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ABSTRACT 

This paper presents an adaptive Single Neuro Control (SNC) of a separately excited dc motor. The 
control algorithm is implemented using Borland C++ To validate the performance characteristics 
of the motor. Experimental verification for the SNC technique is performed. The proposed SNC 
scheme shows good agreement of both simulation and experimental results. 

. . 
1. INTROD,UCllON. 

During the past several years, Artificial ~ntelli~ent 
control has been growing rapidly in recent years. 
There are many researches for application of artificial 
intelligence in speed control, position control and 
current control is used. The ability of artificial neural 
networks to learh large classes of nonlinear functions 
is wen known. It can be trained to emulate the - unknown nonlinear plant dynamics by presenting a 
suitable set of input/output pattenis generated by the 
plant. Once system dynamics have been identified 
using an ANN, many conventional control techniques 
can be applied to acbieve the desirtd objective. An. 
adaptive neural network speed controller for a 
separately-exited dc motor is presented incorporating 
on-line weights and biases updating. The ANN 
architecture is based on the inverse dynamic model 
of the nonlinear drive system a d  on-line operation 
begins from the start with random weights and 
biases. The back-propagation. &lining technique 
adjusts theweights in al l  cohecting li,&s and biases 
inthenodes[l-31.: . . ' ,. ~ ' 

In this paper, a neural network control1'er for'speed 
and current conaol of a separately excited dc motor 
is applied. The neural network technique used is a 
simpWed version wmprising one single neurOn [3], 
thus eliminating the multi coqection and reducing 
the computation time. 'This simplification was 
obtained by applying a m a e d  error function, in 
which the derivative of the error is included. The 

single neuron controller was experimentally 
implemented in the laboratoty. 

2. SINGLE NEURO CONTROLLER 
PHILOSOPHY 

The neural network regulates the speed of the dc 
motor to track the reference value, through back- 
propagation algorithm by on-line tuning of the 
weights and biases in the different layers of the 
network, (the details of this controller are explained 
in reference [4]). For this reason a single neuro 
controller is used to reduce the computation time. 
The controller consists of only one weight and one 
neuron with a linear hard limit activation function as 
shown in figure (1). 

Fig. 1 Single neuron co~guratiou and hard limit 
activation function 
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The back propagation training algorithm is applied to 
the simple neuro-controller (SNC), its output can be 
derived as: 

&=.-{t) (1) 

F{t>=iq? - 3fi.n * fF%T (2) 

Where, "WCT' is the neuron Weight Correction 
Term. 

q : Learning rate 
W (t) : neuron weight 
u(t) : neuron output 
The weight correction term is given by [5]: 

. 
Where: 
c(t): the controlled variable 
r(t): the controller input (reference input) 
The weight change of the SNC based on the back 
propagation algorithm is given by: 

The SNC weight update depends on k and 11 ; the two 
parameters are selected by trial and error. The 
selected SNC controller parameters are as follows: 
11 = ,001 and k =.01 

3. DC MOTOR MODEL 

For this separately excited dc motor the field is 
constant and the armature controUer depends on the 
armature voltage only. The dynamic equations are 
given below: 

n (t) rotor speed rad 1s 
v a (t) t e n d  armature voltage V 
i a (t) armature current A 
T 1 (t) load torque Nm 
J rotor inertia Nm 
K torque 62 back emfconstant Nm A " 
B damping constant Nrh s 
r, armature resistance Ci 
1, armature inductance H 
4. SIMULATION RESULTS 

Figure (2) represents the block diagram of the 
controller system. Simulation results are obtained by 
a software simulator developed {using Borland 
C*) . 
Using Borland C-H to apply the single neuro 
controller for separately excited dc motor, we 
obtained the results at change of speed and change of 
load torque. Figure (3) and figure (4) represent the 
simulation results with single neuro controller. Figure 

(3) shows the speed and current response when the 
load torque is changed from stand still to 4Nm at 
1000 rpm. Also, Figure (4) shows the speed and 
current response when the speed is changed from 
1000 rpm to 500 rpm at constant load torque 4.5Nm. 

Fig2 Block diagram of controller 

Fig. 3 Load torque changed form 0-4Nm at 1000 rpm 
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Fig. 4 Reference speed changed from 1000-500 rpm 
at 4.5 Nm 

5. EXPERIMENTAL WORK 

5.1 Experimental Setup 

Figure (5) shows the experimental setup circuit for 
the system. The system consists of a single phase 
SCR rectifier bridge, the dc motor, load and torque 
meter, PC with SNC control algorithm, interfacing 
card, and 4-channel digital storage oscilloscope. The 
interface card is built in the Lab. using wire wrapping 
technique. The card contains 110 digital lines, AID 
and D/A chips. 
The results are obtained for categories of 
disturbances, torque changes and speed changes. 
Torque changes mean that the reference speed is 
fixed but the load torque is suddenly changed, 
whereas speed changes means that the load torque is 
fixed but the reference speed is suddenly changed. 

Fig. 5 Experimental work setup c u d t  

5.2 Experimental Results 
The following are experimental results for the dc 
motor speed control with the single neuron. 
5.2.1 Torque changing 
Figures (6,7) show the system response for a sudden 
change of load torque, whereas the reference speed is 
still unchanged. The upper trace is for the motor 
speed (350 rpmldiv) and the lower is for the motor 

current (2.5Aldiv). In Fignre (6) the reference speed 
is fixed at 1000 rpm while the load torque is changed 
as 2-0-2 N.m. The controller maintains the speed 
constant with load variation and approximately zero 
steady state error. There is no speed overshoot with 
settling time about 1 second. 

In Fignre (7), the reference speed is 1000 rprn while 
the load torque is changed as 4.5-0-4.5 N.m. Small 
dips are observed in the speed response at the load 
changes instants. There is a current overshoot at 
starting as the motor is loaded at starting, where a e r  
starting there is no overshoot or undershoot in speed 
or m n t .  

Fig. 6 At Reference Speed 1000 rpm and 2-0-2 Nm , 

Fig. 7 At Reference Speed 1400 rpm and 4.5-0-4.5 
Nm 

5.2.2 Speed changing 

In the following figures the motor reference speed 1s 
suddenly changed as follows: 0-250-750-1250-750- 
250 rpm. in Figure (8). and the load torque is hold at 
4 N.m. during speed changing at 5.5 N.m inFigure 
(9). There is no overshoot in speed response and the 
rising time is small, but in the falling of speed the 
falling time is slightly large because the dc power 
source is non energy acceptable source, so the stored 
energy in the rotating parts take some time to 
dissipate. This is obvious in the current waveform 
during falling time. The current overshoot is 
proportional to the rising characterifics of the speed. 
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As the speed is raised slowly the current overshoot 
becomes small. We can adjust the overshoot of the 
current by adjusting the speed response of the 
system. 

These two figures and the previous two ones prove 
the superiority of the SNC controller at all operating 
conditions for speed or torque variations. 

Fig. 8 Speed variations at 4 Nm 

Fig. 9 Speed variations at 5.5 Nm 

6. COMPARISON BETWEEN SIMULATION 
AND EXF'ERIMENTAL RESULTS 

Experimental tests have been conducted out for 
motor operation with single neuro-controller. Figure 
(10) shows the simulation and experimental results 
for the current and motor speed for step change in the 
load torque from 6 Nm to 0 to 6 Nm at 1400 rpm 
reference speed. Figure (1 1) shows the experimental 
results of the current and motor speed for step change 
in the reference speed at 2 Nm load torque, we notice 
that there is small change in the current while the 
load torque is unchanged. This is due to the energy 
consumption in the instrumentation circuits (torque 
meter, ... etc) which necessitates an increase in the 
load current. 

Experimental Results 

Simulation Results 
Fig.10 Load torque changed form 6-0-6Nm at 1400 

rpm 

Experimental Results 
.ye.> 

Simulation Results 
Fig. 11 Reference speed changed from 0-250-750- 

1250-750-250-0 rpm at 2 Nm 
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7. CONCLUSION 

This paper prisknted the implementationof a single 
nenro-controller for speed control of a separately 
excited dc motor. The controller has the advantage of 
being independent of the controlled plant parameters. 
Therefore, changes in the opefating conditions or in 
the system paraineters did not f l e a '  the system 
performance. The single neuro-controller yields good 
transient response for a step change in the reference 
speed at constant load torque. Also, similtu results 
were obtained for a step change in the load torque at 
constant reference speed. Good agreement between 
the theoretical and experimentalcalresul$ was found. 
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