proposed digitally
controlled antiparallel connnected controlled thyristor working under
phase controlled operation of a three phase variable voltage controller
is shown in Figure (1). The systern uses a 3 step down transformers as
a signal transducer that produce a three phase 3 volt signal that

synchronized with the supply voltage VAN, Vg and Vg - Moreover
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these transformers are considered as suitable latching and isolating
circuit. The three voltage ‘signals are applied to an amplifier circuit
that uses ari,l infinity feedback resistance to allow operation of a
syﬁchronizéd sine -to- square wave converter. The output of the
squaring circuit is gpplied to a ramp function generator through a
unijunction ,traflsistor

2N 2426 w1th an internsic stand off ratio n= 0.5. to make sure of zero
crossing ”operation. The output of the ramp voltage generator is
controlled by a variable DC reference voltage through a difference
voltage comparator. The delaying angle o is determined by the instant
of the intersection of both saw tooth " ramp signal " and DC reference
voltage. The adjusted firing pulses are frequency modulated with a
high frequency modulating signal of 25KHZ. This modultation process
is sufficient to overcome the problem of commutation failure of the
antiparallel connected voltage controller during sudden change load
variation. Finally, these firing pulses are amplified through a power
amplifier stage and then buffired through a pulse transformer to

protect and match the controlled thyristor requirments.

4. Firing Circuit Overview:

Thyristors are widely used for power control of DC and AC
applications. There are many different methods commonlly used to
provide AC voltage controllers . In phase controlling techniques
( phase angle control ) a pair of anti- parallel connected thyristores are
required. A number of different firing circuits can be used to provide
load voltage variation to different loads., In some applications , such as
speed control of three - phase motor operates at constant power
operation mode, a special firing technique is required. Therefore, a
digitally controlled firing circuit shown in Figure (2) is designed , built
, tested and put in working order. In this circuit a sample of each line -
to - neutral voltage (AC 3 volt amplitude) is fed to a sine -to- square
wave converter using infinity = feedback resistance operational
amplifier to keep zero crossing points of the AC input signal . The
output of the sine -to- square wave converter is converted to a ramp
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voltage corresponding to the positive half cycle of the AC signal a

unijunction transistor wave shapping circuit . The same process is
repeated to the negative half cycle to complete phase A . Also the same
process is repeated with phase B and C . All of the six ramp signals for
positive and negative half cycles are compared with a variable DC
voltage to produce a delayed firing pulses with ,120° + & and 240° +
o where « is the delayed firing angle which varies for a range of 180° .

Finally , the firing pulses are frequency modulated with a high
frequency square wave of 25 KHZ. The output of the modulated firing
pulses are then power amplified using a power amplifier stage and then
buffered using a pulse transformer to isolate the controlled thyristor

power circuit and the electronic firing circuit .

Once the controlled thyristor is triggered ON, it conducts and
continious for conducting and carrying the load current due to the
generative action of the thyristor after the thyristor is turned ON, the
gate pulse is still needed in order to avoid unwanted turn off the

thyristor.

Figure(3) illustrates the input 3VAC signals of phases A,B and
C. Figure(4) shows the corresponding output square waves of these
phases. Figure (5) illustrates both of input 3 V AC signal and the
corresponding output wave for phase A. Figure (6) represents both of
the square wave input to unijunction transistor and its conversion to
a corresponding ramp signal. Figure (7) shows the saw tooth input to
the comparator and the controlled firing pulse for the corresponding o

. Figure (8) represents both the firing pulse of one phase and the high .

frequency modulating signal. Figure (9), (10) & (11) represents the
firing pulses of the three phases at firing angles 60°, 90 & 11(°

respectively.

Figure (12) represents the firing signal after modulation for the

three phases A,B& C. Figure (13) shows the thyristor gating pulses for
the three phases, while Figure (14) represents the thyristor gating

pulses for a complete cycle of one phase.
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5. Experimental Results:

The performance characteristics of the tested motor are obtained
experimentally during the loading using the controlled circuit to
change the impressed voltage at each operation .The motor parameters
are shown in table(1).

5.1.Voltage and Current Waveforms:

The thyristor control circuit is connected between the electric
source and the three phase squirrel cage induction motor. The motor is
loaded by another induction motor when its stator windings are, excited
by a direct current.

Figure (15 a & 15b) shows the voltage waveforms for phases
AB & C at two different firing angles. ’

Figure (16) (a,b & c) shows the waveforms of the currents at
different firing angles for phases A, B & C.

5.2. Performance Characteristics of the Motor:

The three methods of motor operations (CT,CP &VT) are
tested. The motor winding connection is modified in each case ,while
the controlled thyristor circuit is used to adjust the required voltage as
shown in table (2).

Figures (17-22) show the experimental results of the variation of
speed, input current, input power,efficiency and the power factor with
the output torque.

It is observed that the full load values can be obtained at CP
operations since the voltage is high. |

6. Conclusion :

- Load requirements need motor impressed voltage to be varied in
order to improve the motor efficiency.

- A digitally controlled firing circuit to control the thyristor working
under phase controlled operation of three phase variable voltage
controller has been designed, implemented, tested and put in working
order.

- In addition to changing the applied voltage, the thyristor makes soft
starting and decreases the starting current.
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Appendix 1

SCR Specification

Parameter Description Rating]
VRRM Reverse repetitive maximum voltage | 400V
Ly Thyristor current 15 A
Vor Gate trigger voltage 15V
Lop Gate trigger current . 50 mA

Appendix II

Data of the tested motor : ,

The data of 3-phase induction motor used in the laboratory

measurements are; 0.75 HP., 380/220 V, 1.6/2.77 A, 50 HZ, 1425

r.p.m., 0.71 effeciency, 0.74 power factor, 36 stator slots, 28 rotor

slots.
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Table (1) Voltage& parameters at different operation

Constant torque | Constant POWET § Variahle torque

low high lave high low high
Na. |speed i speed 2 speed 3 speed 4 speed 51 speed 6

\'s 1645 | 9525 | 110 1805 | 95.25 | 95.26

R1 | 142 | 365 | 355 | 142 | 142 | 355

X1 25 6.17 | 6.17 25 25 617
R2 B 12 1.2 2.4 B 1.2
X2 30 3.7 7.5 75 30 3.7
Ry | 1780 | 850 425 | 3408 | 1700 | 850
Xy | 250 125 62.5 | 500 250 | 125

Table {2).Connections of different operations& the
voitages.
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Fig. (2). Circuit diagram of the full wave voltage controller.
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Fig. (6)
a) lnput square was e ta BT circuii
by Quiput ramyp signal,

a) Saw tooth input to the compasaior.
b) Firing signal at o =c.

Fig. (&)
1) Firing signal at a=30
by High frequency modulating signal.
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Fig. (9)

=30 lor phases A.B&c

Firing sigeal at o

Fig. (10)

B&C.

,
<
3
.utlu

490 for ph

atu

iring signal

F

.!ﬁE.

i

b
X
e

ig. (11)

1

&

110 for phases 4, B

enal at a=

a8 §i

Firi

26



Fig. (12)

Firing signal after modulation for phases A\B & C
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Fig. (i3)
The thyristor gating pulses of phases A . B & C

Fig. (14)
The thyrisior gating pulses for
a complete cycle of one phase.
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Fig. (15).(a & b) 5
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