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Abstract

This work is concerned with designing an adjusted field current of D.C.
motors to obtain constant speed, based on ANN. The design is employed by using
training model with supervised manner with back-propagation agorithm.
MATLAB neura network tool box is used for training purpose.

The feed-forward neural network (FFNN) and learning capabilities offers a
promising way to solve the problem of system non-linearity, parameter variations
on unexpected load excisions associated with D.C. motor drive system.

The proposed ANN controller maodel is implemented with a control dc motor
drive system in the laboratory. The laboratory test results validate the efficacy of
the based controller model for a high performance dc motor drive.

Keywords: D.C. Shunt Motor, FFNN, ANN, Controller Model, Weights and
Biases, Model Training.
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1-1ntroduction

The non-linearity and the
parameter uncertainty are some of
the most challenging problems in the
controller design of the automatic
control system. For highly non-
linear, bulky and complex
permanent magnet excited dc
motors, it may not be sometimes
possible to determine the system
characteristics such as non-linearity,
saturation, time varying parameters,
etc... . Conventional designs of
robust control are often associated
with constant gain controllers such
as proportional integral, which
stabilize a class of linear system
over a smal range of system
parameter [1].

The adaptive controllers such as
model reference adaptive controller,
on the other hand adjust the control
characteristics to stabilize the system
precisely with unknown parameters.
But implementation of the complete
system in rea time with these types
of controllers become sometime
difficult and costly, because they
involve complex hardware and
software computations with large
number of unknown parameters [2].

The speed controller of this type
of motor drive systems needs to be
designed in such away so that it can
handle the problems of unknown load
dynamics, parameter variations and
model uncertainties. On the other
hand, the controller design should be
as simple as possible so that it can be
readily implemented in real time with
minimum compl exity and cost [3].

Multi-layer FFNNs (Feed Forward
Neural Network) have proved

extremely  successful in  pattern
recognition, processing and speech
recognition. Recently, these types of
networks with back propagation
training algorithm are receiving wide
attention in control applications [4].

An ANN (Artificid Neurd
Network) tries to resemble very
closely the biological brain structure
through mathematicall models by
acquiring knowledge through
learning. When used as a motor
controller in rea time, artificial
Neural Network can tune itsdf
through on-line training and instruct
the drive systems same as a human
operator to behave according to the
desired way. This on-line training is
generdly based on the previous
knowledge ANN has gathered
through off-line learning [5].

Exploiting the inherent non-linear
input —output mapping property of
ANN, some controllers are being
designed for dc motor drive systems
with an am to achieve the
characteristics of adaptive controller
[5].

This paper introduces the
proposed ANN based adaptive
controller through on-line weight up
dating.

2- Model of D.C. Shunt Motor

Fig. (1) shows the conventiona
circuit of D.C (Direct Current)
motor drives which consist of two
parts, armature and the main field
poles. The circuits of these two parts
are connected in paradlel and the
supplied. Resistances are connected
in series with both circuits to
provide for necessary speed control.
Excluding the effect of armature-
reaction and resistance drop, the
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main two variables in speed control
are the supply voltage and the flux
(6. 7].

The basic motor equation is:-

N=Vt—laRa/K®@ ... 1)

N=Ea/Ki¥ |,

Ea=K;:Is N ,

Ea= Vt -laRa

Where: -

N isthe speedin (r.p.m.),
Vt is the terminal voltage, at no load
Ea approximate equal Vt,
la Ra armature resistance drop,

K isconstant, and ¥ istheflux,.

It is clear that the speed varies
with varies Vt, Raand[8].

Starting from the rated speed(at
no load)taken (1800 r.p.m.)by
varying the resistance which is
connected in series with shunt field
winding shown infig(1) . The motor
is loaded by means of the coupled
D.C. generator and readings of speed
(N), armature current (Ia) and torque
(T) are noted. The torque readings
are taken at each load balancing as
shown in table (2). Throughout the
test field current of the motor is kept
constant at the value (I;,) needed to
run the machine on no-load-rated
speed (N), (I) , (V) and (Vg)
(voltage generator which is equa to
load voltage (VL)) are noted. But
notice that (Vt) for the motor and
(Vg) or (VL) will be constant at 220
volts.

3 Feed-Forward

Network Structure

A genera structure of FFNN is
shown in Fig. (2). An FFNN (Feed
Forward Neural Network) consists of
an input layer, an output layer and a
number of hidden layer (s) between
the input and output. In each hidden
and output layers, there are some

Neural

information processng units known
asthe neurons [9].

The source nodes in the input
layer of the network supply
respective elements of the input
vectors which congtitute the input
signals of the second layer of the
network. The output of this layer is
served as the inputs to third layer of
the network and so on.

The set of the output signals of
the neurons in the output or final
layer of the network constitutes the
overall response of the network [9].

Fig. (3) Shows a model of a
neuron. There are three basic
elements of the neuron mode,
namely a set of connecting links, an
odder for summing the input signal
and activation function [5].

In genera, the mathematical
equations which are acting on a
neuron K can be described as:. - [10].

K=Y NWKjIj e 2
F1
Ok=f(K+Bk) ... 3
Where 14,15, ........., Iy are the

input signa's; Wk, Wi, «vevveenn, Wiy
are the synaptic weights of neurons
K; Sk is the linear combined output ;
Bk is the bias ; f () is the activation
or transfer function ; and OK is the
output signa of the neuron. The
activation function generall used is
the hard limiter, piece — wise linear
and sigmoid functions. In this paper
log sigmoid and tan sigmoid [10].

Transfer functions used can be
defined as:

1
f(v)=logsg(v) =1+ ¢ ™MV
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And
1-eg2”

f(v) =tansig (v) = 1+ 273

4-Proposed Controller Model
The proposed modd for our
design contains two parts, the first
part is the controller model and the
second part is the model of
D.C.(Direct Current) shunt motor.
4-1: Adjustment of Field Current (If)

The modd training which is
shown in fig.(4) contains the
proposed ANN (Artificial Neurd
Network) controller model shown in
fig.(5). The objective of this proposed
model is to obtain constant field
current by using ANN which uses the
back propagation algorithm. The
inputs and outputs of ANN controller
can be obtained from the knowledge
of conventional D.C. motor drive
fromtable (2).

The input patterns of our model
are the constant field current(If ) and
the torque (T), and the output desired
for this model will adjust one vaue
of the field from the values of the
input field current shown in
table(3).This vaue of the field
current which is obtained by training
and as shown in fig. (6a). After that
thisvaueis used as an input for D.C.
shunt motor with initial value of the
torque (T).

In this design a typica feed
forward neural network gructure
with one hidden layer having eleven
neurons has been used. This ANN
(Artificial Neural Network) structure
does not use any feedback loop
which might be of concern from
stability point view. The input of the
training model will be the values of
the field current (If) and the torque
(T), these values will be taken from

table (2) of the conventional
D.C.(Direct Current) shunt motor.
The output of the model training will
be the field current (If) which is
taken also from table (2). The
numbers of hidden layers are chosen
by trial and error, keeping in mind
that the smaller the numbers are, the
better it is in terms of both memory
and time requirement to implement
the ANN(Artificial Neural Network)

4-2: The conventional D.C. shunt
motor

This pat is contain the
D.C.(Direct Current) shunt motor,
which has the specification shown in
table (1). Theinput of this motor will
be the congant field current ( If )
which is obtained from the first part,[
by training the field current (If) at(0.7
ampere) which gave the approximate
the constant speed at (1800r.p.m.),
training result shown intable (3)], and
the initial value of the torque which
will after that be increasing while the
load is increasing. And the output of
this motor will be approximate
constant speed with respect to the
input constant field current; by this
work we obtained aD.C. shunt motor
drive to control speed that shown in
Fig.(6c).

The experimental results of
training shown in Fig. (6a). The
simulation for weights and biases is
shown intable (4).

After training by using the feed
forward back propagation algorithm
current will be obtained constant field
current. This value of the field current
which is obtained after training, surely
has the value of speed. This value of
(If) will be used as the input to the
D.C. shunt motor shown in Fig(5).
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5- Resultsand Discussions

The work is performed to obtain
an initial set of weights and biases
before using the ANN (Artificia
Neural Network) in real time. Data
for traning can be obtained by
simulation experiments for getting
the data for the training purpose.

Once the input data and desired
response data are avalable, the
training can be carried out using the
back-propagation agorithm.
Available soft-ware can be used for
training. In this paper it is generated
by simulation. For adjusting the
weights and biases a program has
been written. The weights and biases
of the model training for speed
control of the motor are then
adjusted according to the training
algorithm described. Using the
updated weights and biases the ANN
determines the proper control field
curent. Fig. (6a) shows the
experimental result of the training
for the model training, which shows
how the training reaches the goal
with respect to MSE (Mean Square
Error). From this training we get the
constant field current with varied
torque as shown inFig. (6b).

The congtant value of the field
current (If) obtained from the model
training is taken as the input for the
motor with the initial value for the
torque at this point the motor works,
and when the motor loaded, the
speed will be constant because of the
constant input value of the field
current. Fig. (6¢) shows the constant
speed for example (1800 r.p.m.)
with respect to variable torque.

Table (3) shows the simulated
results or the output desired after
training and how we reach to the
final results with minimum errors.
From the experiment result we notice

that, for example if we want to obtain
(1800 r.p.m.), the field current of this
value of speed will be (0.7Amp.), 0
that for the model training the output
desired will be (0.7). And after
training the value of desired will be
asintable (3).

The updated weights and biases
for our smulation shown intable (4).

Condlusions

[**] Actuad experimentation
can be expensive time consuming. But
controlling by using (ANN) offers a
fast and inexpensive means to learn
more about speed control of aD.C.
shunt motor. Adjustment of field
current and hence the flux and speed
by adjustment of the shunt field circuit
resigance is accomplished simply,
inexpensively, and without much
change in motor losses.

[**] Inthis work the modeling
of the D.C. shunt motor gave an inside
look of the expected output when
tesing the actua D.C. motor. The
results from the model training were
approximating similar to occur in real
life.

[**] Modifying the field current
(If) and returned to the speed value
approximate (1800 r.p.m.) at load by
varying the field current rheostat, can
be achieved by usingdANN), this to
observe the effect of the speed
response of the D.C. shunt motor
response by  Artificial  Neural
Network.

[**] A Feed-Forward Neurd
Network is applied successfully for
solving problems by training them in
supervised manner  with  back-
propagation algorithm. Basicdly, the
back-propagation algorithm consists
of two passes through the different
layers of the network; one is the
forward pass and the other one is
known as backward pass.
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Table (1) D.C. Motor drive Specification

D.C. motor specification

Tipo 160L
Mode Number 61.5.75F

Power 2.99KW

Horse Power 4
Voltage 220V
Current 154 A
Field Voltage 220V
Fidd Current 1.06 A
Speed 1500 r.p.m.

wd Compound

Tipo

Modd Number
Power

Voltage
Current

Field Voltage
Fidd Current
Speed
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Table (2) thelaboratory Results

o

Ol o ~N|jojoa]l ~|WIN] -

[y
o

Constant

Table(3) Training Results of (If)

If thedesired If thedesired
After training Beforetraining
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Table (4) Smulation for weights and biases

0.1121 284728 28.8255

0.375 10.2903- 8.3872

0.0923- 27.9948 25.9822-

0.3705- 3.6545 0.3915-

0.2923- 19.7745- 21.3208
0.4530- 14.0004 7.9854

0.2975 25.1740 22.9378

0.1878- 26.4269- 22.7147

0.2566 27.8648 22.2497-

0.5613- 9.3536- 8.6755

0.3077 24.5776 18.8493-

series field

DC source e=——————

©
A A\ AvAv
o

vy

Shunt field
pe

———

Figure (1) Conventional circuit of D.C. shunt motor [7]
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Hidden-layers

OUTPUT

Figure (2) ageneral FFNN structure. [9]

an Wi
‘&\

P Wi L& SK, F() _OUTPUT
INPUT |3 Wka OK
Function T
BK
Bias
Figure (3) A neuron model. [5]
INPUT If Controller UTPUT
—
PATTERNS T Model ESIRED
e

Figure (4) Proposed controller model
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Ifo

— z
Input
lt1
Z‘ V
IF D.C.
10 Shunt

-/ Speed (N
T_> Motor P ()

—( — 2
To Output Layer

T:

—>( }—p 2,

N
Input Laver \—— —/

Hidden Layer

Figure (5) Proposed ANN Controller model with D.C. shunt motor
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Performance is 8.65908e-008, Goal is 1e-005

10"
=
510 Training
9
2
(]
T iy
@ 10
=3
£
3
= AT
10® Goal _
.
i A . . , )
a 1 2 3 F] 5 &
Stop Training & Epochs

Figure (6a) Experimental resultsof training

Figure (6b) Relation between current field (1f) and torque(T)

HEpm)
1A

Figure (6¢c) Relation between speed (N) and torque (T)
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