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Abstract – This paper deals with electronic converters 

to drive the switched reluctance generator – SRG. An 

alternative reduced switch count converter is compared 

with the conventional asymmetric half bridge converter. 

The SRG is driven with constant speed and excited with 

DC power from a three-phase rectifier bridge and 

supplies pulsed DC power to the load at the output. 

Mathematical and computing models for the SRG are 

presented, as well as simulation and experimental results. 

The aim is to show that the alternative converter, which 

is cheaper, works better than the half bridge converter 

commonly used to drive these machines. 

1 

Keywords – Reduced switch count converter, switched 

reluctance generator. 

I. INTRODUCTION 

The switched reluctance machine is an old idea with an 
important history [1] and represents one of the simplest types 
among all the known electrical machines [2]. Modern power 
electronic converters associated with microprocessing 
control hardware have brought competitiveness to the 
switched reluctance machine driven systems, allowing their 
efficient and reliable use. Constructively the switched 
reluctance machines present doubly salient poles structure 
[3], with the phase coils wound in the stator poles making 
concentrated windings electrically independent per phase. 
There are no conductors in the rotor and as a consequence, it 
presents minimal thermal loss [4]. These machines are easy 
to construct and to maintain. Their most commonly quoted 
advantages are: absence of permanent magnets [2], low 
manufacturing costs, reliability, robustness, efficiency [5], 
high power density, wide operational speed range, fault 
tolerance and ability to work in harsh environment. Fig. 1 
shows parts of a prototype assembled to do the tests whose 
results are presented in this work.  

An inherent characteristic of these machines is a strong 
magnetic discontinuity that results in current, voltage and 
torque ripples [6]. Besides, the power electronics 
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requirements for its driving are occasionally quoted as a 
disadvantage, as controversial as it can be, particularly in the 
context of variable speed applications. There is some 
operational noise and the machine control is somewhat 
complex. Common applications are: those related to the 
More Electric Aircrafts – MEA projects [7]; as starter-
generators for cars; wind energy converter systems[5] and 
hybrid vehicles applications. 

Switched reluctance machines can work as motors or as 
generators just by changing their switching angles [8, 9]. 
Albeit the device is the same, the Switched Reluctance 
Generator (SRG) is different from the Switched Reluctance 
Motor (SRM) in some specific and essential aspects: the 
SRG has a mechanical input for power and an electrical input 
for excitation. Its output is the electrical power supplied to 
the load. The SRG presents two different electric circuit 
configurations per phase: one for the excitation period and 
another for the generation period. The SRM has an electrical 
input, a mechanical output and just one electric circuit per 
phase. As can be expected, there are converter topologies 
that work well with SRG but are not adequate for SRM. 
Despite this, due to a heritage from the SRM, the SRG 
driving commonly uses a half-bridge converter topology. 

This paper shows that for the SRG there is at least an 
alternative converter that is more advantageous. This 
converter is compared with the traditional half-bridge and its 
advantages are emphasized. 

 
Fig. 1. Parts of a Switched Reluctance Generator – SRG Prototype. 
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II. ENERGY CONVERSION 

The following nomenclature is used in the text: 
v  Applied voltage. 

i  Phase current. 

R  Phase resistance. 

L  Phase inductance. 
e  Back electromotive force. 

ω  Rotor angular speed. 

mC  Applied mechanical torque. 

emagC  Electromagnetic torque. 

J  Moment of inertia. 

D  Coefficient of friction. 

λ  Flux linkage. 

θ  Rotor angular position. 
co

xW          Co-energy of the phase x. 

t          Time 

n          Number of phases 

 
In a SRG mechanical power achieved from a prime mover 

through a shaft is converted into electrical power. When a 
pole of the rotor is aligned with the excited pole of the stator, 
there is a state of stable equilibrium. Thus, in the SRG there 
is a natural tendency to align the rotor and the stator active 
poles, in order to maximize the inductance of that phase and 
to establish a minimal reluctance. When an external 
mechanical agent forces the rotor to leave the stable 
equilibrium position, the electromagnetic torque produced 
results in a back electromotive force that increases the 
applied voltage. In this way the machine generates electrical 
power. 

The electrical equation for a phase of the SRG is: 

 e
dt

di
LRiv ++=  (1) 

The back electromotive force is given by: 

 
θ

ω
∂

∂
⋅⋅=

L
ie  (2) 

where: 

dt

dθ
ω =  

The stator winding is fed in DC. As ω and i  are both 

positive, the sign of e is the same as that of 
θ∂

∂L . From (2) it 

can be seen that when 0>
∂

∂

θ

L  the back electromotive force is 

positive. In this case, electric power is converted to 
mechanical power and the machine works as a motor. But 

when 0<
∂

∂

θ

L  the back electromotive force is negative and it 

increases the current converting mechanical power into 
electrical power [8]. 

The dynamic mechanical equation for the SRG is given by 
(3). It is to be noted that the electromagnetic torque Cemag 

comes as a negative quantity, i. e., acting against the rotor 
mechanical speed. 

 0. =−−+ ω
ω

D
dt

d
JCC emagm

 (3) 

The co-energy of a phase of this machine is given by: 

 ∫=
i

0

co
diW λ  (4) 

And the corresponding electromagnetic torque for an n 

phase SRG is given by: 

 ∑
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∂
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The mathematical model regarding a three phase SRG 
prototype is shown below: 
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where: 
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If the matrices above are designated [V], [R], [I], [L] and 

][
•

I  exactly in the order they appear in (6), the matrix of states 

for the SRG has the form: 

][
•

I = [L]-1[V] - [L]-1[R][I]                        (8) 

Those non-linear differential equations are solved with 
numerical methods. 

III. COMPUTING MODEL 

To construct the mathematical model, a three phase 6/4 
prototype was considered. Measurements of the flux linkage 

(λ) were done for many rotor positions (θ), also considering 
different current values for each one of them. These 
measurements resulted in a large data bank of the function 
λ(θ,i). Using this data bank, a program for polynomial 
interpolation was developed to represent the inductance of a 
phase as a function of its current and the instantaneous rotor 
position. Figure 2 shows the inductance of a phase obtained 
from the polynomial equation for ),( iL θ . 
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Fig. 2. Winding inductance as function of current and the angular 

position [10]. 

Two different converter topologies were used to drive the 
machine. The first one was the conventional half-bridge 
(HB) converter shown in Figure 3. This converter uses two 
diodes and two switches per phase. The second one, shown 
in Figure 4 is the alternative reduced switch count (RC) 
topology and uses only one switch and diode per phase. This 
cheaper topology is devoted to the SRG and does not work 
with a SRM. In Figure 3 and Figure 4, Q1…Qn, are 
semiconductors switches like MOSFET’s, while D1…Dn, 
are diodes.  

In both topologies, the excitation power comes from a 
rectified AC source. The excitation period of each phase 
begins when its switches are turned on and start conducting. 
At this moment the inductance is still increasing and an 
electromotive force acting against the current flow is induced 
in the winding. There is no current to the load as the diodes 
are inverse biased. The generating period starts when the 
controlled switches in the HB topology or the only controlled 
switch in the RC topology are turned off. The phase current 
path is deviated to the load through the diodes, which are 
now directly biased due to the inversion of the motion 
voltage induced in the winding. Note that during this time the 

sign of 
θ∂

∂L  has changed. Figure 5 shows the active equivalent 

circuits during the excitation and generation periods. The 
equivalent circuits for both converters differ only in the 
voltage drops caused by the semiconductors resistances that 
are twice as much in the HB configuration. Figure 6 shows 
the process described above. 

Fig. 3. Electrical scheme of the half-bridge converter. 

F
ig. 4. Electrical scheme of the alternative converter. 

Fig. 5.Electrical scheme of the excitation (a) and generation (b) for 
both HB and RC converters. 

 
Fig. 6. Excitation and generation periods. 

In Figure 6, the parameters θon, θalign, θoff, θP and θend 
means, respectively, the angular position when the phase is 
fired, the angular position when the stator and rotor are 
aligned, the angular position when the phase is turned off, the 
angular position when the phase current is maximized and 
the angular position when the generation period is over. Lmin, 
Ipeak and Lmax represent the minimum phase inductance, the 
peak current and the maximum phase inductance. 

For these two converter topologies the mathematical 
model was checked using a computing program. The inputs 
were the phase voltages and the mechanical torque. 

The outputs are the phase currents, the angular speed and 
the rotor position. Each new set of values for the phase 
voltages and the torque is used as a new input in the program 
to evaluate the next state. The equation system is evaluated 
considering the saturation effects. The program uses dynamic 
values that result from the relationship among the 
components of the converter circuit and from the relations 
among them and the CA source, the rectifier bridge, the 
machine and the load. Only the information of the rotor 
position is necessary to control the gate signals. This 
simulation strategy allows checking the converter behavior 
under different circumstances like torque, speed or load 
changes. 
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IV. SIMULATIONS RESULTS 

The simulations were done using data from a prototype of 
SRG. Its parameters and dimensions are given in Table I. 
Each phase winding has 50 turns of copper wire AWG 15. 
The driving strategy states that each phase is fired during 30 
degrees and just one phase is fired at time. The SRG was 
simulated under different conditions. Simulation results at a 
typical speed of 900 rpm, using the alternative converter 
topology, are presented. Figure 6 shows the DC voltages and 
currents at the input (VE, IE) and at the output (VS, IS) of 
the converter, and the phase current. 

 
 

TABLE I 

Characteristics of SRG used 

Parameter Value Units 

Stator Diameter 140 mm 

Rotor Diameter 70 mm 

Stack Length 107 mm 

Air Gap Length 0.4 mm 

Stator Teeth Width 19 mm 

Rotor Teeth Width 20 mm 

Stator Slot 22.5 mm 

Rotor Slot 11.7 mm 

Stator Yoke 12 mm 

Rotor Yoke 12.4 mm 

Shaft Diameter 22 mm 

Number of turns per phase 50 turns/phase 

Inertia 0.0028  kg.m2  

Coefficient of Friction  0.026 N.m.s  

Inductance (Aligned Position) 36 mH 

Inductance (Unaligned Position) 3 mH 

Conducting Angle 30 degrees 

 

0 0.05 0.1 0.15 0.2 0.25 0.3
-10

0

10

20

30

40

50

60

70

second

v
o
lt
, 

a
m

p
è
re

Input and output voltages and currents, and the current for a phase

VS

VE

IE

IS Iphase

These patterns remain stable

during long time simulations.

 
Fig. 7. Input and Output voltages and currents and a phase current.  
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Fig. 8. Dynamics of power generation. 

The simulation results for the gate signals, the excitation 
currents, and the current of power transfer to the load are 
shown in Figure 8. It can be seen that the conduction angle of  
the phase switch begins at 4.7 degrees before the peak of the 
inductance of this phase. The excitation period of this phase 
ends at 25.3 degrees. From this point on, the phase transfers 
power to the capacitor and to the load until the rotor reaches 
the minimum inductance position at around 44 degrees. The 
dynamic for the next phase is also shown. 

It can also be seen in Figure 8 that there is no generating 
voltage from the end of a phase power transfer to the 
beginning of the next phase power transfer. Therefore, the 
SRG transfers power in pulses, and so pointing to the need of 
an end capacitor to control the load voltage. Therefore, a 
capacitor is used to smooth the load voltage (VS in Figure 7) 
and continuously supply the load. It is to be noted that the 
power used to magnetize the winding during the excitation 
period, together with the converted power from mechanical 
supply is completely transferred to the load during 
generation. It is a particular characteristic of the SRG which 
reflects positively in its energy conversion efficiency as 
compared to the traditional generators that do not take 
advantage of the excitation power being delivered to the 
load. 

The voltage that excites a phase winding is the rectified 
voltage (VE), as shown in Figure 4. During the excitation 
process the phase switch is conducting and its diode is not 
conducting as it is inversely biased. When the power switch 
is turned off, the diode becomes directly biased and starts 
conducting. As a result, current flows to the load, driven by 
the motion voltage induced in the winding. 

With the alternative converter topology, running at 900 
rpm under stable conditions, the system absorbs 81.6 W from 
the AC source and 87 W from the mechanical source. The 
converter supplies 165 W to the load with these two inputs. 
The electric resistances of the windings, the switches, and the 
diodes were considered. There are losses around 3.6 W, 
located in the windings, and because of it, the net electric 
power supplied to the load by the SRG is 83.4 W. 
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According to the results, in this simulation the SRG 
presents good efficiency under regular operation.  

When a half-bridge converter is used in simulations, the 
losses increase and, consequently, less power is supplied to 
the load. To illustrate this, Figure 9 shows a sample of 
generation loops obtained from simulations under the same 
conditions using the half-bridge converter and the reduced 
count switch converter. One can see that the area of the 
reduced count converter is greater than the other. These areas 
are proportional to the generated energy and so the SRG 
generates more energy when driven by the reduced count 
switched converter. 

Operations for long periods of time were simulated. With 
both converter topologies the model of the machine shows 
stable behavior running with fixed load and constant speeds. 

V. EXPERIMENTAL RESULTS 

Results of two tests carried out with a SRG prototype, 
using the half bridge converter and the reduced count switch 
converter are presented. An uncontrolled rectifier bridge with 
a capacitor of 20 mF was used to provide the power input 
from the AC grid. A variable voltage source was used to 
control the excitation voltage. The converter was assembled 
with Power MOSFET and diodes. The resistive load was 
10.8 Ώ and a 5 mF capacitor was used at the output to 
stabilize the load voltage. Figure 10 shows a picture of the 
arrangement used for the tests. 

During the first test the SRG was driven at 900 rpm. The 
reduced switch count converter was used. The AC side 
waveforms for the voltage and of the current are shown in 
Figure 11. As can be observed, voltage and current remain in 
phase all the time, and so the instantaneous power is always 
positive indicating the inexistence of reactive power and a 
unidirectional flow of power from the AC line to the system. 

Figure 12 shows the waveforms after the rectifier, which 
supplied DC voltage to the converter. The measurements 
were 24.3 V and 2.5 A respectively. As result, the DC input 
power was 60.75 W. 

The phase voltage and current during the excitation period 
are shown in Figure 13. This experimental result is like the 
one shown in Figure 8, which was obtained with the 
simulation program. It can be noticed that the back 
electromotive force became negative when the controlled 
switch was turned off. This event polarizes the diodes and 
they start to conduct, supplying power to the end capacitor 
and the load. 

At the load, the voltage and current measured values were 
38.1 V and 3.98 A, resulting 151.6 W. And so the SRG 
supplied 81.5 W to the load and all the losses involved in the 
generation process. This result at the output is shown in 
Figure 14. 

The test bench was developed so that different electronic 
converters configurations can be obtained by just altering 
connections. For the second test a half bridge converter 
configuration was set up. The curves depicted in the previous 
figures are very close to those obtained using the 
conventional half bridge converter, except that the measured 
values were a little different. 

The power supplied to the load was 81.5 W - 77.4 W = 4.1 
W less than when the half bridge converter was used. The 

difference is about 5 %. It means more losses with more 
Power MOSFET and diodes, as would be expected. With 
such result the lower power losses using the reduced count 
switch converter is confirmed. 
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Fig. 9. Generation loops for half-bridge converter and for the 

reduced switched count converter. 

 
Fig. 10. The arrangement used for experimental tests. 

 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 11. AC voltage and current waveforms before the rectifier. 

At the DC input of the half bridge converter the voltage 
was 24.4 V and 2.47 A, resulting in a 60.3 W power input. 
The measurements at the output were 37.2 V, 3.7 A and 
137.6 W. So, in this case, the SRG generated 77.4 W and all 
the losses in the generating process. 
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Fig. 12. Voltage and current waveforms after the rectifier. 

 

 

 

 

 

 

 

Fig. 13. Phase voltage and current using the alternative converter. 

 

 

 

 

 

 

 

Fig.14. Voltage and current at the output. 
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Fig. 15. Generated power as function of angular speed using the 

half-bridge converter. 

The power supplied to the load was 81.5 W - 77.4 W = 4.1 
W less than when the half bridge converter was used. The 
difference is about 5 %. It means more losses with more 
Power MOSFET and diodes, as would be expected. With 
such result the lower power losses using the reduced count 
switch converter is confirmed. 

Other experimental results showed that the SRG runs 
successfully at many other fixed speeds around the typical 
speed of 900 rpm, suggesting that this machine could work 
well under variable speed. To analyze the behavior of the 
rated power as a function of the rated speed the machine was 
run at different speeds, from 600 rpm to 5000 rpm. A half-
bridge converter was used in this test to insulate the phase 
winding from the rectifier bridge during a generation pulse. 
Figure 15 shows the results where the behavior of the 
generated power from low speed to high speed can be seen. 
The maximum generated power occurs at around 1300 rpm. 

VI. CONCLUSIONS 

The SRM operation as a generator was simulated and 
experimented successfully, using two different converter 
topologies.  Dynamic integrated simulations were performed 
using a system composed of supply, drives, machine, and 
load. The system was implemented in laboratory to validate 
the simulation results. The two converters allowed supplying 
the load using the power generated by the SRG together with 
the portion of power coming from the three-phase source 
through a rectifier bridge. All the power that flowed to the 
load crossed the converter and the SRG windings. The half 
bridge converter presented greater global losses than those 
observed using the reduced switches count alternative 
converter. This last converter is really cheaper than the 
conventional half bridge converter. Test results showed that 
the SRG was stable at constant speed. Other tests showed 
that the SRG is able to work in a wide speed range. Thus, the 
SRG emerges as an available alternative for special 
applications such as grid connected operation using variable 
speed prime mover. 
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