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Double-stator switched reluctance generator (DSSRG) is a switched reluctance machine 

consisting of two stators and one rotor, it is potentially compact, low cost, efficient, high output power 
and power density. This paper presents design and simulation procedure for a DSSRG. Finite element 
analysis is applied to design and optimize DSSRG geometry by improving its back electromotive force, 
DSSRG drive is built to simulate operation and analyze performance. Eventually, the results are 
compared with the single stator switched reluctance generator with the same volume.  
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Introduction  

Switched reluctance machine (SRM) offers some 
advantages over conventional alternating current (AC) 
machines in generating and motoring modes. They are 
appropriate candidate for many industrial applications 
[1]. Doubly-fed induction machines, however, suffer 
from relatively low efficiency issue. Permanent magnet 
(PM) machines normally use expensive rare earth PMs 
in the rotor. Synchronous machine requires direct 
current (DC) excitation, slip rings and brushes, and 
needs some arrangements for its starting and 
synchronizing. To address these drawbacks, a switched 
reluctance generator (SRG) utilizing a rotor core with 
no PM has been recommended in [2]. The switching 
nature of the SRG operation makes it compatible with 
every application that requires variable-speed 
operation. In the case of aerospace and automotive 
applications, variable-speed operation is suitable for 
compatibility with the engine that drives the SRG [3]. 
Further, SRMs with multiphase excitation are more 
robust and have greater potential for fault tolerance 
compared with other synchronous machines. Many 
researchers to further performance improvements have 
proposed novel SRM configurations. A bipolar SRM 
with short flux path achieves a high efficiency, better 
power quality and low torque pulsation under single-
phase and multi-phase excitation [4]. A two-phase 
SRM has been presented in [5] with E-core structure to 
reduce the lamination material and hence iron loss. To 
enhance the torque in the SRMs, higher number of rotor 
poles than that of stator poles have been introduced in 
[6]. A double-stator SRM composing of two stators and 
one rotor has been presented in [7], [8], [9], to enhance 

the power density and reduce torque ripple. 
Furthermore, multiphase SRMs in terms of sensor-less 
control and fault-tolerance control has been presented 
in [10].  

 
Fig. 1. Geometry parameters of the motor. 

This paper addresses a new design for SRM coupled 
to a diesel generator. The machine is radial type 
consisting of 2 stators (inner/outer) with 12 poles and 6 
poles. Fig. 1 shows the geometrical parameters pf the 
machine. Performance of this machine will be 
compared with a convention single stator SRG to 
validate the merit of the proposed SRG.  

The paper is organized as follows. The Double-
stator switched reluctance generator (DSSRG) 
fundamentals are described in the section 2. Section 3 
fully investigates the DSSRG performance by 
simulations of various perspectives. Electro-magnetic 
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simulations are carried out while loss analysis and 
thermal evaluations are also presented. Furthermore, a 
DSSRM drive model is built to simulate the DSSRG 
with control. Section 4 compares the simulation results 
with the experimental results to validate the simulation 
results. Finally, section 5 concludes the paper. 

Principle of switched reluctance generator design 
A 5 kW and 3000 rpm SRM is considered here.  

Power, Pd,  and developed torque, T,  versus outer stator 
and rotor diameter, yokes, teeth and cross-section of 
slot are calculated as follows [11]: 

 
2

d s rP KBA D LN=  (1)

2( )sT K BA D L=  (2)

where B is the aligned magnetic flux density, As is the 
electric loading, D is the bore diameter, L is the stack 
length of the stator pole, Nr is the rotor speed in length 
of the stator pole, Nr is the rotor speed in revolutions 
per minute (rpm). If the L is kept as a multiple or 
submultiples of rotor bore diameter, the output power 
equation is as follows:  
 

3
2.dp k D∝  (3)

       
In general, at the rated operating point, the range of 

k2 is (0.65, 0.75). The teeth arc given by [11]: 
 ∈ (0.3,0.45) (4)

Therefore, the other design parameters are as follows: = sin( 2 ) (5)

∈ 0.5 ,  (6)= 2 − 12 .2 +  (7)

ℎ = . 2  (8)

ℎ ∈ (ℎ , 1.4ℎ ) (9)
where Wsp

 is the pole width, bsy is the back iron 
thickness, Wc is the average of coil width, hc and hs is 
the slot length and teeth length, respectively, Tph is the 
number of coil turns and Do is the outer diameter of the 
machine. 

Mathematical model of SRG  

The mathematical model of the SRM (Fig. 1) is 
obtained through the electrical analysis of the power 

electronic converter illustrated in Fig. 2. Neglecting the 
mutual inductance between the phases, the phase 
voltage uk is as follows:  = + ( , ) + ( , )   

(10)+ ( , )  
 

where Rk is the internal electrical resistance, ik the 
electrical current, Lk(θk,ik) is the magnetic flux-
linkage, θk is the electrical position of the phase 
and ω=dθk/dt is the rotor speed revolution in rad/s. 

According to the notation indicated in Fig. 2, the 
capacitor voltage Uc is:  =   

(11) 
where ic is the current of the capacitor and C is its 
capacitance. The total electrical current flowing from  
the generator to the capacitor and load resistance RL can 
be calculated as follows: =   

(12)

The ic is associated with the total electrical current 
of the generator and load current iL: = −  (13)

The converter bus voltage Ubus is equal to Uc.  
Depending on the states of electronic switches, the 
voltage at each phase terminals  is as follows: 
 

= − − 2 , , 		 		 , 	− − 2 , , 	 		 , 	− − , , 	 	 		 , 	   
(14)

 
where Us and UD are, respectively, the voltage drops of 
each electronic switch and free-wheeling diode. 

The generator developed torque Tgen, is: ( ) = , ( , )  
(15)

where Tem,k is the electromechanical Torque 
contributed by phase k. 

During each process of energy transfer between the 
elements of the DSSRG, the mean electric power Pe is 
evaluated as follows: 

= 1 =   
(16)

where We is the transferred electric energy during the 
time interval Δt=t1−t0. 
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Fig. 2. Single-phase current. 

At a given constant speed, the mean value of the 
mechanical power Pmec extracted from the rotor can be 
estimated from Tgen as follows: =  (17)
with the mean value of the generated electric 
power Pgen and input mechanical power Pmec, the 
electro- mechanical conversion efficiency ηe is 
calculated as follows: =   

(18)
The mathematical model is formulated as function 

of electrical position of the phase. The latter represents 
a value between the two opposing unaligned positions 
of the phase.  As the rotor moves, the electrical position 
describes a periodic profile. The relation between the 
electrical position of one phase θk and the mechanical 
position of the rotor θmec is as follows: 

= − + ( − −2 − − −2 2  (19)

where St is the displacement described by the rotor part 
between the aligned and the unaligned  positions   
 and koffset  is the angle between the same electrical 
positions of two consecutive phases.  

 
Fig. 3. Electrical position as function of mechanical 

position [12]. 

Fig. 3 represents Eqn. (19). 

Designing and simulating proposed SRG  

The proposed SRG based on the 12/8 SRM with the 
same outer diameter, but the second stator includes 6 
poles and rotor stands between the two shifted stator 
structures as shown in Fig. 1. The parameters are 
estimated from Eqns. (5-9). Hence, Table I shows the 
design results for the basic model of the proposed 
machine. The proposed DSSRG 12/8/6 illustrated in 
Fig. 4. The design results of the basic model are 
validated using FEA. Fig. 5 illustrates the magnetic 
flux distribution of the proposed DSSRG using FEA. 
As know, the SRG is excited before align position and 
the switch is off when it passes the half of flux 
reduction section and the current maximum over the 
overlap position. To make an agreement between 
DSSRG and SRG and create a real comparison, the 
outer diameter of stators was assumed to be the same. 

Simulation results  

To validate the designing and simulating the 
DSSRG, it is compared with a single stator SRG and 
the current waveforms have been shown in Fig. 6. The 
current starts to increase when the switches of specified 
phase are off, indicating that the back-emf of coils is 
larger than supply voltage. 

In this mode, generation continues until the back-
emf drops to a lower than DC link voltage. However, 
the back-emf should be calculated to create a smooth 
current waveform and prevent voltage ripple in the 
output terminal. In this case, back-emf calculated from 
 

Table 1 
Design result for basic model  

 Sym SRG DSSRG unit 
Outer Stator     
Outer diameter Do 151 151 mm 
Pole arc Bs1 30 30 deg 
Yoke thickness bsy1 12.5 12.5 mm 
Number of turns Tph1 16 16 Q 
Inner Stator     
Outer diameter D2 x 23.86 mm 
Pole arc Bs2 x 19.44 deg 
Yoke thickness bsy2 x 3 mm 
Number of turns Tph2 x 16 Q 
Rotor     
Outer diameter D1 48 30.38 mm 
Pole arc Br 31 31 deg 
Yoke thickness bry 12.5 2.53 mm 
Shaft diameter Dsh 13.85 9.64 mm 

Stack length Lstack 70 70 mm 
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                                  (a)                                                                           (b) 

      
Fig. 4. Proposed DSSRG, (a) 2D design, (b) 3D design. 

 

 
Fig. 5. Magnetic flux distribution of proposed machine 

obtained by FEA. 

each stator and DC-link voltage 300 VDC to create 
453.7 VDC back-emf on single phase; generating 
current and supplying the load or voltage source. To 
optimize the current waveform turn-on and turn-off 
angles as shown in Fig. 6 and Fig. 7 respectively. 

 
Fig. 7. Current/time waveform of one phase vs turn off 

angle at θon=18° 
 

 
Fig. 8. Electrical output power/time of DSSRG vs SRG, at 

θoff=25°, θon=18°. 
 

The output power of the DSSRG illustrates in Fig. 
8. Fig. 9 compares the current waveforms and voltages 
of coils in the DSSRG and SRG as the designed results. 
 

 
Fig. 6. Current/time waveform of one phase vs turn 

on angle at  θoff=25°. 
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(a)

 
(b) 

 
Fig. 9. FEA results of DSSRG and SRG (a) current wave 

form (b) applied voltage of coils. 

Conclusion 

DSSRG is an SRG consisting of double-stator with 
one stator shift one stroke. It is potentially a compact, 
low cost, high output power which facilities to control 
the output power and voltage. The paper presented a 
detailed design and simulations for a scaled DSSRG 
prototype. The output power of DSSRG improves by 
47.25%. Current and voltage of DSSRG and single-
stator SRG were simulated and compared. 

This paper is reported in the 14-th International 
Conference on Applied Electromagnetics – ПЕС 2019, 
Niš, Serbia 
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