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This paper provides a new approach to maximize the amount of power generated by the switched reluctance generator (SRG) in
the low and medium speed operations. There are many control variables which affect the power generated such as: firing angles,
reference current, speed and voltage. It will incur high costs and time consuming to modify the variables using experimental set up.
Hence, to minimize time, cost and aid in the manufacturing industry, a simulation model of the overall SRG drive is developed. The
objective of the work is to identify the optimal parameters and characterize them under closed loop control. The study indicates
that there is an optimal voltage, firing angles and reference current at each speed range. Also, the percentage of the power generated
can be categorized as a function of dwell angle and speed at optimal voltage level. The optimal dwell angle is determined using
the least square method. Within the closed loop system, the high percentage of power generated can be maintained by adjusting
the voltage level. It allows operation in single pulse mode as opposed to the conventional current chopping during the low and
medium speed.

1. Introduction

Development of switched reluctance machine (SRM) as a
motor has been rapid especially in the areas of hybrid
electrical vehicles [1–4], aerospace integral starter/generator
[5–8], system and also in domestic appliances such as
washing machine and vacuum cleaner. It has attracted many
researches due to its robust and simple design as well as the
ability to operate over a wide speed range. Little however has
been done on the study of the machine in generating mode.

This paper is focused on the development of the SRG for
wind energy application which is categorized under the low
and medium-speed range.

Some studies relative to this issue have been reported.
Several publications offered their contribution to the devel-
opment and study of the SRG in wind energy applications
[9–12]. The research, however, is limited to exploring the
different types of control for operation of SRG in variable
speed applications.

There are also studies in the area of optimal control,
machine structure and converter requirement [13]. In [14–
18], investigations on the number of stator and rotor poles

on machine performance have been made. They have come
to an agreement that low number of poles are for high-speed
application whereas a high number of poles relate to low-
speed application. However, at this stage of research there is
no right combination which gives optimum performance.

A number of literatures regarding control optimization
have also been reported. An algorithm to determine optimal
angles based on correct balance between efficiency and
low torque ripple has been proposed [19]. The method
relies heavily on shape/adjacent phase current and requires
certain parameters to be determined experimentally. Fur-
thermore the output power generated catered for certain
load requirement. Curve fitting has been used to characterize
the optimal angles as a function of power and speed
level [20]. However the study is focused on high-speed
automotive application. Iterative method to identify and
classify design parameters based on its application in high-
speed range has also been studied [21]. But this did not
include any development of function or procedure relating
the optimized parameters with machine performance. For
those reported methods, the research is limited to high-
speed operation. Only [22] has reported on optimization
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during current controlled operation. Although different
control strategies have been proposed, the common fea-
tures amongst these studies in the literature are focused
on optimization of firing angles in terms of minimizing
losses.

The conventional excitation circuit used for SRG is the
asymmetric half bridge converter (AHBC). However, studies
have been undertaken to minimize cost by reducing number
of components in the converter circuit [23, 24]. The best
option of converter to be used has yet to be defined.

While a number of papers on SRG in wind energy
applications have been published, a comprehensive study
discussing the effect of different variables and how to max-
imize the generated power are not available. Different from
the previously reported objectives, this study determines
the optimal variables by investigating the impact of the
controlled variables/parameters in terms of the power gen-
erated by the machine. A dynamic control and performance
are presented. By adjusting the voltage level, generated
power is maximized using single pulse mode operation
during the low- and medium-speed range as opposed to the
conventional current chopping mode.

In this work, a simulation model of a three-phase 12/8
machine is developed to analyze the different types of vari-
ables associated with the generated power. It integrates the
overall SRG drive and provides a platform to modify control
variables in order to minimize cost and manufacturing time.
An optimization function based on the optimal variables is
proposed. The simulation work demonstrates that the model
and the proposed method can be used to aid in selecting the
best/optimal operation of SRG for wind energy application.

2. Characteristics of Generating Operation

2.1. Magnetic Characteristics of SRG. In order to model/
analyze the machine, the SRG can be represented by the
voltage equation across one phase winding. Since the mutual
coupling between phases for double salient pole machine
is small, it can be neglected [25] and the voltage can be
represented as

V = Ri +
dψ(i, θ)
dt

. (1)

The flux linkage, ψ, is a function of phase current, i, and
rotor position, θ. The phase winding resistance, R, cannot
be ignored during low-speed operation. The phase current
may be low during initial excitation, but it increases as
inductance profile decreases. However, at high speed current
is low hence voltage drop across the phase winding may be
ignored. Furthermore, the effect of change in resistance with
temperature as a result of increase in the current is also small
for the SRM. Hence (1) is commonly used to represent the
voltage across phase winding [26, 27].

The instantaneous electromagnetic torque produced by
each phase is derived from the partial derivative of coenergy,
W , with respect to the rotor position,

T(i, θ) = dW(i, θ)
dθ

, (2)

(a)

(b)

Figure 1: Configuration of a 3-phase 12/8 machine under study (a)
stator (b) rotor.

where,

W|θ=const =
∫ i

0
ψdi. (3)

The model of the machine which takes into account
the magnetic nonlinearities is modeled by the nonlinear
flux-current-angle (ϕ − i − θ) characteristics and developed
according to (1). The flux linkage characteristic can be
obtained via static measurement of the voltage and current
at various rotor positions or by using the Finite Element
Method (FEM) [28–30]. In the field of electrical machines,
FEM analysis is well known to determine the machine
characteristics [28]. However, the experimental test is used
to validate the data and the FEM analysis itself.

2.2. Experimental Verification of Magnetic Characteristics.
The accuracy of flux linkage estimation obtained by the FEM
is validated by measurements on the prototype three-phase,
12/8 SRG depicted in Figure 1 whose parameters are listed in
Table 1.

The flux linkage curves in Figure 2 were plotted at three
different rotor positions, aligned, midway, and unaligned for
various phase currents. The test method injects a voltage
pulse to turn on the switch whilst waveforms of current and
voltage across the phase winding is recorded [8, 28]. The flux
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Figure 2: Comparison of flux linkage characteristic between
experimental and FEM for a 12/8 SRG.

Table 1: SRG parameters.

Rotor pole pitch 45◦

Phase winding resistance, Rph 9.85Ω

Number of rotor pole, Nr 8

Number of stator pole, Ns 12

Number of phases, m 3

Aligned position 22.5◦

Unaligned position 0◦

linkage for one fixed position is obtained by rearranging (1)
such that

ψ =
∫

(V − Ri)dt. (4)

In Figure 2 a good agreement is observed between the
FEM obtained results and the measured ones; thus the
validity of the magnetic field analysis using FEM was proven.
The machine model consists of two look up tables: inverse of
flux linkage i(ϕ, θ) and the static torque T(i, θ).

2.3. Criteria for Generating Operation. The best generating
operation for SRG in wind energy application is to maximize
the power generated at various wind velocity. Therefore, one
criterion has been identified based on the operation of the
generator to maximize power generation.

The maximum percentage of power generated is evalu-
ated through

%gen power = vgen · igen

vgen · igen + vexc · iexc
, (5)

where vgen, vexc are the average generated and excitation
voltage igen, iexc are the average generated and excitation
current.

Total losses in the machine including copper and iron
loss should be considered for the optimization. In this
study the optimization is carried out during each value of

reference current, voltage, and speed. Hence iron loss which
depends on flux density and frequency is assumed constant.
Furthermore the speed range in this study is limited to below
55 rad/s. Iron loss becomes the dominant component of
losses at higher speed [31]. Since wind energy is categorized
under the low- and medium-speed range therefore only
copper losses are included in the calculation since they vary
with the phase current. The average power for three-phase
machine computed using instantaneous voltage and current
is:

Ptotal =
(

1
T

∫ T
0

(
vi− i2R)dt

)
. (6)

Having a high percentage of power generated implies that the
losses are minimized. The effect of variable parameters on
the previous criteria aids in developing a control method to
optimize the generating operation of the machine.

3. Modeling of Switched Reluctance Generator

The switched reluctance generator can be represented as a
mathematical model comprising electrical and mechanical
sections. The electrical section is built based on the phase
voltage equation (1) whereas the mechanical section is based
on the movement equation. An asymmetric half bridge
converter (AHBC) circuit and hysteresis current controller
are employed for this study. The complete SRG drive can be
integrated as in Figure 3.

The SRG drive systems were integrated using MATLAB-
Simulink software. A good simulation model aids to reduce
cost and time from having to set and reset the experimental
design [8]. From Figure 3 the parameters which affect the
generated power are turn on and turn off angle, terminal
voltage, and reference current.

3.1. Effects of Reference Current. Reference current was
chosen as an appropriate control variable when operating in
the low-speed range. It is obtained through voltage, speed or
power regulation. To analyze its effect on generated power, it
is made constant.

Figure 4 illustrates the effect of reference current between
1 A to 9 A, and the results in Figure 4(a) show the difference
of percentage power generated for various turn on angles
selected before and after alignment position. The turn off
angle is kept constant at 38◦. The higher the reference current
is, the more the energy required for excitation hence reducing
the power generated.

For turn on angle of 18◦, the turn off angle is varied
between 30◦, 35◦, and 40◦ in Figure 4(b). Higher percentages
of power generated are achieved at higher turn off angle.

Voltage level between 50 V and 150 V gives higher
percentage of power generated as shown in Figure 4(c).

At various speed, Figure 4(d) shows that percentage of
power increases as speed increases. It can be observed that at,
reference current of 5 A, high percentage of power generated
is obtained as firing angles, voltage, and speed are varied. For
this reason we chose 5(a) as our reference current.
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Figure 3: Complete model of SRG drive including machine, converter, and control system using MATLAB/Simulink.
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Figure 4: Graph of % power generated against reference current. Effect of reference current with (a) turn on angle, (b) turn off angle, (c)
terminal voltage, and (d) speed.

3.2. Effects of Terminal Voltage. Increasing the terminal
voltage reduces the time to reach the reference current.
Higher voltage results in faster decrease in current after
turn off angle due to the more/higher negative voltage, thus
reducing the generated power.

Figure 5 shows variation of terminal voltage with differ-
ent control variables. Increasing the terminal voltage results
in lower percentage of generated power for turn on angle
made before and after alignment position as in Figure 5(a).
Excitation of machine prior to alignment position gives
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Figure 5: Graph of % power generated against terminal voltage. Effect of terminal voltage with (a) turn on angle, (b) turn off angle, (c)
reference current, and (d) speed.

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
0

1

2

3

4

5

6

Time (s)

C
u

rr
en

t 
(A

m
ps

)

V = 50 V
V = 100 V
V = 120 V

Figure 6: Effect of terminal voltage on shape of phase current at
turn on angle 18 deg and turn off angle 35 deg at speed of 25 rad/s.

better percentage of generated power because the generated
phase current will keep rising as a result of falling inductance
for the excited phase. Larger turn off angle gives better

percentage of power generated at turn on angle of 18◦ as in
Figure 5(b).

In Figure 5(c) the 5 A reference current has highest
percentage of power generated at voltage level of 150 V and
above whereas for voltage below 150 V, reference current
of 3 A gives the highest percentage of power generated.
Increasing the reference current whilst keeping the firing
angles constant would result in current not being able to
reach its reference limit thus resulting in single pulse mode
operation.

The percentage of power generated reduces as voltage
level is increased for various speeds as in Figure 5(d).
Increasing the terminal voltage provides more excitation
energy for the current to reach its reference value to operate
in current chopping mode. The effect of increasing voltage
on the shape of phase current for a certain value of firing
angle is shown in Figure 6. The amount of power generated
reduces as chopping action is approached.

It can be concluded that the selection of voltage level for
excitation will determine the shape of the current either in
single pulse mode or current chopping. The range of optimal
voltage is between 50 V and 150 V for speed between 25 rad/s
to 55 rad/s.
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Figure 7: Graph of % power generated against turn on angle. Effect of turn on angle with (a) turn off angle, (b) reference current, (c)
terminal voltage, and (d) speed.

At each voltage level there is a maximum percentage of
power generated. Although the generated power produced
at high voltage is higher in amount as compared to the low
voltage, its excitation and losses are also higher. It can be
concluded that voltage level plays a role to maximize the
percentage power generated by the SRG.

3.3. Effects of Firing Angles. It has been shown in several
literatures that the firing angles impact the power generated
[32]. At low speed it is important to shorten the time for
current to reach its reference limit. One of the ways to aid in
fast increase of phase current is to advance the turn on angle
into the decreasing inductance profile. However advancing
the turn on angle further into the decreasing inductance
profile shortens the dwell angle. Also the further turn on
angle is placed along the decreasing inductance profile; the
turn off angle is pushed into the minimum inductance
region, thus reducing the generated power. The only energy
being returned is the stored energy. During this time, energy
will not be extracted from prime mover due to zero torque.
Figures 7 and 8 illustrate the effects of the turn on and turn
off angles with other control variables.

Turn On Angle. The following can be observed for variation
of the turn on angle with turn off angle in Figure 7(a) when
the SRG is subjected to voltage level of 325 V and speed of
35 rad/s: (1) larger turn off angle gives high percentage of
power generated; (2) at each turn off angle there exists an
optimal value of turn on angle.

Figure 7(b) shows the variation of turn on angle with
various reference current. It can be seen that the highest
percentage of power generated occurs when turn on angle
is prior to and along the decreasing inductance profile.

Observation in Figure 7(c): (1) for voltage level between
50 V to 150 V, turn on angle is made prior to alignment
position to achieve high percentage of power generated.
(2) at higher voltage level, turn on angle is made after
alignment position to achieve the highest percentage of
power generated.

Variation of turn on angle with speed is given in
Figure 7(d). It shows that there exists an optimal value of
turn on angle for each speed. The graph tends to converge to
one value due to the constant turn off angle used. As turn on
angle moves along the decreasing inductance profile, dwell
angle reduces and therefore percentage of power generated
decreases.
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Figure 8: Graph of % power generated against turn off angle. Effect of turn off angle with (a) turn on angle, (b) reference current, (c)
terminal voltage, and (d) speed.

Turn Off Angle. Figure 8 illustrates the effect of turn off
angle with variable control parameters. In Figure 8(a), its
effect with turn on angle at speed of 35 rad/s and voltage level
of 325V is observed. It shows that there is an optimal turn off
angle for each turn on angle.

At various turn off angles, the effect of reference current
is shown in Figure 8(b) when the SRG operates at voltage
level of 325 V and turn on angle of 18◦. The optimal value
of turn off angle differs for each reference current level. The
highest power generated occurs at reference current of 5A.

The effect of turn off angle at various voltage levels is
depicted in Figure 8(c). The optimal working voltage level is
within 50 V to 150 V. Larger turn off angle results in decrease
of power generated. Also at large turn off angle there is a
possibility of phase current returning to zero/tailing off into
the motoring region.

Figure 8(d) illustrates the effect of turn off angle with
speed ranging from 25 rad/s to 55 rad/s. The range of optimal
turn off angle is almost constant for various turn on angle,
reference current, voltage level, and speed. It can be said that
turn off angle has considerable effects on maximizing the
generated power under generating operation.

4. Optimization of Control Parameters

The discussion in Section 3 shows that the percentage of
power generated is affected by the control parameters such
as reference current, terminal voltage, and firing angles.
The objective is to determine the optimal operating point
for each parameter based on the selected criteria. In the
previous discussion, we have highlighted the selected optimal
reference current and shown that there is an optimal voltage
for each speed. Once the optimal reference current and the
voltage level was set for the corresponding speed range,
the remaining variable to be optimized is the firing angles.
This would be the most influential parameter to optimize
for the controller. The best way to determine the optimal
firing angles is to simulate it for all possible range of design
parameters.

The data collection is performed using massive simula-
tion under the following conditions.

(i) Turn on angle is varied between 12◦ to 30◦ in 1◦

increments. The value of turn on angle is chosen
before and after alignment position. The turn on
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Table 2: Optimal angles at different speed and voltage.

ω = 25rad/s

Volt Turn on θon Turn off θoff Dwell (θoff − θon) θd Total instantane ous power Instantan eous copper losses

50 V 16 34 18 51.7 15.3

100 V 18 34 16 196.6 56.2

150 V 22 34 12 339.3 72.5

325 V 29 37 8 933.8 111.7

19 41 22 1247.9 173.8

500 V 31 38 7 1662.7 140.7

21 41 20 2085.1 194.6

ω = 35 rad/s

50 V 16 35 19 45.7 12.7

100 V 15 34 19 178 47.4

150 V 19 34 15 331.2 71.1

325 V 27 36 9 846.4 93.8

17 42 25 1171.5 159.3

500 V 29 37 8 1531.7 121.9

22 42 20 1951.5 177.8

ω = 45 rad/s

50 V 15 35 20 39.7 9.7

100 V 13 34 21 160.9 39.6

150 V 16 34 18 320 69.2

325 V 24 36 12 849.5 96.1

16 43 27 1098.4 145.7

500 V 28 37 9 1460.2 112.7

19 42 23 1858.5 166.6

ω = 55 rad/s

50 V 14 35 21 35.3 7.8

100 V 14 35 21 144.8 33.5

150 V 14 34 20 300 62.1

325 V 21 36 15 845.2 96.3

13 43 30 1052.7 136.2

500 V 26 37 11 1414.8 109.8

17 42 25 1794.4 158.8

angle is projected into the motoring region to allow
current to build.

(ii) The turn off angle is varied between 25◦ to 44◦ in
1◦ increments for each of the constant turn on angle
chosen above.

The data are collected at different speed and terminal
voltage level: 25 rad/s, 35 rad/s, 45 rad/s, 55 rad/s, and 50 V
100 V, 150 V, 325 V, and 500 V.

The optimization results for maximization of percentage
power generated based on the above method are shown in
Figure 9. The optimal turn off angle is selected for each
value of turn on angle between 12◦ and 30◦. Also as seen in
Figure 9, an optimal turn on angle exists at each voltage level
and speed.

Table 2 tabulates the optimal angles at each voltage
level and speed. The percentage power generated can be
represented as a function of firing angles and speed at
different voltage level. The optimal voltage level for speed

Table 3: Characterization of speed and voltage level.

Speed, ω (rad/s) Voltage (volt)

25 rad/s ≤ ω 50 V

25 rad/s < ω≤ 50 rad/s 100 V

50 rad/s < ω≤ 55 rad/s 150 V

range between 25 rad/s to 55 rad/s can be grouped as in
Table 3.

5. Observations and Analysis

5.1. Non-Continuous Phase Current Profile. Simulation
results obtained based on Table 2 includes a non-continuous
current profile when three phases are considered. Overlap-
ping is not an issue for the optimal range of angles obtained
between 50 V to 150 V where machine operates in single
pulse mode. The problem arises during current chopping
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Figure 9: Maximization of parameters for best generating opera-
tion at each voltage and speed (a) 35 rad/s, (b) 45 rad/s.

mode at higher voltage level where the turn on angle is placed
along the decreasing inductance profile to aid in increase of
current to its reference value. This reduces the dwell angle θd,
which is the difference between turn off and turn on angle:

θd = θoff − θon. (7)

The percentage of power generated is higher; however
the phase current does not overlap between adjacent phases
resulting in non-continuous current profile, thus increase
torque ripple and losses.

Torque pulsation occurs at commutation between the
adjacent phases [26]. Figure 10 shows the current and torque
profile for the same speed range, voltage, and turn on angle.
In this case only turn off angle is varied from 37◦ to 43◦.
Having complete overlap between the phase current reduces
torque ripple as in Figures 10(b) and 10(d) [33].

5.2. Continuous Current Profile. To address the issue of
non-continuous current profile, the overlapping between
adjacent phases has to be taken into account. The maximum
percentage of power generated will reduce although the
overall generated power (power profile) increases.

The new value of optimal angles for voltage of 325 V
and 500 V at speed ranging from 25 rad/s to 55 rad/s is
highlighted in Table 2. The value of optimal angles is taken
at full overlap of phase current since it shows significant
reduction in torque ripple. The overlap between adjacent

phases is achieved when turn on angle is on the increasing
inductance profile with dwell angle of more than 20◦.

Based on Table 2 it can be concluded that optimal angles
occur at each speed and voltage level.

6. Algorithm

From the previous investigations, we can conclude that the
percentage of power generated is a function of firing angles
and speed for different voltage level:

Pgen = Pgen(θd,ω). (8)

It should also be pointed out that the change in the
optimal turn off angle is small; thus it can remain constant at
each speed and voltage level. Therefore a controller model of
dwell angle can be defined as a function of speed, respectively.

Figure 11 depicts the optimal dwell angle at each voltage
and speed taking into account the criteria of overlapping
phase currents. Least square method and Vandermonde
matrix is used to obtain the function of dwell angle in terms
of speed using a commercial software package, MATLAB
(R2010b, The Mathworks Inc, Natick, MA):

θ
optimal
d = aω3 + bω2 + cω + d, (9)

where ω is the speed in rad/s and a,b,c and d, are the
coefficients determined using curve fitting procedure. Such
function can be expressed in matrix form as in (10).

Based on Table 3 and (9), a closed-loop control can be
developed to provide the optimal dwell angle for speeds
ranging between 25 rad/s to 55 rad/s. The controller allows
the voltage to be selected in order to maintain the high
percentage of power generated. Figure 12 illustrates the
proposed control scheme to implement the optimal control
algorithm. In this way, the machine can accommodate a
change in wind velocity and provide the highest percentage
of power generated:

θd 50V

θd 100V

θd 150V

θd 325V

θd 500V

=

⎡
⎢⎢⎢⎢⎢⎣

0 0 0 0.1 16
0 0 −0.0075 0.77 1.4
0 0 −0.0025 0.47 1.8
0 0.00033 −0.04 1.8 −3
0 −0.00067 0.085 −3.3 59

⎤
⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎣

ω4

ω3

ω2

ω
1

⎤
⎥⎥⎥⎥⎥⎦
.

(10)

7. Verification Through Simulation

The algorithms proposed in Section 6 were implemented
in simulation to confirm proper operation before it can
be developed experimentally. The SRG is intended for the
application in wind energy application. Hence, the focus is
to maximize the generation as much as possible during low-
speed range. Figure 13 shows the result when a step input
speed is applied. The proposed algorithm adjusts to the
required voltage level in order to provide high percentage
of generated power. The control technique provides the
highest percentage of power generated by varying the voltage
level within the speed range. Figure 14 shows results of the
implemented control technique which corresponds well with
the result obtained using massive simulation.
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Figure 10: Current and torque profile during chopping mode taking into account the overlapping between adjacent phases at 325 V and
speed 45 rad/s (a) current and (b) torque at Ton = 16 deg, Toff = 37 deg, (c) current and (d) torque at Ton = 16 deg, Toff = 43 deg.
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Figure 11: Graph showing relationship between dwell angle with
speed and voltage level.

8. Conclusion

In this paper, three parameters have been used to evaluate the
performance of the machine in terms of highest percentage
of power generated. They are the terminal voltage, reference
current, and firing angles. Although all parameters have been
analyzed, the controlled and most influential parameter that
affects the percentage of power generated is the firing angles.
It occurs at each speed range and voltage level. It has also
been shown that during low- and medium- speed range,
the turn off angle remains constant. Therefore, the relation
of percentage of power generated can be represented as a
function of dwell angle and speed at different level of voltage.

The developed function provides the optimal turn on
angle by rearranging (7):

θ
optimal
on = θ

optimal
off − θoptimal

d . (11)

Since the voltage level affects the shape of phase current,
a control method was developed to maintain the highest
percentage of power generated by varying the voltage within
the low- and medium-speed range.

Single pulse mode operation can be achieved by using
a low voltage level as current cannot reach its reference
value. Higher percentage of power generated is obtained as
compared to current chopping mode. High voltage level is
not suitable for low- and medium-speed since it does not
benefit in terms of generated power. The power generated
is below 60%. Operating the machine in single pulse mode
during low- and medium-speed would result in reduced
excitation hence increasing generation stage.

The outcome of the best generating operation for a 3-
phase 12/8 SRG operating between speed range of 25 rad/s
and 55 rad/s can be summarized as follows.

(i) Optimal range of voltage is between 50 V and 150 V.
Higher voltage gives higher amount of generated
power at the expense of higher excitation.

(ii) The change of optimal turn off angle is minimal
hence to maintain the optimal dwell angle it is made
constant. It should also be pointed out that a small
change in turn off angle results in a small change
of percentage of power generated. Therefore, the
optimal turn off angle is chosen as 35◦ for the optimal
range of voltage level.

(iii) Instead of using one voltage level, a high percentage
of generated power can be maintained by changing
its optimal voltage as speed varies.
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Figure 12: Schematic diagram of the proposed control algorithm to provide optimal firing angle at selected speed and voltage level.
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Figure 13: Simulation result of the proposed algorithm when a step input is applied.
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Figure 14: Comparison of result using the proposed algorithm with result from massive simulation (a) total instantaneous power at 50 V,
(b) highest % power generated at 50 V, (c) total instantaneous power at 100 V, and (d) Highest % power generated at 100 V.
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The simulation results have demonstrated that the pro-
posed algorithm can be used to provide highest percentage
of power generated. Therefore, the findings in this paper will
aid in development of SRG by allowing user to choose the
best generating operation in low- and medium-speed range.
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