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Abstract: Water Pumping Systems (WPSs) are mandatory
components in numerous facets of human existence, encompassing
drinking water supply, agricultural activities, and industrial
applications. In numerous places, a locally installed standby
Photovoltaic (PV) powered WPS is regarded as the most feasible
option for water supply. In some instances, it is necessary to utilize
several WPS units to satisfy the demand. This study examines the
analysis of two WPSs that are supplied by a shared PV system and
a common converter. An electric motor is essential for extracting
water from subterranean sources. Among the different types of
motors available, switched reluctance motors (SRMs) stand out as
particularly appealing for WPSs because of their numerous benefits.
To eliminate the expenses and upkeep linked to batteries, this paper
explores a PV-powered switched reluctance motor (SRM) utilized
in a WPS that operates without a battery bank. A sensorless speed
controller utilizing a sliding mode controller (SMC) is employed to
control the speed of the SRM without the necessity of sensors for
obtains speed of the motors. Partial shading frequently occurs in PV
systems and can significantly affect power generation. The
Perturbed and Observe (P&O) methodology by itself is inadequate
for generating a voltage signal that aligns with the maximum power
point (MPP) in the operation under Partial Shading Conditions
(PSCs). Consequently, the Pufferfish algorithm is adding with the
P&O method to function efficiently in the context of PSCs. The
outcomes of this integration are evaluated against PSO, GA, and
MGWO for Maximum Power Point Tracking (MPPT) under
various PSCs. By combining the proposed MPPT methodology with
SMC, the converter is capable of operating as an MPPT device.
Comprehensive testing and validation of the proposed system are
performed on the OPAL-RT platform.

Keywords: Water Pumping, MPPT, Partial Shading, PV, SRM,
Sliding Mode, MRAC, Pufferfish Optimization Algorithm.

[. INTRODUCTION

Water is an essential requirement for human existence.
The delivery of water via pumps is fundamental to numerous
sectors, including industries, agriculture and drinking uses.
The efficiency of agricultural operations is significantly
dependent on water resources, a concern that becomes
increasingly critical during the summer months due to
limited water resources. In addition to agricultural uses,
water is essential for human consumption, and industries
depend on a steady supply of water to fulfill their
requirements. WPS generally require a considerable amount
of energy or electrical power to meet these demands. During
the summer months, we are presented with the opportunity to
capture significant solar energy and transform it into
electrical power through the application of PV technology

[1].

Solar-powered pumps represent an environmentally
advantageous solution, as they contribute to the reduction of
carbon dioxide emissions and function with minimal noise
[2-3]. Solar water pumps are gaining popularity, particularly
in rural and remote regions, as they do not depend on
electrical motors or diesel generators, which are often
hindered by an unreliable power supply. Diesel generators
are not only costly but also detrimental to the environment.
Furthermore, supplying electricity to rural regions is
frequently unfeasible in numerous areas across the globe.
Implementing solar-powered pumps in conjunction with
locally installed PV systems presents a financially viable and
environmentally sustainable alternative to conventional
pumping methods.

The adoption of PV-based WPSs has seen a significant
increase in numerous countries in recent times. These
systems, which operate without the need for batteries,
provide a cost-efficient and maintenance-free alternative [4].
Nevertheless, extensive agricultural areas require several
WPSs to guarantee a sufficient water supply. The presence
of distinct converters for each system elevates the total cost
of the overall model. In order to tackle this issue, a unified
converter-PV system is suggested, which utilizes two
identical SRMs to operate two WPSs. Generally SRMs are
more suitable for WPS applications [5]. In conditions of low
irradiance, only one pump is operating with a motor, whereas
the second one functions concurrently when the PV system
provides adequate power. Consequently, a shared PV system
is employed to supply energy to both SRMs. To obtain a
better efficiency of PV modules, it is essential to employ a
MPPT device equipped with a suitable algorithm to extract
the possible high energy from the PV modules. The
incorporation of this device results in an increase in both the
total cost and size [6]. Therefore, single-stage PV-powered
WPSs can be a cost-effective solution while maintaining a
compact design [6-7]. Numerous researchers have suggested
PV-based WPSs utilizing different types of AC motors;
however, SRMs are regarded as the most appropriate choice
for such systems [5]. Numerous algorithms exist for
identifying the MPP, yet the P&O algorithm stands out to
researchers because of its straightforwardness and
remarkable efficiency [2-3, 8]. A PV unit generally
comprises several PV modules arranged in both series and
parallel configurations, with each module containing
numerous PV cells. Consequently, the PV system may
experience partial shading due to various factors, including
dust, trees, buildings, birds, and clouds [6, 9-10]. The
traditional P&O approach fails to effectively track the MPP
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in the presence of PSC because of the presence of several
local maximum power locations (LM) [9]. To effectively
track the global maximum power location (GM), it's crucial
to combine an optimization technique with the P&O
methodology. Many researchers have proposed MPPT
methods for PV-based WPS, as highlighted below. In [5], the
authors developed a WPS driven by a synchronous
reluctance motor supplied by PV under PSCs.

Among various optimization techniques, the Pufferfish
Optimization Algorithm (POA) is distinguished as a widely
recognized approach capable of effectively identifying the
GM point [11]. This document presents the hybrid POA -
P&O (POPO) algorithm, designed for monitoring the MPP
level in the context of PSCs. In order to achieve a better
system's performance in the context of PSCs, the proposed
POPO algorithm is evaluated against three established
methods: GA-Genetic Algorithm [14], PSO-Particle Swarm
Optimization [15], and MGWO-Modified Grey Wolf
Optimization [5].

An appropriate converter controller is essential for the
efficient functioning of the 8/6 pole SRMs. The installation
of a speed sensor for measurement presents difficulties and
costs, primarily because the motor-pump assembly is located
underwater. Consequently, this document advocates for the
adoption of a speed sensorless controller. A SMC is utilized

to adjust the motor's speed in alignment with the power
availability of the PV system. The motor's speed is regulated
by adjusting the dc-link voltage of the converter to match its
reference value, which is generated by POPO, as
demonstrated in Figure 1 in the DC-link control (DCLC)
section. The Takagi-Sugeno Fuzzy (TS-Fuzzy) controller
demonstrates superior effectiveness in managing the motor's
speed during swift changes in irradiance when compared to
the PI controller [16]. Consequently, a TS-Fuzzy based
controller has been employed to adjust the speed of the
SRM(s).

II.

The depicted WPS in Figure 1 consists of a PV unit
designed to provide electrical energy, a singular converter,
two SRMs, and a novel converter controller. Given that
submersible pumps are employed, the motors will likewise
be immersed in water. Consequently, it becomes challenging
to gauge the speed of the motors during their operation. In
order to address this challenge, a sensorless speed control
(SSC) has been established through the application of
mathematical formulas, and a SMC has been designed to
manage the dc-link voltage by producing a reference sped
signal for the SRMs. The elements have been carefully
crafted and designed, with the specifics outlined below.

SYSTEM DESCRIPTION
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Figure 1: PV fed WPS driven by multiple SRMs.

a.  Water Pumps [5, 9]

Generally, the breakaway torque (Tb) for a motor or
pump is expected to be around 5% to 30% of the general
torque. This torque is essential to surpass the static friction
present in the running components that are engaged in the
process of lifting the water. When the pump's speed attains a
specific baseline point (®), it commences the delivery of
water. The motor speed decided the flow rate of water (Q,
gal/min) as demonstrated by eq. (1) [9]. Furthermore, the
governing dynamics of the system's head are described by a
nonlinear equation, as illustrated in equation (2).

xla)—xz > C()t

0= 0 (D
W <

H = x30% + x,00 + x50° )

The process entails assessing the necessary horsepower
capacity for an individual motor.
OxH

3960 3

hp =

The equation includes the constants x; to xs. The necessary
horsepower is indicated by Wy, while the total head,
measured in feet, is symbolized by H'.

The energy required to operate the pump must be greater
than the Whyp. The brake horsepower (BHP), as defined in
equation (4), refers to the amount of horsepower required at
the pump's shaft to achieve a designated flow rate while
overcoming a specific head H.
BHP = —— W”pl

efficincy of (drive x pump)

4)

Considering Qmax to be 150 gal/minute, H to be 50
meters, and unit pump efficiency, along with a drive
efficiency of 0.94, the necessary maximum BHP can be
determined by using equation (4), resulting in a value of 4876
watts. The selection of the solar panel's maximum power
rating is determined to be 9.6 kW for two motors operating
under peak load, based on the maximum BHP. According to
equation (2), the motor's maximum speed is calculated to be
190 rad/s, which is roughly equivalent to 1800 rpm. Given a
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minimum irradiance level of 200 W/m2, the expected power
output of the solar panel will be around 1900 W. Based on
the minimum power output of the PV, the SRM will operate
at a minimum speed of 720 revolutions per minute.

The load torque acting on SRM(s) is estimated to be TL
= 25.0Nm, derived from the maximum speed and power
specifications. As water is extracted from underground and
brought to the surface, the load torque will rise progressively
to T. from Ty, reflecting the growing weight of the water on
the SRM. At the outset, the load torque will be minimal and
will progressively rise in a ramp-like manner as the water is
released to the target point. When the water arrives at target
location, the load torque will remain unchanged.
Furthermore, the resistance encountered between the water
and the pipe will contribute additional load torque to the
motor. Moreover, the incorporation of an extra pipe to deliver
water to an alternative target point will result in an increase
in load torque. Nevertheless, when both SRMs function
concurrently, the load torque will increase twofold.

b. PV System [5, 15-20]

The selection of the PV unit is determined by the power
requirements of the two motors discussed in the preceding
section. In order to produce the required voltage, a selection
of 16 PV modules, each with a power output of 302 watts,
has been made. The modules are organized into a PV array,
with two such arrays connected in parallel to enhance power
generation, yielding a combined output of 2x4800W. For
additional details regarding the specifications of the PV
modules, kindly consult Table-1.

Table-1: Standard values of PV modules

S.No | Parameter Value
1 Maximum power of each module. 302

2 Short circuit current. 8.16

3 Open circuit voltage. 48.50
4 PV arrays connected in parallel. 2

5 Voltage at maximum power. 39.60
6 Current at maximum power. 7.66
7 Series modules/array. 16

A total of 32 PV modules were integrated into the WPS,
with 16 modules arranged in series to attain the necessary
rated power and voltage at DC link. Furthermore, two PV
arrays were linked in parallel. Consequently, the probability
of the occurrence of PSC rises. Previous studies have
conducted a comprehensive modeling of the PSC based PV
system in [5, 9]. The voltage associated with the MPP can be
monitored through the traditional P&O methodology, which
is mathematically defined for consistent solar irradiance.

) ap,,
Vinpp (¢ +1) =V, (1) + AV x sign of i, ®)

This study has examined three distinct PSC patterns, as
detailed in Table 2, with the associated voltage versus power
curves presented in Figure 2. Figure 2 also displays the MPP
along with their associated voltages. In the context of PSC,
the PV system may demonstrate several LMPP alongside a
single GMPP. Conventional P&O) algorithms possess the
ability to identify any of the LMPP. To effectively identify
the GMPP, it is essential to utilize a proficient optimization
technique. Numerous researchers have investigated
optimization methods for PV systems functioning under

PSC. For instance, in [14], GA were employed for the
purpose of MPPT in PV systems subjected to PSC.
Furthermore, a PSO method was devised and introduced in
[15]. In a separate investigation, the authors in [5] introduced
the MGWO method for PV systems operating under PSC.
The POA has attracted considerable interest from researchers
owing to its swift convergence rate when compared to
conventional methods like GA, PSO, and MGWO. Adding
of P&O with the POA presents a viable approach for
attaining the MPP in PV systems operating under PSC.

Table-2: Configuration of PSCs

Patterns Irradiance level of modules in each array
PSC-1 PV Panels: 1-3: 1000 W/m?, 4-9: 930 W/m?, 10-
12: 800 W/m?, 13-16: 710 W/m>.
PSC-2 PV Panels: 1-4: 990 W/m?2, 5-7: 920 W/mZ2, 8-13:
780 W/m?, 14-16: 590 W/m>.
PSC-3 PV Panels: 1: 820 W/m?, 2-3: 730 W/m?, 4-11:
520 W/m?, 12-16: 350 W/m?. 0
8000 PR B— LI T T T =T
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Figure 2: P-V curves as per Table-2.

c. Dynamics of extra pipe.

The incorporation of an extra pipe at the pump outlet is
essential for the effective transfer of water between different
locations. This procedure will lead to an elevation in both the
load torque exerted on the SRM and the pressure head of the
pipe, as defined by particular equations. The Hazen Williams
formula can be utilized to calculate the head losses.

1.85 1.85
By =0.002083x L (Q_J y [mj ©

448655 C

Similarly, the energy loss resulting from the additional
piping can be expressed as.

2 2
Pg VvV Py v
_a+_1+Qin:_b+_2+Qout+hl (7
ro2g r o2
If the pipe is horizontal: Qi = Qouand v;=v,.
Hence,
hy = (Pa _Pb) (®)

4

The head loss resulting from the flow resistance of
water, denoted as h;, is influenced by the length of the
additional pipe 'L', the diameter of the pipe 'd', and the
friction coefficient 'C'. The pressures at the inlet and outlet of
the extra pipe during the water flow are represented as P, and
Py, respectively. The initial and final velocities of water
within the pipe are denoted as vi and v, respectively.
Gravitational acceleration is represented by the symbol 'g',
whereas the density of water is denoted as 'y ".

III. POPO SYSTEM ALGORITHM
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The POA is an innovative bio-inspired metaheuristic
algorithm that is based on the natural behaviors exhibited by
Pufferfish [11]. This paper seeks to illustrate the application
of POA and to showcase its efficacy in improving the MPPT
algorithm utilized in PV systems. The design of the POA
draws inspiration from the distinctive behavior of Pufferfish,
which expand their bodies as a means of defense when they
feel threatened. In a comparable manner, the POA utilizes a
dynamic inflation mechanism to efficiently navigate the
search space. The algorithm commences with a foundational
group of Pufferfish individuals, each symbolizing a possible
solution. These individuals experience multiple iterations,
during which they expand or contract in accordance with
their fitness values. The inflation mechanism enables
Pufferfish  individuals to  investigate  potentially
advantageous areas within the search space, whereas
deflation facilitates their ability to capitalize on local optima.
Through the dynamic alteration of their size, Pufferfish
individuals are able to achieve an effective balance between
exploration and exploitation, resulting in enhanced
convergence speed and accuracy. Figure 3 depicts the
Pufferfish in a state of defense. The fundamental idea of POA
is inspired by the defensive strategy utilized by Pufferfish to
protect themselves from predators. The Pufferfish employs a
defensive mechanism by inflating its flexible stomach with
water, thereby becoming a round entity covered in sharp
spines. As a result, the possible threat is discouraged, thereby
facilitating its avoidance of this dangerous circumstance.

Figure 3: Defensive mode of Pufferfish.

In order to assess the effectiveness of the proposed POA
associated MPPT methodology, we carried out
comprehensive simulations and made comparisons with
several existing algorithms. The findings indicate that the
POA surpasses the current algorithms regarding convergence
speed, accuracy, and robustness. It consistently demonstrates
superior power extraction efficiency and shows enhanced
adaptability to diverse environmental conditions. The
suggested algorithm demonstrates significant promise in
enhancing both the efficiency and reliability of PV systems.
The subsequent procedure is executed to establish the POA
mechanism for the MPPT of the PV unit.

The vectors present in the community can be expressed
mathematically through a matrix, as outlined in Equation (9).
The starting position of each member of the POA is
determined by Equation (10) at the commencement of the
algorithm. Where F is represents voltage point.

Ry - Fg Fn
F=\F,;, - Fgq - Fy )
ot v Fug ot Fuw
Frg=vip+7-(vup —vip) (10)
P(F))
Prax =| P(F}) an
P(F,)

Phase-A: Examination of Predator Assault on Pufferfish
(Investigation Stage).

In the preliminary phase (Phase-A) of the POA, the
positions of the population members are reassessed by
employing a simulation of the predator attack strategy aimed
at the Pufferfish, which can be expressed by (12).

i j 'Fi,j) (12)

Phase 2: The Defensive Strategy of Pufferfish against
Predators (Exploitation Phase).

Pl _
Fij=F j+n, '(SFi,j -L

During this phase of the Plan of Action, the positioning
of individuals within the population is reassessed by
modeling the defensive tactics employed by a Pufferfish in
response to predator attacks, as indicated by the expression
below.

F? :F,-,j+1—2r,.,j-@ (13)

In this context, V is the population matrix and P is the vector
for the assessed objective function. The random number is

denoted as r, while vu, and v signify the upper and lower
voltage limits of the PV system, respectively. FlP] 1,2

represents the updated arrangement of voltages in relation to
their respective phases. The term SFi,j denotes the chosen
Pufferfish.

The implementation of the TS-Fuzzy controller utilizes
mathematical expressions to define the membership

functions for the voltage error (V) and its derivative (V',-)

signals, which can be categorized into positive (P) and
negative (N) values.

The TS-Fuzzy controller employs mathematical
formulations to establish the membership functions for the

voltage error (V) and its derivatives ( Vl ), applicable to both
positive (P) and negative (N) scenarios.

Volume 16, Issue 09 ,September/2024 4



Dizhen Dizhi Journal ( ISSN:0253-4967)

0, V<L
i+ L
pp(V;)= b —Ly<V; <Ly and
21
L, Vi>L (14)
1 V<L
-V:+L
V)=A— 2L L <V, <L
,uN( i ) 2L, 1 i 1
0, V.> L
0, V. <Ly
N\ | Vi+L ,
puplV) =752 1, <F <L, and
2L,
1, V> L,
. (15)
1, Vl <L2
. —Vi +L2 .
)= — T2 L, <V <L
ﬂN( z) 2L, 2=Vi=E
O, Vl >L2
Table-3: The TS-fuzzy controller rules:
Rules Vi (k) Vz ) Values
RueA TNV IV | 2=dr(0+dyTik)
Rule-B | N P Z, =dyxZ,
Rule-C | P N Zy=dyxZ,
Rule-D | P P Zy =dsxZ,

The regulations pertaining to the TS-Fuzzy controller
are detailed in Table-3. It is crucial to modify the parameters
employed in TS-Fuzzy, while the rules Zi, 4 denote the
outcomes of the T-S Fuzzy controller, with k signifying the
sampling instant. The fuzzy constants d«s require precise

adjustment. The output value of the TS-Fuzzy (Y) is

established through the use of a generalized defuzzifier, by

(16).

Yy = Zl XBl +Zz XBz +Z3 XB3 +Z4 XB4
Zl + 22 + Z3 + Z4

(16)

IV. PROPOSED CONTROLLER

In various settings, the extraction of water requires the
operation of two or more motors. In these situations, it is
crucial to have a multi-motor system operated by a converter,
along with an appropriate energy management system and
control methodology. The control methodology that
demonstrates efficacy for the WPS, as illustrated in Figure 1,
is shown in Figure 4. The suggested control method consists
of three main components: sensorless speed estimation, the
dc-link voltage controller (DCLC), and DTC for the SRM, as
depicted in Figure 4. The voltage associated with maximum
power is obtained through the hybrid POPO method. The
reference speed signal (Nrr) for the SMCs is produced by a
SMC that evaluates this voltage signal in relation to Vpy. The
comprehensive internal block diagram of the SMC is
illustrated in Figure 5 and modeled by using below equations.

wq =(4—-B—C+D)xcos(z/4) (17)
v, =(4+B-C-D)xsin(z/4) (18)

The determination to activate or deactivate the connection
of SRM-2 to the converter is based on the power output
produced by the PV system. The switch is designed to engage
when the PV power attains 4800 W and will automatically
deactivate when the power falls to 1900 W, thereby ensuring
that two motors do not operate below the critical speed of 720
RPM. This configuration assists in preventing the occurrence
of frequent ON and OFF cycles at designated power levels.
When a specific value is established as the limit, the switch
will function reliably at that designated level.

/Sensorless speed estimation

DTC of SRM(s)

Cart-polar ;
e ‘*’es(
k» E] P |i
£[ "|controller
;  Gool
dey

SVPWM (Table-4)

Nn:l'

MOPO 0" SM
Algorithm w N controller

«——dc-link voltage controller

Py

[
1 switch |

Ppv-iower

Figure 4: Proposed controller.

Figure 5: SMC block diagram.

V. RESULTS AND DISCUSSIONS

The controllers developed in this research were executed
on a real-time simulator (RTS), and the findings were

showcased on the OPAL-RT platform. The RTS effectively
replicates the behavior of the PV-based WPS that utilizes
SRM, incorporating the suggested control mechanism.
Additional details regarding the RTS are available in
reference [9]. To establish the Hardware-In-Loop (HIL)
configuration, two OPAL-RT units, were employed in
conjunction with their computer system. One unit was
designated for the operation of the WPS in conjunction with
the PV, converter, SRMs, and pumps, as illustrated in Figure
1, whereas the other unit was allocated for the
implementation of the controllers associated with this model.
The configuration involving HIL with OPAL RT devices is
illustrated in Figure 6.
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Figure 6: Configuration of HIL.

The WPS dynamic unit (OPAL RT1) transmits analogue
signals to the control unit (OPAL RT2), whereas the digital
signals are relayed from the controller unit to the WPS unit.
The OPAL-RT units communicate via genuine digital and
analog signals, establishing a HIL connection between
OPAL-RT-1 and OPAL-RT-2, which facilitates the effective
monitoring of real-time dynamics. Figure 7 illustrates the
comprehensive block diagram of the HIL system, which
incorporates two OPAL-RT units.

Converter

OPAL-RT1: Analog outputs from
Plant Unit  plant to controllers

Case-1: Response of PV under PI and SMC.

In this situation, a variation in solar irradiance from 1000
to 750W/m? is being examined at t = 3.0 seconds. The
assessment of DCLC's performance is conducted through the
application of both PI and SMC, as demonstrated in Figure
5. The optimization of the PI gains is tailored for an
irradiance level of 1000 W/m2; however, their performance
diminishes when the irradiance decreases to 750 W/m2.
Conversely, the SMC exhibits the ability to modify the
output in reaction to variations in irradiance. Figure 8
illustrates the reference and actual powers produced by the
PV system utilizing both PI and SMCs. Figure 8 shows that
the MPPT performance is improved with the SMC compared
to the PI controller, highlighting the value of SMC in
optimizing power extraction from PV systems in Direct
DCDC converters. Furthermore, the absence of adjustment
of the PI gains for an irradiance level of 750 W/m?2 leads to
heightened oscillations in the voltage at dc-link, which
adversely affects the capacity to optimize power extraction
from the PV unit. As a result, additional research is carried
out utilizing the SMC-based DCLC.

10000 T T
- — — — Reference
A9000 SMC
PI
%8000 -
o]
Z
£ 7000
6000 | 1
1 1 1
1.0 2.0 3.0 4.0 5.0 6.
Time (S)

Figure 8: Powers.

Case-2: Performance among various optimizations.

The main challenge involves enhancing power output in
PV systems under PSC. A new hybrid POPO algorithm has
been created and evaluated in comparison to PSO, GA, and
MGWO algorithms, each of which has been integrated with
the P&O mechanism for different PSC scenarios as detailed
in Table-2. The PV characteristics for the various PSC
scenarios are depicted in Figure 2, whereas the associated
comparisons of power generation are presented in Figure 9.
This research assumes a constant irradiance level until t=3
seconds, after which PSC-1 is introduced from t=3 to t=5
seconds, PSC-2 from t=5 to t=7 seconds, and PSC-3 from t=7
to t=9 seconds. The examination of Fig. 9 indicates that the
hybrid POPO algorithm demonstrates superior performance
compared to GA, PSO, and MGWO in optimizing power
output from the PV system during the designated tracking
period. Consequently, the suggested hybrid POPO algorithm
facilitates a more effective energy harvesting process from
the PV unit. Furthermore, Figure 10 illustrates the associated
voltages under PSCs in conjunction with the POPO
algorithm.

11000 T T T T T T T
10000F¢_—— Uniform — .

—GA 1
9000F —PSO +P&O -

—MGWO J
—POPO

£8000F
57000}
z
£6000F
5000}
4000F -

1 1 1 L L 1 1
0 2.0 3.0 4.0 50 6.0 7.0 8.0 9.0
Time (s)

Figure 9: Various powers.
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Time (s)

Figure 10: Voltage with POPO.

The bar chart presented in Figure 11 depicts the
comparisons for tracking responses of the PV unit under
PSCs. The suggested hybrid POPO algorithm demonstrates
considerable advantages and exhibits superior performance
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during PSC when compared to PSO, GA, and MGWO. This
is attributed to its capacity to rapidly monitor Vppp in
comparison to alternative optimization methods.

— Hybrid POPO  — GWO+P&O —PSO + P&0O — GA+P&O

9000

7000
26000]-
25000

Z

Eao00 -
£3000
(=9
52000

1"PSC 2" PpsSC 3“PSC

1"PSC  2"PSC 3" PSC
[©) (ii)

Figure 11: Comparisons.

Case-3: Under the operation of two SRMs.

Under low irradiance conditions, the power produced by
the PV unit is adequate to operate solely one SRM.
Generally, the PV system generates reduced energy output
during the morning and evening hours, as well as in
conditions of significant partial shading. In these situations,
only a single SRM is employed. When the power attains its
maximum threshold (Ppy-upper as illustrated in Figure 4), the
second SRM is automatically linked to the converter via a
switch. This connection can be established when there is an
increase in irradiance. Consequently, the velocity of the
initial SRM promptly diminishes as a result of the power
distribution between the two SRMs. The initial solar
irradiance is established at 450 W/m? however, it
experiences a sudden increase to 650 W/m? at t = 1.5 seconds
to facilitate the functioning of both SRMs, as illustrated in
Figure 12. As a result, the PV power begins to rise, which in
turn causes acceleration in the speed of SRM-1. When the
power produced by the PV unit attains its maximum
threshold (Ppv-upper), the switch automatically links SRM-2
to the identical converter. This connection takes place around
t=1.68 seconds, resulting in a gradual reduction in the speed
of SRM-1, while the speed of SRM-2 experiences a gradual
increase. Both engines achieve stability at approximately
1200 RPM. The reference speed of the SRM is also reduced
as a result of the abrupt drop in DC-link voltage triggered by
the sudden engagement of SRM-2. At t=2.25 seconds, the
irradiance rises to 1000 W/m? The velocities of both motors
rise uniformly and attain a stable condition at approximately
t=2.5 seconds. The detailed illustration of how the speed of
the SRMs varies with changes in solar irradiance is presented
in Figure 12. The upper line of the PPV indicates the
threshold for the functioning of either one or two SRMs. The
left portion of the line illustrates the functioning of a single
SRM, whereas the right portion demonstrates the operation
of both SRMs.
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Figure 12: Working under both motors.

Case-4: Working with an extra pipe

In WPSs, it is customary to incorporate an additional pipe
to facilitate the transfer of water from one location to another.
Generally, pipes made of PVC, HDPE, Lateral, and LDPE
are employed for this application. The torque increases as the
length of the pipe extends due to the friction and external
forces exerted on the water within the pipe.
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Figure 13: responses of (a) torque (b) discharge.
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Furthermore, the torque exerted on the motor
progressively increases until the water flows to the new outlet
following the installation of an additional pipe in the bore
well. In this scenario, a pipe length of 20 meters is considered
for the transportation of water from the bore well outlet to the
designated location, with the associated torque and water
discharge illustrated in Figures 13 (a) and (b) respectively.
As the torque applied to the motor rises, the speed of the
motor diminishes, although the power output stays
unchanged. As a result, the water flow remains consistent
when the pipe is aligned horizontally with the ground.
Nevertheless, there could be a minor reduction in water
discharge attributed to losses resulting from friction and
external forces that oppose the motor's power and torque.

VI. CONCLUSIONS

The PSC of the PV fed WPS, which is powered by SSC
SRMs, employs the hybrid POPO algorithm, facilitated by
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the integration of SMC and DTC. To assess the tracking
behavior of the MPPT under PSCs in a PV unit, the proposed
method is compared with PSO, GA, and MGWO. The
findings are displayed for various practical scenarios
utilizing the OPAL-RT platform. In order to attain a rapid
response in tracking the voltage at dc-link, the SMC-based
DCLC has been implemented. It has been noted that the
implementation of SMC demonstrates a considerable
capacity to modify the output in alignment with the MPP
when compared to the PI. The model highlights the need to
choose WPS within PSC, while addressing practical
challenges like installing extra pipes for water transport and
considering load torque on SRM. Comprehensive results are
presented to substantiate the proposed method on the OPAL-
RT platform. The proposed hybrid POPO algorithm has been
found to facilitate the extraction of greater energy from the
PV system. The suggested model aims to be economically
efficient, eliminating the requirement for energy storage
solutions such as batteries or additional DC circuits for the
MPPT of the PV unit. Efficient controllers are engineered to
accommodate a range of potential operations involving two
motor-pump assemblies.
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