
 

 

Abstract—This paper presents a mathematical model of the 
dual rotors switched reluctance motor. The magnetic flux density, 
magnetic energy storage, magnetic flux and magnetic flux 
linkage are described. The pictures of magnetic-flux paths 
distribution and magnetic flux density at different position are 
given. This study achieves optimization in structure are based on 
the present model. 
Index Terms—Switched Reluctance, motor design, dual rotors. 

I. INTRODUCTION 
Switched reluctance motor (SRM) drive has a lot 

advantages and has a wide range of industrial applications [1]-
[5].  Features like enhancing the reliability, reducing the noise 
and vibration [6]-[8] contribute significantly to the 
generalized applications of switched reluctance motor drive in 
industries. 

In this paper, a dual rotors switched reluctance motor is 
designed by using finite-element method (FEM). Calculation 
and analysis of the electromagnetic torque have been 
performed. The flux distributions are obtained. The 
optimization in structure and geometry size is studied with the 
proposed model. 

II. MODEL FOR DUAL ROTORS SWITCHED RELUCTANCE 
MOTOR 

As shown in Fig.1, there are one stator, the inner rotor, the 
outer rotor, the stator winding, the inner rotor winding, inner 
airgap and outer airgap in the dual rotors switched reluctance 
motor.  
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Fig. 1. Section of the dual rotors switched reluctance motor. 

 
The following assumptions based on experience as well as 

the experiment are proposed for the present motor model. 
1) Ignoring end effects and the magnetic field is axially 

uniform distribution. The magnetic vector potential A
r

 and 

current density J
r

 only have the z coordinate axial component 

of zA
r

 and zJ
r

, so the magnetic flux density only have the 

components of xB
r

 and yB
r

. 

2) The magnetic field is limited only to the internal motor. The 
internal boundary of the rotor and the external boundary of the 
stator are considered to be the zero vector magnetic potential 
line. 
3) Neglecting hysteresis effect, the magnetization curve of the 
material of iron core is considered to be a single value. 
4) Excluding the eddy current effect of the alternating 
magnetic field in the conductive materials, so that the 
magnetic field of the dual rotors switched reluctance motor 
can be used as a nonlinear and seemingly stable magnetic field. 

The external motor is as follows, 
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and the internal motor is as follows, 
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where 1Γ , 2Γ  are respectively the outer circumference of the 

stator and the inner circumference of the middle rotor, 3Γ , 4Γ  
are respectively the outer circumference of middle rotor and 
the inner circumference of the inner rotor, 1zJ

r
 is the current 

density of the stator winding, 2zJ
r

 is the current density of the 

inner rotor winding, 1zA
r

 and 2zA
r

 are the z coordinate axial 
component of the magnetic vector potential, µ  is 
permeability of material. 

The magnetic flux density is 
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The magnetic energy storage density is described as 
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where Ω  is the volume of the motor, H
r

 is the magnetic field 
intensity. 

III. ANALYSIS 
The two-dimensional finite element mesh on the motor is 

shown in Fig.2, while a) mesh on section of the motor, b) 
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subdivision mesh on airgap. 1θ  is the position angle between 
middle rotor and stator; 

2θ  is the position angle between 
middle rotor and inner rotor. The magnetic-flux paths 
distribution is described in Fig. 3, while, a) o01 =θ , o02 =θ , b)  

o601 =θ , o602 =θ . The magnetic flux density is shown in 
Fig. 4, while, a) o01 =θ , o02 =θ , b)  o601 =θ , o602 =θ . Fig. 
5 gives the calculated four phase windings current of stator 
and Fig. 6 gives the calculated four phase windings current 
of inner rotor. The calculated magnetic flux of the external 
motor is shown in Fig. 7, and the calculated magnetic flux 
of the internal motor is shown in Fig. 8. The calculated 
torque of middle rotor is also shown in Fig. 9. The 
optimization in structure and geometry size is studied with the 
proposed model. 

 

                    
                         a) section                                               b) airgap 
Fig. 2.  Two-dimensional finite element mesh. 
 

          
                a) o01 =θ , o02 =θ                            b) o601 =θ , o602 =θ  
Fig. 3.  Magnetic-flux paths distribution. 
 

         
                a) o01 =θ , o02 =θ                            b) o601 =θ , o602 =θ  
Fig. 4.  Magnetic flux density. 
 

 
Fig. 5.  Calculated four phase windings current of stator. 

 
Fig. 6.  Calculated four phase windings current of inner rotor. 
 

 
Fig. 7.  Calculated magnetic flux of the external motor. 
 

 
Fig. 8. Calculated magnetic flux of the internal motor. 
 

 
Fig. 9. Calculated torque of middle rotor. 

IV. CONCLUSION 
 In this paper, a model for dual rotors switched reluctance 

motor has been introduced. This model can optimize structure 
and geometry size of the motor. Considering the limitation of 
stator outer diameter and the limitation of inner rotor inner 
diameter, the configuration intensity and manufacture 
techniques, the final geometry size can be designed. 
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