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Abstract: This paper presents an exploration of the implementation of Solar PV Fed Brushless DC (BLDC)
motors in water pumping systems, with a particular focus on practical challenges and technological
considerations. The study emphasizes the integration of photovoltaic (solar) power sources with BLDC motors,
which are well-known for their energy efficiency and longevity. It highlights various technical and
environmental factors that impact the system's performance, including variations in solar energy generation,
motor load demands, and the complexities associated with ensuring reliable operation in remote or rural areas
where water pumping is essential. A primary aspect discussed is the use of MATLAB Simulink for simulating
the entire system, allowing engineers to model both the solar panel characteristics and the motor operation
under different conditions. The need for robust control systems that can handle fluctuations in solar output and
the associated power demands of the BLDC motor is explored. The document also touches upon the importance
of system optimization through software tools, as well as the challenges of implementation in areas with
variable environmental conditions. By examining these various factors, the study aims to provide insights into

improving the sustainability and efficiency of solar-powered water pumping systems.
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1. Introduction

The implementation of Solar PV fed Brushless DC (BLDC) motors in water pumping applications offers
an efficient and sustainable solution for agricultural and rural water needs. Solar energy is a renewable resource
that has gained significant attention for its ability to power various systems, including those that require
continuous operation, such as water pumps. However, the integration of solar photovoltaic panels with BLDC
motors for these applications presents a set of unique challenges that must be addressed to ensure reliable and
efficient operation. These challenges include fluctuations in solar energy, the variable power demands of water
pumps, and the need for an effective control strategy to maintain optimal performance under varying
environmental conditions.

MATLAB Simulink has become a powerful tool for simulating and analyzing the operation of such
systems. Through simulation, engineers can model the behavior of the solar panels, the energy conversion
process, and the interaction with the BLDC motor. This approach helps in fine-tuning the system design,
optimizing energy usage, and minimizing operational disruptions. Moreover, it allows for experimentation with
different configurations and parameters to identify the best possible solution for a given application. This paper
seeks to explore the potential of Solar PV fed BLDC motors in water pumping applications, with an emphasis

on system modeling, control strategies, and overcoming environmental and technical challenges.
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2. Literature Review

In [1] Kumar and Singh (2019) present a grid-interactive solar photovoltaic (PV) water pumping system
utilizing a Brushless DC (BLDC) motor drive. Their study demonstrates efficient operation under varying solar
irradiance and load conditions, with the grid connection serving as a backup and allowing the utilization of
excess solar energy. This integration enhances overall system reliability and efficiency. However, the study is
limited by its lack of extensive field testing under diverse environmental conditions, and the economic
feasibility of the system is not thoroughly analyzed [1]. Nisha and Sheela (2020) provide a comprehensive
review of various PV-fed water pumping system configurations and control strategies using BLDC motors [2].
The paper highlights the high efficiency and low maintenance benefits of BLDC motors while exploring
maximum power point tracking (MPPT) techniques to optimize performance. Notably, the review identifies
gaps in smart technology integration within these systems. A significant limitation is the absence of quantitative

performance comparisons and environmental impact assessments, which could provide more practical insights

[2].

Kumar and Singh (2017) introduce a single-stage solar PV system driving a BLDC motor for water
pumping [3]. This system aims to optimize energy use and reduce costs by eliminating the need for multi-stage
configurations. The paper offers a thorough analysis of system performance under varying solar conditions,
emphasizing its efficiency. However, the study’s applicability is limited to specific configurations and may not
address diverse geographical or water demand conditions. Furthermore, long-term reliability and maintenance
aspects are not covered [3]. Jena (2019) proposes a single-stage solar PV-fed BLDC motor water pumping
system that incorporates an Artificial Neural Network (ANN) for MPPT [4]. Results indicate that ANN-based
MPPT enhances efficiency under fluctuating solar irradiance, outperforming traditional MPPT methods. While
the system demonstrates strong power extraction capabilities, the complexity of ANN implementation and the
need for extensive training data could hinder real-world applicability. Additionally, the economic aspects of the

proposed solution are not addressed [4].

Yadav, Mishra, and Garima (2021) discuss a Permanent Magnet BLDC motor drive integrated with a
modified boost converter for solar water pumping [5]. This design improves voltage regulation and system
efficiency, particularly under low solar irradiance conditions. Experimental validation supports the
performance enhancements of the proposed system. Despite these advancements, the paper primarily focuses
on technical aspects, with limited discussion on system integration in real-world applications and long-term
operational requirements [5]. Benzaouia et al. (2019) present the design and performance analysis of a
photovoltaic (PV) water pumping system driven by a Brushless DC (BLDC) motor and a DC-DC boost
converter [6]. The study highlights the system's efficiency in converting solar energy into mechanical energy for
water pumping applications, demonstrating optimal performance under varying solar irradiance conditions.
However, the analysis is limited to specific environmental settings, which may restrict the generalizability of
the findings. Additionally, long-term operational reliability and maintenance concerns are not thoroughly

addressed [6].

Murshid and Singh (2019) explore the use of Permanent Magnet Synchronous Motors (PMSM) in solar

water pumping systems, emphasizing their efficiency and performance advantages over traditional induction
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motors [7]. The system shows improved energy efficiency and reduced operational costs across various load
conditions. Despite these benefits, the paper does not delve into the economic implications of deploying PMSM
in cost-sensitive regions, nor does it evaluate the long-term impact of fluctuating solar irradiance on the motor's
performance [7]. Haripriya and Parimi (2019) propose a BLDC motor-based solar water pumping system
integrated with grid connectivity [8]. This dual-mode system enhances reliability by ensuring continuous
operation during periods of low solar irradiance. The system demonstrates effective performance in both
standalone and grid-connected modes. However, the authors do not provide a comprehensive assessment of the
grid’s impact on overall system efficiency and operational costs. Additionally, scalability issues for larger

agricultural applications are not discussed [8].

Hake and Ugale (2021) further investigate grid-interfaced BLDC motor drive systems designed for
agricultural water pumping [9]. Their research underscores the potential for reducing energy costs while
maintaining efficient operation under varying load conditions. Nonetheless, the paper does not address the
challenges of integrating this system into existing agricultural infrastructure, nor does it consider long-term
sustainability or maintenance aspects [9]. Jahan et al. (2017) introduce a BLDC motor water pumping system
powered by a SEPIC (Single-Ended Primary Inductor Converter) converter, which enhances voltage regulation
and efficiency for solar-powered applications [10]. While the SEPIC converter demonstrates clear advantages,
the experimental setup may not reflect real-world conditions, limiting the general applicability of the findings.
Furthermore, the paper lacks an in-depth economic feasibility analysis for deploying this technology in diverse

environments [10].

3. Block Diagram
3.1 Block diagram of solar PV system with P& O MPPT

Solar PV Panel: The Solar Photovoltaic (PV) panel is the primary source of energy for the system. It converts
sunlight into direct current (DC) electricity. When sunlight hits the photovoltaic cells in the solar panel, it
excites electrons and generates a flow of electricity. The amount of power generated by the solar panel depends
on the intensity of sunlight. During sunny periods, the solar panel produces higher energy, while on cloudy days
or in the early morning/evening, the energy output decreases. The solar panel’s output is typically DC, but it

may have fluctuating voltage and current depending on sunlight intensity and environmental factors.

The output power Pgolor of a solar panel can be expressed as:

Psotar=IsolarX Vsolar ( 1 )

Where:
e  Psolar is the power output from the solar panel (in watts).
e Isolar is the current produced by the solar panel (in amperes).
e Vsolar is the voltage produced by the solar panel (in volts).

The power output depends on the intensity of sunlight, the area of the panel, and its efficiency.
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Figure 1. Block diagram of P&O MPPT for Solar PV System

MPPT Controller: The MPPT Controller's function is to ensure that the solar panel operates at its maximum
power output at all times. The solar panel has an optimal operating point called the Maximum Power Point
(MPP), which varies based on sunlight intensity, temperature, and other factors. The MPPT controller
continuously adjusts the electrical operating point of the panel to track and extract the maximum available
power. It dynamically changes the voltage and current to ensure that the system operates at this optimal point.
Without MPPT, the solar panel might operate at less than its maximum efficiency, resulting in less energy being
harvested, especially when sunlight conditions are variable. The controller maximizes the energy harvested

from the panel by adjusting the system’s load in real-time.

The MPPT controller adjusts the voltage and current to maintain the Maximum Power Point (MPP). The power

Pmax at the maximum power point can be calculated as:

Pmax:\/vmpp>< Impp (2)

Where:
e Pmax is the maximum power output.
e Vmpp is the voltage at the maximum power point.
e Impp is the current at the maximum power point.
The MPPT algorithm ensures that the system continuously operates at this point, even with changes in solar

irradiance and temperature.

DC-DC Converter (Voltage Regulation): The DC-DC converter is used to regulate the voltage coming from
the solar panel or battery and convert it to a level suitable for charging the battery or directly powering the
motor. If the solar panel is directly powering the system, the DC-DC converter adjusts the voltage to
the required level for the BLDC motor driver. If a battery storage system is present, the converter ensures
that the battery is charged at an optimal voltage level and also provides the correct voltage to the BLDC motor
when required. Types of DC-DC Converters: There are different types of converters (buck, boost, buck-boost)
depending on whether the input voltage is higher or lower than the required output voltage. For example, if the
solar panel produces a higher voltage than needed by the motor, the converter reduces the voltage (buck

converter). Alternatively, if the voltage is too low, the converter boosts it.

Buck Converter (Step-down):
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Vou=VinxD 3)

Where:

e Vout is the output voltage.

e Vin is the input voltage.

e D is the duty cycle, defined as the ratio of the time the switch is on to the total time period of the

operation.

BLDC Motor (Water Pump): The BLDC motor is responsible for driving the water pump. The motor's speed
and torque are crucial for efficiently pumping water from a source (like a well, reservoir, etc.). The BLDC
motor is more efficient than conventional motors because it eliminates brushes, reducing wear and tear and
improving lifespan. The motor operates based on the input voltage provided by the BLDC motor driver. As the
motor receives power, it starts rotating, driving the attached water pump to move water from one location to
another. The motor speed can be adjusted based on the required pumping rate. The BLDC motor is typically
used for applications requiring high efficiency and long operational life, making it ideal for solar-powered
systems.

The power delivered to the BLDC motor is given by:

Pumotor=Vmotor* Imotor (4)

Where:
e Pmotor is the power delivered to the motor.
e Vmotor is the voltage supplied to the motor.
e Imotor is the current drawn by the motor.

e The mechanical power output of the BLDC motor can be written as:

Prmechanica=T* (5)

Where:
e Pmechanical is the mechanical power (in watts).
e Tis the torque produced by the motor (in newton-meters).
e is the angular speed (in radians per second), which is related to the motor speed (in RPM)
by:
®=27tNrpm / 60 (6)

The efficiency of the motor can be calculated from the power input and output as:

11metor:(Pmechanical/Pelectrical) x1 00% (7)

4. Simulation Results and Discussion

The simulation diagram represents a photovoltaic (PV) powered water pumping system driven by a
Brushless DC (BLDC) motor, typically modeled in MATLAB/Simulink. At the core of the system is a PV
array, which serves as the primary source of power by converting solar energy into DC electricity. The PV

array's performance is influenced by external factors such as irradiance and temperature, which can be
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dynamically controlled during the simulation to reflect varying environmental conditions. This dynamic control

allows for the analysis of the system's efficiency under different solar inputs.
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Figure 2. Simulation diagram of grid con nected solar PV system with P&O MPPT

The output from the PV array is fed into a DC-DC converter, which plays a crucial role in regulating and
boosting the voltage to the level required for efficient motor operation. This converter, often a boost or SEPIC
configuration, consists of key components such as inductors (L1, L2), capacitors (C1), and a diode, with a
MOSFET or IGBT switch that manages the energy transfer. The switch is driven by a Pulse Width Modulation
(PWM) signal, ensuring that the converter operates efficiently by dynamically adjusting the duty cycle.

To optimize energy extraction, the system incorporates a Maximum Power Point Tracking (MPPT)
controller. This controller continuously adjusts the operating point of the PV array to ensure maximum power is
delivered, even as sunlight conditions fluctuate. The MPPT block generates signals to regulate the duty cycle of
the DC-DC converter, enhancing the overall efficiency and reliability of the power transfer to the motor.

The BLDC motor drive section utilizes the boosted DC voltage to drive the water pump. The motor is
controlled through three-phase voltages (Va, Vb, Vc) that are managed by PWM signals, ensuring smooth
commutation and efficient operation. Feedback loops, such as Hall sensors or back EMF detection, monitor the
motor’s speed and position, allowing for precise control over its performance. This feedback is crucial for
maintaining operational stability and adjusting torque and speed based on the pump’s load requirements.

A comprehensive control system manages the overall operation, receiving inputs such as reference speed,
motor speed, and error signals. This control loop, typically implemented using Proportional-Integral (PI)
controllers, adjusts the drive signals to ensure the motor operates at the desired performance level. Current
measurement blocks provide additional feedback, ensuring the system operates within safe limits and responds
dynamically to varying load conditions.

The output section of the simulation focuses on the performance of the water pump, measuring parameters
such as flow rate and head, which correlate directly with the motor’s efficiency. Real-time outputs, including

motor speed, torque, and voltage, are monitored through display blocks and scopes, providing a detailed

PRI



International Transaction on Power and Energy Systems, Vol.3, No.1, 2023, 20230601. 7 of 9

overview of the system's performance. The simulation effectively models the complete energy conversion
process, from solar energy capture to mechanical water pumping, enabling thorough analysis of system

efficiency, reliability, and response to environmental changes.

Solar Irradiance/Power Input:

The top graph likely represents the variation of solar irradiance or power input over time. The stepped profile
indicates changes in solar energy availability, which can simulate real-world scenarios like passing clouds or
different times of the day. As irradiance decreases, the power available from the PV array drops

correspondingly.
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Figure 3. Shows the Solar Irradiance, PV Voltage, Motor Speed and BLDC Output Power

PV Voltage:

This graph shows the PV array voltage. The fluctuations and dips suggest the system's dynamic response
to varying irradiance levels. The MPPT (Maximum Power Point Tracking) controller continuously adjusts
the operating point to ensure the PV system operates near its maximum power point. The noise or rapid

oscillations reflect the adjustments made to track the maximum power point effectively.

Motor Speed:

This graph likely represents the speed of the BLDC motor. Initially, the motor speed ramps up as sufficient
power is generated by the PV array. As solar irradiance drops, the speed decreases accordingly. The
smooth transitions and stable regions indicate the motor’s steady operation during periods of consistent

sunlight.

Pump Flow/Output Power:

The final graph represents the output power or water flow rate from the pump. The trend follows the motor
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speed, as the water flow rate is directly proportional to motor speed. When the PV power is high, the pump

delivers maximum output, while it decreases with a reduction in solar energy input.
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Figure 3. Shows the Stator Current, EMF, Spped and Torque

Stator Current ia:

This plot displays the stator current waveform of one phase of the BLDC motor. The oscillatory nature of the
waveform indicates the switching and commutation events typical of BLDC motors. The current amplitude
varies, reflecting dynamic load and power conditions. The initial increase corresponds to the motor startup

phase, while the steady oscillations suggest stable motor operation.

Electromotive Force ea:

This waveform shows the back electromotive force (EMF) generated in one phase of the motor. The sinusoidal
waveform is characteristic of the BLDC motor's back EMF, which is induced as the rotor rotates. The amplitude
of the EMF increases with speed and reaches a stable level during normal operation, indicating efficient energy

conversion.

Speed in RPM:
This graph represents the rotational speed of the motor in revolutions per minute (RPM). Initially, the speed
ramps up as the motor starts and reaches a steady-state value. When the irradiance or load condition changes, a

slight drop in speed is observed, indicating the motor’s response to reduced power input or increased load.

Electromagnetic Torque Te:

The torque waveform shows the electromagnetic torque developed by the motor. At startup, the torque exhibits
large oscillations due to transient conditions and initial load. As the motor stabilizes, the torque oscillations
reduce, and the motor operates more smoothly. The noise present in the torque waveform reflects the

continuous commutation process inherent to BLDC.
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5. Conclusion

In conclusion, the simulation of the photovoltaic (PV) powered water pumping system driven by a
Brushless DC (BLDC) motor demonstrates the potential for efficient and sustainable energy utilization in water
pumping applications. By integrating a DC-DC converter and Maximum Power Point Tracking (MPPT)
controller, the system maximizes energy extraction from the PV array, ensuring optimal performance under
varying solar irradiance conditions. The BLDC motor’s high efficiency and low maintenance requirements
further enhance the system’s reliability, making it well-suited for remote and off-grid agricultural or domestic

water pumping.
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