CHAPTER THREE

3.0 METHODOLOGY

3.1 
Materials and Methods

The design of the solar-powered, mini submersible DC pumping machine with variable speed control provides an efficient, cost-effective, and sustainable solution for small-scale water pumping in a prototype demonstration. The system leverages solar energy through photovoltaic (PV) panels to power a submersible DC pump, eliminating the need for grid electricity or fuel-based generators [3]. A key feature is the variable speed control, implemented using pulse-width modulation (PWM), which adjusts the pump’s operation based on solar irradiance and water demand [7]. The system is battery-less, reducing costs and complexity by relying on real-time solar input [5]. Major components include PV panels, a charge controller, a DC motor coupled with a submersible pump, and a microcontroller for PWM control. The design prioritizes simplicity, affordability, and efficiency, targeting applications like irrigation and domestic water supply in rural settings. The system is designed to operate under typical solar conditions, delivering a flow rate suitable for small-scale needs, with a focus on durability for underwater operation [4]. This section outlines the methodology, from component selection to prototype assembly, ensuring alignment with the project’s objectives.

3.2
Component Selection and Specifications
3.2.1 
Solar panels

The solar panels are selected to provide sufficient power for the DC pump under typical solar irradiance (800–1000 W/m²). A monocrystalline PV panel with a power rating of 100 W, 12 V output, and 18% efficiency is chosen for its high efficiency and compact size [2]. The panel’s open-circuit voltage is approximately 22 V, and the short-circuit current is 6 A, ensuring compatibility with the system’s voltage requirements [5]. The panel is lightweight (≈8 kg) and durable, suitable for outdoor installation in rural settings.
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Figure 3.1: Solar Panel

3.2.2
DC motor and pump

The DC motor is a brushless DC (BLDC) type, rated at 12 V, 80 W, with a maximum speed of 3000 RPM, chosen for its efficiency and low maintenance compared to brushed motors [8]. The submersible pump, a centrifugal type, is coupled to the motor, designed for a maximum head of 10 m and a flow rate of 5–10 m³/h, suitable for small-scale irrigation or domestic use [3]. The pump is sealed to withstand underwater operation, with a stainless-steel casing for durability [4].
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Figure 3.2: DC Motor 
3.2.3 Microcontroller/Control unit
An Arduino Uno microcontroller is selected for its affordability, ease of programming, and compatibility with PWM control [7]. The microcontroller generates PWM signals to regulate the DC motor’s speed based on solar input and water demand. It features analog and digital I/O pins for sensor integration and a 16 MHz clock speed for real-time control [13]. The unit interfaces with the charge controller and motor driver to ensure stable operation.

3.2.4 
Power Electronics (Charge Controller, PWM Circuit, etc.)

The charge controller, rated at 12 V and 10 A, regulates the PV panel’s output to protect the system from overvoltage and overcurrent [5]. A MOSFET-based PWM circuit, driven by the microcontroller, controls the motor’s speed by varying the duty cycle (0–100%) [7]. The circuit includes a driver IC (e.g., IRFZ44N MOSFET) to handle high currents and ensure efficient power delivery. A diode protects against reverse current [8].

3.4 
Circuit Design and Analysis

The circuit integrates the PV panel, charge controller, microcontroller, PWM circuit, and DC motor-pump unit. The PV panel connects to the charge controller, which outputs a stable 12 V to the microcontroller and motor driver. The Arduino Uno generates PWM signals (5 V, 490 Hz) to the MOSFET-based driver, which modulates the motor’s input voltage [7]. A current sensor monitors motor performance, providing feedback to the microcontroller for dynamic adjustments [13]. Circuit analysis ensures voltage compatibility (12 V system) and current capacity (up to 7 A). Simulations using Proteus software validate the PWM control’s efficiency [8].

3.5 Software/Firmware Development for Variable Speed Control

The firmware, developed in the Arduino IDE, implements PWM-based variable speed control. The code reads solar input voltage via an analog pin, maps it to a PWM duty cycle (0–255), and adjusts the motor speed accordingly [7]. A feedback loop monitors motor current to prevent overloading. The algorithm ensures the pump operates efficiently under varying solar irradiance (e.g., 50% duty cycle at 500 W/m²). The code includes safety features, such as automatic shutdown if voltage drops below 10 V [13]. Testing involves uploading the firmware to the Arduino and verifying speed control accuracy.

3.6 
Prototype Assembly and Integration

The prototype assembly begins with mounting the PV panel on a stable frame, angled for optimal sunlight exposure (e.g., 15° tilt for equatorial regions) [2]. The submersible pump and DC motor are installed in a test well or water tank, with waterproof wiring connected to the charge controller. The microcontroller and PWM circuit are housed in a weatherproof enclosure, connected to the motor driver [8]. Integration involves wiring all components per the circuit schematic, ensuring secure connections. Initial testing verifies PV output, PWM functionality, and pump performance under varying conditions [3]. Calibration adjusts the PWM duty cycle to achieve desired flow rates.
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