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Abstract – The Theory of operation of switched reluctance motors (SRM) depends on the reluctance 
torque, where energy is transferred to stator winding only. Although its construction is simple, the 
electrical design is complex, due to the switching configuration needed to deliver power to stator coils. 
However, because of the nonlinearly of magnetic circuit, SRM has torque ripple. This paper proposes a 
new strategy to drive SRM from a single-phase AC supply. Each stator winding is connected to AC-
DC or AC-AC converters, which is called branch. All branches are connected in parallel to a single-
phase AC supply. A shaft encoder allows current production in stator winding during the positive 
torque production region and terminates it during the negative torque production region. A magnetic 
flux is produced between stator poles when current is supplied from AC supply to stator coil and 
repeats many cycles as long as the rate of change of stator inductance is positive. Different possibilities 
for the configurations of AC-AC or AC-DC converters are introduced to drive SRM from the single-
phase AC supply. A case study is presented for a SRM fed from AC supply through semi-controlled 
AC-DC converter is presented. A simulation model is introduced and verified by experimental rig for 
two-phase SRM. 
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1. Introduction 
 
The stator of the SRM is formed from, the rotor does not 

have coils or magnets, however, it has a salient pole 
construction made up of soft laminated magnetic steel. 
When the power is applied to stator coil, the magnetic 
reluctance of the rotor produces a force which will tend to 
align the rotor poles to the closet pole of the stator [1]. To 
keep the rotation continuous, a control circuit switches on 
the successive stator poles windings in a synchronous 
manner such that the stator field attracts the rotor pole 
causing to pull it forward. The SRM uses a rotor position 
detector to find the rotor shaft angle, it also needs power 
electronics to switch on and off the stator coils [2].  

To operate the SRM, a current is passed through one 
of the stator coils, causing to generate torque by the rotor 
tendency to align with the excited pole of the stator [3]. 
The phase current are switched to be synchronized with the 
regions that have higher inductance of the stator windings 
to control the motor performance. The inductance of that 
stator coil varies from its minimum to its maximum value 
as the rotor pole moves away from being unaligned with a 
stator pole [4]. A rotor position sensor is used for detecting 
the angular position of the rotor and which reflects the 
current communication [5]. The SRM drive system is 
usually fed by diodes rectifier in high power application. 

The diodes rectifier brings some disadvantages such as 
current harmonics to grid. A SRM drive system fed by 
voltage PWM rectifier is presented in [6]. The results 
show that high power factor, low harmonics to grid, and 
regenerative braking are easily obtained in the system.  

Authors of [7] presented the power quality improvement 
in the midpoint converter based SRM drive using a Vienna 
rectifier which improves the power factor at ac mains 
with low current harmonics. It also provides constant dc 
link voltage and balanced capacitor voltages. In [8], a 
design of auto transformer based 18 Step AC-DC converter 
fed vector controlled SRM drive is presented, which 
shows the flexibility in the design for making it a cost 
effective replacement suitable for retrofit applications, 
where presently a six pulse diode bridge rectifier is used.  

Proper commutation shift can enhance the driving 
performance of SRM drive, particularly for the one powered 
using Miller converter. Further comparative performance 
assessment is also made between the developed SRM-
driven fan and an available brushless DC motor fan with 
the same fan blade; the results confirm the application 
potential possessed by SRM [9]. 

In [10], SRM is fed by three phase voltage source 
converter (VSC) which has six IGBT power switches, in 
order to have higher power factor and also less current 
harmonics on grid. The current control algorithm of SRM 
machine is PI structure.  

[11] deals with the power factor correction based 
bridgeless zeta converter-fed SRM drive as a cost effective 
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solution for low power applications. The speed of SRM is 
controlled by varying the DC-bus voltage appearing across 
the midpoint converter used for a 4-phase SRM. Total 
harmonic distortion (THD) at AC mains current when 
SRM is fed by a diode bridge rectifier is observed 70% to 
80%. 

[12] presents the development of two types of power 
factor corrected AC-DC converter fed SRM drives, both 
possess reversible and regenerative braking capabilities. 
First, a three-phase six-switch 4-quadrant boost switch-
mode rectifier SMR fed SRM drive is established. Next, 
a new PFC front-end consisting of a diode rectifier and 
an anti-paralleled active power filter (APF) is proposed. 
However, the DC-link voltage boosting and regulating 
abilities are sacrificed.  

Conventionally the SRM is always fed by DC supply 
through different configuration of a transistor power 
electronics converter [13]. This paper presents a new 
operation for the SRM fed from a single-phase AC supply 
through different configurations of AC-AC or AC-DC 
converters. It should be noted that the scope of this paper is 
present the novel drive theoretically and experimentally. 
However many research points can be further analyzed in 
more details such as the comparison of the machine 
performance under different AC-DC or AC-AC converters 
for different number of phases.  

This paper is organized as follows. After the introduction 
of Section I, the theory of operation of the novel drive is 
explained in Section II for a simple drive. Section III 
shows different possible configurations for this novel drive. 
Section IV illustrated a case study for a three phase SRM 
fed from a single-phase AC supply through a semi-
controlled AC-DC converter, while Section V represents an 
experimental verification for this idea. The conclusion and 
references are given in Section VI and VII.  

 
 

2. Operation of the Proposed Drive 
 
The proposed drive, shown in Fig. 1 consists of a 

conventional SRM comprising: a rotor and a stator, such 
that on each pair of opposing stator pole portions coils are 
wound. Each winding coil of a phase is connected to a 
power electronics converter to form one branch; then all 
branches are connected in parallel to a single-phase AC 
supply. A rotation sensor is disposed on the end of the 
output shaft in order to detect the rotational position of the 
rotor. Dislike the conventional SRM drive; this proposed 
drive does not depend on the instantaneous rotor position 
but on regions of positive or negative rate of change of 
inductance [14].  

The conventional SRM is driven from a DC supply with 
different power electronics configurations through standard 
components such as: more than one Power Transistor or 
Forced Commutated Thyristor per phase, more than one 
fast recovery diodes per phase, current transducer to detect 
current in each phase and Incremental shaft encoder for 
position and speed measurement. The control is done using 
a processor to get the optimal performance from the motor. 
The suggested drive has the advantage of using naturally 
commutated Thyristor per phase because the feeding 
supply is an AC, with a simple shaft encoder to detect the 
rotor position. Also the control of the drive is done through 
simple logic circuits configuration, which would be a 
cheaper drive compared to the conventional ones. 

The cost and loss increases with the use of many devices, 
and since this drive uses less dives and control component 
than any other conventional drive, this means that one the 
advantage of this drive is fewer cost and losses this drive 
consumes.  

Since the supply is AC supply and the drive is a cheap 
drive compared to other conventional drives, it would be 
suitable for the residential drives. 

It should be noted that the proposed drive could be 
achieved by many possible configuration using AC-AC or 
AC-DC converters [15]. To explain the drive for a simple 
configuration, an AC-DC single-phase half-wave controlled 

 
Fig. 1. Novel proposed SRM drive per phase 

 
(a) 
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Fig. 2. (a) rotation sensor O/P (b) phase inductance; 
function of θ
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rectifier is implemented [16].  
In the literature, the inductance profile as a function of 

the rotor position has many representations.  
In this paper, the co-sinusoidal representation will be 

considered. 
Fig. 2(a) and (b) show the instantaneous output from the 

rotation sensor, Con1 and the corresponding value of the 
phase inductance as a function of position of the rotor 
position for any number of rotor poles, Pr. On the other 
hand, a conventional circuit to fire the switches was 
implemented to produce a pulse, Con2 each cycle of the 
AC supply delayed by a certain angle from the input zero 
crossing as shown in Fig. 3(a) and (b). The rotor runs 
completely asynchronous with the AC supply. The control 
signal Con1 and Con2 are ANDed using logic circuit to 
result in the firing signal of the thyristor, as shown in Fig. 4. 

The basic idea of this drive depends on the fact that the 
torque of the SRM is a function of the both the phase 
current and the rate of change of the inductance. Therefore, 
if the power electronics controlled switch is allowed to 
operate during the positive range of the inductance rate of 
change while it is switched off during the negative range of 

the rate of change of inductance, this will result in positive 
torque causing the rotor to rotate in one direction. As a 
result, for each cycle of supply voltage, the current shown 
in Fig. 5 has a periodical pattern. The resultant torque is 
positive since both the inductance rate of change and the 
current are positive. As a result, the current supplied to the 
coils wound on stator pole portions is switched on and off 
and a motoring torque is obtained by the action of the 
above magnetic attractive force.   

 
 
3. Possible Configurations for this Novel Drive 
 
Section (II) explained the theory of operation for the 

novel drive of the SRM from a single-phase supply through 
a half-wave controlled rectifier. It should be noted that this 
same concept applies for any controlled AC-DC converter 
as long as the rectified current is flowing in the SRM in 
one direction during the half cycle of the positive torque 
production period and is terminated during the half cycle of 
the negative torque production period. Therefore, the 
following AC-DC converters can be used to drive the SRM 
from an AC supply: 

1. half-wave controlled single phase rectifier, 

 
(a) 

 
(b) 

Fig. 3. (a) AC supply (b) generated control signal with time
 

 
Fig. 4. Thyristor firing signal with time 

 

V o l t  
C u r r e n t  

Fig. 5. Supply voltage with phase current 

 
(a)                      (b) 

(c)                     (d) 

(e)                     (f) 

Fig. 6. Different configurations of AC-DC and AC-AC 
converters
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2. half-wave controlled single phase rectifier with a free 
communicating diode,  

3. full-wave controlled bridge single phase rectifier,  
4. full-wave controlled bridge single phase rectifier with 

a with a free communicating diode, and 
5. full-wave semi-controlled bridge single-phase rectifier.  
 
Adding to these five possibilities, the five similar 

configurations for the three-phase supply can also be used 
to drive the SRM from an AC supply.  

It should also be noted that since the torque is pro-
portional to both the square of the phase current and the 
rate of change of inductance, that means if the current 
has a positive or negative direction, the torque is positive 
as long as the rate of change of inductance is positive. 
This means the same idea applies for AC-AC controlled 
converter where the current follows in both positive and 
negative directions during the half cycle of the positive 
torque production region and it is terminated during the 
half cycle of the positive torque production region. This 
is implemented using a Traic or an anti-parallel thyristor 
controlled single-phase converter. Using controlled switches 
for the AC-DC or AC-AC converters enables the con-
trolling of average voltage across the SRM and therefore 
controlling the motor speed. Fig. 6 shows different possible 
configurations to drive the SRM from a single-phase supply. 

 
 

4. Case Study: Simulation of the Novel  
Semi-controlled Converter 

 
The theory of operation to this drive is explained in 

section (II) in general to any number of phases, while 
section (III) shows how to drive the SRM from a single 
phase AC supply though different possible converter 
configurations. However, form these different configurations; 

a case study is applied to a three-phase SRM, as shown in 
Fig. 7 using semi-controlled AC-DC single-phase converter. 
The SRM is modelled using the standard models studied in 
the literature [17] which is used to simulate the complete 
drive using MATLAB-SIMULINK software. 

This model can develop the performance of the SRM 
whose parameters are given below for both transit and 
steady states.  

 
Stator resistance, R = 10 Ω 
Unaligned inductance, Lu= 30mH 
Aligned inductance, La = 200mH 
Moment of inertia coefficient, J = 0.2 Kg.m.m 
Friction coefficient, F = 0.02 N.m.s 
 
The machine is fed from an AC supply whose maximum 

voltage and frequency are 100 V and 50 Hz. As explained 
in section (III), the firing angles of the switches of the 
semi-controlled rectifier are controlled to control the motor 
speed. To examine the transient response of the machine, 
the two control inputs (load torque and firing angle) are 
step changed while the machine is running. Fig. 8 shows 
the transient performance of the drive when the load torque 
is suddenly changed from 10 Nm to 30 Nm at time equals 
3 sec, then the switching control firing angle is suddenly 
changed from 10° to 90° at time equals 6 sec. Fig. 9 shows 
different performance instantaneous waveforms at steady 
state operating point whose load torque and controlled 
firing angle of the switches are 30 Nm and 90° respectively 
at which the shaft speed is 90 rpm. On the other hand, the 
steady state characteristics can also be concluded when the 
machine runs at steady state at different operating conditions. 
Fig. 10 shows the torque speed characteristics at different 
firing or delay angle α, where is it clear that this drive has a 

 
Fig. 7. Simulation of the novel SRM Drive 

 (a) 

 (b) 

 (c) 

Fig. 8. Transient performance of the SRM novel drive 
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series motor characteristics and that the motor speed can be 
controlled via the firing angel of the controlled switches. 
As a conclusion, these figures prove the idea of the machine 
drive explained in the above sections. 

Table 1. Motor data 

AC Vrms=141 V Supply Freq=50 Hz Rated Current=5 A
Rated Speed 
=1000 rpm 

Rated Torque 
=2.5 Nm 

Rated Power 
=200 W 

R = 12 Ω Lu =10mH Laa = 85 mH  

 
 

5. Experimental Results 
 
The novel drive is verified by an experimental rig using 

2-phase SRM as shown in Fig. 11. The simulation is done 
for three phase while the experimental work is done for 
two phase to test the validity of the drive for different 
configurations and different number of phases. The SRM 
data is given in table 1. The machine fed from a 141 
RMS V, 50 Hz single phase supply and is coupled to a 
DC load generator whose load torque is 2.5 Nm while 
the firing angles of the switches are 75°. At steady state, 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i) 

Fig. 9. Phase-1 Waveforms for (a) θ, (b) Con1, (c) I/P volt, +ve edge switch (d) Con2 (e) Con, -ve edge switch (f) Con2 (g) 
Con, (h) rectified voltage, (i) phase current 

Fig.10. Torque speed characteristics for the novel drive 
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the speed is measured to be 140 rpm. Fig. 12 shows the 
different waveforms of the performance indicators, which 
also proves the idea of the operation as explained in 
section (II). 

6. Conclusion 
 
The objectives of this paper is to present a novel drive 

for the SRM from an AC supply via a thyristor per phase 
with a simple shaft encoder which is considered a cheap 
drive if compared with any other conventional drive.  

A novel drive for the SRM from an AC supply through 
AC-DC or AC-AC converter has been introduced. The AC 
supply could be single-phase or three-phase in case of 
the AC-DC converter. The sensor required to measure the 
rotor position could be implemented using a simple opto-
coupler as the drive depends on the quadrant of the rotor 
region rather than the instantaneous rotor position, which 
gives an advantage to this proposed drive. The suggested 
novel drive is tested using a simulation model and using 
an experimental rig. From the MATLAB-SIMULINK 
Simulation, the transient and steady state performance 
have been introduced which showed the validity of the 
idea. It has been also shown that the motor speed can be 
controlled by controlling the switching angle of the 
converter switches. It was also shown that the machine 
through this drive has series characteristics, which implies 
that the lower the motor speed, the higher the shaft 
torque. This is because at low speed there is a chance for 
wider period for the current waveform, hence higher torque. 
From the simulation results Fig 9 (i), it is shown that one 
disadvantage of this drive is that there is no control on the 
exact instant at which the current is commutated which is 
dependent on both the machine parameters and the 
operating conditions, that implies some negative torque 
production until the current is commutated. However, 
comparing the experimental and simulated configurations, 
it is clear that the two phase SRM drive is the best 
configuration for this proposed drive, because it has wider 
span for the positive torque production region per one 

cycle per phase and also less possibility of some negative 
torque during the current commutation from the end of the 
positive torque production region to the start of the 
negative torque production region. It should also be noted 
that, dislike other machine, this novel drive does not have a 
high inrush starting current because the stator inductance is 
limiting the phase current.  

Further research is being done on the improving the 
performance of the motor using this drive. 
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