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ABSTRACT 
Background: Switched Reluctance Motor’s (SRMs) doubly salient structure and its high torque feature make it as to play 

important role in electric vehicle industry. The good efficiency, high torque and variable speed ratio in addition to low cost, high 

reliability and fault-tolerance make the Switched Reluctance Motor (SRM) a candidate with real chances on the market of vehicle 

propulsion. The main drawbacks of the SRM related to the torque ripple, acoustic noise and vibration make the research object in 

R&Ds all over the world. Objective: In this paper the objective of the work is focused on the development of an efficient design of 

drive system for 8/6 switched reluctance motor based upon Direct Torque Control (DTC) using evolutionary computing technique. 

DTC is implemented through Space Vector Modulation (SVM) technique which reduces the torque ripple and provides significant 

control over torque than conventional technique. Results: Evolutionary computing involves in tuning the controller parameter 

through genetic algorithm. Matlab/Simulink model is constructed for the proposed scheme of switched reluctance motor drive 

model and validate the work with minimization of torque ripple. Conclusion: The simulation results show that the designed PI 

controller performs satisfactorily to track the reference torque with actual torque. This new technique can be implemented in real 

time with low cost microcontrollers and higher simplicity. 
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INTRODUCTION 
 

The policies to reduce emissions from transportation are focusing on the optimization of the efficiency of 
the existing vehicles, and the electrification of the vehicles. The continuously increasing price of the permanent 
magnets and the shortage of rare earths demand the finding of alternatives in several domains as hybrid and full 
electric propulsion due to their best overall performances. The good efficiency, high torque and variable speed 
ratio in addition to low cost, high reliability and fault-tolerance make the Switched Reluctance Motor (SRM) a 
candidate with real chances on the market of vehicle propulsion. The converter topology and switching 
calculation because of the unipolar operation, keeping away from shoot through errors makes SRM worthwhile 
in utilizations of aviation, which require high unwavering quality. Additionally it finds wide application in car 
commercial ventures, direct drive machine apparatuses and so forth. 
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The main disadvantages of SRM are the highly nonlinear and discrete nature of torque production 
mechanism. The total torque in SRM is the sum of torques generated by each of the stator phase, which are 
independently controlled. When torque production mechanism is transferred from one active phase to another, 
pulsations are produced leading to vibrations and acoustic noise. The nonlinear magnetization characteristics 
make the control of motor really complex. 

The control of SRM is the late pattern of explorationas there are complications implemented due to mutual 
coupling of the motor phase and parameter variation of inductance characteristics. Previous control schemes 
involve using of linear or nonlinear models. An adaptive feedback controller assuming linear magnetic circuits 
was proposed in [1]. In another scheme, an analytical solution was developed for production motor voltages to 
provide a smooth torque [2]. 

 
Fig. 1:Measured Nonlinear Characteristics of SRM 

 
Though linear systems were simple, they were highly inaccurate as torque and flux are both nonlinear 

functions. So some schemes developed nonlinear characteristics of SR motor (Fig. 1). In [3] feedback 
linearization provides compensation for the magnetic nonlinearity. Also ripples were reduced to provide smooth 
torque in [4]. Some nonlinear adaptive schemes were also developed.  The implementation of a nonlinear model 
in real time was complex, expensive and affected by variations in saturation. To overcome all these problems, 
the Direct Torque Control (DTC) was proposed which gave straightforward answer for control the motor speed 
and torque and reduced torque ripple [5]. Early scheme used concept of short flux pattern that links two 
separated poles of the SRM stator. However, this needed a new winding configuration, which is expensive and 
inconvenient. This scheme can only be theoretically achieved, as they required bipolar currents in opposition to 
unipolar currents SRM. In recent day many more intelligent controller [6] [7] [8] were developed such as fuzzy 
logic controller and neural network controller in order to reduce torque ripple content in SRM drive system 
which provides many excellent results and can be effectively implemented if their complexity reduces. This 
paper mainly focused on implementation of genetic controller for driving SVM based DTC on SRM drive 
system which provides minimum torque ripple of 0.138 Nm, which were modeled through 
MATLAB/SIMULINK. This scheme reduces the complexity and gives better results of previous techniques so 
that it can be effectively implemented in hardware.  
 
SRM Drive System: 

The physical look of a SRM resemble that of other rotating motors (AC and DC) Induction Motor and DC 
motor and so forth. The structure of 8/6 (8 stator and 6 rotor) SRM is uncovered in Fig. 2. It has particularly 
important development. Normally number of stator and rotor poles is even number. The windings development 
of the SRM are exceptionally less difficult than that of different sorts of motor. Just winding is for stator poles, 
and basically twisted on it and rotor poles are unwinded. The winding of inverse poles is associated in 
arrangement or in parallel making no of phases exactly half the number of stator poles. Along these lines 
excitation of single phase energizes two stator poles. 

 
Fig. 2:Construction of 8/6 SRM 
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The rotor has simple coatedwith salient pole structure without winding. The  principle  operation  of  SRM  
is  grounded  on the tendency of an electromagnetic system to obtain a constant equilibrium  position  
minimizing  magnetic  reluctance. Whenever diametrically opposite stator poles of  a SRM are excited,  the  
closest  rotor  poles  are  attracted,  resulting  in torque  production.  When  these  two  rotor  poles  become 
aligned  with  the  two  stator  poles,  a  second  pair  of  stator  poles  is  excited  to  bring  a  second  pair  of  
rotor  poles  into alignment. The successive movement of a 4 -phase, 8/6 SRM is shown in Fig. 3.  The 
synchronization of the stator phase excitation is readily accomplished with rotor position feedback. 

 
 
Fig. 3: Construction of 8/6 SRM 

 
In the fully-aligned position, the phase winding inductance is maximum and the reluctance of the magnetic 

circuit is minimum. Similarly in the non-aligned position, the inductance is minimum and the reluctance S is 
maximum. The motor torque is expressed as given in equation 1.  
 

T = �
� i� ��

�ϑ       (1) 

 
Rotor has six poles, therefore, when rotor completes one revolution, inductance will pass through 6 

maximum and 6 minimum values. The angle between the axes of two consecutive rotor poles is 60º and that of 
stator poles is 45º, hence, if variation of inductance for phase2 is plotted, it will have similar variation as of 
phase1, but displaced by 15º. Therefore waveforms of phase 3 and 4 will similarly be shifted with respect to 
phase1 waveforms by 30º and 45º respectively. 

Torque ripple is characterized as the contrast between the most extreme and least quick torque 
communicated as a rate of the normal torque amid steady state operation. Scientifically, Percentage Torque 
ripple is communicated as given in condition (2). 

Torque Ripple�%� = ���������������������
�� ! × 100       (2) 

 Where%&'() is the instantaneous torque and %*+, is the average torque. 
 
Direct Torque Control: 
Based on field oriented control the direct torque control system works. Field Oriented Control (Vector Control) 
takes after space vector hypothesis to control magnetic field introduction and direct discretion sets up an 
interesting recurrence of inverter working given a particular dc link voltage and a particular stator flux level. 
The working guideline of DTC is to first recognize stator voltage vectors as indicated by the contrasts between 
the reference torque and the real estimations of stator flux linkage. The standards of DTC in the ac machine can 
be inferred by investigating the motor equations. The stator flux linkage vector can communicated as underneath 
condition (3). 
 

-(..../ = 0�1..../ − 3/4�56      (3) 
 
Different techniques have been proposed in the past to minimize torque ripple. The proposed technique is 

Space vector modulation (SVM) based DTC of 4 phase 8/6 SRM by choosinganappropriate set of 8 space 
voltage vectors. The DTC of SRM drive is simulated for consistent torque burden to watch the steady state and 
transient execution of the drive. It is watched that the torque is kept up inside the set hysteresis band. This new 
arrangement of space vectors demonstrates a critical change in the torque execution of DTC based SRM 
contrasted with the present control technique. 

On the basis of the errors calculation between the reference value and estimated values of torque and also 
flux, it is easy to directly control on the inverter states in order to decrease the torque and flux error within the 
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prefixed band limits. The DTC scheme as initially proposed is very simple; in its basic configuration. It consists 
of pair of hysteresis comparator, torque and flux calculator, a lookup table, and voltage source inverter. The 
configuration is much simpler than FOC system due to the absence of frame transformer, pulse width 
modulator, and position encoder. The general block diagram of DTC is shown in Fig. 4. Two of the major issues 
which are normally addressed in DTC drives are the variation of switching frequency of the inverter used in the 
DTC drives with operating condition and the high torque ripple. 

 
Fig. 4: Block Diagram of DTC 

 
It is shown that the switching frequency is highly influenced by the motor speed. The motor DTC system 

comprises of three basic functions, namely: A motor model estimates the actual torque, stator flux and shaft 
speed by means of measurement of two motor phase currents, the immediate circuit DC voltage on the state of 
the power switched. Calculations are performed every 25 microseconds and these include corrections for 
temperature and saturation effects. The parameter of the motor model is estimated by an identification run, 
which made during commissioning. A two level hysteresis controller, where the torque and flux references are 
compared with the actual values calculated from the motor model. The magnitude of the stator flux is normally 
kept constant and the motor torque is controlled by means of the angle between the stator and rotor flux. 
Optimal switching logic that translates the controller output into the appropriate commands to the power 
switching devices. There are eight voltage vectors available in the two level voltage source inverter and the 
optimum switching logic determines the required selection every 25 microseconds. 
 
Space Voltage Vector for SRM: 

Like the AC drives, SRM likewise characterize the comparable space vectors. The voltage space vector for 
every phase is characterized on the center axis of the stator shaft in light of the fact that the flux linkage for a 
current and voltage connected to the motor phase will have phasor course in accordance with the center of the 
pole axis which does not require any physical change in winding topology. It is appeared in Fig. 5, every motor 
phase can have three conceivable voltage states for a unidirectional current. At the stage, when both switches in 
a motor phase are turned on. For this situation positive voltage is given to the motor phase. At the point when 
current begins streaming one device is turned off, along these lines a zero voltage circle happens and the state 
succession is given as 0. At long last, when both devices are turned off, there is no present or freewheeling 
current courses through the upper diodes. For this situation negative voltage is experienced by the motor phase 
and the state arrangement is characterized as negative voltage. Among the eight conceivable expresses any one 
is chosen at one time so as to keep the stator flux linkage and the motor torque inside hysteresis groups. 

 
Fig. 5: SRM Phase Voltage States 

 
As in the conventional DTC scheme, if the stator flux linkage lies in the k-th zone, the magnitude of the 

flux can be improved by the importance if  switching vectors v(k+1) and v(k-1) and diminished by the presence 
of vectors v(k+2) and v(k+2). Hence whenever the stator flux linkage reaches its upper limit in the hysteresis 
band, it is reduced by applying voltage vectors which are directed toward the center of the flux vector space and 
vice-versa. 



10                       T. Srihari et al., 2016/Advances in Natural and Applied Sciences. 10(8) June2016, Pages: 6-14 

 

The motoring torque is controlled by an acceleration or deceleration of the stator flux relative to the rotor 
movement. Hence, if an increase in torque is required, voltage vectors that advance the stator flux linkage in the 
direction of rotation are selected. This corresponds to selection of vector v(k+1) and v(k+2) for a stator flux 
linkage in the k-th zone. When the torque is to be decrease, voltage vectors are applied which decelerate the 
stator flux linkage vector. This corresponds to the vectors v(k-1) and v(k-2) in the zone k. Switching table for 
controlling the stator flux linkage and motor torque can be defined as shown in Table 1. 
 
Table 1:Switching Table for DTC 

Torque INCREASE INCREASE DECREASE DECREASE 
Flux INCREASE DECREASE INCREASE DECREASE 
Selection of Vector v(k+1) v(k-1) v(k+2) v(k-2) 

 
In order to control the flux and torque within the hysteresis bands, the instantaneous torque and stator flux 

vector magnitude must be known. In the SR motor voltages in the motor are highly non-sinusoidal and thus 
more effective insight may be gained by firstly finding the individual flux linkages of each phase using the 
voltage. 

 

 
Fig. 6: Space Voltage Vector for SRM 

 
In this case the magnitude of the individual phase flux linkages varies with time, but the direction is always 

along the stator pole axis. Torque look up table estimated previous and stored processor for adjustable Dwell 
angle. Space voltage vector representation for 8/6 switched reluctance motor is shown in Fig. 6. Pseudo codes 
for different voltage states were depict in Table 2. 

 
Table 2: Pseudo Code for Voltage States 

Voltage 
vectors 

Voltage states for four phase Voltage 
Vector 

Voltage state for four phase 

A B C D A B C D 
V1 1 1 0 0 V5 -1 -1 0 0 
V2 0 1 1 0 V6 0 -1 -1 0 
V3 0 0 1 1 V7 0 0 -1 -1 
V4 -1 0 0 1 V8 1 0 0 -1 

 
Control switching table is used to select the voltage command based on the present zone of the flux linkage 

that can be determined by the angle. For the first time, considering 4phase motor, vector number is four and so 
combination of vector is zero with appear on rectangular plane.  In real system arbitrary phase will be excited 
first to detect the initial rotor position. Rotor position move to arbitrary aligned position. Therefore we solve this 
problem with initial value of 45 degree on 4 phase. The orthogonal flux vector are expressed as 
ψ
α

= ψ� − ψ� cos 60° − ψ: cos 60°     (4) 
ψ
β

= ψ� sin 60° − ψ: sin 60°       (5) 

The magnitude of -./ and angle < of the equivalent flux vector is defined as 

ψ= = >ψα� + ψ
β

�          (6) 

δ = arctan �ψβ
ψα

�        (7) 

 
Proposed Evolutionary Computing Technique: 
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The GA has discovered application in the region of the programmed tuning process for traditional and 
intelligent controllers. Same exploration has been directed utilizing genetic algorithms to help on
off control frameworks. It has basically been used as a logged off procedure for performing a guided quest for 
the ideal answer for an issue. In this paper, the GA is utilized logged off controller execution to adaptively seek 
through a populace of controllers and decide the part most fit to be implemented over a given sampling period

Here in Genetic PI controller tuning, each chromosome has a genes producing as possible proportional and 
integral gain values. The implementation of GA
torque ripple and to obtain quick torque response. The block diagram of the proposed project is shown in Fig. 7.

Fig. 7: Block Diagram of Proposed Scheme
 
In this proposed model, feedback signals are the position 

is used to calculate the torque. The PI controller with signal generator is used to control turn
off angle θoff, and pulse width modulation duty cycle.

The steps for torque control are summarized as follows:
1 The current and rotor position signal of the SRM
2 Current error due to change are calculated
3 Select the number of digits to represent each controller parameter

probability (pc) and mutation probability (pm).
4 Assume an initial population of Kp and Ki gains (we make a random selection) sample time T and set 

time t. 
5 ProduceKp and Ki gain values for the error 

to the converter. 
6 The motor torque ripples is reduced effectively 

turn on and turn off angles. 

These are the several steps that involve in our proposed project to 

genetic algorithm principles. 

 
Simulation Model: 

To simulate the system a Matlab/Simulink closed loop model based upon evolutionary computing of DTC 
of 8/6 SRM was constructed as in Fig. 8. The motor parameter such as 
obtained from 4B SRM. The four phase flux vector is transformed on to a stationary orthogonal 
frame to calculate the net flux. The multiphase drives divide the controlled power on more inverter legs. The
increased phase number reduces the current stress on each switch.

Fig. 8: Simulink Modeling of Proposed Scheme
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Kp and Ki gain values for the error value and it determine the proper turn on and turn off angle 

The motor torque ripples is reduced effectively by proper selection of Kpgain values

These are the several steps that involve in our proposed project to minimize the torque ripple using 

To simulate the system a Matlab/Simulink closed loop model based upon evolutionary computing of DTC 
of 8/6 SRM was constructed as in Fig. 8. The motor parameter such as torque, phase flux and position are 

SRM. The four phase flux vector is transformed on to a stationary orthogonal 
frame to calculate the net flux. The multiphase drives divide the controlled power on more inverter legs. The
increased phase number reduces the current stress on each switch. 
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b,c,d  the position signal 
is used to calculate the torque. The PI controller with signal generator is used to control turn-on angle θon, turn-

Kp and Ki, choose crossover 

an initial population of Kp and Ki gains (we make a random selection) sample time T and set 

the proper turn on and turn off angle 

Kpgain values, Ki gain values, 

minimize the torque ripple using 

To simulate the system a Matlab/Simulink closed loop model based upon evolutionary computing of DTC 
torque, phase flux and position are 

SRM. The four phase flux vector is transformed on to a stationary orthogonal C − D reference 
frame to calculate the net flux. The multiphase drives divide the controlled power on more inverter legs. The 
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The converter topologies selected for giving input to the Switched Reluctance motor is asymmetrical 
converter. This torque ripple is a particular characteristic of the SRM and it depends mainly on the converter s 
turn-on and turn-off angles. The SRM torque characteristic can be optimized by applying appropriated pre-
calculated turn-on and turn-off angles in function of the motor current and speed. 

 
RESULTS AND DISCUSSION 

 
For the purpose of analysis, a comparative work is done between conventional technique and evolutionary 

computing based DTC of 8/6 SRM and percentage of torque ripple is compared. A DC supply voltage of 120 V 
is used for the converter configuration. The torque gets controlled when comparing with previous conventional 
technique. The simulation result of proposed space vector modulation based direct torque control of Switched 
Reluctance Motor is shown in Fig. 9. And its maximized view is shown in Fig. 10.The FFT analysis on 
conventional system and proposed schemes were shown in Fig. 11. & Fig.12. The results were obtained from 
the model developed from four phase 8/6 switched reluctance motor implementing direct torque control based 
upon space vector modulation technique and Genetic Algorithm were implemented for tuning of PI controller to 
minimize the torque error. The torque ripple is reduced much reduced than conventional technique. Hence space 
vector modulation implemented in DTC holds good control over torque response.  

The simulation results show that the designed PI controller performs satisfactorily to track the reference 
torque with actual torque. It is also observed that the designed PI controller completely eliminates ripples at high 
speeds. The designed PI controller is tuned through genetic algorithm which is done through effective selection 
of global best and local best done through random selection. The simulation result made the quicker 
convergence of PI controller by effective genetic tuning of Kp and Ki values than conventional system. The 
comparison Table 3. for the proposed design of Direct Torque Control with Genetic PI Controller with other 
controller is made on discussing the torque ripple parameter on closed loop design. 

 

 
Fig. 9: Simulation Result of Proposed System for 5 Nm. 
 

 
Fig. 10: Magnified view of Simulation for 5 Nm. 
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Fig. 11: FFT Analysis for Conventional System 

 
Fig. 12: FFT Analysis for Proposed Scheme 

 
Table 3:Comparison Table of Torque Ripple for Different Controller 

CONTROLLER TORQUE RIPPLE (Nm) TORQUE RIPPLE (%) 

Conventional Controller 0.42 Nm 21 % 
Genetic PI Controller 0.22 Nm 11 % 
Direct Torque control with PI controller 0.172 Nm 8.8 % 
Direct Torque Control With Genetic PI Controller 0.138 Nm 6.9 % 

 
Conclusion: 

Direct Torque Control (DTC) for 8/6 SRM drive based upon evolutionary computing is made through 
comparing the actual torque with reference torque and generating error and then error is tuned by genetic based 
PI-controller. DTC is implemented through space vector modulation thus by effective switching of nine voltage 
vector to the convertor at appropriate switching time and angle for smooth operation of motor. The quicker 
convergence of PI controller is made through evolutionary computing. The results obtained from the 
Matlab/Simulink model validate the proposed scheme by reducing the ripple than conventional controller. The 
GA-PI Controller technique produce the quick torque response and reduced torque ripple than the individual 
controllers such as PI, Neural, and Fuzzy logic controllers. By applying this technique the torque is maintained 
at 23.5 Nm and the ripple is reduced to 11% where as in the conventional methods the torque is about 22%. 
Hence by using this GA-PI controller the torque ripple is minimized effectively. 
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