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ABSTRACT 
This paper presents the design and simulation of 24 pulse AC-DC converter fed switched reluctance motor drive. Here fuzzy logic 
controller is used as a closed loop control for converter. By using this technique better speed variation can be achieved and it is 
compared to previous 18 pulse converter control of the drive. Also the torque characteristic of the switched reluctance motor  
gets improved. 
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INTRODUCTION 

 

Switched reluctance motor has numerous industrial applications because of its advantages like simple and 

robust construction, high reliability, and high efficiency operation over a wide range of speeds etc. [1, 2]  

An important characteristic of the SRM is that the inductance of the magnetic circuit is a nonlinear function 

of the phase current and rotor position. So, for the control and optimization of this drive, a precise magnetic 

model is necessary .But it is not an easy task to obtain because of nonlinear magnetic characteristic of the 

machine. Further, this nonlinear characteristic represents a challenge to classical control. 

This paper proposes fuzzy logic controller for the converter of switched reluctance motor in closed loop 

control. Closed loop control is very accurate and gives better results. Fuzzy controller is used to control the three 

level converters to achieve the desired speed of Switched Reluctance motor. And also control the speed of the 

switched reluctance motor and improve the performance. 

 

Description: 

A. Switched Reluctance Motor Drive System: 

Fuzzy logic controller connects with the converter and firing circuit, which can activate the converter of the 

switched reluctance motor to have the control over the pulsating signals. The main function of the FLC is to take 

the output voltage of the converter and compared with the reference voltage to produce the actuating signal to 

have the error signal which will compensate with the set voltage, thus the SRM will now the rated voltage. 

Converter gets activated the windings of the Switched reluctance motor. 

 The torque production in the switched reluctance motor is because of the tendency of the magnetic circuit 
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to adopt the configuration of minimum reluctance i.e. the rotor moves in line with the stator pole thus 

maximizing the inductance of the excited coil.  

The magnetic behavior of SRM is highly nonlinear. But by assuming a linear magnetic model, the behavior 

of SRM can be adjusted without a serious loss of actual behavior pattern. 

 

 
Fig. 1: Basic Block Diagram of SRM Drive system. 

 

The voltage equation in a switched reluctance motor be written as 
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Fig. 2: Rotor position and its inductance variation. 

 

The torque equation of SRM based on the reluctance characteristic as well as the one of a conventional 

motor can be expressed by the rotor position θ and magnetic energy W. 
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In addition, if the nonlinear characteristic of magnetic material is neglected, the magnetic energy can be 

further expressed as:  
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Using (1) and (2), the correlation between magnetic torque and space distribution of inductance can be 

obtained. 
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Equation (3) shows that if the slope of inductance is positive, the positive excitation can generate the torque 

in positive. Similarly, a negative torque is formed in the interval of negative slope. Here, giving a 6/4 poles 3-

phase SRM as an example as shown in Fig. 2 which is adopted in this paper. Suppose the rotor is on 0 degree 

when its pole comes into line with stator pole and forms the maximum inductance. On the other hand, the 

minimum inductance occurs when the rotor pole leaves from stator pole with 45 degrees. That is, the cycle of 

inductance variation is 90 degrees in this case. In order to generate the continuous rotating torque, the excitation 

switching to each phase should be corresponding to rotor position in turn. However, since the excited phase is 

changing, the estimation of rotor position is required 

 

B. Fuzzy Logic Controller:  

Fuzzy logic controllers (FLCs) are smart control systems characterized by a set of linguistic statements 

based on specialist knowledge. Fuzzy Logic Controller has been broadly used for imprecise, non-linear and 

complex systems. The fuzzy logic controller has the following major functions: a fuzzification, rule base, fuzzy 

inference engine and a defuzzification   

 

i. Fuzzification: 

Fuzzification is the process of converting real scalar value in to membership fuzzy set values. The 

fuzzification process is done using fuzzifier. Different types of fuzzifiers are used according to the application. 

In this paper Gaussian membership function is used for inputs and triangular membership function for output.  

 

ii. Rule Base Design: 

Basically a rule base is a linguistic controller, which is designed using IF THEN statements. Here we have two 

input conditions and one output response. Based on that, rules are designed for proper control of the system.  

 

iii. Inference Engine:  

The fuzzy inference engine decides how to process rules using fuzzy input. The inputs for the fuzzy controller 

will be error and change in error. The control signals will vary according to error and change in error. Once the 

fuzzy controller receives input the rule base is evaluated.  

 

iv. Defuzzification:  

Defuzzification is the process of converting the degrees of membership of output linguistic variables with in 

their linguistic terms in to crisp values. There are number of defuzzification methods in use. The defuzzification 

method used in this paper is centre of area which will change the current of the controller accordingly.   

   

Fuzzy logic controller implemented for the SRM drive system. FLC used in closed loop control and get 

better performance of reduced harmonics and accurate speed variation as that of the set speed. In order to design 

a conventional controller for controlling a physical system, the mathematical model of the system is needed. The 

conventional controllers are unsuitable for a modelled and non linear system.  

Those problems are tackled by fuzzy logic controllers. Compared to the traditional control paradigm, the 

advantage of the fuzzy control paradigm are twofold. First, a mathematical model of the system to be controlled 

is not required and second, a satisfactory nonlinear controller can often be developed empirically in practice 

without complicated mathematics.  

Fuzzy modelling is another new modelling paradigm for nonlinear systems. Fuzzy models are non linear 

dynamic models. Proper use of fuzzy control can significantly shorten product research and development time 

with reduced cost. In this fuzzy logic controller used in close loop control and improve the motor performance 

and get higher speed values approximately 3000 rpm.       

 

C. Simulation diagram description: 

MATLAB simulation software used for this fuzzy logic controller based switched reluctance motor control. 

Simulation diagram consists of Switched reluctance motor, converter, three phase supply and fuzzy logic 

controller. Switched reluctance motor connected with three level converter and also fuzzy logic controller 

connected in closed loop. So we can get the better speed variation, and torque.   18 pulse converter used for 

existing work, here 24 pulse converter used for this drive system. Additionally fuzzy logic controller 

implemented for better control over the 24 pulse converter output. Hence it improves the switched reluctance 

motor performance. 

 

Fuzzy rules for the FLC to control the error in speed can be given as follows: 

1. If (Error is less) and (Change in error is low) then (voltage is  low voltage)     

2. If (Error is less) and (Change in error is medium) then (voltage is  low voltage)         
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3. If (Error is less) and (Change in error is high rate) then (voltage is high voltage)    

4. If (Error is moderate) and (Change in error is low) then (voltage is low voltage)        

5. If (Error is moderate) and (Change in error is medium) then (voltage is medium voltage)  

6. If (Error is moderate) and (Change in error is high rate) then (voltage is high voltage)  

7. If (Error is high) and (Change in error is low) then (voltage is low voltage)  

8. If (Error is high) and (Change in error is medium) then (voltage is medium voltage)  

9. If (Error is high) and (Change in error is high rate) then (voltage is high voltage) 

 
Fig. 3: Simulation diagram of SRM with FLC. 

   

A. Simulation and its results:  

 

 
Fig. 4: Input 3 phase supply. 

 

 
Fig. 5: Autotransformer and interphase transformer outputs. 
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Fig. 6: Performance characteristics SRM with 18 pulse converter. 

 

 
 

Fig. 7: Performance characteristics SRM with 24 pulse converter. 
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Fig. 8: Performance characteristics of SRM with 24 pulse converter (FLC). 

 

Above simulation results shows the performance of SRM with improved performance by using the fuzzy 

logic controller based control of switched reluctance motor.  

 
Table I: Performances Analysis of converters 

Parameters 18 Pulse converter  24 pulse converter 24 pulse converter with  FLC 

Speed  450 RPM 1000 RPM 4000 RPM 

Torque 10 Nm 80Nm 60Nm 

Current 50A 100A 100A 

Flux 0.2Wb 0.3Wb 0.3Wb 

 

Compare the existing work i.e. 18 pulse converter getting low speed and low torque values and 24 pulse 

converter without FLC also getting lower values. But the proposed method is 24 pulse converters with FLC 

controller getting better results when compared with other two methods. 

 

Conclusion:  

This paper has developed a new type of AC - DC converter circuit for switched reluctance motor drive. The 

new fuzzy logic controller based converter implemented for 6 (or) 4 switched reluctance motor. Experimental 

results are obtained from MATLAB simulation and results are shown. By using this technique, the switched 

reluctance motor performance is improved by the fuzzy logic controller and the motor speed variations are 

controlled to have the rated speed of the motor. 
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