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ABSTRACT 

This paper presents a voltage controller for a 12/8 switched reluctance generator (SRG). SR machines have a robust 
with simple structure because they have no windings or permanent magnets on the rotor, so they are capable of working 
at high speed application and at rough condition. However, due to nonlinear nature, doubly salient poles, time variant 
parameters, and non-ideal current waveform, The SRG output voltage inherently contains ripples. The proposed voltage 
controller is based on fuzzy logic that is very efficient over uncertainty and parameter variations. The effectiveness of 
the proposed control method is verified by comparing the obtained result with that of a PI-controller. 
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1. Introduction 

Nowadays electricity demands is increasing highly, so 
the use of small power plants whose design and con-
struction are less time consuming is very essential. One 
of the small power plants is a wind power plant that in 
addition to being less time consuming in construction, it 
has many other advantages. Due to their small size, small 
wind turbines have the advantages of easy transportation 
from manufactory to power plant, easy installation in 
every where e.g. near any load center, and easy operation 
in high speed wind. Small wind turbines using high reli-
able generators are the best candidates for working in 
stand-alone application either in remote areas or in urban 
areas [1]. 

Among several kinds of generators used as wind gen-
erators, switched reluctance generator (SRG) is one of 
the best candidates for this application. The SRG has 
robust with simple structure due to the fact that it has no 
windings or permanent magnets on the rotor. Therefore it 
is capable of working at high speed application and at 
rough condition. The main advantages of the SRG are 
high efficiency, simple topology, the requirement of no 
starting torque and robustness. SRG is inherently a vari-
able speed machine. The variable speed operation in 
wind generation leads to the extraction of extra energy 
from the wind stream and the decrease of the mechanical 
stresses within the system [2]. 

Recently, many studies have been done on SRG in 
various applications such as wind generation. Many pa-

pers have been presented and examined different types of 
drive circuits for SRG in various applications [3,4]. In [3] 
the application of the switched reluctance generator in 
direct drive wind turbine was discussed. In [4] a new 
structure is presented for variable speed wind SRG. In [5] 
switched reluctance machine was considered as subsidi-
ary wind power generation in the grid connection. The 
procured results have demonstrated that the SRG in 
terms of constant speed is stable and at variable speed 
condition works well. On the other hand, some studies 
have been made on controlling of SRG’s output signals 
for wind generation application in order to reduce its 
drawbacks [6]. However, offered control methods are not 
complete and comprehensive, and numerous challenges 
are ahead of these methods 

Because of nonlinear nature, doubly salient poles, 
Time variant parameters, and non-ideal current wave-
form, the SRG output voltage inherently contains ripples. 
In [7], a closed loop control of output power of a SRG 
driven by a variable speed wind turbine is presented. The 
pulse width modulation control method is adopted for 
control the phase current of the SRG in medium and low 
speed range. The paper uses the single pulse mode con-
trol method for control the SRG’s output power in high 
speeds. In [8], to reduce the output voltage ripples of 
SRG, a PI-configured DC-link filter is presented. In or-
der to lessen the effects of parameters uncertainty in 
switched reluctance generation systems, some studies are 
done on the use of fuzzy control method to determine the 
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conducting angles. In [9], a variable speed SRG is intro-
duced and the turn-on angle control strategy is presented. 
In this paper a fuzzy logic algorithm for maintaining 
output power is explained, and the variation of the DC 
output voltage and current are the two inputs and the 
turn-on angle is the output control parameters. 

This paper considers a switched reluctance generator 
driven by a wind turbine in Figure 1, and presents a 
fuzzy logic based controller for smoothing the SRG out-
put voltage fluctuations. The obtained results from fuzzy 
controller are compared with the results obtained from a 
PI controller. 

The organization of this paper is as follow. Section 2 
presents a summary about SRG theory and its mathe-
matical model. Section 3 describes the proposed fuzzy 
logic control method and the related rules and member-
ship functions are considered in Section 4. The simula-
tion results are shown and discussed in Section 5. Section 
6 presents the conclusions. 

2. A Brief Review on SRG Theory and 
Voltage Control 

SR machines have very simple structure that lead to the 
advantages of these machines. In these machines, the 
3-phase windings are placed on stator poles and there is 
no winding or magnet on rotor poles. The stator windings 
serve both the roles of armature windings and excitation 
windings in different times. Both stator and rotor has 
salient-pole structure. This doubly salient structure offers 
higher speed operation and higher efficiency. Lack of 
windings on the rotor is the cause of no electric losses in 
rotor, small moment of inertia, fast response, low manu-
facturing cost and high reliability. Figure 2 shows the 
basic configuration of the 12/8 pole-three phase SR ma-
chine that used in this paper. Anyway the SR generator 
has few disadvantages such as complicated power elec-
tronic drive circuit, acoustic noise and output voltage 
ripple. Fortunately by the use of advanced drive method 
and advanced control method these drawbacks can be 
removed. 

In SR machine, energy conversion is based on induc-
tance variation due to pole saliency of stator and rotor. In 
SR generator, the tendency of rotor to resist changing the 
position where the inductance of excited phase is maxi-
mized produces energy. In generating mode of SR ma- 
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Figure 1. SRG wind turbine system [4]. 

chine, when a rotor pole is aligned with a stator pole, the 
phase related to that stator pole will turn on to resist 
moving rotor. This action causes that the energy is saved 
in magnetic field and electrical power is produced. 
Therefore it is essential for this machine to have a driv-
ing system that can identify the rotor position and can 
switch on or off the proper phase in accordance with ro-
tor position. Figure 3 shows the relation between 
one-phase inductance profile of SR machine and rotor 
position angle θ. As understand from Figure 3, to use SR 
machine as a generator the phases should be turned on at 
the negative slope of the phase inductance profile i.e.  

when               
d

0
d

L


 . 

This point can be confirmed referring to SR machine’s 
torque formula in (1). 
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Figure 2. Configuration of a three phases 12/8 pole SR ma-
chine. 
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Figure 3. Idealized phase inductance versus rotor positio
curve. 
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21 dL
i

2 d
                 (1) 

The equation indicates that in the region of 
d

0
L

d
   

th his regi
is compatible with generator operation. As previously 

hows 
w

e torque is negative, so using the machine in t on 

mentioned, SR machine needs a driver that recognizes 
rotor position and then switches proper phase on or off 
corresponding to the rotor position. In this paper a 
three-phase asymmetric bridge converter shown in Fig-
ure 4 is used as the drive system for SR generator. 

The inductances La, Lb and Lc illustrate the inductance 
of phase A, B and C, respectively and resistor r s

inding resistance of each phase. In Figure 4, the two 
transistors per phase turn on and off simultaneously. In a 
SR generator at each moment, there is only one phase 
that is on. Therefore at each moment there is only one 
phase that is connected to DC power supply. As ex-
plained in our previous work [4], Figure 5(a) shows an 
equivalent circuit of one phase of SR generator when the 
switches of this phase are turned on and then the DC 
power supply excites the windings of the phase. Equa-
tions (2)-(5) describe the dynamics of one phase of SR 
generator for Figure 5(a). 

DC ph phV e r i                (2) 
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Figure 4. Basic schematic of three phase converter for 
switched reluctance generator. 
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Figure 5. Operation modes of the phases of SRG. (a) Excit-
ing mode; (b) Generating mode. 

where eph is the voltage across the phase and iph is the 
current that flows through the phase. 

d

d
ph

tph phe N


              (3) 

where φph is the phase flux and Nph 
of the phase. Because L

is the number of 
windings φph = ph·iph, 

 d dph ph ph
L i i

e N N L i
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(4) 

Substituting (4) in (2) 

 
     

d ph d
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ph

DC ph ph
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N L r i

t



         (5) 

where d d mt   and ωm is the rotational spee
ation (5) is th sic vo

d of 
rotor. Equ e ba ltage of one phase if the 
phase is turning on. The first term on the right hand of 
(5) is the back EMF that the generated electrical power is 
proportional to this term. Figure 5(b) shows an equiva-
lent circuit of the same phase of SRG when the switch- 
es are turned off. In this case the inductance current that 
can not be zero immediately flows through freewheeling 
diodes and supplies resistance load. Equations (6)-(8) 
describe the dynamics of the phase of SRG for Figure 
5(b). 

ph ph Le r i R iph               (6) 

Substituting eph from (3) into (6), 

d ph

dph phN r i


L phR i
t

             (7) 

Substituting φph from (4) into (7), 

d dph ph

d dph ph m ph ph

L i
N i N L ph L phr i R i

t
         (8) 

3. Fuzzy Logic Control 

 logic control has emerged During the past decade, fuzzy
as one of the most active and fruitful research areas in the 
application of fuzzy set theory, fuzzy logic and fuzzy 
reasoning. In contrast to conventional control techniques, 
fuzzy logic control is efficiently utilized in complex 
ill-defined processes that can be controlled by a skilled 
human operator without much knowledge of their under-
lying dynamics. The basic idea behind fuzzy logic con-
trol is to incorporate the “expert experience” of a human 
operator in the design of a controller in controlling a 
process whose input-output relationship is described by a 
collection of fuzzy control rules (e.g. IF-THEN rules) 
involving linguistic variables. Also fuzzy logic controller 
provides the best answers in system outputs with uncer-
tainties. In this paper fuzzy approach is used to get a 
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voltage in dc 
m

tive Big)}. Mentioned membership functions are shown 
in Figure 6. As it is known from SRG theory, in order to 
maintain Vc at the desire level (equal to Vref), if “Vc – Vref” 
is negative then θd has to be increased, and also if “Vc – 
Vref” is positive then θd has to be decreased adequately. 
The rules shown in Table 1 are considered to damp the 
overshoot of the output voltage. It is obvious that these 
few rules are utilized to omit the SRG terminal voltage 
overshoot. Figure 7 shows three dimensional relation-
ships between two inputs and the output of the fuzzy sets 
used in this paper. 

good performance of SRG output voltage. 
For fixing the generator terminal voltage, it is neces-

sary to find a suitable controller keeping 
ode. Fuzzy logic based on linguistic rules has been 

chosen in this paper. Two input and one output variables 
are selected for fuzzy logic controller. First Input vari-
able is voltage error (ε) and the second input variable is 
voltage error difference in two consecutive intervals (Δε). 
The definition of ε and Δε can be expressed mathemati-
cally as (9) and (10). The output variable is the amount 
of variation in conducting angle (θd) that is needed to 
earn an output voltage with minimum of deviation. The 
ranges of the first input, the second input, and the output 
vary from –43 to 43, –3.5 to 3.5 and –3 to 3 respectively. 
The variation of Δε is practically low. 

refcV V                   (9) 

 
Table 1. Fuzzy logic rules considering two inputs and one 
output. 

Δε
ε 

PB PM PS ZE NS NM NB 

PB NB NB NM - - - - 

PM NB NM - - - - - 

PS - NM NS - - - - 

ZE - - NS ZE PS - - 

NS - - - - PS PM - 

NM - - - - - - - 

NB - - - - - - - 

1  k k                    (10) 

4. Fuzzy Set Membership and Control Rules 

The fuzzy sets considered for the inputs and the output 
are similarly in seven ranks: {NB (Negative Big), NM 
(Negative Medium), NS (Negative Small), ZE (Zero), PS 
(Positive Small), PM (Positive Medium) and PB (Posi-  
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Figure 6. (a) Membership function of ε; (b) Membership function of Δε; (c) Membership functions of θd. 
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output of the fuzzy control rules. 

5. Simulation Results 

According to mentioned material on last section, this 
paper proposed a fuzzy logic based voltage controller for 
a 12/8 SRG driven by a wind turbine. The parameters of 
the simulated SRG were shown in Table 2. Output volt-
age waveform of applied SRG without any controller 
was shown in Figure 8. In this case, the capacitor paral-
leled with the external load is the only used means to 
smooth the output voltage. However the waveform has 
an undesirable overshoot about 19% of Vref. Two kinds of 
controllers are used to reduce the voltage overshoot and

e 9 shows the effects of 
the PI controller on the output voltage. As shown in this 

d omit the overshoot com-

 

Table 2. SRG control system parameters. 

Number of Stator pole 12 Arc of stator pole (degree) 14

Number of rotor pole 8 Arc of rotor pole (degree) 16

Maximum inductance (mH) 1000 Vref (Volt) 230

Minimum inductance (mH) 100 RL (ohm) 100

Resistance per phase (ohm) 5 C (μF) 100
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then smooth output voltage. First, a PI controller is ap-
plied to the SRG system. Figur

figure, this controller coul
pletely. However, the required gain for PI controller is 
too high (k = 1000), and consequently so expensive. 
Furthermore, the higher gain in PI controller, the more 
instability in system. In addition, this controller results in 
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Figure 8. SRG output voltage waveform without any con-
troller. 
 
an increase in settle time of the SRG output voltage 

 deduction in settle time is desirable. Sec
fuzzy logic based co
that its output volta

er i
ula

ied to the SRG sy
ion is shown in Figur

em
 10

The result shows tro ler is so helpful to da pen
the voltage overshoot uickly and it is than
PI controller. In this case, the vo
tween 223 and 237 v

ltage
 the ma

 be
tputlt an

Copyright © 2012 SciRes.                                                                              IJMNTA 



N. FARIDNIA  ET  AL. 112 

250 

200 

150 

100 

50 

0 

–50 
0  0.01  0.02  0.03  0.04  0.05  0.06  0.07  0.08  0.09  0.1

time(s) 

O
ut

pu
t 

V
ol

ta
ge

 V
c 

 

Figure 9. SRG output voltage waveform with PI controller. 
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Figure 10. SRG output voltage waveform with fuzzy logic 
controller. 
 
voltage is 243 volt. 

6. Conclusion 

Due to the absence of windings or permanent magnets on 
the rotor, switched reluctance machines have a robust 
with simple structure. Therefore they afford to work at 
high speed applications and at rough conditions. How-
ever, due to numerous nonlinearities, The SRG ou
v

atical model of its output voltage is extracted. Then, a 
Fuzzy logic based controller is presented to smooth the
output voltage. The fuzzy controller receives the refe
ence voltage and the output voltage of the SRG as its
inputs, and returns the conducting angle as its output

The effect of mentioned controller on the output voltage 
is compared with that of a PI-controller. The result shows 
that in the presence of significant nonlinearity and un-
certainty, fuzzy logic controller is more rapid and more 
stable than the PI controller. Therefore the results verify 
the effectiveness of the fuzzy logic based controller over 
the output voltage of a switched reluctance generator. 
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