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Abstract: - A Switched Reluctance Generator (SRG) system normally encompasses three main components: SR 

machine, controller and converter. On-going research on simulation and modelling of SRG system has focused 

on one component. There is a lack of a more comprehensive approach which integrates all three components 

into one simulation platform. We have developed a simulation model comprising SR machine, control and 

converter using MATLAB/Simulink. The main advantage of a simulation model is to reduce time and cost by 

having to perform changes on the prototype machine. In this paper, the work is focused on developing the 

optimal control algorithm for the platform. Optimal parameters are identified and characterized in terms of 

highest percentage of power generated. From simulation, the most influential parameters affecting the power 

generated are the firing angles and voltage level. So, a function relating the optimized parameter with machine 

performance was developed. The proposed control technique will provide easy implementation and ensure high 

machine performance. The effectiveness of the proposed method is demonstrated by simulation results. The 

work will aid in development of SRG by providing a platform to determine the best generating operation before 

real implementation, reducing manufacturing time and cost. 
 

Key-Words: - Current control, Finite Element Method, Optimization, Simulation of SRG drive, Switched 

reluctance generator (SRG), SRG control. 

 

1 Introduction 
The use of the Switched Reluctance Machine 

(SRM) as a motor has been well established. It has 

been around in the domestic industry in appliances 

such as vacuum cleaners and washing machines. In 

the automotive industry, the SR machine is used in 

hybrid buses, truck starter generators and also in car 

starter generators. The SR machine can also be 

operated as a generator, where it is mainly used in 

high speed application as starter/generator for 

aircraft and gas turbines. The structure of the 

machine and its inherent capability to start with low 

inertia has made researchers realize the potential of 

the machine to operate in a wide speed range. So its 

adaptability is now being applied in wind energy 

field. With the increase in environmental awareness, 

and growing demand for energy, a supply that is 

sustainable with the least environmental impact is 

the focus of study. Amongst the growing potential 

of renewable energy nowadays is the wind energy 

which accounts for the 3% of the world’s electricity 

demand. The on-going studies regarding the use of 

the switched reluctance generator (SRG) in wind 

energy application proves it as a potential candidate 

alongside the conventional machines [1-4]. 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 

requirements [5, 6]. In [7-11], investigations on the 

number of stator and rotor poles on machine 

performance have been made. They have come to an 

agreement that a low number of poles is for high 

speed application whereas a high number of poles 

relates to low speed application. However, at this 

stage of the research there is no right combination 

which gives optimum performance. 
 A number of studies 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 [12]. The method relies heavily 

on shape/adjacent phase current and requires certain 

parameters to be determined experimentally. 

Furthermore the output power generated catered for 

certain load requirements. Curve fitting has been 

used to characterize the optimal angles as a function 

of power and speed level [13]. However these 

studies are focused on high speed automotive 
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application. Iterative method to identify and classify 

design parameters based on its application in high 

speed range has also been studied [14]. 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 

[15] has reported on optimization during current 

controlled operation. Although different control 

strategies have been proposed, the common features 

amongst these studies in the literature are focused 

on the 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 the number of components in the 

converter circuit [16, 17]. The best option for the 

converter to be used has yet to be defined.  

 While a number of papers on SRG in wind 

energy applications have been published, the 

existing research focused on individual element of 

the drive system to achieve optimal performance. To 

date there is no specific configuration of SRG that 

has been proposed to produce maximum output 

power. To address this issue, we look into the 

overall performance of the system taking into 

account the control variables, the machine structure 

and the converter. 

Different from previously reported objectives, the 

aim of this study is to create a platform to analyse 

machine performance, so as to determine and 

characterize the optimal variables by investigating 

the impact of the controlled variables/parameters in 

terms of power generated by the machine. A control 

algorithm is proposed to perform dynamic control 

and optimize machine performance. A high 

percentage of generated power can be achieved by 

adjusting the terminal voltage level and operating 

the machine in single pulse mode during low speed 

range. The simulation work demonstrates that the 

model and proposed method can be used to aid in 

selecting the best/optimal operation of SRG for 

wind energy application. 

 

 

2 Characteristics of Generating 

Operation of Switched Reluctance 

Generator Drives 
In general, the SRM is a double salient machine 

where both its stator and rotor poles protrude into 

the air gap. It does not have any windings or 

magnets on the rotor poles. The rotor is simply 

made of a stack of laminated iron steel. SRM’s have 

independent phase windings on the stator poles.  

The machine operates in such a way that the 

rotor will move to the position of minimum 

reluctance. The rotation of the rotor is achieved by 

energizing and de-energizing the phase winding on 

the stator poles. When the windings are energized, 

the stator pole behaves as an electromagnet pulling 

the rotor towards the excited phase. 

The stator phase is energized in synchronism 

with the rotor position to ensure continuous rotation. 

When rotor moves towards the stator pole, torque 

will be produced and there is a change in reluctance 

of magnetic path. When the rotor is aligned with the 

stator pole, reluctance is minimum, whilst 

inductance is maximum. As the rotor moves away 

from the stator pole, the air gap increases and 

inductance starts to decrease. During the unaligned 

position, inductance will be at its minimum value. 

By proper excitation of phase winding, the machine 

can operate as a motor during the increasing 

inductance region, and as a generator during the 

decreasing inductance region. To operate the 

machine as a generator, the windings are excited as 

the rotor is moving away from the stator poles.  

 

 

2.1 Current Waveforms of a three phase 

SRG 
The analysis of the phase current waveform is best 

described through the position of firing angles on 

the inductance profile.  Previous research to 

optimize firing angles uses idealized inductance 

waveform as well as looking into one cycle of 

operation [18, 19]. This analysis will consider 

overlapping area when all three phases operates as 

in Fig. 1.  

The existence of control intervals in SRG 

operation requires the best selection in firing angles. 

It is not a straight forward procedure since the 

machine is highly nonlinear with both its flux 

linkage and inductance varying as a function of 

current and rotor position. Also the machine is 

singly excited and may produce a discontinuous 
current profile.  Several factors affect the angle 

selection: 

• Placement of turn on angle along the 

inductance profile. Since the operation of 

the SRG is during the decreasing inductance 

slope, the placement of the turn on angle 

should be made in the increasing inductance 

region to allow the phase current to build 

up.  The magnetic energy will be stored and 

released during the generation period. If the 

turn on angle is advanced in the positive 
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inductance slope, more energy is stored in 

the winding hence more power will be 

generated. However, this leads to the 

generating current tailing off in the next 

phase of excitation causing overlap between 

the adjacent phases. Overlap is required to 

produce a continuous current profile. 

• Back EMF during the generating operation 

will assist in the increase of current in phase 

winding, thus increasing power generated. 

The voltage across phase winding during 

the excitation and generation stage is as 

follows: 

  
θ

ω
d

dL
i

dt

di
LRiV ++=±

                      
(1) 

where V is the terminal voltage, R is the phase 

resistance and inductance L, is a function of both 

phase current i and rotor position θ The terminal 

voltage will be negative during generating due to the 

freewheeling current through the diodes. Using the 

separation of variable method to equation (1), phase 

current is analysed: 

t
d

dL
RL

Vt
i

))((
θ

ω ±++

±
=
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    Conditions which may occur during the excitation 

and generation stages depend on the slope of 

inductance and amplitude of terminal voltage and 

back EMF.  

In Fig. 1, two modes of operation occur during 

the time period t1-t5: energy in phase winding one 

(Ph1) is released through the diodes whilst current 

in phase winding two (Ph2) starts excitation stage. 

Voltage across Ph1 is negative, therefore current 

ascends to zero. Ascending velocity depends on 

voltage, back EMF and also on the amount of 

energy stored during excitation. When current in 

Ph1 is more than current in Ph2, generating current 

dominates in the dc link line as shown in Fig. 1(c). 

    Terminal voltage also contributes to the increase 

of power generated. If turn on angle is made prior to 

poles alignment, higher voltage is required to push 

current to its maximum value.  

    Based on the above analysis, the factors which 

may increase current are speed, voltage, placement 

of firing angles and also the reference current. These 

parameters will be analysed in order to determine its 

best/optimal operating parameter at each speed 

range. 

    As can be seen, it is not a straight forward 

procedure to determine optimal parameters for SRG. 

After turn off angle, phase current may increase or 

decrease depending on the amount of stored energy 

and back EMF as shown in Fig. 2. Also the peak of 

phase current cannot be predicted. Therefore, the 

only way to determine the optimal range of 

parameters is by the heuristic method. Then, the 

relations between the optimal parameters and 

machine performance can be developed.  
 

 

2.2 Criteria for Generating Operation 

One criterion has been identified based on the 

operation of the generator to maximize power 

generation. The maximum percentage of power 

generated is evaluated through: 

 

 

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
-3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

time (s)

C
u
rr
e
n
t 
(A

m
p
s
)

Ton=27

(b)

Toff=35deg

Ton=19

(d)

Ton=25

(c)

Ton=28

(a)

 

Fig. 2 Variation of phase current with respect to 

inductance profile for various turn on angle and

constant turn off angle of 35
0
 at 200V and speed   of 

300rad/s 

 

Fig. 1. Profile for (a) inductance referring to current 

in phase 2 (b) Phase current for all three phases and 

(c) Current profile which is seen in the dc link line.  
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where genv , excv  are the average generated and 

excitation voltages, geni , exci are the average 

generated and excitation currents. Total losses in the 

machine including copper and iron loss, should be 

considered for the optimization. In this study the 

optimization is carried out for each value of 

reference current, voltage and speed. Hence iron 

loss which depends on flux density and frequency is 

assumed constant.  Iron loss becomes the dominant 

component of losses at very high speed [20]. This 

study is focused on wind energy which is 

categorised under low and medium speed range; 

therefore only copper losses are included in the 

calculation since they vary with phase current. The 

average power including copper loss for the three 

phase machine is computed for one cycle of phase 

current, T using instantaneous voltage and current: 

))(
1

( 2

0

dtRiVi
T

P

T

total −= ∫
                                 

(4) 

    Having a high percentage of power generated 

implies that the losses are minimized. The effect of 

variable parameters on the criteria above aids in 

developing a control method to optimize the 

generating operation of the machine.  

 

 

3 Generator Modeling 
The model is formed based on electromagnetic 

characteristics of the machine. These characteristics 

are obtained via finite element (FE) analysis. An 

experiment was set up to verify and validate the 

results obtained using FE method. The 

magnetization curves of flux linkage versus current 

for each rotor position were obtained. This will be 

the key component to determine other parameters 

such as: i matrix, co-energy, torque and also 

inductance. The calculation of the magnetic 

characteristics was detailed in a previous paper [21].  

     The nonlinearity of the machine provides a 

challenge in modelling and analysis owing to the 

doubly salient structure and its operation in the 

magnetic saturation region. The intention to operate 

the machine under magnetic saturation is to achieve 

high efficiency. Thus, to analyse and predict the 

performance of the generator, a platform to change 

the generator parameter is essential.  

 This paper considers a three phase 12/8 machine 

as shown in Fig. 3 whose parameters are listed in 

Table 1. As mentioned earlier, the proposed SRG 

drive system is to aid in determining the machine 

performance before building the prototype. The 

switched reluctance generator can be represented as 

a mathematical model comprising electrical and 

mechanical sections. 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 Fig. 4. 

 

 

 

 

 

 

(a) 

 

                                    (b) 

Fig.  3  Configuration of a 3 phase 12/8 machine 

under study (a) stator (b) rotor 

Table 1. SRG parameters 

Rotor pole pitch 45
0 

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
0 

Unaligned position 0
0 
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Fig. 4 Complete model of SRG drive including machine, converter and control system using 

MATLAB/Simulink. 

4 Algorithm for Control Optimization 
As stated in Section 2.1, there is no procedure to 

identify optimal angles due to the nonlinearity 

behaviour of the machine. The occurrence and  

increase of peak current after turn off angle cannot 

be predicted; therefore there will be an optimal 

angle which will produce the maximum generated 

current.The amount of power generated is dictated 

by the shape of phase current and placement of 

firing angles on the inductance slope.  
    In order to determine the highest percentage of 

power generated, the generator model is simulated 

for all possible combinations of turn on angle, θon 

and turn off angle, θoff in increments of 1 degree at 

speeds in the range of 25rad/s to 500rad/s. The 

speed range is strategically selected to represent low 

and high speed. The optimal combination of θon and 

θoff are selected for each speed and voltage level. 

The criterion is to determine the angle which gives 

the highest percentage of generated power. All the 

selected optimal angles for each speed and voltage 

range are compiled and the algorithm to select the 

optimal parameters is developed. 

 

 

4.1 Low speed 
Conventional control strategies employ current 

chopping for low speeds, whereas single pulse mode 

is used for high speed operations. This current 

chopping will hold the current constant for a 

specified amount of time resulting in a constant 

power output. It is useful for the motoring operation 

where it provides mechanical energy to a load. As 

for the generating operation, the aim of this work is 

to focus on maximizing the generated power at any 

speed range. Hence, current chopping is not suitable 

as the chopping frequency reduces the amount of 

energy captured. Therefore to avoid the chopping 

action, voltage level is varied to allow single pulse 

mode operation in the low speed range. Fig. 5(a) 

shows that the percentages of power generated by 

shaping the current in a single pulse mode as 

opposed to current chopping are higher. It also 

shows that an optimal turn on angle exists at each 

voltage level and speed. The turn off angle does not 

change much as depicted in Fig. 5(b). 

 

 

4.2 High speed 

In the high speed operation, the current will rise 

after the turn off angle due to back EMF. It will not 

reach the reference limit. Therefore the reference 

current does not have an impact on the shape of 

phase current. Fig. 6(a) illustrates the variation of 

percentage of generated power with turn on angle 

and in Fig. 6(b) the variation of turn off angle with 

turn on angle at the speed of 300rad/s. Among all 

simulated data, the optimal turn on angle for voltage 

range between 100V to 500V does not change 

much. It can be seen that the optimal range is 

between 11 to 13 degrees. Similarly there is not 

much change in the turn off angle. The range of 

optimal turn off angle is between 34 to 36 degrees. 

This means that the firing angles at high speed is 

almost constant when compared to low speed range. 

This can be seen in Fig. 7, where the dwell angle for 

speeds above 200rad/s remains almost constant. 
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                                (b) 

Fig. 5 Variation of (a) percentage power generated 

versus turn on angle and (b) turn off angle versus 

turn on angle at low speed of 35rad/s 

 

 

Fig. 7 Graph showing relationship between dwell 

angle with speed and voltage level. The range of 

speed is between 25rad/s to 500rad/s at voltage 

level between 100V to 500V 

 

4.3 Discussion 

Having identified the range of optimal 

parameters, it can be categorized as in Table 2 for 

low speeds ranging from 25 to 55rad/s and Table 3 

for high speeds ranging from 100 to 500rad/s. The 

bold values in Table 2 show the optimal angles 

which produce the continuous current profile taken 

at full overlap of phase current.  

    It can clearly be seen that by changing the voltage 

level, the total amount of power generated changes. 

Fig. 8 shows the profile of phase current at its    
optimal angles at the speed of 35rad/s at 100V and 

325V. A current chopping profile will produce a 

lower percentage of power generated compared to 

the single phase mode. Therefore to optimize the 

performance of the machine in the speed range 

25rad/s to 55rad/s, a voltage level below 200V is 

selected. The current profile at the higher speed of 

500rad/s for all voltage level at its optimal angles is 

shown in Fig.9.The current profiles are smoother for 

voltage levels between 100V to 200V. At higher 

voltages, more power can be generated at the 

expense of having more noise. Since the difference 

in percentage of power generated at high speed is 

small although voltage level is changed, the choice 

of voltage will depend on the type of application. 

The percentage of power generated for speed in  
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                       (b) 

Fig. 6 Variation of (a) % power generated with turn 

on angle and (b) turn off angle with turn on angle at 

high speed of 300rad/s 
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Table 2. Optimal angles at low speed and voltage 
Volt Turn 

on 

onθ  

Turn 

off 

offθ  

Dwell 

(
offθ -

onθ ) 

dθ  

Total 

Instantane

-ous 
Power 

Instantan

-eous 

Copper 
losses 

    
ω=25rad/s 

  

50V 16 34 18 51.7 15.3 

100V 18 34 16 196.6 56.2 
200V 26 36 10 497 86.76 

325V 29 37 8 933.8 111.7 
 19 41 22 1247.9 173.8 

500V 31 38 7 1662.7 140.7 

 21 41 20 2085.1 194.6 

ω=35rad/s 

50V 16 35 19 45.7 12.7 

100V 15 34 19 178 47.4 

200V 22 35 13 485.8 84.15 
325V 27 36 9 846.4 93.8 

 17 42 25 1171.5 159.3 

500V 29 37 8 1531.7 121.9 

 22 42 20 1951.5 177.8 

ω=45rad/s 

50V 15 35 20 39.7 9.7 
100V 13 34 21 160.9 39.6 

200V 18 34 16 497 91.35 
325V 24 36 12 849.5 96.1 

 16 43 27 1098.4 145.7 

500V 28 37 9 1460.2 112.7 
 19 42 23 1858.5 166.6 

ω=55rad/s 

50V 14 35 21 35.3 7.8 

100V 14 35 21 144.8 33.5 
200V 16 34 18 498.5 95.54 

325V 21 36 15 845.2 96.3 

 13 43 30 1052.7 136.2 

500V 26 37 11 1414.8 109.8 

 17 42 25 1794.4 158.8 

the range of 25rad/s to 55rad/s using voltage level 

more than 325V is below 60%. Hence the optimal 

voltage for low speed can be grouped as in Table 4. 

The selection of the optimal voltage is compromised 

in terms of percentage of power generated and the 

total instantaneous power during one phase cycle. 

For speeds 25rad/s and below, 100V is chosen as the 

optimal voltage level as opposed to 50V since the 

difference in percentage of power generated is less 

than 1%.  Also, it gives higher ratio of total amount 

of power generated by 3.8. It shows that by 

increasing the voltage level, more power is 

generated even though the percentage of power 

generated does not show significant change 

The same goes for high speeds in the range 

between 100 to 500rad/s, where the percentage of 

power generated is almost the same, even though 

the voltage level has been changed. Based on the 

current profile, the optimal voltage level can be 

grouped into three categories: low noise with high 

percentage of power generated, low noise with 

moderate amount of power generated and high noise 

with high generated power. 

The voltage level which is categorised under low 

noise gives smoother current profile between 100V 

to 200V as in Fig. 9. Its percentage of generated 

power is in the range of 70%. Within this range, the 

amount of generated power differs. The voltage 

which generates the highest amount of power is 

200V. 

    In the second category, the 325V has better 

current profile as seen in Fig. 9. However, at 500V a 

significant amount of power generated can be seen. 

The ratio of power generated by 500V and 325V for 

speed above 200rad/s is approximately 2.4. This  

 

 

Table 4. Characterization of voltage level in the 

speed range 25rad/s to 100rad/s 

 

Speed, ω, (rad/s) Voltage(volt)  

25rad/s ≤ ω 100V 

25rad/s˂ω˂100rad/s,  

 

200V
 

Table 3. Optimal angles at high speed and voltage 
Volt Turn 

on 

onθ  

Turn 
off 

offθ  

Dwell 

(
offθ -

onθ ) 

dθ  

Total 
Instantane

-ous 
Power 

Instantan-
eous 

Copper 
losses 

    
ω=100rad/s 

  

50V 13 35 22 22.45 3.24 

100V 13 35 22 91.25 13.64 
200V 12 34 22 196 50.06 

325V 15 34 19 839.80 105.06 
500V 19 33 14 1311.14 98.78 

ω=200rad/s 

50V 12 35 23 12.49 1.03 

100V 12 34 22 46.08 3.44 
200V 13 35 22 196 16.19 

325V 11 34 23 518.20 42.46 

500V 11 34 23 1275.18 109.13 

ω=300rad/s 

50V 12 35 23 8.53 0.4849 

100V 12 34 22 31.50 1.61 

200V 11 34 23 132.7 7.36 
325V 11 34 23 351.43 19.65 

500V 11 34 23 843.61 47.71 

ω=400rad/s 

50V 12 35 23 6.49 0.2793 

100V 12 34 22 23.94 0.9361 
200V 11 34 23 100.8 4.29 

325V 11 34 23 267.1458 11.4 
500V 11 34 23 634.72 27.03 

ω=500rad/s 

50V 12 35 23 5.24 0.1834 

100V 11 34 23 20.19 0.6761 
200V 11 34 23 81.4 2.76 

325V 11 34 23 215.66 7.41 

500V 11 34 23 511.43 17.69 
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Fig. 8 Current profile using optimal angles at 100V 

and 325V at speed of 35rad/s. 

 

shows that the voltage level can be selected 

according  to the type of application and area where 

it is to be implemented. The optimal voltage for 

high speed range is categorised as in Table 5. 

 

 

5 Proposed Control Scheme 

From the above investigations, we can conclude that 

the percentage of power generated is a function of 

firing angles and speed for different voltage level. 

 

( , )gen genP P θ ω=
                                            

(5) 

 

Also it should be pointed out that the change in turn 

on angle is more prominent as opposed to turn off 

angle. Therefore turn on angle can be changed, 

whereas turn off angle is held constant. The angle 

can be represented in terms of optimum dwell angle, 

θdwell. The function will be represented according to 

the optimal voltage level as in Table 4 and Table 5. 

Since there is an increase in dwell angle for speed 

below 55rad/s and a steady value for speed higher 

than 200rad/s, the function of dwell angle in terms 

of speed is represented using the Sigmoidal Model. 

    This model retains a steady value of dwell angle 

at higher speeds as compared to the third order 

equation, where a slight deviation can cause current 

to offset due to the oscillating behaviour. 
dc

dwell bea ωθ −−=
                                         

(6) 

ω is the speed in rad/s and a, b, c and d are the 

coefficients determined using curve fitting 

procedure. The matrix representation of equation (7) 

is shown as: 
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_ 200

8
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9
_500

21.6 14.1 0.004

22.7 19.7 0.005
exp
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 Where d is a vector represented by: 
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A closed loop control can be developed to 

 

Fig. 9 Current profile using optimal angles at speed 

of 500rad/s for all voltage level. 
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Fig. 10. Schematic diagram of the proposed control 

algorithm 

 

Table 5. Characterization of voltage level in the 

speed range 100rad/s to 500rad/s 

 

Speed, ω, (rad/s) Voltage(volt) 

100rad/s ≤ ω≤500rad/s 200V 

 

100rad/s˂ω˂500rad/s 

(Moderate amount of generated 

power with low noise) 

 

100rad/s˂ω˂500rad/s 

(High generated power at the 

expense of higher noise level) 

 

 

325V 

 

 

500V 
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provide the optimal dwell angle for speeds ranging 

from 25rad/s to 500rad/s. Fig. 10 illustrates the 

proposed control scheme to implement the control 

algorithm. The scheme is simple to implement since 

it does not include any additional/complicated 

circuitry. Based on the speed range, the controller 

will switch to the optimal voltage level that has been 

set. In this way, the machine can accommodate a 

change in wind velocity and provide the highest 

percentages of generated power. 

 

6 Verification through Simulation 
The algorithms proposed in Section 5 were 

implemented in simulation to confirm proper 

operation before it is developed experimentally. 

Since the SRG is intended for wind energy 

applications, the focus is to maximize the power 

generation as much as possible during any speed 

range. Fig. 11 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. 

Fig. 12 shows results of the implemented control 

technique which corresponds well with the results 

obtained using massive simulation. 

 

 

 

 

7 Conclusion 
Overall, the previous studies have acknowledged the 

potential of the SRG as one of the candidates for 

variable speed applications. However, the available 

research in the generating operation mainly covers 

the high speed application. Unlike its motoring 

counterpart, the commercial application of the 

machine as a generator is still limited. 

 The development of the SRG lacks a platform 

which enables researchers to perform analysis on 

the overall system before developing the machine 

prototype. To aid in the development of the SRG 

and to close the commercial gap between the 

existing machines a simulation platform of the 

overall system is required. 

 In this study, a platform to study and analyse the 

performance and behaviour of the overall switched 

reluctance drive has been developed. It greatly 

reduces time and cost by having to set up and make 

changes on the real/prototype machine. In this paper 

the control algorithm for the platform is proposed. 

From the simulation, optimal parameters have been 

 

Fig. 11. Simulation result of the proposed algorithm 

when a step input is applied. The speed range was 

tested at 25rad/s-55rad/s-100rad/s-200rad/s-55rad/s-

25rad/s. 
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                                   (b) 

Fig. 12 Comparison of result using the proposed 

algorithm with result from massive simulation at 

all speed range (a) dwell angle and (b) Highest 

percentage power generated. 
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identified based on the criteria of high percentage of 

power generated. To ensure continuous current 

profile, the overlap between adjacent phase current 

has been taken into account. From simulation, the 

most influential parameters affecting the power 

generated are the firing angles and voltage level. 

Therefore, all the optimal parameters have been 

characterised according to each speed range and 

voltage level.  

    The optimal level of voltage for the low speed 

range between 25rad/s to 55rad/s is 100V to 200V. 

The percentage of power generated reduces to 

below 60% if higher voltage is used. At higher 

speeds between 100rad/s to 500rad/s, the optimal 

voltage level can be grouped into: 

• high percentage of power generated with 

low noise  

• moderate amount of power generated with 

low noise 

• high generated power with high level of 

noise 

   As opposed to the conventional current chopping 

mode, the performance of the machine at a low 

speed is improved by operating the machine in 

single pulse mode. This is achieved by adjusting to 

the optimal voltage level within the speed range. 

The selection of voltage level can be made 

according to the type of application and the location 

of machine. Since the turn off angles remain almost 

constant, the relation of percentage of power 

generated can be represented as a function of dwell 

angle and speed at different level of voltage.  

    The simulation results have demonstrated that the 

proposed 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 within any speed range. 

The research on improving the performance of 

the SRG is far from exhausted. It has taken years of 

research before the existing generators penetrates 

the market, the same will be for the new generations 

of machine. Further research is required to fill the 

commercial gap with the SRG and with the aid of a 

modelling software, an in depth analysis of SRG 

will improve its performance and acceptance.  
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