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1. THE THREE-PHASE SWITCHED 
RELUCTANCE MOTOR TOPOLOGY 

The switched reluctance motor is driven by voltage 
strokes coupled with the given rotor position. In this 
electric drive, a 3-phase switched reluctance motor 
with 6 stator poles and 4 rotor poles was used, with 
the following electro-mechanical parameters (Table 
1): 

Table 1. Switched Reluctance Motor Parameters 

Stator Resistance [Ohm] 0.05 

Inertia [kg.m.m] 0.05 

Friction [N.m.s] 0.02 

Initial speed [Ω0 (rad/s)] 0.0 

Initial position [θ0 (rad)] 0.0 

Unaligned inductance [H] 0.67e-3 

Aligned inductance (H) 23.6e-3 

Saturated aligned inductance [H] 0.15e-3 

Maximum current [A] 450 

Maximum flux linkage [V.s] 0.486 

Voltage Supply [V] 230 

 
Figure 1 shows the characteristics of the 

magnetic flux corresponding to a stator phase 
winding, depending on the current through the phase 
and the rotor position, θ: 

 

 

 
Fig. 1. Magnetization characteristics of the 3-phase (6/4) Switched 

Reluctance Motor: φ(θ,i) . 

 

The switched reluctance motor electromagnetic 

circuit is characterized by non-linear magnetization. It 

can be seen that the influence of the phase current is 

most apparent in the aligned position, where saturation 

effects can also be observed. The torque generated by 

the stator phase is a function of phase current and 

magnetic flux; therefore, the phase torque is not 

constant for constant phase current for different rotor 

positions, which causes SR motor torque ripple. 

2. THE POWER CONVERTER USED TO 
CONTROL THE SWITCHED 
RELUCTANCE MOTOR 

 The topology of the power stage has two 

controllable power semiconductor devices (IGBTs) for 

each stator phase winding, and respectively two 

antiparallel discharging diodes, which enables control 

of the individual phases fully independent of the other 

and thus permits the widest freedom of control. Another 

advantage of using two power transistors for each phase 

is that it also allows the implementation of two main 

techniques of control: Hard Switching and Soft 

Switching respectively. A control algorithm for the 

stator phase current was used (in order to limit the 

amplitude of the stator phase current to a certain 

prescribed value). We have the condition of a quickly 

discharge for the energy accumulated in the magnetic 

field corresponding to each stator phase winding after it 

is being disconnected from the main power supply. For 

achieving this goal, we used an electrical resistor of a 

given value (R1 = 100 Ω in the simulations), depending 

on motor operating conditions, connected in series with 

each stator phase winding from the moment when that 

phase is being disconnected from the power supply. The 

time constant of the circuit is thus much reduced in the 

moment of disconnecting the stator phase winding 

(when also the electrical resistance R1 is being 

connected in series with that phase), according to the 

relationship: 

  

1 L

L

R R
τ =

+
                             (1) 

 

(ideal case), where: τ - time constant of the circuit at the 

disconnection moment [sec], L - inductance 

corresponding to the stator phase at the disconnection 

time [H], R1 - electrical resistance connected in series 

with the stator phase winding [Ω], RL - electrical 

resistance of the stator phase winding [Ω]. According to 

(1), as the R1 phase-series resistor is higher, the more 

the τ circuit time constant value accordingly decreases. 

For short-circuiting the R1 resistor when the phase is 

being energized, it has been used an IGBT transistor 

parallel-connected with R1, switched on when the stator 

winding phase is energized through the converter 

bridge, and respectively, switched off when the stator 

phase is being disconnected from the power supply. 
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2.1. Simulink block diagrams of bridge 
converters used to control each stator 
phase 
 

 The stator phase windings of the switched reluctance 

motor are being energized through one of the bridge 

power converters illustrated in Fig. 2, 3, 4 and 5. 

Connection points between the power bridge converter 

and the stator phase winding are denoted by C1 and C2 

respectively. 

 

 

 
Fig. 2. Simulink block diagram of the bridge converter without the 

R1 resistor, in case of using the Hard Switching technique. 

 

 

 
Fig. 3. Simulink block diagram of the bridge converter with the R1 

resistor, in case of using the Hard Switching technique.  

 

 

Fig. 4. Simulink block diagram of the bridge converter without the 

R1 resistor, in case of using the Soft Switching technique. 

 

Fig. 5. Simulink block diagram of the bridge converter with the R1 
resistor, in case of using the Soft Switching technique. 

3. CONTROL STRATEGIES 

The control strategies applied in the simulations are: 

Current control, Hysteresis control, Soft Switching 

control technique and Hard Switching control technique 

respectively.  

The case of using the R1 resistor in series with the 

stator phase winding, when it is disconnected from the 

power supply, and also the case without it, were also 

illustrated in the simulation results. 

Current control of a SR motor represents one of the 

basic control algorithms, in which the current from each 

motor phases is constant during the complete sampling 

period of the current control loop and the commutation 

of the phases is linked with the position of the rotor.  

The phase current is controlled directly by a 

controller, which processes the difference between the 
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desired current and the actual current (the current error) 

and generates the proper comutation of the switches. 

The profile of the phase current, together with the 

magnetization characteristic defines the generated 

torque and thus the motor speed, requiring electronic 

control for motor operation. 

Adjusting of the current on each phase was done 

through a block circuit with hysteresis control, which 

allows a variation of current with a maximum of 2 A 

within the setpoint. 

In case of Hard Switching control technique, PWM 

command signals are applied simultaneously to both 

transistors from each stator phase. 

For Soft Switching control technique, one transistor 

is left turned on during the entire commutation period 

(upper switch) and PWM is applied to the other 

transistor (lower switch). 

The simulation results are presented as follows. 

4. SIMULATION RESULTS OBTAINED 
WITH  MATLAB SIMULINK 

 Figure 6 and Fig. 7 illustrates the waveform of the 
current from one stator phase winding, for current 
regulator and hard switching control technique, at no-
load, without and with R1 series resistor, respectively. It 
can be observed that the waveform of the current 
through the stator phase is better in case of using R1 
resistor, when the slope of decreasing current becomes 
larger (Fig. 7), causing a rapid dissipation of the energy 
accumulated in the magnetic field of the considered 
stator phase winding (due to the decrease of the τ time 
constant circuit, since the disconnection of phase from 
the power supply). 
 

 

 
Fig. 6. Waveform of the current from one stator phase winding, for 

Hard Switching control technique, without R1 series resistance. 
 

 The control signals for the upper and the lower 

transistors of the power stage (convertor bridge) define 

the phase voltage and thus the phase current. 
 

 
 
Fig. 7. Waveform of the current from one stator phase winding, for 

Hard Switching control technique, with R1 series resistance. 

 

 Figure 8 and Fig. 9 illustrates the current ripple 

through a stator phase, with current regulator, for hard 

switching and soft switching control technique 

respectively. it can be observed that soft switching 

technique generates lower current ripple, compared to 

the hard switching technique and also, it produces lower 

acoustic noise. therefore, soft switching techniques are 

often preferred for motor operation. 
 

 

 
Fig. 8. Current ripple through a stator phase, for Hard Switching 

technique, with current regulator. 

 

 

 
Fig. 9. Current ripple through a stator phase, for Soft Switching 

technique, with current regulator. 

 
Figure 10 and Fig. 11 illustrates the corresponding 

waveforms of each magnetic flux stator phase, φ, the 
stator phase currents, I, the resulting electromagnetic 
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torque, Te, angular velocity, ω, the rotor position angle, 
θ, stator phase voltages, U, for a current regulator 
control, in case of Hard Switching technique, without 
and respectively with R1 series resistor, at no-load. 

It can be observed in Fig. 10 that, when the R1 series 
resistance is not connected, the average value of the 
developed motor torque is about 35 Nm, while in case 
of connecting R1 resistor, this average torque value 
increases to about 39 Nm, as Fig. 11 illustrates, for the 
same motor operating conditions. Also, the torque 
ripple is less in case of connecting the R1 series resistor. 

 

 

 
Fig. 10. Waveforms corresponding to each stator phase, for Hard 

Switching control technique, without R1 series resistor. 

 
The waveform of the currents through the stator 

phases is better with the resistor R1, when it can be 
observed that the slope of decreasing current becomes 
larger (Fig. 11), causing a rapid dissipation of the 
energy accumulated in the magnetic field of the stator 
phase winding (due to the decrease of the τ time 
constant circuit, since the moment of time when 
disconnecting the phase from the power supply). 

Figure 12 and Fig. 13 illustrates the corresponding 

waveforms of each magnetic flux stator phase, φ, the 

stator phase currents, I, the resulting electromagnetic 

torque, Te, angular velocity, ω, the rotor position angle, 

θ, stator phase voltages, U, for a current regulator 

control, in case of Soft Switching technique, without 

and respectively with R1 series resistor, for a load 

torque: TL = 20 Nm. 

 

 
 

Fig. 11. Waveforms corresponding to each stator phase, for Hard 
Switching control technique, with R1 series resistor. 

 

In Fig. 12, it can be observed that, when the R1 

series resistance is not connected, the value of the 

developed motor torque is about 20 Nm, while in case 

of connecting the resistor R1, as Fig. 13 illustrates, this 

torque value increases accordingly to about 40 Nm, for 

the same motor operating conditions. Also, the torque 

ripple is less in this second case. 

 

 
 

Fig. 12. Waveforms corresponding to each stator phase, for Soft 

Switching control technique, without R1 series resistor. 
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Fig. 13. Waveforms corresponding to each stator phase, for Soft 
Switching control technique, with R1 series resistor. 

5. CONCLUSION 

From the simulations it can be observed that the 
mean value and waveform of electromagnetic torque, 
Te, developed by the switched reluctance motor is 
dependent of proper choice of the turn on and turn off 
angles for each phase winding considered. Also, the 
developed torque is dependent with the waveform of 
current through each stator phase winding. 

Thus, it can be seen that when connecting a R1 = 
100Ω series resistor, which came in series with the 
stator phase at the time of its disconnection from the 
power supply (by which moment of time, IGBT2 
transistor that bypasses resistance R1 while the phase is 
energized, it’s turned off), the slope of decreasing 
current becomes larger, causing a rapid dissipation of 
energy accumulated in the magnetic field of the stator 
phase winding considered (due to the decrease of the τ 
time constant circuit, since the disconnection of phase). 

Thus, it can be observed that the waveforms of the 
currents through the three phase stator windings and the 
resulting electromagnetic torque ripple are much 
improved when connecting a R1 series resistance, 
compared to the case when does not. 

Also, the average value of developed motor torque, 
for the same operating conditions of the electrical 
machine, increases in case of R1 resistor, compared to 
the case when it is not. The main disadvantage of using 

this R1 resistance is the amplitude of negative polarity 
voltage impulses self-induced that occur across each 
stator phase winding when disconnected it from the 
power source and respectivly when connecting the R1 

resistance in series with the phase, a value that depends 
on the accumulated energy in the magnetic field of the 
considered phase (basically the magnitude of current 
through the phase, when it is disconnected from the 
power supply and respectively the inductance phase) 
and the R1 series resistance value. At high motor speeds, 
where the phase current amplitude is much smaller than 
when starting, also the values of these self-inducted 
voltages accordingly decreases. 
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