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Abstract: In this paper, a new model for single phase
induction motor is presented. A neural network based
control scheme using pulse width modul ation technique is
developed. It is used to implement the energy-saving
scheme of single-phase Induction motors when they
operate under no load or small duty ratio load. The
intention is to gather the information to decide possible
installation scheme to save the energy in plants using
induction motors. At no load, 58% of energy can be saved
and the savings decrease with the increase in load. The
neural network is trained to estimate the required voltage
for different load conditions. To train the neural network a
simulation program is written to obtain the duty ratio
values for different load conditions. The need to improve
the quality and reliability of the drive circuit is increased
because of the growing demand in improving the
performance of motor drives. Wth the increased
availability of MOSFETs and IGBTs, PWM AC choppers
can be used efficiently in low and medium power
applications. From the simulation studies, it is seen that
Pulse Width Modulated (PWM) AC chopper system has
reduced harmonics than the Phase controlled AC chopper
system and hence it is used in the present work. The
energy can be saved using the proposed system.

Keywords: PWM AC Chopper, Modeling of Snglephase
Induction Motor, Energy saving, Neural Network
Controller, Sator Voltage Control, Duty ratio.

| Introduction

Singl e phase induction machine is most widely
used in industry because of its simple construction,
rdiable operation, lightness and cheapness. In
industrial complexes, most of the induction motors
often run a no load. These mators are aways
connected to the mains irrespective of the load
conditions. Due to the rated voltage at stator
terminals, rated iron losses have to be supplied
congtantly to the motors. These losses mean a waste
of some form of primary energy, whose availability
of our planet is limited. If it is possible to reduce the
voltage at stator terminds during no load or small
duty ratio load conditions, then iron losses can be
reduced and some dectrical energy, hence primary
energy might be saved. Traditionaly phase angle
control and Integral cycle control of thyristors are
used in ac voltage regulators. They suffer from
inherent disadvantages such as retardation of firing

angle, lagging power factor a input side and high
lower-order harmonic contents in both load and
supply volteges, currents.

Recent deveopment in the artificia neurd
network technology has made it possible to train
neural networks for non linear loads. Artificial neurd
networks represent ssmplified model of the human
brain. It consists of large number of neurons which
have weighted interconnections. Since artifica
neura networks are highly paralld and distributed
networks, they are extremely fault tolerant and
insensitive to noise.

The recent devel opments in Power Electronics
make it possible to improve power system utility
interface. A developed control strategy for firing
instances in pulse width modulated ac voltage
regulators is presented in [1]. In [2], it is discussed
that line commutated ac controllers can be replaced
by Pulse Width Modulated ac voltage controllers,
which have better overall performance The
smulation details and harmonic  spectrum
comparison with phase control scheme is not
provided with this paper. An optimal control strategy
for sdecting firing and commutation angles in pulse
width-modulated ac/ac chopper-type, single phase
converters is proposed in [3]. An improved voltage
controller and control strategy for  efficiency
improvement of single phase induction motors is
presented in [4]. The application of neura networks
to sensor less control of speed of an eectric vehicle
induction machine driveis described in [5]" A control
scheme for the energy-savings of three-phase
induction motors when they operate under long-term
light-load or small duty ratio load is implemented in
[6]. Different possibilities of employing a single-
phase induction motor in a variable speed drive are
surveyed in [7] In [8], a new controller based on
atifidal neura networks for induction machines
which maximizes effidency is introduced and
implemented An energy saving scheme for single
phase induction motor drives, which are operated
with no load or partial 1oad conditions is described in
[9]" The problem of efficiency optimization in
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capadtor-run single-phase induction motors is
investigated in [10]

In the literature [1] — [10], investigations on
AC Chopper fed single phase Induction Motor
controlled by neura network are not presented.
Energy saving scheme has not been implemented
using Neural Networks. In this work a new simulink
model for single phase induction mator is devel oped
and the same is used for simulation studies. To save
energy during no load and partial load conditions,
cdosed loop stator voltage control method is
empl oyed successfully using neural networks.

Il Circuit Description and Principle of Operation

Block diagrammatic representation of neural
network controlled AC chopper fed single phase
induction motor is shown in Fig.1. The circuit can
operate directly from a single phase line and the
voltage across each switch is limited to the line
voltage. Speed and stator current of the machine are
sensed using speed and current sensors. In addition to
these two signals, load torque and pulse width
modulated output voltages are also considered to
train the neural network. Based on these four
parameters, neural network generates the driving
pulses to the switches depending upon the load
conditions to save the energy. Neural network is
proposed for the stator voltage control. During each
time, the weghts and biases of the NN are updated
using the back propagation algorithm.

The NN controller has 4-3-1 structure. This
NN structure isthe result of many repeated trias. For
each load condition, the training data is obtained by

the  corresponding  simulation programme.
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Fig. 1. Block Diagram of Neural Network based PWM
AC Chopper fed Single Phase Induction Motor.

11 Model of Single Phase Induction M otor

The simulink model of single phase induction
motor is shown in Fig.2. Since the value of s is
generdly small, r,'/2s is considerably higher than
ro'/[2* (2-s)]. In general, the magnitude of Vo is 90%
to 95% of the applied voltage. Hence, to obtain the
simplified model of single phase induction motor, the
effect of backward field is neglected. Voltage across
the variable rotor resistance is referred as V1.

Current flowing through the stator is expressed as
(V - Vo)

I, = : 1
(r,+ ix,) W
If the rotor current referred to stator is taken as I,
then the iron-loss and magnetizing component of no-

load current can be expressed as

l,=1,- 12 2)
Current through the core loss component,
loe =10~ lom )

The output voltage can be obtained from the
expression
V, =1y, %1y /2 (4)

Current through the magneti zing component,
lom =Vo /(1% /2) (5)

Current through the rotor component,

13 =, - Vi]i(jx 12) ©)

Voltage across the variabl e resistance,

Vi(s) =R, * 1,(s) (7)
Torque developed by the motor is given by the
expression

1

&, 9
25
T=(11f*E22 ®
2pn,
The electromechanica equation is expresses as
T=3M  Bw+T, 9
dt
wherew = d_q (20)
dt



By using the above set of egquations, model of single
phase induction motor was obtai ned.
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Fig. 2. Simulink model of single phase
induction motor

A 1.5kW, 230V Single phase induction motor
with the following parameters is modeled using
above set of equations and the same is used for
simulation.

ri=2Q X1=5.12Q
r,=1.01Q %,=0.26Q
ro=300Q %o=47.12Q
J=0.0146K g’ B=0.007Nms
Turns ratio=1.99 P=4 poles

VI Harmonic Analysis of AC Chopper

Harmonic andysis has been performed for
the output of AC chopper system. Harmonic
spectrum has been obtaned for both Phase
Controlled AC Chopper system and Pulse Width
Modulated AC Chopper systems and they are shown
in Fig.3. Using Fourier analysis, tota harmonic
distortion value has been calculated. Simulation
has been performed for various delay angles of phase
controlled AC Chopper system and different duty
ratio values of Pulse Width Modulated AC Chopper
system fed single phase Induction Mator. The results
are presented in Figs.4 and 5 respectivey.
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Fig. 3.

In order to improve the harmonic spectrum, a
filter is introduced a the output terminals. Filter
parameters are designed such that the lower order
harmonics are eiminated. For a modulation index of
90%, the value of THD is reduced from 4.6% to
2.03% by using an appropriate filter.
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Fig.5. Harmonic analysis with PWM AC Chopper

From the frequency spectrum, it can be seen that,
Phase controlled AC chopper has higher THD, poor
power factor and higher magnitudes of fifth and
seventh harmonic components. The THD vaue for
PWM controlled AC chopper system is 6%. The
power factor is improved and the magnitudes of fifth
and seventh harmonics are very much  reduced.
Because of the improved waveforms produced by the
PWM AC Chopper, the performance of single phase
induction motor isimproved.

V Neural Network Controller

Neural networks are smply a dass of
mathematical algorithms, since network can be
regarded as a graphic notation for a large dass of
algorithms. Neurons are available with more than one
layer. Output of one layer acts as an input to another
layer. Fig.6 shows atypical two-layer neural network
with three inputs, five hidden nodes and two outputs.
Each node in a particular layer is connected to al
nodes in adjacent layers with weights. The layer
connected to the outputs is termed the output layer
and al other layers are termed as hidden layers.
Output of each hidden node j is given by

Y, =a(Z;) (11)

Where a(.) is termed the activation function and
_ 9
Zy=a VX +m (12)
|

is teemed the activation of node j and it is the
weighted sum of theinputs X; tothat nodeand mjis

termed the threshold of the node enable neurd
networks to approximate function with offsets. The
most commonly used activation function is the
sigmoid function:

a(z) = (l+ o Z) (13)

The output of each output node is linear and is given
simply by
[o]
O, =a WY, (14)
j
Where V; and W, are weights of hidden and output
layers.
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Fig. 6. Schematic representation of simple Neural
Network
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The output O of the neural network is a non-

linear function of the inputs and the parameters
(weights and thresholds) due to the sigmoidal
activation functions of the hidden nodes, that is

0=g(X.(Q)

Where,

X isavector containing the neural network inputs
(Q) is a vector containing al the weights and
thresholds of the neural network

g isanon-linear vector function.

(15)

The minimum number of nodes that are
required in the hidden layer, in order for the neural
network to successfully identify a particular function
can only be determined by a heuristic approach. In
the present work, error back propagation algorithm is
used for training the neural network.

Each neura network has three layers, input
layer, hidden layer and output layer. The number of
neurons in input and output layers is equd to the
number of inputs and outputs of the system. However
the number of hidden layer neurons is variable and
depends on the required training accuracy and often
involves experi mentati on. The appropriate number of
data required to tran the neural network is
gpproximately the number of neura network weights
times the inverse of the accuracy parameter & [asaii
(5)]. For example, if an accuracy level of 95% is
desired that corresponds to £=0.05, the number of
trained data should be approximately 20 times as
many as the network weights.

The hidden layer transfer function is log-
sigmoid or tansigmoid and the output transfer
function is usudly linear. Here, the tan-sigmoid is
used as the hidden layer transfer function foll owed
by the linear transfer function for the output layer.
Equations 16 and 17 show these transfer functions,
where X is the input vector, Y and O are the output
vectors of the hidden layer and output layer
respectively, V;;, W, are the weight matrices, and B,
and B, arethe bias vectors.

Y = }6_'_ o (\/“.X+Bl)) (16)
O=W, Y +B, (17)

To provide the required data to train the neural
network a simulation program was written to obtain
the modulation index values for different load
torques. Using this programme, 1,00,000 sets of
training pattern such as pulse width modulated output
voltage, stator current, speed of the machine, load
torque and duty ratio values are obtained. The neurd
network system to estimate duty ratio of PWM AC
Chopper fed single phase Induction Motor is shown
inFig.7.

PWM voltage I

Stator Current

'ﬂ N IModulation Index
Load Torgque E
Speed

—

Fig.7. Neural Network system to estimate modulation
index of PWM AC Chopper fed Single Phase
Induction Motor

These patterns are used for training the
neura network using error back propagation
algorithm. After training the neurd network
successfully, the program is replaced by neurd
network controller and the simulation has been
performed. Output of the neural network controller



is used to vary the duty ratio of the PWM AC
chopper.

VI Closed Loop Stator Voltage Controlled Single
Phase Induction Motor

During no load condition, the supply voltage
of Induction Motor was changed in steps from 20%
to 100% of the rated voltage using pulse width
modulation technique. During each step, the energy
was measured. The results are plotted and shown in
Fig.8. At no load condition, 20% of the rated voltage
yields an energy saving of 58%. The power factor is
improved from 0.31 to 0.81 with adight reduction in
speed.

During partial load conditions, the drive
system is operated with various duty ratio values.
From the studies, it is seen that from no load to 20%
of therated | oad, the savingsin energy is modest. For
the same model, smulation has been carried out for
20% of the rated load. It is found that, 23% of energy
can be saved, when the machine is operated at 70%
of the rated voltage.

From the above study, it is found that energy
can be saved during no load and partia load
conditions. In order to achieve the close loop contral
using neural network, the load torque is sensed
continuousy. Based upon the load torque values, the
trained neural network adjusts the voltage applied to
the stator of the induction motor. Neural network
based energy saving scheme for single phase
induction motor drive system used for simulation is
shown in Fig.9. The power circuit used to generate
Pulse Width Modulated AC voltage is modeled and
used for smulation. Pulse Width Modulated AC
voltage is applied to single phase induction motor.
The neural network is trained to estimate the required
voltage for different load conditions. Output of the
neural network controller is used to vary the duty
raio of the PWM AC chopper. Based on the load
torque applied to the machine neurad network
controller controls the stator voltage. Hence the
energy can be saved during no load and partial 1oad
conditions.
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Fig.8. Performance characteristics of PWM AC
chopper

For example, the model shown in Fig.9 is
operated with full load condition for certain period.
The load is reduced and it is operated with 20% of
the rated load for some period and then it is further
reduced to no load for the remaining period as shown
in Fig.10.
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Fig.9. Smulink Model of Neural Network controlled Pulse Width Modulated AC Chopper
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Fig.10. Variation in load torque
Neura network estimates the duty ratio values for
different load conditions, such that the energy is
saved during no load and partid load conditions as

shown in Fig.11.
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Fig.11. Variation in Modul ation Index estimated
by Neura Network

During various load conditions, the copper loss
and iron loss are measured and the net electrical
losses are shown in Fig.12. Fromthe figureit is seen
that, by varying the value of duty ratio, the losses

during no load and partial load periods are much
reduced. Hence energy can be saved at partia load
and no load conditions.
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Fig.12. Losses with various load conditions

VIl Conclusion

Pulse Width Modulated AC Chopper and
Phase Angle Controlled AC Chopper fed Induction
motor systems are simulated and their performances
are compared. It is proved that Pulse Width
Modulated AC Chopper has lesser Total Harmonic
Distortion, better power factor and negligible
harmonic components. Pulse Width Modulated AC
Chopper fed single phase Induction motor system is
model ed.

Systematic investigations on an induction
motor with respect to energy saving led to the
following results and conclusions: At no-load
operation with reduced voltage, the energy saving is
as high as 58% and the power factor is improved
from 0.31 to 0.81. From no load to 20% of the rated
load, the savings in energy is modest. At 20% of the



rated load, 23% of energy can be saved with 70% of

the rated voltage.

A Neural Network based closed loop
control scheme to i mplement energy-saving of single
phase induction motor drive system has been
presented. This scheme changes the voltage with the
variation in the load. Mathematica modd of the
Neural Network is presented.
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