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Abstract: The paper is a presentation of an analysis concerning performance of a 12/8 
dual-channel switched reluctance motor (DCSRM). Formulas constituting a base for  
a non-linear mathematical model of DCSRM are presented. Simulation and laboratory 
tests were carried out for the motor operating in the dual-channel and single-channel 
mode. The results of the field theory-based calculations are presented in the form of 
fluxes in individual phases expressed as functions of currents and a rotor position angle. 
The results of the computer simulations are shown as the static characteristics of fluxes 
and the torque as well as voltage, current, and torque waveforms. The results of the labo-
ratory tests are also presented. 
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1. Introduction 
 

 The so-called critical drives, e.g. fuel pump drives in aircraft or electric motorcar pro-
pulsion systems, are nowadays expected  to be highly resistant to failures of both the electric 
motor and the motor supplying circuit. A solution potentially capable to meet requirements 
imposed on critical drives consists in selection of the dual-channel switched reluctance motor 
(DCSRM) [1-5]. DCSRMs can be used in the so-called dual-channel operation mode, where 
corresponding phases of both channels are supplied at the same time, or in the single-channel 
operation mode [1-3]. In a failure condition consisting in damage of a phase winding in one of 
the channels or a malfunction of the circuit supplying the channel, the motor is capable to 
operate in the single-channel mode, allowing thus to maintain the drive operation continuity. 
 The purpose of the present paper is to present an analysis of performance of a DCSRM 
carried out on the grounds of simulation and laboratory tests performed on a three-phase dual-
channel DCSRM. 
 Figure 1 shows the cross-section of a 12/8 DCSRM with one phase of channel A ( A

1u , A
1i ) 

and channel B ( B
1u , B

1i ) marked as an example. 



                                                               P. Bogusz, M. Korkosz, J. Prokop                               Arch. Elect. Eng. 90 

 

Fig. 1. A schematic view of cross-
section of a 12/8 three-phase DCSRM 

 
 
 Figure 2 presents a schematic diagram of the circuit supplying a three-phase DCSRM with 
converter circuits supplying channel A and channel B windings. The examined motor can be 
operated in the so-called dual-channel mode where the corresponding phases of both channels 
A and B are pulse-like supplied at the same time or in the single-channel operation mode 
where the pulsed supply is provided only to phases of one of the channels, A or B. 
 
 

 

Fig. 2. A schematic diagram of the circuit supplying a 12/8 three-phase DCSRM 
 
 For the examined DCSRM, a mathematical circuit model has been developed taking into 
account non-linearity of the magnetic circuit and mutual linkages both between windings of  
a given channel (A or B) and between phases of two different channels (A and B). The paper 
presents results of simulations that were further verified by means of laboratory measu-
rements. 
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Fig. 13. The supply current as a function of the rotor position under dual-channel operation 

 
Fig. 14. The torque as a function of the rotor position under dual-channel operation 

 
Fig. 15. Voltages a) and currents b) as functions of the rotor position under single-channel operation mode 
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5. Results of laboratory tests with a DCSRM model 
 
 Laboratory tests were carried out with a model of DCSRM designed by the present 
authors. An overview of the machine is shown in Figure 19a, whereas a view of the stator and 
the rotor with the bearing disk is presented in Figure 19b. 
 
    a)                                                                b) 

                    

Fig. 19. The DCSRM model: a) stator; b) rotor 
 
 The torque-current-angle characteristics measured for different current values are shown in 
Figures 20 and 21 under dual- and single-channel operation mode, respectively. Figure 22 
presents plots of the motor torque average value Teav as a function of current I under single-
channel and dual-channel operation mode. 
 

 
Fig. 20. Static torque-angle characteristics for different current values under dual-channel operation mode 

 
 It follows from the static characteristics presented in Figures 20 and 21 that the torque 
produced in the dual-channel operation mode is more than twice as large as the one observed 
under the single-channel operation mode which is a feature consistent with the results of the 
simulation calculations. 
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Fig. 21. Static torque-angle characteristics for different current values under single-channel operation mode 

 
Fig. 22. Torque average value as a function of current under dual-channel and single-channel  

operation mode 

 
Fig. 23. Channel A phase voltage waveforms under dual-channel operation mode 
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Fig. 24. Channel A and B phase current waveforms under dual-channel operation mode 

 
Fig. 25. Channel A phase voltage waveforms under single-channel operation mode 

 
Fig. 26. Channel A phase current waveforms under single-channel operation mode 
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 Figures 23 and 24 show plots of waveforms measured on the model and representing vol-
tages and currents, respectively, of the three motor phases under dual-channel operation mode. 
 Measured waveforms of the three phase voltages and the three phase currents are shown in 
Figures 25 and 26, respectively, for channel A under single-channel operation mode, while 
Figure 27 is a plot of waveforms representing voltages induced on open terminals of indi-
vidual phases of channel B. 
 

 
Fig. 27. Waveforms of voltages induced in channel B with channel A operating under  

single-channel mode 
 
 

6. Conclusions 
 
 On the grounds of the research results presented above, the following conclusions can be 
drawn: 
 $ The mathematical model of dual-channel switched reluctance motor proposed in this paper 

takes into account all linkages occurring between individual phases of both channels and 
allows to develop a simulation model capable to reproduce operation of DCSRM under 
both dual-channel and single-channel mode. 

 $ In dual-channel operation mode, the resultant motor torque is about 2.5 times larger than 
this obtained in the single-channel operation mode and must not be calculated by means of 
simple adding the two torques produced by phase currents of both channels, but the torque 
relating to fluxes corresponding to linkages between channels must also be taken into 
account. 

 $ Both static characteristics and time-dependent waveforms measured on a laboratory model 
of DCSRM confirm fully the usefulness of the machine for operation in both dual-channel 
and single-channel mode. 
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