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Abstract: - WPSs are necessary for drinking water, agriculture, and industry. A locally installed standby PV-powered WPS is often the 
finest water supply option. Multiple WPS devices may be required to accommodate demand. This research examines two WPSs supplied 

by a common PV system and converter. Electricity is needed to extract underground water. Many properties make switched reluctance 

motors (SRMs) popular with WPSs. The research explores a PV-powered switching reluctance motor (SRM) in a WPS without a battery 
bank to save money and maintenance. SRM speed is controlled using a sliding mode 

. 
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I.  INTRODUCTION  

Water pumps are essential to industry, agriculture, and drinking. Water resources are crucial to agricultural 

efficiency, especially in summer when water is scarce. Human consumption and industry need a consistent 

supply of water, as does agriculture. The needs of WPS require a lot of energy or electricity. PV technology 

allows us to convert solar energy into electricity in summer [1]. 

Solar-powered pumps reduce carbon dioxide emissions and operate quietly [2-3]. Solar water pumps are 

becoming more popular in rural and distant areas since they don't need electrical motors or diesel generators. 

PV-based WPSs are growing in numerous nations.  These maintenance-free alternatives are affordable [4].  

However, vast agricultural districts require numerous WPSs for water distribution.  The model costs extra 

since each system includes converters.  To fix this, use a converter-PV system with two identical SRMs to 

operate two WPSs.  Overall, SRMs help WPS [5]. This device costs more and is bigger [6].  Thus, single-

stage PV-powered WPSs are compact and cost-effective [6-7].  Many research has suggested PV-based WPSs 

utilizing AC motors, although SRMs are superior [5].  Researchers utilize P&O for MPP identification since 

it's simple and efficient [2-3, 8].  PV units usually have multiple modules with various PV cells in series and 

parallel.  PV systems may be shaded by dust, plants, buildings, birds, and clouds [6, 9-10]  

 Pufferfish Optimization Algorithm (POA) is a common GM point identification optimization algorithm 

[11].  The hybrid POA-P&O (POPO) approach for PSC MPP monitoring is described here.  For PSC system 

performance improvement, the POPO algorithm is compared to three established methods: GA, PSO, 

MGWO. 

A good converter controller is needed for eight or six pole SRM efficiency. The underwater motor-pump 

setup makes installing a speed sensor tricky and costly.  Therefore, this article suggests a speed sensor less 

controller.  SMCs match motor speed to PV power.  To regulate motor speed, Figure 1's DC-link control 

(DCLC) section adjusts the converter's dc-link voltage to POPO's reference value.  The Takagi-Sugeno Fuzzy 

(TS-Fuzzy) controller manages motor speed better than the PI controller during fast irradiance variations [16].  

TS-Fuzzy controls adjust SRM speed. 

II. SYSTEM DESCRIPTION  

Figure 1 shows a pumping system with a PV unit, a converter, two SRMs, and a new converter controller. 

Motors will be submerged in water because of submersible pumps. Thus, motor speed is difficult to measure 

during operation. Using mathematical calculations, a sensor less speed control (SSC) and an SMC have been 

constructed to regulate the dc-link voltage and produce a reference speed signal for the SRMs. The details of 

the painstakingly made and designed pieces are below. 

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

 

The breakaway torque (Tb) of a motor or pump typically ranges from (5%-30%) of the maximum torque. The 

water delivery begins when the pump's velocity attains a baseline threshold (ωt). Equation (1) indicates that motor 

speed influences water flow (Q, gal/min) [9]. Equation (2) illustrates the nonlinear dynamics of the system's head.

1 2 ( )

0 ( )
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It involves determining a motor's horsepower needs. 

3960

HQ
Whp


=

          (3) 

The constants are x1 to x5. The required horsepower is Whp, while the total head, measured in feet, is 

symbolized by 'H'. 

The energy required to operate the pump must be greater than the Whp.  

pump)  (drive ofefficincy 
=

hpW
BHP

        (4) 

Considering 𝑄𝑚𝑎𝑥  to be 150 gal/minute, Considering H to be 50 meters, unit pump efficiency, and drive 

efficiency of 0.94, equation (4) yields 4876 watts as the maximum BHP.  

From maximum speed and power specs, SRM(s)' load torque is calculated at TL = 25. 0Nm.PV System [5, 15-20] 

Two PV panels linked in parallel provide 2x4800W of electricity. PV module specifications as follows.                                                   

                                                     

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 when the Power is maximum 39.60 

6 Current when the power is maximum 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. The voltage 

associated with the MPP can be monitored through the traditional P&O methodology, which is mathematically 

defined for consistent solar irradiance. 


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       (5) 

Researchers are interested in the POA because it converges faster than GA, PSO, and MGWO. Adding P&O 

to the POA may help PV systems under PSC reach MPP.                                                             
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Table-2: Configuration of PSCs 
Patterns Irradiance level of modules in each array 

PSC-1 
PV Panels: 1-3: 1000 W/m2, 4-9: 930 W/m2, 10-12: 

800 W/m2, 13-16: 710 W/m2. 

PSC-2 
PV Panels: 1-4: 990 W/m2, 5-7: 920 W/m2, 8-13: 

780 W/m2, 14-16: 590 W/m2. 

PSC-3 
PV Panels: 1: 820 W/m2, 2-3: 730 W/m2, 4-11: 520 

W/m2, 12-16: 350 W/m2. 0 
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Figure 2: P-V curves as per Table-2. 

Dynamics of extra pipe. 

The Hazen-Williams algorithm may be used to determine head losses. The incorporation of an extra pipe at the 

pump outlet is essential for the effective transfer of water between different locations.  
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Similarly, the energy loss resulting from the additional piping can be expressed as. 
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If the pipe is horizontal: Qin = Qout and v1=v2. 

Hence,  

( )


ba
l

pp
h

−
=

          (8) 

The length of the extra pipe 'L', the diameter of the pipe 'd', and the friction coefficient 'C' all affect the head 

loss resulting from the flow resistance of water, hl. Pa and Pb respectively show the forces at the entrance and exit 

of the additional pipe during the water flow. Denoted as v1 and v2 respectively, the beginning and ultimate velocity 

of water inside the pipe are respectively The letter "g" represents gravitational acceleration; the density of water is 

given as "   ". 

III. PROPOSED ALGORITHM  

 

The POA is an innovative bio-inspired metaheuristic algorithm that is based on the natural behaviors exhibited 

by Pufferfish [11].  
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                                                                       Figure 3: Defensive mode of Pufferfish. 

We simulated and compared the POA-associated MPPT approach to many current methods to evaluate its 

efficacy. The POA outperforms existing methods in convergence speed, accuracy, and robustness. The PV unit 

MPPT POA mechanism is established next. 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. 
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Phase-1: Examination of Predator Assault on Pufferfish (Investigation Stage). Using a simulation of the 

predator attack strategy targeted at the Pufferfish, which may be stated in the preliminary phase (Phase-1) of the 

POA, the locations of the population members are reviewed in (12). 

( )jijijijiji
P

ji FLSFrFF ,,,,,
1

, −+=
       (12) 

Phase 2: The Defensive Strategy of Pufferfish against Predators (Exploitation Phase). Under this stage of the 

Plan of Action, people's positions within the population are reevaluated by simulating the defensive strategies used 

by a Pufferfish in reaction to predator assaults, as seen below. 

t

vv
rFF lbub

jiji
P

ji

−
−+= ,,

2
, 21

        (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 vub and vlb signify the upper and lower voltage limits of the PV system, respectively. 

2,1
,
P

jiF
 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 ( iV
) and its derivative ( iV

) signals, which can be categorized into positive (P) and 

negative (N) values. 



J. Electrical Systems 20-3 (2024): 9752-9761 

9756 

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

voltage error ( iV
) and its derivatives ( iV

), applicable to both positive and negative scenarios.
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Table-3: The TS-fuzzy controller rules:     

Rules Error 

(k)iV  
(k)iV  Values 

A Negative  Negative 
1 1 2( ) d (k) d (k)i iZ V V= +  

B Negative Positive 
2 3 1( ) d )Z Z=   

C Positive Negative 
3 4 1( ) dZ Z=   

D Positive Positive 
4 5 1( ) dZ Z=   

 

Table-3 contains thorough guidelines on the TS-Fuzzy controller rules. While the rules Z1 to 4 indicate the 

results of the T-S Fuzzy controller with k representing the sampling moment, it is essential to change the parameters 

used in TS-Fuzzy. The fuzzy constants d1to5 call for exact modification. By use of a generalized defuzzifier, the 

TS-Fuzzy (Y) output value is computed by (16). 

4
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i i
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Z B
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=
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
          (16) 

IV. PROPOSED CONTROLLER  

 

Water extraction sometimes needs two or more engines. In these cases, a converter-operated multi-motor 

system and energy management and control methods are essential. Figure 4 shows the WPS control mechanism 

that works, as described in Figure 1. Figure 4 shows sensor less speed estimate, the DCLC, and SRM DTC in the 

proposed control approach. Figure 5 shows the SMC's complete internal block diagram, modelled using the 

equations below.  
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1 ( 1 1 1)* 2 / 2d A B C D = − + −
       (17) 

1 1 ( 1 1)*1/ 2q A B C D = + − +
                     (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.  
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Figure 5: SMC block diagram. 

 

V. RESULTS AND DISCUSSION  

 

This research used a real-time simulator (RTS) to test its controllers, which were shown on OPAL-RT. The 

RTS mimics the PV-based WPS that uses SRM and the recommended control method. Reference [9] provides RTS 

information. They used two OPAL-RT devices and their computer system to set up Hardware-In-Loop (HIL). As 

shown in Figure 1, one unit operated the WPS with the PV, converter, SRMs, and pumps, while the other 

implemented the model's controllers. Figure 6 shows HIL with OPAL RT devices. 

Controller

PlantAnalog signals

Digital signals

Host computer OPAL-RT unit-1

OPAL-RT unit-2

LAN

Loop connection
 

Figure 6: Configuration of HIL. 

 

Analogue signals are sent from the WPS dynamic unit (OPAL RT1) to the control unit (OPAL RT2), while 

digital signals are sent from the controller to the WPS. OPAL-RT-1 and OPAL-RT-2 form an HIL link using 

authentic digital and analogue signals.  
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Figure 7: HIL implementation of WPS. 

 

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

In this situation, a variation in solar irradiance from 1000 to 750 W/𝑚2 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 . 
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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.  
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Figure 9: Various powers. 
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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 

during PSC when compared to PSO, GA, and MGWO. This is attributed to its capacity to rapidly monitor Vmpp 

in comparison to alternative optimization methods. 
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Figure 11: Comparisons. 

 

Case-3: Under the operation of two SRMs. 

Under low irradiation, the PV unit can power one SRM. Mornings, evenings, and considerable partial shade 

diminish PV system energy production. These cases use one SRM. When the power reaches its maximum threshold 

(PPV-upper in Figure 4), a switch connects the second SRM to the converter. Increased irradiance establishes this 

link.  
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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. 

 

The motor torque increases until water reaches the new outlet after an additional bore well pipe is installed. 

Figures 13 (a) and (b) illustrate the torque and water discharge from a 20-meter pipe bringing water from the bore 

well exit to the required point. While power output stays constant, motor speed lowers as torque rises. Water flow 

therefore is constant while the pipe is horizontal. Water discharge may be considerably lowered by friction and 

outside elements resisting the power and torque of the engine 

VI. CONCLUSION 

Supported by SMC and DTC integration, the SSC SRM-powered PSC fed by PV employs the hybrid POPO 

algorithm. Under PSCs in a PV unit, the proposed method is evaluated in relation to PSO, GA, and MGWO in 

MPPT tracking. The OPAL-RT platform shows the findings of actual situations. Built was SMC-based DCLC for 

quick voltage tracking at dc-link. SMC could modify output to meet the MPP unlike the PI. Emphasizing the need 

to choose WPS within PSC, the model also handles pragmatic concerns as evaluating SRM load torque and adding 

extra water transportation pipelines. using the OPAL-RT system. 
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