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ABSTRACT  

 

 The torque production in switched reluctance motor structures comes from the tendency 

of the rotor poles to align with the excited stator poles. However, because SRM has doubly 

salient poles and non-linear magnetic characteristics, the torque ripple is more severe than 

these of other traditional motors. The torque ripple can be minimized through proper control 

technique and correct choice of power electronic converters. In this paper TSF control 

technique is implemented, which is indirect control technique among advance control 

technique. The asymmetric half bridge converter and component sharing converter along with 

the TSF control strategies are simulated in MATLAB/SIMULINK inorder to evaluate the 

performance of SRM drives.  
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INTRODUCTION  

Electrical machines are broadly classified into two, according to how they produce 

torque i.e. electromagnetically or by variable reluctance. Switched Reluctance Motor comes 

under the category of second. In this method motion is produced by variable reluctance in the 

air gap. It is the simplest among electrical machines. The SRM has following advantages such 

as low cost, robust construction, high thermal capability and speed potential.  The operational 

principle of SRM drive is quite simple, but proper control technique and proper combination 

of motor- converter is not developed sufficiently. Due to this limitation the industrial 

acceptance of SRM drive is quite slow. 

The negative characteristics of SRM motors include it is difficult to control and shaft is 

required inorder to operates the position sensors and it causes high torque ripple and higher 

noise level. The causes of the torque ripple include the geometric structure including doubly 
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salient motor, excitation windings concentrated around the stator poles and the working modes 

which are necessity of magnetic saturation in order to maximize the torque per mass ratio and 

pulsed magnetic field obtained by feeding successively the different stator windings. The phase 

current commutation is the main cause of the torque ripple. The torque ripple can be minimized 

through magnetic circuit design in a motor design stage or by using torque control techniques. 

This paper deal with four phase 8/6 SRM drive with a efficient torque control technique. 

The choice of proper electronic converter is also plays an important role. In this paper 

comparing two converter such as asymmetric converter and component sharing convert is 

comparing along with Torque Sharing Function. 

OPERATING PRINCIPLE OF SRM DRIVE 

The basic operating characteristics SRM drive is simple, as the current passes through 

the one of stator winding, the torque produced by the tendency of rotor to align with the excited 

stator pole. The direction of torque generated is a function of the rotor position with respect to 

the energized phase, and is independent of the direction of current flow through the phase 

winding. Continuous torque can be produced by intelligently synchronizing each phase’s 

excitation with the rotor position.  

THE CHOICE OF POLE AND PHASES 

By varying number of stator poles, number of rotor pole and no of phases the various 

SRM geometries can be realized. The increase in the number of SRM phases reduces the torque 

ripple, but at the expense of requiring more electronics with which to operate the SRM. At least 

two phases are required to guarantee starting, and at least three phases are required to insure the 

starting direction. The number of rotor poles and stator poles must also differ to insure starting. 

In this paper deals with four phase 8/6 SRM drives [1]. Generally accepted that SRM 

drive with four phase is designed for getting maximum output at constant excitation current. 

This will reduce the torque ripple and there by inherent vibration produced. They are preferred 

for high performance. Higher number of phase are used, it will increases the complexity and 

commutation frequency. The large number of power electronic devices and connections is a 

major drawback, limiting four phase motors to a specific application field. A practical 

limitation to consider larger phase numbers is the increase of the converter phase units, hence 

of the total cost. 

 

Fig. 1.Structure of 8/6 SRM 
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CONVERTERS 

Since the torque in SRM drives is independent of the excitation current polarity, the 

SRM drives require only one switch per phase winding.  Unlike the ac motor drives, the SRM 

drives always have a phase winding in series with a switch. Thus, in case of a shoot-through 

fault, the inductance of the winding limits the rate of rise in current and provides time to initiate 

the protection. Furthermore, the phases of SRM are independent and, in case of one winding 

failure, uninterrupted operation is possible. 

The current flowing through the SRM winding is controlled by switching on and off 

power electronic devices, such as MOSFETs or IGBTs, which connect each phase of SRM 

drive to the DC bus. The construction of the converters is done after the analysis of the control 

cycle interval. During the last years, various converters configurations used in SRM have been 

developed in the research laboratories. 

A. ASYMMETERIC HALF BRIDGE CONVERTER 

The asymmetric half bridge converter consists of two switches and two diodes, that is 

shown in Fig 2 Therefore for a four phase SRM drive it consists of eight switches and eight 

diodes. Turing on Q1 andQ2 circulate a current in the SRM phase. If the current rises above the 

reference value Q1 and Q2 turned off. The energy stored in the motor winding recharges the dc 

source through the diode D1 and D2, bring rapidly the current below the reference value. 

During the negative phase voltage there is repeated exchange of energy between dc source and 

the winding take place. The existence of freewheeling interval, thus the energy stored into the 

phase winding is not anymore return to the source. The freewheeling is happens by using two 

diodes and alternately turning off the Q1 and Q2 [3] Phase current in asymmetrical half bridge 

converter is controlled by selecting from three possible states: 

• Both switches in a phase leg are on, and phase is energized from power supply (   

magnetizing stage). 

• Both switches in a phase leg are off. Phase current commutates to the diodes and decays 

rapidly (demagnetizing stage). 

• Only one of the switches is off. The voltage across winding is near zero and phase 

current decays slowly (freewheeling) [2]. 

The asymmetric bridge converter is the most common topology used for SRM drives. 

This topology provide much faster rate of fall for the phase current which permits the motor to 

operate at higher speeds in comparison to other types of converters. Faster rate of fall for the 

phase current also reduces the shoot through fault .The asymmetric bridge converter provides 

freewheeling, regeneration and phase independence capability The asymmetric bridge circuit is 

more suitable for the high power drive than the other types of the circuit. Because of absence of 

the resistance commutation circuit there is no high heat generation in the asymmetric bridge 

converter. Also the absence of any coil in the asymmetric bridge converter there is no presence 
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of the copper losses. These reasons make the asymmetric bridge converter most suitable for 

high power drive [4]. 

 

Fig. 2.Asymmetric Half bridge converter 

The advantages of asymmetric bridge converter are as follows 

• Ideal for high performance current and torque control. 

• Allows greater flexibility in controlling machine current. 

• Capable of Positive, Negative, and zero voltage output. 

• Voltage stress across the switching element is restricted to Vdc. 

• The followings are the major disadvantages of the asymmetric bridge converter 

configurations of a switched reluctance motors 

• There are high switching losses occur in asymmetric bridge converter 

• Presence of larger heat sinks. 

• Asymmetric bridge converter not suitable for high power applications. 

• The major application of asymmetric bridge converter is in low power levels inverters fed 

from a voltage source 

B. COMPONENT SHARING CONVERTER 

The component sharing converter circuit for four phase SRM drive, which is illustrate 

in Fig 3. It can be observed that the component sharing converter needs eight IGBT modules 

and four diodes, in comparison to eight IGBT modules and eight diodes in asymmetric bridge 

converters. On the other hand, each phase is controlled by different switching devices. It is 

helpful to reduce the temperature rise and extend the lifetime of IGBT components [2]. 



International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com  Page 681 
 

 

 

Fig 3. Component sharing converter topology for four-phase SRM drives 

According to the principle of operation of SRM drives, the energy conversion process 

may occur simultaneously in two adjacent phases, in order to acquire high starting torque and 

low torque ripple. This mode of operation may cause a current overlap [5]. In the developed 

converter, therefore, alternate phases are grouped together, such as Phase A and Phase C, or 

Phase B and Phase D, shown in Fig 4. This allows independent current control of each phase 

with overlapping currents not exceeding one phase cycle duration. 

CONTROLLER 

The controller used is proportional plus integral controller (PI controller), which 

produces an output signal consisting of two terms - one proportional to error signal and the 

other is proportional to the integral of error signal. The advantages of both P- controller and I- 

controller are combined in PI controller. The proportional action increases the loop gain and 

makes the system less sensitive to variations of the system parameters. The integral action 

eliminates or reduces the steady state error. The integral action is adjusted by varying integral 

time. The change in value of Kp affect both the proportional and integral part of the control 

action. 

TORQUE SHARING FUNCTION 

The individual phase current can be controlled with a high bandwidth, then the problem 

of choosing the appropriate current waveform to ensure low ripple become the main issue. The 

torque produced by the individual phase can be co-ordinate and then the total torque can track 

the reference value generated by position and speed control loops. There is no unique 

distribution between the phases. So the torque sharing function and the associated current and 

torque waveform must be designed. The primary objective of this method is torque ripple 

minimization [6]. 

The torque ripple is the consequence of non linear torque- current- angle characteristics 

of the SRM discrete nature of the torque production mechanism. The torque ripple can be 

reduced by choosing advance control technique. The Torque Sharing function is the suitable 

method inorder to reduce the ripple. It is indirect control technique. In this method the torque is 

divided among the individual phase. In this the reference torques directly converted into 

reference current [7]. To select optimal TSF and optimize the parameter it is necessary to 
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specify the secondary objective such as minimizing of copper losses, phase voltage and peak 

phase current that are related to the drive efficiency, torque capability and peak current 

requirement of power converter. 

 

Fig. 4. TSF block diagram 

The input torque command T* is divided among four-phase SRM drive using torque 

sharing functional block. By this torque input command is divided into individual reference 

torque command according to the rotor position which is shown in Fig 4. Torque references of 

each phase are changed to the current command signal in the “Torque to Current” block. Since 

the output torque is determined by inductance slope changed by rotor position, so the reference 

current of each phase is determined by the target torque and rotor position [6]. The current 

command is controlled by the current controller block, which is given to power converter block 

and then to SRM drive. 

SIMULATION 

General simulation model of SRM drive is shown in Fig 5. TSF control technique is 

implemented in the simulation, which is most effective control technique. The two converters, 

i.e Asymmetric half bridge converter and component sharing converter is comparing. The 

performance of each converter is analyzed using MATLAB/Simulink software. 

To provide good control over the four phase 8/6 SRM drive, the TSF control technique 

is implementing. This will help to reduce the torque ripple. The motor speed along with a 

reference speed is given to speed controller. This converts the actual speed and reference speed 

to estimated flux and torque. The estimated value is given to torque flux hysteresis block which 

convert to simple error value and it is given to the switching tables which produces gate pulsed 

for the switches in the converter using SRM technique. The produced gate pulses are given to 

the converter which conducts the current which in turn controls the torque produced by the 

motor. 
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Fig. 5. General simulation model 

RESULT AND DISCUSSION 

In this paper output result of simulation while using two converters along with the TSF 

method is comparing, this is given in the Fig 6 and Fig 7. 

 

Fig. 6. Output waveform of Asymmetric converter 

 

 

Fig. 7. Output waveform of component sharing converter 

From the output wave it is clear that Component Sharing Converter along with TSF 

control Technique produces less torque ripple when compare with Asymmetric half bridge 

converters. Due to reduction in the components, switching losses and losses due to more 
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components are less in the component sharing converter. Thus total harmonics losses present in 

the component sharing converter is low. 

CONCLUSION 

The switched Reluctance motor (SRM) has several attractive features, such as simple 

construction, less expensive etc, thus it is more attractive for industrial application. But these 

advantages are shadowed by its inherent torque ripple, acoustic noise and difficult to 

control.The torque ripple can be minimized through proper control technique and correct 

choice of power electronic converters. In this paper TSF control technique is implemented, 

which is indirect control technique among advance control technique. The converters compared 

are asymmetric half bridge converter and component sharing converter. Component sharing 

converter when implemented with TSF control technique gives good result when comparing to 

asymmetric half bridge converter. It is very cost effective converter, produces less torque ripple 

and minimum losses when compare to other. 
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