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Abstract- Now a days, the 6/4 Switched Reluctance Motor (SRM) is used in applications such as starter generator system, 

industrial fans, blowers, pumps, mixers, centrifuges, machine tools, domestic appliances, aircraft, ships,etc., because of its high 

torque inertia ratio and simple in structure i.e., it is not having windings, brushes on the rotor. Its simple structure, ruggedness and 

inexpensive manufacturing capability makes it more attractive for industrial applications. 

The procedure for the designof6/4 Switched Reluctance Motor (SRM) starts with selection of a frame size and 

progressestotheselectionofvariousdimensionsinamethodicalmanner.Withtheselectionof dimensions, a procedure to calculate the 

inductance in the aligned and unaligned position is outlined. This was initially done by many methods which have been outlined 

by different authors. The problems with this prior material are the lack of transparency between the assumptions those are made 

and resulting equations. The procedure outlined here allows the designers to use first principles thus making it portable to different 

configurations of switched reluctance machines.Additionally,  there  is  an  attempt  to  calculate  inductance  in  various 

intermediate positions  of  the  rotor  between  the  aligned  and  unaligned  positions. 

Keywords: MAT LAB / SIMULINK 

 

1.INTRODUCTION 

An SR motor is essentially a high-power, high-speed motor 

meant to drive loads continuously; unlike a step motor 

which is mainly a position actuator intended to develop a 

torque with low speed. Thus in an SRM there is no need to 

go for small step angles, i.e., the effective number of poles 

need not be large. The step angle in an SRM could be 90º, 

45º, 30º and 15º, etc. Because of its large power rating, it is 

important to improve the ratio of watts to VA (the so-called 

energy conversion efficiency or normally what we called the 

p.f. ) and also the power efficiency (the shaft output  to the 

motor input in watts). 

To improve the power factor it is necessary to switch ON 

and OFF the phase windings at precise instants of rotor 

position to avoid zero and negative torque production to 

improve power efficiency it is necessary to feed back the 

remaining energy in the inductance of the winding to the 

mains supply rather than dissipate it in a freewheeling diode 

or a diode with a resistor. 

Now a days, SRM is used in applications like Motor 

scooters and other electric and hybrid vehicles, starter 

generator system, industrial fans, blowers, pumps, mixers, 

centrifuges, machine tools, domestic appliances, aircraft, 

ships etc because of its high torque inertia ratio and simple 

in structure i.e., it does not having windings, brushes on the 

rotor.  

In this the Hysteresis current controller is used for the 

performance analysis of Switched reluctance motor. The 

Hysteresis current controller is one of the best solutions for 

most of the SRM system. The Hysteresis current controller 

regulates the current within a specific band. The band is 

chosen depending on the sample size of data acquisitions 

system. The band usually specified in terms of percentage 

of the reference current. The Hysteresis-band PWM is 

basically an instantaneous feedback current control method 

of PWM where the actual current continuously tracks the 

command current within hysteresis band. 

 

2.MODELING OF SWITCHED RELUCTANCE MOTOR 

A general schematic of a drive system shown in Fig 3.1 is 

considered. Practical drive systems may vary from this 

general schematic. Variations from this block diagram may 

be minor, are usually confined to the controller section, and 

are specific to applications. Therefore, only common but 

essential elements of the drive system are given 

consideration to generalize the procedure. Application-

specific controller blocks can be modeled similar to the 

modeling process developed in the controller subsection. 

The modeling of various subsystems of the SRM drive is 

considered in this section. The modeling procedure for the 

machine in terms of its three dimensional relationships of 

flux linkages, current, and rotor positions and air gap, 

torque, current, and rotor position is derived. Given a torque 
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command, the current reference for a particular rotor 

position is found from these three-dimensional relationships. 

When the current reference is enforced through a converter, 

one or more phases of the machine windings are impressed 

with a voltage. The machine equations, the input voltages, 

and the machine characteristics captured in the three-

dimensional relationships are used to determine the phase 

currents, air gap torque, rotor speed, and rotor position. With 

the available computed currents and rotor speed, their 

respective errors are then found for use in the controller to 

determine the reference current and torque.  

 

2.1.1 MACHINE MODEL 

The magnetization characteristics of the machine can be 

obtained from finite element simulation of the machine 

given the B-H characteristics of the lamination material, 

machine dimensions, and winding data. However they may 

be obtained, a large data set in the form of three-dimensional 

relationships results for flux linkages vs. current vs. rotor 

position and air gap torque vs. current vs. rotor position. 

These characteristics are shown for an 8/6 machine in 

Figures 3.2 and 3.3, respectively, for a finite set of currents 

and rotor position. For currents and rotor positions within 

the given finite sets there could be infinite sets, and for these 

sets a procedure is required to compute the flux linkages and 

air gap torque. Further, the handling of such large data sets 

is a formidable problem in the modeling process. Some 

methods are discussed here to model the machine 

characteristics. Only one phase is considered, and its 

extension to other phases is achieved considering the 

appropriate position shift between the phases and applying it 

to the known phase characteristics. 

 
Figure2.1 closed loop, speed-controlled SRM drive system   

 
Figure 2.2 Flux linkages vs. rotor position characteristics of 

an 8/6 SRM. 

 
                  Figure 2.3 Air gap torque vs. rotor position 

characteristics of an 8/6 SRM. 

 

2.2 MODELING EQUATIONS 

 

U = Ri + 
dψ(θ,i)

dθ
 = Ri + 

dψ(θ,i)

dθ

di

dt
  + 

dψ(θ,i)

dθ

dθ

dt
 

T(𝜃,i)=
∂ ∫ ψ(θ,i)di

I
0

∂θ
 

 w =
dθ

dt
 

T − Tl = J
dw

dt
+ Bw 

 

2.3 EQUIVALENT CIRCUIT  

An elementary equivalent circuit for the SRM can 

be derived neglecting the mutual inductance between the 

phases as follows. The applied voltage to a phase is equal to 

the sum of the resistive voltage drop and the rate of the flux 

linkages and is given as 

V=Rsi +
dλ(θ,i)

dt
 

Where Rsis the resistance per phase and λ is the flux linkage 

per phase given by 

λ = L(θ, i)i 

where L is the inductance dependent on the rotor position 

and phase current. The phase voltage equation, is       

V= Rsi +
d{L(θ,i)i}

dt
 

    = Rsi + L(θ, i)
di

dt
+ i

dθ

dt
 .

dL(θ, i)

dθ
 

    = Rsi + L(θ, i)
di

dt
+

dL(θ, i)

dθ
wmi 

In this equation, the three terms on the right-hand side 

represent the resistive voltage drop, inductive voltage drop, 

and induced emf, respectively, and the result is similar to the 

series excited dc motor voltage equation. 

The induced emf, e, is obtained as 

     e=
dL(θ,i)

dθ
wmi = Kbwmi 

 

where Kbmay be construed as an emf constant similar to that 

of the dc series excited machine and is given here as 

       Kb =
dL(θ,i)

dθ
   

Note that the emf constant is dependent on operating point 

and is obtained with constant current at the point. From the 

voltage equation and the induced emf expression, the 

equivalent circuit for one phase of the SRM is derived and 

shown in Figure 3.4. 
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Substituting for the flux linkages in the voltage 

equation and multiplying with the current results in 

instantaneous input power given by 

 

pi = vi = Rsi2 + i2
dL(θ, i)

dθ
+ L(θ, i)i

di

dt
 

 

 
Fig 2.4Single-phase equivalent circuit of the SRM. 

Here, the last term is physically uninterruptable; to draw a 

meaningful inference, it may be cast in terms of known 

variables as in the following 

d

dt
(

1

2
L(θ, i)i2) = L(θ, i)i

di

dt
+

1

2
i2

dL(θ, i)

dθ
 

Substituting the above into Eq. (1.20) gives 

pi = Rsi2 +
d

dt
(

1

2
L(θ, i)i2) +

1

2
i2

dL(θ, i)

dθ
 

where piis the instantaneous input power. This equation is in 

the familiar form found in introductory electro mechanics 

texts, implying that the input power is the sum of the 

winding resistive losses given byRsi2, the rate of change of 

the field energy given by P[
1

2
L(θ, i)i2 ], and the air gap 

power, Pa, which is identified by the term [i2PL(θ, i)]/2, 

where p is the differential operator, d/dt. Substituting for 

time in terms of the rotor position and speed, with 

     t=
θ

wm
 

In the air gap power results in 

 

Pa =  
1

2
i2

dL(θ, i)

dθ
=  

1

2
i2

dL(θ, i)

dθ
.
dθ

dt
 

       =  
1

2
i2

dL(θ, i)

dθ
Wm 

The air gap power is the product of the electromagnetic 

torque and rotor speed given by 

Pa =  WmTe 

from which the torque is obtained by equating these two 

equations as 

Te =  
1

2
i2

dL(θ, i)

dθ
 

This completes development of the equivalent circuit and 

equations for evaluating electromagnetic torque, air gap 

power, and input power to the SRM both for dynamic and 

steady-state operations. 

3. SWITCHED RELUCTANCE MOTOR DRIVE  

 
                   Fig. 3.1 switched reluctance motor  

90kw, 2500rpm, switched reluctance motor drive as shown 

in fig 5.1 The SRM Drive consists of input 

electromagnetic interference filter, integrated circuit unit, 

control circuit and switched reluctance motor. In order to 

reduce the input voltage ripples, input electromagnetic 

interference filter used.  Simulation of switched reluctance 

motor results torque ripples, line currents and speed of the 

motor. A torque ripple of the switched reluctance motor 

minimized by varying air gap with hysteresis current 

control technique. Integrated circuit unit is connected 

between input filter and switched reluctance motor. 

MATLAB SIMULINK models. 

 

3.2 RESULTS FOR AIR GAP 0.01 

 
 

 

Figure 3.2: Phase Voltages 

 
Figure 3.4: Line Currents                                      
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Figure 3.5: Electromagnetic torque 

 

 
Figure 3.6: Speed of the motor 

 
Figure 3.7: Input Voltage [DC Bus Voltage] 

 

3.3 RESULTS  FOR AIR GAP 0.02 

 

 

 

 

 

 

 

 

 

Figure 3.8: Triggering pulses 

 

 

 

 

 

 

 

 

 

Figure 3.9: Phase Voltages  

 
Figure 3.10: Line Currents

 
Figure 3.11: Electromagnetic torque 

 
Figure 3.12: Speed of the motor 

 
Figure 3.13: Input Voltage [DC Bus Voltage] 

 

4. CONCLUSIONS 

The switched reluctance motor is excited by constant dc 

voltage source and it runs constant speed. The simulation 

waveforms are taken for torque ripples, three phase line 

currents and speed of the switched reluctance motor. The 

SRM Drive consists of input electromagnetic interference 

filter, integrated circuit unit, control circuit and switched 

reluctance motor. In order to reduce the input voltage 

ripples, input electromagnetic interference filter is used. The 

torque ripple in switched reluctance motor is minimized by 

varying air gap length with hysteresis current control 

technique. Integrated circuit unit is connected between input 

filter and switched reluctance motor and works like a closed 

loop control system. 
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Only the stator is having windings, while the rotor is made 

of steel laminations without conductors or permanent 

magnets to reduce its cost. The SRM, is a very reliable 

machine because each phase is largely independent 

physically, magnetically, and electrically from the other 

machine phases. It is achieves very high speeds (20000—

50000 rev/m) because of the lack of conductors or magnets 

on the rotor. The SRM always be electronically commutated 

and thus cannot run directly from a dc bus or an ac line for 

causing strong nonlinear magnetic characteristics, by 

complicating its analysis and control. The SRM has shown 

strong torque ripple and noise effects. The SRM motion is 

produced because of the variable reluctance in the air gap 

between the rotor and the stator. When a stator winding is 

energized, producing a single magnetic field, reluctance 

torque is produced by the tendency of the rotor to move to 

its minimum reluctance position. When a rotor pole is 

aligned with a stator pole there is no torque because field 

lines are orthogonal to the surfaces considering a small gap. 

In this position, the inductance is maximum since reluctance 

is minimum (one neglects the reluctance of the magnetic 

circuit). If one displaces the rotor from this position, there 

will be torque production that will tend to bring back the 

rotor toward the aligned position. The current is injected in 

the phase in to the unaligned position there will be no torque 

production (or very little). 

The simulation results of SRM for the air gap 

length of 0.01mm and 0.02mm are obtained and the 

dynamic characteristics of the switched reluctance motor 

are investigated. The simulation is carried for the switched 

reluctance motor with the help of MATLAB/SIMULINK. 

It is verified that as the air gap decreases to a minimum 

value the maximum torque is possible for a given current 

and It is also verified that from Matlab/Simulink the 

torque ripple is minimized with increase in air gap lengths.  

REFERENCES 

[1] F.Soares, Costa Branco, P. J Simulation of a 6/4 

switched reluctance motor based on Matlab/Simulink. 

[2] Rodrigues. M., Suemitsu. W. I. Costa Branco, P. J., 

Dente Fuzzy logic control for a switched reluctance motor. 

[3] Rodrigues. M. Costa Branco, P. J & Suemitsu. W. Fuzzy 

logic torque ripple     Reduction by turn-off angle 

compensation for switched reluctance motors. 

[4] Bose. B. K., Miller. T. J. E., and szczesny. P. M.(1986) 

Microcomputer control of     switched reluctance motor. 

[5] Lawrenson. P. J. Stephenson, J. M., Blenkionsop. P. T., 

Corda. J  and Fulton. N. N. (1980) Variable-speed switched 

reluctance motor. 

[6] Henriques, L., Rolim, L., Suemitsu, W., Costa Branco, 

P.J  and Dente, J.A 

 Torque ripple minimization in a switched reluctance drive 

by neuro-fuzzy             compensation. 

[7] Stephenson. J. M.. and Corda. J. (1979)  Computation 

torque and current in doubly salient reluctance motors from 

nonlinear magnetization data. 

[8] Franceschini, G., Pirani. S., Rinaldi, m., and Tassoni, 

C.(1991)  SPICE assisted         simulation of controlled 

electric drives: An application to switched reluctance          

drives. 

[9] Pulle, D. W. J., and Peterson, I. R. (1997)  A generalized 

approach to torque and current computation. 

 [10] Ichinokura, O., Onda, T., Kimura, M., Watanabe. T., 

Yanada. T., and Guo,        H.J.(1998) Analysis of dynamic 

characteristics of switched reluctance motor based         on 

SPICE..  


