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ABSTRACT 

This paper presents development of a neuro-fuzzy system for 

performance enhancement of a.c.voltage controller fed 

induction motor drives. Improvement in motor efficiency and 

power factor is achieved by suitably adapting the motor flux to 

optimum point by stator voltage control. The optimum SCR 

firing angle for each operating point is readily estimated by the 

neuro-fuzzy system. Extensive simulation is carried out with 

the proposed technique and the results are presented.   
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1. INTRODUCTION 
Induction motors are driving force of any industry and it is 

estimated that such drives consume about 60% of total 

electrical energy generated in developing/developed countries. 

Hence, improvement in the energy efficient operation of 

induction motors will result in enhanced energy saving.  

Generally motors run on full load only part of its duty cycle 

and since its efficiency is maximum only at full load, the 

average motor efficiency is inferior. This is compounded by the 

fact that many times over rated motors are employed in 

industries expecting future expansion. Thus considerable 

period of motor duty cycle contains light load conditions 

leading to poor operating efficiency.  During part-load 

conditions, efficiency enhancement can be achieved by suitably 

adjusting the motor flux to cope with load torque demand. 

With reduced air-gap flux, iron losses and magnetizing current 

are reduced leading to improved motor efficiency and power 

factor [1-5]. There are two basic approaches to achieve this 

goal. One possibility is to use a variable frequency drive (VFD) 

to adjust motor terminal voltage and frequency to reach the 

optimum flux. The second method is to use soft starter for 

adjusting motor terminal voltage alone; frequency is 

unchanged. VFD is more expensive and is not a preferred 

option with certain loads such as fan and pump drives and such 

applications can be equipped with low cost soft starter.  Hence 

the motor voltage can be controlled during lightly loaded 

conditions using ac voltage controller to achieve best efficiency 

and power factor. The concept of performance enhancement of 

lightly loaded induction motor was well perceived in the 

literature and several papers have been published in this topic. 

However, the major drawback of all these works is that 

optimum efficiency point is generally attained using a search 

algorithm, in which stator voltage reduction is carried out by 

trial and error based approach. The search algorithm takes 

more time for reaching the optimum point than reasonable be 

allowed. The step wise change in SCR firing angle results in 

poor dynamic response of the drive performance. Further/more 

optimum efficiency point is never reach and persistent 

oscillations about this point are observed which requires an 

additional controller [6]. 

The aim of the present paper is to explore soft computing 

methodologies, namely fuzzy logic and neural networks [7-10] 

to provide a reliable and fast acting control system for 

performance enhancement of voltage controlled induction 

motor drive. For this, the d-q axis model of induction motor 

model is simulated for a wide range of operating point, keeping 

SCR firing angle and load torque as independent variables. 

From the simulation results, fuzzy logic system is developed 

for identifying  the optimum SCR firing angle during a load 

change. In order to gain the advantages of fuzzy logic and 

neural networks, a neuro-fuzzy system is then constructed 

[11,12,13,14]and is used in conjunction with induction motor 

model. The complete drive system together with neuro-fuzzy 

estimator is developed Matlab/Simulink [15, 16]. Simulation 

results are presented and these results validate the proposed 

method.  

2. DEVELOPMENT OF FUZZYLOGIC    

   ESTIMATOR 
The schematic of a.c.voltage controller fed induction motor 

drive is shown in figure 1.  

Figure1.Induction motor drive with SCR Voltage 

Controller 

The task here is to identify suitable SCR firing angle for 

maximum efficiency, when load change occurs. In order to 

obtain information base for developing input and output fuzzy 

sets, dynamic simulation of ac voltage controller fed induction 

motor drive is carried out for wide range of operating points. 

The motor vector matrix differential equation in stator d-q axis 

frame is given by [17, 18]  
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 Now, equating the electrical torque developed by the motor 

with the mechanical torque required to drive the rotor and load, 

the following equation is obtained. 
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The induction motor model with ac voltage controller is 

developed in Matlab/Simulink. In this model, the independent 

variables are SCR firing angle α and load torque LT . The 

power converter fed motor model is made to operate at a 

particular operating point with maximum efficiency by trial 

and error initially. The motor current at the optimum 

efficiency, optI  at this point is noted. Load torque disturbance 

is now applied to this model and the new motor current, 

correspond to this operating point is noted as newI . The SCR 

firing angle is now gradually changed so as to reach minimum 

motor current which corresponding to the maximum efficiency 

point. Once this point is reached, the SCR firing angle, opt , 

is measured. The idea is to develop a non-linear relational 

mapping between optI , newI  and opt  . It is proposed to 

write this relationship as 

)( , newoptopt IIf                     ….           (4)                                                                                                       

Elaborate simulations are carried out so as to cover the entire 

operating range of the motor and each time the above three 

variables were recorded. After sufficient data is obtained for 

each of the above variable, fuzzy sets describing the above 

variables are constructed. This was done through a trial and 

error based approach. The fuzzy sets thus designed as shown in 

figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Fuzzy sets for (a) Iopt  (b) Inew and ( c) αopt. 

After constructing the fuzzy sets, a rule base is developed 

based on the simulation results. The fuzzy associative memory 

(FAM) thus generated is shown in figure3. 

 
 

Figure 3. Rule base of fuzzy estimator for the ac                             

voltage controller fed induction motor drive 
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3. DEVELOPMENT OF NEURO-FUZZY  

      SYSTEM 

In order to gain both the advantages of fuzzy systems and 

neural networks-fuzzy logic allows a reasonable amount of 

approximations and uncertainties, while neural network is 

computationally compact and fast-a neuro-fuzzy system is now 

developed. In the present case there are two inputs namely, 

optI  , newI  and a single output, opt . Hence there should be 

two input neurons and a single output neuron. No attempt has 

been made to optimize the number of hidden neurons and is 

obtained by trial and error.  It is found that five neurons are 

sufficient for mapping the input-output relationship obtained 

through fuzzy logic system. The fuzzy logic estimator 

developed earlier, is fed with numerous inputs and outputs are 

obtained. This information base thus obtained is used to train 

the neural network. The training of the network is carried out 

using the neural network toolbox in Matlab. The structure of 

designed neural network is shown in figure 4. The input and 

output neurons employ linear activation function, while the 

output neurons make use of typical sigmoid transfer functions. 

The weights and biases are included in figure 4. 

 

Figure 4. Topology of 2-5-1 feed forward neural network 

 

4. SIMULATION RESULTS 

In order to verify the proposed approach, the neural network is 

now integrated with ac voltage controlled fed drive model and 

the complete system is shown in figure 5.  The simulation 

results are shown in figures 6.  

 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.Matlab Model of Induction motor drive with 

neurofuzzy estimator 
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Figure 6.Dynamic response of drive with neuro-fuzzy 

estimator 

 

In figure 6, at  t=0, the motor is driving a load torque of 5 Nm 

with an optimum SCR firing angle of 63.2 degrees. The rms 

value of optimum current, optI  =1.3 amperes. At t = 5 

seconds, the load torque is decreased to 1.0 Nm. As can be 

seen, the new value of the motor current reduces to 0.8 

amperes. The neural network estimates the value of the 

optimum SCR firing angle to be 93.9 degrees and the ac 

voltage controller is now fired at this optimum angle.  The 

optimum value of voltage and current waveforms before and 

after load change are shown in figure 7 and figure 8 

respectively. 

 

Figure 7 . Voltage and current waveforms prior to load 

change (prior to optimization). 

 

Figure 8. Voltage and current waveforms after 

optimization. 

 

5. CONCLUSION 
A fuzzy logic based optimum SCR firing angle identification is 

developed for efficiency maximization of variable-voltage 

partly loaded induction motor drive. The rule base is derived 

from extended simulation. In order to benefit the dual 

advantages of neural networks and fuzzy systems, a neural 

network is then developed. Simulation results are presented to 

validate proposed approach. 
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