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Abstract: Variable speed drives (VSDs)-based direct photovoltaic (PV) fed water pumping systems (WPS) are of increasing
importance for the socio-economic growth in remote areas. Due to the absence of windings and magnets on the rotor, switched
reluctance motor (SRM) is emerging as a viable economic alternative in VSD systems. Thus, this study proposes and presents
a simplified pulse width modulation-based maximum power point tracking (MPPT) control for direct PV-fed SRM-WPS using
modified lookup table (MLUT) approach. The proposed control technique offers lesser phase peak, near same phase rms,
reduced torque ripple and noise, better efficiency and reduced DC-link current ripple in contrast to single pulse mode technique.
In addition, the proposed system does not require an intermediate converter and current sensors. Thus, results in reduced
noise, reduced size and hence the cost of WPS. Further, it also provides a reduced memory size due to MLUT and an effective
MPPT with the good dynamic response for a change in atmospheric conditions. The proposed system is modelled and
simulated in MATLAB/Simulink environment and the prototype is built to validate experimentally using field programmable gate
array controller. The performance analysis of the proposed system has been carried out and presented.

1 Introduction
With the reduction in the cost of solar cell technology, the demand
for standalone direct photovoltaic (PV) fed water pumping systems
(WPS) in remote and rural areas is increased. In a developing
country like India, where the majority of the population of about
70% is dependent on agriculture as their primary occupation, the
standalone PV-fed WPS plays a dominant role in the socio-
economic growth. In this context, various reforms for PV-fed WPS
were initiated by developing countries like India for the
development of remote and rural sectors [1, 2]. One of the key
elements in PV-fed WPS is the variable speed drive (VSD) system,
presently conventional electrical motors (induction motors,
synchronous motors, permanent magnet synchronous motors and
permanent magnet DC motors) are mostly used. Switched
reluctance motor (SRM) without the windings and magnets on the
rotor is emerging as a viable cost-effective alternative to the
conventional drives in PV-fed WPS [3, 4].

Further, the SRM is gaining importance in VSD system due to
its advantages such as high torque to weight ratio, low cost, high-
power density, simple construction, thermal robustness, wide speed
range and better efficiency. Extensive research over three decades
on SRM and its control has confined its suitability in a wide range
of applications such as rail air conditioner, aerospace, electric
vehicles, washers. State of the art on SRM for off-grid rural
applications such as PV-based WPS, wind and hybrid PV-wind
energy systems are reported [5]. In [6], comparative study of PV
powered VSD (induction motor, brushless DC motor and SRM)
systems are presented. The advantage of lower environmental
effect and longer life cycle of SRM in comparison with induction
motor drives is presented [4]. A few authors have also addressed
the suitability and application of SRM-based PV-fed WPS [7–14].
Table 1 provides an overview of state of the art on PV-fed SRM-
WPS application. Many of the control schemes proposed for PV-
fed SRM-WPS generally requires sensors, intermediate DC–DC
converter stage and power conditioning units. Furthermore, the
lack of maximum power point tracking (MPPT)-assisted SRM
control, performance characterisation with changing atmospheric
conditions, the effect of DC-link current ripple and experimental
validation etc. Therefore, PV-fed SRM-WPS motivates a wide
scope of research with suitable control to accomplish the following
features:

a) Simplified control approach.
b) Cost and size reduction without the requirement of current
sensors and intermediate power stages.
c) Better performance indices such as phase peak current, phase
rms current, torque ripple, noise, efficiency and DC-link current
ripple for SRM.
d) Acclimatise MPPT with the effect of pump load for varying
atmospheric conditions.
e) Experimental validation of the theoretical concept.

This paper proposes and presents the performance analysis of pulse
width modulation (PWM)-based MPPT control of direct PV-fed
SRM-WPS for changing atmospheric conditions. Besides, a
modified lookup table (MLUT) with reduced memory size is
developed to implement the PWM-based MPPT control.
Performance indices of proposed control scheme such as per phase
peak and rms current, torque ripple, noise, efficiency and DC-link
current ripple are evaluated and compared with the single pulse
mode (SPM). An 8/6 3000 rpm SRM coupled with a fan load is
used for prototype validation of control techniques using field
programmable gate array (FPGA) Spartan 3AN Board. This paper
is organised as follows: the introduction in Section 1, Section 2
presents the performance significance of various control schemes
for PV-fed WPS. MATLAB/Simulink modeling of SRM and its
characterisation using both experimental and simulation approach
is discussed in Section 3. Section 4 describes the prototype
development and performance investigation of the proposed
system. Finally, Section 5 presents conclusions of the proposed
work. 

2 Direct PV-fed SRM-WPS using PWM MPPT
control
Conventional control of SRM consists of operating with hysteresis
control mode (HCM) under low-speed operation and with SPM in
high-speed operation. The HCM control was evolved due to higher
DC-link voltage and low back emf in low-speed range which
results in higher phase peak currents. In HCM scheme, the
reference current value needs to be maintained within the band
limit to meet the required torque levels. However, HCM control
needs additional components such as frequency limiters, current
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feedback sensors and limiters which increase the control
complexity and hence cost. Use of HCM control for direct PV
powered SRM-WPS is presented in [7, 8], where the required
torque level is maintained by controlling the phase currents at the
reference levels as shown by block diagram in Fig. 1a. 

Authors in [15] have proposed a variable DC (VDC) SPM
control, in which the band limiter and its current feedback sensors
are not required, since regulating voltage is proportionally
comparable to back emf and speed. VDC control operates in SPM
mode throughout the speed range, in which current is maintained
within the operating range by varying turn-on and turn-off angles
[15]. Speed dependent variable DC-link voltage-based SPM
control in PV-fed WPS is presented in [9], where the variable DC-
link voltage is regulated from PV source by an intermediate DC–
DC converter for MPPT tracking as shown in Fig. 1b.

Like in VDC SPM control technique, PWM technique also does
not require current sensors because of varied duty ratio control
with constant switching frequency to maintain the required current
levels. However, to achieve VDC an additional intermediate
converter is required that leads to increased size and the cost of the
system. Therefore, in this work, a direct PV-fed SRM-WPS is
proposed, in which an intermediate converter is not required as
depicted in Fig. 1c. In addition, proposed system using VDC PWM
control eliminates the need for current sensors and also provides
reduced or zero voltage commutation that results in reduced noise
levels. Furthermore, the proposed system uses a new MLUT
approach to implement VDC PWM-based MPPT, thus results in
reduced memory size when compared with classical two
dimensional (2D) lookup table (LUT). The FPGA technology can
be used to realise the control techniques since it provides fast
realisation of non-linearity in SRM with parallel computational
ability when compared with conventional digital signal processors

(DSP) [16–19]. Therefore, FPGA technology is used to realise the
prototype of the proposed system.

3 Modelling and simulation of switched
reluctance motor
A simulation model of SRM has been built using LUT-based
approach based on the governing (1)–(5) of electrical and
mechanical systems. This approach consists of LUT with the
current characteristics i (ψ, θ) and the static torque T (i, θ) which
are populated by finite element method (FEM) or experimental
data. In this work, experimental approach is used to populate the
flux-linkage characteristics and to compute static torque
characteristics of an 8/6 3000 rpm SRM as given in the Appendix.
In this approach, the flux-linkage characteristics are determined by
using the rising current method, where a voltage pulse is applied to
one of the phases with the rotor being locked at a position using
indexing head. The duration of the pulse is maintained until the
current is built to a value of about 1.2 times rated current. A digital
storage oscilloscope is used to acquire voltage and current to
process it further and compute flux-linkage in MATLAB/Simulink.
Fig. 2a shows the experimental setup for determining flux-linkage
characteristics using indexing head to hold the rotor shaft at a
position. Fig. 2b shows the experimental voltage and current
waveforms at the unaligned position of 8/6 SRM. Fig. 2c illustrates
flux-linkage characteristics which are computed using (2). Due to
high reluctance in unaligned position, the flux-linkage
characteristics exhibit linearity and at the aligned position
characteristics become saturated non-linear due to minimum
reluctance. Similarly, the flux-linkage at various positions is
obtained, and then the static torque characteristics are developed
using co-energy principle. Figs. 2c and d show the experimentally
obtained flux-linkage and static torque characteristics, respectively.
Governing equations of SRM are

v = i ∗ R + dψ /dt (1)

where v is the excitation voltage, i is the phase current, R is the
phase resistance, and ψ is the flux linkage. Instantaneous torque
can be calculated through following equations using co-energy
principle:

ψ = ∫ v − i ∗ R dt (2)

w′ = ∫
0

i
ψ di (3)

Te = ∂w′
∂θ i = constant

(4)

where w′ is the co-energy, Te is the torque and θ is the rotor
position. The total torque (T) can be given as

T = ∑
j = 1

4
Te j = J dω

dt + B × ω + TL (5)

where j is the phase number, ω is the speed, J is the inertia, B is the
friction coefficient and TL is the load torque. 

4 Implementation and experimental analysis of
proposed system
4.1 Performance investigation of direct PV-fed SRM-WPS

Performance parameters such as phase peak current, rms current,
torque ripple, noise and efficiency play a major role for SRM to
evaluate its suitability in various applications. Hence, these
parameters are to be investigated in specific with MPPT of direct
PV-fed SRM-WPS. Phase peak current determines the safe
operating current conditions especially under low-speed operation
where current may reach higher values because of low back emf.

Table 1 Overview of state of the art on PV-fed SRM-WPS
application
Authors SRM objective Control

scheme
Key features

D. Ronanki,
2012 [7]

Torque ripple
minimisation

DTC HCM with
solar radiation

and temperature
effect

Reduced DC-link
voltage

S. Belliwali,
2012 [8]

Direct-coupled PV
SRM pump

HCM with solar
radiation effect

Modelling and
simulation

elimination of
converter stage

Hamid M,
1998[9]

Performance
analysis of PV

pump using SRM

SPM with solar
radiation effect

Improvement in
matching efficiency

Oshaba,
2015 [10]

PI design for
MPPT

Advantages of BAT
algorithm

compared with
PSO

Oshaba,
2015 [11]

PV-fed speed
control of SRM

Ant colony
optimisation

compared with
genetic algorithm

Sujitha,
2014 [12]

Standalone PV-
fed SRM using

repression resistor
converter

Conventional
low-speed

hysteresis and
high-speed
angle pulse

Energy stored in
dump resistor to
improve torque

production

Oshaba,
2013 [13]

High-speed SRM
fed by PV

SPM Torque and speed
control loops for
accurate speed

control
Dursun,
2008 [14]

Fuzzy logic speed
control for PV-fed

SRM drive

Intelligent speed
control to improve

destination
distance of
wheelchair
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Phase rms value determines the I2R loss in the winding which
needs to be minimal for better performance. Torque ripple is a
measure of noise levels in SRM, hence minimisation of torque
ripple results in reduced noise levels. Further, the DC-link current

ripple plays a key role in PV powered system. Authors in [20, 21]
have been investigated and formulated the effect of the current
ripple of PV powered DC–DC converter. However, the effect of
current ripple for PV-fed SRM-WPS is yet to be investigated using
a suitable controller. Thus, the effect of control scheme on current

Fig. 1  Block diagrams
(a) Block diagram of HCM-based control for PV-fed SRM-WPS [8] without intermediate DC–DC converter, (b) Block diagram of SPM-based variable voltage control for PV-fed
SRM-WPS [9] without current sensors, (c) Block diagram of proposed PWM-based MPPT control for direct PV-fed SRM-WPS without sensors and DC–DC converter and, (d)
Voltage versus speed curves of proposed system with various control schemes
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ripple is also presented as performance indices in PV-fed SRM-
WPS.

One of the key features of SRM is its scalability of control
schemes to operate in fixed DC bus voltage (FDC) as well as with
variable DC bus voltage (VDC). Few authors have presented the
control schemes modification to operate in variable DC bus voltage
in SPM mode throughout speed range with advantages such as the
elimination of hysteresis band and hence current feedback sensors,
reduction in noise and also improvise the efficiency. In this work,
the performance parameters (phase peak current, phase rms
current, torque ripple, noise and efficiency) are investigated to
elevate the advantages of operating with variable DC bus voltage
in specific with PWM control for SRM feeding quadratic type load.
Figs. 3a and b depict the DC bus voltages for various schemes and
quadratic pump load characteristics considered for simulation.
Simulations are carried out in MATLAB/Simulink environment.
Figs. 3c and d show the simulated phase resultant torques of FDC
SPM, FDC PWM VDC SPM and VDC PWM control schemes
with fixed turn-off angle. Tables 2 and 3 present the phase peak
and rms currents of all the schemes. From Figs. 3c and d, Tables 2
and 3, it can be observed that for near same rms, the PWM
technique with VDC principle results in reduced torque ripple and
peak currents under low speeds when compared with SPM
technique. 

Fig. 4a depicts the prototype experimental setup of an 8/6 3000 
rpm SRM machine with fan load (as an emulation of quadratic
pump load) for concept validation. Simulation and implementation
were carried out to identify best performance combination of turn-
on and turn-off angles ((−3.75° and 11.25°), (1.25° and 16.25°) and
(6.25° and 21.25°)) for PWM control and in case of SPM Toff
combinations (11.25, 16.25 and 21.25). Among these for PWM
(6.25 and 21.25) and for SPM (16.25) combinations exhibited
better performance which are used for further performance
investigation. Figs. 4b and c depict the speed–voltage relationship
considered for various control schemes and the fan load power
characteristics curve. All the control techniques are developed in
FPGA Spartan 3AN board. Altium Designer software is used to
build control logic and interface between PC and board. For FPGA

implementation, these techniques are modelled and simulated
initially in MATLAB/Simulink environment using a Xilinx System
Generator and are realised in Xilinx Spartan 3AN nanoboard.
Figs. 5a–d show the experimentally measured peak current, rms
current, noise and efficiency characteristics as a function of speed
for all the above control schemes. From these characteristics, it can
be observed that the VDC PWM technique provides better
performance in SRM-WPS like; reduced peak current, near same
rms, lesser torque ripple, and lower noise. In addition, improved
efficiency due to reduced device and core losses in case of VDC
PWM technique as compared FDC counterparts. Although, the
variable DC concept offers wide advantages, but the presence of
front-end DC–DC converter for achieving variable DC leads to
various demerits such as additional power stage and its control
circuit, increased size and hence higher cost. In contrast, proposed
direct PV-fed variable voltage system does not require front-end
DC–DC converter. Thus, assures low cost, compact size and
improved performance. Therefore, this paper proposes a direct PV-
fed SRM-WPS using PWM-based MPPT control for which
performance indices need to be investigated when compared with
SPM control counterpart. The performance parameters of the
controller are to be investigated at various steady-state peak power
points predetermined at different operating insolation and
temperature conditions. 

For concept validation of direct PV-fed SRM-WPS, prototype
experimental setup consists of a programmable DC source
configured as PV source to power the SRM coupled fan load (as an
emulation of WPS) is illustrated as shown in Fig. 4a. The PV array
used in this study consists of as string with 261 cells in series to
meet fan load, such that the overall terminal voltage (varray) and PV
power (Parray) at ambient temperature [22] is given by

varray = 20.3841 × loge
Iph − Iarray + Is

Is
− 13.05 × Iarray (6)

Fig. 2  Experimentally obtained flux-linkage and static torque characteristics
(a) Experimental setup to determine flux-linkage characteristics. Voltage and current waveforms to compute flux-linkage at various rotor positions, (b) Unaligned 0°. Experimental
characteristics of SRM, (c) Flux-linkage curves, (d) Static torque curves
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parray = Iarray × 20.3841 × loge
Iph − Iarray + Is

Is
− 13.05 ×

(Iarray)2
(7)

where Iarray is the array current, Iph is the insolation and
temperature dependent photocurrent, Is is the temperature
dependent diode current, Tc is the cell temperature, k is the
Boltzmann constant (1.38 × 10−23 J/K), ‘A’ is diode ideal factor, Rs
is the series cell resistance and ‘q’ is the electron charge (1.6 × 
10−19 C). The equation model of Iph and Is are considered as
follows:

Iph = Isc + ki × Tc − Tref × G (8)

Fig. 3  DC bus voltages
(a) Fixed and variable DC voltages for the various control schemes, (b) Quadratic load speed-torque profile. Resultant torque of all four control schemes (FDC SPM, FDC PWM,
VDC SPM and VDC PWM) at (c) 600 rpm, 0.296 Nm, (d) 1200 rpm, 1.185 Nm

 

Table 2 Phase peak current (in Amps) at different speeds
for control schemes
Speed, rpm FDC SPM FDC PWM VDC SPM VDC PWM
600 10.17 3.97 7.84 3.92
900 11.73 6.01 9.23 5.85
1200 13.04 8.05 10.41 7.80
1500 14.05 9.90 11.41 9.56
1800 14.81 11.35 12.35 10.80
2100 15.39 13.07 13.30 12.55
2400 15.80 13.87 14.31 13.37
2700 16.20 14.82 15.42 14.83
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Is = Irs × Tc
Tref

3

× exp qEg
kA

1
Tref

− 1
Tc

(9)

where Isc is the cell short-circuit current at 25°C and the standard
value of a solar insolation (1 kW/m2), ki is the temperature
coefficient of cell current (A/°C), Tref is the cell reference
temperature and G is a solar insolation (kW/m2), Irs is the cell
reverse saturation current at the reference temperature and the solar
radiation, and Eg is the bang-gap energy of the semiconductor used
in the cell.

Figs. 6a and b depict the PV current, power and maximum
power characteristics versus voltage for various insolation and
temperature levels. 

Initially, the system is operated with the pre-calculated
maximum voltage at steady-state maximum power point for
various atmospheric conditions and the control parameters are
varied to achieve maximum current. The performance parameters
at these steady-state operating conditions are then measured
experimentally for SPM and PWM control techniques. Figs. 7a–d
show the experimental phase voltage and current SPM and PWM
control strategies, respectively, at insolation levels (G) of 0.6 and
0.9 kW/m2 with temperature (T) of 25°C. From these experimental
results, the characteristics curves of peak and noise are plotted as

shown in Figs. 8a and b for various values of G. It can be observed
from Figs. 8a and b that the PWM technique offers less peak and
lower noise levels (measured with sound level meter at ambient as
57 dB). Figs. 9a and b show the DC-link current waveforms which
indicate the significance of ripple current for SPM and PWM
control schemes, respectively, at 0.5 kW/m2. From Figs. 9a and b,
it confirms that the PWM offers a reduced ripple current when
compared with SPM control counterpart. As a consequence of less
current ripple in DC link can ensure an effective MPPT with less
oscillation. Furthermore, Table 4 describes the performance
comparisons of various control techniques at G = 0.5 kW/m2. It can
be noticed from Table 4 that the PWM technique offers better
efficiency without the necessity of current sensors. 

These comparative assertions confirm that the PWM technique
for direct PV-fed SRM-WPS offers reduced peak current, torque
ripple, noise levels, current ripple, and better efficiency over SPM
[9] counterpart. HCM-based direct PV-fed WPS [7] eliminates the
need for intermediate converter stage, whereas in SPM-based PV-
fed WPS [9] eliminates the need for sensors but it requires an
intermediate converter. The proposed PWM technique for direct
PV-fed WPS does not require both the intermediate converter [7]
and sensors [9] and hence, provide improved performance with less
cost.

4.2 MLUT-based PWM MPPT control of direct PV-fed SRM-
WPS

Various MPPT techniques are reported in the literature such as
P&O, incremental conductance, fractional open-circuit voltage,
fuzzy logic control, artificial neural network (ANN), pre-computed
LUT approach which can be classified into search methods or
knowledge-based methods. Each is having their own merits and
demerits based on their application, cost and sensor requirements
etc. Among knowledge-based methods which usually developed
based on PV array information, the LUT-based and ANN approach
is the most widely used schemes. The LUT approach is simpler
with interpolation and extrapolation but it requires high memory
size. ANN approach has the ability to process the knowledge under
varying conditions but it requires high computational time in

Table 3 Phase rms current (in Amps) at different speeds for
control schemes
Speed, rpm FDC SPM FDC PWM VDC SPM VDC PWM
600 1.827 1.846 1.835 1.846
900 2.703 2.786 2.695 2.776
1200 3.568 3.702 3.542 3.701
1500 4.409 4.607 4.372 4.604
1800 5.243 5.503 5.238 5.491
2100 6.105 6.397 6.143 6.401
2400 7.079 7.314 7.185 7.351
2700 8.211 8.315 8.303 8.35

 

Fig. 4  Prototype experimental
(a) Prototype experimental setup SRM with fan load, (b) Voltage–speed characteristics of fixed (filled circle) and variable DC (filled diamond) fed SRM, (c) Fan load power curve

 

6 IET Electr. Power Appl.
© The Institution of Engineering and Technology 2017

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on April 24,2020 at 04:42:51 UTC from IEEE Xplore.  Restrictions apply. 



comparison with LUT approach. To evident merits and demerits,
LUT and ANN approaches are tested in real-time dSPACE 1104
controller and it is found that the execution time for LUT
approaches is 2.84 µs and for ANN approach is 13.55 µs.
Although, the LUT approach takes less computational time and
provides a faster response but it needs high memory size. In
addition, the direct realisation of 2D LUT in FPGA is not possible
since it requires concatenation of any two inputs to create an
address field for storing the output data. Thus in contrast to LUT

conventional 2D LUT, the MLUT with two single (1D) LUT's
using polynomial approach is implemented as depicted in Fig 10a
that aid in reducing the memory size requirement. It can be
observed from Fig 10a that the 2D LUT has 9 × 6 data (9 insolation
points and 6 temperatures points) is modified into two 9 × 1 1D
LUT. Matlab instructions such as ‘zeros’ and ‘whos’ are used to
understand the significance of MLUT. For example, the data points
were pre-interpolated and extended with 2D LUT of size 100 × 25
(100 insolation points and 25 temperatures points) whose memory

Fig. 5  Characteristics of various performance parameters versus speed for all control schemes
(a) Peak current, (b) Phase rms current, (c) Noise (at ambient 57), (d) Efficiency

 

Fig. 6  PV array characteristics curves
(a) For various G values (0.1 : 0.1 : 1 kW/m2) at T = 25°C, (b) For various T values (25 : 2.5 : 50°C) at G = 1 kW/m2
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size is 20,000 bytes. The MLUT with two 1D LUT (100 × 1)
requires a memory size of 1600 bytes (800 bytes each) which is
significantly less when compared with LUT with a memory size of
20,000 bytes. 

Thus, this paper proposes a PWM-based MPPT using MLUT
approach for direct PV-fed SRM-WPS. The required LUT data is
extracted through an experimentation where the duty cycle is
varied manually to achieve maximum power point on I–V curves
for various insolation and temperature levels. Using experimental
data, the MLUT is developed and realised in Matlab/Simulink as

depicted in Fig 10b to test its estimation of PWM duty. Table 5
shows the comparison of MLUT estimated data with that of 2D
LUT data for two different temperatures. From Table 5, it is clearly
evident that the MLUT results in reduced memory size
significantly while retaining near same execution time and
estimated duty at far with 2D LUT approach. Fig. 11a illustrates
the flow chart for development of MLUT (on the left side) and its
real-time control in FPGA for changing atmospheric conditions as
depicted (on the right side). The solar PV-based variable voltage
source is emulated and realised using a dSPACE-controlled

Fig. 7  Experimentally measured phase voltage and current
(a) SPM control at (G = 0.6 and 0.9 kW/m2, T = 25°C, Toff = 15°), (b) PWM control at (G = 0.6 and 0.9 kW/m2, T = 25°C, Ton = 6.25°, Toff = 21.25°)

 

Fig. 8  Performance characteristics of direct PV-fed SRM-WPS
(a) Peak current, (b) Noise (at ambient 57)
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programmable DC power supply. Based on emulated PV source
VDC PWM using MLUT approach for SRM control is realised
using FPGA Spartan 3AN board. Then, the proposed PV-fed SRM-
WPS is validated and tested at various temperature and insolation
levels. Figs. 11b and c depict the simulated and experimental SRM

speed response with dynamical change in insolation and
temperature. Fig. 12 illustrates the experimental MPPT (Pmax)
curves of PV array for various insolation levels at a temperature of
25 and 50°C, respectively. The results show the conceptual validity
and effectiveness of the proposed PWM MPPT with MLUT for
changing atmospheric test conditions. From Tables 6 and 7, it can
be observed that VDC PWM technique exhibits simple duty
control, lower noise and better performance of proposed direct PV-
fed WPS. 

5 Conclusions
This work proposes and presents the performance of direct PV-fed
SRM-WPS using PWM-based MPPT control with MLUT. The
proposed system is modelled in MATLAB/Simulink environment
using experimentally determined flux-linkage characteristics. The
PWM-based MPPT control with MLUT is realised using FPGA

Fig. 9  DC-link current with ripple (scaling factor of 0.54)
(a) SPM control, (b) PWM at 0.5 kW/m2 and 25°C

 

Table 4 Comparisons of various control techniques at G = 
0.5 kW/m2

Control SPM PWM
Vdc, V 99.062 99.062
Idc, A 0.31 0.31
output speed, rpm 908 936
output power, W 15.944 17.1711
efficiency 51.75 55.91
sensors no no

 

Fig. 10  LUT's using polynomial approach
(a) Converting 2D LUT into two 1D LUT using MLUT, (b) Its realisation in Matlab/Simulink
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controller for experimental validation of the proposed system. The
prototype of proposed WPS has been built and tested using fan
load. Experimental result analysis is found to be in close consent
with the simulation counterparts. Performance indices such as
phase peak and rms current, torque ripple, noise, efficiency and
DC-link current ripple of PV-fed WPS using PWM and SPM
techniques are compared and analysed for SRM-WPS at various
operating insolation and temperature levels. It is evident from these
performance comparisons that the proposed PWM technique
resulting in the following advantages:

• Simplified control scheme.
• No requirement of current sensors and limiters.
• Elimination of intermediate DC–DC converter thus simplifies

control scheme and facilitates the direct PV-fed VDSs.

• Offers lesser peak, near same rms, reduced torque ripple and
noise, better efficiency and reduced DC-link current ripple in
comparison to SPM mode.

• Reduced computational memory size for duty ratio estimation.
• Effective MPPT for dynamical changes in insolation and

temperature conditions.

Aforesaid assertions reveal that the PWM MPPT with MLUT is
a viable simplified control scheme in direct PV-fed SRM-WPS.
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Fig. 11  Flow chart for development of MLUT
(a) Modified lookup table-based PWM MPPT data generation and implementation flow chart, (b, c) Simulated and experimental SRM speed (10 V/1500 rpm) at Pmax (10 V/100 W)
for various insolation and temperature levels
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8 Appendix
 
SRM specifications: eight stator poles, six rotor poles, 3000 rpm,
230 V, 11 A, 0.65 Ω classical two switches per phase converter.

Fig. 12  Experimental MPPT (Pmax) curves of PV array for various
insolation levels at 25 and 50°C

 
Table 5 Comparison of 2D LUT and proposed MLUT
G,
kW/m2

LUT 2-DMemory: 20,000
bytes, execution time = 

2.84 µs

MLUTMemory: 1600
bytes, execution time = 

2.88 µs
Duty at T = 

25°C
Duty at T = 

50°C
Duty at T = 

25°C
Duty@ T = 

50°C
0.1 0.0655 0.0754 0.0654 0.0756
0.2 0.1097 0.1212 0.1104 0.1222
0.3 0.1475 0.1624 0.1505 0.1650
0.4 0.1820 0.2014 0.1807 0.1989
0.5 0.2143 0.2340 0.2107 0.2302
0.6 0.2460 0.2692 0.2409 0.2639
0.7 0.2726 0.2990 0.2711 0.2986
0.8 0.3002 0.3288 0.3012 0.3312
0.9 0.3298 0.3585 0.3312 0.3625

 

Table 6 Overview comparison of the control strategies of
SRM-WPS over wide operating speeds
Performance/
control

Peak
current

Zero voltage
commutation

Torque
ripple
and

noise

Efficiency DC-link
current
ripple

FDC SPM high no high poor high
FDC PWM low yes low poor low
VDC SPM high no high better high
VDC PWM low yes low better low

 

Table 7 Overview comparison of the control strategies
realisation of PV-fed SRM-WPS
Performance/
control

Intermediate
converter

Current
sensors and
conditioning

units

Control
parameter

FDC SPM yes no Ton
FDC HCM yes yes Iref
FDC PWM yes no duty
VDC SPM yes no Ton
VDC PWM yes no duty
direct PV SPM no no Ton
direct PV HCM no yes Iref
direct PV PWM no no duty
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